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Pe3ome npoexkra

Ha kpynneitmem B Poccuu yckoputene Y-70 B HUL[ «KypuatoBckuit MuctUTyTY —
N®DBDO, I[IporBuno (nanee NDBD) co3nan 3HAUNTETBHBIN 33171 U1 IPOBEICHUS UCCIICIOBAHUN
MupoBoro ypoBHs B skcnepumeHTe CIIACUAPM (CllunoBeie ACummeTpuu B 00pa3oBaHUU
YAPMonust). Ot  wuccnemoBanus mno3Bossit HUIL[  KypuaroBckuit  WMHCTUTYT 3aHATH
JTUIUPYIOIINE B MUPE TTO3UIUU B 00JIACTH CITMHOBOM (PU3UKH.

IIpoexT HaneneH Ha UCCIENOBAHME CIHMHOBOM CTPYKTYPbl HYKJIOHA U CIIMHOBOH
3aBUCUMOCTHU CHJIBHOTO B3aUMOJICHCTBUSI aHTUBEIIECTBA U BEIIECTBA C MAaTEPHUEH MPU IHEPTHULX
1m0 50 I'3B. CrivH B KBaHTOBOM MEXaHHKE SIBIISIETCS COOCTBEHHBIM MOMEHTOM MMITYJIhCA YaCTHII
co crneuuuueckuMu CBOMCTBaMU. B oTinume oT opOUTAIbHOTO MOMEHTa UMITYJbCa, CIIUH HE
CBSI3aH C IEPEMEIICHUEM YacTHIbl B IPOCTPAHCTBE U SABISIETCS €€ BHYTPEHHEW KBAHTOBOU
XapaKTepUCTUKOM, HamogoOoue macchl uinu 3apsaga. CrnuH OblUT BBeleH B Hayky moutu 100 ner
Ha3zaja Juisl ONMMCaHUs aTOMHBIX CHEKTPOB. Ero mpupoja A0 CUX MOP OCTaeTCsl Hepas3raJaHHOU
TaiiHOU. JlaHHBIN MPOEKT 3aMETHO NMPUOIM3UT PasraJkKy 3TOW TailHbL, U 3TO OyIeT IpPOpPHIB B
byHIaMEHTAIBHBIX HAYYHBIX UCCIEIOBAHUSX.

3aBUCUMOCTD B3aMMOJEHCTBUM OT CIMHA COCTABJISAET CYTh MOJSPU3ALMOHHBIX SBICHUM.
YroObl MPOBOAUTE MOJSAPU3ALUOHHBIE UCCIIEAOBAHUS HA/l0 CO3[aBaTh IyYKH IOJIIPU30BAHHBIX
YacTHUI W/WIM MHCHOJb30BATh TEXHUKY IOJIIPU30BAHHBIX MHUIlEeHeH. B mocneanue rojsl
IPOM30LIEINI 3aMEeTHBII MPOrpecc B 3KCIEPUMEHTAIbHOM HM3YYE€HUHM CIHMHOBBIX 3((EKTOB mpu
BBICOKUX 3Heprusx. [lonasmsroniee OOJBIIMHCTBO HKCIEPUMEHTOB OBLIO MPOBEAEHO B 00JacTH
HenepTypOaTuBHOW KkBaHTOBOW xpomonuHamuku (KX/[), mpum ymepeHHBIX HOINEpeuHbIX
uMIrynbcax. [losiBIIEHHE OSKCIEPUMEHTAIBHBIX JAHHBIX CTHUMYJIMPOBAIO TEOPETUYECKOE
OCMBICJIEHHE CHHUHOBBIX 3(¢ekToB. [lpm 3TOM XapakTepHbl BBICKa3blBaHMSI  M3BECTHBIX
TEOPETUKOB, HaIpUMep aHrIn4YaHuHa Jinuota Jluaepa: «CnuH B sKcriepuMeHTax youn Oosnblie
Teopui, yeM 000N Apyroil gusmdeckuil mapamerp». Mnu amepukanua JIxeliMca bbépkena:
«[Tonspu3anoHHbIE JaHHBIE YAacTO ObUIM KiIaaOMIeM MOJHBIX Teopuil. Ecim Obl TeopeTuku
ObUIM B CHJIaX, B LEJIAX CaMO3ALIMThl KM CTOMJIO Obl BOOOIIE 3alPEeTUTh TaKUE U3MEPEHUSN.
CerogHs HeT TeOopuH, IMpeTEeHAYyIoIeH Ha TII0JIHOE ONHCAaHME BCeX HAOII0aeMbIX
HOJISAPU3ALMOHHBIX 3pdexToB. HoBbIe 3KCIIEpUMEHTaIbHBIE CIIMHOBBIE PE3YJIbTAThl B OOJIBIIOM
yHclie pa3HOOOPa3HBIX pEaKIuil, Kak Ha MOJSPU30BAaHHOM AHTUIIPOTOHHOM ITydKe, TaK M Ha
MOJIIPU30BAaHHOM MPOTOHHOM Iy4YKe B 3TOM TpyAHOU obnactu HeneptypOaTuBHO KX/ kpaiine
BaXXHBI JIJIS1 Pa3BUTHS TEOPETUYECKUX TOIXOJ0B M BOZMOKHOT'O CO3/IaHUSI TEOpUHU (MOJIEIH) ISt
OIMCAHUS BCEX CIIMHOBBIX 3P(HEKTOB B CHIIbHBIX B3aUMOJCHCTBUSIX.

B kanane 24A yckoputens Y-70 npenmonaraercst (pOpMHpPOBaHUE IOJIIPU30BAHHBIX
IIy4KOB IMPOTOHOB M AHTUIIPOTOHOB. I[IpoBeneH®l pacueTsl MX INapaMmeTpoB. MHTEHCHBHOCTH
AQHTUIPOTOHHOIO Iydka ¢ 3Heprued 15 I'>B Moxer mocturars 10 aHTUIIPOTOHOB 3a LUK
YCKOPUTEIIS (1010 AHTUIPOTOHOB B CYTKM) IpHU cOpoce Ha MEPBUYHYIO MUILIEHb 10" IIPOTOHOB
u3 Y-70. Ilonspu3oBaHHBII AHTUIIPOTOHHBIA IYYOK OT pachaja aHTU-IIMOJa THIIEPOHOB,
KOoTOpbIi MoxeT ObiTh moctyrieH B HULL KU B 2024 rony, siBUTCS, 0€3yCIOBHO, YHHKAIEHBIM
IIy4KOM B MHpE. B aHTMNPOTOH-IIPOTOHHBIX AHHUTWIALUAX HET OIPAaHUYCHHS HA KBAHTOBbBIC
quciaa OONBIIMHCTBA POXKIAIOMIUX PE30HAHCOB. IHTEHCHBHOCTD MOJISIPU30BAHHOTO MTPOTOHHOTO
ny4ka c¢ sHeprueit 10-45 I'3B Oyner Ha mopsaok Oosnblie, 4eM aHTUIIPOTOHHOTO, MPU TOH ke
BEIMYMHE CpelHed mnoisipu3anuud. Bce 53TO MO3BONMT B OKCIEPUMEHTE HAa YCTAHOBKE
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CITACYAPM pemrate MacmTaOHble HAyYHBIE MMPOOJIEMBI, CBSI3aHHBIC CO CITMHOM. bimkaiiero
a”arnora co3fgaBaeMoii HoBo yctaHOBKH CITACUAPM nsist paboThI Ha MOJIIPU30BAHHBIX ITyYKax
B Mupe HeT. OxumaeMblil nepuo] coxpaHeHus: yHukanbHocTu Komiuiekca CITACHAPM — e
MEHEE IISITHALATH JIET.

[lonapuzoBaHHble TY4YKH SBATCS  MOIIHBIM ~ HMHCTPYMEHTOM JJIi  MPOBEACHUS
CUCTEeMAaTUYECKUX MOJIAPU3ALUOHHBIX HUCCIEAOBaHUNA. DTH UCCIeA0BaHUs OyAyT MPOBEIEHBl Ha
AHTUIPOTOHHBIX M MPOTOHHBIX Nydykax mOpu HSHeprun 15 BB wu Beimie, npu cpeaHen
nossipu3anuu 45%. Ilnanupyercst onpeaenuTh OOJbIION HAa0Op HEOOXOIUMBIX (PU3MUECKHUX
HaOJIOaeMBbIX, BKIIIOYas OJHOCIMHOBBIE AaCHMMETPUM B JI€CATKaxX peakuuii B oOnactu
(dbparMeHTaIMH MOJSIPU30BaHHOTO IMyYKa, KaK Ha BOJIOPO/IC, TAK ¥ Ha Pa3IMYHBIX sapax. JJaHHBIX
B TaKOM O0BbEME HET HU NpHU KaKOW SHEPrud. Pe3ynbTaThl CpaBHEHHS YKXKYT HA OTIHYNC
B3aUMOJICHCTBUSI AHTHBEILECTBA M BEIIECTBA C MaTEPHEHl, YTO YK€ B TEUEHHWE MHOTHX JIET
ABIISIETCSl aKTyaJIbHOM Hay4yHOW 3aaaueil. J[ns u3ydeHus CIMHOBOM CTPYKTYphl HYKJIOHA OyayT
MIPOBEJICHBI UCCIIEIOBaHUS 00pa30BaHKsl YapMOHHUSA B 00J1acTH (hparMeHTaIMH MOJISIPU30BAHHOTO
My4YKa, C aKIIEHTOM Ha OIpeeNieHUE BKJIaJla III00OHOB B CIIMH MPOTOHA, YTO MOMOXKET pasrajke
«CTIMHOBOTO KpHU3HCa» MPOTOHA (BCE KBapKH B IMPOTOHE OTBETCTBEHHHI Bcero 3a ~30% cruHa
IIPOTOHA), CYLIECTBYIOLIEro yxe noutu 30 JerT.

Hanuuue nonspu3zoBaHHBIX KaK MPOTOHOB, TaK U aHTUNPOTOHOB B CP-HelTpanbHO# pp -
CUCTEME MOTEHIIMATbHO OTKPHIBAET BO3MOXKHOCTU JJISi U3YYEHHs] U CPaBHEHUS JOPYT C APYroM
CP-conpspk€HHBIX peakuuid. DTO MO3BOJsSeT B3rsHYTh Ha CP-MHBapHMaHTHOCTH B HOBOM
pakypce, HEeIOCTYITHOM JJisi CTOJKHOBEHHH HEMOJSPU30BaHHBIX dYacTull. [IpoBeneHue Takmx
U3MEPEeHH B OyaymieM mnoTpedyeT, CKopee BCero, HEKOTOpoW MoAu(UKAIMM yCTaHOBKHU, B
YaCTHOCTH, pacIlMpeHHs] e€ aKcelTaHca Ha 3aJHIoI Moiycdepy B CUCTEME LIEHTpa Macc
CTOJIKHOBEHHUSI.

JlononHUTeNbHbIE YHUKaNbHble ocoOeHHOCTH 3kcrepumenTa CITACUAPM cBszaHbl ¢
BO3MOXKHOCTBIO U3MEPEHUSI MHO>KECTBEHHOCTH 3apsKEHHBIX aJpOHOB B COOBITUH, ONpPE/IEIeHUs
LEHTPAJIBHOCTH COYNAapeHUN agpoHa ¢ sAApOM. TakuX HCCIEAOBAaHUM B MHUpE IIOYTH He
IIPOBOJIUIIOCH, HO €CTh IIEPBBIC YKa3aHUA HA UX aKTyaJbHOCTh. EIlI€ HOBU3HA MPOEKTa CBsA3aHa C
BO3MOXHOCTBIO PErHCTPUPOBAaTh HE TOJBKO CTAOWJIbHBIE IO CHJIBHOMY B3aUMOEHCTBUIO
YacTUIIbl, HO U MHOTOYHCJICHHbIE PE30HAHCHI, KaK ME30HHbIE, TaK U OapuoHHble. Ha ycTtaHOBKE
CITACYHAPM B0O3MOXHO Take U3MEPEHHUE MTONEPEUHOH MOISPU3ALNN THIIEPOHOB U 3JIEMEHTOB
CIIMHOBOM MAaTpUIbl BEKTOPHBIX ME30HOB, YTO SBJISIETCSI OTPOMHBIM IPEUMYIIECTBOM IMPOEKTA.
Hakonen, Hamuuve BOCBMH THIIOB HEMOJISPU30BAHHBIX ITyYKOB (ni, K*, p, p, d, C), B
KOMOWHAIMK ¢ TOJISPU30BAHHON MHUIIEHBIO, HA MOPAJOK PACIIUPSIOT JHANa30H MCCIeIOBAHUI
MOJISIPU3ALMOHHBIX SIBJICHUN U YCUIIMBAIOT YHUKAJIBLHOCTH IIPOEKTA.

[Monspuzaunonnslii mpoekt CITIACYHAPM otriauyaer rioOanbHbIM, CHCTEMaTHUYECKUH
MOJIXO0JT B U3yYEHUH CUCTEMbl AaHTUIIPOTOH-TIPOTOH (Sp0) U MPOTOH-NPOTOH (A1p0). B oTianune
OT OOJBIIMHCTBA MOJISIPU3ALMOHHBIX JKCIIEPUMEHTOB, B HIMPOKOANEPTYPHOM MPEIU3NOHHOM
crektpomerpe CITACUAPM Oyner peanu3zoBaHa MOJHAsS TE€OMETPHS MO a3UMYTAIbHOMY YIIIY,
YTO MO3BOJHUT HCCIENOBATh HE OJIMH JECATOK HOBBIX IIPOLECCOB C MPENEIbHO HU3KHMHU
norpemHocTaMu. CodeTraHue IIHPOKOTO Habopa IMyYKOB M MHIIEHEH C BO3MOXKHOCTBIO
OJIHOBPEMEHHON PETUCTPALMM 3apsDKCHHBIX UM HEHUTPAIBbHBIX YAaCTHULl — IPOAYKTOB PEaKILIMii,
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BBITOJHO OTJIMYAET AAHHBIN MPOEKT OT APYTUX MOJSAPH3ALUOHHBIX MPOEKTOB, CO3JAHHBIX MO
OTPaHUYEHHOE YHCJIO HM3y4YaeMbIX peakuuid. M3mepenune cnuHOBBIX 3(dekToB B OosbIIOM
KHHEMATU4YeCKOM JMala30He W CpPaBHEHHE CIUHOBBIX 3(P(EKTOB B pa3NUYHBIX pEaKIUsIX
NPUHIUIHAIBHO BAXKHO ISl PACKPBITHS MEXaHW3Ma B3aUMOJICHCTBUS YaCTHII.

OCHOBOM  KOJUIEKTMBAa  aBTOPOB  JIaHHOTO  IpOeKTa  sBIsETCs  J1abopaTopus
MOJSIPU3AIMOHHBIX dKcniepuMeHTOB UDBD. DTOT KOUIEKTHB MMeeT OONBIION HAay4YHBIN 3a/ael
0 IIPOEKTY, KaK COOCTBEHHO IO Hay4YHOM 4acTd, TaK U IO MOArOTOBIEHHOMY 00OpYIOBAHUIO.
OH 3aHuMaeTcs MOJIAPU3ALMOHHBIMU HMCCIeoBaHUAMH Oonee 40-ka JeT M NpUHUMAll ydacTue
IIPAKTUYECKH BO BCEX KPYNHEWIIUX aJPOHHBIX 3KCIEPUMEHTaX IO CIIMHOBOW TEMaTHKE B
POCCUICKHUX U 3apyOEKHBIX LIEHTpaX. B 4acTHOCTH, KOJUIEKTHUB ChIIpaj PELIAIOLIYI0 POJb B
MOJITOTOBKE W TIPOBEACHHUH MOJISIPU3ANMOHHBIX dKcriepuMeHToB B DHAJI (3xcniepumentsr E-581
u E-704) u BHJI (CTAP u E-925). B skcnepumMeHTax, npoBeieHHbIX B [IpoTBUHO U 3apyOexHbIX
LEHTpax, ObLIM OOHApYKEHbI 3HAYMTEIbHbIC MOJSPU3ALNOHHBIE YPPEKTHI, KOTOPbIE HE MOTYT
ObITh OOBSICHEHBI CYIIECTBYIOIIUMH TeopeTuyeckuMu MonensiMu. [lo pesynbratam 3THX
9KCHEPUMEHTOB TOJIBKO 110 CIIMHOBOI TemaTuke onyOiukoBaHo 6oziee 100 pabot, 3amuieHo 6
JOKTOPCKUX U Oonee 10-TM KaHAMIATCKUX JauccepTauuil. Takke MHOIO JAPYIMX COTPYIHHKOB
N®BD yuyactBytor B npoekrte. Cpenn aBTOpPOB JaHHOIO IPOEKTa Ba)XKHOE MECTO 3aHHMAET
rpymnmna monspu3oBaHHbIXx MmumieHed n3 OUSN (yOna), xortopas 40 jer, COBMECTHO C
¢uzukamu u3 UOBD, 3aHnMaeTcs NOASIpU3aLMOHHBIMY HCCIIEI0BaHUAMU Ha yckopurene Y-70 B
IIporBunoO. I'pynna ydensix nu3 aByx apyrux uHctutyroB HUILL «KypuartoBckuii MHCTUTYT», a
nmMeHHO UTO® wu IIUSAD, Tak xe kak u HUAY MUOU saBnsgioTcs NTOIHOLCHHBIMH
yuacTHUKamMu CITACYAPM. ®usuxku u3 Uramuum (rpynna bpanamanre) m Yexum (rpymma
@unrepa) mnpucnanu Ilucekma o HamepeHusix BCTYyIIIEHHS B 3Ty 3SKCHEPUMEHTAIbHYIO
nporpamMmy. OKHJaeM BCTYIUIEHHWE HECKOJIBKUX HEMELKHX YHUBEPCUTETOB M HAIMOHAJIBbHBIX
nabopaTopuil B 3TOT MpoekT. KoianuecTBO MOTEHIMAIBHBIX IMOJIb30BaTeNe MHOPACTPYKTYphI
JAHHOTO TIpoekTa u e€ pe3ynbraroB mpeBbimaer 100 demoBek. Bc€ 310 mpuBOAMT K OYEHB
BBICOKOUM BEPOSTHOCTH YCIEIIHON peaau3alii COOTBETCTBYIOIICH MHPPACTPYKTYphl U Haudaja
BBITMIOJTHEHUS] HAYYHBIX 3a]1a4 IPOEKTa B TE€UEHHUE OJIMKANIINX JECATH JIET.

CymmapHble pacxoabl Ha U3roTtoBleHHe B Poccum HEOOXOAMMOTO HAay4dHOTO
oOopynoBanust Juis uccienonarenbckoi yctaHoBku CITACYHAPM cocraBsaT 1 mapa. pyOseid.
Kpome Toro, emé 1 mipa. pyO. morpebyercst JUisl BBINOJIHEHHUS pPabOT MO CO3/IaHUIO
AQHTUIIPOTOHHOTO (M MPOTOHHOT0) KaHana 24A nHa yckopurene ¥Y-70. Takum o6pa3zom, ntoropas
CTOMMOCTh IPOEKTa OlLeHUBaeTcs B 2 Mipa. pyouseit. Ilpu Havane ¢uHaHCUpOBaHMS B HEpBOM
nonoBuHe 2020 roma Havano pabOTHI C MOJSIPU30BAHHBIMU ITyYKaMH Ha HOBOM KaHaie 24A
Mo3keT ObITh B 2024 rony.



EXECUTIVE SUMMARY

At the largest accelerator in Russia, the U-70 of the National Research Center Kurchatov
Institute (NRC KI) - IHEP, Protvino (hereinafter IHEP) a significant base for conducting world-
class research in the fixed target SPASCHARM experiment (SPin ASymmetry in CHARMOonia)
has been created. These studies will allow the NRC KI to take the world's leading positions in
the field of spin physics.

The project is aimed at studying the spin structure of the nucleon and the spin dependence
of the strong interaction of antimatter and matter with matter at energies up to 50 GeV.Spin in
quantum mechanics is an intrinsic angular momentum of elementary particles with specific
properties. Unlike the orbital angular momentum, spin is not associated with a spatial motion of
a particle or its constituents but is an internal quantum characteristic, like a mass or a charge.
Spin was introduced almost 100 years ago in order to describe atomic spectra. Its nature is still
an unsolved mystery. The SPASCHARM project intends to become a breakthrough in the
fundamental science which will bring closer the understanding of the spin mystery.

Spin-dependence of fundamental interactions represents the essence of polarization
phenomena. In order to carry out polarization studies in collisions of high-energy particles, it is
necessary to create beams of polarized particles and/or to use the technique of polarized targets.
In recent years, there has been noticeable progress in the experimental studies of spin effects at
high energies. The overwhelming majority of experiments have been carried out in the kinematic
region of nonperturbative quantum chromodynamics (QCD) at moderate momentum transfers.
These experimental data stimulated the development of theory on the spin role in physics of
strong interactions. However, the subject appeared to be so difficult that once the leading theorist
in the field, Elliot Leader, pronounced in desperation "Experiments with spin have killed more
theories than any other physical parameter”. Another famous statement of this kind was from
James Bjorken: «Polarization data has often been the graveyard of fashionable theories. If
theorists had their way they might well ban such measurements altogether out of self-
protection». Today there is no theory which provides a complete and consistent description of all
the observed polarization effects. Therefore, the systematic experimental study of polarization
effects in a wide variety of reactions, including antiproton-proton and proton-proton collisions, is
of great importance for development of a theory for the consistent description of all observed
spin phenomena in QCD nonperturbative region.

It is proposed to form polarized beams of protons and antiprotons in the beam channel
24A of the accelerator U-70. Calculations of their parameters have been carried out. The
intensity of the antiproton beam with energy of 15 GeV can reach 10° antiprotons per accelerator
cycle (10% antiprotons per day) for the 10** primary protons from the U-70 to the primary target.
A polarized antiproton beam from the decay of the anti-lambda hyperons, which can be reached
by NRC KI in 2024, will certainly be a unique beam in the world. In antiproton-proton
annihilations there is no restriction on the quantum numbers of the majority of the producing
resonances. The intensity of a polarized proton beam with energies of 10-45 GeV will be an
order of magnitude larger than that of an antiproton beam with the same mean polarization. All
this will allow the SPASCHARM setup to solve large-scale scientific problems related to spin.
There is no closest analogue of the new fixed target SPASCHARM complex being created for
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operation on polarized beams. The expected period of preserving the uniqueness of the
SPASCHARM complex is no less than fifteen years.

Polarized beams will be a powerful tool for carrying out systematic polarization studies.
These studies will be carried out on antiproton and proton beams at an energy of 15 GeV and
above, with an average polarization of 45%. It is planned to determine a large set of necessary
physical observables, including single-spin asymmetries in dozens of reactions in the region of
fragmentation of a polarized beam, both on hydrogen and on various nuclei targets. Data in this
volume is not at any energy. The results of the comparison will point to the difference between
the interaction of antimatter and matter with matter, which has been an actual scientific task for
many years. To study the spin structure of the nucleon, studies will be made of the formation of
charmonium in the fragmentation region of a polarized beam, with an emphasis on determining
the contribution of gluons to the proton spin, which will help solve the "spin crisis” of the proton
(all quarks in the proton are responsible for only ~ 30% of the proton spin) existing already
almost 30 years.

The presence of polarized both protons and antiprotons in the CP neutral PP -system
potentially opens up opportunities for studying and comparing CP conjugate reactions with one
another. This allows us to look at CP invariance in a new perspective, inaccessible to collisions
of unpolarized particles. Carrying out such measurements in the future will most likely require
some modification of the experimental setup, in particular, the extension of its acceptance to the
rear hemisphere in the collision center-of-mass system.

Additional unique features of the SPASCHARM experiment are associated with the
possibility of measuring the multiplicity of charged hadrons in an event, determining the
centrality of the hadron-nucleus collisions. There have been almost no such studies in the world,
but there are first indications of their relevance. Another novelty of the project is connected with
the possibility to register not only stable particles that are stable by strong interaction, but also
numerous resonances, both meson and baryon ones. In the SPASCHARM setup, it is also
possible to measure the transverse polarization of hyperons and the elements of the spin matrix
of vector mesons, which is a huge advantage of the project. Finally, the presence of eight types
of unpolarized beams (z*, K, p, p, d, C), in combination with a polarized target, extends the
range of studies of polarization phenomena by an order of magnitude and enhances the
uniqueness of the project. The study of energy dependence of spin effects reveals the dynamics
of interaction. The measurements might be conducted at several energies in order to estimate the
model parameters.

The SPASCHARM polarization project is distinguished by a global, systematic approach
to the study of the antiproton-proton (nuclei) and proton-proton (nuclei) systems. Unlike most
fixed target polarization experiments, in the wide-aperture precision spectrometer
SPASCHARM, the full geometry along the azimuthal angle will be realized, which will allow us
to investigate not one dozen new processes with extremely low errors. The combination of a
wide range of beams and targets with the possibility of simultaneous detection of charged and
neutral particles in final states of reactions, distinguishes this project from other polarization
projects created for a limited number of reactions studied. Measurement of spin effects in a large



kinematic range in the beam fragmentation region and comparison of spin effects in various
reactions is of fundamental importance for revealing the mechanism of particle interaction.

The core of the team of authors of this project is the laboratory of polarization
experiments of IHEP. This team has a large scientific background on the project, both in terms of
the scientific part and the equipment prepared. It has been engaged in polarization studies for
more than 40 years and has been involved practically in all of the largest hadronic experiments
on spin topics in Russian and foreign scientific centers. In particular, the team played a decisive
role in the preparation and conduct of polarization experiments at FNAL (experiments E-581 and
E-704) and BNL (spin part of STAR and E-925). In experiments conducted in Protvino and
foreign centers, significant polarization effects were found that can’t be explained by existing
theoretical models. According to the results of these experiments, more than 100 papers have
been published on spin topics, 6 doctoral and more than 10 PhD theses have been defended. Also
many other IHEP employees participate in the project. Among the authors of this project, an
important place is occupied by a group of polarized target experts from JINR (Dubna), which for
40 years, together with physicists from IHEP, is engaged in polarization studies at the U-70
accelerator in Protvino. A group of scientists from two members of the “Kurchatov Institute”,
namely ITEP and PNPI, as well as the National Research Nuclear University MEPhI (hereinafter
MEPhNI) are also active participants of the SPASCHARM. Physicists from Italy (the
Bradamante’s group) and the Czech Republic (the Finger’s group) sent Letters of Intention to
join this experiment. We are expecting the entry of several German universities and national
laboratories into this project.

The number of potential users of the infrastructure of this project and its results exceeds
100 people. All this leads to a very high probability of successful implementation of the relevant
infrastructure and the beginning of the fulfillment of the scientific tasks of the project over the
next ten years.

The total costs for the manufacture in Russia of the necessary scientific equipment for the
research facility SPASCHARM will amount to 1 billion rubles (about 14.5 M Euro). In addition,
another 1 billion rubles will be required to carry out work to create an antiproton (and proton)
beam channel 24A at the U-70 accelerator. Thus, the total cost of the project is estimated at 2
billion rubles (about 29 M Euro). With the beginning of funding in the first half of 2020, the
beginning of work with polarized beams at the new 24A channel might be in 2024.



BBEJIEHUE .......ooiiiiii e 13

1  ®usmueckas nporpaMma CITACUAPM .......ccooiiiiiiiiii s 16
1.1  HccnenoBanue CIUHOBBIX 3(P(HEKTOB B POKIACHUH KBAPKOHMS ......vvervevreveerenseesieenenns 19
1.2 H3mepeHue OAHOCTIMHOBBIX MOMEPEUYHBIX ACUMMETPUN AN AIPOHOB ... vvveiivieiireesrieeans 23

1.2.1 H3mepeHue 0IHOCIIUHOBBIX APPEKTOB C HCIOIB30BAHUEM MOISIPU30BAHHOTO
TTYIKA QHTHIIPOTOHOB. ..veeutveesteeesstesssssessssesanssssassssssssssssssssssssssssssesssssesssssessnssessnsessnssessnssees 25
1.2.2 Usmepenue Ay C UCIIOJIb30BAHUEM HHTEHCHUBHOTO MPOTOHHOTO IMTYYKA ...vvvevvveenne. 28
1.3 U3mepeHnue monepeuHbIX NOMSpU3auil Py TUIIEPOHOB M AHTUTHIIEPOHOB..........ccvveenee 32
1.4  VI3mepeHHe 3JIEMEHTOB MATPHILIbI IFIOTHOCTH Pik BEKTOPHBIX ME30HOB ......ovrvvrvriieennenn, 34
1.5 /3mepeHue 0THOCIIMHOBBIX aCUMMETPUI HA MTyYKE OTPULATEIbHBIX YACTHULL ............... 35
1.5.1 MU ccnenoBanue MHKIIO3UBHBIX PEAKLUI, BKIIOYAs IyYOK AHTUIIPOTOHOB ............. 36
1.5.2 HcciaenoBaHUE DKCKITFOZUBHBIX KAHATIOB ......cerererrrrrnssseeesesessssnnssssessesessssnnnnreeesesessnns 37
1.6 PE3IOME U TIEPCTICKTHBBI ..vvveuvviesstrsessseeesssesessseesssseeesssesssssesssssesssssesssssesssssesssssesssssessnsnsens 38

2  Co3pmaHue ITyYKOB MOJISIPU30BAHHBIX IIPOTOHOB M @HTHITIPOTOHOB ....c.vvervverviesresieesreenresinenness 39

2.1  Kanay monsipu30BaHHBIX TPOTOHOB U AHTHUIIPOTOHOB ...eevvvervreesireesireessnessssnessssnessnsees 39
2.1.1 MumenHas cTaduusd KaHATIOB 24A U 24B ..o 41
2.1.2  Onrtuyeckas cxema KaHaJla MOJISIPU30BAHHBIX IIPOTOHOB (AHTUIPOTOHOB) ............ 44
2.1.3  Ilapamerpsl my4ka NPOTOHOB B IPOMEKYTOUHOM H300PAKEHUU .....vvvvrvrenrirnrennes 46
2.14  Tlapamerpsl y4Ka MOJISPU30BAHHBIX IPOTOHOB B KOHIIE KAHAA......ccveveerinieennnss 47
2.1.5 TlapameTpsl myd4Ka MOJSIPUIOBAHHBIX AHTUIIPOTOHOB .....covverriirreieesreniresseesressnennnas 49
2.1.6  BausHue 1eTEKTOPOB CUCTEMBI MEUEHUS U WACHTU(UKAIIMM YaCTUI] Ha TapaMeTphl
(DOPMUPYEMBIX ITYUKOB HACTHLL +...vvvreesreessreanesssreesneessseessesasneessesasreessesannesssnsasnesssnsassessnssnes 51

2.2  CucremMa MEUCHHUS TTOJISIPHBAIMIU TIYTKR «..veevvervverreesresseesteessesseesseesesseesseassesseesseesessnessens 52
2.2.1  Cxema pa3MEIICHHS TETEKTOPOB MEUCHHS ... .ceruvrrmererurernreesteeanneesineaseessnessesssnesnnes 52
2.2.2  ]JI3aifH TOJTOCKOIIOB CUCTEMBI MEUCHH . ... eevveerteeaneeeseesssteessesanseessesssseessessnsesssessnnes 54

2.3 V3MEPEHUE MOIISIPHBAIIMIHU TLYTKOB .....veevverriaseeseesseessesseesseassesssesseessesssesseasessnesseensessnessens 59
2.3.1 TloasipuMeTp Ha OCHOBE YIIPYTOTO PACCESTHIIT ....vverveerririeisieenrisiresieesiessnesseesressnesenas 59
2.3.2  TlonspuMmeTpusi HA OCHOBE WHKITFO3UBHBIX 3APSKCHHBIX TIHOHOB ......evveveerrenieenenes 66
2.3.3  Tonspumerpusi Ha 0OCHOBE dP(HEKTa [IPUMAKOBA. .....c..ervviiieiiiiiiiieiceee e 68
2.3.4  Pe3toMe MO U3MEPEHHIO MOJISPHBAMHU TIYUKA ..vevverveerrirseisieerissresieessessnesseesresneseeas 69

2.4 Cucrema MarHuToB «3Meitkay» (Spin flipper) mis moBopoTa MOMSAPUBAIHH ..........c......... 69
241  TpeOOBaHUS K CHCTEME TIOBOPOTA CITHHA .....veeuverrerreessesseeseensesssesseessesssesseensesnensens 70
2.4.2  TIpoexT cUCTEMBI MOBOPOTA CIIMHA JUTSI KAHATA 24....c.vviiviiiieriiie et 71

3 OxcnepuMmenTanbHast YCTAHOBKA CITACUAPM ..o 73
3.1  DxkcrnepuMeHTadbHas YCTAaHOBKA MPHU Pab0TE Ha KAHATE 14.....covvviiiiiiiiiiiiciee e 75
3.2 TIyUYKOBAS AIITAPATYPA ..vuvveuriesriiteeieesrisseesseasesssesbe et sse e b e e s s e sb e e bt se st e e n e nbe e b e anes 75
R T\ 17111 <)< 1 ST O PO P URP PR 80



3.3.1 Tlonspu3oBaHHAsI MUIIECHB JJIS U3MEPEHUS OJTHOCITMHOBBIX aCUMMETPUH U

JIBYXCITUHOBBIX IMTOTICPEUTHBIX ACHMMETPHH ....ve.viervieiiisieeteestesieesieesesieeste et snee it ensesseesneense e 81
3.3.2  CymecTBytoimias moiasipu30BaHHAS MUIICHD JIJISl H3MEPEHUS ABYXCITMHOBBIX
TIPOJTOTBHBIX ACHMMETPHH ...evvvvieivieesiiieestteesstseessssessbeesssteesssbeeessseesssseesssbeesssseessssesssnessnsneens 83
3.3.3  Hogas momnsipu30BaHHAS MUIICHB ISl K3MEPEHUS TIOTIEPEYHBIX U IPOAOTBHBIX
Yo7 1Y 1Y (54 4 0) 70 PP UP R PPRRPPRTRN 85
3.4 MATHUTHBIH CTICKTPOMET ..vveeuvvreesrressresssnessteeessseessssesssssessssesssseesssessssesssssesssssessnsees 88
341  CHOEKTPOMETPHUUECCKHUM MATHHT .....evviaveenrissresseessesssesseessesssesseessesssssseessesnsesseesseesnesnns 88
3.4.2  TPCKOBAT CHCTEMA ....vvvieivieesirieassresssreessseessteesssseesssseesssseessssesssssesssssesssssessnssessnsesens 90
3.5  DIJIEKTPOMATHUTHBIN KATIOPHMETP . eveeiutreessrreesssreessteressseeesssesssssessssesssssesssssesssssesssssessnsees 96
3.6 AZPOHHBIA KATIOPHIMETD .. veuveeureseesseassenseesseansesssesseessessseaseasesssesseessessseaseeseassesseessesnnesnes 99
3.7  Cucrema UACHTU(MUKAITIH BTOPUUHBIX YACTHIL ....vvveeisreeessrersssreesssseessssesssseessssessnsnesanes 100
3.7.1  JleTeKTop KOJEI YEPEHKOBCKOTO MBITYUCHUS ...c.vvvenreereeanreesseesnreessnsaseessneanneessneas 100
3.7.2  JleTeKTOphl MHOKECTBEHHOCTH M BPEMEHU TIPOITICTA. ... vevvevrerrreieaseenieesseenennnennees 101
3.7.3  MIOOHHBIH JIETEKTOP .vveervrreeruresssrresssressssnesssssesssesesssessssesssssesssssessssesssssesssssessnsees 102
3.8  Tpurrep, cuctema cOopa JAHHBIX U PETUCTPUPYIOIIAS DMEKTPOHUKA. .. .cevvererrrrrearensns 102
KR 0 R o) 1 ') o O TP TSP PR PPP PP PRPPROR 102
3.8.2  CHCTEMA COOPA JTAHHBIX .vvveeuvvreessrresssrressneessnesssesessessssessssessssessssessssessssssssnsees 104
3.8.3  PerucCTpUpPYIOMIAS DTEKTPOHUKA ... ceeveeiureerseesuneasseessreessesaseesseesseessessseessesanseesneas 105
3.9  Cucrema MEIJICHHOTO KOHTPOJIS Y3IIOB YCTAHOBKH ....vevvervrerreasresseeseasnesseesseasnesneennens 106
3.10 [TakeT mporpaMm 1Sl aHAIN3a JAHHBIX «B JIMHUIO» U «BHE JTUHUM ...ccvvvvvernieeennnne. 110
3.10.1 CrpykTypa NPOTrPAMMHOTO OOCCTIEUCHHUS ....vvirvierrinnriieerisiresieesreese e sree e sine e 110
3.10.2 T[lakeT mporpamMm JUIsi aHAIH3A JAHHBIX «B JIHHUEO ....vveveeurerieersiasesieesseensesnenness 115
3.10.3 TIlaker mporpamm Jajs aHalIM3a JaHHBIX «BHE JIMHUW» U MOJACTUPOBAHU ............ 117
4 Tlnan-rpaduk peaau3aliy U OUEHKA CTOUMOCTHU HPOCKTA ....covveevirrriireerisiresieesresnesieesneans 119
O E2) 11 0= ()2 17 (TR T PP OPPROURROPIN 120
5 [Ipunoxenne A. CoBpeMEHHOE COCTOSIHUE UCCIICIOBAHUM B TAHHOU OOJACTH.................. 121
5.1  Pe3ynbTaThl NOIAPU3ALMOHHBIX IKCHEPUMEHTOB ... .ceuviivriieeiinsrisreesresresieesresnssseesnens 121
5.1.1  Tlonsapu3amusi B YIPYTHX PEAKIIHISIX .rveeveerreerureereessreaneessreaneessesaseessesnsessessnseeses 121
5.1.2 Tlonspuzanusi © aCUMMETPHS B 3aPSITI0BO-O0OMEHHBIX PEAKIIMX ...vevvververrrrveennnnns 122
5.1.3  OpHocnHOBast aCUMMETPUS AN B UHKITFO3UBHBIX PEAKIIHAX «..vvevveerereanreesveeaneenes 124
5.1.4  TlomepeuHnas noasipu3anus Py TUIIEpOHOB B MHKITFO3UBHBIX PEAKIHUAX .....vvvvnie.. 127

5.2 Teoperudeckue MOAENH, HAMPABICHHBIE HA OOBSICHEHNE OTHOCITMHOBBIX SIBJICHMIA ... 129

5.21 Mexauusmbl CuBepca U KOMITHHBA........cueiiiiiiiiiiiiic e 129
5.2.2  BKIJIAQI BBICIIIX TBHCTOB ....ceeieteeeieeesesesesesesssssesessesseseseeeseeesssessesseeeseeeeeeeeeeeeeeeeeeeeeees 131
5.2.3  beprnuHCKast MOJIETb BPAIIAOIITHXCS KBAPKOB. .....vevvetrerrinsresseeseasresseessessnesseensens 131
5.2.4  Mozaeab HHCTAHTOHHOM KHUIKOCTH . .......ccceeeeeeeeeieeeeeeeeeeeeeeeeeee e e e e e e e e e e e e e e e ee e e e e e e e eaeaees 132
5.2.5 KupanpHas Mojeiab QUIBTPALNH CITHHOBBIX COCTOSTHHM ...vvvvvvvieisiieesiieeseeeesnenes 132
5.2.6  BpameHue MapTOHOB B CTPYKTYPE COCTABIISIOIIETO KBAPKA ... vveerrvreerrvreersvreessenns 133



5.2.7  Mogaenb XPOMOMATHUTHOM CTPYHBL .....c.vveuvirsriireeresseesseessessssssesssesssesnesssessesssessneens 134

5.2.8 Moguenab XpOMOMArHUTHON TTOJISIPUBAIIAN KBAPKOB ...veevvvrevreeeireesssresssressssneessnes 135

5.3 PE3IOME M TIEPCTICKTHBBL .....veeuviieiteesrissresseeseessesseeaseassesseesseessesseesbeesnessnesneenneanneaneenne e 137

6 IIpunoxenue b. Pe3ymbTaTbl MOACTHPOBAHMUS .. .c.vivvevierrinieisieesesieesieesne e sbe e sre s 138
6.1 MoaenupoBaHUE IS ITYIKA AHTUTIPOTOHOB . ..eeevvreeireesssressssreessssesssssesssssesssseesssseesnnes 138
6.2 Monemupoanue peakimii PP —h +X 1 PP’ —h +X oo, 138
6.3  MoaenupoBaHie 6apHOHOB U aHTUOAPUOHOB B Tiporiecce PP—N +X .o 139
6.4 MoxenupoBaHUE UHKIIFO3UBHBIX MPOIECCOB HA MTYUKE TTHOHOB ....vvvvvvveersireessreeesseeeenns 140
6.5 Monemupoanue ans peakiuii K'p'—h +X mpu sueprum 34 ToB ..., 140
CIHCOK UCTIOIB3YEMOM JTUTEPATYPBL..cvvieurieiriasreesireaseessreessesssseessesssnsassesssneesseesreessessnessnnesnns 142

12



BBEJIEHUE

HccnenoBanust nociaeIHUX HECKOJIBKHUX JECSTKOB JIET MOKa3aJld HaIMYMe 3HAUUTENIbHBIX
CIIMHOBBIX 3((PEeKTOB B pasnuuHbIX (u3ndeckux mporeccax. OgHako HaOI0eHue OOJIBIINX
CHHMHOBBIX 3P PEKTOB IMOKA HE YIAIOCh OOBSICHUTH B paMKaX CTaHIAPTHOW TEOPUHU BO3MYIIECHUI
kBaHTOBOM xpomoauHamuku (KX]I), mpeamnosnararomieii KoJsIMHEApHYIO KHHEMATuKy. B aToit
CBA3M  SIBJIAIOTCSI  aKTyaJbHBIMU  JAJbHEHIIME CUCTEMAaTHUYECKHE HKCIEPUMEHTaJIbHbIE
UCCIICIOBAaHMS B 3TOM 00JaCTH, IPENOIararoiue N3MepeHne HECKOIBKHIX 3aBUCSIINX OT CIHHA
HaOrofaeMbIX (OJHOCIIMHOBAs W JIBYXCIMHOBas AacHUMMETpPUH, MOJIApU3allds T'MIIEPOHOB,
JJIEMEHTHl CIIMHOBOM MaTpHIlbl BEKTOPHBIX ME30HOB) B JECATKAX pPAa3IMYHbIX peaKLuil.
['moGanpHblll aHaAM3 MOJYYEHHBIX TaKUM OOpa3oM JaHHBIX I103BOJHUT BBISIBUTH OOIINE
3aKOHOMEPHOCTH IIOBEJICHUS JAHHBIX, B TOM YMCJE€ CpaBHEHHE B3aMMOJAEHCTBHM 4YacTUIBl U
AQHTUYACTULBl C MPOTOHAMM U SIAPAMH, POJb LIBETHBIX CHJI, CIIMHOBYIO CTPYKTYpa HYKJIOHA,
3aBHCHUMOCTh CITMHOBBIX 3()(PEKTOB OT M30TOMMUECKOTO CITMHA U SHEPTHHU ITy4YKa, COpPTa KBAPKOB,
aTOMHOTO BeCca MHIICHHM M MHOXXECTBEHHOCTH 4YacTHI[ B coObiTmu. Panee mnomoOHBIE
MCCJIEJOBaHMsI TAKOTO0 MaciuTaba He MPOBOAWINCH. B3aumMoaeicTBUS NONSAPU30BaHHBIX YaCTHUI]
NPEICTAaBISIIOT 000 YHUKAIbHBI WHCTPYMEHT JUIS HCCIEIOBAaHHMS MEXaHW3Ma CHIIBHBIX
B3aUMOJICHCTBUH B 00s1acTH KOH(AWHMEHTa, YTO HE yJIaeTcs MOKa clenaTh, U3ydas coyaapeHus
HEMOJISIPU30BAHHBIX aJ[POHOB.

Jlis mpoBeleHMs YyKa3aHHBIX BbIIIE MCCIEJOBaHUN TpedyeTcss 3KCIepUMeHTallbHas
yCTaHOBKAa MUPOBOT'O YPOBHS U CO3/IaHUE KaHala MOJSPU30BAaHHBIX IPOTOHOB U @aHTUIIPOTOHOB.

[Ipoext sxcniepumenta CITACYHAPM Ha coziaBaeMOM HOBOM aJpOHHOM KaHaJI€ YacTHI]
24A yckoputens Y-70 HaleneH Ha HCCIE€IOBaHME CHUHOBOW 3aBUCUMOCTH CHIJIBHOTO
B3aMMOJICHCTBHS aHTHBEIECTBA (M BEILLECTBA) C MaTE€pUEd U CHUHOBOW CTPYKTYphl HYKJIOHA.
[Ipexxne Bcero, OyaeT MpoBedeH OO30pHBIM  MOJIPU3ALMOHHBIN  SKCIEPUMEHT  Ha
AQHTUIPOTOHHOM M IPOTOHHOM IOJIIPU30BaHHBIX IydKax IpH 3Hepruu 16 B u nonsgpuzanun
10 45% c u3MepeHueM OJHOr0 M TOro ke OoJbIIoro Habopa (GHU3MYECKHUX HAOIIOIAEMbIX
BeNMWYMH. J[1s1 M3ydyeHHs] CIMHOBOW CTPYKTYphl HYKJIOHA OyIyT MPOBEICHBI HCCIIEIOBAHUS
00pa30BaHUs YapMOHU B 00JIaCTH (parMEeHTAIMM MOJIIPU30BaHHOrO Myuka. byaer onpenenena
BEJIMYMHA MOJISPU3aLUN KBAPKOB U TJIOOHOB B B MOIEPEYHO U IMPOJOJIBHO MOJSPU30BAHHOM
IIPOTOHE U AHTUIIPOTOHE Yepe3 00pa30BaHME KBAPKOHUS CO CKPBITOM CTPaHHOCTBIO (¢-ME30H U
f2(1520)) u ckpbiThiM ouapoBaHueM (yc2 (3555 M»BB) u ya1 (3510 M»aB)). Bnepswie Takue
U3MepeHus: OyAyT NpOBEICHbl HAa YHUKAIBHOM IIy4Ke MOJSPU30BAHHBIX (QHTH)IPOTOHOB OT
pacriaaa (aHTH)TUIIEPOHOB.

B HUIL] Kypuarosckuiit Muctutyr — MDOBD 3aBepiieHs! paboThl O CO3AAHUIO ICKU3HOTO
IpoeKTa HOBOTO aapoHHOro kaHaia 24A. [IpoekTHble pabOTHI MPOBOAMIMCH COBMECTHO C
['CIIN. K 2015-omMy roay ObLI MOTy4€H 3CKU3HBINA MPOEKT «TOJIOBBI KaHana» (JuyrHa 50 MeTpoB)
— 3TO MPOBOJKA Iy4yKa MPOTOHOB OT €ro BbiBOJa U3 Y-70, 10 MNEpBUYHON MUIIEHHU,
pacroIoKeHHOU Nepe]] ClelHalbHbIM PaAnalliOHHO-CTOUKUM MarHuToM. [lonmHas anmuHa kaHana
OT MEPBUYHON MUIICHHW U JI0 KOHIIa kaHama coctaiseT 180 merpos. B 2016-2018 rogax Obumm
MOJTOTOBJIEHB Bce HeoOxonuMmble TexHuueckue 3agaHusl Ha CO3JaHHME PaA3IUYHBIX Y3JIOB
KaHaJja.

B xanane 24A npeanonaraercs (popMupoBaHHE MOJSPU30BAHHBIX IMYYKOB MPOTOHOB U
aHTUNPOTOHOB. IIpoBeneHsl pacueTsl X napamMeTpoB. THTEHCMBHOCTh aHTUIPOTOHHOIO My4YKa
moxer gocrurats 10° AQHTUIIPOTOHOB 3a LUKJI YCKOPUTENS (10" CYTKH) TIpu cOpoce Ha
NIEPBUYHYI0 MHMILIEHb 10" npotoHoB u3 Y-70. Ilonspu30BaHHBI AHTUIPOTOHHBIA IIYYOK,
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koTopbiid Oynet nocrynen B HULL KU B 2022 rony, siBUTCA, 6€3yCIOBHO, YHUKAIBHBIM ITY4KOM B
mupe. B nponuiom anTunporonHslie nyuku 0siu B LIEPH ¢ sneprueit nopsaka 1 I'3B u 3atem B
nabopatopun um. ®Pepmu (OHAJL, CIIA) npu sueprusx 8 3B u 200 I'3B. Ilpu stom
€MHCTBEHHBIM MOJISIPU30BaHHBIM ITYYKOM aHTUIPOTOHOB ObLT mydok Bo ®HAJI npu 200 I'3B.
Hauunas ¢ 2026 roga, niuaHupyeTcs MOSBIEHUE aHTUIPOTOHHOT'O, BHICOKOMHTEHCHUBHOI'O, HO
HETOJIAPU30BAaHHOTO MyuKa ¢ 3Heprueit 10 15 3B B npoekte DAUP B ['epmanum.

AHTUIIPOTOHHBIN ToNsipu3oBaHHbIi mydyok HUI[ KW sBUTCS MOIIHBIM MHCTPYMEHTOM
JUIs  TPOBEIEHUS CUCTEMAaTHYECKOro OO030pHOr0 MOJSPU3ALUMOHHOIO HKCIEPUMEHTa C
OIpeieIEHUEM MOJIHOTO Habopa HEOOXOAUMBIX (PU3UUECKUX HAOIIOAAEMBIX, TAKUX KaK CEUCHHUE;
HOJISIPU3ALUS B YIPYTOM aHTHIIPOTOH-IPOTOHHOM paccesHUM KakK B 00JacTH KyJOH-sepHOU
UHTEepPEpEHINH, TaK U NU(PAKIMOHHOTO KOHYCa; OJHOCHMHOBBIX ACHUMMETPHHA B OOJIBIIOM
Yrciie peakuuii B 00J1aCTH (parMeHTAINH TOISIPU30BAHHOTO ITyYKa, KaK Ha BOAOpPOJE, TaK U Ha
pa3IuyYHBIX sapax U Ap. J[aHHBIX B TakoM oObeME HET HU IpPHU KaKUX JHEeprusix. Takue ke
u3MepeHus OyyT NIpOBEAEHBI U Ha MOJSIPU30BAaHHOM IIPOTOHHOM IyuKe. Pe3yabTaTel CpaBHEHUS
YKaXyT Ha OTJIMYUE B3aUMOJCHCTBMS AHTHMBEILECTBA M BEILECTBA C MAaTEpPUEH, UTO YXKE B
TEUEHUE MHOTHUX JIET SIBJISETCS aKTyaJlbHOW HayudHOM 3amadeil. MccnenoBanus Ha kanaine 24A
MOYHO OyJleT IPOBOJUTH B IMANa30He SHEPruil nosspuzoBaHHoro myuyka 10-45 I'3B, npu stom
ONTUMAJIbHASL PHEPTUsl AHTUIPOTOHHOTO IMy4Ka, YYUTHIBAs (DOHOBBIE MPOLECCHI, JOCTHTACTCS
pu 15 5B, [Tomstpu3anus my4dka IMOMOKET IIPU NIPOBEACHUM MTAPLHAAIBHO-BOJIHOBOIO aHAIM3a
JAHHBIX MIPY IOUCKE HOBBIX (DOPM MaTepHH, BKIIOYAsl SK30THUECKUE COCTOSHUS. 3aMETUM, YTO B
AQHTUIPOTOH-IIPOTOHHBIX ~ B3aUMOJCHCTBUSX HET OrpaHMYEHUS Ha KBAHTOBBIE 4YHCIIA
POXKIAIOIIMXCSA COCTOSHUN M 4YaCTHULl, BKJIIOYas M COCTOSIHUS C DK30THMUECKHMHU KBAaHTOBBIMU
YHUCIaMHU, KOTOpPBIE OYAYT POXKAATHCS B COMPOBOXKIECHUH C APYTMMHU SK30THYECKUMH YaCTUIIAMU.

B Hacrosmmii MOMEHT B AelcTByromeM 3kcnepuMenTe nox HasBanueM CITACYHAPM c
BKJIaJIoM 1o obopyaoBanuio u moasMm ydactsyror HUL[ KU — UOBD, OUAU, HUL[ KU —
NTO®, HULL KU — [TNAD u HUAY MUDU®, [Tpu npuHATHN pelieHus O (pUHAHCUPOBAHUU
paboT 1o co3nanuio kaHana 24A B skcnepuMeHT Takxke Boiinyt USA® CO PAH, npexne Bcero ¢
BKJIaJIOM B CHUH-(UIMIIIEP, U 3apyOeKHbIE MHCTUTYTHI, YK€ MPOSBUBIINE UHTEPEC K JTAHHOMY
npoekty. [Ipu 3TOM 3KcHepuMeHTallbHas YCTaHOBKAa JOJDKHA OBbITh, O€3yCIOBHO, OCHallleHa
TEXHOJIOTHYECKUM 000PYJ0OBaHUEM HAa MUPOBOM YPOBHE.

B ornnuune ot OOJNBIIMHCTBA BBINOJIHEHHBIX paHee MOJSPU3alMOHHBIX 3KCIIEPUMEHTOB, B
CIIACYHAPM Oyner peanu3oBaHa 27-T€OMETpPHUs MO a3UMYTaJIbHOMY YIUIy, YTO MO3BOJISET
3HAYUTEIBHO YIYYIIUTh TOYHOCTH HW3MEPEHUS CIIMHOBBIX HAOJIOJJaeéMbIX, a TIJIaBHOE —
MHHUMH3HPOBATh CUCTEMAaTHYecKue OmMOKH n3MepeHuid. TenecHslil yron ycranoBku (46~200
Mpas no Beptukanu u 300 Mpaj Mo ropu3oHTaNIM B 00JIaCTU (PparMeHTaluy My4YKa) IO3BOJISET
IIPOBECTH W3MEpPEHUs] B IIMPOKOM JMana3oHe KWHEMAaTHYeCKUX MEpPEeMEHHbIX (Pr1, Xg) U JacT
BO3MOXXHOCTh Pa3AeNuTh 3aBUCUMOCTH OT 3TUX JIBYX IEPEMEHHBIX, YTO OOBIYHO HE YHAeTcs B
HKCIIEPUMEHTAJIbHBIX YCTAHOBKAX C MaJIbIM T€JIECHBIM YTJIOM PETUCTPALIUH.

K HacrosmeMy BpeMEHM CYLIECTBYET 3HAUUTENIBHBIN 3aJ€ll 10 CO3AAHHUIO YCTAaHOBKHU
CITACYAPM. CobpaH, UCIBITaH U YK€ padOTaeT IIHUPOKO-aNepTypHBIA CIEKTPOMETPUUYECKUNA
MarHuT. Co3JaHbl 1Ba MHOTOKAHAJIBHBIX ITOPOTOBBIX UEPEHKOBCKUX JETEKTOpa M BEIETCS MX
HacTpoiika. OHU BIIOJIHE CLIOCOOHBI 00ECIIEUNUTH MEPBbIE N3MEPEHUSI Ha AHTUIIPOTOHHOM ITyUKe,
XOTS U B OTPAaHUYCHHOM TEJIECHOM yTJi€ B CPAaBHCHHH C TOJHON MPOEKTHON KOH(UTYypaIuen.

? [put SHEPrUH IEPBHUHOTO MydKa IPOTOHOB 60 I'3B.
8 Tekymui CIUCOK Y4aCTHUKOB MpoeKTa npenctaBieH B Omunoka! McTOYHMK CCHUIKU He HAl/IeH.
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3aBepimaercs Co3AaHue MPEIU3UOHHON TPEKOBOM CHCTEMBI Ha OCHOBE Jipei(hoBhIX TpyOOoK. EcTh
B HAJUMYMM aJpOHHBIM Kanopumerp. Coznaercss IydykoBas ammapaTrypa, HacTpauBaeTCsl HOBast
pErucTpUpyroIas MEKTPOHUKA U cucTeMa coopa JaHHbIX B cranaapre EBpoMHUCC.

OpnHako, 1S IPOBEIEHUS SKCIEPUMEHTA MHPOBOTO YPOBHS 3TOrO COBEPIICHHO
HEIOCTaTOYHO. /I BBIMOJIHEHHS] MPOTpaMMBbl MCCIEJOBAHUN TpeOyeTcs caMoe COBPEMEHHOE
obopynoBanue. B wactHOcTH, TpeOyeTcs co3gaHHE CUCTEMbl CBEPXIPOBOMAAIIUX MArHHUTOB,
«CHOUPCKUX 3MeeK», 00ecleyuBaroueil MOBOPOT MOJIAPU3ALMN MyYKa HA MUIICHH, a TaKkKe
KPUOTCHHOM CUCTEMBI KaHasa 24A. D10 000pyI0BaHHE MBI MIPUYKCIIIEM K YCTaHOBKE, a HE K
kaHany. B ycraHoBke HEOOXOIMMO CO3/1aHHE MPELHU3UOHHOTO TOHKO-CErMEHTUPOBAHHOIO
AJIEKTPOMAarHUTHOTO KaJIOPUMETpa THUIA «IIALUIBIKY» C MEJIKOM s[MEHKOH, IHUPOKO-arepTypHOIO
MHOTOKAaHAJIBHOTO 4YepeHKOBCcKoro nerekropa tuma RICH, co3manme cuctembl MONSpUMETPOB
JUISL U3MEPEHUs] aOCOJIOTHOM BEIMUYMHBI MOJSPHU3AMM ITyYKa, a TakkKe HEKOTOPOro Ipyroro
000py10BaHUs.
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1 ®usnueckas nporpamma CITACHAPM

CrniuHoBbIe HaOMIOAaeMble SBISIOTCS TEMH MPEUU3UOHHBIMH HHCTPYMEHTAMH, KOTOpbIC
HO3BOJISIOT IUIyOXKEe IOHATh NPUPOAY CWIBHBIX B3auMojeicTBuil. M3ydeHue CTPyKTypbl
CIEKTPOB M3JIy4€HHs U IOIJIOIIEHUS aTOMOB IIPUBEJIO OKOJIO CTa JIET Ha3aJ K HE0OXOIUMOCTH
BBEJCHUS C€aMOro NOHATHA cnuHa d4actul. Co BpeMEHM MNPOBEACHHS 3HAMEHUTOIO
skcnepumenta lltepHa-I'epaaxa ¢ mydykoM aToMoB cepeOpa B CHIBHOM HEOAHOPOAHOM
MarHUTHOM II0JIe, Ha4yajloChb JKCIIEPUMEHTAJIbHOE MCCIEAOBAHUE BIMSHUA CIMHA Ha
B3aumozeicTBue dactuil [1]. Pe3ympTarhl 3THX TEpBBIX HCCICIOBAHUI  OKA3aJIUCh
HEOKUJAHHBIMU W IIOMOIVIM PACKpbITh IapaJOKCalbHYI0 KBAaHTOBYIO IpPUPOJY CIIMHA,
IPUHUMAIOILETO TOJBKO LIEJIbIE U MOJIYLIEIIbIE 3HAUCHUS.

VYuuBepcanpubii kaHan 24A u ycraHoBka CIIACHAPM nHa HEM co3parorcs nais
u3ydeHus: (yHIAMEHTAIbHBIX BOINPOCOB CHJIBHBIX B3aMMOJEHCTBHM M CIIMHOBOM (DU3MKH, BO
B3aMMOJCHCTBUAX IOJISIPU30BAaHHBIX IPOTOHOB M AHTUIIPOTOHOB C HYKJIOHAMHM W SAPaMHU.
W3ydyeHrne NONSPU3ALMOHHBIX SBJICHUN II03BOJIMT PACIIMPUTh HAIIM 3HAHUA O CTPYKTYpe
aJpOHOB U JMHAMHMKE MX B3aMMOJCHCTBHS, B TOM UYHCIE Ha YPOBHE CTPYKTYPHBIX
COCTaBJISIIOLIMX aJpPOHOB — KBAapKOB U TJIOOHOB. llenpio Ooratoil (u3nyeckoil mporpammbl
skcniepumenTa CIIACYAPM sBnsieTcs pacliMpeHHE HAIIMX 3HAHUMM B O0JIACTU CHJIBHBIX
B3aWMO/JICUCTBUM, CTPYKTYpPbl aAPOHOB U POJIM CIMHA B JUHAMHUKE CUJIBHBIX B3aUMOJICHCTBHUIA.
W3mepeHue pa3u4HbIX CIIMHOBBIX HaOM0qaeMbIx (acummeTpuu Ay, osgpusauuu Py, nepegaun
cnuHa Dpn, 27€MEHTOB CHMHOBOM MAaTpHIbl IUIOTHOCTH pik M APYTUX) OTKPHIBAeT
JIOTIOJIHUTEIbHBIE BO3MOXKHOCTH Il CPAaBHEHHs [JaHHBIX DSKCIEPUMEHTa M IpeACKa3aHuil
Mojenel, yTo OyAeT crnocoOCTBOBAaTh, B KOHEYHOM HTOre, PEHICHUI0 0003HAUEHHBIX BHIIIE
npooiem.

Teopust Bosmymenuit KXJI mnpeackaspiBaia HE3HAYUTENbHbIE CIIHHOBBIE 3((EKTHI,
nopsiaka 0.1%, BBIMHpAIOIME C POCTOM SHEPrHH B3aMMOJACHCTBHE (VS) M mOMepedHoro
umnynbca (Pr) [2]. Onmnako, 3KCIepUMMEHTAlbHBIE HCCIICAOBAHUS MMOKa3aid, 49T0 3P QGEKTHI,
HAGITIOAEMbIe B HHKITIO3MBHBIX PEAKIHSX, HE YOBIBAIOT 3aMETHEIM 0OPA30M C YBEIMUEHHEM \'S
u Pr.

Hapsny ¢ nonsipu30BaHHBIMM HPOTOHHBIM M AHTUIPOTOHHBIM ITyyKaMu KaHan 24A
TO3BONUT BBHIBOJAMTH HA YCTAHOBKY HEMONAPH30BAHHBIE NMydYKH THOHOB (77), kaoHoB (K°),
IIPOTOHOB M aHTUIIPOTOHOB, & TAK)KE YIVIEPOJIHBIM U NEUTPOHHBIN My4yKku. B kauecTBe MuIIeHeH
IpeJoJiaraeTcs UCIoiIb30BaTh MOMEPEUHO U MPOJOJIBHO MOJSPU30BAHHBIE IPOTOHHbBIE MUIIEHU
3aMOpPOKEHHOT'O THUIA, a TaKKe IIUPOKUM HA0Op HENOJSPU30BAaHHBIX MHUILEHEH, BKIIOYas
’KHUJIKO-BOJIOPOJHYIO U TBEP/IbIE SI/IEPHbIE MUIIIECHU.

Bce Bbllle cka3aHHOE O3HAYaeT BO3MOXHOCTh HCCIEAOBATH C BBICOKOH TOYHOCTHIO
CIHMHOBBIE AP HEKTHI 11 MHOTHX JECATKOB PEAKLUH, ¢ pa3INYHbIMU HaYaJIbHBIMU U KOHEUHBIMU
COCTOSIHUSIMH. DTO IO3BOJHUT BBIABUTH OOIIME 3aKOHOMEPHOCTH aJPOHHBIX B3aMMOEHCTBHIA,
yro BbITOAHO orauyaeT odkcrnepumeHT CIIACHAPM ot apyrux moispU3aliMOHHBIX
HKCIIEPUMEHTOB, I'/I€ U3y4YaeTcsl, KaK MPaBUiIo, HEOOIbIIOE YUCIO PEeaKIUil.

B oskcnepumente CITACUAPM, Ha xkanane 24A, OyneT u3ydaThCsl B3aUMOJIEHCTBHE
MOJIIPU30BAaHHBIX MPOTOHHBIX W AHTUIPOTOHHBIX IMYYKOB C NMPOTOHHOW, JHOO C SIIEPHBIMHU
MUILeHsAMH. MMIynbc MOJISpU30BAaHHOTO Iydyka MOXET BapbUpOBaThCA B AuanazoHe 10-45
[3B/c, a nmomepeunas nmonsipuzanus mydka coctaBuT 40-45%. HenonspuzoBaHHble MyYKH MOTYT
uMeTh ummyisc ot 10 mo 60 ['3B/c. Huke mpencrabiiena gpusznueckast mporpaMma dKCIepruMeHTa
CITACYAPM wu oxunaeMble pe3ysbTaThl.
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Hayunas nporpamma CITACHAPM BkItO4aeT HECKOJIBKO CEPUU MU3MEPEHUM, KOTOPHIE
HAnpaBlIeHbl Ha HccienoBaHue (yHIaMeHTanbHBIX mpobimemM KXJI B HemepTypOaTuBHOMN
o0acTH, TJe NMPOSBIAIOTCS TaKUe SBICHHS, KaK KOH(pAHHMEHT, ciusHue 1100 (pparMeHTanus
KBapKOB B aJJpOHBI U CLIOHTAHHOE HAapYyIIEHHE KUPaIbHOW CUMMETPHUH.

Ha3Banue skcnepumenta CITACUHAPM sBnsieTcsi cokpailleHHeM OT KOHEYHOW IeIn
npoekra, a uMeHHo, — CnuHoBble ACummerpun B poxiaeHun YAPMonus. lLlenpio 3Tux
WCCJICIOBAHUM SIBIISIETCS PELICHUE 3a/1a4, KOTOPBIE €Ille HUKTO B MUPE HE MbITAJICS BBIIIOJHUTD U
B Oyirkaiiliee Bpemsl He IJIaHUPYET U3-3a CJI0KHOCTU U KOMIUIEKCHOCTH HCCIIE0OBAHUM.

Byayr wu3MepeHnl momnepeuHble OJHOCIHUHOBBIE AacUMMETpuu Ay B PeaKIusax
WHKIII03UBHOTO oOpasoBanust ¢, f2(1520), JAy, yic M y2c Ha NPOTOHHBIX M AHTHIIPOTOHHBIX
NOJIIPU30BaHHBIX ITyYKaX.

Jis u3ydeHHs MOJIApU3allUM KBApKOB M TIUIIOOHOB B oOnacTtd OonblmIMX Xp, OyAyT
U3MEpeHbl JBYXCHMHOBbIE acummerpuu Ay U AL B mpoueccax 00pa3oBaHUs YacTULl ¢,
f2(1520), J/y, yic ¥ y2c B cOydapeHHsIX IOIEPEUYHO U IMPOOJIBHO MOJAPHU30BAHHOIO ITydYKa
IPOTOHOB C TMONEPEYHO (TPOJIOJIBHO) TMOJSPU30BAHHON MPOTOHHOW MHIICHBIO. Hamed 1enbio
SBIISIETCA TOJydeHHe WHPOpPMAlUK O BKJIQJE KBAPKOB M TIIFOOHOB B CIIMH NMPOTOHA M3 aHAIHM3a
9TUX IPOLECCOB. AHAIN3 BBIXOJOB ITUX YaCTHUIl B TEX CIydasixX, KOTJa CIIMHbI MUILIECHU U ITy4Ka
HaIpaBJIEeHbl B OJHY WJIM B DPa3HbIE CTOPOHBI, MO3BOJMT OLCHUTH IO CIIMHA HYKJIOHA,
IEPEHOCUMYI0 KBapkamH (mpoOieMa «CIIMHOBOI'O KpPHU3MCay», 3aKIIOYAIOLIErocs B TOM, YTO
ceroans, cnycrs 30 ser mocie mnpoBeneHus nuoHepckoro s3kcnepumenta B LIEPH, Bce
BAJEHTHbIE M MOPCKHE KBAapKH B IPOTOHE B CyMME OTBETCTBEHHBI Bcero auiib 3a 30%
IIPOJIOJBHOTO CIIMHA MPOTOHA).

HccnenoBanne OTHOLIEHUM BBIXOAOB yic U jy2c MO3BOJIUT MPOBEPUTH HOBYIO TEOPEMY O
MacIITaOHOW MHBAPUAHTHOCTH B BBIXOJIaX 3THX ME30HOB [3], 00HapyKEHHYIO B SKCIIEPHMEHTAX
na BAK [4, 5].

JlaHHBIE HMCCEe0BaHUs SBIAIOTCA Hanbosee cinoxkHbIMU B nporpamme CITACHAPM u
HaKJIaJbIBAlOT HauboJiee JKECTKHUE OrpaHUMYeHUs Ha TpeOOBaHMSA K HSKCIEPUMEHTAIbHOU
yCTaHOBKE, IPU 3TOM Ha OoJiee paHHHX 3Tanax OyayT pelaTbcs He MEHee MHTEPECHbBIE 3a1auu:

- W3MepeHue OAHOCIMHOBBIX IOMEPEUHBIX (a3UMYTalbHbIX) acuMMeETpuil Ay
aJIPOHOB, COCTOSIIKMX U3 JIETKUX U, d, S KBApKOB, PU PACCESHUU MOMEPEUHO MOISIPU30BAHHOTO
Ny4yka Ha HENOJIIPU30BAHHOM MHUILEHH, MO0 HEMONIPU30BAHHOTO ITyykKa Ha IOMEPEeYHO
HOJISIPU30BAaHHON MMIIIEHU. B KauecTBe perucTpupyeMoi 4acTUIbl MOXKHO UCIIONIb30BaTh JIIOObIE
yactuubl (co cnuHoM J = 0, 1/2, 1 ...) u gaxe siipa. B xauecTBe MUIIEHH MOKHO HCITIOJIb30BATh
MIPOTOHBI U AJIpa, YTO MO3BOJISET UCCIEI0BaTh 3aBUCUMOCTh Ay OT aTOMHOTO Beca Ay MUIIEHH.
Perucrpanus agpoHHBIX PE30HAHCOB, B JOMOJIHEHHE K OOBIYHO M3MEPSEMbIM, CTAOMIBHBIM I10
CHWJIBHOMY B3aMMOJICHCTBHUIO aJpOHAM, MO3BOJIUT CYIIECTBEHHO PACHIMPUTH CIHUCOK JOCTYIHBIX
JUI U3y4deHust peakiuid. Panee usmepenuit Ay U1 pe30HaHCOB MPAKTHUECKU HE OBLIO.

- OmpeneneHne TOMEPEYHBIX (MO  OTHOIIEHHWIO K TUIOCKOCTH  PACCESHUSA)
noJisipu3anuii Py THIIEpOHOB M aHTUTHIIEPOHOB, 00Pa3YIOLIUXCS HEMOISIPU30BAHHBIMU ITyYKaMH
Ha HEeMOJIAPU30BAHHBIX MHIIEHSIX (MPOTOHHOM M sAepHbIX). M3mepenue mnosspusauuu Py
BO3MOXHO Oyarofiapsi mporeccy HapylUIeHHI0O YEeTHOCTH B CIa0BbIX JBYXUYaCTUYHBIX pacrajax
runepoHoB. ITapaMeTpsl yrioBoro pacmpeneneHusl NpoAyKTOB paclaja THIIEPOHOB CBSI3aHBI C
noJisipu3anuen pacnagatonieiicss yactuipl. CpaBHeHne Ay U Py Ut THIIEPOHOB (AaHTUTMIIEPOHOB)
OTKPBIBAET JOMOJHHUTEIbHbIE BO3MOXXHOCTU JUIS BBHIOOpa (MM TUCKPUMHUHAIMK) KOHKPETHOM
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MOJIeJIM TeHepaluuu 3HauuTeldbHbIX Ay U Pn. Jlo HacTosiero BpeMEHH OJIHOBPEMEHHBIX
u3MepeHuit Ay u Py JUTs 3aTaHHOM PEakIuy MPAKTUISCKU HE OBLIO.

- H3mepeHune BBICTPOEHHOCTH (3JIEMEHTOB MATPHUIBI IJIOTHOCTH pik) BEKTOPHBIX
Me30HOB (cnuH J=1, yetHocTh P oTpuuarenbHas), pacnaJalolIMXCs Ha JIB€ YacTUIbI, B
mpoleccax COyJIapeHHil HEMoJsPU30BaHHBIX dYacTull. Kak W B cioydae THUIEPOHOB, s
BEKTOPHBIX ME30HOB MOKHO U3MEPUTh U CPABHUTH BBICTPOECHHOCTH M Ay, UTO paHHEe HUKOT/A
HE JIeJIajii, U YTO MO3BOJISIET MOJYYUTh JOMOIHUTENIbHBIC OTPAHUYCHHSI HA MEXAHU3M CUIIBHOTO
B3aUMO/JICUCTBUA.

Jis Bcex TpeX IEepevMCIICHHBIX BbIIE CEpUi HM3MEpPEHUH MOTYT HPOBOIUTHCS
VICCIICIOBAHMS 3aBUCHMOCTH OT Pr, Xr, HOMepa sipa A, SHEPIHMH peakuud S B C.ILM.,
MHOYKECTBEHHOCTH BTOPHYHBIX dacTHil B coObITHH (Nch), a Takke or menrtpanbHoctd (Cr)
COyZapeHusi MyYKOBOM YacTHIBI ¢ simpoM. CToJib pa3HOOOpa3HBI HAOOP MOJSPU3ALUOHHBIX
JAHHBIX II03BOJISIET IOJYYUTh  OTPAaHUYEHHUS Ha BO3MOXKHBIA MEXaHU3M IPOUCXOXKACHUS
CHMHOBBIX 3()()EKTOB B CHIIBHBIX B3aUMOJCHCTBUSX. B JaHHOM cilydyae MOKHO TOBOPUTH O
CHCTEMaTHYECKOM TOJX0/I¢ K MCCIIEJOBAHHIO MPOOJIEM CUIIBHBIX B3aMMOJICHCTBHI M CIIMHOBOM
¢u3uku. XOoTs TOUHOCTh U3MEPEHUN BO MHOTHX CIIydasiX OrpaHHu€Ha, IJ100albHbINA aHAIN3 BCEl
JOCTYITHOW COBOKYIHOCTH JAaHHBIX HAKJIQJbIBAET CEPbE3HbIE OIPAHWYECHUS Ha BO3MOXKHBIN
MEXaHU3M [POUCXOXKJCHHUS MOJSAPU3ALUOHHBIX SBJICHUH M TO3BOJSET BBIABUTH HOBBIE
3aKOHOMEPHOCTH B MIOBEACHUU CaMUX JJAHHBIX.

W3mepeHue pasziauyuHbIX JBYXCIMHOBBIX KOPpPEJALM, B HadyalbHOM H/WIM KOHEYHOM
COCTOSIHUSIX, sIBJIsieTCsl OoJiee TPYIHOM 3amaueil, KoTopas OyAeT pelmaThesi 0 Mepe TOTOBHOCTU
anmaparypbl ¥ IporpaMMHOro obecrieueHus: skcrepumenTa. Hampumep, BO3MOXHO H3MepeHue
nepegaun cnuHa (Dnn) OT HaneTtaromiero mossIpU30BaHHOTO MPOTOHA (QHTHUIPOTOHA) K
obOpasyromemycs runepony. Eie uHTepecHo u3mMepeHue ABYyXCIUHOBOM acummerpun (Ann) B
IIpoLIECCaX PACCESHUs IMONEPEYHO NOJAPU3OBAHHOIO ITydyKa HA IONEPEYHO MOJISPU30BAHHON
MUIIEHH B HHKJIFO3UBHBIX M OKCKJIFO3UBHBIX PEAKIUAX.

OkcnepumenT CITACYAPM mno3BosisieT Takke MPOBECTH OJHOBPEMEHHOE H3MEPEHHE
aHAJTM3UPYIOIIKX cllocoOHOCTel Myuka Ag, MullIeHH AT U K03 (UIIMEeHTa CITMHOBON KOPPETAIUU
AN B yTIpyroM pp paccesiaun. B oGmactn audpakiponHoro koryca 0,075<—t< 0,6 (I'B/c)? npu
uMiynbce Oonpmiem 12 IhB/c wer manneix mis Ayy. Kpome Toro ecte BO3MOXXHOCTH
HKCIIEPUMEHTAJIBLHO TPOBEPUTH paBEHCTBO Ag 1 Ar.

[IpucyrcTBue B CTOJKHOBEHUSIX MOJSPU30BAHHBIX YACTHUIl JBYX AaKCHAJIBbHBIX BEKTOPOB
WCXOJIHOM TMOJSpU3alUM, HaXOJAUIUXCS TMOJ TMOJHBIM KOHTPOJEM 3KCHEPUMEHTATOPOB,
CYILIECTBEHHO YBEJIMYMUBAECT YUCIIO BO3MOXKHBIX KOPPENALNI MEX/y BEKTOpAaMU B TOM WJIM UHOU
peaKIuu, TeHePUPYIOIINX HM3MEpUMbIe CIHHOBBIE acumMMmeTpuu. Cpeaw HUX OcoObIii MHTepec
MPEACTABISIIOT TE, HAIWYUE KOTOPBIX 3alpenieH0 3aKOHAMU COXpaHEHHWs, B YaCTHOCTH,
3aKOHAMHU  COXpaHEHUs JUCKPETHBIX CUMMeETpui. [IpuMEeHUTENbHO K  aHHUTHJISIUAN
MOJISIPU30BAaHHBIX KBAPKOB M AaHTUKBAPKOB Takas MpoOsieMa paccMaTpUBAIach B IIEJIIOM psJie
nyonukanuii [6, 7, 8, 9, 10, 11, 12]. OOuMpHBbIii CIIUCOK MOTEHIIHATILHO MHTEPECHBIX OIHO- W
JIBYX-CIIMHOBBIX acuMMeTpui, Hapymatonmx CP/T-uHBapHaHTHOCTh, MpUBeAeH B pabore [7].
U3BectHO, omnako, uro U CP/T-uHBapmaHTHBIE B3aUMOJCHCTBUSI B HAYAIBHOM M KOHEYHOM
COCTOSHUM TaKKe MOTYT HWMHUTUPOBaTh T-HEeu€THBIE J(PQGEKThl. YHUKATbHOCTh CHUCTEMBI
CTAJIKUBAIOUIUXCS MOJSPU30BAHHBIX TPOTOHA M AHTUIIPOTOHA COCTOUT B TOM, UTO OHA SIBJISIETCS
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nctuHHO CP-HelTpanbHOM 1Mo BceM 3apsaaM (dJIEKTPUUYECKUM, OApUOHHBIN, CTPAHHBIH ...). DTO
MIO3BOJISIET MPOBECTH CpaBHEHHE HAOMIONEHHBIX (P PekToB B CP-CONMpsuKEHHBIX peakusaxX U TeM
CaMbIM OTJAEIHTH peanbHble HapymeHust CP/T-nHBapuaHTHOCTH OT (PUKTUBHBIX.

Cy1ecTByIOT, OJHAaKO, M TAaKUE CIMHOBBIE ACHUMMETPHUM, KOTOpPbIE HE MOIYT OBITh
umutupoBanbl  CP/T-UHBapHaHTHBIMH  B3aUMOJICHCTBUAMH B HAYaJIbHOM M KOHEYHOM
cocrossHUsIX. B KkadectBe ojgHOro wu3 mnpumepoB [6,7] mnpuBeném, Tak Ha3bIBaEMYIO,

Ac™ o ( ﬁ[f o X f ﬁ]) , TIe P - BEKTOp MMITyJIbCa IIPOTOHA, a g: o U 5 5 - BEKTOPBI MOJISIPHU3ALMH

IPOTOHA M AHTUIPOTOHA. OTa aCUMMETPHUs MOXKeT ObITh HaOIIOAEHA B CTOJIKHOBEHMSIX
MOMNCPCUHO-TIOJIIPU30BAHHBIX YaCTHUI[ C B3AMMHO OPTOTrOHAJIbHBIMH IOJIApU3ALIUAMU. HpI/I CMCHC
3HaKa OJHOM M3 MONApU3aluii Ao Takke MEHSET 3HaK. [I[pucyTcTBUE BKIaga Ao B CEYEHHH
PP -peakuuu ¢ IETEKTUPOBAHUEM B KOHEYHOM COCTOSSHUM UCTUHHO HEUTPaJIbHOM MOACUCTEMBI

B aKCeNTaHCe, CAMMETPHYHOM OTHOCUTENHHO Xg=0, ObUIO OBl OJHO3HAYHBIM CBHJIETEIHCTBOM
CP-napymenus. K unciny Takux 3KCIEpUMEHTOB C MCTMHHO HEUTpaJIbHBIMM IIO BCEM 3apsaam
KOHEUYHBIMHU COCTOSIHMSIMH MO>XHO OTHECTH, B YaCTHOCTH, U3MEPEHMS YIPYIrOro, HEYIpyroro u
IIOJIHOIO CEYEHUs B PP -B3aUMOACUCTBUSA WU CEYCHHUS WHKIIO3UBHOIO POXKIECHHUS WCTHUHHO

HeﬁTpaJ’IBHHX PE30HAHCOB MW YaCTHL, HAIIPpUMEP EO'MGSOHOB, B CHMMECTPHUYHOM IIO Xf
AKCCIITaHCC.

B manHOM pasjerne nmpuBeneHBI MOAPOOHEe onrcanue (PU3MIECKUX MPOIECCOB, TPUMEPHI
M3YY9aeMbIX pEaKIMid, OXKHJaeMmas CTaTHCTUKA, ypOBEHb (OHA W OICHKA CTATHCTHYECKOM
TOYHOCTH U3MEPEHHUI.

1.1  HccnenoBanue CIMHOBBIX 3()(HEKTOB B POKAECHUU KBAPKOHUS

DKCIEepUMEHTHI 110 INTyOOKO-HEYIPYTrOMY PacCEesHUIO HETIOJIIPU30BAHHBIX AJIEKTPOHOB U
MIOOHOB Ha HEIOJIIPU30BAaHHBIX HYKJIOHAaX BIIEPBBIE OTKPBUIM KBapku B 60-x romax. B 1988
roay skcnepument EMC (European Muon Collaboration) B IIEPH mo riyboko-Heynpyromy
paccestHUIO  MOJIAPU30BAaHHBIX JIEITOHOB HA MOJSIPU30BAHHBIX HYKJIOHAX MPEJCTaBHII
pe3yNbTaThl, B KOTOPBIX BKJIaJ CIMHOB KBapKOB B CIIMH MPOJOJbHO-TIOISIPU30BAHHOIO MIPOTOHA
Man (mpumepHo, cocrtasisgeT 30%), uro mpotuBopeumsio pacueram KXJ[. DOta mpobiema
NOJy4YMJia Ha3BaHUe “‘CIIMHOBBIN KpU3UC HYKJIOHA”. Jlo cuX mop 3Ta mpobiema He pelieHa, U Ha
MHOTHX YCKOPHUTEISIX MHpa HAET €e MHTEHCHBHOE H3ydeHue. Baxuelmed 3amaueil mpoexra
CITACYAPM sBasieTcs pelieHne 3Toro CIMHOBOIO KpU3HCa.

B kBanToBoit xpomomuHamuke (KXJ[) ects T1pu ¢yHnamenranbable (QyHKIMH
pacnpenenenust Juig nmporoHa. Oto ¢ynkuus f(X) pacnpeneneHus mapTOHOB 1O UMITYJIBCAM,
yCpPEOHEHHass 10 CIWHAaM, QYHKIHUS cOoupansbHOCTH ((X) pacmpeneneHus MapTOHOB IO
CIHPAJIBHOCTSAM B TPOJOIBHO-TIOJSIPU30BAHHOM NPOTOHE M (QYHKIMA monepeyHoctn h(X)
pacupeneneHns MapTOHOB IO CIMHAM B IONEPEYHO-TIOISPU30BAHHOM NPOTOHE. CIUHOBBIN
KpH3HC MPOTOHA CBsi3aH ¢ QyHkimei g(X). U3ydyenue pynkiuu h(X) TOIBKO HAYAIOCH.

Pesynbrathl uccienoBanus GpyHKIuu cnupaibHocTH ¢(X) MOKa3bIBaIOT, YTO TOJIBKO 30%
CIIMHA HpOTOHa HepeHOCHTCSI BAJICHTHBIMHA U MOpCKI/IMI/I KBapKaMI/I nu aHTI/IKBapKaMI/I.

Ocranpabie Hepocrtatomme 70% cnuHA TPOTOHA MOTYT OBITH OOBSCHEHBI BKJIAJOM
[JIFO0OHOB U/WITH OpOUTATLHBIM MOMEHTOM. BOJNBIIMHCTBO MOJSPU3AIMOHHBIX SKCIIEPUMEHTOB B
HACTOsIIIIee BpPeMs HaINpaBJCHO HAa TMOWCK BKJIJa TJIFOOHOB B CIUH HYKJIOHOB. /[0 HemaBHEro
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BPEMEHH BCE MOMBITKA OOHAPYXUTh BKJIAJ TJIIOOHOB B CIMH HYKJIOHA JaBajld OTPULIATEIbHBIN
pe3ynbTar.

DKCIEPUMEHTHI C MOJIIPU30BAHHBIMU JICITOHHBIMU ITyYKaMH, TPOBEICHHBIC B TIOCIIETHEE
BpEeMs B Pa3JIMUHBIX YCKOPUTENIBHBIX IIEHTPAaX MBITAINCH OOHAPYKUTH MOJSPU3ALMIO TIIOOHOB
IpY OTHOCHTEJIBHO MAJIbIX 3HAYCHUAX MepeMeHHo brepkena Xg, 1o 0.1-0.15. DxcnepuMeHTHI
Ha RHIC (STAR u PHENIX) npeanpuHsin HONBITKY 00HAPYKUTH HOISPU3AIIUIO TIIFOOHOB IIPH
manbix (okomo 0.01) u mpomexkyrounbix (mo 0.2) 3HaYeHHMSX Xg TOrja Kak HEOOXOIHUMO
MIPOBECTU U3MEPEHHUSI BO BCEM JIMaIia3oHe, 0COOEHHO MpH OONbIINX 3HAYCHUSAX Xg.

B skcnepumente COMPASS B pesyibTaTe 17100aIbHOTO (PUTUPOBAHUS JAHHBIX OBLIO

IOJIy4EeHO YKa3aHHWe, YTO BKJaJ TIJIFOOHOB B CIIMH IMPOTOHA BO3MOXEH MPH 3HAYEHHIX Xp
npumepro 0.3 (Puc. 1.1) [13].

g ‘___ ftwith AG>0, MSscheme 0.03— === g;‘;’, :uL‘h
IR 08 - Ruitr 460, Wscheme F — — NNPDFPol1.1
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Puc. 1.1 Pe3ynbrat rinobansHOro aHainn3a JaHHbIX [13] 0.0z from polarization nat shown
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Puc. 1.2 V3mepeHue IBYXCIIMHOBOM aCUMMETPHU B
skcmepumente CTAP [14]

Jlo mocneaHero BpeMeH! Bce U3MEpPEeHHsl JBYXCIIMHOBBIX aCUMMETPUI OBLIIM CPaBHUMBI
C HyJeM B mpejenax omuoOok, 1 Tosnbko B 2017 r. skcniepumenT CTAP onyOnukoBan AaHHBIE,
yKa3bIBaKOIME Ha HeHyNeByto acummerputo (Puc. 1.2) [14].

Crienyer OTMETHTh, YTO BCE HMCCIICIOBAHUS SIBJSIFOTCS MOJICIBHO-3aBUCHUMBIMU KaK C
TOYKH 3pPEHHSI BOCCTAHOBJICHUS MapaMETPOB pEaKIHUH, TaK W C TOYKU 3PEHHS OIUCAHUS
IPOIIECCOB.

OpaHrM W3 BO3MOXHBIX CIOCOOOB HM3MEPEHHsI TOJNSPHU3AIMH TApTOHOB (KBAapKOB U
[JIFOOHOB B TIPOTOHE) SIBISICTCS M3ydeHue oOpasoBanus yactull ¢, f2(1520), a Taxxke y1c(1P) u
x2¢(1P), xotopeie pacmamatorcsi Ha JAy u ¢GoroH. XOpoIIO HM3BECTHO, YTO OOpa3oBaHHE
KBapKOHHsI BKIIFOYAET TPH OCHOBHBIX Mpollecca Ha MapTOHHOM ypoBHe (cMm. Puc. 1.3): kBapk-
TIII0OHHOE paccesiHue (@), aHHUTHIISAIUS Jerkux KBapkoB (D) u rmooH-rmoonHoe crustaue (C)
[15,16]. IIpu »ToM B paccmMaTpuBaeMOil 00JAaCTH DHEPrHidl JOMHHUPYIOIIMA BKOAI IS
IPOTOHHOTO Iy4Ka OyJeT 1aBaTh MPOLECC KBAPK-TIIIOOHHOTO pacCesHus, a il aHTUIIPOTOHHOTO
— KBapK-aHTUKBAPKOBAsi aHHUTUJISITHS.
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Puc. 1.3 Tunuunsie muarpaMMbl 00pa30BaHUs KBApKOHHS

XapakTepHO 0COOCHHOCTBIO TPOIIECCOB 00PAa30BaHUS KBAPKOHUS SIBIISICTCS WX BBICOKAs
YYBCTBHTEIHHOCTh K TJIFOOHHOMY COJICP)KAHHMIO B3auMOJEHCTBYIOMMX dYactuil. OOpazoBaHHe
COCTOSIHUU KBAapKOHUSA B CTOJIKHOBCHHAX HYKJIOHOB OCO6€HHO HHTCPECHO, TAK KaK COCTOSAHUSA C
KBaHTOBBIMH uncaamMu 17, 17, 2" mecyT mHdopManmo o MIOTHOCTH TIIOOHOB B HYKJIOHAX.
[TomoOHBIE COCTOSIHUSL OTHOCHTEIBHO JIETKO PErHCTPUPOBaTH 4Yepe3 WX JWICNITOHHBIC U
paIualoHHbIE MOJIBI paciaja.

V3mepeHne pa3HUIbI CEYCHUH (IBYXCITUHOBBIA acuMMmeTpuil Ay B AL) JUTS 4acTHIl ¢,
2(1520), J/y, y1c ¥ y2c C UCTOJIB30BAHUEM TOJIAPU30BAHHBIX MYYKa M MUIICHH SBJISIETCS TECTOM
CIPABEUIMBOCTA  PA3JUYHBIX  MOJCJICH, HEKOTOphle M3  KOTOPBIX  IPEACKa3bIBAIOT

MIPOTUBOMOJIOXKHBINA 3HAK ANl AL JUIST 9acTUIl ¢ pa3HbIM cMHOM. [IpojonbHas IByXCIHUHOBAs
1 NUCEI R (S))
(PB-PT'fff) AFH)+I(+=))

acuMMeTpus onpenensercsa Kak A;; =

ff
rie Pg —3HadeHue mospy3ariy mydka, P —sddexTiBHas momspusamms Mumenn”, |(++),1(+-)
— KOJIMYECTBO HOPMATHM30BaHHBIX coOBITHIH. CocTosiHus (++) U (+—) COOTBETCTBYIOT 3HAUCHUSAM
HOJISIPU3ALUi MydKa U MUIIEHU (—><—) U (——>) COOTBETCTBEHHO.

Bonpinas BenuumnHa A OyaeT ykasblBaTh Ha 3HAYMTENbHBINA BKIJIAA Tr00HOB 4G/G(X) B
CIIUH MMPOTOHA, HE3aBUCHMO OT TPEIOI0KEHHI KOHKpeTHOU Mozenu [16]. Kak Obuto mokasaHo,
B ToM uucine B [17], yrioBoe pacrpelelicHHe KOHEYHBbIX (OTOHOB U JICITOHHBIX Map
00ecreynBaoT BO3MOKHOCTh U3MEPEHUS MOJIIpU3allui HA4yaJIbHBIX KBAPKOB U TIIOOHOB.

Onnoit u3 neneit skcnepumenta CITACYHAPM sBnsiercs ucciaegoBaHUE CHUHOBOM
CTPYKTYpPBI IPOTOHA U M3y4yeHHe GpyHKIMH crupaibHOCcTH §(X) 1 TpaHcBepcanbHocTH h(X) yepes
U3MEPEHUs] pa3IMYHBIX OJHOCHUHOBBIX M JBYXCIIMHOBBIX 3(P(EKTOB B CTOJKHOBEHHSAX IBYX
anpoHoB. [Iporpamma sKcmepUMeHTa BKIIOYAET B ce0sl KOMILJIEKCHOE M3yuyeHHEe MEXaHH3MOB
00pa3oBaHMsl KBAPKOHUS B CTOJKHOBEHUSX HEMOJSIPU30BAHHBIX U MOJSPU30BAHHBIX aIpOHOB C
sHeprued a0 50 I»B, BkIOYas UCHONB30BAaHME IY4YKa IMOJSPU30BAHHBIX AHTH-TIPOTOHOB.
B03MOXXHOCTh HCMONB30BaHUS PA3IUYHBIX THUIOB IYYKOB JUIS PErHCTpallH Pa3iIndHbIX

KBapPKOHHEB IMO3BOJIET ONMPEICTUTh BKJIaJ OCHOBHBIX KaHAJIOB 0Opa3oBaHUsA KBAPKOHHS (CM.
Puc. 1.3).

4

HOHﬂpI/ISOBaHHLIC MUIICHU TOJIBKO YaCTUYHO COCTOAT U3 MOJAPU30BAHHBIX AJACP BOAOPO/JA, 06LI‘IHO KOJIMYECTBO
HCTOJIAPU30BAHHBIX IMMPOTOHOB B MUIICHH, YMCHbBIIAIONIUX PCAJIbHOC 3HAUCHUC MOJIsIpU3aluu, B 7-10 pas 6OJ'ILIH€
qHucja MoJapu30BaHHbIX
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Eme ogHuM BaXKHBIM MOMEHTOM ABJISIETCA TO, YTO NPH SHEprusx yckopurens Y70 B
COOTBETCTBUH ¢ pacueramu [18] uccienoBanue oOpa3oBaHUS YAPMOHHUS MPOUCXOIUT UMEHHO B
TOW 00J1aCTH, IJIe MOXHO OXHJIaTh BKJIAJ] IIFOOHHON KOMITOHEHTHI (cM. Puc. 1.4)

Puc. 1.4 CooTBeTcTBHE MEXAY peaibHO U3MEPsAEMBIM 3HauUCHHEM IepeMeHHoH DelHMaHa Xg U JOIAMHU UMITYJIbCa,
YHOCHMBIMU [IAPTOHAMHU

CH0XHOCTb H3MEpeHHH OoOpa30BaHMs YapMOHHS CBs3aHA C JBYMS OCHOBHBIMHU
dakTopaMu — OIU30CTBIO 110 Macce OCHOBHBIX COCTOSIHMM yic M Y2 M MajJbIM CEUCHHEM.
[IpoBenenHoe MopenupoBaHue (usuueckux mpoueccoB [16] mokazano BO3MOXKHOCTB
paszeneHus yKazaHHbIX cocTossHUM (cM Puc. 1.5) mpu BBINOJHEHUM JKECTKUX TpeOOBAaHUU K
HKCIEPUMEHTAJIbHOW YCTAHOBKHM, a MMEHHO: €CJIM pa3pelleHHe TPEKOBOM CHUCTEMBI COCTaBUT
Ap/p=0.004 mpu 10 I'>B/c, a sHepreTHUecKoe pa3pelieHrue IEKTPOMArHUTHOTO KaJopUMeTpa
Oymer Haxomuthcs Ha ypoBHe 2.5%/NE. XapaKkTepUCTHKH M pPacIOIOKEHHE JETEKTOPOB
OTIpeNIeNsITUCh YKa3aHHBIMU TpeOOBAHUSIMHU.
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Puc. 1.5 Paznenenue y Mme30HOB Ha yctanoBke CITACHAPM

Creyer OTMETHTh, YTO IMOMHMO MOJPOOHO PACCMOTPEHHBIX HCCIICJIOBAHUI BKJaga
KBapKOB M TJIFOOHOB B CIHUH MPOTOHOB W AHTHIPOTOHOB B POXKICHUU KBAapPKOHHS, OYyIyT
UCCIIE0BAaThCS ONHOCHHMHOBBIE 3(P(EKTB B POXKICHUM OTUX JKE YACTUI[ Ha IOMEPEYHO
NOJISIPU30BAaHHON MHIIEHU. X0YETCSI OTMETUTh, YTO ITO OYAYT HEpBbIE M3MEPEHHS CIIMHOBBIX
3¢ peKToB B 00pa30BaHNH KBAPKOHMUS.

O/HOBpPEMEHHO C M3MEPEHUSIMU CIHHOBBIX 3(PQPEKTOB OyaeT M3MEPEHO COOTHOLICHHE
BBIXOZOB J1/Y? Ha HAJIC)KHOW CTATHCTUKE C WCIOJB30BAaHUEM ITHOHHBIX, IPOTOHHOTO W
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AQHTHIIPOTOHHOTO IYYKOB, YTO TMO3BOJHT MPOBEPUTh HENAaBHO OOHapyKeHHBIH 3ddexT
MacitaObHol nHBapuaHTHOCTH [3], oOHapyxenHbii Ha BAK [4, 5].

Taxxe Oyner mpeAnpuHsTa MONBITKA WU3MEPEHHs IBYXCIHHOBOW acuMMeTpuu Ay B
nporeccax o0pa3oBaHMS Iap ramMma-KBaHTOB (mporecc Jlpemna-fIHa) ¢ IHenbi0 TOMy4eHHs
OLICHKH ToriepeyHocTH N1(X) KBapKOB B IIPOTOHE.

3a 20 gHeit Habopa NaHHBIX HA MPOTOHHOM IyYKE C MHTEHCHUBHOCTBIO IO ~10’ p/IuKI
MOKHO 3aperMCTPUPOBATh HECKOJIBKO MUJUTMOHOB COOBITHH pPOXKIEHUS ¢ —ME30Ha, TaKKe
oxkumaercst ~10.000 J/ ¥u ~1.000 y1/ > Ha p- myuke. IIpu 3TOM cTaTHCTHYECKHE OIIUOKH O(AN)

B 0OpazoBanuu J/ ¥ 6yayT HECKOIBKO MIPOICHTOB.
1.2  V3mepeHue OTHOCITMHOBBIX MOMEPEYHBIX aCUMMETpUid Ay aJpOHOB

OOBIYHO OCHOBHOW MOTHBAIlMEH MCCIEOBAaHUI C HCHOJIB30BAHHUEM IMOJSIPU30BAHHOM
MUILEHU JHOO0 IMydyKa JEKIapUpyercss 3ajada H3Y4eHHUs CTPYKTYpbl npoToHa. OnHako, Kak
MOKAa3bIBACT MOJIEIBHBIM aHAJIN3 ATUX U3MEPEHUH, lIeHHas UH(pOpMalus, coAepKalasicsa B HUX,
CBf3aHA C JUHAMHMKOM CHJIBHOIO B3aMMOJIEWCTBUS aJpOHOB M KBApKOB B 00JACTH JEHCTBUS
KoHpaitHMeHTa. CrnmHOBBIE JIPQEKTHl TaKkXKe MOTYT OBITh CB3aHBI C  TaKUMHU
dyHIaMEHTAIFHBIMU MPOOJIEMaMH, KaK CIOHTAaHHOE HapyIIeHHE KHPAIbHOH CHMMETpPHH,
HOSIBJICHHE MAacChl y KBapKOB U aJpOHOB, 00Opa30BaHHE B aJ[pOHaX KBa3MYaCTHUIl — COCTaBIISIO-
mux kBapkoB [19]. HccrnemoBaHue CIMHOBOM CTPYKTYpbl HYKJIOHa, PacCMOTPEHHOIl B
IPEABIAYIIEM pa3fene, sABISAETCS B TO K€ BPEMS TOJIBKO OJHOW W3 LEJIEH JKCIEepUMEHTa
CITACYHAPM. /[IpyruM BaXKHBIM HAaIlpaBICHHEM HCCIEIOBAHUN SBISIETCS MU3y4YEHUE NTUHAMUKU
CUJIBHBIX B3aUMOJCHCTBUM C yUETOM CIIMHA.

Kak yxe OblI0 oTMeueHO paHee, Teopus Bo3MmymieHuit KXJ[ mnpenckaspiBana
HE3HAuuTeNbHble CNUHOBBIE 3¢ ¢ekThl, mopsaka 0.1%, BeIMUparoLIMe € POCTOM SHEPrUH
B3aUMOJICHCTBUN U TMOMEPEYHOro UmIyibca [2]. OQHaKo, IKCIEPUMEHTAIBHBIC HUCCIICTIOBAHMS
noKasajau, 4To dS(¢eKTsl, HaOM0JaeMble B HWHKIIO3UBHBIX pEAKIUSAX, HE YOBIBAIOT C
yBemmueHneM VS B Pr. DKCIEPUMEHTANbHO OOHAPYXKCHHBIC MONAPH3AIMS /-THIEPOHOB U
OJTHOCIIMHOBAsl MOIEpeyHas aCUMMETpHUsl B HMHKJIIO3UBHOM OOpa30BaHMM MHOHOB B 00JacTH
(dparMeHTalMMu MOJIIPU30BAHHOIO MPOTOHHOIO IydKa MMEIOT OOJbIIMe U MPAKTHYECKU
OJIMHAKOBBIE IO BEJIMYMHE 3HAUYEHUS ACHMMETPUM U MOJSPU3aLUU B IIMPOKOM JAHMAINAa30HE
sHepruu B JadbopatopHoit cucteme ot 20 10 20 000 I'3B (axBuBanent >nepruun RHIC B cucreme
IIEHTpa Macc).

O)IHOI>'I N3 OCHOBHBIX (1)I/ISI/I'-IGCKI/IX Ha6J'IIO)IaeMBIX ABJIACTCA IMOIIEpCUYHad OJHOCIIMHOBAA

acumMmeTpusi Ay, KOTOpasi MPONOPIHUOHATBHA PA3HOCTH CEYCHHH TPH TPOTHUBOIOJIOXKHBIX

O'T—O'L

HaIlTpaBJICHUAX HOHCpC‘-IHOﬁ nojsipu3au Iydka Wi MHUIICHU AN = m,

HJIN Pa3HOCTU

T 0
. Oleft ~9right
cewennii mox yrmamu 90° (meBo) u - 90° (BmpaBo) Ay = =L orHOCHTENBHO
OlefttOright

HaNpaBJIeHUs BEKTOpa TOJApH3aluu NpoToHa. «ChIpas» OJHOCIHHOBas acummerpus Aoy
OIPE/ICNIACTCS CACAYIOIUM 00pa3oM Yepe3 u3MepsieMbie BenuuuHbl: AN = L-w,

P-cosp (N'+NY)
rae P — monsipusanus mydka WM MHUIIEHH, COS@ — CPEIAHHNA KOCHHYC yroJl MEXIy HOPMAJbIO K
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IUIOCKOCTH pacCesHUSI U HalpaBlIEHUEM CIHMHA IyYKa WU muteHn”. Bennunna D HaspiBaeTes
dakTopom pazbaBieHUS B TOJISIPU3OBAHHON MumeHn’. HopmupoBanHble Ha YUCIO MYYKOBBIX
YaCTHI[ BBIXOJbl HAOJIOAEMOro aapoHa N i MOJApHU3aldd  IydyKa WIM MHIICHH,
HAIIPABICHHOH BBepX Wwin BHH3, obosHauensl kak N' um N coorercrBenno. CormacHo
koHBeHIIMU [20], monoX)uTeNbHON Ay CUHMTAETCs B TOM Cllydae, €CIM BJICBO JICTUT OOJbIIE
aZipoHOB h 15t mydKa ¢ moyiipu3alieil, HarpaBJICHHOM BBer7.

Kak yxe OTMEYeHO BBIIIE, IKCIICPUMEHTAIBHO W3MEPEHHBIC 3HAYCHUS aCUMMETpHH Ay
BEAYT ce0sl MPaKTHYECKU OJMHAKOBO B OOJIBIIIOM JIMana3oHe 3Hepruil. B kayecTBe mpumepa Ha
Puc. 1.6 cpaBHMBaIOTCS pe3ynbTaThl o Ay A peakiuii p'p— ' +X, ModydeHHbIE MPH
pasITHYHBIX SHEPrUsX Ha yckopuremsix ZGS (Vs = 4.9 TsB) [21], AGS (Vs = 6.55 I'B) [22],
FNAL (Vs = 19.43 I'3B) [23] u RHIC (\'s = 62.4 T'5B) [24]. Jlpyrie pe3y/IbTaThl MPEACTABICHBI
6ostee moapoOHO B pazmene 5. O030p JaHHBIX M UX aHAJIM3 MOKHO HAWTH Takxke B paborax [25,
26, 27].

JlaHHBIA TpUMep NpPUBEIEH, MPEXIe BCEro, AJis TOro, YTOObI MOKa3aTb — Ha IEPBOE
MECTO B MOJSPHU3ALUOHHBIX HCCIEJOBAHMUSX YK€ BBIXOJIUT HE JHEPrusi, a CUCTEMaTHYECKOe
UCCJIEIOBAaHUE M aHAIN3 JAaHHBIX OOJBIIOrO 4Hcia pa3iauyHbIX peakuuii. Hayunas npoGnema,
KOTOpasi SIBJISIETCA 1L€JIbI0  JAHHOIO IPOEKTa — MCCIEA0BaHUE JIMHAMUKU CIMHOBOI'O
B3aMMOJICHCTBYSI, B TOM YHCJIE B MPOLIECCE aHHUTUIISILUKN C UCIIOJIb30BAaHUEM aHTU-IIPOTOHHOIO
Iy4yKa, IpU POXKIACHUH LIMPOKOT0 Kjacca YacTUll, B TOM YHUCIIE COJEPKALINX S- U c-KBapKH.
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Puc. 1.6 Ay ans peakumii p'p—z* +X. Tannsie ZGS [21], AGS [22], FNAL [23], RHIC [24]. Kommusus
IKCIIEPUMEHTANIHBIX ITAHHBIX U3 MyOaukanuu [28]

B npennaraempix Ha ycraHoBke CITACUAPM wuccrnenoBaHusix npejiaraercst oOpaTHTh
BHUMAaHHeE, MPEKJIEe BCEro, Ha /IBa aCIeKTa:
— CpaBHeHHE NONSIPU3AUOHHBIX 3((HEKTOB MPH B3aUMOICHCTBUHU YaCTUI] M AHTUYACTHII
C BEIIECTBOM MNP OJHOW M TOW K€ PHEPTHMH U B OJHON W TOM K€ KHHEMaTHYECKOU
obnacTH.
— MHccnenoBanue cnuHOBBIX 3G (HEKTOB UIsi OONBIIOTO Kiacca pPeakiuil B IIHPOKOM
KUHEMATHYECKOH 00JIacTH.

® [Ip¥ OMHOIA (27T) TEOMETPHH 10 a3UMYTATLHOMY YTy MPOBOIUTCS (PHTHPOBAHUE [0 COS(

® ®axrtop pasbasnenus D ompesensieTcs Kak MONHOE YHCIO B3AHMOJCHCTBMII B MHIICHH, OTHECEHHOE K UHCIY
B3aUMO/ICHCTBUI Ha NOISIPU30BaHHBIX IIpoToHax. [Ipu ucnonb3oBaHuy MoJsipu30BaHHOrO Iydka D=1,

" Jlns cpaBHEHMS OJHOCIHHOBEIX ACHMMETPHH, MOTYYEHHBIX B M3MEPEHHAX C IOJIAPH3OBAHHBIM ITyd4KOM H Ay,
MOJYYCHHBIX Ha MOJIIPU30BAaHHOIN MUILEHH, HEOOXOJMMO M3MEHUTh 3HaK Ay JJIsl H3MEPEHHUH Ha TOJISIPU30BAHHON
MHIICHH.
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1.2.1 Wsmepenune oaHOCTMHOBBIX 3(P(HEKTOB C HCIOIB30BAHHEM MOJSIPU30BAHHOTO
My4Ka aHTUIIPOTOHOB.

[Ipoekt CITACHAPM npexacraBisieT YHUKaJIbHYIO BO3MOXXHOCTh  HCCIIEIOBATH
crnuHOBbIE ((EKTHl MpU B3aUMOACHCTBUM AHTU-BEIIECTBA C BEIIECTBOM U T€ K€ CIIMHOBBIC
3¢ dexTsl Npu B3aUMOJCHCTBUM BeUIECTBA C BELIECTBOM U CPaBHUTH peE3yJbTaThl IO
OJIHOCIIMHOBOM AaCHUMMETPUM POXKICHMSI Pa3IMUYHBIX YaCTUL[ IPU OJMHAKOBBIX YCIOBMSX
(oHEprus U KHHEMaTH4ecKast 00JIaCTh PEaKIIUH). .

C momenTa OTKpbITHS aHTumarepuu B 1930-x romax oHa Bcerga Oblla M OCTaeTCs
IpeIMETOM OOJBIION MPHUBIEKATEIBHOCTH, MPEXAE BCero s (Gu3ukoB U (umocodos. [ns
(U3UKOB aHTUIIPOTOHBI MPEJCTABIISIIOT 0COOBIN HHTEPEC, TOCKOJIbKY OHU SIBISIOTCS MapTHEpaAMU
IIPOTOHOB, KOTOpPbHIE SIBISIOTCS: a) €IUHCTBEHHBIMU aOCOJIIOTHO CTaOMJIbHBIMU aJ[pOHaMH,
0o0UIBHBIMU U 3((PEKTUBHO «CBOOOTHBIMUY B OKPY>KAIOLIEM HAC MPEeaMETOM; 0) 3apsSKECHHBIMU
¥, TakuM oOOpa3oM, JIETKO MaHUIyJIUPOBaTh: YCKOPSTh, CO3AaBaThb IMYYKU C H3BECTHBIMU
XapaKTEepUCTHKAMH M TOM I0100HOe®. DTO O03HA4aeT, YTO AHTHIPOTOHBI MOTYT OBITh
UCIIOJIb30BaHbl JUIsl M3Y4YEHHUsS IMpOIecca aHHUTWIALMU U3 HEUTpanbHO 3apsikeHHoro (C-
HEUTPaJbHOI0) COCTOSHUS B IIMPOKUM CHEKTP KOHEUHBIX KBAHTOBBIX cocTosiHMM. C
HETIOJISIPU30BAHHBIM MTPOTOHOM W AHTUIPOTOHOM HCXOJIHBIE COCTOSHUS Takxke siBisitorcs CP-
HelTpanbubiMu. Opnako CP-HapyineHwe B mpolecce aHHUTUIISIUM TMOTEHIUAIBHO MOKET
HapymuTh CP-HEeHTpanbHOCTh KOHEUHBIX COCTOSHUN. M3MepeHue mossipu3aly YacTHIl, TaKUX
KaK THUIIEPOHBI, B KOHEYHBIX COCTOSHUSIX MOXET IOMOYb MpoBepuTh CP-HeliTpambHOCTH
KOHEYHBIX COCTOSIHUH, T. €. coxpaHeHue CP B pp-aHHUTWIALUY.

AHHUTHIIALMS TIEPBOHAYAIBHO MOJSPU30BAHHBIX MPOTOHOB U AHTUIIPOTOHOB MPUHOCHUT
HOBOE KauecTBO B uccienoBanue. C moyisspu30BaHHBIM U, KaK IIPABUIIO, HAYAJIbHBIM COCTOSIHUEM
6onbiie He aBnserca CP-HelTpanbHbIM. HO, ¢ BO3MOKHOCTBIO M3MEHEHUS MOJISIpU3aLiU 000MX
(p u p), MoxHO ckoHcTpyHpoBaTh CP-compspbkeHHOe HavanbHOe cocTtosiHue. CpaBHEHUE
XapaKTEpUCTHUK KOHEYHBIX COCTOSHUH, Mpoucxosmux u3 1ByX CP-conpsskeHHBIX HayaJlbHBIX
COCTOSIHUM, MOTEHLHAIbHO MOXET CIYXHUTh JOKa3aTesJbcTBOM HapyuieHuss CP B mepBHYHOM
nporecce pp-aHHUrwIAnuM. K coxaneHuro, OJHAKO, He3aBUCHMbIM oT Mozenu Tect CP-
HapyIIEHUs HEBO3MOJXKEH C JIBYMs IOJIAPU30BaHHBIMHM IPOTOHHBIMM IIy4YKaMU TOJIBKO TOTOMY,
4TO UCXO1HOE cocTosiHue CP-compsbkeHHst MOTpeOyeT CTOJIKHOBEHHS ABYX MOJSIPU30BaHHBIX
AQHTUIPOTOHHBIX IIyYKOB, KOTOPBIE B HACTOSIIEE BPEMS HELOCTYITHBI.

B Hacrosimee BpeMsi NpakTUYECKU JIOObIE MOJSPU3ALMOHHBIE 3KCIEPUMEHTAIbHbIE
JTAHHBIE JUISl PP-peakluil MPeCTaBISAIOT OOIBIION HHTEpEC XOTs ObI TOJIBKO MOTOMY, YTO TAKUX
JaHHBIX OYEHb MaJlo, a BO3MOXKHOCTb CPABHEHMsI PE3YyJIbTaTOB M3MEPEHHMH C JAHHBIMU Ha
NOJIIPU30BaHHBIX IIPOTOHAX TMPU TEX JKE€ CaMbIX YCJIOBMSX IPEIACTABIAECTCS OYEHb
NepCHeKTUBHBIM. PaHee 1Momo0HbIe HCClEIOBaHMS Ha HMHKIIO3MBHO OOpA30BaHHBIX IHOHAaX
NPOBOAMINCH TOJBKO B 3KcriepuMente E704 mnst z-me3oHoB [29,30], B KOTOPBIX acHMMETPHSI
3apSDKCHHBIX TTHOHOB MEHSUIACH HA NPOTHBOIIONOKHYIO, a aCHMMETPHS 7 -ME30Ha OCTABAIACh
OJIHOTO 3HAaKa, YTO BIOJIHE OOBSCHSIETCS KBAPKOBBIM COCTABOM IOJISIPU30BAHHOTO HYKJIOHA U
KHHEMATHYECKON 00J1acThi0 M3MepeHHi (007acTh (pparMeHTaIliy MOJSPU30BAHHOTO ITy4Ka).
Pe3ynbratel aTHX HccaenoBaHui npuBeneHsl Ha Puc. 1.7.

8 EHI/IHCTBCHHLIMI/I ApYyrumMm 4actuliamu C HOHO6HLIMI/I CBOICTBAMU SIBJISIOTCS DJICKTPOHA (I/I HO3I/ITpOHLI), HO OHH
HC Yy4aCTBYIOT B CWJIbHOM B3aHMOﬂ€I>iCTBPIPI.
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Puc. 1.7 CneBa Ay B Pr-B3auMosieiicTBun B poxaeHuu 3apsokeHHbix [30] u HeliTpanbHbix [29] Me30HOB, cripaBa —
AHAIIOTHYHBII Pe3yNbTaT JuIsl PP-B3anMoeiicTeus [23, 29].

OkcnepumeHT CITACHAPM naet BO3MOKHOCTb HE TOJIBKO U3MEPUTH (CpaBHUTH) Ay Ui

7T-MC30HOB C qumei/i TOYHOCTBIO WM B MIHUPOKOM KHHEMATHYCCKOM AHUAIIA30HC, HO H

CYIICCTBCHHO pACIIUPUTL KJIACC peaKHHﬁ. OcoObIi HHTCPCC IIPU UCCICAOBAHUN OHHOCHHHOBOﬁ

ACUMMCTPpUHU IPCACTABIIACT POXKIACHUC YaCTUL, COCTOALNINX U3 TAKCIILIX KBAPKOB, TO CCTb B

npouecCce aHHUTHIIALMKU, KOI'Ida BTOPUYHBLIC YaCTHUIbI OOJIXKHBI «3a0BITh» IIpo MHOJIApU3aAlHIO

HCXOJHBIX KBAapPKOB. C »TOoll TOYKHU 3p€HUA BaXHO H3YUWUTH CIIMHOBLIC CBOICTBa qacCTull,

coJiepKalyx S U C-KBapKI/Ig. Ecnu B PP-CTOJNIKHOBEHUSAX MPHU HU3KUX DHEPIUSX B 00pa30BaHUU

$§- U cC-map JIOMHUHHUpPYeT (g Ipolecc, TO BaKHOM OCOOEHHOCTbIO AHTUIIPOTOH-TIPOTOHHBIX

peaKkui ABIAETCA MPSAMOM TOCTYI K ¢ G-B3aMMOICHCTBHM.

1500
1250
1000
750
500

250
0

HccnenoBanue J00bIX CIUHOBBIX 3¢ ¢ekToB B obpaszoBanuu ¢, 1,(1520), ¥ u il yo-
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N3yuenue Ha OJHON YyCTAaHOBKE MHKIIIO3UBHOTO POKJECHHUS (-ME30HA C MCIOJIb30BaHUEM
AQHTUIIPOTOHHOTO ¥  NPOTOHHOTO  MOJSPU30BAHHBIX  IYYKOB IMOMHUMO  HCCIIEIOBAaHUMN
MOJIAPU3AUOHHBIX 3(()EKTOB MPenoCTaBUT MHYOPMALMIO O MEXaHU3ME POKICHUS CTPAHHBIX
yactull. CieayeT MoAYepKHYTh, YTO HEBO3MOYKHO MOJIYUYHUTh YHUCTHIM MYyYOK aHTHUIPOTOHOB, B
cocTaBe IlydKa BCErja NPHUCYTCTBYET 3HauuTelbHas (pakuus 7 -Me30HOB (BO MHOIO pa3
Oosblle, YeM aHTUIPOTOHOB). McciienoBaHusi B3aMMOAEUCTBUN C Y4aCTHEM 7T -ME30HOB JacT
JOTIOTHATEIHHYI0 HH()OPMAIIHIO O MEXaHU3ME POXKIACHHS YAPMOHUS M CTPAHHBIX YACTHII.

JIpyTM HMHTEPECHBIM HCCIEIOBAaHUEM C HCIOJIb30BAHUEM IOJSPU30BAHHOIO aAHTH-
IPOTOHHOTO MyYKa SBJISIETCS UCCIIEAOBAHUE JIBYX-CIIMHOBBIX 3()(PEKTOB B POXKIEHUH BEKTOPHBIX
ME30HOB, TJ€ CJEAyeT OXHAaTh IOJABIIEHUE CEYEHUsS OOpa3oBaHMsI BEKTOPHBIX ME30HOB C
MPOTUBOIOJIOKHBIMU 3HAYEHHUs TMOJSAPU3aLMN  B3aUMOJCUCTBYIOIIMX HYKIOHOB, TO €CTh
Oonbiioe 3HaueHue A. J[pyruMm BO3MOKHBIM HANpaBICHHEM HCCIECIOBAaHUMN SIBISIETCS MOMCK
TJIFOOHHOM KOMIIOHEHTBI B JIETKUX 3K30TUYECKHX COCTOSIHUAX. Takue COCTOSIHUS HE JOJKHBI
4yBCTBOBATh MOMEPEYHbIC MONIsApU3auoHHbIe 3(PdekTsl (Any), HO OBITH YYBCTBHTEIBHBI K
IPOJOJIBHBIM ACUMMETPUSIM.

Cozanue MONSIPU30BaHHOTO AHTU-IIPOTOHHOTO IIy4Ka TaKKe IO3BOJIUT IPOBOJAUTH
IPELIU3UOHHBIE HCCIIEIOBAHUS 110 CIIEKTPOCKONHMU C MCIIOJIb30BAaHUEM MapLMaIbHO-BOJIHOBOIO
aHaiu3a. B kauecTBe ammapara i NPOBEACHMS] TaKUX MCCIEAOBAHUN Ipensiaraercs
UCII0JIb30BaTh METO/IbI, pa3BuBaeMble 1 skcriepumenta [TAHIA [31].

Eme oaHMM HMHTEpECHBIM HAIPABICHHUEM HCCIEIOBAHHM, TIJ€ HENOCPEACTBEHHO
CPaBHUBAIOTCS PE3YyJIbTaThl B3aUMOJECUCTBUS AHTUIIPOTOHOB C IIPOTOHAMHU, SIBJISIETCSI U3y4YEHUE
YIOPYruX peakuuiu. /laHHas Oonuus Takke NPeAyCMOTpPEHa B IIPENJIaracMoOM JKCIIEPUMEHTE, a
ONUcCaHWe TNOJOOHBIX M3MEpeHUil mpuBeJeHO HuWwke B pazgene 2.3.1, TOCBALIEHHOM
MOJIIPUMETPUHN.

Ha ycranoBke CITACHAPM BO3MOXHBI J1B€ MOJbI PabOThl ¢ MYYKOM aHTHIIPOTOHOB:
nepBas CTaAusl SKCIEPUMEHTa IPEANoiaraeT MCIOJIb30BAaHUE HEIMOJSIPU30BAHHOTO IMy4YKa MU
MOJSIPU30BAaHHOM MHILIEHH, a BTOpas — NOJSIPU30BaHHBIM NydoK. HenomsspuzoBaHHBIN
OTPHIIATENIBHO 3apsHKEHHBIN MYyY0K uMeeT creayromnuii coctas: (r /K/p): 97.9/1.8/0.3%.

WHTerpanpHas CTAaTUCTHKA JUTS TTOJIIPH30BAaHHOTO aHTUITPOTOHHOTO My4Ka ¢ dHepruen 34
I'»B u unrencusHocthio 80000 3a copoc 3a 30 aHeit Habopa nmpeacrasnena B Taom. 1.1 ms 11
peakiuii. OTMETHM, YTO MHOTHE W3 YaCTHUL, MpeAcTaBiIeHHbIX HUke B Tabn. 1.5 mus ciydas
ny4yka 7, Ha aHTUIPOTOHHOM TIOJSIPU30BAHHOM ITyYKE TakXKe OyayT UMETh 3HAYUTEIHHYIO
cTaTucTUKy nopsaka Ney =108, JOCTATOYHYIO IS U3MepeHusi Ay C TOYHOCTBIO JAN = 2.5/\Ngy,
wmi 0.025%". s IporeccoB ¢ BBICOKMM ypOBHEM (DOHA CTATHCTHYECKAsk TOYHOCTH OyHeT Ha
nopsiziok xyxe'2. Jlms xapaktepHoii crarnctikn Ney =108 B okcriepuMente ¢ monspi3oBaHHO#
MUIIIEHBIO TIOJy4aeM TOYHOCTh 0AN = 1.3x10°3,

" [Tpu mannauu pona H3MepsieMast OXHOCTIHHOBAs acuMMeTprst A"y cBsi3aHa ¢ ACHMMETPUSMH CHTHAIA Ay i
dona APy cremyrommm o6pazom: A" = Ay(1-B/Ngy) + AP\(B/Ngy), rae B — uncio GpoHOBBIX COOBITHIA 101 THKOM
pesoHanca, a Npy — IoHOe uncio cobbituii. Kak mokasanu uccieoBaHus, acuMMeTpus (oHA BHE MUKa anpoHa h
6muska k Hymo [11], uTo u npeamonaraercs aaaee Ipy OlEHKe TOUHOCTU U3MEpPEeHHi curaana oAy.

12 TounocTs M3MEPEHHI OIHOCIIHOBOI aCHMMETPHH Ay IS MaIbIX 3HAYCHHI Ay ompeaensercs GopMyIoit
0Ay = DI[(1-B/Ngy)Pcosp\Ngy ]. Tlpu uskom yposae dona B daxrop (1-B)/Ngy = 1, a ayst Bhicokoro yposHs oHa
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Taobu.

Ne | yactuna | Ney S/B | Ne | vactuna Nev S/B
1 |« 2.1-10° 7 |n 1.6-10°

2 | o 2.6:10° 8 | 1.4-10°

3 [K* 1.7-10° 9 [A-»pn" [2.1-10"]10

4 | K 2.2-10° 10 | A>an® |1.1-10"|0.13
5 |p 1.6:10° 11 |A —>pn [42:10°]0.14
6 |p 1.8-10° 12| 2 —>An [1.0-10°] 10

1.1 Oxwupmaemoe uuciao cobbituii Npy u oTHOmenue 3hdexra Kk Gony S/B mus mecsuHoro ceanca Ha
TOJISIPH30BAHHOM aHTHIIPOTOHHOM ITydKe ¢ sHeprueii 34 5B (3.6:10° B3anmoeiicTsni).

Jlist 6o1ee HU3KOM 3Hepruu 16 ['B, mpu KOTOpO# TTaHUPYETCS HAYMHATH UCCIICIOBAHUS
Ha MOJSPU30BAHHOM Ty4YKe, HHTEHCHBHOCTB jJocTuraet Makcumyma (1o 400000 3a cOpoc, a B
Clly4ae ONTHUMHU3ALMU KaHaja Jig aHTUIIPOTOHHOIO IMydYKa U [0 10° aHTHUIPOTOHOB 3a LMK
yekopurens, i g0 10"  aHTHOpOTOHOB 3a CyTKM), a BBIXOABI YACTHI[ MEHSIOTCS
HEe3HauuTeNpHO. TakuM 00pa3om, JUisl aHTUIIPOTOHHOIO ITy4yka ¢ 3Hepruei 16 3B konnuectBo
peaKIyii, B KOTOPBIX BO3MOXKHO IOJIyYeHHE BBICOKOTOYHBIX AAHHBIX, ¢ 0AN < 2%, cTaHOBHUTCS
3HAYUTENbHBIM.

1.2.2 W3mepenue Ay C HCIIOIB30BAaHHEM HHTEHCUBHOTO MMPOTOHHOTO MTyYKa

WuTepec Kk  u3MepeHHIO 3p(eKToB ¢  HCMOIB30BaHUEM

MOJISIPU30BAHHOTO IIPOTOHHOTO MTy4YKa OOBSICHSAETCSI MHOTUMHU (paKTopaMI/I13:

MMOJIAPU3aTHUOHHBIX

— CpaBHUTEIbHbIE H3MEPEHUS C AaHTUIPOTOHAMHM (CMOTPU MpPEAbIAYLIUN pa3zaen)
MO3BOJIAIOT MOHSTH PA3HUIY CIHMHOBBIX 3(PQPEKTOB B CHIBHOM B3aUMOJCHCTBUU
MEX/1y BEILIECTBOM M aHTUBELIECTBOM.

— Jocturaemasi MHTEHCHBHOCTH IOJIIPU30BAHHOIO IIyyKa IPOTOHOB IIPEBBILIACT
MHTCHCHBHOCTh ~AHTHIPOTOHHOTO TIy4Ka B JECATKH pas™', COOTBETCTBEHHO,
3HAUUTENBbHO pACIIUPSETCSd KUHEMAaTUYeCKUH Juama3oH MU COCTaB MCCIEAYEMBIX

pa3ienuTh 3¢ ¢pekToB  OT

KMHEMaTUYeCKUX MapaMeTpoB, YTO HEOOXOAMMO ISl ITUCKPUMHUHAIMM MOJEeH, u

peakuuii. Ilpm 3TOM  BO3MOYKHO 3aBUCUMOCTD
HEIOCTYIHO JUJISl CYHIECTBYIOIUX SKCIIEPUMEHTOB.
— MHccnenoBanusi MOXHO MPOBOAUTH B obOnacTu 3Hepruu nyuka 10-45 @B, To ectsb
IIPOBECTH MCCIIE0BAHNE 3aBUCUMOCTH OT SHEPTUU B CUCTEME LIEHTPA Macc.
— Eme no mpoBeneHus u3MepeHUl Ha OCHOBE CYIIECTBYIOUIMX JaHHBIX MOXHO OBITh
YBEPEHHBIMH, YTO B O0JlacTU (h)parMeHTaluu MOJISPU30BAHHOIO IMydka 3(PQeKTs
OyIyT 3HaYUTENbHBIMH, TAKUM 00pa3oM, OyJIeT HOCTUTHYTA BBICOKAs OTHOCHTENbHAs
TOYHOCTbH U3MEPEHHUI.
— bBynyt npoBoauThCs HccaeI0BaHUS C PA3TUYHBIMU SII€PHBIMUA MUIICHSIMH.
[locneguuii MyHKT MpencTaBiIsieTcsl OCOOEHHO MHTEPECHBIM B CBETE pE3yJIbTaTOB
skcniepumenta GEHUKC, oOnapyxkuBIIero M3MeHEHHE 3HAaKa aCUMMETPUU HEHUTPOHOB Mpu
nepexojie OT MPOTOHOB K 30ii0Ty [32]. DTH naHHBIE W NIpEACKa3aHUS CHIBHOW 3aBUCHMOCTH
aCUMMETPUHU HYKJIOHOB OT fJpa B paMKax MOJEIN XPOMOMArHUTHOW IOJISIpU3ALIMKA KBapKOB
(XTIK) [27, 33] moka3anb! Huxe Ha Puc. 1.9.

nopsaka 0.1. B OonbIMHCTBE Ciiy4aeB B JaHHOM JIOKYMEHTE JJIsl OLICHOK TOYHOCTH, MBI IIPEIIONIAraeM, 4To s
noysipu3oBaHHoro mmyyka P = 0.4, nst nonspuzoBanHod mutuenu P = 0.75, a cos =1.

3B anHoM pasjerne He pacCMaTPHBAETCS TOAPOOHO UCCIIEIOBAHMS YAPMOHHS, OMHCAHHSe B pazaene 1.1,

* Pacuer XapakTepHCTHK OJAPH30BAHHEIX [IY4KOB IPUBEICH B pasaene 2.1
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CPQ model, P,=0.108 GeV/e, X,=0.54, s =200 GeV
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Puc. 1.9 3aBucumocts Ay(A) ans peakiuu p'A— n+X B axcnepumente PHENIX [29].

Habmronaemast acuMMeTpust B PrP CTOJIKHOBEHUSIX cocrasiser -8%, B PrAl coymapenusx
yMEHbIIAeTcs 1Mo BeauuyuHe 10 -1.5%, Torna kak npu nepexone PrAU CTOINKHOBEHHMSAM MEHSET
3HaK u gocturaer +18%. 3aBucumocts An(A) Habmomaercs u s K'- n ' -me3on08 [34].

B 10 xe Bpemsa mnocnenHue pesynabTarhl skcrepumeHnta CTAP mo wusmepeHuro
3aBUCUMOCTH aCUMMETPUU MHKIIFO3UBHOTO POXKICHUS n°-ME30HOB OT ATOMHOTO BECa MHIICHH
IIOKa3bIBAIOT OJIMHAKOBOE ITOBEACHHUE ACHMMETPHHU B Pip- U PrAu-B3aumozpeiicTusx [35]. Tem
MHTEpEeCHEe MPOBEPUTH 3aBHUCUMOCTH MOJSPHU3AIMOHHBIX 3()(PEeKTOB B 00pa3oBaHWU pPa3HBIX
YacTHI] U PE30HAHCOB OT HOMEPA fAJIpa.

Cnenyer otMeTuTh, uTo B paMkax Mozaenu XIIK 3aBucMMOCTh U BO3MOYKHOE U3MEHEHUE
3HAaKa MPEJCKAa3bIBAIOCH emie A0 pe3ynbraroB dkcnepumenta GEHUKC. Ha Puc. 1.10
MOKa3aHbl pacyeTbl B paMKax JJaHHONM MoJenu A Jpyroil peakuuu (¢ oOpa3oBaHHEM
NIPOTOHOB), TJI€ TAKXe 0KUIACTCS CUIbHAS 3aBUCUMOCTh OT aTOMHOTO Beca A si/ipa MHUIIICHH.

Q:Z 0.1 oA pX o < —020 Q,:Z 0.1 p+Pb—pX O pp=2GeVie
! \s = 8.77 GeV ® py=1GeVic
) pp=1GeVie O xp=0.536 OO o
0.05 - 005 o o,
| ¢
% o 4
L3 ; QQ > o)
0 0 @ oo 4
o ¢
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Puc. 1.10 INpexncka3anns Ay B paMKax MOJEIH XPOMOMarHMTHOH MOJISIPU3aLUi KBAPKOB

MHuorooOpa3ue peakiuif, KOTOpbIE MOXHO HCCIEI0BaTb C  HCIOJb30BaHHEM
HOJISIPU30BAaHHOTO MPOTOHHOIO IyYKa MOXHO MpPEACTaBUTh XOTA Obl IO pe3yibTaTtam
mMoaenupoBanus — B Tabn. 1.2 mpuBeneHa okujaemasi CTaTUCTHKA B HEKOTOPBIX PEaKIUIX 3a
OJIMH MECSI U3MEPEHUH C MOIIPU30BAHHBIM IIPOTOHHBIM ITy4YKOM IIpH 3Hepruu 45 I'B.
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JIJ1s1 OLIEHKHW OXKHIAEMOTO Yrciia COOBITHH MCIOJIb30BAIKMCH reHepaTop yactur PYTHIA
6.2 [36], ¢ yueTom reoMeTpHUH U pa3pelicHUs YCTAaHOBKH, MATHUTHOTO TIOJIsI, © OTOOpa COOBITHI
[0 TPUTTEpYy Ha OOJbIIME 3HAUCHUS Xp. B KadyecTBe MHINEHM B pacueTax HCIOIh30BAIACH
NPOTOHHAS MHUIIEHb. [Ipy MCTIONB30BaHUU SIEPHBIX (4 HE BOJOPOJHON) MUIICHEH CTaTUCTUKA
Oyzer Oosbliie, MOCKOJIBKY CEYCHUE IS POLECCOB ¢ OOIBIIUMU MONEPEYHBIMA UMITYIBCAMHU P
umeer A-3asucumocts Buxa A“PP, re a(pr)>1 [37].

CraTrcTuveckasi TOYHOCTh U3MEpeHHd Ay JUIS TIOJSIPU30BAHHOTO MTy4YKa COCTaBUT JAN =
2.5/[(1-B/NEV)\/NEV], wii B auanaszore ot 3.2-10° g 77 mesonos 10 3-10° qs peakiuu pr
—K *(892) +X. MHorue 4acTUIlbI MOXKHO OYJET pEeruCTpUpOBaTh MO HECKOJbKHUM KaHajlaM
pacmana. Takoli 00BEM JAaHHBIX JaeT BO3MOXKHOCTH PACIPEACIUTh CTATHCTUKY MO OOIBIIOMY
YHUCITy SYEEK C IIeNIbI0 HCCIIEeNOBaHUS 3aBUCUMOCTH AN OT Pt U Xp, NPU 3TOM HA MOPSIOK
YBEJIMYUTCS CTATHCTUYCCKAs HEONPEACIICHHOCTh, HO M B 3TOM cllydae OHa Oymer Ooliee deM
JIOCTATOYHOM ISl aHATN3a TaHHBIX.

Ha Puc. 1.11 B kauyecTBe mpuMepa MPHUBEICH MACCOBBIN CIIEKTP PEaKIUU POKICHUS
(782)— vy 7° 3a OZMH Yac paboThl yckopuTens u copoce 10° IPOTOHOB/IIHUKII.

Tabn. 1.2 Oxwumaemoe umcio cobbithii Npy u oTHomeHue 3ddekra k Gony S/B it MecI4HOro ceaHca Ha
MIPOTOHHOM ITyuKe (6° 10%° B3auMoielicTBuil) '

Ne | yactuna Nev S/B | No | wactuna Ney S/B
S 6.1-10° 17 | p*(770)> n* x° [ 3.0-10°] 0.4
2 |n 3.6:10° 18 | p (770)> 7 «° 1.5-10° | 0.31
3 | K 5.5-10° 19 | a(980)— n 1° 5.7-10° | 0.8
4 | K 2.5:10° 20| non'n o 7.8:10° | 4.0
5 |p 4.7-10° 21 | w(782) »n'n 70 [3.0:10" | 1.4
6 |p 2.3-10° 22 | K(892)—» K 7’ [3.4:10"]0.29
7 |n 3.5:10° 23 | K '(892)—» K =’ [9.7-10°]0.71
8 | 2.5-10° 24 | @(782)— y 1° 7.8:10°] 2.5
9 | n’oyy 251091 [25|Aopm 2.3-10" | 10.0
10 | noyy 13:10°[25 |26 | A—>nn’ 2.1-10" | 0.67
11 | 9(1020)—» K* K™ [3.7-10°[25 |27 |A"—>pn' 1.0-10° | 0.59
12|25 An 3510|110 [28 |2 > Ax 1.0-10° | 17
13| Kls—n'n 6.7-10°]09 [29 ]2 Ay 3.5-10"| 0.25
14 | p°(770)> 7" nw | 3.6:10°|0.37 | 30 | =°(1385)—> A x° [9.8-10" | 0.77
15 | K"(892)» K'n | 5.8:10" | 0.77 | 31 | 0(782)—>¢" e 2.0:10° | 4.0
16 | K¥(892)> K =" [ 3.1-10" [ 1.25 [ 32 | p°%(770)> u" = | 1.0-10° | 4.0

Camo mo cebe HcCIeOBaHHME TAKOrO KOJHYECTBA PEAKLIMU SBISAETCS YHHKAJIbHBIM,
O0COOEHHO € Yy4E€TOM OKHJaeMON TOYHOCTH u3MepeHuil. Bosmoxxnoctu ycranosku CITACHAPM
MO3BOJIAT HCCIENOBATh 3aBUCHMMOCTh CIHHOBBIX AS((EKTOB OT TaKUX IEPEMEHHBIX, Kak
rorepeunslii uMmynbe (Pr), mepemennas eifHMana (Xg), SHEPrHsS PEakmMH S B C.ILM.,
aTOMHBIH BeC MUIIEHU Ay I TTy4dKka Aj, MHOKECTBEHHOCTh BTOPHYHBIX 3apsHKCHHBIX YacTHUI] B
coobitum (Nen), a Taxke neHtpaibHocTh (C1) coynapeHus: MydKOBOM 4acTUIBI € siipoM. [[Be
MOCJIETHIUE BO3MOXKHOCTH MOTYT OBITh peaqu30BaHbl OJarojnaps HMCHOIb30BAHHIO T'OJIOCKOIOB
MHOECTBEHHOCTH U BPEMEHU MPOJIETA.

5 Pacuersl BHIXOZOB YACTHII MONYYCHB Ul TPUITEPa HA B3aHMMOACHCTBHE B MMIICHH M, JONOJHHUTEIBHO,
TpeGOBaHUA cpadaTHIBAHKS AJAPOHHOIO M DJIEKTPOMATHUTHOTO KAIOPUMETPOB IS MOAABIECHH COOBITHH C MaJIBLIMU
PrH Xr.
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Puc. 1.11 DddexruBHas Macca NpoAyKTOB pacazga B mpoueccax tuma pp— o(782)+X, rae o(782)— y ni°

N3mepenne MHOXECTBEHHOCTH aJpPOHOB JaeT JOIMOJHUTEIBHYI0 HWH(POPMAIUIO O
JTUHAMHUKE CHJIBHBIX B3aUMOJICHCTBUN. MHOXECTBEHHOCTh 3apPSKCHHBIX aJJPOHOB XapaKTEPHU3yeT
TEMIIEPATYPY H IJIOTHOCTh COCTOSIHHS, OOpa3yIOIIEerocsi B MOMEHT B3aUMOJICHCTBHUS, a TAaKKe
IpoIecc aaApoHU3alMu U KoH(paiiHMeHTa KBapkoB. [lepBbie m3mepeHus Ay U 3apsDKEHHBIX
nioHoB B odkcrnepumente BRAHMS na xommaiinepe RHIC (BNL, CIIA) mnoka3anu
3HAYUTEIbHYIO 3aBUCHMOCTh ACHMMETPHUH OT MHOYKECTBEHHOCTH dYacTHI[ B coObiTuu [38].
Hccnenoanue koppensiiuu CIMHOBBIX HaOmogaemMbiX (An, PN, pmm’, DNN) B MHOKECTBEHHOCTH
Nch OTKpBIBa€T HOBBIE BO3MOXKHOCTH M3yYEHHS MEXaHU3Ma MPOUCXOKICHHS MOJIPU3ALNOHHBIX
SIBJICHUH.

JUia MHOrux peakuumii ¢ oOpa3oBaHMeM OapHOHOB M AaHTHOAPUOHOB B KOHEYHOM
COCTOSTHUM Ba)XHO MMETh BO3MOXKHOCTh PETUCTpPAIUU HEHTpoHOB. [[iist 3TOTO ycTaHOBKA OymeT
OCHAIIEHA aJJPOHHBIM KaJOPUMETPOM, KOTOPBIM TaK)Ke BaXKCH JJIsL OpraHu3anud 3G(HEeKTHBHOTO
TPUTTEPA U PETHUCTPAIIIN HEUTPOHOB U K°_ Me30HOB.

B Tabn. 1.3 noka3aHa cTaTucTuKa (BO3MOKHOCTh PETHCTPAIIH TUTIEPOHOB).

Ta6n. 1.3 Oxwumaemoe umcio cobbitnit Ngy pOXICHHS THIEPOHOB M OTHOImIeHHE 3(hdekra k ¢douy S/B mms

1 o o .
MECSIYHOTO CeaHCca Ha TNPOTOHHOM Iryuke (6-10 0 B3aMMO/JICHCTBUIT) IPH TpUITEpE TOJIHKO HA B3aHMMOJACHCTBHE B
MHUIIEHU

Ne | yactuna Nev S/B | Ne | yactuna Nev S/B
A—pn [69107]100|7 |[A—>pn" [2.1:10°]125
A—>nn® |6310°(020(8 |A—>dax® |1.2:10°]0.13
Y onar [2610°(003(9 |X—>dn |4.4-10°]0.06
Y —>nr |1.510°]003[10 | >dax" |6.0-10°]0.14
A" —pr[2310°033[11 | A —pn |2.3-10"]0.20
ZE—oAn 991010012 |E > Ax" [2.810°] 17

OO IWIN|F-

PasHuma B cratuctuke no cpaBHeHHIO ¢ Tabn. 1.2 0OBsACHITCS UCTIONB30BaHUEM PA3HOTO
Tpurrepa (Ipu PEerucTpaldy THMIIEPOHOB HCIOJB3YETCsl TOJIBKO TPUITEP Ha B3aHMOJCICTBHE).
CrarucTudeckass TOYHOCTh M3MEPEHH Ay COCTaBUT JAN = 2.5/[(1-B/NEV)\/NEV]. Ona Oymer
HaXxOOWThCA B JuUamna3oHe OT 2-10™ s 00pa3oBaHWsl = THIEpOHA [0 2-107 IS i
aHTurunepona. Pa3Ouenne Bceil craructuku mo 10 siyeiikam (1o Pr MEpeMEHHBIM WIH Xg),
YBEIMYMT CTATHCTHYECKHE OMIMOKM B KaIOM OMHE 10 ypoBHs 6-107 s o6pasosanms =~
TUIIEpOHa U 6 107 st b AQHTUTUIIEPOHA.
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1.3  U3mepenwue nomnepedHbIX MOJISIpU3aIiuil Py THIEPOHOB U aHTUTHUIIEPOHOB

OkcniepumeHT CITACYUAPM craHeT mepBBIM OSKCIEPUMEHTOM, B KOTOPOM OyIeT
BO3MOKHOCTh OJHOBpeMeHHBbIX u3MepeHuir Ay u Pn. CpaBuenne Ay u Py Juisi rumepoHOB
(aHTUTUTIEPOHOB)  OTKPBIBACT  JIONIOJHUTENIbHBIC  BO3MOXXHOCTH Ui BbiOOpa  (Wu
JTUCKPUMHHAIIMHN ) KOHKPETHOM MOJICJIM T'eHepaIluy 3HaYuTeIbHBIX AN Py.

N3mepenne moaspu3auyd TUIEPOHOB BO3MOXKHO OJjlarojaps HAIMYHIO ¢l1aboro pacraja,
MIPOMCXOMASAIIETO C HApYyIICHHEM IPOCTPAHCTBEHHOM YeTHOCTH. Tak, B ciydae pacnaga /-
TUIIEPOHA U3 COCTOSIHUS C TIoJisIpu3anueit P, Ha 7 -ME30H U MPOTOH, 3aBUCUMOCTh BEPOSITHOCTH
BBLIETA IIPOTOHA TOJ YIJIOM Op K HaIlpaBJIEHUIO BEKTOPA MOJSPU3ALUM Tunepona P uMeer Bui:

dN/dQ = (1+aPey)/4n=(1+aPcosby) /4x.

I7e €, — EAMHUYHBIA BEKTOp B HANPABJICHUH JBIDKCHUS NPOTOHA B CUCTEME IOKOS THIIEPOHA.
Bekrop P HampaBieH, B CHJIy COXpPaHEHHUS YETHOCTH B CHJIBHBIX B3aUMOJICHCTBHSX, BJOJb
BCKTOpa HOpMaJIN N K IIUIOCKOCTHU pacceanus, OHpeILCHﬂCMOﬁ HaIpaBJICHUEM HMITYJIbCa
HaJICTAroIEero OapuoHa P, U UMITyJIbca o0Opasyromierocs rumnepora Pe: N = (Pa X Pe)/| Pa X Pe |-
[Tapametp acummerpun o = 0.642 £ 0.013 Hapymaroiero 4eTHOCTh €1abOro pacnaja, siBJIsSeTcs
Mepoi HHTep(GEPEHIIMU MEXY S M P BOJTHAMHU B KOHEYHOM cocTosiHuu [39].

[Tonepeunsle monspuszanuu Py THIEPOHOB W AHTUTHUIEPOHOB MOTYT HU3MEPSTHCS Ha
JI000M U3 TMYYKOB, PACCMOTPEHHBIX BBINIE, HEMOJSAPU30BAHHBIX U TOJSPHU30BAHHBIX. B
HocjeIHeM ciiydae HeoOXoauMo OyzaeT ycpenHsaTh Py 1o aByM mossipusanusM. MoOXHO Takxke
OyZeT WCIOoNIb30BaTh HEMOJSPU30BAHHYIO YacTh ITydka, KoTopas OyaeT IMpHCYTCTBOBATH M
U3MEpAThCS TpH  pabore cucreMbl MeueHus nydka [40]. Oskumaemas CTaTUCTHKA TIO
COOTBETCTBYIOIIIUM PEAKIMSAM HMEETCS B TNPHUBEICHHBIX BhIMIe Tabnmumax. Jins omeHku
CTaTUCTHYECKOW TOYHOCTH H3MEpEHUs Py THIEPOHOB MOXHO  BOCIIOJIB30BAThCS OJHOM W3
dopmyn onpenenenus nonspuzanuu: Pn=2/a(Up—Down)/(Up+Down), toe Up u Down
0003HAYalOT MHTErpajibl IMONpPaBIEHHOIO Ha 3()(EKTHBHOCTH YIJIOBOIO paclpelesieHus B
obnactu nonoxkurensHeix (Up) u orpunarensHeix (Down) 3Hadenuil kocunyca yria 6y, MEX1y
HOpPMaJIbl0 K IUIOCKOCTH paccesHUs M HalpaBiICHHWEM BbUIETA NPOTOHA B CHCTEME IOKOS
runepoHa [41]. Cratuctuueckass TOYHOCTh HM3MepeHHUs Py THIEpOHOB, MO aHAIOTHH C JAy,
orpenensercs svipadxicenuem oPy = 2/ [(l-B/NEV)a\/ Nev], rae Ney = Up+Down = S+B — nosiHoe
YHUCIIO COOBITUH C TUIIEPOHOM B KOHEYHOM COCTOSIHUH, B — uncio (oHOBBIX COOBITHII O] MUKOM
Macchbl PEKOHCTPYHPOBAHHOTO TumnepoHa. [lapamerp o Ui OONBIIMHCTBA THIIEPOHOB HMEET
3HAYUTENBHYIO BENMUMHY, Topsaka 0.5, 9TO TO3BOJISET TOMYYHTH BBICOKYIO TOYHOCTH
u3MepeHuit Py .

B skcnepumente CITACUAPM BO3MOXHO HM3MEpEHHE NOJISAPHU3ALUM HE TOJIBKO /-
TUIIEPOHA, HO U JPYIMX TMIIEPOHOB U AaHTUTUMIEpPOHOB.  IIOCKONIBKY paccTOsSHUE OT IeHTpa
MUILEHH 10 MOCIeTHEH KaMephl Mepe]] CHeKTPOMETPUUECKIM MarHUTOM COCTaBJISI€T MOYTH 3 M,
TO OOJBIIMHCTBO pACIMaJOB THIIEPOHOB OYyJIET TMPOHUCXOIWTH B OCHANICHHOW TPEKOBBIMH
JETEKTOpaMHU OOJIACTH YCTAHOBKM W TAapaMeTphl TPEKOB OT pacmajia THIEPOHOB MOTYT OBITh
WU3MEPEHBI.

B Tab6n. 1.4 npencraBieHbl 3HAYCHUsI TApaMETPOB paciiajia TUIIEPOHOB, o0 U CT, TAC T —
BpeMs JKU3HH, C — CKOPOCTb CBETA, a TAKXKE CPeHEE pAacCTOSIHME MPOJIeTa TMIepoHa A0 pachaaa
npu sHepruu runepona 10 B, L [39].
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Ta6n. 1.4 ColicTBa pacnaia THIIEPOHOB

Mona pacniaga | KBapkossiii | BR % o CT, CM L, cm
COCTaB

Y opnd uus 51.57+0.30 | -0.980+0.016 | 2.404 20.21
> >nn uus 48.31+0.30 | 0.068+0.013 | 2.404 20.21
Y >nm dds 99.848+0.005 | -0.068+0.008 | 4.434 37.03
>’ S Ay uds 100 2.22x107 | 1.86x10°
Aoprm uds 63.9+0.5 0.642+0.013 | 7.89 70.7
A—nn uds 35.8+0.5 0.650+0.040 | 7.89 70.7
2 >AT uss 99.524+0.012 | -0.406+0.013 | 8.71 66.2
EoSAT dss 99.887+0.035 | -0.458+0.012 | 4.91 37.1
Q5 AK SsS 67.8+0.7 0.0180:0.0024 | 2.461 14.71
Q> sss 23.6+0.7 0.090+0.14 2.461 14.71
Q>En° $SS 8.6+0.4 0.050+0.21 2.461 14.71

C yuerom cratuctuku runeponos (Ta6m. 1.1-Ta6a. 1.3) u nmapamerpos pacmazaa (Tao6.
1.4) cratucTUYecKast TOYHOCTD JJIsl OOJBIIMHCTBA peakiuii Oymet He xyxe 0.5%, a 111 peakiuun
K'p— 2" X ona coctaBut 8%. Ha Puc. 1.12 npeacraBneHsl npeacKazaHus NOJISPU3AIUN aHTH-
asiMOJ1a THIIEPOHOB B PA-B3aUMOJICHCTBUM B paMKaxX MOJIEIM XPOMOMATHHUTHOM TOJISPU3AIIUH

KBapKoB [25-27].

Z 0.4 A 0.4 i —
=¥ =% Vs = 6.98 GeV pPA - AX
03, *®® o 0.3 e T, ® p+Se, x,=0.30
L)
02F . * 0.2
LI pPA =S AX ®
0.1l pr=1GeVic 0.1°
L ]
0F or
® o0 © ~ Q .
-0.1F i - -0.1 o
b .= 030 L@
-0.2 - OL ‘ :l:ﬂ.SS -0'2 O‘Q_’_j O - @ C o p+Na, x, = 0.55
_0.3 1 1 L I 1 _0.3 L L L
0 50 100 150 200 0 1 2 3 4
A Prs GeV/c

Puc. 1.12 [pencka3anus NOISIPU3AIIH aHTH-TIMO/1a THTICPOHOB B PA-B3alMOICHCTBHH B paMKaxX MOJICIA
XPOMOMATHUTHOH MOJIAPU3aUU KBAPKOB

OxcnepumeHT CITACUHAPM mo3BOJIsSIET MPOBECTH HM3MEPEHUE IMapaMEeTpPOB Iepeaadn
cnuHa (mapameTpoB Bondenmreiina) B peakuuu py+p—A;+X. Brnepsble mpeaocTaBiseTcs
BO3MOXHOCTbh U3MEPUTH B 3TOM peakiiy cpas3y MATh MapaMeTpoB Mepeslaun CIuHa, a UMeHHO D,
R, A, R u A’, rane D — momst KOMIIOHEHTHI HOPMAadbHOW MOJSPHU3AIMU MyYKa IMepeIaHHON
HOpMaJIbHOW KOMIIOHEHTe moiisipu3anuu A, R — 1071 monepeyHoil KOMIIOHEHTHI MOJIIpU3aluu
y4yka, IeperaBaeMas IONEpEeYyHOW KOMIIOHEHTe mousigpuszauud A, A — 1018 NpoaoibHOU
MOJSPU3AIMA TyUKa, TepejaBaeMasi MOMepedHoil KOMIIOHeHTe momspmsamui A, R — jgoms
MIONEPEYHOM KOMIIOHEHTBI NOJIIpU3alUy Iy4yKa, IepenaBaeMas IpPOJOJIBHOW KOMIIOHEHTE
noysipu3amuu A u A — joms IIPOJIOJIBHOW TOJIApU3alMK ITydKa, NepeAaHHas MPOAOJIbHON
KOMIIOHEHTE NOJIIpU3aLuu A

—__ > - - 7
'® Bri6pana ciemyromas cuctema koopaunat i=piX By | i | | | - Hopmansmas xomnonenra, ki=py/ | i | -
IpOJOJILHAS KOMIIOHEHTa, =71 X k; momepednas 60KoBas KOMIOHEHTA, I€ Pi- HIMITYJIbC HOJSIPU30BAHHOIO MydKa, a
D~ IMITYJIbC A —TUNEpOHa.
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1.4  H3mepeHwue 3J€MEHTOB MaTPHIIBI IFIOTHOCTH ik BEKTOPHBIX ME30HOB

Kak u B ciyuae THIEPOHOB, JIsi BEKTOPHBIX ME30HOB MOXHO H3MEPHTh W CPAaBHHTH
BBICTPOEHHOCTh W Ay. DJIEMEHTBI MATPHIbI IUIOTHOCTH pjk BEKTOPHBIX ME30HOB MOTYT
U3MEPATHCA Ha JI0O0OM W3 MYYKOB, PACCMOTPEHHBIX BBIIIE, HEMONAPU30BAHHBIX M
HOJISIPU30BAaHHbIX. Eciu  ogHOCIHHOBBIE 3(P(EKThI CBA3aHBI C MOJAPU3AIMENd KBAapKOB |
AQHTUKBAapKOB 10 TIpollecca HX aJpPOHHU3AIMH, TO MbI JOJDKHBI HAOMIOMaTh HE TOJIBKO
HOJISIPU3ALUI0 THIIEPOHOB, HO M TOJSAPH3ALUI0 BEKTOPHBIX Me30HOB [42]. BbrICTpoeHHOCTH
BEKTOPHBIX Me30HOB (V) OIUCHIBACTCS DJIEMEHTAMHU Py m’ CIHHOBOW MATPHIIBI IUIOTHOCTH p, TJI€
M ¥ M’ 0003HAYAIOT CIIMHOBBIE KOMIIOHEHTHI BJOJIb OCH KBAHTOBAHHSI.

JlnaroHajbHbIE DIIEMEHTHI P11, Poo M P-1-1 TSI MATPHUIIBI C €AUNHHUYHBIM CIICIOM SIBJISFOTCS
OTHOCHUTEIbHBIMU HMHTCHCUBHOCTSIMHA KOMITOHEHT CITHHA ME30Ha M MPHHATH 3HaYeHus 1, 0, u -1
COOTBETCTBEHHO, KOTOPBIE JOJDKHBI ObITh paBHBI 1/3 mist ciiydast HEMOJSPHU30BAHHBIX YACTHIL.
ITOCKOBKY BEKTOPHBIE ME30HBI OOBIYHO pACIafaroTCs CHIBHBIM 00pa3oM Ha JBa
NICEBOCKAIAPHBIX ME30HA, TPYIHO U3MEPUTh BCE JIEMEHThI MaTPHIbl p. Ho HEKOTOpbIC M3 HUX
MOT'YT OBITh JIETKO OMpE/ACICHbl U3 M3MEPEHHI YIJIOBBIX pACIpeIe/ieHH MPOAYKTOB pacraja.
MO3KHO OKa3aTh, YTO B CHCTEME TIOKOSI BEKTOPHOT0 Me30Ha V, mist pacnaga V — hy+ hy, rae hy
U hy SBISIFOTCSA  MCEBIOCKANSAPHBIMU Me30HamH, yrioBoe pacrpenencaue W(0,p) = dN/dQ
NPOJYKTOB pacmajaa umeer Buj [43]:

W(0,0) = 0.75{c0s0 pgo + Sin%0 (p11 + p-1-1) 12 —sin?0 (cos ¢ Re p1g — Sing Im p10)/\2
+5in20 (cos pRe p-10 + Singlm p-10)/N2 — sin®d[(cos(2p)Re p1.1 — Sin(2¢)IM p1.1)]}/x.

3neck 6 sBISETCS TONSPHBIM YIJIOM MEXIy HaIlpaBjeHHUEM JBMXKEHUS h; U OChio
KBaHTOBAHUS, ¢ €CTh a3UMYTaJIbHbIN yroi. lHTerpupys no yriy ¢, noiry4aem

W(6) = 0.75[(L - poo) + (3 poo - 1) cos?d].
AHaIOTHYHO, HHTETPUPYS TI0 YIIIY &, MBI TIOTy4aeM
W(p) = 0.5[1 — 2cos(2¢)Re p1-1 + 2sin(2¢) Im p1.1]/n,

OTkioHEeHue pgo OT 1/3 NPUBOAUT K HEPABHOMEPHOMY paCIpENEiIeHHI0 MPOAYKTOB
pacniazna o cos6. MUamepsist W(6), MOKHO onpeieiuTh poo. Jpyrue aneMeHTsl, pio U pPi-1, MOTYT
usydarbcs myteM usmepenus W(0,p). B psiae ciaydaeB Takue u3MepeHus y)Ke ObUIH BBIMOJHECHBI
JUTS aIpOH-aIPOHHBIX COyaapeHuid, Hapumep B [44, 45, 46, 47, 48].

B ortnnume oT mosjspu3aluu THIEPOHOB, MapaMETp BBICTPOCHHOCTH CIIMHA BEKTOPHBIX
ME30HOB, poo, HE CBS3aH C HANPABJIECHUEM IIJIOCKOCTH PEAKLUH, TaK KaK OH 3aBUCHUT TOJBKO OT
c0s%0. TToaTOMY, HEBO3MOXKHO H3MEPHTh 3HAK TOJSPH3ALMHA KBAPKa TIOCPEICTBOM ONPE/ICICHHAS
napameTpa BBICTPOCHHOCTH CIIMHA BEKTOPHBIX Me30HOB. C Apyrod CTOpOHBI, HE BO3HHKAeT
HEOOXOJMMOCTH OIPENENIATh HANpPaBICHUE TUIOCKOCTH PEaKIUH ISl U3MEPEHHsI pPoo, KOTOpas
NPSIMO CBSI3aHA C BEIMYMHON IMOJIIPH3AIMY KBapKa BJIOJIb HAMPABJICHUS HOPMAIH K TUIOCKOCTH
peakiuu [47].

Jlpyrasi BO3SMOKHOCTb M3MEPEHUs MOJISIPU3AIAN BEKTOPHBIX ME30HOB PEaM3yeTcsl B MX
pacniagax Ha napy pepmuon-antudepmuon [49]. Tak, HanpuMep, A U3MEPEHUS TOJISPU3ALIH
J/y-Me30Ha MCTONb3yeTCs aHalM3 YITIOBOH 3aBUCHMMOCTH €ro pachaja Ha 4 B CIIMpPATbHOM
0a3uce, B KOTOPOM OCh KBaHTOBaHMs HaIlpaBlieHa BIOJb HANpaBJICHUS ABMKEHUS BEKTOPHOTO
Me30Ha B JabopaTopHoii cucTeMe. Mbl ompezenseM 0* Kak yron MekAy HMITYIbCOM i B
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cHCTeMe MOKOS JAy M OChbl0 KBaHTOBaHMS. HOpPMHpOBaHHOE YIJIOBOE pacmpejencHue i
orchIBaeTcs Boipaxkennem  1(cos 0%) = 1.5(1 + a cos® 0*)/(a + 3).

[TapameTrp momsipu3ani o CBS3aH C CEYCHUSMH OOpa3oBaHMsA TIONEPEYHO (0T) U
IPOJIOIBHO (01) TOJSPU30BAHHOTO BEKTOPHOTO Me30Ha cooTHoueHueM a = (o1 — 201)/(o7 +
201). st Henmonspu30BaHHBIX BEKTOPHBIX ME30HOB MBI uMeeM o = 0, Torna kak a = +1 wmm -1
st 100% nonepeyHoi uiiu npoa0JdbHON MOJSIpU3alid COOTBETCTBEHHO.

Jlst psima BEKTOPHBIX ME30HOB (p, @, ¢ u J/y) B a3xcniepumente CITACYHAPM B0o3MOKHO
OJIHOBPEMEHHOE M3MEPEHHE JJIEMEHTa MATPHUIbl IUIOTHOCTH pgog B MOJE pacmaja Ha
TICeBIOCKAIAPHbIE ME30HBI M ITapaMeTpa o B MOJAX MX PachajioB Ha 4y U e'e . ViMeeTcs Takxke
BO3MOXXHOCTh M3MEPEHHS JUIsl 3TUX BEKTOPHBIX ME30HOB OJHOCIUHOBOW acuMmeTrpuu Ay ¢
UCIIOJIb30BaHUEM TOJISIPU30BAHHON MHUIIIEHH JINOO MOJIIPU30BAHHOTO MTyYKa.

OnHOBpeMEHHOE M3MEPEHHE Ha OJHON YCTaHOBKE Cpa3y TpeX pasziIMyYHBIX MapaMeTpOB
MOJIAPU3AI[MU  BEKTOPHBIX ME30HOB SBISICTCS OOJBIIMM MPEHMYIIECTBOM IpeiaraeMoi
POrpaMMbl MCCIIE0BAHUMN, TTOCKOJIBKY MO3BOJISET CleNaTh 0ojiee 3HAYMMYIO0 TUCKPUMHHAIINIO
aJTbTEPHATHBHBIX MOJCNICH MPOUCXOXKIACHUS MOIApH3aloHHbIX 3 dexTtoB. B Tabn. 1.2 u
Tabn. 1.5 npuBeneHsl 24 pa3IUYHBIX pPEAKIUU C BEKTOPHBIMH ME30HAMU B KOHEYHOM
cocTosiHUU. /{7151 HUX MOTYT OBITh U3MEPEHBI HE TOJIBKO 3JI€MEHTHI MATPUIIBI IUIOTHOCTH pijk, HO U
OJIHOCTIMHOBEIE acuMMeTpuu Ay. PaHee cToh MaciTaOHBIX HCCIIEIOBAaHUIN CITMHOBEIX Y (EeKTOB
JUTSI BEKTOPHBIX ME30HOB HE IUIAHUPOBAJIOCH.

1.5  /3mepeHue OTHOCIIMHOBBIX aCUMMETPUIN Ha MMYYKE OTPUIATEIBLHBIX YaCTHUI]

CucTeMaTH4ecKoe HMCCIIeAOBaHUE CHUHOBBIX 3()()EKTOB HAaYHETCs eIe 10 CO3/IaHus
KaHanma 24A TONSIPU30BAHHBIX YaCTHUI[ C KCIONH30BAaHHUEM MUJIOTHOW BEPCHUU YCTAaHOBKH U
MOJIIPU30BaHHONW MHUIIEHH. B 3TOM ciydae, OCHOBHbIE HU3MepeHHs OynyT MpPOBOAUTHCA B
obnacT (QparMeHTAlMM HEMOJSIPU30BAHHOTO Tydyka Ha KkaHame 14. U3mepenus Ha
CYIIECTBYIOIIEM KaHaje 14 MOXHO TPOBOJHWTH C WCIOJIB30BAHUEM ITyYKa OTPHUIATECIBHBIX
YaCTHII W C BBIBEJCHHBIM METOJOM KaHAIMPOBAHWS MPOTOHHBIM IydkoM. IIporpamma
U3MEpPEHUI He MpeayCMaTPHUBAET HUCIOJIb30BAHUE MTPOTOHHOTO IMydYKa, TaK KaK OJHOCITHHOBEHIC
ACUMMETpHUU B 00J1acTH ero parMeHTaIH T0JKHBI OBITh COBMECTUMBI C HYJIEM.

[lepBrie wu3MepeHus, mpoBeneHHble Ha YyctaHoBke [IPO3A, nanmu HeoXuIaHHBIHA
pe3ynbTaT, 4TO aCHMMETPHUSl WHKIIO3HUBHO POKIACHHBIX YACTHI[ JaK€ B ATOW 00JIACTH MOKET
JIOCTHTaTh CYIIECTBEHHBIX BEJIMYUH BOJIM3M TrpaHuilbl (asoBoro odobema (cMm. Puc. 1.13).
JleTanmbHbIC HCCICIOBAHUS OYIyT MPOBOIUTHCS JIJIST OOJIBIIIOTO YKCIIA YACTHIL C UCIIOJIb30BaHUEM
MOJITOTABIIUBAEMOTO 000PYIOBAHHSI.
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Puc. 1.13 3aBucumocts Ay(pr) s peaxiuu 7 di—z° X npu sneprum myuka 40 2B, B 06nacTu pparMeHTanyy T

ny4ka [50]. 3nauenue Xg nexut B untepsaie 0.7< Xg <1.0.
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15.1 MHccnenoBanue MHKIIO3UBHBIX PEAKIIMi, BKIIOUYAs MMyYOK aHTUIIPOTOHOB

Jlis uccnenoBaHus WHKIIO3UBHBIX IPOIECCOB Ha KaHane 14 OyayT MNpOBOJUTHCS C
HCIOJBb30BAHUEM IydyKa OTPULATENbHBIX YacTUIl C OJHeprued 28 wumum 34 HBY.
Henosnsipu3oBaHHBIN OTPHUIIATEIBLHO 3apsHKEHHBIA MYYOK MMeeT cieayromuii coctas: (r /K/p°):
97.9/1.8/0.3%. Tum my4KOBOM  YaCTHIBI  ONPEICIACTCS  IyYKOBBIMH  [TOPOTOBBIMHU
YePCHKOBCKUMH CueTunKamMu (cM. paszaen 3.1).

WuTerpanbHasi CTaTUCTHKA 332 MECSI] paOOTHl M BENIMYMHA KOMOWHATOpHOTO (hoHA st
pa3IMYHBIX HMHKIIIO3UBHBIX peakiuil mokazanel B Tabm. 1.5, rae ykazaHbl THIT pErHCTPUPYEMOM
YaCTULBI U MPOAYKTHI €€ pacnaja. st HEKOTOPBhIX U3 PeaKUuid MPEAIoaaracTcs UCIoib30BaTh
HECKOJIbKO MOJ pacnaja 4yacTHIl M pe3oHaHcoB. [lis peakuuil Ha MOJSPU3OBAHHONW MUIICHU,
MPEACTABICHHBIX B TaOiuiax Tabn. 1.5, mpu HU3KOM ypoBHE (OoHA, UMEEM MPUOIMKEHHO 0AN
= 13/\/NEV. s xapaktepHoit ctaTUCTUKHA Ney =108 MOJIy4aeM TOYHOCTh 0AN = 1.3x10°3. Eciu
pa3fenuTh BCIO cTaTUCTHKY Ha 100 sueek, Mo mepeMeHHbIM Pt U Xf, TO 3TO YBEITUYUT
XapakTEepHYI0 OMIMOKY B OTIEIbHON Touke /10 ypoBHS 1.3%. B ciyuae MeHbIEH CTaTUCTUKH,
nopsizka 10°, nETerpansHas Tounocts cocraBut 1.3%. JIist psia peaKiiii ¢ BHICOKMM yPOBHEM
¢dona (S/B<0.3) TOYHOCTh M3MEpPEHHI OyIeT HECKOJIbKO Xyke. OTMETHUM, YTO Ui MHOTHX M3
nepeyuciieHHbIX B Tabn. 1.5 aapoHOB 0THOCTTMHOBASE aCHMMETPHUS HUKOT/1a HE H3MEPSIIACh.

Tabn. 1.5 Oxumaemoe uucio cobeituii Ngy 1 oTHOHIEHHE 3 dexTa K GoHy S/B mis MecsSuHOro ceaHca Ha T -
nyuke (6 10%° B3auMoJielicTBUI) npu Hepruu 34 2B

Ne | yactuna Nev S/B | No | wactuna Ney S/B
1 [« 42-10° 20 [ n—on'n o 5.3-10°] 5.0
2 |m 8.7-10° 21 | w(782) » ' w 70 | 3.5:10" | 4.0
3 |K' 6.7-10° 22 | @(782)— y1° 3.8:10"[ 0.5
4 | K 9.0-10° 23 | (1020)—» K* K~ | 4.3-10°[ 3.3
5 |p 9.2:10" 24 | p*(770)> ' n° | 2.9:10°]0.17
6 |p 2.6:10° 25| p (770)>n n° | 7.5-10°]0.33
7 |n 3.2:10° 26 | K'%s— n° n° 1.7-10" [ 0.29
8 | 8.0-10" 27 | a(980)— n 7° 1.8-10" [ 0.11
9 | K%L 1.0-10° 28| A—>pm 1.4-10° | 10
10 | n’—yy 43-10°[10 |29 | A—px’ 1.1-10° | 20
11 | n >y 42:10°[20 [30|A—>nn’ 1.8-10° | 0.33
12| f—>n'mq 83:10°|20 [31|A—an 7.7-10° | 2.2
13| Kls—n'n 1.3-10'[33 [32 | A" Spr’ 9.3-10° 0.5
14 | p°(770)>n*nw | 42:10°/04 [33|A P 2.5-10"] 0.18
15 | K¥(892) > K 'w [ 1.1-10° | 1.7 [34 |2 > An 1.9-10° | 10
16 | K (892) > K =" | 43-10"|05 [35 |2 > An" 1.6-10° | 10
17 | K7(892)—» K 7% [ 1.9-10" | 0.38 [ 36 | ='—> Ay 1.2:10° [ 2.0
18 | K7(892)» K =’ | 3.8:10" | 0.77 | 37 | £°(1385)> A’ |3.9:10° | 5.0
19 | 0(782)—e'e” | 1.7:10°[2.0 |38 | p%(770)> pu" =  [9.7-10" | 1.4

B Ilpunoxenun b Hmxke mpUBEAEHBI CTaTHCTHUKA M MAacCOBBIE CIEKTPHI C
UCIIOJIb30BAHUEM OTPHUIIATENBHBIX KaoHOB (cM. paznmen 6.4). Ilpumecr K Me30HOB B
HENOJIIPU30BAaHHOM ITyYKe COCTaBIISIET BCero 1.8%, 4TO MPUBOAUT K 3HAUYUTEIEHOMY CHUKEHUIO
YyHclla COOBITUN MO CPAaBHEHUIO C T IYYKOM, OJHAKO ATH H3MEPEHHUsS IO3BOJAT IMOIYYHUTh
VHHUKaJIbHbIE JIJAaHHBIE II0 paHee HE HCCIECJOBAHHBIM pEaKLUsM, C IYYKOM, COJAEpKalluM
CTpaHHBIN KBapK, NapajyieIbHO ¢ HA0OPOM JaHHBIX HA T ITy4Ke.

v DHeprusi BTOPUYHBIX YaCTHIl 3aBUCUT OT SHEPIHU ycKopeHHoro B Y70 myuka (50 nim 60 ['5B cooTBETCTBEHHO).
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1.5.2 MHccnenoBanne SKCKIFO3UBHBIX KaHAIIOB

Kommuiekc u3MepeHuii, OMMCAHHBIX BbIlIE (OAHOCHUHOBBIE MPOLECCH, B KOTOPBIX
u3MepsieTcsl MOJNSpHU3alUs JIMIIb OJAHOM W3 YacTHIl, YYaCTBYIOUIMX B PEaKIMH, B HAYAIBHOM,
aM00 B KOHEYHOM COCTOSHMH), BKJIIOYAE€T HE TOJBKO HHKJIIO3MBHBIE, HO M JKCKIIO3UBHbBIC
npoueccsl. B mocnennem ciyyae npeanonaraeTcsl UCIob30BaTh JOMOJIHUTEIBHO BETO CUCTEMY
MOJIIPU30BAHHOW ~ MHWINEHU. OTO TMO3BOJIUT 3HAYUTENHHO CHHU3UTh YpOBEHb (OHA B
HKCKJIFO3UBHBIX IPOIIECCAX.

3HAUMTENBHBIN BKIIA]] B UCCIICJIOBAHUE CIIMHOBBIX A()()EKTOB B SKCKITFO3UBHBIX 3apsI0BO-
O0OMEHHBIX peakIMix ObUI MOJy4YeH B cepuH dKcrepuMeHToB B [IporBuHO Ha ycranoBke [TPO3A
npu sHeprun myuka 40 IsB [51, 52, 53, 54, 55, 56, 57]. BonbUIMHCTBO AaHHBIX B APYTHX
SKCTIIEPUMEHTaX OBLJIO MOJYYEHO MPU YMEPEHHBIX SHEPrusx mydka ao 12 B, Hmke sHepruit
yckoputenss UPBO.

UccnenoBanus Ha ycranoBke CITACHAPM no3BosAT CyIlIeCTBEHHO MOBBICUTh TOYHOCTh
n3Mepennii. OTMETUM, YTO B ME30OHHBIX Iy4YKax HaOJOIal0TCSl HEHYJIEBBIC MOJISIPU3AIIMOHHbBIC
apdekTel B 00acTH (QparMeHTAIMKM HEMOSIPU30BAHHOTO ITydka, YTO HE HMEeT II0Ka
Teopernueckoro oowpsicHenus. Ha ycranoBke [IPO3A B 80-X rogax m3Mepsuiich aCUMMETPUU B
SKCKIIIO3UBHOM 00pa30BaHMM B peakuun 7P7— h°n mpu sueprum 40 B, OG30p IaHHBIX
UCCIICIOBAaHUM TpuBeJeH HIbke B pasfene 5.1.2. 3aech OTMETHM TOJBKO ABE pPEaKlMH, a
UMeHHO: 7P7r— w(782)n (em. Puc. 1.14) u 7pr—> 7/(958)n (em. Puc. 1.15), B KOTOpBIX
MIOJTy9YEHBI YKa3aHus Ha Oosbiire 3()(EKThl U OCIIUISIANA aCUMMETPHH.

==
b“_z el S0
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0 ...................................................
_2s ++ | °
-50 eand ] nlai
_— e
-7 0 (1] 0.5 1 1.5 =
o 0.5 1 -, (GeV/e)

€, (GeV/c)

Puc. 1.14 Acummerpust B peakuuu 7pr—> w(782)N npu Puc. 1.15 Acummerpusi B peakuuu 77 pr—> 17(958)n
snepruu 40 3B [55], korna w(782) -me30H

0 npu suepruu 40 ToB [132], korxa 1 (958)-Me30H
PETUCTPHUPOBAJICSA B MOJIE paclajia Ha - U Y.

PETrUCTPUPOBAJICA B MOJIC pacliala Ha /IBa Y-KBaHTa

Cratuctuka B peakuuu 7zpPr—w(782)n (33 ThICAYM TOJIE3HBIX COOBITUH Ha
MOJSIPU30BAaHHON  MWIIeHH) Oblla HaOpaHa B TpeX CeaHcax C TEJIECHBIM  YIJIOM
3JIEKTPOMArHUTHOTO KaJOPUMETPA, COCTABIISIOIETO MOJIOBUHY OT TEJIECHOIO yIila KaJlopuMeTpa
ycranoku CITACUAPM. 3a tpu ceanca paboThl ¢ Y4ETOM JBYX MOJ| pacrajia - Ha 7 77 2ur 14
MOYKHO HaOpaTh cTaTUCTUKY Oosiee yeM B 20 pa3 Oombire. Torna, HarpuMep, B MEPBBIX YETHIPEX
TOYKAX OIMMOKA aCHMMETPHH OyeT okoio 2%, BMecTo ceroausmaux 10%.

Cratuctuka B peakiuu 7zp 7‘—)7/ (958)n (11 ThICSIY TONE3HBIX COOBITHI Ha
NOJISIPU30BAaHHOM MUINEHH) Oblla Takke HaOpaHa B TpeX ceaHcaX C TEJNEeCHBIM YIJIOM
JIEKTPOMAarHUTHOTO KaJOPUMETPA, COCTABIISIONIETO OJOBUHY OT TEJIIECHOTO yIJia KaloOpUMeTpa
ycraHoBk CITACYHAPM, u B ABYX ceaHcax C TEJIECHBIM YIJIOM, CPaBHUMBIM C JETEKTOPOM
CITACYAPM. 3a Tpu ceanca paboThl, ¢ yU4ETOM JBYX JOMONHUTENBHBIX MOJL PAaciafia Ha 7 77 1
W 7 7y, MOKHO HabpaTh CTATHCTHKY IIpuMepHO B 20 pa3 Gonbie. Toraa, HanpuMep, B MEPBHIX
TpeX TOYKax OIIMOKa acUMMETpuH OyIeT cocTaBisaTh 3-4% BMecTo ceromssimHux 13-17%.
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Pesynbratel B peakiuu 7p— f(1270)n npencraBnens Hwke Ha Puc. 5.4. 3a Tpu ceanca
paboThI, C Y4ETOM JOTIONHUTEILHON MOJIbI pachajia Ha 77 /7, MOYKHO HabpaTh CTATUCTHKY 6oJiee,
4yeM B 2 pa3za Oomnbine. Torma cymmapHas omu0OKka aCHMMETPHUHN IO BCEM ceaHcaM Oy/IeT IOuTH B
nBa pasza Mesbllie. HMccnenoBanuss Ha ycraHoBke CIIACUAPM 1o3BoiT CyLIECTBEHHO
HOBBICUTh TOYHOCTh HM3MEpeHuil. OTMETHM, YTO BCE HM3MEPEHHs] B IKCKJIIO3MBHBIX KaHAJIOB
IPEAIOoaracTcsi MPOBOAUTh OJHOBPEMEHHO C HMCCIICIOBAHUSMH MHKIIO3UBHBIX MPOIECCOB, TO
€CTh He TpeOyeTcs NOMOTHUTEIBHOTO YCKOPUTEIFHOTO BPEMEHH.

1.6 Pesiome u epcreKTUBBI

Hanuune MHTEHCUBHBIX MOJIIPU30BAHHBIX ITYYKOB IPOTOHOB U AaHTUIPOTOHOB Ha KaHaJle
24A B I'HI] U®B3 HUILL «KypyaTOBCKMiT MHCTUTYT» MO3BOJIUT OCYIICCTBUTH OYCHH OOTATYIO
nporpaMMmy (U3NYECKUX MCCIEOBAHUN CIMHOBBIX SIBICHUH B oOsactu sHepruit 10 — 60 IB.
Bosmoxxnoctu ycranoBku CITACUAPM u 49yBCTBHTENBHOCTH K Pa3IUYHBIM (DU3HYECKUM
KaHajaM OBLIM OLIEHEHBbl MyTEeM MOJEIUPOBAHUS COOBITUH, ¢ ydeToM ¢usznueckoro ¢oHa.
Hapsiny ¢ monsipu30BaHHBIMHU ITyYKaMU HA YCTAaHOBKY MOTYT OBITh BBICJACHBI HEMOISPU3OBAHHbBIC
Myukd THOHOB (), kKaoHOB (K'), NMPOTOHOB M AHTHIPOTOHOB, a TAKXKE YIIEPOIAHBIH M
OEUTpOHHBIA Ty4yku. Hanuume mnoisipu30BaHHON MHIIEHU M PA3IMYHBIX MYYKOB IO3BOJIUT
UCCIIEIOBATh OJJHOCIIMHOBBIC U JIBYXCHUHOBBIC 3()()EeKTHI B MPUMEPHO CTa PA3IUYHBIX PEAKIIHIX
U TOJIyYUTh YHUKAJbHBIE JaHHble. Bce 3TH M3MepeHus MO3BOJAT AOCTUYb 3HAYUTEIIBHOTO
nporpecca B HallleM NOHMMAaHHUM KBaHTOBOM XPOMOJMHAMUKH U MPHUPOJBI MOISPU3ALUOHHBIX
SIBJICHUU.
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2 Coznianue my4KoB MOJISPU30BAHHBIX TPOTOHOB U AHTUIIPOTOHOB

Co3nanne Ha yckoputesne Y-70 kaHajma yacTHL, (OPMHUPYIOLIEro IJis 3KCIEPUMEHTa
CITACYAPM 1ny4kd HONSPH30BAHHBIX HPOTOHOB M AHTHIPOTOHOB OT pachana A(A)-
TUIIEPOHOB, IO3BOJIUT CYIIECTBEHHO paclIupuTh npoBoauMyro B HM®PBD nporpammy
UCCJIEIOBAaHUM TOJISIPU3ALIMOHHBIX SIBJIEHUM B aJpOHHBIX peakuusax. [Ipum 3ToM, Hapsny c
Ny4YKaMH TIOJIIPU30BAHHBIX YaCTHII, Pa3padaThIBaeMblii KaHAJ MOKET OBITh WCIOJIB30BAaH IS
NOJYyYEeHUs] IYyYKOB BTOPUYHBIX aJPOHOB OOOMX 3HAKOB 3apsAja, ITyYKOB 3JIEKTPOHOB B
nuarnasoHe uMnyibcoB ot 10 o 45 I'3B/c, a Takke mydka NepBUYHBIX MPOTOHOB MOHMKEHHOM
WHTEHCHUBHOCTHU ¢ UMITYJIbcoM 110 60 I'3B/c.

OnTtuMuzanusi OCHOBHBIX  IapaMETPOB  MAarHUTOONTHUYECKOHM  CHUCTEMbl  KaHaja
HOJSIPU30BAaHHBIX IPOTOHOB M AHTUIPOTOHOB IMPOBOJAMJIACH B paMKax, OIPaHMYCHHBIX
JOCTYITHOCTBIO IUIOLIA/IeH SKCIEepUMEHTaIbHOM 0a3bl yckoputens Y-70 naias pasmelieHus
camoro kanHana wu yctaHoBku CIIACYHAPM, a Takke HEOOXOAUMOCTHIO 00ECIEUUTh
OJIHOBPEMEHHYIO padOTy € OJHOW MUIIEHbIO JBYX KaHaJIOB yacTull. OCHOBHBIE PE3YJbTaThl
pacdera KaHaja MOJSPU30BAHHBIX YaCTHII NPecTaBieHbl B padote [58]. Bee npeicraBneHHbie B
JTAHHOM ITPOEKTE Pe3yIbTaThl pacyeTa KaHaja 24 A B34Tbl U3 1TaHHOU pabOThI.

2.1  Kanan nonsipu3oBaHHBIX IPOTOHOB U AaHTUIIPOTOHOB

[Inanupyemoe NOBBILIEHUE HHTEHCHUBHOCTH YCKOPEHHOI'O IMPOTOHHOrO Iydka 10 (2-
3)x10™ mpoTOHOB 3a IWMKI OTKPHIBAET HOBBIC BO3MOXKHOCTH IUIS MPOBEACHHS (DH3HUECKHX
UCCJIEIOBaHUM Ha ycKopuTelbHOM Komiuiekce Y-70 MDPBD. B To xe Bpems, mnepcrekTuBa
paboThl C IPOTOHHBIM MYYKOM OoJiee BBHICOKOW MHTEHCHUBHOCTH OIpEAEseT HEe0OXOIUMOCTh
3HAYUTEIBHOU MEPECTPOMKHU CYIIECTBYIOIIEH B HACTOSIIEE BPEMsI CUCTEMbI KaHAJIOB yacTuil. B
HKCIIEPUMEHTAJIbHOW 30HE YyckopuTens Y-70 Ha MIIOMAAsSX, OCBOOOXKIAIOIIUXCS MOCIe
3aBEpLICHUS psAAa SKCIIEPUMEHTOB, INIAHUPYETCS CO3JaTh JBA HOBBIX KaHaJla 4acTULl HA OCHOBE
MEIJIEHHOTO BBIBOJIa YCKOPEHHOIO IPOTOHHOro Imyuka ¢ odHeprued 50-60 I>B n
MHTEHCHBHOCTBIO BBIBOAA 10 ~2-10™ MPOTOHOB 32 LIUKJL.

Co3manne ATHX KaHaIoB, pabOTAIOIMMUX OJHOBPEMEHHO C OJHOW BHEIIHEH MHUIICHH,
MO3BOJIUT CYIIECTBEHHO YIYYIIUTh 3(PPEKTUBHOCTH HUCIOIB30BaHUS YCKOpeHHOro B Y-70
MIPOTOHHOTO ITyYKa, MIOBBICHTh HHTCHCUBHOCTh M KaYECTBO BBIBOJMMBIX Ha IKCIIEPHUMEHTATHHBIC
YCTaHOBKH MyYKOB BTOPHYHBIX YACTHII M, YTO TAK)KE HEMAJTOBaXXHO, OTKA3aThCsl OT BHYTPEHHHUX
MUIIICHEH, OJKCIUTyaTallusi KOTOPHIX NPHUBOJUT K MEPEOOyYeHUIO MArHUTHOW CHCTEMBI
yckoputenst. JlBa HOBBIX KaHajla, TMOJIyUUBIIMX oOo3HadeHus 24A u 24B (Puc. 2.1),
mpelHa3HavyaloTCs s 00ecredyeHHusl IMyYKaMU YacTUI[ HKCIEPUMEHTAIbHBIX YCTaHOBOK
CITACYAPM u BEC co0TBETCTBEHHO.

VYcranoBka CITACYHAPM, mpencraBieHHass B HACTOSIIEM JOKYMEHTE, CO3/1a€TCs JUIs
MPOBEJICHUS] CUCTEMATUUYECKUX HCCIICIOBAHUMN MOJISPU3ALIMOHHBIX SABICHUN B DKCKIFO3UBHBIX U
WHKJIFO3UBHBIX aJ[POHHBIX peaknusx B oOmactu 3Hepruit yckoputenmst UDBI. [Iporpammoit
(GU3MYECKUX HCCIIEIOBAaHUI B ATOM JIKCHEPUMEHTE IUIAHUPYETCS MCIOJB30BaHUE IIENIOTO psiaa
IIYYKOB pa3JIMYHOTO COPTa, B IEPBYKD OUYEpEIb IYYKOB IOJSPU30BAHHBIX IIPOTOHOB U
AHTUIIPOTOHOB, MTYYKOB IMOJOKUTEIBHO U OTPULIATENIBHO 3aPSKEHHBIX ITMOHOB, a TAKKE ITYYKOB
AIIEKTPOHOB, HEOOXOUMBIX JIJIsl KATMOPOBKY ammapaTypbl SKCIIEPUMEHTATbHONW YCTAaHOBKH.
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Primary target

R e——

| —

\‘ VP 2R 7~ oD oorxEn

Puc. 2.1 Cxema pa3memenns kanainoB 24A u 24B B sxcnepumenrtansaoMm 3aine 1bB yckopurens Y-70

MeTtoa nonyyeHus: Ha YCKOPUTENSX MyYKOB MOJISPU30BAHHBIX IPOTOHOB (aHTUIIPOTOHOB)
oT pacnanos A(A)-runeponos, Obu1 mpeanoxked B padore [59]. OH ObLT BIEpBbIE YCIENIHO
peamuzoBan Ha 800 [B-nom yckoputene ®HAJI mis co3pgaHusi MOJISPU30BAHHBIX ITYYKOB
MPOTOHOB W AHTHIPOTOHOB ¢ mMmirysibcoM 185 T'aB/c [60]. Tlo3mHee mydok MOISPU30BAHHBIX
npoTOHOB ¢ UMy IbcoM 40 I'3B/c Obu1 mony4en Ha 70 ['3B-HOM yckoputene UPBD [61].

Cxema MOJIYYCHHUA TOJAPU30BAHHBIX IMPOTOHOB

nokazaHa Ha Puc. 2.2. B cucreme mnokos /-

THIIEPOHA, POXKIEHHOTO B MUILIEHU NEPBUYHBIM

u P MPOTOHHBIM ITYYKOM, CUATAJIOCH, YTO MPOTOH M3

________ .-;:/ Hapyllammero 4é€THocTh pacnana A—pn

5 oo A /,/ ? R MPOJOJABHO  MOJSPU30BaH  CO  CpEaHEH

W M / cimpanbHOCThI0 ¢=0.642+0.13 [62] mo maHHBIM

.;‘.{( S skcnepumenToB 1960-1970 roos. Bee pacuers

::::;: E""'\‘:‘.:.._,..-"' NpPOBENEHBl MMEHHO I JTOM BEIMYMHBI (.

.\‘_x""“\_ Crnemyer TOIYEPKHYTh, YTO HOBBIE M3MEPECHHS

§ e "\,\ skcnepumenta BES-IIl nanu npyroe 3nauenwue,

AN, a umenno: a.=0.750+£0.009+0.004 [63]. B

~ nabopaTOPHOH  CHCTEME TPOTOHBI  HMEIOT

u KOMIIOHEHTY  TOTIEPEYHOW  TOJISPU3aAIUH,

Virtual KOTOpasi TeM OoJIbIlie, YeM OOJIbIIe YTOJl BhUIETa

i 4 NPOTOHOB OT pacmajga 10 OTHOUICHHIO K

Puc. 2.2. Cxema IOIydYeHHs MyyKa TPAeKTOPUSAM POAUTEIBCKHX THIIEPOHOB. B

HOJIPU30BAHHBIX IPOTOHOB U3 pacnauos /- JAPYrux TEPMHUHAX, HONEpeyHas MONSAPU3ALUS
THUTIEPOHOB.

9TUX TPOTOHOB KOPPETUpPYeT C KOOPAWHATOM
nepeceyeHus] MPOJOJDKEHUS HMX TPAGKTOPHM € IUIOCKOCTHIO BUPTYaJIbHOTO HCTOYHHKA,
MPOXOJAIICH uepe3 HeHTp MepBUUHON MumieHu. CpefHss nmornepevHas MoJsipyu3anus Mo BCeMy
aHcamOJII0 TIPOTOHOB OT pacnaja /-TUIEPOHOB, OYEBUAHO, paBHa HYyI0. OIHAKO, MOXHO
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MOJIYYUTh BBIOOPDKM C HEHYJICBOM TMONEPEYHOM TMOJSpU3aUeH IMyTEM COPTUPOBKH HX
TPAeKTOPHUH IO YIi1y BbUIETA UJIH, UTO TO XKE CAMOE, 110 KOOPJMHATE NIEPECEUEHUS C TUIOCKOCThIO
BUPTYaJIbHOTO HCTOYHHMKA. COPTHPOBKAa OOBIYHO OCYIIECTBIISIETCS B OJHOM M3 IUIOCKOCTEH,
HanpuMep, B BEPTUKAIbHOW, BIOJIb OocH Y. C TOYKM 3pEHUS MMHUMHU3ALMHU CTAaTUCTUYECKHUX
OMMOOK W3MEPEHUs CIHMHOBBIX AaCHUMMETpPHUH, ONTHUMAaJIbHBIMH SIBIISIIOTCS BBIOOPKH C

2
MaKCUMaJIbHBIM 3HaueHueM mpousBeneHus FOM =1 x &7, rme | — MHTEHCHBHOCTH BBIOOPKH, a

af; — cpeaHee MO BHIOOpKE 3HAUEHHE BEPTHKAIBHON MoJspu3aluu. B pealbHbIX reoMeTpHsx

KaHaJIOB MHTCHCHUBHOCTH OIITHUMAJIbHBIX BBI60pOK OOHOTO 3HAKa NOJApHU3allu COCTABJISICT, KaK

MPaBUIIO, MPUMEPHO 1/3 OT MOJHOW MHTEHCUBHOCTU TPH CPEAHEH MOJISIPU3ALNNN é‘yz ~140%.

Ocraromasicss npumepHo 1/3 MOJHOM HMHTEHCHMBHOCTH IPHUXOJIUTCS HAa HENOJSPU30BAHHYIO
«UEHTPaJIbHYIO» 4acTh Iydka. Takum oOpa3oM, IjaBHas 3ajada pa3paOOTKH ONTHKU KaHala
COCTOHMT B OGCCIICYCHHH JOCTABKH C(HOPMHUPOBAHHOTO MydKa IPOTOHOB (AHTHIIPOTOHOB ) OT
pacnaza TUIEPOHOB (arTUrMIIEpPOHOB) 3aJ@HHOTO MMIIYJIbCa HAa MHUIIEHb 3KCIEPUMEHTa, IO
BO3MOXXHOCTH, C MHUHUMAJbHBIMH IOTEPSMU HMHTEHCHUBHOCTHM M TMOJSIpU3ALMA U C
NPEOCTaBICHUEM BO3MOKHOCTH COPTUPOBKH W/WIIA OTOOpa TPACKTOPUN IMYYKOBBIX YACTHUI] TIO
HOJISIPU3ALIUY.

B nanHoM pasznene mpuBeleHBI pe3yNbTaThl Pa3pabOTKU MarHUTOONTHYECKON CHUCTEMBI
KaHama 24A, ONTUMHM3UPOBAHHOW [UIsi TOJNYYEHHUS MYYKOB [MOJIAPU3OBAHHBIX YAaCTHII,
OPUBOJATCS  XapakTepucTuku  Qopmupyembix Ha ycraHoBky CIIACYUAPM  myukos.
PaccmoTpenuto xapakTepuUCTHK KaHalla TMPEANISCTBYeT OINUCAHUE MUIICHHOW CTaHIUH,
obecrieunBaroIeil oTHOBpeMEHHYI0 paboTy KaHainoB 24A u 24B ¢ ogHoit munieHu.

2.1.1 Mumennas crannusa kasaiaos 24A u 24B

Mumennas cranuus (Puc.  2.3) xananoB 24A u 24B Oynmer ocHaimieHa TpeMms
JUMOJBHBIMA MarHuTamMH, OOeCHeuMBAIOIIMMU OJIHOBPEMEHHYIO paboTy 3THX KaHalIOB C
MUIIEHbIO, Ha KOTOpYylH0 Oyner cOpachlBaTbCsi MEAJIEHHO BBIBEICHHBI U3 YCKOPUTENS
IPOTOHHBIN MMy4OK. BriepBbie mo00HbBIE CUCTEMBI 0TOOpPA BTOPHUUYHBIX YaCTHUI[ OJJHOBPEMEHHO B
JIBa WIM TPH KaHaJla ObUTH TIPUMEHEHBI B DKCIIEpUMEHTANBHBIX 30HaX yckopurens SPS B CERN
[64]. Marautet MT1 u MT2 npenna3HaueHbl Uil HABEJCHUS MEPBUYHOIO MPOTOHHOTO My4Ka
MO/ OTIPEICTICHHBIM YTJIOM (@ B IIeHTp MarHuTa MT3, KOTOpbIi, B CBOIO O4Yepe/ib, 00eCIeuynBaeT
oT60p B KaHaibl 24A u 24B 3apsyKeHHbIX BTOPUUHBIX YACTHULL, PO’KIACHHBIX B MUIIEHU KaHana T.

B kauectBe marautoB MT1 m MT2 mmanupyercss MCHOIB30BaTh IUIOIBHBIE MATHUTHI
tuma CI1-129 u CII-7*°, Bxomsmme B HOMEHKJIaTypy 0O0OpYJIOBaHHs SKCIIEPUMEHTAIBHOTO
KoMmIulekca yckoputena Y-70. B aToMm cinydyae MakCHMMalbHBIA yrojd HAaBEIEHUS MPOTOHHOIO
Iy4YKa Ha MHUIIEHb (@, ONpenensemMblii mapamerpamu maraura CII-7, pasen 27 mpan. Iloa
TUM JK€ YIJIOM HaBeJIEHHUs «CMOTpAT» B LEeHTp MarHuTa MT3 kanamsl 24A u 24B, uto
MO3BOJISIET MAaKCUMAJIBHO NMPUOIM3UTh K MUIIEHH KBAJPYIOJIbHBIE JHH3BI, BXOASIINE B COCTaB
TOJIOBHBIX OOBEKTUBOB 000X KAHAJIOB, COXpaHss IPU 3TOM BO3MOKHOCTh OTOOpa HEUTPaJIbHBIX
BTOPUYHBIX YaCTHI] B 00a KaHaJa.

18 N

Cxema TMOJIYYCHHUA NOJIAPU30BAHHBIX ITYYKOB aHTHUIIPOTOHOB U3 paciiajioB A -TUIICPOHOB a0COJIFOTHO UACHTUYHA
C TOH JIHIIb pa3HHH€ﬁ, 4YTO 3HAK KOppeasaunuu nonepeqﬂoﬁ NnoJsApu3alru € MOJIOKEHUEM TPACKTOPUU B INIOCKOCTHU
BUPTYAJIbHOI'O UICTOYHUKA HpOTHBOHOHO)KHLIﬁ.

19 [Mapamerpsr marauToB CII-129: mnuna L = 4 M, nonesnas aneprypa LLIxB = 330x100 MM, MaKCHMAIIBHOE TI0JIe
Bmax = 1.8 T; maruuta CI1-7: mmua L = 6 m, LLIXB = 500x200 Mm% Bmax = 1.8 T.
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Dump
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Puc. 2.3 Cxema mulieHnoi cranuuu kanaiaoB 24A u 24B. T — mumens kanana, MT1+-MT3 — qunonibHbie
MaranTel, MC — MarHUTHI-KOppeKTOpbl, DUMP — cranpHO# mormotutens JumHou 5 M. [lpuBeneHHbIi Ha
CXeMe MUIIIEHHOH CTaHIIMY BapHAHT HaBEACHUS MPOTOHHOTO MMyYKa Ha MUILIEHb COOTBETCTBYET 0TOOPY

HEHTpaTbHBIX BTOPHYHBIX YACTHIl B KaHad 24A 1 MOJ0KHUTENBHO (OTPUIIATENILHO) 3apsKEHHBIX YaCTHIL B

kaHai 24B. [IyHKTUpHBIMU TUHUAMH NTOKa3aHbl TPAEKTOPHH BTOPHYHBIX 3apsDKEHHBIX YaCTHL,
oTOMpaeMbIX ¢ KaHas 24B ¢ HeHyNeBBIMU yIIaMH POXKACHUS B MULICHHU.

SBnsAsAck (YHKIMOHATIBHBIM 3JEMEHTOM MUIIEHHOW CTaHIUHM KaHaioB 24A u 24B,
marHuT MT3 B TO ke BpeMsl UCHOJIb3YeTCs AJIS OUUCTKU OT 3apsKECHHBIX BTOPUYHBIX YaCTHIL
HanpaBieHus: KaHana 24A npu GopMUpPOBaHMM B HEM IyYKOB HOJSPU30BAaHHBIX MPOTOHOB U
aHTHOPOTOHOB OT pacnana A(A)-THHepoHOB, a Takke Iy4KOB 3JIEKTPOHOB. B CBA3M ¢ 3THM
OCHOBHBIE TIapaMeTphl, IMOJIOKEHHbIE B OCHOBY Ipoekra marHuta MT3 (mmHa L = 2.6 M,
MakcuMaibHoe mose Bmax = 1.9 Tn, pasmep paboueit obnactu 11 (rop.)xB (Bept.)=140x56MMm),
ABIIAIOTCS KOMIIPOMHCCOM JOCTaTOYHO NPOTHUBOPEUYMBBIX TpeOOBaHWM K €ro AJuUHE NpH
MaKCHUMaJIbHO BBICOKOM 3HaY€HUU MArHUTHOTO IOJIS.

[Tockonbky MT3 pacronokeH HEMOCPEACTBEHHO MOCTE MHIIEHU KaHaja, Ha KOTOPYIO
MpEeIoiiaraeTcd HaBOAUTh BBICOKOMHTEHCHUBHBIH MPOTOHHBIM MY4YOK, €ro KOHCTPYKIIHS
ompezensercs HEOOXOAMMOCTHIO  JONTOBPEMEHHOW  pabOThl B YCJIOBHSIX  BBICOKHX
paZuallMOHHBIX HArpy30K, MPUBOASIIMX K Pa3pyHICHHIO H30JSAIUU OOMOTOK BO30YXKICHUS.
V3BeCTHBIMU BapUaHTaMH PEIICHUS ITOW TPOOJIEMBI SBISETCS HCIIONIH30BAHUE 3HAYUTEIIBHO
0osiee CTOWKON K BO3JCHCTBHIO paauaiuu acOoremMeHTHo win MgO wu3onsuuun ooMoTok [65,
66]. BBuy CIIO)KHOCTH M OTHOCHTEIHHO BBICOKOW CTOMMOCTH M3TOTOBJICHHS TaKUX OOMOTOK B
HaIlIeM clTydae eMHHUYHOTO ITPOU3BOJICTBA MPEAMOYTEHUE OBIJIO OT/IAHO KOMITIOHOBKE MarHuTa ¢
BBIHECEHHON BBEpPX OT IUIOCKOCTH Ty4Ka OOMOTKON B030yxkaeHus [67], W3roTOBIECHHOMN
METOJIOM BaKyyMHON MPOMUTKH JMOKCUIHBIM KoMmmayHaoM. [lomepedHoe cedeHWe MarHuta
MT3 B BeIOpaHHOM KOMIIOHOBKE TMOKa3aHo Ha Puc. 2.4.

Kak crnemyer u3 pacdeToB MOIIHOCTH JO03bl, IPOBEICHHBIX C HCHOJIb30BAHUEM
nporpammbl MARS [68], pecypc o6MoTku MarHuTa (Bpemsi Habopa j03sl 10 MI'p) cocraBiser
~300 cyrok. B pacderax MONIHOCTH J103bl M MHapaMeTpoB (HOPMUPYEMBIX MYYKOB YaCTHUIL
Ipernoiaragioch, 4To ajllOMHHMEBas MuIIeHb kKaHana T amuHod 0.4 M u BbicoTod 3.0 MM
pa3MelneHa BIUIOTHYIO K BXogHoMmy Topiy marauta MT3. Illupuna mumenu cocrasiser ~100
MM, YTO TO3BOJIIET HE NEpeMellaTb MHILIEHb B TOPU3OHTAIBHON IUIOCKOCTH NMPU U3MEHEHUU
yIJla HaBEJICHHUs] TPOTOHHOTO My4YKa B mpenenax +27 mpaj.
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110

Puc. 2.4 Ilonepeunoe ceuenus maranta MT3 (Bce pa3Mepsl IPUBEICHBI B CM)

JlononHHUTENbHAS 3aIIMTa B BUAE OCTOHA, 3ANOJHSIOIIETO MPOCTPAHCTBO BHYTPH sipMa
MarHuTa OT HIDKHETO IOJIt0ca 0 OOMOTKHM M CTAJIBHBIX IUIACTHH, 3aTCHSIOIINX BBICTYIAIOIINE
gacTu 0OMOTOK, MOBBIMIAET ee pecypc a0 2600 CyTOK MpH MHTEHCHBHOCTH MEPBHYHOTO ITyYKa
2-10™ nmport./upKI, 9TO pelaeT OCHOBHYIO IIPOGIEMy SKCILTYaTAIMH STOT0 MATHHTA B YCIOBHSX
BBICOKUX PaJMallMOHHBIX Harpy3oK.

HpI/IBeI[eHHaSI Ha Puc. 2.3 CUMMCTpHUYHAsE OTHOCUTCIIbHO HAIIPABJICHUSA HCXOAHOI'O
IIPOTOHHOI'O ITy4YKa CXEMa MHIIICHHOM CTaHIMU CO3Ja€T 3KBUBAJICHTHBIC YCJIOBUSA JIA 0T6opa
BTOPHUYHBIX (HeﬁTpaHBHBIX n 3ap5[)I(eHHBIX) YJaCTHUILl B HAIIPaBJICHUHN 000MX KaHAJIOB. HpI/I OTOM:

e 1pu 0TOOPE MO HAMPABJICHUIO OJTHOTO U3 KaHAJIOB ITyYKa HEHTPAIbHBIX BTOPUYHBIX YaCTHUI]
(¢ = £@max), BO BTOPOM KaHAlle MOKET OBITh TOJYYCH IYYOK IOJIOKHTEIBbHBIX WU
OTPHIIATENEHO 3aPsDKEHHBIX BTOPUYHBIX YACTHIl B TUAIa30HE UMITYI6COB oT 16 [9B/c 1o
28 I»B/c ¢ HyneBbIM yIJIOM pOXAEHUS B MHUIICHW. HWXKHSS TpaHWIa auana3zoHa
UMITYJIBCOB YacTHI], OTOMpPAEMbIX BO BTOPOH KaHaII, ONpPEAEISeTCsS U3 YCIOBHS TallleHUs B
HOTJIOTUTENIE HENpOB3aMMO/ICHCTBOBABUIETO B MHUIIEHH NPOTOHHOTO Iy4yka (KOTOPBIH
1ocJie OTKJIOHEHUs! B MarauTe MT3 He MOJDKeH MomnaiaTh B MHHTEPBAT YITIOB (Ppqy T AP),
TOTJ]a KaK BEPXHSISl TPAHMIIa — MAKCUMAaJIbHBIM UHTErpajioM MarHuTHoOro noist MT3;

® [IpU HABEICHUH MMPOTOHHOTO MyYKa HA MHUIICHb C YITIOM || < @pnqy B KaHATBI 24A 1 24B
OynyT oTOMpaThCs 3apsKEHHbIE BTOPUYHBIE YAaCTHIIBI C PA3HBIMM 3HaKaMu 3apsana. Cssb
MEXy UMITYJIbCAMU JTUX IIyYKOB IIPH HYJIEBOM YIJIE POKIECHUS B MUILECHH OIPEIEISACTCS
BeIpaKeHHEM Py (Omax — @) + P1(Pmax + @) =0, B KOTOPpOM p; W P, CUATAIOTCS
anreOpandeckUMy BEJTMYMHAMM, T.€. OTPULATENFHOE 3HAYEHHE UMITYJIbCa COOTBETCTBYET
OTPULATENILHO 3apsDKEHHBIM dacTunaMm. Kak u B IpenplaymieM ciay4ae, TaleHue
HENPOB3aMMOJCHCTBOBABIIETO B MHUIIEHH  IPOTOHHOIO  IIy4yKa  HaKJIaJbIBAeT
CYIIECTBEHHBIC OrpaHMYEHHUs HAa OTOOp B KaHAJIbl 3apsKEHHBIX BTOPHYHBIX YaCTHI[ C
HYJICBBIM YTJIOM POXJICHHUS B MuUIieHu [69].

HpI/IMeHCHI/IC B COCTaB€ MUIICHHOM CTaHIIMU MarauTOB-KOPPCKTOPOB MC mno3BojaseT
3aMCTHO pPaClIUPUTb AWUAINIA30H HUMITYJIBCOB 3apsAKCHHBIX YaCTUIl B 000MX KaHallaX 3a CUeT
0T6opa C MUIICHHU 9aCTUIl C HCHYJICBBIM YI'JIOM POXIACHHA B MUIIICHU.
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2.1.2 Omnrtuyeckas cxema KaHaja MOJSIPU30BaHHBIX TIPOTOHOB (AHTUITPOTOHOB)

Paszpaborannas 0a3zoBasi onTHYECKas CXeMa KaHala TOJSPU30BAHHBIX MPOTOHOB 24A
(Puc. 2.5), cocrosmias W3 JABYX 3€PKaJbHO-CHMMETPUYHBIX YacTeil, pa3lIeICeHHbIX
MIPOMEKYTOUYHBIMU H300pakeHUsIMH ((hokycaMu) mydka B OOCMX IONEPEUYHBIX IIJIOCKOCTSIX B
CepeIMHE KaHalla, YIOBJIETBOPSET OCHOBHBIM TPEOOBaHUSM, OOYCIOBICHHBIM OCOOCHHOCTSIMH
co3nanus Takoro kaHana [70]. OHa y4yHWTBHIBaeT TakKe Psi OrPaHMYCHHN, HAKJIAIbIBAEMBIMH
IUIAHUPYEMBIM pa3MEIICHUEM 3TOTO KaHalla Ha TUIOIIAASIX CYLIECTBYIOIIEH SKCIIEPUMEHTAIBLHON
0a3pl yckoputens ¥Y-70, 0cBOOOJUBIIMXCS IIOCIIE 3aBEPILEHUS APYTUX SKCIIEPUMEHTOB.

MT3 MC1 Q1-3 M1 M2 Q45 Q6-7 M3 M4 Q8-10
c3

Tnp
- o = . I£ -

- Iy S - =) l —\\““‘\\
ﬂ 1 N ﬂ
ca
Y, mm MC2 MC3  MC4

[ I L | ; | I I ' I
0 20 40 60 80 100 m 120

X, mm

100

100

Puc. 2.5 Ba3zoBas ontuyeckast cxema kaHnana 24A, npeiHasHadeHHas A GOPMHUPOBAHUS ITyYKOB MOJISPU30BaHHBIX
IPOTOHOB ¥ aHTHIPOTOHOB OT pacnaja A(A)-runepoHos. Q— KBaAPYMOJIbHbIE JHH3bI, M — JMMOJIbHBIE MATHATHL, C
— kommuMatopel, MC — MarHUTBI-KOPPeKTOPBI, T U Texp — MUIIIEHN KaHANA M AKCTIEPHMEHTAIBHON YCTaHOBKH.
CIUTONIHBIMY JIMHUSIMU TIOKa3aHa ()OKYCHUPOBKA My4Ka B 00EUX TMOTEPEYHBIX IIOCKOCTSIX, TYHKTUPOM — TUCTICPCHS
B FTOPU30HTAIIBHON IIOCKOCTH 111 Ap/p = 5%.

[Tornomenne HEMPOB3aUMOJICHCTBOBABIINX B MHIIEHH TEPBUYHBIX IIPOTOHOB U
POXICHHBIX B MUIICHHU 3apsHKCHHBIX YaCTHII OCYIIECTBIISIETCS B MpeesiaX MUIICHHOW CTaHITUH
kaHana (Puc. 2.3), a HeWTpalbHBIX YacTHIl (B OCHOBHOM HEHTPOHOB) - BO BTOPOM IOTJIOTUTEINE,
pacmoiao)eHHOM Mexay MarautamMu M1 u M2 Ha paccTtosHuu 6 M OT LIeHTpa MarHuTa M1, yron
MIOBOPOTA Iy4Ka B KOTOPOM cocTaBiisgeT 52 Mpan. Maruutel M1+M4 OTKJIOHSIOT Tpaccy KaHala
B OJIHY CTOpPOHY Ha oOmuii yron 147 mpaa. [ng aHanu3a mydka 10 UMIYJIbCaM UCHOJIb3YETCS
IPOMEKYTOYHOE N300pakeHNE B TOPH3OHTAIBHON IJIOCKOCTH, AUCIIEPCHSI B KOTOPOM CO3/1aeTCs
marHuTaMu M1 um M2 u 3areM KoOMIEHcHpyeTcs uepe3 KBaJpymHoibHble JMH3bI Q4-+Q7
marautamMu M3 m M4, a TtpebGyemblii pa30Opoc IMydka 10 UMITyJabcaM Ap/p ompenensercs
packpsiTHeM koyuuMaropa C3. YyacTku kaHana 10 U nociae MarHutoB M3 u M4 mmanupyercst
UCTIOJIB30BAaTh JIJISl pa3MEIIEHUS IETEKTOPOB CHCTEMBI H3MEPEHHSI IMITYJIhCa YaCTHIL.

BeprukanpHas IUIOCKOCTh ONTHYECKOM CXEMbl KaHala WMEET EIMHUYHYIO MATPHUILY
npeoOpa3oBaHus TMapamMeTpoB TPAEKTOPUM YacTUIl OT MHUINGHM KaHajla JO MHUIICHU
DKCMIEPUMEHTAIbHOW yCTAaHOBKM, YTO oOecrnedynBaeT B JWUHEHHOM NPUOIMKEHUU IO
MIOTMEPEYHBIM MTapaMeTpaM TPACKTOPUU COXPAHEHHUE MOJIAPU3ALUA MPOTOHOB A§y = 0 s Bcex

pe’)kuMOB  paboThl KaHanma. Hanuuue KoppensiiMM MeXIy KOOpAMHATOW 4YacTUIBl B
BEPTUKAIBHON IUIOCKOCTH Y W COOTBETCTBYIOLIEH KOMIIOHEHTOM BEKTOpa IMOJSPHU3ALUN §y B

2
POMEKYTOYHOM H300PAKCHIH TyUKa’ IIPEIIOIaraeTcsi NCTIOMb30BaTh [UIs OPTaHM3aI|MHI 316Ch

% TIoMMMO KHHEMATHKH pacraja /-THIIEPOHOB CTENEHb KOPPEISIHM 3aBHCHT TAKKE OT Pa3MEPOB MUIICHH,
pa3dpoca 1o UMITYJIbCaM 3aXBaThIBAEMOI'0 B KaHAIl IPOTOHHOTO IyYKa U CTPYKTYpPhl HAYaJIbHOM YacTu KaHana [ Puc.
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CHCTEMBbl MEUEHHUs MOJSAPU3ALUU YaCTHUIl WIM s BBIAEICHHS C MOMOIIBI0 Kojummmartopa C4
4acTM IIydKa C HEHYJIEBOM cpeaHed nossipusanued vactull. Bo  BTopom  ciydae
KoppekTupytommii MaruuT MC2 ucnonb3yercs A cMelleHus Iydka Ha kojummatope C4, a
koppektupytomue Maruutel MC3 u MC4 — 1151 BbIBeieHUS BBIJEJIIEHHON YacTU Iyyka Ha OCh
9KCIEPUMEHTAIBHOM ycTaHOBKH (pasn. 2.1.4).

Jns  co3maHMs  KaHaia  MOJSIPU30BAaHHBIX — YacTHI] IUIAHUPYETCS  HMCIOJIb30BaTh
CTaH/JIapTHOE MarHUTOONTHYECKOE 000PYI0BaHUE IKCIIEPUMEHTAILHOTO KOMILIEKCAa YCKOPUTEIS
V-70: kBagpynosbHbie JuH3bl THHA 20K200 gauHOH 2 M € MakCHUMalbHBIM T'PaJUECHTOM
MarauTHoro nojist 13 Tn/m B aneprype nuamerpom 20 cMm u oTkjIoHstone Marautel Tuna CII-
7A u CII-12A nnuHOM 6 M U 3 M, COOTBETCTBEHHO, ¢ MakcUMallbHbIM TosieM 1.8 Ti B pabouei
obmactt 500200 MM (TOPU30OHTAILXBEPTHUKANb), a TaKKe KOJJIMMATOPHl YacTHI[ C
MaKCUMAJIbHBIM PACKPBITHEM £75 MM.

MakcuManbHbId  UMIOYJIbC (QOPMHUPYEMOrOo TMydyka TMPH HKCIOJIBb30BaHUM 0a30BOU
onTtuieckoit cxemsl (Puc. 2.5) cocraBnser 45 I'3B/c. MoaudunmpoBaHHas onTHYECKas cxema
KaHajma (C BKJIIOYCHHBIMH IO MAYOJIETHOM cXeme IMepBbIM U MOCIEIHUM OOBEKTHBAMH)
obOecrieunBaeT TPAHCIIOPTHPOBKY MYYKOB YacTUIl ¢ UMITysbcoM o 60 [@B/c, uto mo3Bomnsier
JOCTaBIATh K 3kcnepuMeHTanbHOM yctaHOoBKe CIIACUAPM nepBuUYHBIA NPOTOHHBIM ITy4OK
MOHWKEHHOM MHTEHCUBHOCTH, BBIBEJCHHBIN U3 yckoputens Y-70 ¢ MOMOILIBIO H30THYTOI'O
Kkpucraiuia [71].

Jlpyrue XapakTepUCTUKU KaHaja, BKJIOYash MUHHMAJIbHBIA M MaKCHMaJbHBIH pa3Opoc
nyyka 10 UMIYyJIbCaM, a TaKKe YIJIOBOM aKCenTaHC B OO0EHX TOMEPEeYHBIX TUIOCKOCTSX,
CYIIECTBEHHO 3aBHCAT OT pa3MepoB I(P(HEKTUBHOTO HCTOYHHKA MPOTOHOB, KOTOPHIE B CBOIO
ouepelb ABIAITCA PYHKIMEH UMITYNIbCa YacTUll. Tak, MUHUMAIIbHBIN (MaKCUMAaIbHBIN) pa3opoc
Mydka 1Mo UMIyJbcaM B KaHaye uaMmeHsiercss otT +4.5% (£11.0%) nns mydka ¢ ummyiabcoM 15
IB/c 1o +£3.0% (£9.5%) mst myuka ¢ ummynscom 45 I'HB/c.

[Ipenensr momycka =+2,8 wMpag B BEPTHKANBHOW IUIOCKOCTH ©  +3,2 Mpan B
TOPU30HTAIBHOM IJIOCKOCTU BBIOMPAIOTCS TakK, 4YTOOBI TOTOK HEUTpaJbHBIX YacTUIl [0
KOJUIMMATOpOB, IPEUMMYLIECTBEHHO HEMTPOHOB, MOMAJal B aKCENTaHC BaKyyMHBIX KaMmep
KBaJpynonbHbIX JUH3 Q1 — Q3 u qunonbsHOro MaruuTa M1, Tem caMbiM 3(pPEKTUBHO yCTpaHss
(GOH OT B3aMMOAEHUCTBUI HEUTpalbHBIX YAaCTHI] B 3THUX 3yIeMeHTax. HeWTpanbHble 4yacTUIIBI,
KOTOpbIe Mpoxo T yepe3 Koymumaropsl C1 u C2, B KOHEUHOM UTOTe COPachIBAlOTCS BO BTOPOI
MOTJIOTHTENb (HE MoKa3aH Ha Puc. 2.5), pacmonoskeHHBIN MEXIy AAMTOIFHBIMUA MarHuTamu M1
u M2 Ha paccrosgauu 6 M ot ieHTpa M1.

Kak crmexyer u3 onmcanusi munieHHoW craHimn (pa3a. 2.1.1), kanan 24A moxer OBITh
MCIIOJIb30BaH Takke NSl GOPMUPOBAHMS U TPAHCIIOPTUPOBKHU K HKCIEPUMEHTAIbHON YCTaHOBKE
INyYKOB BTOPUYHBIX YacCTHIl OOOMX 3HAKOB 3apsia. B 3Tom cimyyae BBUAY CYIIECTBEHHO
MEHBIIUX pPa3MepOB MCTOYHHMKA YACTHIl, HE 3aBUCSIIIUX OT MMITyJIbca (OPMHUPYEMOroO MyuKa,
MUHHMAaJIbHBIN pa3opoc Mmydka 1o UMITyJIbcaM B KaHaie cocTtaBiseT +1.2%.

2.5]. 3axBaT B KaHaJ MPOTOHOB, 0OPA30BABIINXCS OT pacrana /A-THIIEPOHOB Ha BBIXoJe W3 MarHuta MT3, 3ameTHO
CHIDKACT BEITUYMHY KOA(PPUIMEHTAa KOPPEIIUK B TUNIOCKOCTH JICHCTBUS OYHUINAIOIICTO MAarHuTa (B HAIlIEM CiIydac B
TOPU30HTAIIBHOM).
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2.1.3 TIlapameTpsl my4Ka MPOTOHOB B MPOMEKYTOUHOM U300paKECHUN

Pasmepbl Tmyd4ka B MPOMEXKYTOYHOM H300pPaKEHHH BEPTUKAIBHOM  IUIOCKOCTH
OTIPEIENIAIOTCS pasMepamMu 3P(GEKTUBHOIO HCTOYHHUKA MPOTOHOB M KOI(P(PUIIMEHTOM MATPHIIbI
npeobpasoBanust (y/y,) OT MHUIIEHH KaHajla O OTOTO0 CCUCHHs KaHajga, KOTOPBIA B
paccMaTpUBacMOi CXeMe MOJXKET BapbUPOBAThCA B JOCTATOYHO MHIMPOKHX Mpeaeiax ¢
COXpaHEHHEM €IMHMYHOCTH TOJIHOW MaTPHIIbl IPe0oOpa3oBaHust KaHaa. DTO MMO3BOJISIET KMETH B
IPOMEKYTOYHOM H300paKeHUH HEM3MEHHbIE pa3Mephl IydKa B BEPTHKAIBHOU IIOCKOCTH ITPU
(OpPMHPOBAHUH ITYYKOB IOJIAPU30BAHHBIX MPOTOHOB C PasHBIMH IEHTPAIBHBIMH HMITYJIbCAMU
(Taba. 2.1).

Tabxn. 2.1 [TapameTpsl IPOTOHHOTO ITyYKa B IIPOMEKYTOTHOM H300paskeHIH. Pa3Mephl Imyyka mpuBeIeHBI I
MHHHMAJIBHOTO W MAKCHMAIBHOTO (B CKOOKax) 3HAYEeHUs Ap /P, IPOIyCKaeMOTO KaHAIOM

LlenTpanbHbIil UMIYIBC TTy4Ka, [3B/c 15 30 45
Pazmep 3¢ hekTHBHOTO UCTOYHHKA TIPOTOHOB B

BEPTUKAILHOH ILIOCKOCTH (07,), MM 14.5 10.1 8.5
Koaddunment ysenmuuenus (y/yo) st

HEHTPaJIbHOTO UMITYJIbCA ITyYKa 1.4 2.0 24
Pa3mep nmyuka NpoOTOHOB B BEPTUKAJIbHON

TUIOCKOCTH (07 ), MM 20.6 (22.1) | 20.9 (22.0) | 21.3(21.7)
Pa3zmep myyka npoTOHOB B TOPU30HTAIBHOM

IUIOCKOCTH (07 ), MM 10.0 (32.2) | 7.7 (37.0) 6.6 (35.0)

CBs3b MCKAY KOOpAHHATaMu IIPOTOHOB B BCpTHKaHBHOﬁ INIOCKOCTU U CPCAHUMHU I10
KaXaomMy 6I/IHy TUCTOTpaMMbl  3HAUCHUSAMU KOMIIOHCHTBI é:y BCKTOpa MOJIApU3alHU,

UCTIONb3yeMasl I MEUEHUs TIOJSIPU3AIK OTJENbHBIX YacTHUIl, TpeAcTaBieHa Ha Puc. 2.6 mis
nydka ¢ ummyinscom 45 ImB/c. KoadduimeHt xoppeisuud MeXAy STUMH BeIMYUHAMU
cocrasiser 0.83 st myuka ¢ op/Po= 1.2% u 0.78 st nyuka ¢ op/po=4.2%. IlpuBencHHbIC
3/1eCh U Jaliee pe3ysbTaThl MOJIEIMPOBAHUS MAapaMETPOB My4yKa MOJIY4YEHBl C HMCIOJB30BaHUEM
nporpammbl DECAY TURTLE [72], MmonuduumpoBaHHO! 17151 pac4€TOB XapaKTEPUCTHK ITy4KOB
TOJIAPU30BAHHBIX TIPOTOHOB (AHTHIPOTOHOB) OT pacnana A(A)-runepoHos.

0.6
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Puc. 2.6 Cssi3b Mex 1y BepTUKAILHBIMHA KOOPAWHATAMH IIPOTOHOB M CPEAHUMHU 3HAYCHUSIMH cfy KOMIIOHEHTHI

BEKTOpa MOJISIPU3ALNHN B IPOMEKYTOYHOM N300pa’keHUH [T IydKa ¢ UMITyIbcoM 45 I'hB/c
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2.1.4 TlapameTpsl Imy4Ka MOJSIPU30BAHHBIX TPOTOHOB HA MUIIIEHU YCTAHOBKHU

Pe3ynbratel pacyera napamMeTpoB Iy4yka MOJIIPU30BAHHBIX IPOTOHOB B KOHIIE KaHaia (Ha
MUIIEHU YCTAHOBKH) Ul TPEX 3HAYEHHUH LIEHTPaJIbHOTO MUMITYJbCca Mydka MpuBeaeHbl B Ta0m.
2.2,

Tabn. 2.2 [TapameTps! mydKa MOJISIPU30BAaHHBIX IPOTOHOB B KOHIIE KaHAJIA.

p, 13B/c 15 30 45

G/Po,% 2.0 4.5 14 4.4 1.2 4.2
Oy X 0y, MM 17x14 | 19x16 | 14x10 | 17x11 | 11x87 | 16x9.0
Oy X 0y, MPaJ 1.4x1.5 1.3x1.5 1.5x1.8 1.3x1.8 1.4x1.7 1.3x1.7
Lycay 110*° pot 35x10° | 9.2x10° | 2.1x10" | 7.8x10" | 1.5x10" | 6.8x10’
L xe)/10% pot 3.8x10° | 11x10° | 35x10° | 14x10° | 1.3x10* | 7.6x10°

Ha Puc. 2.7 nmpuBeneHsl npoduiv mydyka Ha MUIIEHH SKCIEPUMEHTAIBHON yCTaHOBKHU
CIUTOLIHOM JIMHKUEH A1 MydKa ¢ uMIryascoM 45 IaB/c (op/po= 1.2%) n myHKTHPHOI IHHUEH 171
nyuka ¢ umnyiabcoM 15 IBB/C (0p/po=4.5%). VHTEeHCHBHOCTb Iy4Ka IOJSPH30BAHHBIX
MPOTOHOB HAa MUIIEHH SKCIIEPUMEHTAIBHON YCTAaHOBKM KaK (DYHKIIHS IIEHTPAIBHOIO MMITYJbCa
Iy4Ka mpuBeacHa Ha Puc. 2.8 mis MmakcuMaibHOTO pasdpoca Ap/p, IPOIyCcKaeMOro KaHajloM.
Tam >Ke NPUBOJUTCS 3aBMCMMOCTh OT MMIIYJbCa Iy4Ka WHTEHCHBHOCTH 7' -ME30HOB OT
pacnano KO-Me30HOB, SBISIOIMXCA OCHOBHBIM HCTOYHHKOM (DOHA B MyUKE IOJIAPH30BAHHBIX
MIPOTOHOB MPH yCcIOBUH 3PPEKTUBHON OUMCTKU HAIMPABIICHUS KaHalla OT POXKIEHHBIX B MHUILICHU
KaHaua 777 -ME30HOB M IIPOTOHOB, KOTOpas Ipu (POPMHPOBAHMH IOJISPH30BAHHBIX MYYKOB C
umnynscoMm >30 ['B/c obecnieunBaeTcst TONBKO MPH ONM3KUX K MAKCUMYMY peXKHMax MarHuTa
MT3, BXopsiiero B cCOCTaB MHUILIEHHOM cTaHIMM kaHanoB yacTull 24A u 24B (pasn. 2.1.1). D10
COOTBETCTBYEeT OTOOpPY B KaHan 24B BTOPHUYHBIX YaCTUI[ C HMIIYJIbCOM, OJNM3KUM K
MaKcUMaJdbHOMY 3HaueHuto 28 ['3B/c mpu HyneBoOM yriie ux poxkaeHus B muineHd. [Ipu sTom
oTOOp B KaHan 24B BTOpWYHBIX YACTHUI] C HEHYJIEBBIM YIJIOM POXKJIEHHUS B MUIIEHHU TO3BOJISET
3aMETHO PACHIMPHUTH JUANA30H UMITYJIHCOB (POPMHUPYEMBIX B 3TOM KaHaJIE ITyJKOB.
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§ 08 [mm oot o] Y RS USSR S A S L S S

o L 1 1 1 I 1 L I 1 1 1 1

& i i i i i i i i i i i i

1 1 1 | 1 | 1 1 1 1

- 1 1 1 | 1 - | 1 1 1 1

1 1 1 | 1 | 1 [— 1 1

B 1 1 1 | 1 B | 1 I 1 1
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1 1 1 I 1 | 1 - 1
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L 1 1 1 1 L | 1 \ 1
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Puc. 2.7 [Ipoduu myyka Ha MHUILEHH SKCIIEPHUMEHTANBHOH ycTaHOBKHU 1t p = 45 '3B/c u 6,/po= 1.2% (cruromHas
auHus 1 i P=15 T3B/C u 6,/pe=4.5% (myHKTHpHAS JTHHWUSL)
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B cuny emMHMYHOCTM TIOJIHOM MaTpHUIlbl TpeoOpa3oBaHMsI KaHalla B BEPTHKAIbHOMN
IUIOCKOCTH  KOPpPETSusl MEXIy KOOpAMHATAMHU YacTUILl U §y COCTaBIISIIOIIEH BEKTOpa

noJyisipu3anuy, mnpucymas 3G(EeKTUBHOMY HCTOYHUKY IPOTOHOB, HMEET MECTO TaKXe B
BBIBEJICHHOM Ha MHIIEHb 3KCIEPUMEHTAJIbHON YCTAaHOBKM NPOTOHHOM Iyuke. lIpu stom
CpelHsii MO TYy4YKy I[ONEepeuHas Mojsipu3alus MNPOTOHOB paBHa Hymto. s medeHus
MOJIIPU3ALUU OT/IEIBHBIX YaCTUIl MOXKET OBITh MCIOJB30BaHA CBSI3b MEXKAY BETMUMHAMU Y U fy

B IIPOMEKYTOUHOM u3o0pakerunu (Puc. 2.6).
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Particle flux per 10" pot

0 v Ly by ey
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Puc. 2.8 VIHTEHCHBHOCTB ITydKa MOJNAPU3OBAHHBIX IIPOTOHOB U (POHOBBIX T -ME30HOB B KOHIIE KaHANA TIPH
MaKCHUMallbHOM Ap/p, paccunTaHHas Ha 10" majarommx Ha MHITEHb KaHANA NpOTOHOB ¢ ’Heprueit 60 I'3B.
ITpuxoBoii TMHKEH qaHa cyMMapHas HHTEHCUBHOCTb IIPOTOHOB /TSI ABYX MHTEPBAJIOB C IPOTHUBOIIOI0KHBIM
3HAYCHUEM H CpEIHEH Mospu3anueit §y =40%

[IpocreiimyuM crnocoOOM TMOJIyY€HUST HA MHILEHU OSKCIEPUMEHTAIbHONW YCTaHOBKHU
MOJIAPU30BAaHHOTO Ty4Ka C 3aJaHHBIM HaIlpaBICHUEM BEKTOpa IMOJISIPU3ALNY, SBISETCS
BBIICJICHUE YaCTU IIydKa C OTIMYHOW OT HyJsd CpeAHEW NoasApu3aluedl BepTHKAJIbHBIM
KOJIJTUMAaTOPOM, PACIOJIOKEHHBIM B IPOMEXYTOYHOM H300pakeHuu. B paccmarpuBaemMom
KaHaJle ¢ 3TOW LEeNbI0 My4OK B MPOMEXYTOUYHOM HM300paKEHUH CMEIAeTCsl KOPPEKTUPYIOIIUM
marautoM MC2 1o BepTHKalIW B Ty WIH JAPYryH0 CTOPOHY MNapajUIeIbHO OCH KaHajua Iepen
koimuMaTtopoM C4 ¢ (UKCHUpOBaHHBIM 33/JIaHHBIM DPACKpPbITHEM IleK. Takoll BapuaHT, He
TpeOyromMii nepeMenieHuss MeK KOJUIMMAaTopa, MO3BOJIIET ObICTpO (B Ipenene, OT LHUKIA K
LUKy  YCKOPHUTENSl)  OCYIIECTBISATH  peBEepC  NOJSpHU3alUMU  Iydyka HAa  MUILEHU
OKCIEPUMEHTAJIbHOW  YCTAaHOBKHM, COXpaHsAs TMpU OTOM  OKCIUTyaTallMOHHBIH  pecypc
HCIIOJIb3yeMoro KojumuMaropa. [lapamerpsl mpoToHHOrO mydka C ummyinbeoM 45 I'3B/c u op/po=
1.2% na MMIIEHM SKCTIEPUMEHTAIBHOW YCTAaHOBKM MPHU PacKpeITUU Kosumaropa C4, paBHOM
+10 mwm, mpuBeneHsl B Tabn. 2.3 mig psjga pexXMMOB KOppeKTupyromero marauta MC2 ¢
MOJIOKUTEIBHON OIS PHOCTHIO BKIIIOUEHUS.

B »TOoM pexume palboThl KaHala pa3Mep Iydka Ha MHUIIEHH SKCIEPUMEHTAIbHOM
YCTaHOBKH B BEPTUKAJIBHOH MIIOCKOCTH YMEHBIIAECTCS 110 0y, ~ 3.2 MM IIPH HEM3MEHHBIX JIPYTUX
napamerpax Iyd4ka, npuBeneHHbIX B Tabm. 2.2. Ilpu cMeHe MOJISPHOCTH KOPPEKTUPYIOIEro

marauta MC2 cpefHre KOOpAWHATA Y M Yrojl MajeHus Mmy4yka y' Ha MUIICHH B BEPTHKAJIbHOM
IUIOCKOCTH, a TakKke §y KOMIIOHEHTa BEKTOpa MOJSpU3allMd  MEHSAIOT 3HaK Ha

MIPOTUBOIOJI0KHBIH.
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Ta6n. 2.3 Ilapamerpsl NOIIPU30BAHHOTO IIPOTOHHOTO Iy4Ka C MMITyJIbcoM 45 I'aB/c u op/po= 1.2% Ha MumeHu
9KCIIEPUMEHTAILHOM YCTaHOBKHM Kak (QYHKIHMS peXuma Koppekrtupyromero Marauta MC2 mnpu pacKpbITHU
koimmmMaTopa C4, paBHOM +15 MM.

(BL)MC2, Tinxm 0.06 0.08 0.10 0.12
= 0.32+0.19 | 0.39+0.15 | 0.44+0.14 | 0.47+0.13
I, per 10" pot 6.5x10° 5.2x10° 3.8x10° 2.5%x10°

Tunuunoe pacnpeneneHue MOJSIPU3ALNUN é‘y JUIs BBIOpAaHHBIX 00pa3loOB C HEHYJIEBOU

nossipu3anueii npuBefaeHo Ha Puc. 2.9. Jlns BbiBeleHUs BBIIEICHHBIX IMOOYEPETHO dYacTei
My4YKa Ha OChb SKCIIEPUMEHTAIbHON YCTAaHOBKH HCIOIB3YIOTCS KOppeKTHpyromue Marautsl MC3

u MC4.
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Puc. 2.9 Ilonspu3zamus mpOTOHHOTO MyYKa ¢ UMITyJIbcoM 45 ['3B/c Ha MHIIIeHN YCTaHOBKY IS
pexxuMoB KoppekTopa MC2, paBabix +0.12 Tixwm (cneBa) u -0.15 Taxwm (cnpaBa) mpu C4=+15 mm

2.1.5 [Ilapamerpsl my4ka MoJSpU30BaHHBIX AHTUIIPOTOHOB

[TapameTpsl 3¢ dexTuBHOTO

o ]

— o i
WCTOYHUKA aHTUIIPOTOHOB OT pacmajaa /- 210 [ '
TUIIEPOHOB, 4,  CIENOBaTeNbHO, U ©°
napameTpsl dbopmMupyemoro E’_
AQHTHIIPOTOHHOTO  My4ka  (pa3Mepsl, 3 "
PacxoauMMOCTh, PazdopoCc MO HMITYJIbCaM, € i
KOppEIsIus  MEKAYy  KOOpAWHATAMHU §
YaCTHII u COOTBETCTBYIOIIEH
KOMIIOHEHTOM BEKTOpa MOJSpU3alMU B 105
IIPOMEKYTOUYHOM M300paKeHUM )
HOJIHOCTBIO UIEHTUYHBI  [IPUBEIEHHBIM
BBILIE IIapaMeTpaM IPOTOHHOIO IIy4Ka : ; ;

Al

Tabn. 2.1 u Tabn. 2.2, Puc. 2.6). Ilpu 10
( )- TIp 10 15 20 25 30
3TOM UHTEHCHBHOCTD y4Ka p, GeV/c
aHTHIPOTOHOB B KOHLE KaHanma (PuC. pyc. 2.10 VIHTEHCHMBHOCTH IMydYKa MOJSAPH3OBAHHBIX
2.]_0) OIIPEJIENAETCS CYLIECTBEHHO  AHTUIPOTOHOB U (OHOBBIX 7T -ME€30HOB B KOHIIE KaHaa Mpr

MaKCHMallbHOM Ap/p, paccunTaHHas Ha 10" naparomux Ha

MCHBIIIUM CCUCHUEM POXIACHUSA 71' o
MHUILIEHb IPOTOHOB ¢ 3Heprueit 60 I'B

TUIIEPOHOB 1O  CpaBHEHUIO ¢ /A-

TUIICPOHAMHU. TaK, MaKCuMaJibHasds UHTCHCHUBHOCTbL AHTUIIPOTOHHOTO IIy4YKa MPH HMITYJIbLCC ~15
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[B/c, mpumepno B 20 pa3 MEHbIIIE HHTEHCUBHOCTH IMPOTOHHOTO My4YKa C TEM K€ IEHTPATbHBIM
uMnynbcoM. C MOBBIIIEHHEM HMMITYJIbca (POPMUPYEMOrO IMydyKa pa3sHHULA B MHTEHCHUBHOCTSIX
IMPOTOHHOI'O U AHTUIIPOTOHHOT'O ITYYKOB APaMaTUYCCKH BO3PACTACT.

Urto kacaercs (OHOBBIX YCIOBHM, TO B Iy4YKE aHTHIPOTOHOB ¢ mMIylbcoM <15 I@B/c
IIOMHMO 7T~ -ME30HOB OT pacnanoB K2-Me30HOB NPUCYTCTBYET TaKkKe 3HAYUTEILHOE KOJIUYECTBO
ATHUX YaCTHUI OT pacnanoB /A-runepoHoB. TakuM 00pa3oM, ONTUMAIBHBIM IO UHTEHCUBHOCTH U
(OHOBBIM YCIIOBUSIM SIBJIIETCSI IYYOK TOJISIPU30BAHHBIX AHTUIPOTOHOB C IIEHTPAJIHHBIM
umnyiascom 16 I'3B/c, mpu KOTOpPOM, COTIACHO MPOBEACHHBIM pacyeTaM, YUCIO 7T -ME30HOB
IpUOIU3UTENBHO B 3 pa3a BbIIIE HHTEHCUBHOCTU @aHTUIIPOTOHHOIO ITY4Ka, COCTaBIISIFOIIECH 4x10°
gactuyy Ha 10 majarommx Ha MuiieHp KaHana NpoTOHOB ¢ HdHepruer 60 IH1B.
[IpocTpaHcTBEHHBIE pacHpeieNieHHss AHTHIPOTOHHOTO Iydyka ¢ wumiyilscoM 16 IhB/c Ha
AKCIIEPUMEHTAIFHOM MUIIEHH U1 MAaKCUMAalIbHOW MPOIMYCKHOM criocoOHocTH Ap/po ONM3KU K
TaKOBBIM JUIsl MPOTOHHOrO IMydka ¢ umiyinbcoM 15 I'hB/c, mpencraBnennsiM Ha Puc. 2.7.
Briienenue aHTUNPOTOHOB NpU TakoM ypoBHE (OHA BIOJIHE B IMpeAeNaX BO3MOXKHOCTEH
IyYKOBBIX YEPEHKOBCKUX CUETUHUKOB.

NutencuBHOCTh  (OPMUPYEMOTO TMOJSPU30BAHHOTO IIy4YKa AHTUIIPOTOHOB (Kak M
(OHOBEIX 7T~ -ME30HOB OT pacHanoB KO-Me30HOB) CyIECTBEHHBIM 00pa30M 3aBHCHT OT JJIUHBI
marauta MT3. Opnako TmOBBIIIICHUE MHTEHCUBHOCTH AHTUIIPOTOHHOTO IIydyKa 3a CYeT
yMeHblIeHus 1auHbl MT3 cBsi3aHO ¢ yXyIlIeHneM OYMCTKH KaHajia OT 3apsSKEHHBIX BTOPUYHBIX
YyacTull pu GOPMUPOBAHUU MTYUKOB MOJISPUIOBAHHBIX YACTHI] ¢ uMitylibcoM >30 [B/c, a Takxke
C TPONOPIUOHATBHBIM yMEHBIIEHUEM MAaKCUMAJIBHOTO UMIYJIbCa BTOPHUYHBIX YACTHII,
oTOMpaeMbIX B KaHan 24B.

[ToaTomMy OBIT paccMOTpeH BapHaHT pa3MeElIeHHs] MHILIEHU BHYTpu Mmarauta MT3 6e3
u3MeHeHus ero mapamerpoB. Ha Puc.  2.11 mnoxka3aHbl 3aBHCHMOCTH HHTEHCHBHOCTH
AQHTUIPOTOHHOIO MyYKa U (POHOB HAa MUIIEHU IKCHEPHMEHTA OT MOJIOKEHUS MMILIEHU KaHasa
OTHOCHUTEIIbHO TmepenHero kpas wmarauta MT3 gns nmyuka 16 IhB/c u makcumanbHOM
nepenaBaeMoil BeTMUuHbI Ap/po.

Particle flux per 10" []e]e]
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Puc. 2.11 3aBUCHMOCTH HHTEHCUBHOCTH aHTUIPOTOHHOT'O My4YKa U ()OHOBBIX TT—ME30HOB OT MOJIOKEHHS MUILICHU
OTHOCHTEINIFHO Tiepeanero kpas maruuta MT3 mmst myuka ¢ ummyascoMm 16 I'9B/c ¢ makcuManbHOM nepegaBaeMoi
BeIMUMHOHN AP/ po. OCHOBHOE MMOJIOKEHUE MHUIIIEHH COOTBETCTBYET KoopauHare -0,2 M.

Ecnu neHTp NONOTHUTENBbHOW MHUILIEHW pacnojoxuTbh B Touke +0,7 M B MT3 mpu
3HAQUECHUH MArHUTHOTO MOJis OKojo MakcumyMma (1,9 Ti), TO MHTEHCHMBHOCTh AHTHUIPOTOHOB
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6
Bo3pacraeT B 2,5 paza (mo 10° 3a nuxn) npu yBenuueHuu ¢oHa B 3,5 paza. Peskoe yBennuenue
GboHA OT BTOPHYHBIX T -ME30HOB, OOPA3YIOIIHUXCS HEMOCPEJACTBEHHO B MHUIICHU, JEiIaeT
HEBO3MOXKHEIM €€ MepeMeIeHue riayoke BHyTpbh MarauTa M T3 3a npeaenst +0,7 M.

Eme ogHuM BapuaHTOM TMOBBINICHUS WHTEHCHUBHOCTH AHTUIIPOTOHHOTO ITy4Ka,
TPeOYIOLINM JTOTIOJIHUTENIFHON TINATENFHONW MPOPaOOTKH, SIBISETCS MCIIOIb30BAaHUE B KaYECTBE
MT3 cBepxmpoBojsmero marauta mmHod 1 m ¢ moimem 4.5+5.0 Tn. Kak noxa3biBaioT
pe3ysbTaThl pacueToB, WHTEHCHBHOCTh AHTHUIIPOTOHHOTO Iydyka ¢ uMOyibcoM 16 I1B/c
yBenuuuBaeTcss B 3.5 pasza mpu 6.5-KpaTHOM BO3pAaCTaHHUM HHTEHCHBHOCTH T~ -ME30HOB OT
pacnanos K2-Me30HOB, Ipu 3TOM He yXyAIIAIOTCA BO3ZMOMKHOCTH 0TOOPA ¢ MULIEHU BTOPHYHBIX
YacTUIl BO BTOPOM KaHaJl, TakKe Kak U (DOHOBBIC YCIOBHS JUIS MOJISPU30BAHHOTO MPOTOHHOIO
ny4ka ¢ ummyinbscom =30 [B/c.

2.1.6 BnusHMEe JETEKTOPOB CHCTEMBl MEUYCHHS H HWICHTU(UKAUM YacTHIl Ha
napameTpsl OPMHUPYEMBIX ITYYKOB YaCTHUI]

Cucrema MedcHHS JaCTULl IIPOCKTHUPYCEMOI'0 KaHaJIa IIOJISIPU30BAHHBIX IIPOTOHOB U
AHTUIIPOTOHOB (CM. IIO37KC pa3aciI 2.2 HaCTOoAICTO ,I[OKYMGHTa) IpcaHazHa4YCHa J1JI1 U3MCPCHUS
HNMITYJIbCAa OTACIBHBIX YaCTHUIl B ITYYKE, a TAKKEC OIMMPCACIICHU BEPTUKAJIBbHBIX KOOPpAWHAT YaCTHUIL]L
B IPOMCKYTOYHOM I/1306pa)KCHI/II/I, YTO HO3BOJLCT «IIPUIIMCBIBATL»? KaXKAOMY IIPOTOHY
(aHTI/IHpOTOHY) cpeaHee A ,HaHHOﬁ KOOpAWHATBI 3HAYCHHUC é:y KOMIIOHCHTBI BCKTOpPa

nomsipusauuu (Puc.  2.6). B 1o ke Bpems, mpenocraBisisi MHOOPMAIMIO O TMOJOXKCHHU H
pa3Mmepax Iydka YacTHII, CUCTeMa MEYeHHUs1 OyneT 3(pPEeKTHBHO UCIIONB30BaThCS TAKXKE M TPU
HaCTpOWKe KaHaJa.

[Ipennaraemasi cucremMa MEUYEHMsI YacTUI[ BKJIIOYAaeT B ce0s CeMb JIBYXKOOPAMHATHBIX
TOJIOCKOTIOB, TPH M3 KOTOPBIX, PACIOJI0KEHHBIE MEXKAY KBaApymoibHbIMU JH3aMu QS5 u Q6
(Puc. 2.5), mpeaHa3HaueHbl JUISI HW3MEPEHHUs KOOPJMHAT 4YacTUL B MPOMEKYTOUHOM
n300paxkeHnu. OcTallbHbIE YETBIPE TOA0CKOINA PACHoaralTcs MOMapHO 10 U TMOCJIe MarHUTOB
M3 u M4, oGecnieunBasi U3MepeHrne UMIyJIbCoB yacTull. CymMMapHasi TOJNIIMHA CHMHTHILIATOpPA
IO ITyYKY B Ka)KJOM I'OZJOCKOIIE€ COCTABIISET 8§ MM.

Kpome cucTemMbl MeUeHHsl YaCTHIl BO BTOPOH YacTH KaHaja B KBAJPYMOJBHBIX JHH3AX
Q6+Q7 u Q9+Q10 mpeamonaraercss pa3MeCTUTh JIBa 6-METPOBBIX MOPOTOBBIX YEPEHKOBCKHX
CUeTYHKa JUId UAeHTU(UKAIUN YacThll. B ciydae mpoToHHOTO my4ka ¢ umiyiascom 40-45 I=B/c
YEepPEeHKOBCKHME CUETUMKHU Oydy paboTaTh Ha BO3JyXe MpHU aTMOC(EepHOM JaBJIEHUH, TOTJa Kak
JUIS TydKa ¢ UMIynbcoM 15 I'3B/c (aHTUIPOTOHBI M MPOTOHBI) MPENNoaraeTcs UCIoIb30BaTh
¢dpeon R-22 (CHCIF,) Taxxe npu aTMOCEepHOM JTaBICHHH.

BnusiHme Ha KOHEYHBIC MapaMeTpbl (OPMHUPYEMBIX ITyYKOB MEPEUYHCICHHBIX BHIIIE
JETEKTOPOB, a TaK)Ke HEOOXOAWMBIX JUISI MX pa3MelleHHs He BaKyyMHPOBAHHBIX y4YacTKOB
KaHaja, OLEHUBAINUCH IOCPEJCTBOM pacuera MOTJIOUIEHUS M MHOTOKPAaTHOTO pacCesiHUs B
BEIIIECTBE MOHOMMITYJIBCHOTO ITy4YKa C HYJEBBIMU pa3MepaMu M PacXOJUMOCTbIO (O-TTyuKa) Jis
IBYX pexumoB paborbl kaHana (Tabm.  2.4). CpaBHeHHE TOJYYEHHBIX pE3YJIbTaTOB C
pacyeTHBIMH TIapaMeTpaMy ITyYKOB, TpPHBEICHHBIMH B Talm. 2.2, CBHIETENBCTBYET O
HE3HAYUTENIFHOM YBEIMYCHHH Pa3MEpoB ITydka ¢ uMmyiabcoM 45 I'3B/c u 10+12% yBenuuenun
pa3MepoB Mmydka ¢ ummyiabcoMm 15 IBB/c mpu morepe mHTeHCcHBHOCTH Tyuka 14% u 17%
COOTBETCTBEHHO.
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Tabu. 2.4 [TapameTpsl HCXOHOTO O-ITy4Ka Ha MUIICHU SKCHEPHUMEHTAILHON YCTaHOBKH

LlenTpanpHblii ©MITYIBC myuKa (p), [9B/c 15 45
Pasmeprl nyuka (o, X 0y,), MM 9.3x7.6 2.7x 1.6
Pacxonumocts niyuka (0,7 X g,,/), Mpaj 0.53 x 0.57 0.14 x0.24
ITotepu vactui, % 17 14

2.2 Cucrema Me4eHUs TMOJSIPU3AIIH ITydKa

Cucrema MEYEHHsI YaCTUI[ MPOCKTHUPYEMOTrO KaHAJIA TMOJISPU30BAHHBIX MPOTOHOB H
AHTUIPOTOHOB MPEAHA3HAUCHA JIUIS U3MEPEHUS UMITYJIbCa OT/ICIbHBIX YACTHIl B TIyUKE, a TAKKE
OTpe/IcNIeHUs] BEPTUKAIBHBIX KOOPJAWHAT YACTHI[ B IPOMEKYTOYHOM HM300paKCHHUH, YTO
MO3BOJISIET ~ IPUIUCHIBATEY KAXKAOMY TPOTOHY (QHTUIPOTOHY) CpedHee Uil JaHHOMN
KOOpAUHATHI 3HaYeHUe Py KOMIOHEHTHI BEKTOpa mojsipu3auuu. Jlias 3Toro B MpoMeKyTOYHOM
doxkyce kanana (Puc. 2.5), rae hopmupyercs HHBEPTUPOBAHHOE M YBEIHMUEHHOE M300paKeHHE
BUPTYaJIbHOI'O HCTOYHHMKA W3 IUIOCKOCTH TepBUYHON wmwumeHn (Puc.  2.2), u3mepsercs
BEPTUKAJIBHOE CMEUICHHE Y TPACKTOPUU OT OCH IydyKa W 3aTE€M HCIIOJIB3YIOTCS pPacyETHBIC

3aBUCHUMOCTH gy(y) THIIA IOKa3aHHOW Ha Puc. 2.6. KpOMe TOro, ¢ IMOMOIBKO I'OJOCKOIIOB

CHCTEMBI MEUYEHUS, M3MEPSIOMINX IMPOXO0XKIECHUE TPACKTOPUS B TOPU3OHTAIBHON IUIOCKOCTH,
OTIpENeNIEeTCS MUMITYJIbC KaXKAOH IYyYKOBOH YacTHIBI C TOYHOCTBIO okoio +1%. Kak Obu1o
oTMeueHo B pazzene 2.1.2 m mpownmocTpupoBaHo Ha Puc. 2.6, xopomiee 3HaHHE WMITYJIbCa
BOXHO TaKke M Uil yMeHblieHHs 3(pdekra «pa3mbiBaHus» 3aBucuMocTeil Puc. 2.6 m3-3a
pa30poca 1o UMIyJbCaM M, TEM CaMbIM, ISl O0Jiee aKKypaTHOTO BOCCTAHOBJICHUS TOJISPH3ALIUH
&y ISl KaxJI0H TPAEKTOPHH.

Mertoguka  co3gaHMsl  CHCTEMBl ~ MEUEHHMS  NOJSPU30BAHHOIO  IPOTOHHOTO
(aHTUMPOTOHHOT0) IyyKa OblIa pa3paboTaHa M YCIEUIHO UCIOIb30Banack B 3kcnepumente E704
[60] mpu akTUBHOM ydYacTHM YYaCTHUKOB mpoekTta. [lomoOHas cucrema TakKe YCIEUIHO
ucnonsiyercst B 3kcnepuMmente ®OJIC B IlporBuno [61]. OmHako, ciemxyer OTMETHTh, YTO
OKpjJaemMasi MHTEHCUBHOCTh Iy4ukoB B skcriepumente CITACYUAPM Oyner Boimie. Kpome toro,
npenmnonaraercs, uro B skcrnepumente CIITACHAPM cnuHoBble 3pdexThl OyAyT H3ydaThes C
6onee BbIcOKOH TOYHOCTBIO (3KcmepuMeHTHl POJIC u E-704 MOXHO OTHECTH K pas3psany
nouckoBbIX, a CITACUAPM craBuT 331a4y NpeLU3MOHHOTO UCCIIEI0BaHUs), [I0ATOMY TOUYHOCTh
3HAHUS XapaKTePUCTUK ITyYKa JOJDKHA OBbITH BBIIIE.

JleTeKTOpBl CUCTEMBI MEUEHUS OYAYT TaKKe MCKIIOYUTEIbHO MOJIE3HBI I HACTPOUKH U
ONTUMM3AIMK PEeKUMa KaHaja IyTEeM M3MEpPEeHHUs TaKUX XapaKTEepUCTUK IydyKa Kak
MHTEHCUBHOCTh, MPOGWIN, MPOCTPAHCTBEHHBIE U YIJIOBBIE PACXOJUMOCTH, SMHUTTAHC Iy4YKa,
uMmnyiabcHas — aucrepcus. OnTuManbHas HacTpoiKa KaHala IMpeanoyaraer JOCTH)KEHUE
XOPOILEro COracus U3MEPEHHBIX M PACUETHBIX apaMeTPOB.

2.2.1 (Cxema pa3MelieHHsI TETEKTOPOB MEUEHUS

OcHOBHEBIE ACTCKTOPHBI CHUCTEMBI MEUYCHUA pasMEIIaroTCA B OKPECTHOCTAX
MIPOMEKYTOUHOTO (POKYyCa, HAXOAIIEToCs Ha paccTOTHUHN 60.5 M OT epBUYHOM MuUIIeHU U 59.4
M OT MHIIIEHU dKcniepuMeHTa. Cxema pa3MemeHH5121 CUCTEMBI MEUCHHS MoKa3aHa Ha Puc. 2.12 m

2l Kpome CHCTEMbl MEUEHHS HACTHI[ BO BTOPOH 4aCTH KaHATA MPEAIONAraeTcs PasMECTHTh 1BA 6-METPOBBIX
MOPOTOBBIX YEPEHKOBCKUX CUETUMKA [T MACHTH(UKAIMK YacTHLl. B ciydae mpoTOHHOTO mydka ¢ uMIynscoMm 40-
45 I'B/c yepeHkOBCckHe cYeTUHKH Oyry paboTaTh Ha BO3AyXe NPU aTMOC(EPHOM JaBJICHUH, TOTJa KaK JUIs ITyYKa C

52



BKIIIoYaeT B cebsg 4 cuérumka monHoro motoka S1-S4, 3 romockoma POL1-POL3  musg
BOCCTaHOBJICHUS NMPOEKIHUU TPAEKTOPUHU B BEPTUKAIBHOM IUIOCKOCTH M 6 romockornoB MOMI1-
MOMG6 nnst u3MepeHus: UMITYJIbCa IMyYKOBOW YaCTHUIIBI IO €€ OTKIIOHCHUIO MarHutamMu M3 u M4
B TOPU30HTAIILHOM ITUIOCKOCTH.

MOM1 MOM2 N
MOM3 MOM4 B

Polarized
beam’

S1  POL1 POL2 POL3 82 Q6 Q7 M3 M4

Y
X\I__Z P

Polarization Momentum

Puc. 2.12 Cxema pa3MelleHH s IeTEeKTOPOB MEUeHHs My4Ka. FIMIy/IbC yacTHIBI U3MEPSIETCs] B TOPU30HTAIbHON
IUTOCKOCTH C TIOMOIIBI0 UMITYJILCHBIX TogockonoB MOM1-MOMG6 u marauto M3 + M4. Tlonspu3anus 4acTHIIBI
orpeziesseTcs yTeM U3MEPEHUs €€ UMITYJIbCa ¥ BEPTUKAIbHOM Y KOOPIMHATHI MOJSPU3aLIMOHHBIMU T'OJJOCKOIAMHU
POL1-POLS. S1-54 — cMHTIIUISIIHOHHABIE CYETINKH TOJTHOTO MOTOKA. [IpoMexXyTOUHBIH (HOKYC IO BEPTHKAIHN IS
LEHTPAJIBEHOTO MMITYJIbCAa HAXOJUTCS B INIOCKOCTH pa3MenieHus rogockona POL2.

BeprukanpHas KOMIOHEHTA MOJIIPU3aLUK ¢y BOCCTAHABIMBAETCSA MO 3TUM U3MEPEHHSM B
pEeXUME pealbHOTO BPEMEHHU Ha OCHOBE 3apaHee MOATOTOBICHHBIX U COXPAHEHHBIX B TAOIUYHOM
BUJIC 3aBHCUMOCTEH, MOT00HBIX TIOKa3aHHBIM Ha Puc. 2.6, [u1s HECKOJIBKUX 3HAUCHHU HMITYIIbCa
B mpexaenax akcenrtaHca kanana. Jlerekroper POL2 u1 MOM2 pa3memnieHbl B MPOMEXKYTOYHBIX
dokycax cBoumx TIuiockocted, a maper POL1, POL3 u MOM1, MOMS3 - cummerpuvHO
OTHOCHUTENBHO (hokycoB Ha paccrossHuu 2.2 M. Paccrosiame B mapax rogockonoB MOM3-
MOM4 u MOM5-MOM®6, u3Mepsronux UMITYJIbC 110 OTKIOHEHUIO TPAeKTOpUil B MarHuTax M3-
M4, cocraBisier 4.4 M. YToil OTKJIOHEHUS B OTUX MarHWTax JUisi HEHTPAILHOTO HWMITYIhCa
coctaBisieT 73.5 mMpaj.

MarunutHas onThka kanana 24A (Puc. 2.5) mosBonsier m3meHeHueMm Kod(h(uimeHTa
YBEIMYEHUS JepKaTh pa3Mephl Mydka B MPOMEKYTOYHOM H300paKEHHH M €r0 WMITYJIhCHYIO
JUCTIEPCHIO €I1a00 3aBUCSIIMMU OT LIEHTPaJIbHOI0 UMITyJIbCa B JHanazoHe ot ~15 1o 45 I'B/c.

["aGapuTHble pa3Mepbl aKTUBHON 30HBI KaXJIOM IMJIOCKOCTH OMpEAEISAIOTCS pa3MepaMu
ny4yka B paifoHe pa3memieHuss 3Tod IuiockocTH. [lomepeuHble pa3Mepbl IMydka B 0OEHX
IUIOCKOCTSIX B CEYEHMSAX pa3MEIIeHUs! TOJO0CKONOB CUCTEMbl MeueHUs He npesbimatoT 170-180
MM. Pe3ynbraTel MOIENIHMpPOBaHHUS TOKA3bIBAIOT, YTO IPH TaKWX pa3Mepax HeoOXomaumas
TOYHOCTb U3MepeHus nomspusauun Ady ~t5% pocrturaercsd mpu HNPOCTPAHCTBEHHOH IIMpHHE
cerMeHTOB rojockonoB POL1-POL3 4-5 mMm. Jlng JOCTHXKEHHS TOYHOCTH H3MEpEeHUS
noJsipu3aluy Ha ypoBHE 1-2% Heo0XO0AMMO YMEHBIIUTH pasMmep (IIMPHUHY) CETMEHTOB IO
KpaiiHei mepe 10 3 MM. TOYHOCTh H3MEpeHUs UMITyIIbca AP/P MpH TaKo ke MUPHUHE CErMEHTOB
UMITYJIbCHBIX TOA0CKOmoB MOMI-MOMG6 coctaButr ~+(0.6-1)%. Takum oOpasom, HCXOas U3
NIPUBEJICHHBIX BBIIIE Pa3MEPOB My4Ka B MPOMEKYTOYHOM HM300paKEHUH, KaKIBIH OTHETHHBIN
rojockor 0yneT coctoath u3 40-60 cerMeHToB.

Tpebyemoe ObICTPOACHCTBHE JETEKTOPOB W  DIEKTPOHUKH CHUCTEMBI MEUYEHUS
ONpeIeNsAeTCss UHTEHCUBHOCTBIO MTyYKa, KOTOpas 0KUAAETCS HA YPOBHE 710 ~10° YaCTHUII/CeKYHIY
(mmuTenpHOCTh MUKIa 10 CeK., JIUTEILHOCTh TUIaTo BEIBOAA — 2-3 CEK.).

ummynscom 15 I'9B/c (aHTUIPOTOHBI M MPOTOHBI) TperoaaraeTcs uenoab3osath Gppeon R-22 (CHCIF,) Takxe npu
aTMOC()EpHOM JIaBJICHUH.
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2.2.2 ]JluzaiiH TOJIOCKOIIOB CHCTEMbI MCUCHUS

B HacTosiee BpeMsi paccMaTpUBAIOTCSI HECKOJIBKO MTOIXO0/I0OB K JM3aHY M KOHCTPYKIIUU
CIMHTWUISIIIHIOHHBIX TOJOCKOIIOB CHCTEMBI MEUYCHHS W BbIOOpa (oTomeTekTopoB. OaHHM U3
BapHUaHTOB SIBJISICTCS, TAK Ha3bIBAEMasl, «IPEOCIIKOBasl CTPYKTypay, KOTOpasi MCIOJIb30Balach B
skciepumenTe ['EPA [73] B UDBD u 3arem B E581/E704 [60] B ®epmunad. Takas cTpykTypa ¢
JIBYMsI psiIaMH TIEPEKPBIBAOIINXCS CIIMHTUIUIATOPOB TToKa3zaHa Ha Puc. 2.13.

B «rpebentkoBoil cTpyKType» MepeKphIBAIOIIHECS IPYT ¢ APYrOM CIMHTUJUISIIMOHHBIC
MAJOYKH BBICTPOCHBI B JIBA PsAZia B JBYX MAPAUICIBHBIX MIOCKOCTAX. KaXKIblil CHUHTHILISTOP
OJIHOTO PsiJia IEPEKPHIBACTCS C IBYMS OJMKaNIIMMHU IPYToro psiaa Ha oaHy TpeThb. [Ipoxosimas
YacTuIla MOXET Iepecedb JIM00 OJWH, JIM0O0 Ba CIMHTWLIATOPA B ABYX psnax. B pesynabrare
MPOXOXKJICHHS YacTUIBI 00pa3yloTCsi TPU TUIA CETMEHTOB: 1) cpabaThiBaHHE OJHOTO KaHajla B
Jr000M W3 JIBYX PSIJIOB, 2) COBMAIAIOIINE CUTHAIIBI C JICBBIM CIIMHTHIUISITOPOM JIPYTOTO psifa u 3)
C MPaBbIM CHUHTHILISITOPOM JIPYTOro psija.

mm fmn .11‘..*!! !,w..w.!

Segment 1 ! !l ! THHEE 11-1'131-2
Number 1:2:314!5/617819:011:23415/6:7:8!9}0:

Puc. 2.13 Ctpykrypa «rpeGeIKkoBoro» rogockona MeYeHus my4ykKa ¢ IepeKphIBAIOIMMUCS CLMHTHIUISTOPAMH.
‘YkazaHHast Ha 3TOM PUCYHKE CTPYKTYpa OTHOCHUTCS K MOJIIPU3ALIMOHHOMY T'OJIOCKOILY, U3MEPSIONEMY KOOPIMHATHI
BJIOJIb BEPTUKAJIbHOM ocH Y. HauMenbue sueiky, BO3HUKAIOIINE BCIISICTBUE MEPEKPBITUS CLHUHTHIUIATOPOB U3
Pa3HBIX psIOB, 00pa3yroT cerMeHTHI. VI3 31 cerMeHTa TonbKO 27 HEHTPAIbHBIX CETMEHTOB UCIIOIB3YIOTCS
HPOILIECCOPaMH /1711 BOCCTAHOBJIEHHS MOIAPU3ALMH Cy.

['pebemkoBas CTpykTypa MMEET CIEIYIOIIHE IOCTOMHCTBA B CPAaBHEHHH C OOBIYHOM
OJHOCJIIOMHOW CTPYKTYpPOH HEMEPEKPHIBAIOUIUXCS CUMHTUIUISIHIUOHHBIX MaJI0YeK:

- IIPU 33JaHHBIX IPOCTPAHCTBEHHOM pA3PEIICHHM W IEPEKPhIBAEMON IUIOIMIAIH
TpeOyeT BJIBO€ MeHbIlIe (POTOJETEKTOPOB U, COOTBETCTBEHHO, KAHAJIOB 3JIEKTPOHUKU;

- OTCYTCTBYET IIENb MEXJIy CerMeHTaMM, CHIKawomas 3(PQPEeKTUBHOCTD
PErucTpanyy 3apsKEHHBIX YaCTHLI.

K Hemoctatkam e MOXXHO OTHECTH HECKOJBKO 0oJjiee CIOXKHBIA  aJrOpUTM
BOCCTAHOBJIEHMSI «MCTUHHBIX» CUTHAJOB M TPEKOB, OCOOCHHO IMPH BHICOKOW MHTEHCHBHOCTH U
MOBBIIIEHHOM YPOBHE CIy4YalHBIX COBIIQJCHUN. Take KOJIMYEeCTBO BEIIECTBA HA NYTH ITy4YKa B
«rpebemKoBOM» TroJI0CKoNe Oojbllie, B CpeaHeM, Ha 67% mpu TOH ke TOJIIIMHE MajoyeK
CLUHTHIUIATOPA, YTO U B OJHOCIIOMHOM romockomne?.

AnpTepHaTUBHAs KOHCTPYKLHS TIOJOCKONA CHUCTEMBl MEUEHMs MNpeiCTaBleHa Ha Puc.
2.14. B 5TOM BapHaHTe BCE CETMEHTHI CIUHTWIIATOPA PacrojararoTcs B OJHOW IMJIOCKOCTH, U
MMEETCs] B3aMMHO-0JJHO3HAYHOE COOTBETCTBHE CpadOTaBIIEro KaHajaa OJHOMY U TOJIBKO OJHOMY
MPOCTPAHCTBEHHOMY HMHTEpBaJly MPOXOXACHUS YacTHIlbl. TpamenureBuaHas GopmMa CErMEHTOB
BbIOpaHa JUIsl KOMIIEHCaluu HedPEKTUBHOCTH Ha KpasiX CErMEHTOB U B 3a30pax MEX]ly HUMHU.

B kauecTBe OCHOBHBIX (HOTOAETEKTOPOB ISl CUCTEMBI MEUEHHS BapUaHTE MpeJylaraercs
UCIOJIb30BaTh KPEMHUEBbIE (POTOYMHOXKUTEIN (SiPM%), pa3MeEILEeHHBIE C IBYX CTOPOH KAaHAJIOB

22 1, cnenoBaTenbHO, mpu Toi ke 3(P(OEKTUBHOCTH PETUCTPAIUH YIS YACTHUIl, MEPECEKAIOIIUX TOJIEKO
OJIVH CJION «TPEOEIIKOBOTOY» TOJOCKOTIA.

23 JI1st KpaTKOCTH 3/1€Ch UCIIONIB3YETCS Ha3BaHUE IPUOOpPa, MPUHATOE Y UPIAHACKOTO TPOU3BOTUTENS
«SensLy.

54



rogockornoB. SIPM — 3T0 MaccuB (OTOYYBCTBHUTENBHBIX KPEMHHEBBIX SUECK Ha OOMICH
nouiokke. B ornuume ot naBuHHBIX hoToanonos (APD), paboTarommx B MponopIHOHATEHOM
pexume, Kaxaas sueiika SiPM pabotaer B OrpaHm4eHHOM reirepoBckoM pexkume. [lo
cpaBHenuio ¢ APD, SiPM obnanaer psaoM nmpeuMymniecTB: paboTaioT MPH HU3KOM IOPOTOBOM
HanpsbkeHuu (~50 B), He cTpagaroT aykryanueil JaBUHbI, HE UMEIOT TPOOJIEM ¢ HaBOJKaMH (He
TpeOyeTcst SKpaHUPOBAHUSA ).

3 vm  CPOE0000EEOE0REE o

a)

SiPM Sensl
MicroFC-30050-SMT

8066000 CEE66@BEE
cB0BBO00ODREEPPREEEE °

ey (X6 5250000800 E0a06 o]

Puc. 2.14. BapnaHT KOHCTPYKIMH OJTHOCJIOWHOTO T'OI0CKOIIa CUCTEMBI MEYEHHs. a) Bux ¢ Topua Ha cerMeHTsI
cuuHTWUIITOpa. TpanenuesuHas popmMa MO3BOJIAET YIyIIINTh 3()(PEKTUBHOCTD PETUCTPAUK Ha IPaHHUIIE
cermenToB. 0) Kpenienne gpoTtoneTekTopoB (KpeMHHEBBIX (OTOYMHOXKHUTENEH) K CErMEHTaM CUUHTHILUIATOPA. B)
OOwmit Bu ABYXKOOPJMHATHOTO TOJIOCKONA

Ha Tekymmii MOMEHT OCHOBHBIMU CEPUHHBIMH TNPOU3BOJUTENSIMHU JAHHBIX H3IEIHI
apistoTes: Hamamatsu (Snonus), Zecotek (Cunramyp, corpyanuuator ¢ OUSN), Excelitas
(CIIA, corpymaumyator ¢ MUOU/llynecap), SensL (Mpnangust) w ap. Y Kaxmoro
MPOU3BOJUTENS JaHHOE m3zaenue umeeT ¢upmenHoe HazBanue: MPPC (Hamamatsu), SiPM
(SensL), Si®dBY (MUDU), MI'JIO (OUAN) u T.n. (Bcero okoio 15 mammeHnoBanwmii). Ha
PBIHKE MPUCYTCTBYIOT pa3inyHbie Buabl SIPM, ckoHCTpyrpoBaHHbBIE O] pa3HbIE 3aJa4H.

s rogockomna TpedyeTcs makcumanbHas dQdekTuBHOCTh peructpanuu (PDE), Ho He
TpeOyeTcss 3HAUUTENbHBIH JUHAMUYECKUH [Uama3oH, MO3TOMY MBI MOAOUpATd MOJETH C
Ooonpimmu sueiikamu (ot 50 mo 100 umz), HU3KON BEJIUYMHOW COIMPOTUBIICHUS PE3UCTOPA U
XOPOLLIEH ONTHYECKON U30JIALIUEN MEKITY TUYEHKAMU.

HaunydmumMuy xapakTepucTHKaMu JUIsl HAIIero JAeTeKkTopa oOmanaroT m3aenus S13360-
3050PE ¢upmbl Hamamatsu, HO OHM OTJIMYArOTCSl BBICOKOW IEHOW. bivkalmmmMm aHamorom co
CXOXKUMH XapakTepuctukamMu sBJstoTcss MicroFC-30050-SMT ¢upmer SensL: Ha Tekymuid
MOMEHT MX II€Ha C yY€TOM J10CTaBKU Ha 36% Huxke.
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Ha Puc. 2.15 npencraBnen paGounii 4epTeX pambl I MPOTOTHUIIA TOAOCKOIA CHCTEMBI
MedeHus. Pama npeaHasHadycHa IJid KPCIUICHUSA MAJIOYCK CHUHTHUILIATOPA B ABYX INNIOCKOCTAX U
wiaT ¢ (QOTONETEKTOpaMH MO OJHOW € KaXJOro Topua CHMHTHWILIATOpa. llpeamonaraercs
HCIIONIb30BaHMe  (HOTOAETEKTOpoB SiPM ¢ akTHBHOH 06IacTei0 3x3 MM® M raGapHTHBIM

pazMepoM 4 MM.
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Puc. 2.15 Pama qBYXKOOpIMHATHOTO TOOCKOMA HA 32 KaHaJa MO KaXI0W KOOpAWHATE

Ha Puc. 2.16 nmoka3zana paspaboraHHas ans paGotbl ¢ SiPM 1uiata ycuiaurtenei-
JTUCKPUMHUHATOPOB, KyJa  HEMOCPEJACTBEHHO OBUTM  CMOHTHPOBAHBI  ()OTOJACTEKTOPBHI.
CUMHTWUIAIMOHHBIE cYeTYnKH npou3BoacTBa DB ceuennem 3x4 MM 1 mruHoM 20 cM ObLIH
00€epHYTBHI B CBETOOTpPAXKAIOIIWNA MaTepuan (Maijgap) U YCTaHOBJEHBI Ha pamy rogockoma. C
UCIIOJIb30BAaHNEM JAaHHOW TIUIAThl OBUTM IMPOBEIEHBI WUCIBITAHUS IPOTOTHIIA TOJOCKONA Ha
CBETOJIMO/IHOM CHUTHAJIE U Ha aTMOC(HEPHBIX MIOOHAX.

Puc. 2.16 DnekrpoHHas miara ¢ GOTOAETEKTOPaMH, YCHIUTENSIMH, TUucKpuMuHartopamu u LVDS-nepenatunkamu
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[TonHas QIMTENBRHOCTh CUTHAJA CO CTAaHAAPTHOIO BbIxoAa cocTaBisieT okoso 300 Hc,
CBETOBBIXO/] ¢ OTHOH Na04Ku ~90 (POTOINEKTPOHOB HA MUHUMAIIBHO-UOHU3UPYIOIIYIO YaCTHILY
(MIP).. IIpu pabotre ¢ MONMSAPU30BAHHBIM MPOTOHHBIM MYYKOM MAKCHMAJIbHOW MHTCHCHUBHOCTH
(10 107) B kamane 24A Takas JUIHTEILHOCTD IIPUBEJET K HAJIOKEHUIO CUTHAJIA U HEKOPPEKTHOMU
pabote 3eKTpoHUKH Togockomna. Vcnosb3oBanue fast Beixoga SiPM ¢ mosiHOM ATHTEIBHOCTHIO
He Oosiee 20 HC B 3THUX YCIOBUAX 0oJiee MPEANOUYTUTEIBHO, XOTS aMIUIUTY1a CUTHAJA MPU 3TOM
Ha MOPS0K MEHbIIE.

Herextopsl cucrembl Mmedenus mnossipuzaiuu CITACUHAPM Oynyt pacmosiokeHbl B
roJIOBHOM YacTh KaHaina 24 Ha paccrosHuu ~60 MeTpoB 110 YCTaHOBKHM. OpraHu3zanus
CUMTBIBAHUS JAHHBIX C HUX MO TPAAUIIMOHHOW TPUTTEPHOM cxeme ¢ 00Ilei Ha BCIO YCTaHOBKY
OJIOKHPOBKOW CHJIBHO YyBEIWYWIO OBl «MEPTBOE BpEMs» CHUCTEMBI cOOpa JaHHBIX. Jlis
NpEeAOTBpPAICHUSI TaKOW CHUTyallMd JUIs JETEKTOPOB CHUCTEMbl MEUEHHUS MOJSpU3aLUU
PeyCMOTPEHA JICKTPOHUKA, paboTaromas B Oectpurrepaom pexxnme. Ha Puc. 2.17 moka3ana
apXUTEKTypa IUIaThl ISl CYUTBHIBAHUSA T'OJOCKOIOB CHCTeMbl MeueHus. [lnmata mpeamomnaraer
CUNTHIBAHHE JAHHBIX 0€3 «MEPTBOTO BPEMEHH» IPH MHTEHCHBHOCTSX 10 107 WacThil 3a IuKI,
XPaHEHUs TaHHBIX OJHOTO cOpOca YCKOPUTENsl BMECTE C METKaMH BPEMEHH C TUCKPETHOCTHIO 6
HC U mepejadyy ux B o011yt cucteMy cbopa aanHbix mo cetu Ethernet 100 Mowur.

: READOUT BOARD
|
[ FPGA MCLU
|
i ; S YT ]
Dusr:ru'.mnatnr — T E oma (1 SDRAM
board -— T T
................................... I E.“I.en-l HNJEE'
i | Logical ,
i Gate | - | EBlock | Etharnat |
pulse ' | — === | TCPIP |
| " Time et
............. S St
; Trigger —'Ifr N [ CD;:tzr Fhresnol] | =~ |
i (for testin | sanlret
N | l ¥ ‘I

Puc. 2.17 brnok-cxema perncTpupyIomieH 3IeKTPOHUKH CUCTEMbI MEUEHHMS TTOJIIPU3aIMU ISl pabOTHI B
GecTpUTTepHOM pEXUME.

[TockonbKky OECTpUTITEPHBI METOJ B PEruCTPUPYIOIIEH AJIEKTPOHHUKE IMOApa3yMeBaeT
BBICOKOCKOPOCTHOM cOOp M XpaHeHHe OONBIIOro 00beMa JaHHBIX, TO HEOOXOIUMO MPUMEHSATH
JIBYXYPOBHEBYIO apXWUTEKTypy. @DOYHKIMS pErucTpalud CcoOBITUH U  TNpeaBapUTeIbHOU
Oydepuzanum naHHbIX Obula Bo3jokeHa Ha Mukpocxemy [IJIMC, B kxoTopoil BO3MOXKHO
pean30oBaTh MapajiesibHyl0 00pabOTKy JaHHBIX ¢ MaKCHUMaJbHO BO3MOYKHOTO YHCJIa KaHAJIOB.
Bonee mennennbie GpyHKIUM 3anucu ¥ XpaHeHus naHHbIX B O3Y ¢ ux mocneayromiei oTrpaBKon
Ha CcepBep BBINOJHAECT MHKPOKOHTposuiep. Takas peanuzamus cOopa JaHHBIX BO3MOXHA
UCKJTIOUUTENIFHO B BUJY LUKIMYHON paboThl yckoputens Y-70, 3akirodaronieiics B HaJIU4UU
BPEMEHHBIX IMPOMEKYTKOB B HECKOJBKO CEKyHJ 0e3 IMydka, B TO BpeMs KaK JUIUTEIbHOCTh
00Jy4eHHs] MUILIEHU COCTABJISIET Mapy CEKYH/I.

Takoil Au3aitH MoApPa3yMEBAET MPOCTOTY Pa3BOJKH M M3TOTOBJICHUS! OCHOBHOMW IUIATHI U
JAeT BO3MOYKHOCTh OCYILIECTBJICHUSI TO3TAIMHOTO MPOSKTUPOBAHUS MPOTPAMMHOI0 00ECTIeUeHHUS
U HE3aBUCHUMOW OTJIAJIKU M TECTHPOBAHHUS JBYX OCHOBHBIX Y3JI0B — MHUKPOKOHTpoOJUIEpa U
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[TJINC. OCHOBHBIMH AJIEMEHTAMH CXEMBI SBJIsieTCS MHUKpokoHTposuiep STM32F745 dbupmer
STM u mukpocxema FPGA Spartan-6 ¢upmbr XilinX. [laHHBIIT MUKPOKOHTPOJUIED TOMHMO
BbICOKOTIpou3BoauTenbHoro sinpa  ARM Cortex-M7 umeer B cBoeM COCTaBe MHOKECTBO
nepudepuiiHbIX MOJIYJIEH, B TOM uKcie KoHTpoiiep namstu FMC, kontposutep Ethernet u DMA
KOHTPOJUIEP, KOTOpBIE HCHOJB3YIOTCS B JAHHOM pa3paboTke. Kpome TOro makcumanbHas
takToBast 4actrora STM32F745 cocrtaBiser 216 MHz. IlomumMo MuUKpOKOHTpoJuIepa Ha
OCHOBHOM IUIaTe pacmojoxkeHa Mukpocxema SDRAM mnamstd, KOHTposuiep (HHU3UYECKOTO
ypoBass RMII Ethernet u apyrue smemeHThI (€EProM-mamsTh, ONEPALMOHHBIE YCHIIUTEIIN),
MO3BOJIAIOIIME B OyaylieM MHOpH HEOOXOAUMOCTH BHEAPUTh B IPOTOTUIl HOBBIE (DYHKIIMH.
[IpenycmoTrpena rudkas cucreMa BbIOOpa BHEIIHErO MCTOYHHMKA MHUTAHUS 4epe3 pasHble THIIBI
pa3beMoB, a Taxke uepe3 Ethernet pasbem no crangapty passive POE.

Kak yxe oTmeuanock panee, yckopurenb Y-70 paboTaeT MUKINIHO: cOpoc mydka — 2-3
cek, may3a — 7-8 cek. Takum 0Opa3oM, OOIIHiA aNroOpuT™M PabOTHl OECTPUTTEPHOMN CHCTEMBI cOOpa
JaHHBIX C TOJOCKOMNA CBOJUTCS K IMONEPEMEHHOMY BBHIMOJIHEHHMIO JBYX IMPOIIECCOB: IMpoliecca
HENPEPHIBHON perucTpaiuu coObITHl BO BpeMs cOpoca Mydka U Mmpoliecca Mo «BHIYUTHIBAHUIO»
HAKOIUICHHBIX JaHHBIX M3 MaMATH U Tepelayd UX B CeTh BO BpeMsa mnay3sl. Ha Puc. 2.18
npecTaBieHa QyHKIMOHABbHAS CXeMa B3aUMOJICHCTBHS IBYX Y3JI0B IIPOTOTHUIIA C BHYTPEHHUMU
aNropuTMamMu padoThl Kaxaoro u3 HuX. Mukpoxkontposuiep STM32F7451GT6 BbinosHSET pojib
“mocTa” MexIy Tpems nepudepuiiipiMu O61okamu: mMukpocxemoir FPGA, SDRAM namsarteio u
cerpto Ethernet. AnropuTm paboThl KOHTpOJIIEpa CBOJUTCS K TIONIEPEMEHHOMY BXOJly B OJUH U3
JBYX PEKMMOB: HEIIPEPHIBHBIN pexuM noaydeHus JaHHblX oT FPGA u ux 3anucu BO BHEIIHIOK
SDRAM mnaMmsath ¥ pexXUM Iepefaud JaHHbIX M3 MamMsATd B ceTh Ethernet mo mpoTokomy
TCP/UDP. Ilepexon B TpeOyeMblii pEXUM PpEryjlupyercss BHELUIHHUM CHHXPOCUTHAIOM
(bu3MUecKoil yCTAaHOBKM YCKOPHUTENS, KOTOPBIM ompesenseT BpeMEHHON WHTepBanl Juisl cOopa

JAaHHBIX.
FPGA MK
Brok ° C6op AaHHbIX
2 | peructpaym S «3anpog»
& g COBLITUS Ha o DMA
Q1D © kaHane 1 | Geino o| 7 SDRAM
R S cobbITHE = «Tyqex» FMC
% © e Briok — Wi 4 (cbpoHT)
N =T o0 )
™ perucTpauum =
K cobi =
bITUA Ha ©
o KaHane 32 (3] OTnpaBka AaHHbIX

_F:D c6op ﬁ} EMC

ﬁ AaHHbIX [
Bnok
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Tavimepa-
cyeTumka (cnan) Ethernet
C6poc

AsTOoMaT Peructpauug
COCTOSIHUI Maysa

CP/IP

T

Linkn

Puc. 2.18 OOmuit anropuT™ B3auMoIeHCTBUS ABYX IUIaT IPOTOTHIIA

[Mporotun romockoma cuctembl MedeHuss ¢ SIPM B kadectBe (oromerekropa u
OCCTpPUITEpPHOM  PETHCTPUPYIOMICH  DJIEKTPOHUKOM 1t paboThl ¢ MaKCHMalbHOMN
MHTEHCUBHOCTBIO TOJIIPU30BAHHOTO ITyYKa MOKa3ajl BBICOKOE KayecTBO pabOThI HA YCTaHOBKE
CITACYAPM c untencuBrocTo 3x10° 32 ko yCKOpI/ITeJIﬂ24.

% YHTeHCHBHOCTD ITy4yKa Ha KaHaine 14.
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2.3  HM3mepeHue nmojspusaiyu MyIKoB

MeueHne TpPAeKTOPHI MYYKOBBIX YACTHIl JJIsl OINpeneleHue ux aOCoMOTHON
HOJISIPU3ALUN TPEACTaBIsIeT co0O0M BIOJHE aKKypPaTHBIM M HAJAEKHBIA METOJ, IMOCKOJIBKY OH
OCHOBaH IOJIHOCTbIO Ha XOPOIIO M3BECTHBIX KMHEMATHKE paclajoB //-TUIIEPOHOB U JUHAMHKE
JBUKCHUS CTIMHA-1/2 B MmarHuTHOM moiie. Bee pesynbratsl skciepumenToB E704 [60] u ®OJC
[61] ocHOBaHBI, hAKTHUECKH, HCKIIOYHTENHHO HA TAKOM MOAX0AE",

Tem ne menee, E704 cl10XKHOCTh T€OMETPUH KaHAJIa U KOH(PHUTYpAIMd MAarHUTHOTO TTOJIS
B €r0 ONTHYECKHUX DJIEMEHTaX, MOTEHIHMAIbHOE MPUCYTCTBUE OMIMOOK B aTOPUTMAaX MEUEHUsS B
peabHOM BpPEMEHH, HEONPENEIEHHOCTH B /-CIIEKTpax W T.[. JENalT KpailHe KeJaaTelbHbIM
HE3aBUCHMOE TIOATBEP)KICHHE aOCOMIOTHON TONSApU3allMM  IYYKOB, TaKkKe Kak U, IO
BO3MOXXHOCTH, €€ MOHHTOPHUPOBAHHE Ha NPEIMET HECTAOWILHOCTEH BO BpeMeHHU. [losTomy,
Hapsoy C paspaborkoit cucrembl wmedenus, npoekT CIIACHAPM Bxiouaer B cebs
JIOTIOJIHUTEIbHYIO HE3aBUCUMYIO MOJSPUMETPUI0 HA OCHOBE (DU3MYECKUX IIPOLIECCOB
B3aMMOJICHCTBHS (aHTH)IPOTOHOB C BEILIECTBOM.

WHTepec npeAcTaBisIIOT HPOLIECCHl C J0CTaTOYHO OOJIBIIMM CEYEHHEM U M3BECTHOM M3
HE3aBHCHMBIX I/ISMepeHI/IP“I26 HEHYJIEBOM CIIMHOBOM acuMMeETpuU. B HacTosmiee BpeMsi OCHOBHBIM
Croco0OM M3MEpEHHUs MOJAPU3ALNY TyUKa SBISETCS U3MEPEHUE aCUMMETPUU B 00J1aCTH KYJIOH-
snepHoil nHTepdepeHnnu. JJaHHplii MeTO] akTUBHO Hcmonb3yeTcs Ha yeckoputene RHIC B BHII
[74]. B npakTuueckoM IUIaHE pPAaCcCMATPUBAIOTCS TOJNSAPUMETPhI HA OCHOBE YIPYroro pp-
paccesiHusl 1 MHKJIIO3UBHOTO 00pa30BaHUs 3apsHKEHHBIX MMOHOB C M3BECTHOW acMMMeTpueil Ay.
CrnenyeT OTMETUTh, YTO HEBO3MOKHO HAWTH yKa3aHHBIE BBILIE MPOIECCH C U3MEPEHHBIMU PaHEE
UM HAACKHO IPEACKAa3bIBAEMBIMU TEOPETUYECKU CIHMHOBBIMU AaCHUMMETPUAMM Ul BCETO
JOCTYITHOTO ~ Jiara3oHa HMIYyJIbCOB BO B3aUMOJCWCTBUSX MpPOTOHOB MU, TeM Oolee,
aHTUIIPOTOHOB. IloguepkHEM, OJHAKO, YTO IJIaBHOM 3aJayell HE3aBUCUMOM IOJIAPUMETPUU
ABJISIETCS NPOBEPKA IIPABUIILHOCTH OIPEACIICHUs IOIAPU3aLUA METOAOM MEYEHHUS U, €CIU
HE00X0/IMMO, KOPPEKIHs ero Mpoueayp U anroputmoB. U ecnu meueHune paboTaeT KOPPEKTHO
IIpU HEKOTOPBIX MMIYJbCaX, €CThb OCHOBAHMS IoJlaraThb, YTO OHO OynaeT paboTaTh CTOJIb XKe
KOpPpeKTHO U mpu Apyrux. CTOMT MOTYEPKHYTh TaKXKe, YTO JUIsl HEKOTOPBIX IPOLECCOB C
IPOCTOM KMHEMAaTHKOM, HampuMep, A YOPYroro paccesiHusi, OTHOCIIMHOBas acUMMETpus Ay,
WU3MEPEHHAs Ha IOJISIPU30BAaHHOM NPOTOHHOW MUIIEHW C HEMOJISIPU30BAHHBIM ITyYKOM MOKET
OBITH 3aTE€M HCII0JIb30BaHA JUI U3MEPEHUS MOJIIPU3aLMU IIydKa TOTO e COCTaBa M SHEPTHH.

2.3.1 TlonspuMeTp Ha OCHOBE YIPYroro paccessHus

B03M0XHOCTE MCIIOJIB30BaHUS PE3yJIbTaTOB U3MEPEHUIN HA MOJISIPU30BAaHHOM TPOTOHHOMN
MUIIEHU I TOJAPUMETPUM ITydyKa CYHIECTBYET B IIOAXOJE, OCHOBAaHHOM Ha YIPYroM
paccesHUM (aHTH)IPOTOHOB B CHUJIY JKECTKOW KMHEMATHUECKOW CBSI3U PAacCesHHBIX YacTHIl B
NEPeHIO U 3aJHIOK TMoyycdepsl, a Juid aHTUIPOTOHOB — M B cuily CP-HHBapHaHTHOCTH
CUJIBHBIX M DJEKTPOMAarHUTHBIX B3aMMOJECHCTBUU. lcronb3oBaHue YIPYyroro paccesHus
MO3BOJISIET CO3JaTh TaK Ha3blBaeMblIi aOCOMIOTHBIM moisipuMerp. [71aBHOM 0cOOEHHOCTHIO
TaKOro MOJIIPUMETpA SBJSETCS U3MEPEHNE Ha NIEPBOM dTalle aHAM3UPYIOIIEl CIOCOOHOCTH TpU

% B skcnepuMente E704 [60] Gblia IpeANpUHATA TAKKE HOMBITKA U3MEPHTH MONSAPU3ALHIO IPOTOHHOTO U
AHTUMPOTOHHOTO MYYKOB ABYMsS APYTUMH MeETOAaMH. Pe3ynbTaThl 3THX U3MEpPCHHU OBLIM HaWCHBI
BITOJIHE COBMECTHMBIMH ¢ MedeHneM. OJJHaKO, OHU yCTYIald MEYCHHIO TI0 BEIMYMHE CTATUCTHUECKUX U
CHUCTEeMaTUYECKIX OLTHOOK.

% Ynn u3 Hap&KHOM TEOPHUH.
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pacCceaHr HCIOJAPHU30BAHHOIO ITy4dKa Ha HOHHpHSOBaHHOﬁ MI/II]_IGHI/I27 N HCIIOJB30BAHUC

IIOJIy4EHHOI'0 pe3yJsbTaTa UIsl TOW KE€ CaMOM JSHEpPIruM IydKa U TOW K€ CaMOM YCTAHOBKHU IS
U3MEpPEHUS TMOJISIpU3aLMM Iy4YKa IpU M3MEPEHUAX Ha HENOJIIPU30BAHHOW (BOJOPOJIHOI)
MHIICHH.

B ynpyrom pp-paccestHus MOKHO BBIACTHTH JBE KHHEMAaTHYECKHE 001acTH C OONBIINM
CEYCHUEM U M3BECTHOM OJHO-CIIMHOBOU aCI/IMMeTpHeP”I29 An: obnacte  Kynon-snepnoit
untepdepenrmn (KSAT) npu 0.002 < -t <0.05 (I'9B/c)?, re t — 4X-MepHBIH KBajpaT mepeiadn
UMITyJIbCa, KOTOpas C YBEIMYCHMEM TIepelaud HUMIIylbca IepexoauT B  001acTh
mubpakImonHoro paccesrust mpu —t > 0.04—0.05 (IB/c)’.

KomMOuHUpOBaHHBI  MONSApUMETP  JUIA  YIOPYroro  paccesHusi, IMOKPHIBAIOIINN
KuHemMatnuyeckuid auana3zod —t ot ~0.002 mo ~0.3 (FaB/c)z, cXeMaTU4YeCcKu mokaszaH Ha Puc.
2.19.

Puc. 2.19 Cxema komOrHMpoBaHHOTO NojspumeTpa. G - GEM aerexkropsl; H — CHMHTHILISIIIMOHHBIE TOAOCKOIBI; S
— CUMHTUUTSALHOHHBIC CYETIMKH

[TonspumeTp cocToUT U3 HaOOpa TPUITEPHBIX CUYETUYUKOB S M TPEKOBBIX JETEKTOPOB Ha
OCHOBE GEM-,[[GTCKTOpOB3O ¥ CUMHTHIUISIMOHHBIX  TOJOCKOIOB . Ilepennee miedo,
IIPEeIHA3HAYEHHOE Ul PETUCTPALMK ITYYKOBBIX (aHTH)IPOTOHOB, PACCESHHBIX HA Majble YIJIbIL,
IpescTaBiIsieT co00 MarHUTHBIN CIIEKTPOMETP C 27m-aKCENTaHCOM MO a3UMYTY, KOTOpbIN Oyner
3a/leliCTBOBaH BO BCEM KHMHEMAaTHYECKOM Juana3oHe. JlBa mieuda cieBa M cmpaBa C
a3UMyTalIbHBIM akcenTancoM ~(15-17)% ot mosnHoro yrina 2z paauaH NpegHa3HA4YeHbl s
perucTpalui MPOTOHOB OTAaYd B JAu@pakuuoHHOW obmactu. [lapamerpsl roa0CcKONoOB
noJsipuMeTpa npuBeneHs! B Taom. 2.5.

*" Benmunna MOJISIPU3aIliM MUIIEHH H3BECTHA C XOPOIIEH TOYHOCTEIO (Ha ypoBHE 1-2%).

%8 [1pu M3MepeHHsIX MOISPH3AIIAH IPH HEKOTOPBIX 3HAYCHHSX SHEPTHH ITy4Ka MOXKHO HCIIOIb30BATh TAKKE
M3BECTHBIC 3HAYCHUS aHATM3UPYIOIIEi ctocoOHOCTH.

2 Kortopass coBmamaer ¢ momepeyHOW moispu3anuei P paccesHHOro HYKIIOHa B YINPYTHX CTOJKHOBEHHSIX
HETIOJIIPU30BaHHBIX HYKJIOHOB. [l03TOMYy IS TakMX IPOIIECCOB YAacTO TOBOPAT O Mojsipu3anuu P BmecTo
acummerpuu Ay.

%0 Gaseous Electron Multipliers.
8t Bwmecto CHUHTUIIAIUOHHBIX TOAOCKOIIOB MOT'YT MCIIOJIb30BATHCS TPEKOBBIC ACTCKTOPHI HA OCHOBC Hpeﬁq)OBbIX
TPyOOK.
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Ta6n. 2.5 IlapaMeTpsl rOJOCKOMOB MONAPHUMETPA YIPYTOTO PACCESHHIS

= Paccrosane ot I'abaputHbie pasmepsl | Pazmep anemenTa KommaectBo
5 LEHTPa MUIIEHU (M) | TOAOCKOMOB (MM) MTUPUHAXTOIIIHHAX ITHHA (MM) | SJIEMCHTOB
Q
=
S
[TyukoBeie rogockornsl (I1IN)
X xY X Y X Y | ¥
H1 -4.25 54 x 54 6 x 3 x 54 6 x 3 x 54 13 13 | 26
H2 -0.25 54 x 54 6 x 3 x 54 6 x 3 x 54 13 13 | 26
[Mepennamii merextop (I111)
X x Y X Y X Y | ¥
H3 0.25 62 x 70 6 x 3 x62 6x3x%x70 15 17 | 32
H4 4.25 190 x 110 6 x 3x 190 6 x 3 x110 47 27 | 74
H5 5.75 238 x 126 6 x 3 x 238 6 x 3x 126 59 31 | 90
H6 9.75 358 x 158 6 x 3 x 358 6 x 3 x 158 99 39 | 138
HetexTop otmaun (1O)
Z xY z Y z Y | X
H7 0.1 246 x 118 6 x 3 x 246 6 x3x118 61 29 | 90
H8 0.3 294 x 230 6 x 3 x 294 6 x 3 x 230 73 57 | 130
H9 0.1 246 x 118 6 x 3 x 246 6 x3x118 61 29 | 90
H10 0.3 294 x 222 6 x 3 x 294 6 x 3 x 222 73 57 | 130
Cymma sneMeHToB = konudecTBo POV = 826
T ' pp o5 N3mepenus Ay (wmm nomspuzauus  P) B
teeeo, ved ° i Tu(paKkImOHHON obnactu pp-paccesnus pH
| H } + 0.04 <t <0.525 (r5B/c)? anst ummysbca 45 THB/c Geum
- ) 1., TPOBECHBI COTPYAHNYECTBOM I'EPA [75] Ha yckopuTtene
1 o V-70 N®B3. Pe3ynpTaThl U3MEPEHUN W3 JTaHHOM CTaThbU
npuBeneHbl Ha Puc. 2.20. OmgHOBpeMEHHO ¢ M3MEpEeHUEM
I 172¢  nomspusaruu corpyaanuectBoM ['EPA Gbut mostydeHs! U
naHHele 10 guddepeHanbHbM - cedueHusM  do/dt
F {-.30  ympyroro pp — paccesHus ¢ TouHOCcThiO 1-4 % B
o. 5 T UHTEpeCcyloleM Hac wuHTepBane 1o -t [76]. Dtm
(Gevic)?

Puc. 2.20 INonsipuzanus B ynpyrom pp-
paccestHum ipu umiyIsce 45 I'5B/c

pe3yabTaThl COBMECTHO IO3BOJIIOT ONPEICTUTH (PaKTop
KayecTBa JAU(PPAKIMOHHOTO MOJISIpUMETPa FoM*=p?.

dofdt (uem Oosbmie 3HaueHue FjM, Tem myuine

noxsipuMeTp). Pe3ynbraTel Beruncnenus GpakTopa kauecTsa npuBeaeHsl B Taon. 2.6. B HanOonee

WHTEPECHOM HHTEPBAJIE 0.075<-t<0.225 (FaB/c)2 C 3aMETHOH cpenHel acuMmmerpuei Ay =

(2.37+0.12)%, nzmepenHoi ¢ ~5%-HON OTHOCUTENILHON OIMOKOH, AuddepeHnanbHoe ceueHne

oAbt
XOpOIIIO omuckiBaetes  (Gopmynon [77]: da/ dt=2ae , rne a=(84.8+3.5) wm6/([B/Cc)® u

b=(11.42+0.35) (I'3B/c).

32 [TpuBenens pa3Mepsl AeTeKTOPOB 11 n3Mepenus npu 45 9B, npu 16 3B, Tpebyercst yBeMUUTh pa3Mepsl
% Figure of Merit
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Taba. 2.6 IMonsipusanust, KHHEMAaTHIECKUE ITapaMeTphl i (HOH AU(PAKIIMOHHBIX COOBITHI

-t, (Gev/c)* n=S/(S+B) P FoM, ub/ Oscat” Orec’
(GeV/c)?

0.04 —0.075 0.944 0.03+0.01 38,7 0.285-0.395 81.5-84
0.075-0.125 0.984 0.026+0.002 18,9 0.39-0.51 79.07-81.5
0.125-0.175 0.978 0.023+0.002 7.8 0.51-0.60 | 77.13-79.08
0.175-0.225 0.968 0.022+0.002 53 0.60-0.69 | 75.47-77.13
0.225 - 0.275) 0.960 0.016+0.002 1,6 0.69-0.76 | 74.01-75.47
0.275 — 0.325) 0.944 0.021+0.004 1,8 0.76-0.82 | 72.69-74.01
0.325 — 0.375) 0.924 0.009+0.005 0,2 0.82-0.88 | 71.49-72.69
0.375 — 0.425) 0.884 0.009+0.005 0,1 0.88-0.94 | 70.38-71.49
0.425 — 0.475) 0.861 0.009+0.008 0,07 0.94-0.99 | 69.33-70.37
0.475 — 0.525) 0.814 0.007+0.010 0,03 0.99-1.05 | 68.37-69.33

N3 Tabn. 2.6 cnenyer, uto hakTop KadyecTBa nosusgpumerpa FOM pacrer ¢ ymeHblieHrneM
KBaJpaTa 4-X MEpPHOro IepelaHHOro ummyiasca —t Omaromaps pocty auddepeHIualIbHOro
ceueHus. OTO cCpa3y HABOAMT HA MbICIb 00 H3YYEHHH BO3MOXHOCTH MCIIOJIb30BaHUS
OJTHOBPEMEHHO C JU(PAKIIMOHHBIM TMOJISIPUMETPOM U MOJSIPUMETPA, OCHOBAHHOTO Ha 3 dexTe
Kynon-saepuoit untepdepenun (KAN). [onspuzanus B ynpyrom pp- paccessHuM HE U3MEpPEeHA
npu umnynbce 45 [3B/c B obnactu KAU. Ognako takue n3mepenust Obuti mposeneHsl Ha RHIC
MIPU DPHEPTUAX B C.ILM. \s=6,8, 7,7, 13,7, 21,7 I'>B [18, 19, 20]. HalinenHbie myTeM MOIATOHKH
napaMeTpbl IPUBEJEHHBIX CIIMH — (PJIUMIMNOBBIX aMIIUTY Re Is u IM I's 6bu1n MHTEPIONIUPOBaHbI
K Hameil sHeprum Vs=9,3 I»B M 10 3THM mapaMeTpaM BHIYNCICHA AHATH3HPYIONIAs
crnocoOHOCT, mpu  uMmnyiabce 45 I»B/c.  YuutbiBas  OrpaHu4eHHbIE  BO3MOKHOCTH
TU(PPAKIMOHHOTO MOJSIpUMeETpa (€ro Henlb3sl UCHOJIb30BATh MPSAMO NPU U3MEHEHUH HMITYJbca
MOJISIPU30BAHHOTO TyYKa), MPEJCTABISETCS [EIECO00pa3HbIM  HCIOJIB30BAHNE MAPaUIEIBHO C
TU(PPaKIMOHHBIM M WHTEPPEPEHIIMOHHOTO MoNspuMeTpa. JlBa momsipumerpa MOryT padboTarth
NapajuleJIbHO TOJIBKO Ha JKUJAKOBOAOpoAHON MulieHu (ZKBM).

Kunemarnueckuit auanazon KAT B ynpyrom paccestHuM NpOTOHOB HaXOAUTCS B 00J1aCTH
oueHp Manbix mepegad mmmyibca: 0.002<-t<0.05 (IB/c)’. IIpuBICKAaTENBHOCTh HTOTO
nporiecca sl MOJISIPUMETPUNA COCTOUT B CIIeNyroIeM. Bo-TiepBBIX, CTMHOBBIE aCUMMETPHH B
3TOM IMPOIECCe JOCTATOYHO XOPOIIO H3Yy4eHbl TeopeThuecku [78, 79], duro mo3BojseT
UCTIOJIF30BaTh TAKOW MOJIIPUMETP | TPU PHEPTUSAX IyYKa, TJIe HET U3MEPEeHHBIX JaHHBIX. M, BO-
BTOPBIX, aCUMMeTpusi Ay JIOBOJBHO ciab0 3aBHCUT OT dHepruu. CpaBHUTEIBHO HETABHO OHA
6buta xopormo m3Mepena Ha yckopurene RHIC B BHJI ans HeckonbKHX 3Haue€HUH MMIyibca
nyuyka [80, 81, 82], B ToM uuClie U B HECKOJbKHX TOYKaX pabouero MHTEpBaJia UMITYJIbCOB
CITACYHAPM. MaxkcumanbHoro 3HaueHust ~(4-4.5)% acummerpusi Ay gocturaer npu —t =
0.003 (I'3B/c)?, a cpeaHee 3HaueHue, B3BELICHHOE ¢ ceueHueM Ha uaTepBane 0.002 < —t <0.05
(I'B/c)?, MOXKeT GBITh KOHCEPBATHBHO OLEHEHO PaBHBIM ~3%. CedeHHe YIPYroro paccesHuii B
TOM ke t-uHTepBase coctaBiser ~2.75 MO.

2.3.1.1 AGCOoIOTHBIN MOJSPUMETP Ha OCHOBE YIPYTOro paccesHus

Vcnonp3oBaHue mNOJSpUMETpa Ha OCHOBE YIPYroro paccesiHUs I03BOJISET CO31aTh
aOCOIOTHBIA MOJSIPUMETP KakK Ui MPOTOHHOTO, TaK M JUIsI aHTHIIPOTOHHOTO ITydka. MeTox
OCHOBaH Ha TOM, YTO aHAJIM3HUPYIOIIAs CIIOCOOHOCTH YIPYTOro PAacCEesHUS HE 3aBHCUT OT TOTO,
NOJISAPU30BAaH ITyYOK WJIM MUIIEHb. TakuM o0pa3oMm, Ui JT000H PHEPrHM MOXKHO CHadaja
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U3MEPUTh AHATM3UPYIONIYI0 CIOCOOHOCTh C WCIOJB30BAHUEM IOJIIPU30BAHHONW MHIICHH W
HETOJIIPU30BAHHOTO MTyYKa.

[lonapuzauus wmumenn cocraBiaser 75-90% (B 3aBUCUMOCTHM OT MCHOJIb3YEMOI'O
BEILIECTBA), @ TOYHOCTh H3MEPEHHS MOJIAPU3ALMHU MUIIEHH cocTaBisger 2-3%, 4To Majio 1o
CPaBHEHUIO C 0KUAAECMON TOYHOCTBIO U3MEPEHHUS MTOIAPU3ALIAHU ITyUKa.

Hwxe Oyner nmpuBeneHa OlleHKa BPEMEHH, HEOOXOIMMOTO ISl U3MEPEHUS MOJIIPH3AIHN
ny4yka, Kak C WCIOJB30BaHUEM aOCOJIOTHOTO TMOJISIPUMETPa, TaK M C HCHOJIb30BAHUEM
CYIIECTBYIOIINX JAHHBIX TI0 U3MEPEHUIO aHATH3UPYIOIICH CITIOCOOHOCTH.

2.3.1.20nenka BpeMEHH JJIsi HM3MEPEHHS TMOJISIPH3AIMHA IydKa IOJIIPHU30BAHHBIX
MPOTOHOB

OrneHka HEOOXOIUMOTO BPEMEHH Ui MU3MEPEHUS IMOJISIPH3AIUU B pp-pacCessHUH TPU
umnyiabce 45 I'B/c B unrepsane —t=[0,040-0.475] (FaB/c)2 MIPOBE/ICHA B MPEATION0KCHUH
uneanbHoi padotel (3 dexruBHOCTE 100%) MONsIpUMeETpa B 3TOM MHTEpBasie 1o t. CBETUMOCTh
L=w Nppx, rae v=0.1 — ckBaXXHOCTb IIy4Ka, OonpejensieMas Kak KOJIHUECTBO [IUKJIOB B CEKYH]TY,
|- MHTEHCUBHOCTH TyYKa B LIUKJIC, Na=6+10% — uncio ABoragpo, p — IIOTHOCTb MHIICHH, X —

34

—1n7 .
tommuHa muiieHd. Onenka mpoBeaeHa g 1=10" p/mukn™, MIOTHOCTH >KMIKOBOJIOPOIHOM

Zcex .

muieau p=0,07 F/CM3, u JumuHe MuineHd X = 50 cM. CBETUMOCTh COCTaBUT 2,1-1030 cM

Oo6riee oxumaemoe konmuectBo coObituii N(to)=L do/dt(ty) AtAplep npu cpeanem
3HaueHun o= 0,22 (l"aB/c)2 s unrepBana At=0,03(I'1B/c)2, ¢ a3uMyTalbHBIM aKCENTaHCOM
A@lp=0,17 (npu HCHOJB30BAHUU JBYX IUICYEBOTO CIIEKTpoMeTpa), auddepeHnnanbHbIM
cedennem dofdt(t)(0,22) = (8,32620,073) M6/(I'3B/c)? 3a omme dyac paGoOTH YCKOPUTEIS
cocrasut 2,1:10%°-8,326-10%70,03-0,17-3,6:10°= 3,21-10° mpoToHOB/uaC.

OcHOBHOW BKJIaJ B OIIMOKY HW3MEpPEHUS TMOJSIpU3AMU JaeT OIIMOKAa H3MEPEHHOMN
BEIMYMHBI aHanusupymomei crnocooHoctu (10%). [lpum m3Mepenuu mnomisipuzaliuyd Iydka C
touHocThio 14% (Tta >xe camas omuOka 10% mpu U3MEpEeHUU TMONSAPHU3ANUN TTy4YKa)
Ae=0,1-¢=0,1-Pg-Ay. Tlpun 3nauenusx Pg =0,4, Ay = 0,022 nonyuaem 418:0,88-10'3 U,
COOTBETCTBEHHO, HeoOXoimmasi cratmcrnka cocramser N=1/(4g)? = 1.29-10° coGerrmii. C
YYETOM TIOJYYEHHOW BBINIC CKOPOCTH HAOOpa CTATUCTHKH HAXOIWM TpeOyeMoe BpeMms IS

Habopa TakoW CTaTHCTHKH T=5-6 qacos®

. IIpy 3TOM TOYHOCTP B H3MEPEHHH CpEIHEH
MOJISIPU3AIMU TTYYKa OKAXKETCs, KaK Mbl OTMETWJIHU Bbie, 14%. MoXHO, C HCIONIh30BaHUEM
UMEIOIUXCS JaHHBIX, JOCTUYb TOYHOCTh B W3MEpeHuHu mnosspusanuu B 11%, ecnu ceipyro
aCUMMETPUIO H3MEPHUM C TOYHOCThIO 5%. OJHAKO TpHU 3TOM BpeMs Habopa CTaTUCTHKHU
yBeNUUUTCS B 4 pa3a (TO €cTh COCTAaBUT NPUMEPHO OJHH CYTKH). AHAJIOIMYHOE BpeMs
MOJIy4aeTcs MPU MCIIOJIb30BaHUU JAHHBIX B 00J1aCTH KYJIOH-S1€pHON HHTEp(epeHnn.

BaxHO, 4TO NpU HUCHONB30BAHUU H3BECTHBIX YK€ JaHHBIX TOYHOCTh H3MEPEHUS
noJjrsipu3al OrpaHu4c€Ha TOYHOCTBIO CYIICCTBYHOIIUX HN3MCPCHUMU. B Taxkoit CUTyallul TEM
Ooyiee HampamuBaeTCs IMPOBECTH a0CONIOTHOE 3HAYCHHE NOJSPU3AllUN, TO €CTh W3MEPHTh
3HaYeHWe aHaIu3upyome crnocoOHoctn Ay mpu TpeOyemoil sHepruu. s wu3MepeHus
aHAJTM3UPYIOIIEH CIIOCOOHOCTH C TOYHOCTBIO 5% TpebyeTcst meHee cyTok. Takum oOpa3om, npu
MHTEHCHBHOCTH Tydka 10’ TPOTOHOB 3a LMK, MOXHO JOCTHYb TOYHOCTH H3MEPEHHS
HOJISIPU3ALUHU IPOTOHOB 7% 3a HECKOJIBKO CYTOK.

% PacuerHas MHTEHCHMBHOCTH MOXeT nocturats 1.5-107 MIPOTOHOB 32 LUKJI, IPX 3TOM JIBE TPETH MTyUKa UMEIOT
CPENHION mossipu3annio okoso 40%.

% [Ipu ucnonb3oBaHUM B pacueTax MULIEHU JIMHON 20 CM U HHTEHCUBHOCTH | 108 TIPOTOHOB 3a LIUKJI BpeMs
coctaBuT 110-120 yacos.
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2.3.1.30meHKka BpEeMEHH I W3MEPEHUS TMOJAPH3AlMUA ITy4YKa MOJISIPU30BAHHBIX
AHTUIPOTOHOB

[IpenmymiecTBO HCIOIB30BAHMS YIPYIOr0 PACCESIHUA Ui U3MEPEHUs aOCOIIOTHOTO
3HAUEHUs IMOJIIPU3ALMU ITyYKa 3aKJIIOYAeTCsl B TOM, YTO JAHHBIM METOJ MOKHO HCIIOJIb30BaTh
TaKKe M Ui U3MEPEHMs IOJIAPU3aLMU IydKa aHTUIPOTOHOB, JUISI KOTOPBIX HET HUKAKHUX
9KCHEPUMEHTAIbHBIX JaHHBIX. OLeHKa HEOOXOJUMOro TpeOoBaHMs Ui IyYKa aHTUIPOTOHOB
npuBezeHa B padore [83], ucxons u3 mpeanonokeHus, 4YTo aOCOIIOTHBIC BEIHMYMHBI JAHHBIX
3¢ ¢dexToB AN NPOTOHOB M AHTUIIPOTOHOB JOJDKHBI cOBHanaTh. llpu oreHke BpeMeHH
VICIIOJIb30BAJIMCH JIaHHBIE Pa0oThl [84], B COOTBETCTBHU C KOTOPOW YIpPyrHe CEueHUs] HPOTOH-
IPOTOHHBIX U AHTUIIPOTOH-NIPOTOHHBIX B3aWMOJEHUCTBUI COBIAAAOT U paBHBl npu 16 3B

do/dt=(3.77+0.16) 10-27 mb/(I'5B/c)? mpu t=0.3 (I'3B/c)?.

JUis u3MepeHust aHaM3UpYrollel ciocOOHOCTH YIIPYroro paccesiHusl aHTUIIPOTOHOB Ha
IPOTOHAX IpH 3Hepruu nydka 16 I'SB ¢ ucnonb3oBaHMeM CyIIECTBYIOLIEH MOJISPU30BAaHHON
muieHu (cM. pazzaen 3.3) pocrarouno 50-60 dacoB. B jpaHHBIX pacuerax Opajach MUHUMAIbHO
BO3MOJKHAasi MHTEHCHBHOCTH ITy4Ka IOJIIPU30BAaHHBIX aHTUIIPOTOHOB (6-104 3a IMKJ), YTOOBI
Iy4OK IOJHOCTHIO MONAAal B anepTypy MOJIAPU30BAHHON MuIIeHU. J[JIs HENmoCpeACTBEHHOIO
U3MEPEHHUsl MOJSApU3alMU Iydka C OTHOCHUTENbHOM TOuHOCThIO 10% C ucnonb3oBaHUEM
KHUJIKOBOJIOPOJIHOW MUILIEHH TAaKOIo ke pa3mepa HeoOxoaumo eme npumepHo 300 yvacos. [Ipu
UCIIOJIb30BAaHUM KUJIKOBOJOPOJHOW MuIIeHH anuHoM 50 cM u aumamerpoMm 10 cM MOXHO
HCIIOMB30BaTh BCIO HHTEHCHBHOCTh MTydKa HONSPH30BAHHBIX aHTUIIPOTOHOB (IpUMepHO 3.6-10°)
BpeMsI U3MEpEeHUs yMeHbIlaeTcs B 15 pa3 u cocrasinseT 20 yacos.

2.3.1.4 Bo3MOXHOCTb BBIZICJICHHSI YIIPYTOro PP-paccesiHus

Jlis mpoBEpKH BO3MOXKHOCTU BBIJIEJIEHUSI YIIPYTOro PP paccesHus ObUIO MPOBENEHO
MojenupoBaHre MeroqoM MonTe-Kapno, 9ToObl OIEHWTh YpOBEHb (OHA U BO3MOKHOCTDH
BBIJICTICHUS CUTHAJIA C UCTIOJIb30BAaHUEM PEAJIbHON armaparypsl 1 pa3dpoca mydka.

[Ipn MozenupoBaHUM UCTIOIB30BATHCH MapaMeTphl Mydka (pa3Mep Mydyka Ha MUIICHU,
YIII0BOM pa3dpoc, MMIYILCHBIA Pa30opoC Mydka B COOTBETCTBUU C pasnenom 2.1.4 u Tabm. 2.2
Ju1st oHepruu 15 I'3B. [Ipy 3TOM y4UTBIBAJIOCH, YTO UMITYJIBC ITYYKOBOTO IPOTOHA U3MEPSIETCS C
TOYHOCTBIO 1% (MMITYyNbCHBIN pa3dpoc myuka coctaBisier 2%). Ha Puc. 2.21 moka3zaHs
VIJIOBBIE pachpeieiCHus] TPOTOHOB OTJAYM W PAcCestHUS JUIsl IBYX SHepruid, a Ha Pue. 2.22
JBYMEPHBIE  pAaCIpeleiIeHUs] KOOpAMHAT TPOTOHOB B  IUIOCKOCTSX COOTBETCTBYIOIIMX
JETEKTOPOB.

Theta for elastic rec proton )
hot Theta for elastic scat proton

Entries 10000 he11

Mean 1417 Entries. 10000

RMS 0.07869 4500 Mean 0.005988
)|

251

3

RMS 0.003417
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Puc. 2.21 YrnoBsle pacupeneacHus IPOTOHOB OTAa4H (CJIEBA) U PACCESIHUS CIIpaBa ist dHeprui 45 (cunuii) u 16
I'>B
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AVSY scatp
Xy [l
e Entries 712656
Mean x 0.01795
Mean y 0.004176
RMS x 11.79
RMS y 1177

YvsZ rec. el. p

201

10

101

201

Y MM
-200 -100 [ 100 200 300

308

-
|,
-

Puc. 2.22 PacnipezneneHue paccessHHbIX MIPOTOHOB HA IJIOCKOCTH TI€ HAXOANUTCS AETEKTOP PACCESHHBIX POTOHOB
(cmeBa) ¥ MPOTOHOB OTZIAYX HA IUIOCKOCTH TI€ HAXOIUTCS IETEKTOP OTAaYH (CIpaBa) Al YIPYTUX COOBITHIA.

Jlyisi BOCCTAaHOBJICHUS MCIIOJIb3YETCS YCTaHOBKA, MpeacTaBieHHas Ha Puc. 2.19 (MoxHO
UCIIOJIB30BaTh YacTh YCTAHOBKHM). PacueTsl MpOBOAMICH ISl IETEKTOPOB «IPEOCIIKOBOT0Y THIIA
(cm. kak npumep Puc. 2.13) ¢ pazMepoM CHMHTHILISIIMOHHOTO AJIeMEeHTa 6 MM (TO e€CTh miar 2

TpeOoBanoce momaganue OOEUX YAaCTHI B JETEKTOP M HAXOIMJIOCH IPOU3BEICHUE
TaHTCHCOB YIJIOB JUIA YacTHIl OTJaud M paccesHus. [lo peKOHCTPYHMpOBaHHBIM KOOpAWHATAM
MIOCTPOCHBI JIBYMEpHBIE pacrpenenenus mis ynpyrux (Puc. 2.23) u nqudpakumonnsix (Puc.
2.24) mporeccosB.

tg1*ig2 dph re

Entries 164612
Mean x 0.0001319
Meany 0.1119
RMS x 0.09906
RMS y 0.01749

1'5Aq), rad?

Puc. 2.23 [IponsBeneHNs TAHT€HCOB OT PAa3HHUIBI a3UMYTAJIBHBIX YIJIOB (TOJIBKO /IS YIIPYTHX MPOIECCOB C YUETOM
pa3mepoB netekropoB H3 u HS)

tg1*tg2 dph re

tg*tg,
1

34178
0.002153
0.07323
0.8391
0.08015

Puc. 2.24 To e, 4TO ¥ Ha NPEABIAYIIEM PUCYHKE, HO TOJIBKO JUISl TU(PaKIIMOHHBIX IPOLIECCOB
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Hcnons3ys nuaGopManuio 00 dTUX pacpeeICHUSIX U BBIOPaB CIACAYIONIINE TPEACIbI IS
-2<A@<0.2 wu 0.09<tg1*tg2<0.14, nmomydaeM OLEHKY AJsi OTHOIICHUS CHUTHajIa K (HOHY
S/(S+B)= 0.995. Ha Puc. 2.25 mnoka3zaHbl pacnpeieieHUs 10 HUMITYJIbCY 4YacTHIl JUIs
OTOOpPaHHBIX COOBITHH.

El. sca. Pmom El. rec. Pmom

]
 [Enties 157364 5 Entries 157364
Mean 15.94 Mean 0.2888

10t Jj RMS 0.3281

RMS 0.1585

2 2
—
—
3
TTTTIT

3
—
LU
T

Puc. 2.25 PacnipeseneHue 1o UMITYJIbCY pPacCesTHHBIX YacTHIL (CJIeBa) M YaCTHILl OTIauH (CrpaBa) Jist YIPYTHx
(cuHwuil) 1 TUQpPaKIMOHHBIX TPOLECCOB

2.3.2 HOJ'IHpI/IMeTpI/IH Ha OCHOBC MHKJIIFO3MBHBLIX 3apPsA’KCHHBIX ITMOHOB

I/I3MepeHHe CIIMHOBBIX aCI/IMMeTpI/Iﬁ B HWHKJIFO3MBHBIX ITPOHECCAX B HIMPOKOM CICKTPEC

SHEPruil Npu Jsor ~5 10 200 I'>B Haxommmocs B ¢dokyce 1enoro psaa 3KCIEPUMEHTOB B
TEYCHHE HECKOJIBKMX IIOCJIEJHUX  JecATWIeTUH. Bomnpekn paHHMM IpeAcKa3aHUsAM
neprypoatuBHoit KXJI, acummerpuss Ay B pOKICHUU 3apsHKEHHBIX ITHOHOB BIIEpE]] OKa3anach
6onbmoi, 10 ~40%, u ocTtaércsi TakOBOW BO BCEM JMamna3oHEe JOCTUTHYTBIX SHEpruid. ITo
nopoOHO oOcyxaaercs Takxe B pazaenax 1.2.2 u 5.1.3 u wmoctpupyercs Ha Puc. 1.6, rae
MoKa3zaHa MoAOOpKa pe3ylbTaTOB HECKOJIbKHUX HKCIEPUMEHTOB. VIMEHHO 3Ty OCOOEHHOCTH
OJIHOCIIMHOBOM acCUMMETpPHH Tpeasiaraercs ucnoib3oBats B mpoekte CITACHAPM.

[TogoOHoe xe moBeneHue Ay HaOIIOIATOCh TAKXKE M B MPOIEccax pr—mOX. Onnako,
abCOIIOTHBIE BEJMYMHEI Ay JUIS MHKIIIO3MBHBIX 77 NPEBBIIAIOT 3HAUYCHUS Ay 115 7° Goiee, yem
B aBa pasza. Kpome Toro, mnsi sHeprerudeckoro nuamazoHa CIIACHAPM ~10-45 I»B na
HACTOALIMN MOMEHT 110 3apsKEHHBIM TMOHAM HAKOILIEHO OO0JIblle JaHHBIX U JIy4dlled TOYHOCTH,
YeM MO0 HeWTpalbHBIM. bbUIO HaliieHO TakXke, 4To acuMMeTpust Ay B Iporeccax pTA—>7riX Ha
Apax yrjiepoja NpaKTUYECKH HE OTINYAETCS OT pr—>7rOX [22], u, kak MUHEMYM, 10 MEIH HE
POCMaTPUBAETCS HUKAKOH 3aBHCHMOCTH OT SIIEPHOTO cocTaBa Muteru [85, 86, 87].

Hcexons w3 3TOro, NpeuiaraeTcsi HCHOJIb30BAaTh CYHIECTBYIOLIMM pe3ysnbTar s
W3MEpEHUs TnojsApu3aiuu mydyka. ONTHUMaIbHBIM IPEACTABIAETCS HCIOIb30BaTh JaHHbIE
skcniepuMenta E925 mpu 22 1B, Tak kak pe3ynbTaThl JAaHHOTO KCIIEPHMEHTA TONYYeHBI C
Hauy4duen TOYHOCTBIO . W3mepenune OAHOCHUHOBBIX acUMMeETpHid, BKIO4Yas Ay B
WHKJIFO3UBHOM POXKJICHHUH JIETKMX ME30HOB, SIBJISICTCS BaKHEUINIEH COCTABISIONMICH (PU3NUECKON
nporpammbl CITACUAPM. DTo0 03Ha4aeT, 4To BCE€ HEOOXOIUMBIE JaHHBIC IS TOJAPUMETPUN
Ha WHKJIIO3UBHBIX IMHOHAX MOTYT ObIThb moiydeHbl B camoMm crnektpomerpe CITACYHAPM, u
HUKAKOe JIpyroe JOIMOJIHUTEeNbHOE OOOpyJoBaHHE He moTpedyercs. JleTeKTop YCTaHOBKU
CIHACYAPM npeacraiser coOOH IIMPOKOANEPTYPHBIA CHEKTPOMETP Ui 3apsDKEHHBIX U
HEUTpabHBIX YaCTUIl C XOpoIIeH HMIAeHTU(UKaAIMeld, UMEIOIUi 27-akcenTaHe Mo a3uMyTy, B

% Jlpyrum apryMeHTOM SBISETCS GIIH30CTh SHEPrHH (M BOOBILE BO3MOKHOCTb IIPOBECTH H3MEPEHHS IIPH TOMH 5Ke
9HEPTHH).

66



KMHEMATHYECKOM JHAla3oH M0 MepedyHoMy uMIyiabcy Pr<2.5 IaB/c m 0<Xg<l (merambHoe
onucanue cocrana aeTekTopoB CITACHAPM copepxutcs B pazjeie 3).

[IpuBeneHHbIE HUKE OIIEHKH MOJYYEHbl KIMEHHO Ha OCHOBE PE3YJIbTATOB HKCIEPUMEHTA
E925. B Tabn. 2.7 u Tabn. 2.8 npuBeneHb! OLIEHKH AJIs1 CKOPOCTH HAOOpa CTATUCTHKH U BPEeMEH
HKCIO3ULIUHU, HEOOXOAUMBIC ISl U3MEPEHHS MOJISPU3ALMU IPOTOHHOTO MyYKa ¢ UMITYJIbCOM 22
[3B/c co craructrueckumu omuodkamu AP/P24% (AP/P210% s P240%).

Ta6ﬂ. 27 CKOpOCTL Ha60pa CTAaTUCTUKH U OLICHKH BpeMeHI/I JUIsL I/I3MepeHI/Iﬂ HOHHpI/I3aHI/II/I HpOTOHHOFO quKa B
pTporzX

peakuuu Ha >)KMJIKOBOAOPOAHON MullieHu AyinHoM 20 cM. pyrue neranu B Tekcre. IlokazaHbl TOJIBKO
CTAaTUCTHYECKHE OMHUOKH st Ay U3 pabOTHI [22]%.
ITapamerp aust 0.55<x_ <06 0.6 < x_ <0.65 0.65<x_ <0.7
pTp—>rX (p,)=0.7 MBle (p,)=0.7 TBle (p,)=08TB/c
An, % 15.7+1.5 23.7+£2.0 29.1+£29
Heooxomumoe Neyents ~5.5x 10 ~2.5x 10 ~1.6 x 10*
Ceuenue o, U6 ~15 ~7 ~4
Nevents/IIMKIT ~12.7 ~6.0 ~3.4
Bpewmst uamepenuit ~10.8 yac. ~10.4 gac. ~11.8 4ac.
Tabn. 2.8 To xe camoe, uro u B Tabm. 2.7, HO AN peakuuu pTCo7X Ha MUIIEHHU U3 rpaduTa TOIIIHOHN 4

cM. TToka3aHbl TOJMBKO CTATHCTHYCCKUE OmMOKU 1t Ay U3 paboTe [22].

ITapamerp 1ist 0.55<x_<0.6 0.6 <x_<0.65 0.65<x_<0.7
pTC—z'X (p,)=07 IBlc (p,)=07 IBlc (p,)=0.8 Bl
An, % 125+ 1.1 22.8+1.5 302+24
Heo6xoxumoe Neyents ~8.7 % 10" ~2.6 x 10° ~1.5 % 10"
Ceuenue o, U6 ~110 ~50 ~30
Nevents/ TIAKIT ~48 ~22 ~13
Bpems uzmepennii ~4.5 yac. ~3 yac. ~3 yac.

VIHTEeHCUBHOCTh  MOJISIPU30BAHHOIO IMyyka B O3TUX OLEHKax Ipeanojaraiach
KOHCEPBATHBHO paBHOi 10° MPOTOHOB 3a IMKJ YCKOPUTEINS C HHTEPBATIOM MEKIY LUKIAMH 9
ceK (4To Ha MOPSAIOK HH)KE pacueTHOW HHTEHCUBHOCTH). M3MepeHHble 3HaueHus Ay A
MHKTIO3MBHEIX 770 B P 1 P (Tabm. 2.7)u p T C(Tabn. 2.8) CTONKHOBEHHMSX B3ATH W3 PaGOTHI
[22]. Ouenku cedeHnii ¢ ceNaHbl TakXkKe 110 U3MEPEHHsIM [22], HOPMHPOBAaHHBIM Ha JIAaHHBIC
nyonukaiuu [88].

PesynpraTthl mpenctaBieHbl IS TPEX KUHEMATHMUYECKUX Auana3zoHoB. OOecrnedyeHue
CTaTUCTHUeCKOW ommOku B 4% TpebyeTcss s KaXJIOro Jdama3oHa pa3MepoM
AXe xAp; =0.05x0.1 I'sB/c. Ucnonp3oBaHue AAHHBIX A 7 -ME30HOB JAcCT €IIE HEKOTOPOE

YIYYIICHHUC TOYHOCTH, XOTA MHKIIO3UBHOC CCYCHHUC POXACHHU OTPHUIIATCIIBHBIX ITMOHOB B PP U

PA peakIusax 3aMETHO HIDKE, YeM TOJOXKHUTEIbHBIX [22].

8 Ominbka HOPMHPOBKHU NOJISIpHU3AIIUU ITYYKa B obenx Ta6m/1uax HC BKJIFOYCHA.
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Takum oOpa3oM, OIEHKH CBUJIETEIBCTBYIOT, YTO 3a HECKOJIBKO YacOB JKCITO3UIIHH
MOJIIPU3AIUsl TPOTOHHOTO MMyYKa MOKET OBITh U3MEPEHA CO CTATUCTUIECKOM TOYHOCTHIO ~3-5%.
M3mepeHusi MOTYT OBITh BBIIOJIHEHBI KaK ¢ KPUOTCHHOM KHJIKOBOJOPOJHON MHUIICHBIO, TaK U C
0oJiee MPOCTHIMU B OOPAIICHUH SIICPHBIMUA MUIICHSIMHU.

ToYHOCTH UMEIOIIUXCS K HACTOAIIEMY BPEMEHHU IKCIIEPUMEHTAIbHBIX JaHHBIX Uit Ay B
WHKJIIO3UBHOM POXIEHUU 3apsDKEHHBIX IMHMOHOB BIIOJIHE JOCTATOYHA JUISl MCIOJIB30BaHUS B
HEJAX MPOBEPKH (PYHKIIMOHUPOBAHUS CUCTEMbI MeUCHHs. BHe COMHEHHUs, TOYHOCTh 3HaHUSA Ay
JUIl  WHKJIIO3UBHBIX IMOHOB OyJIeT yiydllleHa B TMPOIECCe pealu3aldd MPOrpaMMBbl
CITACYHAPM. Crnenyer TakXke OTMETHUTb, UYTO JIaHHBIE HU3MEPEHUS MOKHO IOJATBEPIUTH
M3MEPEHHEM OJJHOCITMHOBOM aCUMMETPUH OTPHUIATEIIbHBIX THOHOB.

CrouT OTMETHTh, YTO B IIOAXOJC, OCHOBAHHOM HAa WHKIIO3UBHBIX IIMOHAX, B
skcriepumente CITACUHAPM npakTudeckd HET BO3MOKHOCTH BBIIOJIHUTH HEOOXOIUMBIE
JTOTIOJTHUTEIbHBIE U3MEPEHUsI aCUMMETpUU Ay Ha TIOJIIPU30BAaHHOM MPOTOHHOW MUIIEHU C TEM,
YTOOBI 3aT€M HCIOJIB30BaTh UX PE3YIbTATHI I MOJIPUMETPUH (aHTHU)IPOTOHHOTO IMydYKa TOU
ke sHepruu. JIJis 3TOW Lenu MpUIUIoch OBl cIenaTh U3MEPECHHs Ha IMOJISPU30BAaHHON MHILICHU
JUTSL POKJICHUS TIHOHOB B «3aJIHIOI0» TMoycdepy Mo OTHOLIECHUIO K HampaBlieHUIo mydka. Ho B
npoekte yctaHoBKM CITACYUAPM He npeanonaraercsi HaIM4YUE «3aJHEr0» CIIEKTPOMETpa s
3apsDKEHHBIX YacTull. JlomomHeHue ke e€ TaKuM CHEKTPOMETPOM MPEACTABISIET CO00 O4YeHb
CEPbE3HYIO U JOPOTOCTOSIIYI0 MOAU(DHKAIUIO B IIEJIOM BCETO IKCIICPUMEHTA.

2.3.3 Tlonspumerpus Ha ocHOBe dddekra [IpumakoBa

Eme omHuM BO3MOMKHBIM CIIOCOOOM HW3MEPEHHUsl TOJIAPH3AIMH ITYYKOB MOXXET OBITh
MeTo]1 Ha ocHoBe 3¢ ¢ekra [Ipumakosa. [Ipouecc [IpumakoBa Obl1 BBeieH B HayKy B 1951 rony
[89], rue BriepBBIe OBLIO MMOKA3aHO, YTO MIMPUHA PATHAIIOHHOTO pacaa apoHHOTO pe30HaHCca
CBsI3aHA C CEYCHHMEM O0pa30BaHMs ITOrO PE30HAHCA aJpOHAMU B KYJOHOBCKOM Moie sijapa. B
nomsipuMerpe [IpHMaKoBa HMCIONB3YeTCs MCCOLMAIHS MPOTOHA B Mapy pa’ B KYIOHOBCKOM
noje sJIepHOM MulleHu c OosbIIOi BenmuuuHOW 3apsina Z: pZ— pyZ — pnOZ, roe y —
BHPTYaIbHBIA (DOTOH. DTa peakiysi CBsi3aHa ¢ (OTOPOXKJICHHEM 7 -ME30HA Ha MPOTOHHOM
MUIIEHU TPU HU3KUX DHEPIrUsiX (U3MepeHHas acuMMeTpust coctaBuia ~90% B 001acTH sHEpruit
500-800 M»5B). Takum o00pa3oM, NOJSIPU3ANUIO TPOTOHHOTO ITy4Ka MOXKHO HW3MEPHTb,
WCTIONB3ysl M3BECTHYI) ACHMMETPUIO HHU3KODHEPIETHUHOrO (POTOPOXK/ICHHS 7 -ME30HOB KaK
AHAJTM3UPYIOIIYIO CIOCOOHOCTH PEAKITUH.

Kak Obuto BmepBele moka3aHo IIpumakoBeiM u  coaBtopamu [90], mmpuHa
paIualMoHHOIO Pacaaa aApOHHBIX PE30HAHCOB MOXKET OBITh CBS3aHA C CEUEHHEM 00pa30BaHuUs
pe30HaHca MpHU B3aMMOJAEHCTBHM aIpOHOB B KyJlOHOBCKOM moiie aaep [91,92]. O0mas ¢popmyna
JUIS 3TOM CBsI3U, BKJIIOYasi CIIMHOBHIE HaOIrogaemble, Obula onucaHa Maproiucom U Tomacom
[93]. CoBpemennsblit ananus mporecca [Ipumakosa mpeacrasieH B [94].

Koria KOHEUHOE COCTOSHHE pm JBWXKETCS MOYTH BIIEPEI, TO €CTh C OYCHb MAIBIM
UMITYJIBCOM, TIEpeIaHHBIM OT MPOTOHA SIPY, B PEAKIMH JOMHUHHPYET OJTHO(POTOHHBIH OOMEH.
@deifHMaHOBCKas quarpamma Juist "peakiuu' BKIIOYAET aMIUIUTYy "BUPTyanbHbIH QOTOH" + p
— 710 + p ¥ IS OYeHb MaJIbIX IIEPEIAHHBIX UMITYIbCOB B Tporecce IIpimakosa, ckaxem |K?| ~
10 (MB/c)?, rae k - 4-uMmynbe BUPTYaabHOTo GOTOHA, BUPTYATbHBI (OTOH HAXOIUTCS TIOUTH
Ha MacCOBOH MOBEpPXHOCTH. TakuM o0pa3oM, ¢ OYEHb XOPOIIEH TOYHOCTHIO ANIPOKCHUMALUU
MOYKHO paccMaTpuBaTh aMILTUTYAY C BUPTYalIbHBIM (POTOHOM, KaK (PU3NYECKYIO aMILTUTYAY IS

HACTOSALIETo npoiiecca GoTooOpa3oBaHMsi, KOTOPBIA H3ydalcsl IPU HU3KUX U CPETHUX IHEPIHsIX
[95].
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3amevaTelbHOW OCOOCHHOCTHIO JTAHHOW PEaKIMH SIBISIETCS TO, YTO JaXe TPHU OYCHB
BBICOKHMX JHEPTHSX HAYAIBHOTO MPOTOHA, SHEPTUs B C.IL.M. JUIs peakiuu (GoTroodpa3oBaHus C
BUPTYaIbHBIM (OTOHOM Maja. Takke SKCIePUMEHTAIBHO YCTAHOBIEHO, YTO AHAIU3HUPYOIIAs
CIOCOOHOCTh peakiuu (oTooOpa3oBaHUS TPH ITUX JHEPrusx Benuka u gocturaer -90%
[95].Mnest ucnonb3oBanust 3ddekra [IpumakoBa s W3MEpEHHs MOJSPU3AIMHA IPOTOHHOTO
ny4ka Obl1a npemioxkena JpiiBom Aunepsynaom [96].

DKcrepuMeHTANIbHbIE BO3MOXKHOCTH TMOAXO0/a OBbLUTM BIIEPBBIE MPOJIEMOHCTPUPOBAHBI B
1989 r. Bo ®HAJI (CIIA), rme Obula M3MEpeHa aHAIM3UPYIOIIAS CIOCOOHOCTh PEaKIuu
[IpumakoBa Ha MPOTOHHOM ITy4YKe ¢ uUMITyiabcoMm 185 I'»B/c m m3BecTHOW monspu3anuend u
[0KAa3aHO, 4YTO OHA HAXOJHWTCA B COOTBETCTBHH C TCOPETUYCCKUMHU OXkuganusmu [97].
Ananusupytonasg crnocodHocts T(0) korepeHTHOro KyiaoHOBCkoro mpouecca -0.57+0.12
(cratuctiaeckas) £0.19 (ommbOka HOPpMUPOBKY M3-3a (pakTOpa pazdaBIICHHS) B TUANa30HE MACC
m°p cucrempr 1.36-1.56 TaB/c® u Oy, = 60° — 120°. Amamusupyiomas crocoGHOCTH
doTooGpasoBanus 1, ycpeaHEHHasl IO TOW K€ KMHEMaTH4ecKoi obnactu coctaBisger -0.65 +
0.04.

Jlia u3aMepeHus Moyspu3allvu Mpu ucnonb3oBanuu dddekra [IpumakoBa mianupyercs
UCIIONIb30BaTh MPEHU3UOHHBIH TOHKOCETMEHTHPOBAHHBIM KaJOPUMETpP THIA «IIAILIBIKY,
BXOJIIIMA B COCTaB JKCIICPUMCHTAIBLHOW YCTAHOBKH. JlJIs ompemencHus BO3MOXHOCTH U
BPEMCHH U3MEPEHUs OYCT MPOBEICHO JIOTIOTHUTEIFHOE UCCIICIOBAHHE.

2.3.4 Pe3ioMe 1o U3MEPEHUIO MOJIAPU3ALUU TyUYKa

IIpu co3gaHuu myyka MOJISPU30BAHHBIX (AHTH)IPOTOHOB 3HAHUE MOJIAPU3ALUHU ITy4yKa
MOXXHO TIOJYYHTh HE TOJBKO HCIOJIB3ys pPacdyeThl W CHCTEMY MEUYEHHs, HO W TPOBEIs
JIOTIOJTHUTENIbHBIE HM3MEpeHHs. LVICTonp30BaHME YNPYTUX TMPOIECCOB JIISL  OMpPEeSICHHS
a0COJIIOTHOTO 3HAYEHUS TOJSIPU3AIMH MO3BOJSET MPOBOIUTH W3MEPEHUS TOJSPU3AINH TydKa
(aHTH)IPOTOHOB JIsl 7000 3Hepruu 4yactull. [IpoBeneHHbIE pacyeTbl IOKa3bIBAIOT
BO3MOXXHOCTh HM3MEpPEHHs TaKOH IOJSApH3AlMHA 332 JOCTATOYHO Majioe BpeMs Ui MPOTOHOB
(Heckonmpko dYacoB) u mpuMepHo 200 dYacoB Ans  U3MEpEHHUs MOJSApU3ALUU  IydKa
AHTHIIPOTOHOB ",

Vcnonb3oBaHne M3BECTHBIX JAaHHBIX IO OJHOCIMHOBON acCHMMETPUHM PpOXKACHUS
3apsHKEHHBIX TTMOHOB MO3BOJISIET U3MEPUTh MOJIIPU3AIMIO MydKa ¢ sHeprueit 22 3B (ucnonb3ys
W3BECTHBIE NaHHbIE skcnepumeHTa E925) 3a Heckonbpko (5-10) wacoB. Jlannas mporiemypa
MO3BOJISIET TPOBECTH «KAJTHMOPOBKY» CHUCTEMBI MEUEHHs ITy4Ka, KOTopas OyAeT peabHO
WCTIOTB30BAThCS TSI OTIPEICITICHUS TIOJISIPU3AITUH.

Crnemyer OTMETHTh, YTO TOJNSIPUMETp HaA OCHOBe mporecca [lpumakoBa (c
aHanmu3upyomei cnocodHocTeio B 90%)  sBisiercsi, 0€3ycIOBHO, YHMKAJIbHBIM IMPUOOpPOM B
CpPaBHEHHHM C JPYIMMHU IUIAHUPYEMBIMH TOJSPUMETPAMH, B KOTOPHIX aHAJIU3UPYIOIIAs
CHOCOOHOCTH rOpa3io MEHbIIIE.

2.4  Cucrema MmarHuToB «3Meiika» (Spin flipper) mis moBopora nonsipusauu

CucremMa MOBOPOTHBIX MAarHHTOB «3MEHKa» TOKHA COCTOSTh M3 MArHHTOB, KOTOPBIE
MO3BOJISAT M3MEHUTh OPHUEHTAIIMIO BEKTOpA IMOJSIPU3AIMKM ITyYKOBBIX YaCTHIl (IIPOTOHOB HJIH
AQHTHUIIPOTOHOB) OT OJTHOTO HAMPABJICHHUS K JIPYroMy. JTa CUCTEMa HE J0JDKHA BHOCUTh HUKAKHX
NPOCTPAHCTBEHHBIX WM YIJIOBBIX UCKAXCHUW B ONTHYECKUE MMapaMeTphl Mydka. Bee cMemeHus

38 o
300 gacoB ¢ Y4€TOM BpEMCHU, HCO6XOL[I/IMOFO JJI U3MCPCHUSA aHAJIU3UPYIOLICH CIIOCOOHOCTH
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Y OTKJIOHEHMsI TPAEKTOPUH MyUYKa JOJKHBI KOMIIEHCUPOBAThCS BHYTPHU 3TOW CUCTEMbI MAarHUTOB.
«3meiikay OyaeT pacroyaraThCsi BOIM3M KOHEYHOTro (poKyca KaHajla MOJIIPH30BAHHBIX YaCTHUI]
24A, HEeOCPEACTBEHHO MEPE] MULICHBIO SKCIICPUMEHTA.

Crnenyer OTMETHTHh, YTO B OTJIMYHE OT KaHala TMOJSAPU30BAHHBIX MPOTOHOB H
anTunpoToHoB B @epmunade B 80-90-x rogax mpomuioro Beka (3xcnepumenTsl E-581 u E-704) B
KaHaje 24A aHaiu3 IydKa [0 UMITYJbCY OyJdeT BECTUCh B TOPU3OHTAIBHOM IUIOCKOCTH, a IO
NOJISIPU3ALUHI B BEPTHKAIBHON TUIOCKOCTU. MaTpuiia nepeayn eAMHUYHAs U B TOPU30HTAIBHOM,
U B BEPTUKAIBHOMH IJIOCKOCTH.

Cucrema «3Mmeiika» kaHana 24A OyzieT UCIOJIb30BaThCA AJIs ABYX LIEJIEH:

1) mepHOIMYECKOr0 HM3MCHCHHWsSI HANpaBIICHHS BEKTOpa IMOJSpU3allMMd  Iydyka Ha
IPOTHBOIOJOXKHOE HANpaBIE€HUE JJIsI YMEHBIIEHUS CUCTEMaTHMYECKUX  OIINOOK
9KCHEPUMEHTa U

2) MOBOpOTAa HAMpaBJiCHHs CIHMHA OT BEPTHKAIBHOrO HampapieHus (Hampasierue N),
KOTOpoe OyJeT METUTbCA CTaHIMed MeuyeHHs, K IMPOJOJbHOMY HalpaBJICHUIO
(manpaBnenue L), 94T0 HEOOXOIUMO AJISt pa3IHMYHBIX SKCIIEPUMEHTOB.

[Ipennonaraercst paborate Ha KaHaie 24A ¢ PHEprusMu Mmydka B quamnazone 10-45 IB.
Ecin monst B MarHuTax «3MeHKW» OyayT NEpHEHAMKYJISPHbI K HANpaBiICHUIO IydKa, TO
MnpeumMynicCTBOM TaKOM CHCTEMBI 6YI[6T TO, YTO I JAHHOI'O yrjia NpCeucCCuu CliMHa BCIIMYMHA
HOJIS IOYTH HE 3aBUCUT OT UMITYJIbCA YACTHUIIbl B HALLIEM JHANa30He SHEPrHi MmyJKa.

Huxe cymmupoBaHbl TpeOOBaHUS K «3MEHKE».

2.4.1 TpeboBaHUS K CHCTEME ITOBOPOTA CITMHA

— Ilpeanonaraercs, 4TO0 Ha BXOJ€ B «3MEHKY» IYYOK COCTOMT HW3 TpPEX YacTeu: C
nonspuzanueit P(+),P(0) u P(-) (B ckoOkax yka3aHbl HAalpaBJICHUS MOJISIPU3AIMIA BBEPX
10 BEPTUKAJIH, YCIOBHO HYJIEBas MOJISIPU3AIMS U BHU3 TI0 BEPTUKAIH COOTBETCTBEHHO).
HeobxonnMo ocymiecTBUTh MOBOPOT nossipu3anuii Ha 180 rpagycoB BOKpPYT OCH IMydKa.
Ha3zoBeM 3T0 peBepcoM Mosisipu3alui.

— Ilomepeunyro Ha BXOJA€ MOIAPU3ALMIO CHCIATH HA BBIXOJE <« 3MEUKH» IPOJOIbHOM,
HaIIPaBJIECHHOM B OJTHOM CIIy4ae BJOJIb, B JPYIrOM IPOTUB HAIIPABJICHUS UMITYJIbCA ITy4YKa.

— Ilpwm onepanusx, ykazaHHbIX B IyHKTax | W 2, mapameTpsl ITy4Kka, a UMEHHO, pa3MepBhl,
YIJIOBBIE PACXOJMMOCTH, TAKXKE KaK OCh ITydKa HE JOJDKHBI MEHAThCS. [Ipu 3TOM nomycka
Ha U3MEHEHUs MOTyT ObITh HUXke 10%.

— Jlenonspusyromuii 3pPext ot «3Meiku» 10keH ObITh Ha Bbixoie Huxke 10%.

— Bpewms peBepca MarHuTHOTO TMOJSI «3MEUKH» HE JTOJDKHO NMPUBOAUTH K MOTEPE BPEMEHU
Ha nyudke Bbiue 10%. Hanpumep, ecim Mbl coBepiiaeM peBepc MOJIIPU3aLUU KaXKIbIH
qac, TO PEBEPC MOJIs AOHKEH 3aBEPIIMTHCS. MEHBIIE UeM 3a 6 MUHYT.

— Ha skcniepuMeHTanbHYI0 YCTAaHOBKY B OH-JIAlH PEeXUME JO0JDKHA MOCTYNaTh HHPOpMaLus
O COCTOSIHUU «3MEUKN» B TaHHBIA MOMEHT B CEAHCE.

—  «3Melikan AOJIKHa pa3MECTUTHCA Ha JJIMHE HE 0oJsiee BOCBMU MCTPOB HAa KaHAJIC.
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— TpeboBanusi K BHYTPEHHHM pa3MepaM OMPEICNISIIOTCS pa3MepoM ITydKa Ha BBIXOJE W3
MOCJICIHEeH JUH3BI (Tepes «3MEHKOW»), KOTOpbIe COBMANAIOT ISl aHTH-TIPOTOHOB C
sueprueit 14 I'5B u npotonoB ¢ sneprueit 40 9B (MakcumanbHbIi 3axBar) - 120 MM 110
ropu3oHTany u 160 MM 1o BepTUKaIU 110 OCHOBAHUIO.

2.4.2 TlpoekT cucTeMbl MOBOPOTA CIIMHA I KaHaia 24

[IpoexT cucremsl MOBOpOTA cuHa I KaHana 24 noarorosieH rpynmnoit UAO CO PAH
nox pykoBoactBom IO.M. IllarynoBa. OCHOBHBIE HAEM M HapaMeTpbl JAHHOM CHUCTEMBI
npezcrasieHbl B padore [98]. Kak yka3aHo B TpeOOBaHHSIX K CHCTEME IIOBOPOTa CIIMHA, 33]a4a
CruH-(UIMIIIIepa YMETh HE TOJBKO MEPEBOPAYMBATH CIMH HYKJIOHA HA TPOTHUBOMOJIOXKHBINA, HO
TaK)Ke MEHATH TOINEPEUHYI0 MOJSPU3ANHNI0 HAa MPOoaosibHYr0. OOImmii MeTox uisl MOJ00HBIX
CUCTEM, OCHOBAHHBIN Ha UCIOJIH30BAHUH T'eIMKOUIATBHBIX MATHUTOB, OBLT YCIICITHO PUMEHEH
Ha yckoputene RHIC [99]. [Tpocretimias 3Melika COCTOUT U3 JABYX IEIMKOMIATBHBIX MAarHUTOB C
MIPOTUBOIMOJIOKHBIM HAIIPABIIEHUEM BpAILlEHUs U YEThIPEX KOppeKTUpyroux maruuToB. Ha Puc.
2.26 nmoka3aH IpOoeKT 0OMOTKH T'eJIMKOHUIaIbHOTO0 MAarHUTA.

00MOTKA MATHHTA

N N N

Puc. 2.26 INpoekT nu3aiiHa sipMa # 0OMOTKH OJJHOTO TeIMKOMIANEHOTO MarHuTa (Ha TaHHOM PUCYHKE OCh Z
COOTBETCTBYET BEPTHKAIILHOMY HAIPaBJICHUIO)

MarnuTHOe 1mojie ABYX TeIMKOUIATbHBIX MarHUTOB U ONTUMAJIbHAS TPAEKTOPHUS YaCTHI]
npencTaBieHsl Ha Puc. 2.27. JInsg KOppeKIuHu TPAaeKTOPUH YaCTHUI] HEOOXOIMMO HCITOJIb30BaTh
KOPPEKTUPYIOIIHE MAarHUThI (OTMEUYCHBI CHHUMH TPAMOYTOIbHUKAaMK Ha Puc. 2.27). Yka3aHHas
TPAEKTOPHS NOKa3aHa ISl €AMHUYHOW MAaTPHULIbI CHCTEMBI.

orbit (cm)

Bx, By

20n

0 100 200 300 400 500 600 W w e W

z (cm)

Puc. 2.27 MarautHoe 1oe JByX relIMKOMIAIbHBIX MArHUTOB U TPASKTOPHS YaCTHL] BHYTPH 3MEHKH IIPH
€IMHUYHOM MaTpuIe
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PacueTsl moka3pIBaroT, YTO KaK MUHUMYM 97% NOJsIpU3aluy COXpaHsIETCs IS BCEX

komroHeHT. Ha Puc. 2.28 nmokazanbl CIUHOBBIE TPAEKTOPUH JUISI BEPTUKAIBHON U MTPOAOIBHOM

KOMIIOHCHT. O6H_[I/Ie CBOMCTBA CHUCTEMEIL:

— TEJMKOWUIAIBHBIA MArHUT, MAKCUMAJIbHOE TI0NE Bmax = 47 KGS; mimHa A=2.5 m:

— Koppexkrupyromue qunonsabie MaruuThl; uimHa | =30 cm; mone B= 23 kGs.
OOmiast ;yIMHA cUCTEMBI — 6.5 M, CIMHOBAs MPO3pavyHOCTh — 97%.

OxoHuaTenbLHas pazpa60TI<a OITHYECKON CHCTEMBI

MOJKET OBITH BBIIOJHEHA B

HoBocubupcke, usroropneane B HUL[ «KypuatoBckuii mactutyt» — UGB wm B OUSAN

(Hybua).

- \ / \
I [-0.967 e ‘ ‘ \/ \

Puc. 2.28 CniHOBBIE TPAaGKTOPHH JIJIsI IONIEPEUHOIt (clieBa) M POAOJILHOM (CrIpaBa) MoJsipU3anuii
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3 OxkcnepumeHTanbHas yctanoBka CITACHAPM

DKCcnepuMeHTalbHasl YCTaHOBKAa JIOJDKHA O0eCIeuuTh TpeOOBaHUs, HEOOXOAMMBIC IS
n3mepenus pusnueckux 3¢dexkToB. Huxe mepedncieHHble OCHOBHBIC TPEOOBaHUS, UCXOs U3
KOTOPBIX OMPEAEISETCS COCTaB 000PYIOBAHUS:

— Perucrparust BTOpUYHBIX 3apsDKEHHBIX 4acTUIl B auamnazone ot 500 M»aB mo 50
I'>B B 60J1b1110M TEJIECHOM YTJI€ M B TIOJIHOM a3UMYTaIbHOM YTJIE.

— Peructpamuss ramma-xkBanToB B amamazoHe ot 200 M»sB mo 50 I»B (c
BO3MOJKHOCTBIO TIEPECTPOMKH SHEPreTUUECKOW IKaJIbl TPH HEOOXOAWMOCTH) B OOJIBIIOM
TEJICCHOM YIJIE U B ITOJTHOM a3UMYTAJIBHOM YTJIC.

— Wnentudukanys 3apspkeHHBIX yacTull B uanasone ot 1-20 I'3B.

- Bo03MOXXHOCTB perucTpanuu pacrajgoB BTOPUYHBIX YACTHUII, BKIIIOYAs TUTIEPOHBI.

- Bricokoe koopAMHATHOE pa3pelleHrue MYYKOBBIX YacTHUIl, MPEXAE BCEro MAis
MCCJICIOBAHMS YIIPYTUX MPOIIECCOB.

Kpome Toro, nist ucciaenoBanus 4apMOHUSI HEOOXOAMMO UMETh:
- NmmnynscHoe paspemienue Ha yposae 0.4% npu 10 I'3B/c.
- DHEPreTHIeCcKOe Pa3peLICHHe MIEKTPOMArHHTHOTO Kanopumerpa 3%/E.

[MpuHnMnuanbHas cxeMa yCTaHOBKM mnpuBeneHa Ha Puc. 3.1, DkcnepumeHTanbHas
YCTAHOBKA COCTOMT U3 CIECAYIONIMX OCHOBHBIX Y3JIOB:

- ITyukoBas ammapaTypa, MO3BOJISIOUIAs PerucTpupoBath 10 107 wactuir 3a copoc
YCKOPHUTENS, Uil ONpPEAETICHUs] KOOPAWHAT MYYKOBBIX YAcTUI[ M MX COPT (HE TOKa3aHa Ha
JTAHHOM PHCYHKE).

- XKunkoBogoponHas (IOKa3aHa Ha pUCYHKE), NOJSPU30BaHHAS W SJACpPHBIC
MHUIIICHU.

- CriekTpoMeTp 3apsHKEHHBIX YacTHIl, COCTOSIIMKA M3  CIEKTPOMETPUYECKOTO
marauta M3 1, nerekropoB GEM, nponopimonansabix (PC) u npeiidosbix (DT u DC) kamep,

- Cucrema uWIEHTHU(QUKALMU COpTAa YaCTHIl, COCTOSIIAs M3 JETEKTOpa KOJell
yepenkoBckoro m3nydenus (RICH), mroonnoro nerexkropa (MuonDet) u Bpems-IIpOJIETHBIX
nerekropoB (TOF), mocieanue Takyke MOTYT BBIMOIHSTH POJIb ICTEKTOPAa MHOXKECTBEHHOCTH.

- OnekrpomarautHoro (ECAL) u agponnoro (HCAL) kanmopumerpa.

Crnenyer otMeTuTh, uTo Ha Puc. 3.1. nmpuBeaeH MakCUMaIbHBIN HaOOp 000OpyrOBaHMA,
KOTOpbI OyIeT MHCHONb30BaTbCcs MpPU  HUCCIEAOBAaHMM OJHOCIIMHOBBIX AaCUMMETPUH U
HOJISIpU3aLMU TUIIEpOHOB. B aTOM cityuae, He TpeOyeTcs BBICOKOTO MUMITYJIBCHOTO pa3pereHus,
HO HeoOXOAMMO HAaxOJUTh BEpIIMHY paclaja THUIEPOHOB. YKa3aHHbIE PpACCTOSHUSA
COOTBETCTBYIOT paboTe C KUAKOBOJIOPOAHOMN WM AepHBIMU MUILEeHSAMU. [IpHu ncnons30BaHnn
MOJIIPU30BAaHHBIX MUIICHEH paccTOsHUE OT IIEHTpa MUIIEHHM JI0 HEPBOro JeTeKTopa OyneT
COCTaBJIAThH MO KpaiiHe Mepe 70 cM u3-3a MarHuTa MOJSPU3BAHHOW MHILEHHU, TAKUM 00pa3oM,
KOJIMYECTBO TPEKOBBIX JIETEKTOPOB TAKKE MIPUAETCS COKPATHUT.

IIpy wm3MepeHUM YapMOHHUS MHOTHE JETeKTOpbl OyayT yOpaHbl, 4TOObl YMEHBLIMTH
KOJIMYECTBO BEILECTBA U, TEM CaMbIM, YJIYYIIUTh UMITYJIbCHOE pa3pelleHue.

Hwxe B nmaHHOM pasgene NpUBENEHBl XapaKTEPUCTUKA OCHOBHBIX JIE€TEKTOPOB
sKcnepuMeHTanbHol ycraHoBku CITACHAPM.
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3.1  DxkcmnepuMeHTalbHas YCTaHOBKA MpH paboTe Ha KaHase 14

Ha mnepBoM »Jrame wuccieqoBaHUl OSKCIEpUMEHTAIbHAs YCTAaHOBKA BBOAMUTCS C
OTpaHUYEHHBIM KOJHYECTBOM JeTekTopoB. Ha Puc. 3.2 mpuBeneHa cxema 3KcreprUMEHTATIbHON
YCTaHOBKHM Ha MOMEHT KOMILIEKCHOTO 3amycka B (eBpaiue 2018 T.

Cxema ycranoBku CITACYUAPM (merexkropsl TMOKa3aHbl HE B  Macmrabde)

Spectrometer Magnet

ECAL

HO

Target I'\
Guard System

DTS0-3

108 oan DTS4-5

Puc. 3.2 Cxema ycranoBku CITACHAPM, netektopsl mokaszansl He B Macmitade (merekropst DTSO-1
COOTBETCTBYIOT Aerekropam DT1-2 mpu paboTe Ha kanamne 24)

B sT0li cxeme 0TCyTCTBYIOT TpeKkoBble leTekTopbl Ta GEM, cuctema naeHTuduKanmu,
cocTosmIasi U3 BPEeMSIMpPOJeTHHIX neTekTopoB TOF, nerexTopa uepenkoBckoro muanydenus RICH
U MIOOHHOTO JETEKTOpa, a TaKKe aJpOHHbIN KajmopumeTp u aApeioBbie craHuun MUTOD-
[MUA®.

3.2 IlyukoBas ammaparypa

ITyukoBasi anmaparypa mnpejacTaBiseT co0oil Habop NETEeKTOPOB 3apsKEHHBIX YacTHll,
PAcIONIOKEHHBIX MO0 OCH ITyYKa B 30HE KaHalla 10 MUILIEHH YCTaHOBKH, a TaKXKe CYETYMK YACTHIL,
KOTOpBbIE HE IMPOB3aMMOJIEUCTBOBAIM C BEIIECTBOM MHMILIEHHU, PACIOJOKEHHBIM IOCIe BCEX
TPEKOBBIX JETEKTOPOB YCTAaHOBKM Takke MO ocu nyuyka. OHa mpenHa3HaueHa Kak s
BbIPa0OTKH MEPBUYHOTO TPUITEPA, TaK U JUISl ONpPEENICHUs] TUIIA YaCTULBI U €€ KOOPAUHATHI Ha
MUIIIEHU YCTAaHOBKH MPH 00pabOTKe TaHHBIX.

B kauecTBe OETEKTOPOB, BHIPAOATHIBAIOIIMX TPUITEP, MOTYT OBITh HCIOJIB30BAHbI Kak
OTJeNIbHBIE CUMHTHUIALIMOHHBIE CUETYMKHU, MEPEKPHIBAIONINE MOJHYIO alepTypy Mydka, Tak U
T'OJIOCKOTBI CUCTEMBI MEUSHHMS MTOJISIPU3ALINY ITyUKa, ONMCaHHbIE B pa3jene 2.2.

B cnyyae wucnonb30BaHUS MYYKOBBIX CUETYUKOB JIOJDKEH TPHUMEHSATHCS OBICTPBIN
cuuaTHUIATOp (Hampumep, Pilot U) ¢ ¢dpontom BeicBeunBanusi menee 0,5 Hc. B kadectBe
(OTOITEKTPOHHBIX YMHOKHUTENEH ISl 3TUX CUETYMKOB MOXKHO Hcmonb3oBaTh @Y XP2020,
UMeImMi nepenHuid GppoHT HapactaHus ummyibca <0,5 HC TpuU 0OmEH ITUTEITHHOCTH
HUMITYJIbCa 10 OCHOBaHHUIO MeHee 5 HC. OmbIT paboThl Ha 14-M KaHae MOATBEP)KAAET BBHICOKYIO
3¢ (HEeKTUBHOCTH BRIPAOOTKHU CUTHAJA COBIAJICHUHN B TEIECKOIE, COCTOSAIIUM U3 TPEX CUETUHKOB:
npu 3arpyske mydkoM B 2-10° qacTHIl B CeKyHIy 9HCIO CTydaifHbIX COBIAJCHUI HE MPEBBIIIACT
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3%. CuyéTuuk HempoB3aMMOJAEUCTBOBABUIMX YACTHUI] BKIIIOYAETCS B AHTHUCOBNAACHUS IS
BBIJIEJICHUS COOBITUH C B3aUMOJICHCTBUEM ITY4YKa B MUILIEHHU.

Kpome cuctembl MeueHHUs YyacTHIl BO BTOPOM YacTH KaHaja IPEAIoJaracTcs pa3MecTUTh
JBa 6-METPOBBIX IIOPOTOBBIX JETEKTOpPAa YEPEHKOBCKOIO W3JIY4YEHHs, KOTOpBIE IIO3BOJISAIOT
UICHTU(PHUIMPOBATH YACTHIIBI 77- U K-ME30HBI U (aHTH ))IPOTOHBI B JiHana3oHe uMnyinbcoB 10 + 50
IB/c. B cydae npoTtorHoro nmyuka ¢ umnysbcoM 40-45 [9B/c atu cueTunku Oymy paboTtaTh Ha
BO3JyXe NpU aTMOC(EpHOM JaBIIEHUH, TOrJAAa Kak Juid IMydka c ummyiabcoM 15 I[mB/c
(aHTHUIPOTOHBI U MPOTOHBI) MpeanoaaracTcs ucmoib3oBath Gppeon R-22 (CHCIF,) takxke mpu
atMocdepHoM naBiennn. CBet peructpupyercs Gporoymaoxurensimu OOV -XP1020.

Jlig onpeneneHusi KOOPAMHAT YACTHUIIbI HA MULIEHU MpelaraeTcs UCIOIb30BaTh YEThIPE
JIBYXKOOPJIMHATHBIE CTaHIMK NponopuuoHaibHbix kamep UTOD-ITHUAD [100] ¢ pasmepamu
yyBcTBUTENBHOM oOnactu 200x200 MM® M IIarOM CHIHAJIbHBIX IIPOBOJIOYEK | MM, HaJEXKHO
paborarore ¢ 3PPEeKTUBHOCThIO BhIEe 99% mpu 3arpy3kax [0 4-10° wacrun B CEKYH]TY.
Kaxnpiit Mmomyab kamep (Puc. 3.3) BrimtoyaeT B ce0st 1BE MIOCKOCTH CUTHAIBHBIX MTPOBOJIOYEK 3
U 6, HATSIHYTBIX BO B3aUMHO-NIEPHECHIUKYISIPHBIX HANpPaBIEHUSX [UIS  OMNpEIesICHUs
OJIHOBPEMEHHO JIBYX KoopauHat. J{uamerp mpoBojoyek 15 MkM. BBICOKOBOIBTHBIEC 3JEKTPOIbI
2,4, 5 u 7 BBINIOJIHEHBI U3 XOJIOAHOKaTaHOUW (poibru u3 crutaBa Ab2 tommmHoi 40 MKM. 3a30p
MEXJly CHUTHAJbHOM IUIOCKOCTBIO M BBICOKOBOJIBTHBIMH JJIEKTPOJAMHU COCTaBISET 3 MM.
Bricokoe HampskeHue 1MoAaeTcss Ha KaTOAHbIE IIIOCKOCTH HE3aBUCUMO /ISl KaXKJI0M MOJIOBUHKU
KaMephbl. ['a30BbIii 00beM KaMepsl — OOLIHi 11 00erX MOJOBUHOK W OTPAaHWYEH MaislapOBBIMU
okHamu | u 8 Tomuuuoi 50 MxMm. IIpoayB kamep OCyIIeCTBIISETCS Fa30BOM CMECHIO, COCTOALIEH
u3 74.85% Ar, 25% wuzobyrana, 0.15% CF3Br. Cymmapsblii ra3oBbslii 00beM
IIPONOPLMOHAJIBHBIX KAMEp YCTaHOBKM HEBEJIMK M COCTAaBIISIET 0K0JI0 10 JI, Tak 4TO Mpu pacxone
ra3oBoii cmecu 0.2 1/MHH BpeMs IOJrOTOBKH Kamep K paboTe cocTtapisieT 8-10 yacos, a 01HOTO
O6autoHa Haubosiee pacxoJyeMoro rasa — aproHa — xparaeT Ha 30 CYTOK HEHpepbIBHOI'O
MNOAJEPKAHUS YKa3aHHOTO PEKHMA.

JUis peructpanuu CUTHAJIOB cpaOaThIBaHMsI IPOBOJIOYEK HCIHOJB3YIOTCS CIelHaIbHbIE
IUIaThl AJIEKTPOHUKH, PACIIOJIOKEHHBIE HENOCPEACTBEHHO Ha paMKax MoJyliel kamep — IO
YyeTelpe Ha OJAMH Moaynb. Kaxmas muiata BriatoyaeT B ceOs 100 kaHamoB ycwiutened u
JUCKPUMHUHATOPOB, a Takke HU(POBYIO YacTh, KOTOpas 00ECHeunBaeT KOJMPOBAHHE HOMEPOB

cpaboTaBIIKUX MPOBOJIOYEK, (OPMHUPOBAHHME M TIepelady IaKeTOB JAHHBIX IO HHTepdeicy
USB2.0. IIpenycmoTpeHo Takxke popmupoBanue OsicTporo curnana «MJIN Bcex cpabotaBmmx
KaHAJIOB», KOTOPBIA MOXKET OBITh MCIIOJIb30BaH Il BRIpAOOTKHU TPHUITEpa.

- g
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u H H U
1 2 3 6 7 8
Puc. 3.3 YcTpo#icTBO ABYXKOOPAMHATHBIX IPOIIOPIHOHAIBHBIX Kamep ¢ marom 1 MM (He B MacmTabe): 3,6 —
IJIOCKOCTH CHTHAJIBHBIX MPOBOJIOYEK, 2,4,5,7 — BBICOKOBOJBLTHBIE DJIEKTPOIBI, 1,8 — MaiiapoBbie OKHA,
OTPaHMYUBAIOIINE Ta30BEIi 00bEeM
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Ha Puc. 3.4 mpuBeneHbl TUIIMYHBIE KPUBBIE 3aBUCUMOCTH 3(PHEKTUBHOCTH KaMmephbl OT
HAINpPSDKEHUST HAa BBICOKOBOJIBTHOM 3JIEKTPO/IE MPH PA3IMUHBIX OPOrax AMCKpUMHHALWH. [lnaTo
xapakrepucTuku cocrasisier 150-200 B, apdexruBnocts Ha mnato — 6oee 99%.

-
o
o

3cdbbexTusHocTs, %

Mopor 10 mB
Mopor 15 mB
Mopor 20 MB
Mopor 25 mB

4> ne

L n PR - " L P | L ik L
2.8 29 3 3.1 3.2 3.3
Hanpsixenne, kB

Puc. 3.4 3aBucumocTh 3((EeKTHBHOCTH IPONOPLUOHATILHOM KaMephl OT HANPSKEHUS HA MOTEHIIMAIBHBIX
IUIOCKOCTSX IIPY Pa3IUYHbIX IOPOIax AUCKPUMUHALIUU

Jlnst Gosiee TOYHOTO ONpEAeJeHUs KOOPAWHATHI YacTHIBI BOJIM3M MHIICHH MOXET
WCIIOJIH30BATHCS CIUHTUJUIALIMOHHBIA BOJIOKOHHBIM TOJOCKOT, COCTOSAIIMNA M3 JBYX OJAMHAKOBO
YCTPOCHHBIX M PACIOJOXKEHHBIX OJU3KO Jpyr K JPYyry B3aUMHO MEPICHIUKYISIPHBIX
wiockocteii. PaGouast o6acTb roockona coctasisier 42x42 mm?. B kaxmoil u3 miockocteit
CIUHTILIAIMOHHBIE BoiokHa SCSF-38 dupmer Kuraray muamerpom 0.5 MM 00pa3yroT Kaccery
13 96 KOJIOHOK, pacnoyiokeHHBIX ¢ marom 0.44 mwm, kak nokazano Ha Puc. 3.5. Kaxxmas koyonka
UMEeT TMATh BOJIOKOH B HalpaBieHUW JBWXKEHHS dvacTull. CocelHHME KOJOHKH CJIerKa
MEPEKPHIBAIOTCS, TEM CaAMBIM YCTPAHSIOTCA «MEPTBBIEY» 30HBI U3-3a HATMYHS HEUYBCTBUTEIBHBIX
000JI049€K BOJIOKOH U MOBBIMIAeTCs 3P PeKTUBHOCTh peructpanuu. benas BoaHO-AMCIIEPCHOHHAS
Kpacka, UcCrmoyib3yemas Il (uKcaluu BOJOKOH B KAacCeTe, YMEHBIIAET pacipoCTpaHEHUe
CIMHTUJUTSIIIMOHHOTO CBETA B TIOTIEPEYHOM HaIPABJICHHH.

(a) (6)

Puc. 3.5 Cxemarndeckoe n300paskeHIE YaCTH COUHTHUIAIUOHHON BOJOKOHHOM KacCeTHI (a) M PacloI0XKeHUE
BOJIOKOH Ha (hoTokaTone 16-anognoro ®OY Hamamatsu R7600-200-M16 (6).

Jlyiss TpaHCTOPTUPOBKH CIUHTHULSIIIHOHHOTO CBETa K (OTOJETEKTOpaM HCIONb3YIOTCS
BOJIOKHA-CBETOBOJIBI TOT'O K€ JIMAMETPa, MPUKICCHHbIE ONTUYECKUM SIOKCHIHBIM KJIEEM K
TOpLAM CIHUHTWUISIIMOHHBIX BOJIOKOH C OJHOM CTOPOHBI KacCeThl, HE Hapyllas reOMETPHUIO
ykiaaku. [IpoTHBOIMONOXKHAS CTOPOHA KAacCeThl OTIOJMPOBAHA U COCTHIKOBAaHA C 3€pKajbHOU
MOBEPXHOCTHIO, YTO TO3BOJISIET YBEIUYHUTH cBeTOCOOp. CBETOBOMBI MMEIOT MnHYy ~20 cm. Mx
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CBOOO/IHBIE KOHIIBI BKJIEEHBI B OTBEPCTHS KBAJAPATHBIX IUIACTUH U3 YEPHOTO IUIACTHKA TPYHIIAMU
10 5 BOJIOKOH, COOTBETCTBYIOIIMX OJIHOW KOJIOHKE KacCeThl, OTIOJIMPOBAHBI U 3a(h)MKCHPOBAHBI
Ha QoTokaronax 16-aHOAHBIX (OTOIIEKTPOHHBIX yMHOXHTene Hamamatsu R7600-200-M16,
KaKk TOoKkazaHo Ha Puc. 3.5(0). B kaxmoil IUIOCKOCTH HCIIOJIB3YEeTCA II0 IIEeCTh
doroymuoxurenend. Tunuunelii cBeToBbIX0A — 10+12 QOTOINEKTPOHOB HA KaHAJ. AHAJIOTOBBIE
CUTHAQJIBI C aHOJOB IpeoOpa3yroTcsd B LU(POBBIE € MOMOLIbI JTUCKPUMUHATOPOB C HHU3KUM
noporoM M mapada3HbIMU BbiXofgamu B ctangapre LVDS mnsg mepemaum k cucteme cOopa
JNaHHbIX.  JIUCKpUMHUHATOpbl ~ pacloJIOKEHbl B HEMOCPEACTBEHHOW  OIM30CTH  OT
(OTO3IEKTPOHHBIX YMHOXKHUTEICH.

D¢ (heKTUBHOCTh PErHCTPALUU TOAOCKOIIOM OJWHOYHBIX YAacTHI[ MO BCEM KaHajlaM B
cpennem nocturaet 99% mnpu mHoxectBennoctH 1.1 [101]. BpemenHoe pa3perieHue rojgockona
cocraBisier ~0.80 He. B HacTosiee BpeMst H3rOTOBICH OIHMH TOZOCKOIN pasMepoM 48x48 mm?,
KOTOPBIA HCIIOJIb3YETCsl Ha KaHaie 14 W mpeamnonaraercs WCIONb30BaTh Ha KaHayie 24 mpu

pabore ¢ y3kuMm (1o 5 cm) myukoM. Ha Puec. 3.6 moxazansl Qortorpadusi BOJIOKOHHOTO
roJIOCKONa B 30HE OHKCIEPUMEHTAJIbHOM (cieBa) W 16-KaHAIBHOTO JAMCKPUMMHATOpA C
peryanupyeMbIM IOPOrOM BOJIOKOHHOT'O I'OJJOCKOIIA.

Puc. 3.6 dororpadus BOJOKOHHOTO I'OI0CKOIA B 30HE AKCIIEPUMEHTAIILHOM (ciieBa) U 16-kaHaIbHOTO
JUCKPUMHUHATOPA C PETYIUPYEMBIM IOPOTOM BOJIOKOHHOTO TOJOCKOIA

BonokonHBI# rojtockon ycrnemHo orpadoTan B ceance 2018 r. Ha Puc. 3.7 moka3zansr
npopwin mydyka (cineBa) M 3aBUCHMMOCTb 3(P(PEKTHMBHOCTH BOJIOKOHHOTO TOJOCKOIA OT
KOOPJIMHATBHI.

K myukoBoil ammaparype TakXke OTHOCHUTCSI BETO-CHCTEMa, KOTOpas SIBJISETCS YacCThIO
KOMITIEKCA TONePeYHO-TIONpH30BanHoil Mumenn (cM pasgen 3.3)%°. dororpadmm Bero-
cucteMbl npesacTaBiaeHsl Ha Puc. 3.8. OHa mpezacTaBiseT co00i AETEKTOp 3apsHKEHHBIX YacTHIL
U Y-KBAaHTOB, POXKJAIOIIMXCS B IMOJSPU30BAHHONW MHILIEHH B pe3yjibTaTe B3aUMOJCHCTBUS C
IPOTOHAMM My4YKa M BBUICTAIOIMX W3 HeE MoJ OONBIIMMHU YriaMH B J1a0OpaTOpHOM cucreme
koopauHat (0,25 < 0 < 7-0,25), He momanas B OTKPBHITHIN TEJNECHBIH YToJl, OIpenenseMbli
anepTypoi 3KCIIepUMEHTATbHON YCTAaHOBKH.

% HpI/I HCII0JIb30BaHUN )KHI[KO-BOZ[OpOﬂHOﬁ MHIICHU MOKET UCTIOJIL30BATHCA ApYyTras BETO-CUCTEMA

78



Profile for Hodo 4 Plane X

%
®
@
@
2

0

0

Profile for Hodo 4 Plane Y

2

g
=HHIHH‘IIII‘HHIHHIH\‘Q

&

E

&

-1 -
-1.6.15

L L T L
T ] £l C] © ® L] £l E]

Puc. 3.7 Ilpodunu mydka (ciieBa) ¥ 3aBUCUMOCTD 3(PPEKTHBHOCTH BOJIOKOHHOTO TOIOCKOTA OT KOOPIUHATHI

. JIeTeKTOp COCTOUT U3 JABYX OJAMHAKOBBIX MOJYJEH, KKl U3 KOTOPBIX MEPEKPHIBACT
a3UMYTaJbHBIN yroa Ap=r. Moayau MOTyT NEpeMelaThbCsi B TOPU3OHTAIBHOU TUIOCKOCTH B
IIPOTUBOINOJIOKHBIX HaNpaBICHUSAX MEPHEHIUKYISIPHO OCH Iy4yKa, YTO IIO3BOJISIET BBIBOJUTH
BETO-CUCTEMY U3 IIPOCTPAHCTBA MEXKIY IOJIIOCAMM MarHUTa Ha BPEMs HAKAYKH IOJIIPU3ALUU
MUILEHHU U BO3BpALIaTh B paboyee MOJI0KEHUE 0CIIe €€ OKOHYaHHUS.

B paboyeMm mOJOXEHMHM CHCTEMbl PACCTOSHHME OT OCHU Iydyka J0 €€ BHYTpPEHHEH
nosepxHoctu cocrasisier 50 MM no ropusoHtanu u 40 MM no Beprukanu. [ns perucrpanun
3apsDKEHHBIX YAaCTULl MCIIOJIB3YETCSl NEPBBIA CIOW IETEKTOpPa, COCTOSALIMM M3 CLHUHTWLIATOpA
(monuctupon) tonuuHo 10 MM. UeTsIpe MIacTUHBI CHUHTUILUISITOPA OKPYXAlOT MUIIEHb. J{TnHa
mwiactul coctaBisier 400 mM. CBeT M3 KaX/10H MJIACTHHBI COOMPAETCS CHEKTPOCMEIIAIOIIUMU
ONTHYEeCKUMHU BoslokHaMu ruamerpoMm | MM tuna BCF-91AMC, npoioskeHHBIMU B UMEIOIINXCS
B IUIACTUHAX KaHaBKax. [Iyduku BOJIOKOH BBIBOAST cBeT Ha paccrosiHue 400 MM 3a raGapuThl
MarHuTa, NEepIeHAUKYJISIpHO K HaNpaBlIeHUIO Iy4yka, TIJ€ MAarHuTHoe Toje ciadoe.
[TpoTHBOMOIOXKHBIE TOPLBI BOJOKOH € KaXAOM IUIACTHMHBI cOoOpaHbl Ha (oTOKaToIax IBYX
($OTO31eKTPOHHBIX yMHOXHUTenel @DY-84-3, curHambl OT KOTOPBIX HCIOJB3YIOTCS B
COBIAJICHUAX JJIS NTOJABIEHUS IIyMOB. [lanbHelas CTpyKTypa BETO-CUCTEMBI B HalPaBICHUSX,
NEPNEeHIUKYISAPHBIX My4YKy, HpPEJCTaBIsieT CcOo0OW uepeloBaHHE YEThIpEX CII0OEB CBUHIA
TOJILIMHONW 7 MM M YEThIPEX CJIO€B CUMHTWUISILIMOHHBIX IJIACTUH TOJIIMHOW 5 MM co cOopom
CUTHAJIOB TaK)K€ IIOCPEACTBOM CHEKTPOCMEHIAIOMIMX BOJIOKOH. OJTa 4YacTh JEeTeKTopa
PEruCTPUPYET Y-KBAHTHI.

Puc. 3.8 dororpadus BeTo-cucTEMbI BOKPYT MOISIPH30BAaHHON IIPOTOHHOW MHUIIIEHU
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B xaxgom wMmonyme cuTHaT OT Y-KBaHTOB peructpupyercs ayms dOVY-84-3 B
coBmajieHusAX. TakuM 00pazoM, BETO-CUCTEMA PETUCTPUPYET 3apsKEHHBIC YaCTHIIBI B YETBIPEX U
HEHTpalbHBIE B JABYX HWHTEpPBalax IO a3uMyTalbHOMY yriy ¢. CymMmapHasi TONIIMHA COOpKU
cocraBisier 60 mm. KonmuectBo BemectBa B cbopke paBHO 5Xo. Ha Puc. 3.9 mpexacrasien
aMHHHTYHHHﬁ,CHeKTp CUTHAJIOB OT KOCMHMYCCKUX YaCTUL] B OJHOM M3 KaHAJIOB PErucCTpaluun
BETO-CHUCTEMBI.
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Puc. 3.9 AMIUIMTYAHBIN CHIEKTP CUTHAJIOB OT KOCMUYECKUX YaCTHUI] B OJJHOM U3 KAHAJIIOB PETUCTPAIH BETO-
CUCTEMBI

[Tpu u3MepeHus FIKCKIIIO3UBHBIX peakimii (cM. paznmen 1.5.2) BeTo-cuctemMa MOXKET ObITh
UCTIONIb30BaHa Uil (pOPMUPOBAaHUS TpUTTEpa IMEpBOro ypoBHs. Ilmanupyercs opraHu30BaTh
HECKOJIBKO THUIIOB TPUITEPOB JIsi SKCKIO3MBHBIX IMpOLEccOoB. s BbIIEIEHUS MPOLECCOB, B
KOTOpPBIX B KOHEYHOM COCTOSIHUM HMEIOTCS TOJBKO HEUTPAJbHBIE 4YaCTULBI, B TPUITEPE B
AQHTUCOBMAJICHUSIX OyIyT UCIONb30BAaThCS CUTHAJIBI KaK C BETO-CUCTEMbI, TaKk M C
JIOTIOJIHUTEIBHOTO  CUMHTWJUIALIMOHHOIO  CYETYMKA, PACIONOKEHHOIO 3a MHILEHBIO U
PErUCTPUPYIOIIETO COOBITHS, B KOTOPBIX B TEJIECHBIN Yrojl YCTAHOBKHM BBUIETAeT XOTs Obl O/1HA
3apsKeHHast yacTula. J{Jsl SKCKIII03UBHBIX MPOLECCOB C 3apsyKEHHBIMU YaCTUIIAMU B KOHEYHOM
COCTOSIHUM, MONAJAIOIIMMU B TEJIECHBIM Yrojl yCTaHOBKH, B TpUITepe OyAyT HCHOJIb30BaThCS
TOJIBKO CUTHAJIbI C BETO-CUCTEMBI.

3.3  Mumenu

Jlnis u3MepeHus: OJHOCIMHOBBIX IONEPEUHBIX acuMMeTpuil Ay Ha Bojgoponae Oyxaer
MCIIOJIb30BaHa JKUJIKOBOIOpOAHAsE MulleHb. [l uamepenus Ay Ha sapax OyayT MCIIOJIb30BaHbI
OOBIUHBIE sIIEpHbIE MUIIIEHH — OT OEPHJUIMS 10 CBUHIA. DTH K€ MUILIEHH MOTYT UCIIOJIb30BaThCS
JUTSL KCCTIeIOBAHUS TOJISIPU3AIIMH TUIIEPOHOB U BEICTPOEHHOCTH BEKTOPHBIX ME30HOB.

Bogoponneie MUIIEHH, KOTOpbIE HCHONB30BAIMCH M OyOyT MCHOJIb30BaHBl B
skcniepuMmeHnTax Ha yckoputene HUIL[ «KypuatoBckuit mnctutyT» - UPBDO, comepxkar B
paboueil yactu HeOOJbIIME KOJMYECTBA KHMJIKOTO Boaopoaa (mo 4 murtpoB). [lostomy
1esecoo0pa3Ho MPUMEHSATh HE MUIIEHU KJIACCUYECKOTO THUIIA C PE3EPBHBIM BOJOPOJHBIM OakoM
Oonpmioro 00bEMa, a MUIIEHH C 3aMKHYTHIM BOJOPOIHBIM IIUKJIOM, YTO 3HAYUTEIHHO
yMEHbIIaeT 00Iee KOJIMYECTBO HCIOIb3YeMOT0 Bogopona. Ilpu »5TomM moOBBIIIAETCS
0e30macHOCTh paboT, oOTMmazaeT HEOOXOAMMOCTh BO MHOTHX JTOPOTOCTOSIIIIMX CHCTEMax
BOJIOPOJHOM 0€30MacHOCTH U 3aMETHO yIpoliaercs padota ¢ GU3NUYECKON annapaTypoil BOKpyr
MUIIEHH. JIJI1 OCYyHIECTBICHHMs B MHUILEHH 3aMKHYTOrO IMKJIA BOJOpPOJAa IPHUMEHSIOT
MEXaHUYECKUH KpUOTeHEepaTop WM OXIKEHHE BOJOpOJA JKUAKUM reiaueM. BoxoponHsie
MUIIEHH C XXUJIKUM TE€JIUEM XOTS U MEHE€ SKOHOMHYHBI, HO JIETY€ B M3rOTOBJICHUH, MPOLIE U
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HaAEKHEEe B OKCIUTyaTalldd, YeM MHIIEHH C KpuoreHeparopamu. B 3aBucuMocTH OT
KOHCTPYKIMU B TAaKMX MUIICHAX IJIS OXKIM)KEHHS BOJOPOJAa MOTYT HCIIOJIb30BaThCs TEIUIOTA
MCHIAPEHUs XKUAKOTO I'elHsl, XOJOANAapoB I'ejius UM, YTO SKOHOMHYECKH MPEANOUYTUTEIbHEE, U
TO U JPYTroe€.

B HUL] «KypuaTtoBckuii uHCTHTYT» - UDBD pazpaborana >kuIKOBOJOPOAHAS MUIICHB,
B KOTOpPOM OXIKEHHE BOAOPOAA MPOU3BOAUTCA MOTOKOM YKHJKOIO Tellusl C MCIOJIb30BAaHUEM
TEIUIOTHl UCHApEHUs >KUIKOrO Tejlus, W XOJIOAAa MapoB IMPU MUHUMAIBHOM YHCJE CTYyNEHEeH
TEI1000MeHa MEX]y TeIUEM U BOJOPOIOM.

Mumienp BkIOyaer B cebsi paboumii 00BbEM, HAXOASIIMICS Ha IMyYKe YacTUIl U
3al0JIHEHHBI JKUJKUM BOJOPOJOM, KOHAEHCATOp, B KOTOPOM OKMXAETCsl BOAOPOL U
TPYOOIPOBOJ] KUAKOTO TEIHs, 3aKaHYMBAIOUIUICA CTHIKOBOUHBIM Y3JIOM. DTH 4YacTH MHILICHH
OKPYKEHbI TEIION30JIALMEN U 3aKITI0YEHBI B BAKYYMHBIN KOXKYX

Ha Bpems paboTbl MuUIIEHb NPUCOEOUHSETCS K cocyAy Jlproapa ¢ >KMIKUM TelueM.
brnoynasi KOHCTPYKIMS MHUIIEHH TO3BOJIET 0e3 OCOOBIX MpoOJieM MEHSATh KOH(MUTYparuio
pabouero 06bEMa MPUMEHUTEIHHO K 33/1a4aM KOHKPETHOTO (PU3UUECKOT0 IKCIIEPHUMEHTA.

OcHoBHbIE TapaMeTphl CYIIECTBYIONIEH MHUILICHU:

1.[muHa padodero oobéma — 500mm, muamerp — 100 Mm.

2. Bpems BbIxoaa MULIIEHH HAa pabounii pesxuM — 3 ydaca.

3. Pacxon xxumkoro remus B pabouem pexxume — 0,7 n1/4ac.

Hcnonb30BaHne cUCTEMBbl OXJIAXKICHHUS HA OCHOBE JKUJKOIO Telids OINpaBAaHO €Ule U
HE00X0IMMOCTBIO 00eCTIeYUTh PabOTOCIIOCOOHOCTD MOJIAPU30BAHHBIX MUILIEHEH (ONKUCaHbl HUKE
B IAHHOM pa3Jielie) U CUCTEMbI MOBOPOTA crinHa (pasnen 2.4).

Jlist SKCIIepUMEHTAIBbHOTO U3MepeHus (pakTopa pa3daBiIeHUs, KOTOPBINA 3aBUCUT OT THUIIA
peaKkuMy, MHIIEHM M KUHEMaTHYeCKHX IIepPEeMEHHBIX, TpeOyroTcs H3MEpPEeHHs Ha YHUCTOM
BOJIOPO/JIE, 3aJIUTOM B 000JI0UKY MHUIIEHU. TpeOyroTcs Takke M3MEpeHHs] CeYeHUI Ha JIerKHX
sapax (C, Al) st yueta 3aBUCHMOCTH CeueHHI 00pa30BaHMsI YaCTHIl OT ATOMHOTI'O Beca MHUIIICHU
IIPU BBIYMCIEHUH PakTopa pa30aBiIeHHUS.

3.3.1 [Ilonspu3zoBaHHAas MHUIIEHb IS M3MEPEHHUS OJHOCIMHOBBIX aCHUMMETpUH H
JIBYXCIIMHOBBIX ITOIIEPEYHBIX AaCUMMETPUN

JUia  u3MepeHus OJHOCIMHOBBIX IIONIEPEUHBIX acUMMETpUM Ha KaHane 14 u
JBYXCIIUHOBBIX TONEPEYHBIX acuMMeTpuil Ayy Ha KaHaie 24 B YCTaHOBKE IUIAHUPYETCS
UCIIOJIb30BAaHUE CYIIECTBYIOIIEH Ha kaHane 14 Y-70 nonepedHo-mospu30BaHHON MuiieHu [51].

[TonspuzoBanHas wmumens i dkcnepuMeHta CIIACYHAPM  saBisieTcss MUIIEHBRO
3aMOPOKEHHOT0 THMa. Takue MUIIEeHH HUMEIT psAj NPEeUMYIIECTB Iepe]] MHULICHSIMH C
HENPEPBHIBHON TMHAMUYECKON HAKauyKOW MOJSPU3ALMU saep. XOTs A HAKauyKu MOJISIpU3aluu
JUIs. MUIIIEHEH 000MX THIIOB MCIIOJIb3YIOTCS OOJIbIINE MarHUTHbIE 1MoJis (B HamieM ciydae 2.4 Ti)
¢ BBICOKOIl oHOpOmHOCTBIO momsi AB/B=10™ Bo Bcem paGouem o6beMe MEHH, B Ciydae
«3aMOPO’KEHHBIX» MUIICHEH AJIs yAepKaHUs MOJSIPU3allid MOYKHO HCIOJIb30BaTh JIOCTATOYHO
cnabeie (> 0.25 Tn) mons ¢ HEBBHICOKOW HEOTHOPOTHOCTHIO (OK0JIO0 1%). DTO TO3BOJISET
oOecrieunTh OOJIBIIONW TENECHbI yroil ycTaHOBKH. OOpaTHON CTOpPOHOW Menanu sBISETCS
HE00XO0IMMOCTh 00ECIIeYeHUs] CBEPXHU3KON TeMIEpaTypsl B KPUOCTATE MUIICHU, YTOOBI BpeMs
penaKcalMy MOoJIIpU3aluu JAOCTHralo HecKonbko coT (mo 2000) wacoB. PabGouee BemecTBO
MUILIEHH B BUJE MIAPUKOB AMAMETPOM 10 2 MM C KOX(QUIMEHTOB 3amojHeHus okoio 60%
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3aKioyaeTcss B Te(IOHOBYIO ammyny. AMmmyja TIOMEIIaeTcs B KPHOCTaT, CIOCOOHBIN
o0ecreunTh TeMIeparypy HECKoIbKo JeciaTkoB MK B pexume 3amopo3ku. JlocTmxeHue Takon
HH3KON TEMIIEpaTypbl 06eCIeUnBacTCs pacTBopeHneM “He B “He mpy moMoIu JOHOIHATEIbHOIM
otkauku. OMHON U3 TPYAHOCTEH PabOTHI ¢ TAKOW MHUIICHBIO SBISETCS TO, YTO TeIUH HAXOIUTCS
B CBEPXTEKY4YEM COCTOSHUH, TOITOMY TpeOyeTcs BBICOUANIIee KAYeCTBO H3TOTOBICHHUS U
cOOpKU JeTaseil kpuocTara.

JInsi  Hakauykyd  TOJISIpUM3aIiiu  UCIoib3yeTcss  renepatop OIIP  (DnekTpoHHBIN
[Tapamerpuueckuii Pe3onanc) c¢ uwacroroit 70 I'Tm. M3mepenwe BenWYMHBI MOISPHU3AIUN
U3MEpPSETCS] METOIOM SIICPHO-MAarHUTHOTO PE30HAHCA IIPHU I10JIe HAaKayKU.

OcHOBHBbIE TapaMETPBbI IEHCTBYIOIIEH MTOJIIPU30BAHHON MUILICHMU:

— xumudeckuii coctas — npomanauon (C3HgOy) nmm nenranon (CsH;20);

— JnuHa coctasiuseT 20 cM, quamerp paseH 20 MM;

— monspuzanus 90% st mponanauona u 75% s eHTaHoIa,

— XUMHYECKHH ¢akTop pa3daBieHUs (OTHOLICHHE YHUCJIA BCEX HYKJIOHOB K YHCIY

NOJIIPU30BaHHBIX MMPOTOHOB) 9.5 11 nponananona u 8,4 17 NeHTaHoNa;

KOJIMYECTBO BEIIECTBA B MHUIIEHU cOCTaBigeT 13.2 F/CMZ, 9YTO COOTBETCTBYET 15.2%
JUTMHBI B3aUMOJICUCTBUS JIs1 TPOTOHOB ¢ sHepruen 60 5B u 10% mist m —Me30HO0B ¢
sHeprueii 34 I'1B;

— MHUIICHb IO3BOJISIET MCIOJIb30BaTh B KAaYeCTBE PabOuero BEIIECTBA TAKXKE aMMHUAK,

JEUTEPHUI U )KUIAKUAN BOAOPO.

JlaHHast MUILIEHb MpolIa TIyO0KYI0 MOJIEPHU3ALUIO /1711 paO0Thl B MarHUTHOM TioJie 2.4
Tn (mpu Hakauke MOJSPU3ALMK) U YCIIEIIHO oTpabdoTtana B TecToBoM ceance 2018 r. co cpenneit
nossipuzanueit 70%. dotorpadpus mumeHu npexacraBieHa Ha Puc. 3.8 BMecTe ¢ 0XpaHHOM
cucTeMoi BHYTpM MarHuta. Habop CTaTUCTHKU NpH OJHOM 3HAKE MOJSAPU3ALUU MPOUCXOAUT
0OBIYHO pa3 3a JBOE CYTOK, BpeMsl HaKauKH MOJIIPU3ALIUU 3aHUMaeT HECKOJIbKO YacoB.

3.3.1.1 MarHut cyuiecTByoIel NoIsipu30BaHHON MUIIEHU

Jns ycremHol Hakaukd (HOJdydeHus TpeOyeMoll mMosigpu3alliyd MO BCeMY OObeMy
MUILEHH) HEOOXOAMMO, YTOOBI OJHOPOJHOCTH MAarHUTHOTO MOJS BHYTpU pabouero oObema
mumenn cocraBimsuia +1.5x10™ wm menbie. JlanHoe ycioBue TpeOyeT BBHICOKOTO KayecTBa
paboT Mo MPOW3BOJCTBY M HACTpOWKe MUIIeHH. J[Jig MOoCTHXeHUsT TpeOyemMoil OJIHOPOHOCTH
OB MpOBe/IeH MK HEOOXOIUMBIX pabOT ¢ MarHWTOM MOJIIpU30BaHHOW MumieHu. Ecnu npu
TEPBEIX H3MEPEHHSX OIXHOPOXHOCTh MATHHTHOTO IONS COCTaBisuia a0 (4.28+0.08)x10™ (mpu
TOM MaKCHMAaJIbHBIH pa30poc ObLI 2.5%x10%), 4ro He MO3BONATO HAKAYATH MOJIIPU3ALIUIO
MHUIIEHH BO BceM oOOBEMe, TO IO pe3ylbTaTaM IPOBEJCHHBIX padoT yIaloch JOBECTH
OJHOPOJHOCTL IIOJS M0 (1.2240.07)x10™. [Ipu >TOM MakcHMaJbHBII pa3zdpoc COCTaBIsET
7.8x10™. B pesysnbTate B MOCHCIHEM CeaHCEe HA MUIICHH 03 YCHIMII M 33 KOPOTKOE BPEMS
yAQJIOCh TIOJNYYHUTh MOJspu3anuio Beime 70% Mpu TEOPETHIECKOM MakcuMyMme okoyio 75%, a
CpemHsisl MoJIApU3aIys Ipu Habope TaHHBIX cocTaBuia 65%.

Ha Puc. 3.10 mpuBeneHa kapTa moJisi B MarHuTe MOJSIPU30BAaHHON MHIICHH 10 Hadaa
paboT MO ONTHUMM3AIMM MarHuTa (cieBa), IPOMEXKYTOYHOE 3HaueHue (B cepeiuHe) u
OKOHYATEJIbHBIN pe3ynbTar (crpana).

CymectBytomuii  MarHuT JIuHO3aBp, KOTOpBIM HMCHOJB3YETCS JUIsl  MONEPEYHO-
MOJISIPU30BAaHHONM MMIIIEHH, UMEET TEJIECHBIA YroJl packpbiTus +250 Mpaa mo BEpTHKAIU, YTO
MIO3BOJIIET IPOBOANUTH U3MEPEHMS B IIMPOKOM KHHEMAaTHYECKOM JHAMA30HE.
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21.24.03.2016: Belore shimming 29:31.03.2017: Configuration let aier the Fall 2016 run 07.04.2017: Magnet state before the work on target polarization
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Puc. 3.10 Pe3ynbraTsl H3MepeHus MOJIS MarHuTa MOJISPU30BAaHHOW MHUIIEHH B Havajie U3MEpeHuii (ciaeBa), nocie
pabortsl B Hauase 2017 r. (B LeHTpe) U B HACTOsIIIee BpeMst (CripaBa)

3.3.2 CymecTByromas TMOJISIPU30BAHHAS MHUIICHb JUISI W3MEPCHHS JBYXCITHHOBBIX
IIPOJIOJIBHBIX ACUMMETPUI

Jlia u3MepeHus BYXCIIMHOBBIX MPOJOJBHBIX aCUMMETpUN AL B YCTaHOBKE BO3MOYKHO
UCIIOJIb30BAHUE MPOAOJILHO-TIONSApU30BaHHOW MuleHu. Kpuocrat stoi mumenu [102] Obut
usrorosieH B 1990 rony B pamkax nossipusanuonHoro skcrepumenta E704 so ®HAJI (CLLIA).
On naxomutcs B OUSAN. ®otorpadum Komiiekca MPOJOJIBHO MOJISPU30BAHHON MUILEHU
npuBenensl Ha Puc. 3.11.

B OUSIUN ectp Takke M CBEPXIPOBOASIIMI COJICHOW, M3TOTOBJIEHHBIH MO 00pasily
(paHIry3ckoro cBepxmpoBoasuero coineHouna s mumenun E704. Kpuocrar Bmecte co
CBEPXIPOBOSIIUM COJIEHOMJIOM MOTYT ObITh TpaHcropTupoBansl B UDPBD u ucnonszoBaHsl B
skcniepumente CITACHAPM Ha kanane 24A.

OTO MHILIEHb TaKXKE 3aMOpPOKEHHOT'O THIMA, B KPHUOCTAaTe KOTOPOH JUIsl IMOJy4eHHUS
HU3KOHN TEMIIepaTypbl UCIOIb3YETCS METOJI paCTBOPEHUS He® B He*. PaGouas TeMIlepaTypa npu
MCIOJIb30BaHNU JaHHON muiieHu Obuta 60 MK. OcHOBHbIE MPUHLUIBI PpabOThl MUIIEHU U €€
XapaKTEpUCTUKU COBMAJAIOT C IONEPEYHO-TOJIIIPU30BAaHHOM MHIIEHBbIO 32 MCKJIIOYEHHEM
HaIpPAaBJICHUS MarHUTHOTO TIOJI.

OcHOBHBIE TapaMETPhI MOIAPU30BAHHON MUILIEHU:

— xumuueckuit cocraB — nmeatanon (CsHip20),

— januHa paboyero oobema MuieHH coctaBiser 20 cM, a quamerp paseH 30 MM,

— TOJApU3ALMA MUILEHU MOXET JocTUraTh 75%,

— XUMHYeCKUH (akTop pa3OaBieHUs (OTHOLIEHHE YMCA BCEX HYKJIOHOB K YHCITY
MOJISIPU30BAaHHBIX TPOTOHOB) 7.3 I EHTaHOIA.

CBepxnpoBOAAILIMI COIEHOUA NMEET MOJIHYIO JUIMHY 86 CM M BHYTPEHHMH nuametp 9.4
cM. B E704 on ucnonp3oBain 1.5 1 )kuakoro renust B yac. MakcuMalibHOE 1oJie mpu Toke 185A
cocraBisuio B E704 6.5 Tn. Onnako B xoxe Habopa craructuku B E704 mMarHuTHOE moJe
cocraBisuio 2.5 Tm, uto OBUIO MOCTATOYHO JUIsl HYXJ OJKcrnepuMmeHTta. OXHOPOIHOCTH
MarHuTHOTO TIOJII BHYTPH pabodyero oobemMa MHIIIEHH COCTaBIISIIO +5-10°. TlonHslil TexecHbIN
yroJ1 packpbITUs cocTaBisul 130 Mpaj o OTHOIIEHHUIO K OCH ITy4Ka.
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1l MUIIICHH CBEPXY U COOKY

1 MOJIAPU30BAHHO

Puc. 3.11 ®otorpadun koMIuiekca npoJoIbHO
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3.3.3 Hosasg nonsipuzoBaHHas MHUULIEHb JUIsI U3MEPEHUsS IOMNEPEUHBIX U IMPOJOJIbHBIX
acCUMMeTpui

Jliia u3MepeHusi ABYXCHUHOBBIX IMPOJOJIBHBIX acUMMETpUil Al B SKCIIEPUMEHTAIBHOM
yctaHoBke CITACYHAPM manupyeTcs MCMOJb30BaHKUE MPOI0JIbHO-TIOJIAPU30BAHHON MUIICHHU.
Jlns 3TOM 1enu Jydnie BCero co3aTh HOBYIO MOJISPU30BAHHYIO MUIIEHb 3aMOPOKEHHOIO THIA C
UCTIOJI30BAHUEM DPE3YJIbTATOB TOCIEAHUX YCIEHIHBIX pa3padoTok B 3Toi obmactu. ['nmaBHOe
OTJIMYME HOBOM MUIIEHHU — 3TO peaju3alusi, BO3MOKHOCTH MCIOJIb30BAaHUS XOJOJHOTO 3KpaHa
KpHOCTaTa NOJISIPU30BAHHOM MUILECHU JUIS OXJAXACHUSA MOJAPU3YIOIIEH M YIEpPKUBAIOLIEH
noJsipu3anuio MumieHu katymek. Ha Pue. 3.12 mokazan TUNMYHBINA TOPU30HTAIBHBINA KPHOCTAT
MOJISIPU30BAaHHON «3aMOPOXKEHHOI» MUIIeHH, pa3padotanHbii B OUSM, ¢ o0003HauYE€HHBIM
PacIoJIOKEHUEM NOJIAPU3YIOIIEH U YACPKUBAIOIIEH CBEPXIIPOBOISIINX KATYIICK.

B srtom cnydae ormagaer HeOOXOAMMOCTh BO BHEIIHEM OTACIBLHOM TMOJSPHU3YIOIIEM
MarHuTe, a JETEKTUPYIOLlas CUCTEMa SKCIEPUMEHTAIbHOW YCTAaHOBKM MOXET pacrnojlaraTbCs
MaKCHUMaJIbHO OJHM3KO0 OT pabouero BemiecTBa MULICHHU.. bonbre HapaOOTKH B 3TOW 00JIACTH K
HACTOSIIIEMY BPEMEHH €CTh Yy CIICIHAIMCTOB U3 yHUBepcuTeToB bonna u Maitnma [103,104].
Jpyroii 0COOEHHOCTBIO TAKOW MHIICHH SIBJISECTCS BO3MOXXHOCTh CO3/IaHUS KaK MPOIOJIHOU, TaK
U JIBYX MONEPEUHBbIX (BEpPTUKATbHAS U TOPU3OHTAIbHAS ) MOJISPU3ALINA.

Ha sToM Xe pucyHke moKa3aHO TakKe€ M YCTPOWCTBO JJiI HAMOTKHM TaKHUX KaTYILEK,
co3maHHOe B yHuBepcurere T. Maitnn. Hamuume pa3paboTok U JOJITOBpEMEHHOE
corpyannuectBo OUAN ¢ 3TuM U IpyruMu HEMEUKUMHU YHUBEPCUTETAMM JI€JAI0T BO3MOKHBIM
peanu3alrio MHOTUX NPUHIMIHAIBHO HOBBIX BO3MOKHOCTEHN B MOJIIPU30BAHHOW MUILIEHH.

Transverse (Saddle coil)

- —

and

Longitudinal (Solenoid)

Internal New Coil with 10 layer (2.5Tesla) in
Holding Field (1.2K, 0.6T) Mainz mechanical workshop.

Puc. 3.12 Kpuocrar nonsipu3oBaHHOM MUILIEHH € TIOJISIPU3YIONIEH U Y Iep>KUBAIOIIEH HOISIpU3aLIUI0
CBEPXIIPOBOAALIMMYU KaTyHMIKaMH

Eme onHOM npuBIIEKaTEIbHON YEPTOM TAKOM MUILIEHHU SIBJISIETCS BO3MOXHOCTb CO3/IaHUS
B TOM K€ KpHUOCTaTe W MOJSPU30BaHHOM MuieHu-cuuHTHUIATOpa — “ACTIVE-TARGET”
[105]. Takue MUIICHU-CHUHTHILISTOPHI YPE3BBIYAMHO TOJIC3HBI JJIsI U3MEPEHUS psjia pPeakiui,
TaK KaK [IO3BOJISIIOT  CYIIECTBEHHO  YIYYIIUTh TOYHOCTb  OINPEACIICHHS  BEPIIMHBI
B3auMoeiicTBus. B HacTosimee BpeMsi monoOHas MUIICHb-CUMHTWILIIATOP OblUIa YCHEIIHO
pa3paboTaHa W WCHOJIb30BaHAa B HKcrepuMeHte Ha yckoputene “MAMI C” B Maitnne ¢
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yaactuem coTpyaHukoB OUSAN. OObuHO Takas MUIIEHb YCTaHABJIMBACTCS Ha CICIHAIBHON
BcraBke-muTanre (Cryostat-Insert, Puc. 3.13, Puc. 3.14), koTopasi BBOJUTCS B KDUOCTAT MUIICHH
py HEOOXOTUMOCTH.

MuweHb
(T=45 mK)

Mnara geTtekropos
(T=4 K)

Puc. 3.13 OcHOBHbIE BHYTpPEHHHE Y3JIbl, CO3JaHHON coBMeCTHhIMUYCcHIHsAME (Maitniu- bonu-boxym-OUSIN)
MUILIEHU-CHUUHTHIIIATOPA

B Hacrosmiee BpeMs BBIIOJHEH MNEPBBIM B MHUPE YCIHEIIHBIM 3KCIEPUMEHT C 3TOMU
aKTHBHOW moJisipu3oBaHHON MuiieHbto [106]. Beicokas 3G QGeKTHBHOCT, M HHU3KH I[OPOT
perucrpalyy IMPOTOHOB OTJAa4M B TaKOM MHIIEHH OTKPBIBAIOT HOBBIE BO3MOYKHOCTU B
HCCJIEJOBAaHUM CIIMHOBOM CTPYKTYpPHI IPOTOHA U MOJIyYEHUH MOJEIBbHO HE3aBUCHUMBIX JIaHHBIX.
[Tonspuzanys NpoTOHOB 3TOM MUIIEHU-CUUHTUIIIATOPA cocTaBuia ~ 65%, BpeMs Mojaaep:KaHus
nossipu3anuu npu temneparype 45 MK B marautaoMm none 0,4 T oxono 100 wacos. Ha myuke
HOJISIPU30BAaHHBIX MEUYeHbIX (OTOHOB yckoputenass MAMI  u3MmepeHsl MoNspU3aLMOHHbIE
HAGMIOAEMBIE B PEAKIMAX (OTOPOKACHHS T M ' ME30HOB, a TAKKE ACHMMETPHS CCUCHHS
KOMIITOHOBCKOTO pAacCEsiHMs, TMO3BOJAIOLIAs H3BJIEYb MOJEIBHO HE3aBUCHUMBIE JIaHHBIE O
CIIMHOBOM MOJISIPU3YEMOCTH MPOTOHA.

*He-‘He-Mixture

Outer Vacuum Seal Inner Vacuum Seal Target Head
Detector Board

» Length of tube increased to 1.5m
+ Operation of et yarm
2 in the cryostat for high conductive materials
+ Outer /inner vacuum seal
ila rylic g because of thermal contraction

Maik Biroth, Institut fir Kernphysik, Mainz, Germany biroth@kph.uni-mainz.de

Puc. 3.14 TonsipuzoBaHHasi MULIEHb-CHUHTHILIITOD (MaiiHir)
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besycnoBHO, HOBasi MUIIIEHb TO3BOJIET TOOUTHCA TaK)K€ MAKCHUMAaJIbHOM aBTOMAaTHU3aINH
YCTAaHOBKM W JAMCTAHLMOHHOI'O KOHTPOJII 33 OCHOBHBIMM IapamMeTpamMH, YTO 4YpEe3BbIYAMHO
BaXHO JJI IIOBBIIIEHHUS HAAEKHOCTHM M SKOHOMMYHOCTH JKCIIEPUMEHTAJIbHOW YCTAaHOBKHU.
PaboTel 1O co3maHWIO CHUCTEMbl HM3MepeHHs noispuszanuu mumeHn (SIMP) moryr ObITh
BBINOJHEHB! cnenuanucramMmu u3 OUMSAN u yHuBepcurera boxyma, KOTOpble HMEIOT K
HACTOSIIEMY BPEMEHH MHPOBBIC pa3paboTKu B 3Toi obaactu [107, 108].

Kpome xkpuocrata nonsipu3oBaHHOW MHIIEHH, HEOOXOAMMO CO3/JaTh CIEHUATbHYIO
TepPMETUYHYI0 HAcOCHYIO rpynny ans mupkymsiuun He-3 u ortkaukum He-4, paspabortath u
co3aTh cooTBeTCTBYIOIIKE cructeMbl SIMP u Hakauku (CBY). Jlns ympaBieHHsS U KOHTPOJIS 3a
OCHOBHBIMHM Tlapamerpamu © Tnponeccamu [IM, HeoOXOauM AMCTAHIMOHHBIA NYIbT H
COOTBETCTBYIOIIEE CIEIHATU3UPOBAHHOE MMPOTPAMMHOE 00€CIICUeHUE I BCEX CUCTEM.

B kauectBe pabouero BeliecTBa MPEANOJIAraeTcsi MCIOIb30BaTh OYTaHON Kak
IPOTOHHBIN, TaK M JAEUTPOHHBIM (C HCIOJB30BAaHMEM B KaueCTBE XHMHUYECKOIO pajauKaia
“Trityl”) BapuanTsl. B 3TOM Ciyyae MOXKHO OXKUATh MOJIy4EHUS NPeIeNnbHOM nospusamun: Py
~90%, P4 ~80%, ¢ mocTaTOuHO OOJBIIMM BPEMEHEM PellaKCcaIluy MOJISIPU3AIIH.

[Ipenmonaraercs, 4yTo B paboTax MO CO3JAaHHUIO MOJSPU3OBAHHOW «3aMOPOKEHHOI
MUILEHN OCHOBHYIO poib Oyner urparte rpynna JISIII OUSU, umeromast yHUKaJIbHBIA OIIBIT,
JOCTHXKCHUS U pa3paboTku B 3Tor obmactu (Puc. 3.15) [109, 110,108], moaTBepkICHUEM YeMy
CIIy’)KaT JeMCTBYIOIINE YCTaHOBKH mojgo0Horo tuna B ['arumne, IIporBuno, [Ipare u Maiinie.
be3ycnoBHO, moTpedyeTcsl Takke aKTUBHOE M IOJHOLIEHHOE yyacTHE B paboTax IO CO3JaHMIO
MOJIAPU30BAaHHON «3aMOPOYKEHHOW» MHUILIEHH JUISI 3TOT0 SKCIEPUMEHTA COOTBETCTBYIOIIMX
cnernuanuctoB u3 MOBD, u HeMeUKHUX KOJJIET U3 HayuyHbIX HeHTpoB (Maiinu, bonn, boxym).
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Puc. 3.15 Kapra neiicTByOIMX U IIIAHUPYEMBIX TTOJIIPU30BAHHBIX MUIIEHEH, CO31aHHBIX coTpynHuKaMu JIAII
ousAn
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3.4  MarHuTHBII CIIEKTPOMETP

Oduznyeckas mporpamma skcnepumenta (paszmen 1) mpemycMmarpuBaeT pPErHCTPALUIO
3apsOKEHHBIX YaCTHIl U U3MEPEHHE UX MMIYJbca. TpeKoBasl cucTeMa JO0JDKHA YJIOBIETBOPSTH
TPEM OCHOBHBIM TPEOOBAHUSIM:

— HMeTh OOJIBIION aKCeNTaHC;

— TMO3BOJISITH BOCCTAHABJIMBAThH pacnabl TUIIEPOHOB U

— IIpHU NPELU3UOHHBIX U3MEPEHMSIX YapMOHHUS UMETh paspelieHue Ha yposHe 0.4% npu
10 I'3B.

I/ICXO,I[SI U3 OTHUX }’CJ'IOBI/II‘/'I, ObLIa IIOATOTOBJIEHA CXEMa, BKIOYAroIasd MHIMPOKO-
aHepTypHHﬁ MAarduT U CUCTEMY TPCKOBBIX NCTCKTOPOB.

3.4.1 CrnekTpoMeTpU4eCKHil MarHUT

CriekrpoMeTpudeckuii MarHutT u3rororiieH B OB, OcHOBHON 0COOEHHOCTHIO MAarHHUTA
SBJISIeTCs OOJbIIasi anepTypa, MO3BOJISIONIAs MPOBOJUTH MCCIENIOBAHUSA B OOJBIIIOM TEJIECHOM
yrie, TakuM 00pa3oM, OO0eCIeYnuTh OOJNBIIYIO anepTypy 3KCIEPUMEHTAIBHOW YCTAaHOBKH B
nemnomM. dororpadus CIEKTPOMETPUUSCKOT0 MarHuTa Ha kaHane 14 mpusenena ma Puc. 3.16.
Aneprypa (okHO) MarHuta wumeeT pasmepbl 2300x1000 MM’, TOJIIHMHA o0paTHOTO
MarHUTONpPOBOJa cocTaBisieT 8§50 MM, OHAKO HM3-3a HEOJHOPOJHOCTHU MOJIA peajbHas pabouas
mpuHa Marauta cocrasiseT 1400 mMM. [[s SKpaHUPOBKH PACCESHHOTO MOJS YCTaHOBJICHBI
MarHuTHbIe 3KpaHbl TonmuHOoW 100 MM, Ha paccTtosHun 800 MM OT LEHTpa MarHuTa, HEMHOTO
YMEHBILIAIOLIUE ANIEPTYPY, OJHAKO, IPAKTUUECKH HE NCKAKAIOIINE aKCENTAHC YCTAaHOBKHU.

Puc. 3.16 — ®otorpadus cnekrpomerpuueckoro Mmaraura M31 Ha xanane 14

I[J'Ii[ OICHKH XapaKTCPUCTHUK BKCHCpHMeHTaHLHOﬁ YCTAaHOBKHU ObLIH MMPOBCACHBI paCUYCThI
MarautHoro mois. Ha Puc. 3.17 mokasana Harpy3odHas KpuBasd, T.C. 3aBUCUMOCTb MHAYKIUU
MAarauTHOIO IIOJIA B LCHTPE MarnuTa OT HpHJ’IO)KCHHOﬁ Harpy3kKku — 3HAQUCHUA TOKa B KaKIOM
BUTKC.
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Model M4 /,/

B [kGs|
o
Ay

1

0.0 0.5 1.0 1.5 2.0 25 3.0
1, [kA/turn]

Puc. 3.17 Harpy3o4nas KpuBas JJis1 MOJCIH CIICKTPOMETpHYECKOro Marauta M3 1

B Tab6n. 3.1 npuBeneHbI pe3yibTaThl pACUeTOB I TOKa 2.5 KA/BUTOK (IIpeaIoiaraeTcs,
YTO OCHOBHBIC (U3MUSCKUEC H3MEPEHHsI OYIyT TMPOBOJUTHCS NPH JaHHOM 3HAUYCHHU TOJIS);
3HAYEHUS KOOPJIMHAT JIaHbl B MIJUTUMETPAX, HHTErpajibHOE mosie — B Ti-M.

Ta6n. 3.1 MHTerpansHoe moJie B MarHute npu Toke 1=2.5 kA/BuToK

o i o e

1.49826 1.42978 1.22662 0.91376 0.58583

1.67228 1.63846 1.48690 1.11726 0.69716

B 1.86657 193767  2.25813 1.72721 0.93284

Ha Puc. 3.18 u Puc. 3.19 nmoka3ansl rpaduueckoe mpeacTaBiIeHus JaHHBIX PAaCYeTOB IS
TpEX 3HAYEHU TOKa.

Mé: 1=1.5 kA/um Md: 1=2.0 kA/urn

X, [em] X, [em] X, [em]
Puc. 3.18 M301MHAHN HHTErPaIbHOTO MO B 4ETBEPTOH yacTi paboueii oGmacti 700x500 MM, 1=1.5,2.0 1 2.5
KA/BUTOK

Wuterpan nomns B nieHTpe MarauTa coctaBut 1.5 Ti-m, ogHako mojie HeomHopoaHO. Bo
BpeMsl HCCIIeOBaHUM Ha KaHaie 14 mose marHuTa OyaeT Huke (Ompenensercs MOLIHOCTHIO
HCTOYHHKA).
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Puc. 3.19 HnrerpansHoe moje Kak (GyHKIMS nonepeyHbix koopauHat (X,Y) B padboueit oomactu. | =1.5,2.0u 2.5
KA/BUTOK

B pamkax moarotoBku ¢usuueckoro odopymoBanus mis skcnepumenta CITACHAPM
HEOOXOIMMO TIPOBECTH HW3MEPEHHE TOomorpau MarHUTHOTO TIOJI IIMPOKO-alepTypHOTO
crekTpoMeTpuueckoro mMaruuta M31. DTo mimaHupyercs cienarh NMpU MOMOIIU CHCTEMbI Ha
OCHOBe JaruyukoB Xoma ¢ TodHocThio 0,1%. TexHuyeckue cnenudukauu Ha MOATOTOBKY
CUCTEMBI IS IPOBEICHUS U3MEPEHUH cieyrolue: mar u3Mepenus no ocsam X, Y, Z B pabouem
ooweMme ¢ pazmepamu 2000x1000x7000 mm, coctaBiser 40 mm. Ha Puc. 3.20 nmoka3ana cucrema
W3MEPEHHs] MAarHUTHOTO TI0JIsl, CMOHTHPOBaHHAsI HA CIEKTPOMETPUYECKOM MarHure.

s\ e

Puc. 3.20 Cucrema u3MepeHusi MAarHUTHOTO MOJIsI, CMOHTUPOBaHHAS HA CIIEKTPOMETPUIECKOM MarHuTe

Jlyisa oTBOJA TeIuIa, BBLAEISEMOro Mpu paboTe MarHuTa, 4epe3 OOMOTKY IpPOKaunBaeTcs
oOeccosieHHast XojofaHas BoAa moj aAasieHueM 11 armocdep. [lannas cuctema He Tpedyer
CEpbEe3HOM JOMOMHUTENBHON MpopaboTKU. B To ke BpeMs mpu co3AaHUU YCTAaHOBKU Ha KaHalle
24 nns JOCTMOKEHUST HOMHUHAJIBHBIX 3HAYeHWH MAarHUTHOTO TOJIS HEOOXOAMMO CO3aHue
CHEUAIN3UPOBAaHHOIO UCTOUYHHUKA.

3.4.2 TpekoBas cucrtema

TpekoBble AETEKTOpPBHI OJKCHEpPUMEHTa BBIOMpPAIUCH C Yy4eTOM TpeOOBaHUU IO
pa3pelIeHuIo U JIODKHBI IMETh MUHIMAIIbHOE KOJIMYECTBO BEIIECTBA U XOPOIllee KOOPIUHATHOE
pa3pemieHue. Majoe KOIUYECTBO BeIlIeCTBA TPeOyeTcs, MpekIe BCEro, MpU HCCIEAOBAHUU
JapMOHHS. B 3THX WCCIEIOBaHUAX MPEIIOJIaraeTCs HCIIOJIb30BaTh JIETEKTOPHl Ha OCHOBE
I'azoBoro oamextponHoro ycwieaus (I'DY-GEM) wu craHmmm [OeTEeKTOPOB Ha OCHOBE
TOHKOCTEHHBIX TpyOok. B Tabn. 3.2 mpuBeneHbI CIHCOK, nonoxeHne™ u pa3Mepbl TPEKOBBIX

40 o
Ilonoxenne JACTCKTOPOB NPCACTABJICHO IMMPU UCCICAOBAHNU OJHOCTIMHOBLIX aCUMMETPHHU C UCIIOJIBb30BaAHUCM
BOZIOpO,HHOﬁ WK AACPHBIX MHUIICHEH.
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JNETEKTOPOB, JKUPHBIM IIPUPTOM OTMEUEHBI JETEKTOPBl, KOTOpbIE MpEaInoJiaraercs
MCIIOJIb30BaTh NPU UCCIIEJOBAaHUM YapMOHMSI, BIOOpP 3TUX AETEKTOPOB OIPENEISAETCS JIYUIIUM
KOOPJMHATHBIM Pa3pELICHUEM.

Tabn. 3.2 Criucok U XapaKTePUCTHUKH TPEKOBBIX AETEKTOPOB. JKUPHBIM MIPUPTOM OTMEUEHBI IETEKTOPHI, KOTOPHIE
NPEIIoIaraeTcsl HCIOIb30BaTh P UCCIICIOBAaHUY YaPMOHHS, 3€JICHBIM LBETOM OTMEUYEHBI JETEKTOPEI,
yCTaHOBJICHHBIC Ha KaHaje 14 u npotecTupoBaHHbIe B ceancax 2018-2019 rr.

Nms nerexktopa | Pacctosinue | Kommnosuius [lar Pazmep Yuciao
OT MUIIICHH | KaMep MIPOBOJIOK Kamepsbl,
[M] (muamerp Y[cm] xX[em] | Kananos
TpYOOK)
[Mm]

GEM1 0,357 | XY crpun 0.4 20 x 20 1000
PC1 0,55 XY 1 20 x 20 400
PC2 0,63 XY 1 20 x 20 400
PC3 0,71 XY 1 20 x 20 400
GEM?2 0,85 XY crpun 0.4 30 x 30 1500
DT1 1,00 uvVv. XY 15 32x32 384
DT2 1,67 XY, UV 30 72 x 96 336
DC1 3,00 X 17 80 x 120 140
DT3 5,29 XY, U 30 120 x 168 432
DC2 5,70 X,Y,UuV 17 160 x 240 560
DT4 8,07 XY, U 30 192 x 240 672
DT5 9,77 X,Y,U 30 192 x 240 672

Hroro xaHanos: 2500 ALIT nns GEM-netexTopos,
2496 BLIT s kamep Ha OCHOBE JIpeipOBBIX TPYOOK H
1200 peructpoB 11 NPONOPLUOHATIBHBIX KaMep.

KoopannaTHOE paspemieHne IByX HEOOXOTUMBIX TETEKTOPOB 0 CIIEKTPOMETPUIECKOTO
MarHura JOJHKHO cocTaBisaTh 60-70 mukpoH. Takumu Xxapakrepuctukamu obnamaror GEM-
nerexktopbl (Gas Electron Multiplier) ¢ BpemennbiM paspemennem 10 He. [lnanupyercs
UCIIOJIb30BATh JIBYXIUIOCKOCTHBIE JIETEKTOPBI C TpeMsi creneHsmu ycuienus (triple-GEM).
TpekoBas cucteMa BKIItO4aeT JiBa aetekropa tuna GEM, pacnonokeHHBIX Kak MOXKHO OJMKe K
MUILEHH. Ha BbIXO/ie MullleHu MaruuTa. [lerekropel GEM urpatot BakHy0 posib B BEpIIMHHOM
JIETEKTOpe, HEOOXOAUMOM JUIsl PErMCTpallii pe30HaHCOB U runepoHoB. GEM1 nomken umers
pasmep 20x20cm?, GEM2 30x30cm?.

B HN®BD ocBoeHa TexHONOTHs W3roToBIeHHs jaerektopoB GEM wu3 wmarepuanos,
noarorasmuBaemMbix B [IEPH. M3rorosnens! nqea mpororua GEM-nerexropa pazmepamu 10x10
cm® (em. Puc. 3.21). IIpoBeneHbl ucmbITaHUS 3TUX AeTekTopoB. Jlerekropel GEM mmeror
IPOCTPAHCTBEHHOE Pa3pelieHre oKono 70 MHKPOH M paGoTaloT mpH 3arpyskax 1o 10° mm™2 ¢,
TO €cTh pabOTalOT B MHTEHCHBHBIX Iydykax Oe3 wmcroib3oBanus beam-Killer.Camu nerextopsr
MOJTHOCTBIO Y/IOBJIETBOPSIOT TPEOOBAHUAM SKCIIEPUMEHTA.

! Hauano JIETEKTOpa
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Puc. 3.21 ®otorpadun aByx nporotunoB GEM nerexropos s yCTéHOBKH CITACYHAPM.

[lo pe3ynpraram HCCIEIOBAaHUM XapaKTEPUCTUK JeTekropoB IOV  mpusHaHo
nenecooOpasHbIM — co3fjaHue JAByX JerekropoB. Ilpeamomaraercs, uTto pa3paboTka H
U3rOTOBJICHUE HA/IETEKTOPHOM 3JeKTPOHUKHU OyzeT BoinogHeHo B MUDU unu OMSN.

Mexny asyms aerekropamu GEM1 u GEM2 pacnonoxkeHsl Tpu NpONOPIHOHAIBHBIE
kamepbl PC1-PC3 ¢ mpocrtpancTBeHHbIM pazpemerneM 300 MUKpOH. DTH Kamepsl padoTaroT
3¢ (HEeKTHBHO B My4YKaxX YaCTHIl C MHTEHCHUBHOCTBIO [0 4 10° wacrur B cekyHay. Takue xe
KaMephl MPE/II0IaraeTcs UCI0JIb30BaTh B KAYECTBE MyYKOBBIX JIETEKTOPOB (cM. pazzen 3.1).

3a nmerektopom GEM?2 pacmonoxena npeiidonast cranmuss DT1, cocrosmias w3 nByX
JIBYXCIIOMHBIX KaMep ¢ auameTpom Tpyoku 15 mm [111] u paboueii o6macTero 48 x 48 cM?. Ozna
W3 9THX Kamep moBepHyTa Ha yron 45° otmocurenbno Beprukamn. Kaxasii cmoit (X u Y)
COCTOUT M3 Tpex psaoB apeiioBeix Tpyook (IT), CKICCHHBIX MEXTy COOOH, CpemHUil s
CIBHMHYT Ha IOJIIIara OTHOCUTEIHHO KpaHUX. TpyOKH “IIOTHO” ynmakoBaHBI B 3 cios (Tak ke
Kak U B «OOJBIINX» Kamepax), B KaXIOM cioe 1Mo 16 TpyOOK, pacCcTOsHHE MEXAY JIOOBIMU
COCEIHUMH CHTHAJILHBIMU TIpoBosiokaMu 15.5 mm (Puc. 3.22, nesas manens). lar mexay AT
coctaBisger 15,5 MM. DTO paccCTOSHUE OMNpeNeseTcss TOUYHBIMU IOBEPXHOCTSIMHM TOPILIEBBIX
37eMeHTOB. Il MOJKIIIOYEHUS! BBICOKOTO HANpPsDKEHUS M YCWIMTENEeH HCIOJIb30BaHbI IUIATHI
MACCUBHOM 3NIEKTPOHHUKH OT Kamep u3 30-mMm TpyOok (Puc. 3.22, mpaBas maHenb), cCOeITMHEHHUE
TpyOOK C IIaTaMH BBIIOJIHEHO MTPH MOMOIIY POBOAHHUKOB.

& - mecTo cKaeHKiI

Puc. 3.22 Cxema pacnosioxxeHusi TpyOok (JieBast naHelsb) U pOTO KaMephl Iepell yCTaHOBKOH Ha ITaTHOE MECTO
(mpaBast maHeb)
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KomnuectBo IT B ciioe kpaTHO 8-MH, UTO ONpPEAETAETCS MOAYJIbHOCTHIO AJIEKTPOHUKHU.
tu kamepsl umerot beam-killer pasmepom 3x3 cm? 1 paGoTarOT >PEKTHBHO B HHTCHCUBHbIX
IyYKaX YacTHII.

B  mHacrosimiee BpemMs Kamepa  IOATOTOBICHA M CMOHTHPOBAaHa B 30HE
9KCIIEPUMEHTAILHON YCTAHOBKH.

Ha Puc. 3.23 npuBeneHbl CUETHBIE XapaKTEPUCTUKHU KaMmepbl. M3MepeHHbIe cueTHBIC
XapaKTEPUCTHKH IMOKA3bIBAIOT XOPOIIYIO pab0TOCIOCOOHOCTh KaMEpHI.
20 ; ——
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Puc. 3.23 CuerHble XapaKTepUCTHKH BCeX TPyOOK(IIpaBasi IIaHelb) U yCPEeIHEHHAsI XapaKTEePUCTHKA BCeH KaMepbl
(J1eBast maHep)

Cranmusa DT2 cocrout u3 JBYX OJMHAKOBBIX Kamep, OJHA M3 KOTOPHIX MOBEPHYTa Ha
yroma 15° ortHOCHTETBHO BEpPTUKAIU. DTU KaMmepbl, KaKk M Bce OcCTajbHble Kamepsl DT 3a
MarHuTOM, H3TOTOBJICHBI M3 MaiapoBbIX Apel(oBbIXx TpyOok ¢ aumamerpoMm 30 mm [112].
Kaxnas xamepa cocTouT u3 Tpex psaoB apeidoBeix Tpyook (AT), ckieeHHbIX MEXIy COOOH,
CPEIHMH PsIJI CIBUHYT Ha IMOJIIara OTHOCUTEIbHO KpaifHUX.

TexHonorus M3roTOBICHUS AaHHBIX Kamep Oblia co3naHa B UDBD, mosnyueH naTteHT Ha
nosie3nyo Mojenb [113].Bbuto 3aBepiieHO M3rOTOBJICHUE CTaHIUil npeidoBbix Tpybok DT2-
DT5 u BeimmonHeH MoHTaX Ha kaHane. Ha Puc. 3.24 mpusenens! (oTtorpadum yCTaHOBKH C
pa3MelIeHHBIMU Ha HEeW cTaHUUsAMHU JIpeigoBbix kamep. Kamepsl Ha ocHOBe peiioBBIX TPYOOK
paboraror Ha craHmaptHoW razoBod cmecu 93% Ar, 7% CO; um Bce XapaKTEPUCTHKH
COOTBETCTBYIOT IPOEKTHBIM.

uuummmmmmm Mu"w”f«'ﬂ'lfm{”

mmmmrmmmmmrmmm mmm |

I \“\‘H

Puc. 3.24 YerBeprast CTaHIMs Kamep Ha pabovyeM MECTe C yCTAHOBICHHBIM Iepe/l Hel TPUITEPHBIM CUETYUKOM Ha
B3aMMOJICHICTBHE, CIIpaBa — TPEThS CTAHIIH, PACHIOJI0KECHHAS cpa3y MOCIe MarHuTa.
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[ar mexay AT cocraBnser 30,035 MM u ompenensieTcss rpeOCHKaMd Ha TPAaHUTHOM

cTojie Ipu cKielke Kamepsl. KommuecTBo

AT B cinoe kpartHo

8-MHu, 4YTO oIpenenseTcs

MOJYJIbHOCTBIO 3JIGKTPOHHKHA. DTH KaMepbl UMEIOT 30HY HEUyBCTBUTEIBHOCTH Tyuka (beam-
killer) m paGotaror S(pQpeKTHBHO B HMHTEHCHUBHBIX myukax uactull. Cranimum DT3-DT5

pacrojI0kKeHbl 3@ MArHUTOM M U3MEPSIIOT KOOPAUHATHI (BOCCTAaHABIMBAIOT TPEKH) YACTHIL B TPEX

0
mwiockocTsax — B X,Y,U. Kamepa U nosepnyra Ha 15 oTHOcuTenbHO BepTHKanu. [Ipumepsl

pacnpeneneHuii cpaboTaBIMX ApePOBBIX TPYOOK Ha MydKe Mmoka3zansl Ha Puc. 3.25.

hFtsProl S1_Ch*

Entries
Mean
RMS

7
1

Puc. 3.25 IIpodunu myuka B AByX CTAHLUSX JETEKTOPA (CKPHH-ILIOT MPOrpaMMbl 00PabOTKH JaHHBIX «B JINHHION)

Ha Puc.

Tpe6OBaHI/I${M OKCIICPUMCHTA I10 TOYHOCTH.

3.26 mokazaHo paspemeHue kKamep (P2=143 Mkm),

Overall residuals

hres

1500 —

1000 —

500 —

Entries

12809

-0.01344

0.2141

105134

1323+ 19.8

0.0009992 + 0.0018702
0.1425 + 0.0021
1863+ 7.1

-0.05752 £ 0.00678
0.352 0.00

Residuals, mm

4TO COOTBCTCTBYCT

Puc. 3.26 Pa3HocTh MeX/y BOCCTAaHOBJICHHOM KOOPAMHATOM TpeKka U KOOPJIUHATOH B IaHHOM NOATIOCKOCTH

Eme omaumu TPCKOBBIMU ACTCKTOPAMH, KOTOPLIC IIpCIaracrcda HCIOJb30BATH B

JKCIIepUMeHTe, sBIsIoTCs aperidoBbie kamepsl [TUAD-UTO®. [loapoOHoe ommcaHue >STHX

kamep npuBeneHo B pabore [100]. M3 BO3MOXKHBIX KOHCTPYKIIME JaHHBIX Apei(oBbIX Kamep
Oblla BBIOpaHa Ta, KOTOpas OOecneuynBaeT MUHUMAJIbHOE KOJIMYECTBO BEIIECTBA Ha ITYTH

PETUCTPUPYEMBIX MPOJIYKTOB peaklud, a HWMEHHO — TpOBOJIouHas JApeldoBas Kkamepa ¢
reKcaroHaibHOM cTpykTypoil. KoHdurypamus noutu npaBUIIbHBIX IIECTUTPAHHBIX Jper(oBBIX

s4yeek uiutoctpupyercs Puc. 3.27.

OTKpBITBIMH  KPYXKaMH HM300paXeHbl MOTEHIHAJIbHBIE MPOBOJIOYKH AuameTpom 100

MkM. IIpoBonouku B cnosx 3,4,6,7,9,10 Haxonmarcss MoOJ BBICOKMM TOJIOXHUTEIbHBIM

INOTCHIIMAJIOM, 06pa3y;1 Io4YTh MOUIMHAPUYCCKH CUMMCTPHUYHOC Hpeﬁ(l)OBOC ImoJie BOKPYT

3a3€MJIEHHBIX CHUTHAJIBHBIX IMPOBOJIOYEK (M300pa)K€Hbl YEPHBIMH TOYKAMHU B CIOSAX 5 U 8).
JrameTp curHaiabHbIX IpoBoJIoYeK 25 MKM. [loTeHmanbHble IIOCKOCTH 2 U 11 UMeroT HyneBoi

MOTCHIHUAI U CIIYKaT JJI1 CUMMCTPHU3allUuH 10 A4YECK C BHEIITHECH CTOPOHBI. HCfICTBPITGJ'IBHO, Io
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OTHOILEHHUIO K BEpXHEMY (10 PUCYHKY) Py S4€eK MPOBOJOYKHU IIOCKOCTU 2 3aal0T MOYTH
TaKyl kK€ KOH(QUTypaluio MOTEHIMajda, KaK M CUTHAIbHBIC MPOBOJIOUKH Iiockoctu §. Ilar
AyeeK CTPYKTypbl 17 mm. CABUT sueeK B JBYX CUTHAJIBHBIX IUIOCKOCTSIX Ha IOJOBUHY Iara
103BOJIsIeT A(P(PEKTUBHO OIMPENENATh, C KAKOH CTOPOHBI OT CHTHAJIBLHOW MPOBOJOYKHU IMPOIIEI

TPEK PETUCTPUPYEMON YaCTULIBI
1

- 17
2 -0 3) o o o ;
8 e Omme e O Qe o2t
4 Qi O Qe O O
[ — PR O, . N S -
6 -0 O & Oz O
y J— O B o AR, Ol 0
8 .- . . . .
9 oo O e Qi Qpirmmme o
[ e C— B o S o — O
j | — (@ ? ) RNV @ O O

12
Puc. 3.27 YacTth nepuoandeckoi CTpyKTypbl IpoBoJIoYHBIX npeiidoBbix kamep DIIEKYP (ue B maciurabe):
2,3,4,6,7,9,10,11 — mI0CKOCTH MOTCHIIHAILHBIX TPOBOJIOYCK, 5,8 — MIIOCKOCTH CUTHAIBHBIX IPOBOJIOYEK, 1,12 —
MaiiJIapoBbie OKHA, OIPAHUYUBAOIIHE ra30BbIi 00beM

l'a30BBIil 00BEM KaMep OrpaHuYeH MaiyapoBeiMu okHamu 1, 12 (Puc. 3.27) c
repMeTu3alyei no anoMuHueBol pame. Pabouas razoBas cMmech conepkut 70% aprona u 30%
yraekucioro raza. [IpegycMorpena Bo3MokHOCTh noaMemBanus 10 3% ¢peona-14 (CF4) mis
OYUIIEHUS 2JIEMEHTOB BHYTPEHHET0 00beMa

Ha Puc. 3.28 mnpuBeneHa 3aBUCHUMOCTb 3(PQPEKTUBHOCTH KaMepbl OT BBICOKOTO
HaNpsDKEHUs, MOJAHHOTO Ha TMOTEHLUAIbHBIE MPOBOJOYKH TEKCaroHaJbHOM CTPYKTYpBI, AT
ra3oBoii cmecu 65% Ar u 35% CO,. 13 pucyHka BUJIHO, YTO B JHana3oHe pabodux moporos 15-
20 MB mmpuna nnato 3¢dexruBnoctu cocrasiser 200—300 B. IIpu nmpoxyse kameps! paboueit
ra3oBOil CMEChbI0O HANpsDKEHUsS, TPU KOTOPBIX JIOCTUTAeTcss Takas ke d3(PQeKTHBHOCTS,
yMeHbIlatTcs Npuodau3nuTenbHo Ha 50 B.

X r
.n'100f
= C
3 r
& 90
= L
£ r
_880;
g r
™ 70F e [lopor 15 mB
[ m [lopor 20 mB
60 a [lopor 30 mB
. v [lopor 50 mB
50—
b i bs Pl B8 Pl mEEed ERE el id L

B

Puc. 3.28. 3aBucuMocTb 3G GEKTHBHOCTH APLiiPOBOI KaMEpPhl OT MUTAOMICTO HAIPSIKCHUS TIPU PA3THIHBIX
Moporax AUCKPUMHHAIINN

-'hl

31 3.2 3.3
Hanpsikerne, kB
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Puc. 3.29 moka3piBaeT 3aBUCHMOCTH KOOPAMHATHOW TOYHOCTH JpEeH(OBBIX Kamep OT
TaHreHca yrjia HakioHa Tpeka. Ilpu pabGouem Hampspkenun 3.2 kB HeomnpeneneHHOCTH
BOCCTAHOBJIEHMSI KOOpJMHAT COCTaBisieT NMpuoOau3utesnbHo 200 MKM Ui NEpIEeHIUKYISIPHBIX
tpekoB. Ee yBennuenue 10 350 MKM /I TPEKOB, HAKIIOHEHHBIX Ha 17°, BIOJIHE YIOBIETBOPSET
TpeOOBaHUSIM

JpeiidoBbiec KaMephbl YCTAHOBKH MMEIOT Ta30BbIi 00beM okoio 650 1. st mpuBeaeHus
KaMmep B pabouee cocTosHHE TpeOyeTcs pacxo/1 ra3oBoi CMECH OKOJIO 5 JI/MUH B TEUEHUE CYTOK.

(4]
o
o

llllllIIIIIIIIIIIIIIIIIIIII

To4HoCTb, MKM
'S
<)
=)

e U=32«B
m U=3.1«B
A U=30«B

oo b v b b b by o
%005 01 015 02 025 03
tga

Puc. 3.29 3aBucHMOCTb TOUHOCTH Apel(OBBIX KaMep OT TAaHI'CHCA yIila HaKJIOHA TpeKa MPU pa3InuHbIX
HaIpsHKCHUSX Ha MOTEHIIMAIBHBIX TIPOBOJIOYKAX U PUKCUPOBAHHOM ITOPOTe IUCKPUMUHALIUK. YTOJI OTCUUTHIBACTCS
OT HOpMaJIH K INIOCKOCTH KaMephl B INIOCKOCTH, NEPIIEHANKYJISIPHOI HAPaBICHUIO TPOBOJIOYEK.

3.5  DIeKTpOMarHWTHBINA KaJOPUMETP

OnHUM UX OCHOBHBIX JE€TEKTOPOB YCTAHOBKH SIBJISIETCS AJIEKTPOMArHUTHBINA KAJIOPUMETP
(OBMK), M3rOTOBJICHHBINA MO TEXHOJOTHH «IIAILIBIK» C TOHKOW CETMEHTAIMEeH M 00J1aaaronui
BBICOKHM pa3perieHreM U 3PGEeKTUBHOCTHIO. TEXHOIOTHS U3TOTOBICHUS JIE€TEKTOPA MOTHOCTHIO
oTrpaborana mpu monaroroBke skcrnepumenta [TAHJIA. 3a ocHoBy OyayT B3sThI pe3yjbTaThl,
MOJIy4YeHHBIE TIPH TOATOTOBKE MpoekTa [lepeaHero saeKTpOMarHUTHOTO KaJlOpUMETpa THUIA
manuibik [114].

Mopynbs TniepeaHero 3JIeKTPOMArHUTHOTO KaJOpuMeTpa UMEET COHIABUY-CTPYKTYpy. B
KaKJIOM MOAYJE «IIanuibika» HaxoauTcs 380 cI0eB CBMHIIOBOTO MOMIOTUTENs TommuHon 300
MUKPOH M CHUHTWUIAITOpa TOonmumHOM 1,5 mwm. IlonHas nnuHa akTHBHOM 30HBI MOZYJS
coctasisieT 700 mm wnu 20 paJiuallMOHHBIX JUIMH. YeThIpe sUelKu KaJopuMeTpa MEXaHUYEeCKU
00BeAMHEHBI B OJJUH MOYJb. UepTerk MOayIsl Kanopumerpa npezcrasineH Ha Puc. 3.30.

I

41 ‘ [1.5+0.3)x380=654 72 500 207
796

1033

Puc. 3.30 Yeptex cynepmonyiisi KaJopumerpa
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PCFI/ICTpaHI/ISI CBC€Ta B «HIAHUIBIKE» OCYIICCTBIIACTCSA

qcpes3 CIICKTPOCMCHIAOIINEC

ONTUYECKUE BOJIOKHA, IPOXOASIIME dYepe3 SUEHKYy KaJopuMeTpa M IEepelarolue CBET Ha
doronerexkTop Ha Topue. IlMacTHHBI CHMHTHIUIATOpAa MMEIOT HAa0Op OTBEPCTHH s

MNpOTAruBaHrd OINTHYCCKUX BOJIOKOH W IIHMHBI IJd TOYHOI'0 IMO3WIUOHUPOBAHUA ILIACTHUH

OTHOCHUTEIIBHO APYT Apyra. HOHCpC‘IHBIC pasMEPBI MOAYJIA, COCTOAIIETO U3 YCTBIPEX OINTHUYCCKHU

M30JUPOBAHHBIX KaHaWOB, 110 X110 MM ? (cm Puc. 3.31). Bech aerexktop Oyaer coctosth u3 40
cTpok u 60 cronbuos (pasmep (Y,X)=220x330 cM?) , T.e. B obuieil cnoxHoctr 2400 sueex Him

600 momymei.

Puc. 3.31 Yacts MOysIst KaJOpHUMETpa B pa3pese

Perucrpanus ceera Oyzaer ocymectBiatbess POY Xamamamy R7899. lannblii obpasen
ObUT BBHIOpaH M3 HECKOJBKMX HCCieqyeMbix oOpasmoB. Ha Puc. 3.32 moka3aHa TWHEHHOCTDH

PErucTpai CBECTOBOI0 CUTrHajia, MOJy4YCHHAadA ¢ IOMOIIbIO CUTHajla OT CBETOAUOA0B.

PMT LED signal
100000,00 LR £
i R =0,99-9‘-'/—
E 1006000
8 /
= R —
%
g / oo
0,001 0,01 0,1 1 10 100
light filter transpamcy [%]

Puc. 3.32 [IpoBepka uHEHHOCTH POTOYMHOKUTEIIS
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Kak mnoka3piBalOT MpOBEACHHBbIE Ha IMy4YKE TECThl MPOTOTHNA, 3a CYET TOHKOM
CeTMEHTALMU SHEPreTUYECKOE pa3pelIeHue KalOpUMeTpa COOTBETCTBYET TPEOOBAaHUAM K
netektopy u coctaBisieT 3%/\E, 9TO MO3BONMT OGECIEYNTh HAZEKHOE (B COBOKYITHOCTH C
MarHUTHBIM CIIEKTPOMETPOM M aJJpOHHBIM KaJIOPUMETPOM) pa3zesieHUue 3JIEKTPOHOB U aJIPOHOB.
Ha Puc. 3.33 mokaszaHbl pe3ynbTaTbl W3MEpPEHHUs DHEPreTUYECKOrO pa3pellieHus MpOTOTUIA
JIEKTPOMArHUTHOTO KaJIOpUMETPA.

= 4 X'/ndf 2563 [/ 5

) F P1 3.151 % 0.4289

= P2 1.374 % 0.1147
3 1

, |
| \*\*\#ﬂ

1

0 5 10 15 20
E [GeV]

Puc. 3.33 Pe3ynbraTsr n3MepeHus npoToTuna kagopuMerpa B UDPBD

PeBy.]'ILTaT perucTpanuun TEO'Me3OHa IIpHU HU3KHUX SHCPIUAX ITOKAa3aH Ha Puc. 3.34.

D 100
200 - Entries 1350
Mean 0.1453
| RMS 0.4957E-01
175 Winat 3291 / 3
Constont 173.9
Meon 0.1323
150 Sigma 0.1251€-01
125
100
75 y
50
25
0 n J n I
0 c1 0.2 0.3 0.4 0.5 0.6
MT,[GeWCZ]

Puc. 3.34 MaccoBslii criekTp n°-Me30HOB ¢ sHepruel ot 1 1o 2 I'3B (aerekrop pacnonaraicst Ha paccTosHuM 1,5 M
OT MUILICHH).

CTaOWIBHOCTh HSHEPreTHYECKON IIKANbl KaJOpUMETPa MOXKET KOHTPOIHPOBATHCS
MOHUTOPHOM CHCTEMOW Ha OCHOBe cBeToaunoAoB Ha ypoBHe 0.1%. Byner ucnonb3oBaThCs
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KaMOpoBKa ACTEKTOpa In-situ, B TOM YHCJIE Ha MIOOHAX, HMJICHTU(DHIMPYEMBIX MIOOHHBIM
neTektopoMm. HavanpHas kanuOpoBKa M OTUMHU3ANMS DYHEPTETHUECKOM MIKANbl KAXKION suehku
KaJopuMeTpa OyneT MPOBOAUTHCS HA aTMOC(EpPHBIX MIOOHAX M BBIBEJICHHOM JIICKTPOHHOM
My4Ke.

Mopaynu kajmopuMmeTrpa MOJHOCTBbIO HM3rOTABIMBAIOTCA Ha Y4YacTKE CIUHTUILISTOPOB
N®BD oT nuThs NoJ JaBJIEHWEM IUIACTUH CHUHTWUIATOpPA 10 COOPKH MOAYJS U IOJHUPOBKHU
My4YKa ONTHYECKUX BOJIOKOH.

3.6  AZJpOHHBII KaTOpUMETP

3a 9JNIEeKTPOMArHUTHBIM KaJIOPUMETPOM MPEAIOJIAraeTcsl PacIONIOKUTh  aJPOHHBIN
kanmopumeTp (AK), HeOOXOTUMBIi1 1J1 BBIPAOOTKH TPUTTEpA HA aIPOHBI C OOJBITUMHU X, & TAKIKE
JUIL  pa3/ieNeHusl DIIEKTPOHOB, AJPOHOB M MIOOHOB (IIPU COBMECTHOM HCIIOJNB30BAaHUH C
MarHUTHBIM criekTpoMeTpoM, DMK u MIooHHBIM jaerekropom). Eme omHa BakHas (yHKIHS
aJPOHHOTO KAJIOPHMETpa CBS3aHA C HIACHTH(UKAIUMEH W W3MEPEHHUEM SHEPTUU HEUTPOHOB,
AHTUHEUTPOHOB U KOL-Me30HOB.

Monyne anponnoro kajmopumerpa (Puc. 3.35) mnpencraBnser coboil caHIBUY
CBHHEI-CUMHTUUISITOP, OTHOLIEHWE TOJIIMH KOTOphIX 4:1 ObUIO BBIOpAHO HCXOIS H3
YCJIIOBUW KOMIICHCAIIUHU, TOJIIHWHA JACTEKTOpa COCTaBIsAET 6,5 SIACPHBIX JUIHMH, MOTIEPEYHBIC
pasmepsl monynst 100x100 MM, miuHa 120 oM, Bec 120 kT

Puc. 3.35 Cxemarnueckoe n300pakeHHEe MOYIISl aJPOHHOTO KaJopuMeTpa: 1. COMHTHIUISIIIMOHHBIE TUIACTHHBI; 2 —
CBHHIIOBBII MOMIOTHTEND; 3- criektpocmectutens (WLS); 4 — poToyMHOKHUTEIH

[ToapoGHoe ommcanue kanopumeTpa npuseaeHo B padote [115]. Tonmmua maccuBHOTO
ciost paBHa 16 MM, TommmHa cuuHTHWLIATOpa 4 MM. Komnencanus e/h=1 mocruraercs mpu
HEOONBIIOM BpPEMEHM HWHTErpHpoBaHus curHaiza (mopsanka 50 HC) ¢ Kkajdopumerpa
W3mepeHHass ¢ MOMOUIBIO PaJMOAKTUBHOTO MCTOYHHKA HEOJHOPOJHOCTh IJIACTUHBI Ha
MOMEHT HW3TOTOBJEHUS Oblla He Xyke +2%. Jlmsg KOHTpOJsl aJApOHHOrO KaJlopUMeETpa
WCIIONB3YIOTCA  PaAHOAKTHBHEIC ~HCTOYHMKH HA  OCHOBE > Pu, BHEAPEHHBIE B
HEOpraHU4eCKUi CUUHTUILIATOP YAlO;:Ce. CseTtoBont HUCTOYHUK KPENUTCs
HEMOCPEICTBEHHO Ha CBETOYYBCTBUTEIBHYIO IMOBEPXHOCTHh (hoTOoNpHeMHHKa. B kauecTBe
dboTonpueMHHKa HCHONB3yIOTCS (poToymMHON)UTETH DOV 84-3.

Cursanbl OT CBETOBBIX MCTOYHUKOB PETUCTPUPYIOTCS MEXAY IUKIAMU yCKOPUTEIS.
TpurrepoM CIyXUT CyMMa CHUTHajJOB CO BCe€X MoOAyned (MCIOJb3YIOTCA BBIXOABI C
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nocienaux nuHomoB DY), Kpome 3T0OTO, aApOHHBIA KAJIOPUMETP UMEET OOIIYI0 CHCTEMY
MOHHUTOPUPOBAHUS Ha CBETOAMOAAX, CBET OT KOTOPBIX PAa3BOIUTCA BOJOKOHHBIMU
CBETOBOJAMH Ha KaXX]IbIi MOJYJIb.

Pa3pemenne kaopumerpa cocTaBiseT 57%/~NE, oTHOImeHHE CHrHATA e/p=1.0110.03..

B Hacrosiee BpeMsi umeercs Okojio 256 Mopayneidl aapoHHOro kamopumerpa. [us
skcriepuMenTa HeoOxomumo 400 wmomynel. BHemnue rabapuThl KalOpUMETpa COCTaBST
250x190cm>.

[Ipennonaraercs MoOAepHU3aLMsA AJpPOHHBIX MOIYJIEM Ha OCHOBE COBpPEMEHHOMU
TEXHOJIOTHH CBETOCOOpa MpU MOMOIIM ONTHYECKUX BOJOKOH. OJTO TO3BOJUT Ha MOPSAIOK
YBEJIMYUTH KOJUYECTBO COOMPAEMOrO CBETa, YAYYIIMTh pa3pelieHHe M TOpPOT PEerucTpaluu
aJIPOHOB KaJIOPUMETPOM.

3.7 Cucrtema WICHTH(PUKAIIMA BTOPUYHBIX YaCTHI]

OcHoBHble 3a7aun cucteMbl uaeHTudukanuu ycranosku CITACHAPM:

— UACHTUGUKALMS 3apsDKEHHBIX aJpoHOB (7- M K- ME30HOB M INPOTOHOB) OyaAer
OCYILIECTBIISITHCS JETEKTOPAMHU KOJIEll YEPEHKOBCKOTO M3Iy4YeHHs (B Juamna3oHe OT 2
10 12-15 I'sB) u nerekropom Bpemenu mnpoieta (10 2 ['3B),

— UACHTUGUKAIMS 3JIEKTPOHOB OyIeT OCYIIECTBIATHCA C IIOMOLIBIO aJPOHHOIO
KaJopuMeTpa (B COUYETAHUU C FIEKTPOMArHUTHBIM),

— UACHTU(UKALMS MIOOHOB OY/I€T BBIIIOJHATHCSI MIOOHHBIM JIETEKTOPOM.

3.7.1 JlerekTop KoJell YepEeHKOBCKOTO U3Ty4EHUS

JlaHHBIA JETEKTOp OYyAET SIBIATHCS OCHOBHBIM JIETEKTOPOM JUIS pasneneHus n- u K-
ME30HOB. 3a OCHOBY IIpeJylaraercsi B3sThb IETEKTOp, pa3padaTblBacMblil A SKCIEpPUMEHTa
ITAHJIA, Tak Kak quana3oH 3HEPTUil perucTpUpPyEeMbIX YacTUIl MPUMEPHO coBmajaer (1o 12-15
[=B).

B kagectBe nerexTopa mnpeiaraercsi GOKYCHpPYIOIUN IeTEKTOP Ha OCHOBE HECKOJIBKHX
CIIOEB a’poressi. DTOT MeTo/1 ObUT BIIEpBhIC MpeioxkeH B cepennne 90-x roaos [116]. [MpuHumn
dokycupoBaHHs ¥ TMPUHIUNHAIBHAS CXeMa JeTeKkTopa moka3ansl Ha Puc. 3.36. B merekrope
IpeAaraeTcsl HCHOIb30BaTh HECKOJBKO CJIOEB adporesiss € pPasiIuyHbBIM KO3 (GHUIHNEHTOM
HPEeJIOMIICHUSI.

n<n

mirrors

/\

Puc. 3.36 [Npunuun ¢pokycupoBanus (ClieBa) U NPUHLIUIHAIBHAS CXeMa JIETEKTOpa Ha OCHOBE a3poreJis
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[Ipennaraemplii 1eTeKTOp OOJLKEH pasznenarh nmu U K-me3onsl go sneprum 10-12 B ¢
a¢dexkTuBHOCTBIO, O113K0# K 100% (cMm. Puc. 3.37).
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Puc. 3.37 MoaenupoBanue pa3zeiacHus ME30HOB U d3PPEKTUBHOCTh UX PErHCTpanuu yis gerekropa [ITAHJIA

3.7.2 I[eTeKTOpBI MHOX>XCECTBCHHOCTH 1 BPECMCHHU IIPOJICTA

JleTeKTop MHOKECTBEHHOCTH M BPEMEHH IPOJIETa COCTOUT U3 TPEX TOJOCKOIOB. Bpems-
IpoJIeTHAasE CUCTEMa O4YEHb BaKHA JUIA WACHTU(QUKAIMHU MEJUICHHBIX YacTUL[ — IPOAYKTOB
pacriaza pe30HAHCOB, pa3JeTAIOUIMXCS II0C/ieé MarHuTa I1oJ OOJbIIMMHU YIJaMH K OCH
cnektpomerpa (B ameptype 400x300 Mpanz). Ha Puc.  3.38 mnokaszaHbl pe3ynbTaThbl
MOJICIUPOBAHMSI YyBCTBUTENBHOCTH UCHTU(UKALIUHN YaCTUL] OT Pa3pelieHusl JeTEKTOPOB.

OHM COCTOAT M3 CUMHTWUIALIMOHHBIX BEPTUKAJIBHBIX IOJIOC IIUPUHOW 5 cM Kaxkaas 3

cuuatuuisitopa BC408, uro mo3BossieT foctuyb pazpemienus 150 nke B eHTpe cuéTyuka.
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Puc. 3.38 Pacnpenenenue o kagpary macchl M? (I'5B/c) B 3aBHCHMOCTH OT HMITyIIbCA YACTHIIB TIPH PACCTOSHUM

7.6 M OT MHILICHHA
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l'omockon TO® HI1 wumeer TtonmumHy miactTiH 1o nydky 1 cm. JlnuHa mnosoc
cruHTIILIsITOpa paBHa 50 cM.

I'ogockonm TO® H2 pacnonoxeH IMocie CHEKTPOMETPUYECKOTO MarHuTa W HUMEET
cuétunku amuHHONW 100 cM 1 oOmmM grciom 46 T, 9to obecreynBaeT eMy pabouyio 00JIacTh
1x2.3 M°.

[IepBrbie ABa romockona HyKHbI, PEXkIE BCETO KaK I€TEKTOPbl MHOKECTBEHHOCTH.

lNomockon TO® H3 pacnosioxkeH mepes; 3JIEKTPOMArHUTHBIM KaJOPUMETPOM, JTOJKEH
uMeTh TomuHy miactuH 30 MM (mm 20 MM) Tipu uX oOmeM kKoiaumdectBe S0 mT. mpu pasmepe
paboueit ob6nactu 1.8x2.5 M 1 pacCTOSHUU J0 LIEHTpa MUILIEHU OKoj0 12 M. Tperuii rogockorn
(H3) mpennonaraercs ncnoab30BaTh Ui WACHTU(UKAIIMHE YAaCTUL IO BPEMEHHU MpoJIeTa U JJ/IeH
MMETh HawIydlllee pa3pellieHue IO KBaJpaTy Macchl 3apsDKEHHOM YacTHIbI, IIOCKOJBKY 0Oaza
IpoJjieTa JUisd HEro MakCuMasbHa.

3.7.3 MIOOHHBIN JETEKTOP

MIOOHHBIN JIETEKTOp MPEIHA3HAYCH ISl PETHCTPAMH M UACHTH()DHKAIMHA OIWHOYHBIX
MIOOHOB M MIOOHHBIX IIap, OOPa3yIOIIMXCs IPU paciaie BeKTOPHBIX Me30HOoB (p’, w, ¢, J/y).
JlaHHBII 1ETEKTOP SABISETCS HEOOXOAMMBIM IPU UCCIICIOBAHUN COCTOSTHUI YapMOHMSL.

Jns UACHTUPUKAITIH MIOOHOB
MpeAnoaaraeTcs UCII0JIb30BaTh 4acTh %

CYILLIECTBYIOILIETO MIOOHHOIO  CIEKTPOMETpa
Helitpunnoro Jlerekropa NDBO-OUAN.
MIOOHHBIA ~ JETEKTOP COCTOMT U3  6-TH

TOPOUJAIBHBIX JIMCKOB JuaMeTpoM 4 M U
TONIIMHON 22 M KaXablli. BHemmHwuii Bun

410 cm

mucka rmokasal Ha Puc. 3.39. [Tuck cocrout u3
JIBYX  IIOJNYKOJIEL,  HMMEET  LEHTPaJIbHOE

orBepcte  nuamerpom 36 cMm.  Bcero

HCIOJIB3YCTCs MIECTh CTAJIbHBIX HOI"JIOTI/ITGJ'IeI\/'I,

KOTOpbIE OOBEIMHEHBI IOMAPHO M 00pa3yroT
TPH OJTMHAKOBBIX OJIOKA.
ITocne kaxaoro OJoKa pacroyiaraercs

cTaHius AperPoBIX TPyOOK. Pasmep kaxmoi

Puc. 3.39 BHewmHuil BUJ MarHura MarHUTHOI'O
CTaHIMHU 3 M M0 TOPU30HTAIM M Ha 2.4 M IO

CIIEKTPOMETpA YCTaHOBKH «He#TpuHHBIN
BepTUKanu. OCHOBHBIE 3JIE€MEHTBHI CTaHUUU —  [lerekrop UOBD-OMSN»

npeioBble TPYOKH aIFOMUHUEBBIE TUAMETPOM

30 MM [117]. Kaxxast kamepa COCTOUT UX Tpex clioeB. Bee cion u Bce kKamepbl OIMHAKOBBIE.
BMmecre ¢ azpOHHBIM KaJIOpUMETPOM MIOOHHBIN JIETEKTOp OoOecreyrBaeT HEeoOXOquMoe

paszeneHue MIOOHOB U aIpOHOB.

3.8 Tpurrep, cucrtema c60pa JaHHBIX M PETUCTPUPYIOIIAS dIIEKTPOHUKA

3.8.1 Tpurrep.

B nacrosmee Bpemst B akciepumente CITACHAPM Ha xaHasie 14 OCHOBHBIM TPUTTEPOM
SBIISICTCS TPUITEP Ha B3aUMOCHCTBUE, KOTOPBHIA (popMUpyeTcs M3 CHUTHAIOB C IyYKOBOTO
teneckona (S1-S3) B aHTHCOBHIAneHWHM ¢ CUTHANIOM cuyeTdunka BK oT mydkoBoi dYacTuilhl,
npouie/eit yepes MuIieHb 0e3 B3aumoseicteust (cMm. Puc. 3.40).
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Tpurrep

Puc. 3.40 Cxema Tpurrepa ycTaHOBKU

B nacrosmee Bpems cuctema cbopa manHbix CITACUAPM peann3oBaHa Ha OCHOBE
Moayiel 35ekTpoHuku B crangapre EBpoMUCC u mo3BossieT peructpupoBarh 10 75 ThICSY
coOBITHH 32 cOpOC C pacTsKkKoi 3 cexkyHAbl. [Ipu BEpOATHOCTH B3aMMOJECUCTBUS C MUIICHBIO B
10% »T0 MO3BOJNSET paboTaTh ¢ MHTEHCHUBHOCTHIO Tyuka 10 750 Thicsu yacTuil 3a cOpoc ¢
MaKCHUMaJIbHON 3(P(PEKTUBHOCTHIO perucTpanni. THTEHCHBHOCTH MyYKa OTPULATEBHBIX YACTHIL
Ha kaHane 14 cocraBmsier 600-700 Thic. yacTuil 3a LMK yckoputens. Takum oOpazoMm, Ha
nepBoM 3tane padbotsl 3kcniepuMenta CIITACHAPM moryT peructpupoBaThecsi IPAaKTUYECKU BCE
coObiTust. JlaHHBII TpUrrep TaKXke MO3BOJsIET 0e3 MoAudUKalud CHCTeMbl cOopa JTaHHBIX
MOJIHOCTHIO MIPUHUMATH BCE COOBITHUS MPHU paboTe ¢ MyYKOM MOJSIPU30BAHHBIX aHTI/IHp0TOHOB42.
IIpu BemmonHenun vactu nporpammbel CITACHAPM ¢ nosisspu3oBaHHBIM MPOTOHHBIM ITYYKOM,
MHTEHCHBHOCTh KOTOPOro Moxker mocturath 107 3a cGpoc, MPEAYCMOTPEHO HCIOJIb30BaHUE
JIOTIOJTHUTEIIBHOTO TpUITEpa ¢ 0ojiee BHICOKMM KO3 (ULIMEHTOM MOJaBieHUs. AJIbTepHATUBON
ABIIIETCS. 3aMEHa 3JIEKTPOHUKU cOopa JaHHBIX Ha 0o0Jiee BHICOKOCKOPOCTHYIO 3JIEKTPOHUKY C
MOCJIEI0BATEIbHBIMU TUTA0OUTHBIMH IIIMHAMH.

IIpu pabGore Ha KkaHase 24 ¢ NOYYKOM TMOJSAPU30OBAHHBIX IPOTOHOB OXMJAETCA
WHTeHCHBHOCTH 0 10° wacTmip 3a IMKI yckopuTens'-. B 9TOM ciydae KOJIHYECTBO
B3aMMOJICHCTBHH ¢ JKHIKOBOIOPOIHON I MOJSPH30BAHHON MHIIeHsMH Oyaer gocturats 10° 3a
IIUKJT YCKOPUTEIS, a IpH paboTe ¢ sIepHBIMU MUIIEHSMHU MOXKET MPEBbIIATh JaHHOE 3HAUCHHE B
noJsiTopa-iBa pasza. YtoObl MCHOIB30BaTh MYyYOK C BBICOKOM MHTEHCHBHOCTBIO MPEANOIaraeTcs
paboTa B pa3IUIHbIX moznax .

[Ipenmnonaraembie MOJIbI paOOTHI:

- Jns  uccnenoBaHus CHOUHOBBIX 3(G(GEKTOB B POXKIECHUM KBAapKOHUS, TJe
H606XOJII/IM3 MaKCUMaJIbHO BO3MOXHad MHTCHCUBHOCTE ITy4Ka, NPCAIOIaractcsa MCIoJb30BaThb
TPUITEP Ha JBa MIOOHA.

- Jnis uccrnenoBaHusl MHKIIO3MBHBIX PEAKIMHA YacTUIl, pacHaJalolIuXcs Ha JBE
3apsKCHHBIC, TPCANOaracTCsa HCIOJb30BaTh T'OAOCKOIIBI MHOXCCTBCHHOCTH. DT XKe
JACTCKTOPHBI NPEATIIOIaracTcsa UCI10JIb30BaTh IMIPH HGO6XO)II/IMOCTI/I BBIACINTD COOBITHS C OOJIBIION
MHO>KECTBEHHOCTBIO.

2 TIpu 5TOM [OMyIICHBI [BA MPEANONOKEHHS, YTO TPUITEp HA THI IYYKOBOH YACTHIIBI MO3BOISIET PaboOTaTh C
olell MHTEHCHBHOCTBIO myduka 10 2-10° WacTH/IMKI M INy4OK AHTHIPOTOHOB HE ONTHMH3HPOBAH IO
MaKCHMaJIbHYI0 HHTEHCHBHOCTb.

*® JlaHHAS MHTEHCHBHOCTH OrPAHMYMBACTCS TPEOOBAHUAME PaIHALIOHHON GE30MACHOCTH K KaHAIY

* Jlo co3manust GEICTPOIT HMEKTPOHUKH.
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- UroOb1 BEIOpaTh (000TaTUTH COOBITHS) C OOJNBLIIMMU UMITYJIbCAaMHU (B TOM YHUCIIE
HOIEPEYHBIMH) TAKXKE IPEAINOJaraeTcss MCIOJIb30BaTh T'OJOCKOIBI MHOXKECTBEHHOCTH W/WIH
IPONOPLUOHATIBHBIE KaMepbl. [ BblieNeHus COObITHH ¢ TpeOyeMbIMH KHHEMAaTHYECKMMHU
napamMeTpamMM MOT'yT UCIOJIb30BATHCS IPOrPAMMHUpPYEMBbIE JIOTHUECKHE MaTpULibl Ha ocHoBe GPU
(rpadmyeckue nporueccopsl). Takue nmporeccops! mpousBoaiT, Hanpumep, AMD,NVIDIA.

Tpu mepednciaeHHBIX BbINIE MOABI pabOTBI MOTYT OBITH JOIMOJHEHHEM TpHUITEpa Ha
B3aMMOJICIICTBHE, TOT/Ia KaKk NpPU HCCIEIOBAaHUHM YIPYTHX peakuuid (M T1pu H3MEpEeHUuHu
NOJISIPU3ALMU HAa OCHOBE YIPYTUX PEaklnil) HEOOXOIUM OTACIbHBIN JOMOTHUTEIBHBIN TPUTTEP.
OTO CBSI3aHO C TEM, YTO PAcCEsiHHAs YacTULA BbUIETAET MO MaJbIMU YIJIaMH U UCIOJIb30BAHUE
TpUITE€pa Ha B3aMMOJEHCTBHE HEBO3MOXKHO. KMHemaTuka M ammapaTypa ONHMCAaHbI B pasjelne
noaspumerpun (2.3.1, 2.3.1.4). Tpurrep Ha ympyroe paccesHue IOJKEH OymeT oTobparh
COOBITUS C KOPpEJALUSAMHU O YTy BbIJIETa PACCESIHHON YacTUIbl U YacTULbl oThauu. OOuiee
YUCJIO YNPYTHX COOBITUH 3a IUKI YCKOPUTENS COCTABUT IMPUMEPHO 10° COOBITHIA, HO CaMH
TOOCKOITBI JIOJDKHBI paboTaTh pH HHTeHCHBHOCTH 10 107 wacTuit 3a ik yekopurens. Tak kak
NETeKTOp Ui YIPYroro paccesHHsl TMPEACTaBiIsgeT co00H HabOp CHMHTHTHILISIIHOHHBIX
JICTEKTOPOB CO CYMTHIBAHUEM Ha ocHOBEe SIPM, TO TEXHOJIOTHsI BHIOOpA TPHUITEPa MOXKET OBbITh
MOCTPOCHA aHAJIOTMYHO CUCTEME MeueHHs nydka (2.2.2).

3.8.2 Cucrema cbopa JaHHBIX

Ha ycranoBke co3faHa cereBas cucreMa cOopa JaHHBIX C COBPEMEHHOW CTPYKTYpOMl Ha
OCHOBE YHHBEPCAJIbHOW JIOKAJIHHON BBIYUCIUTEIHHON CETH U KOMITBIOTEPAX OOIIET0 Ha3HAYCHUs
(Puc.  3.41). Ta »xe ceTh HCHONB3yeTCS Ul KOH(QUI'YPHUPOBAHUS W MOHHUTOPHPOBAHUS
JIEKTPOHUKHM, YTO YIPOLIAET YIPABIECHUE YCTAaHOBKOM M 3aKiIaAbIBacT IPAKTUUYECKU
HEOrpaHMYEHHBIN MOTEHIIMANI MOJEPHU3AIMH 000 13 e€ yacTeil He3aBUCUMO OT JPYTHUX.

Cepeep
DAQ

CAn ] Apxus
PervcTpupyloLLan SNeKTpoHMKa BA=. vennenHoro
KOHTPONA

Noruka

O6paborka

Kanopumetp (oHnawH)

Cems Ethernet
Apefigosbie kamepb | | EM-5

MNponopynoHansHLe
Kamepel
lopocxons, BeTo, L | EM-5 / BNeKTPOHHbIf
My4YKOEbLIE MOHUTOPSI
¢ L VPN I;I HypHan
CHHXpOHU3aLMA
¢ Y70
OxcnepT

Puc. 3.41 Certb cuctemMbl cOOpa JaHHBIX YCTaHOBKH

JexypHblA
CMeHbl

Cucrema cOopa JaHHBIX HE UMEET TMPUBASKA K TPUITEPY, IOITOMY MOMKET
WCIIONIb30BAThCS OJIHOBPEMEHHO B JIBYX PEXHMAaxX: TPUTTEPHOM (IUISI OCHOBHBIX JIE€TEKTOPOB
YCTAaHOBKM) M  OeCcTpUITEpHOM (s TOAOCKONOB cUCTeMbl MeudeHus). Ilo  mepe
COBEPILIEHCTBOBAHUS PETUCTPUPYIOLIEH PJIEKTPOHUKH MPUHIMIHAIBHO BO3MOXKEH NIEPEBO BCel
YCTAHOBKH Ha paboTy B OECTPUITEPHOM peKUME. DTO MO3BOJSAET pa3MeliaTh PErHCTPUPYIOLIYIO
JNEKTPOHUKY OJIMKE K 3JIEMEHTaM YCTaHOBKH, UCIOJIb30BATh €AMHYIO CETh JUIsl cOopa JaHHBIX,
yIOpaBieHUS U KOHTPOJA, a B JajbHEHIIEeM [aeT BO3MOXHOCTh JIETKO MOJEPHU3UPOBATH
CUCTEMY, KOMOUHUPYS B €MHON CETH 3JEKTPOHUKY Pa3INUHbIX TPOU3BOIUTENIEH.
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[Tepenaronumu  y3mamu ceTd cOopa JaHHBIX MOTYT OBITh JIIOOBIE PETHCTPUPYIOIINE
MOJIyJIM WJIM KOHIICHTPATOPhI NaHHBIX ¢ Ethernet-unrepdeiicom. [[nst G0IbIIMHCTBA IETEKTOPOB
y3JlaMH SIBJISIIOTCSI MHTEIUICKTyallbHbIe KOHTpoiuiepbl EM-5 [118] kop3uH ¢ perucrpupyroiei
anexktponukoir “EBpoMMCC” [119], HO mo Mepe COBEpIICHCTBOBAaHHMS M OOHOBJICHHUS
AJIEKTPOHUKU UMH MOTYT CTaTh Kak peructpupyromue moaynu ¢ Ethernet-untepdeiicom, Tak u
cnenuuYHbIEe 1715 OTACNbHBIX JEeTEeKTOPOB KOHLIEHTPATOPHI IaHHBIX.

[IpuHuMaromuii y3ea CeTd MpeicTaBiIseT coO0Ooil cepBep, MOJAKIIOUEHHBIH K CETEBOMY
koMmmyTaTopy 4epe3 Ethernet-mopt 10 I'6ut/c. [Ipy He0oOX0AMMOCTH, KOJIMYECTBO Y3JI0B IIpHUEMa
MOKET OBITh YBEJIMYEHO, B TOM 4YHCIE Js HUCIHOJB30BAaHUS PA3JIMYHBIX CXEM TOpSYETro
pe3epBUPOBaHUS (APXUTEKTYPON CUCTEMBI KOJIMYECTBO Y3JI0B IIPUEMA HE OTPAHUUEHO).

JUia mepenauM JaHHBIX MCIONb3yeTcsl cTaHaapTHbIM npotokon TCP. Ha xaxaom ysie
nepejayyd 3amylieHa [porpamma, KOTOpas aBTOHOMHO IIepelaeT conaepkumoe Oydepa c
HAaKOIUICHHBIMM JIaHHBIMU Ha Yy3el npuema. lcnonap30BaHHE TPAaHCIOPTHOTO CETEBOIO
MPOTOKOJIA CO BCTPOEHHBIM JITOPUTMOM MPEIOTBPAILICHUS MEPErPY30K MO3BOJIMIIO OTKA3aThCs
OT TPaJMLIMOHHOM CXEMBbI IOCIEA0BATEIbHOIO BEIYMTHIBAHUS JAHHBIX U3 KOHTPOJUIEPOB KOP3UH
¢ anexkTpoHukoi (pull): KOHTpoIIEephl OTHPABISAIOT AAHHBIE B XPAHHUIHUIIE CAMOCTOSTEIHHO U
napajuiesIbHO IpYT Apyry (push).

IIpu nonydenun push-zampoca oT y31a nepenaud Ha Yy3jie IpUeMa 3alyCcKaercs
OT/ICNIbHBIN MPOIIECC, BBIMOJHSIONINI 3aMiCh HAKOIUIEHHON 3a COpOC MOPIMU JTaHHBIX C 3TOTO
y31a B (ail B pacrpene’cHHON WM JIOKATbHOU (aitioBoit cucteme. COBpEMEHHBIE JKECTKHE
JVICKH JOCTaTOYHO TPOM3BOIUTEIBHBI JUISA 3alMCH BCeW MCXOMHON (“Chipoii”) mHpopmarmm,
MOCTYINAMIEH OT perucrpupyromeit 3nekTpoHukn yctaHoBKM CIIACHAPM. Tak maccuB u3
yetbipex SATA-muckoB obecrnieunBaeT cKOpocTh 3amucu 250 Mbaiit/c, 4To Ha ABa mMOpsaKa
MPEBOCXOIUT OXKHAAeMbIi TMOTOK JaHHbIX. CoXpaHeHHe JaHHBIX B HCXOAHOM (opmare
UCKIIIOYaeT  BO3MOXKHOCTb  TOTEPU  PE3yJNbTaTOB  PabOTBl  YCTAHOBKH  BCIEJCTBHUE
AITOPUTMUYECKHUX OIMMOOK Ui cO0EB B Mporpammax 00paboTKH.

Jlnst HapamuBaHUS TPOU3BOAUTEIIBHOCTH CHUCTEMBI B HEE MOTYT OBITh J00aBJICHBI
JIOTIOJTHUTEIIbHBIE Y3JIbl MPUEMa, B TOM YHCJE C HCIOJb30BAaHUEM PA3JIMYHBIX CXEM TOpSYEro
pe3epBUPOBAHNS; APXUTEKTYPOI CHCTEMBI KOJMYECTBO Y3JIOB IIpHE€Ma HE OIPaHUYEHO.

3.8.3 Perucrpupyromias 351eKTpoHUKA

PaGoraromass B Hacrosiee BpeMs B 3kcnepuMeHte CIIACYAPM perucrpupyromas
anektponuka (BLII, ALII, peructpsi, cuerunku) B crangapre EBPOMUCC paspaborana u
MIPOMU3BEJICHA B OT/IeNIeHUH 3IeKTpoHUuKH MDBI. [IpoTokon nmepenaun mo3BoisieT nepeaaBarh 1Mo
muHe 16-OuTHBIE JaHHBIE OJHOBPEMEHHO ¢ anapecHoi mH(opmanuei 3a mukia 100-200 He B
3aBUCUMOCTH OT THUIIAa MOZYJIS.

WNudopmarnms ¢ kamopumerpoB peructpupyetcs 3apsaoBbivu AT (moxgyns EM-6) 12
out ¢ ayBctBUTENbHOCTHIO 250 fC Ha oTcuer M BpemeHeM mpeoOpasoBanus <5 Mkc. OOiee
KOJINYECTBO KaHAJIOB AJIEKTPOMArHUTHOTO U aipoHHOT0 KajopumeTpos - 3000.

Jlig cuuTBHIBaHUS JIE€TEKTOPOB TPEKOBOW M BPEMS-IIPOJIETHOW CHUCTEMBI pa3paboTaHbl U
npousBeaeHsl Moxynu BLIIT (EM-3) Ha Ga3e 3akasznoit mukpocxembl HPTDC, mozBossromeit
U3MEPATh BpeMs C TOYHOCTBIO 10 25 Hc Ha otcuer. 3500 xanano BIIII pacmpenenens! mo
HECKOJIBKUM KapKacaMm Il YMEHBIICHHsI BDEMEHU Tepeadn.

I'omockonbl MHOKECTBEHHOCTH, IMyYKOBBIE M CHCTEMBl MEUEHHs OYyIYyT CUMUTBHIBATHCS
peructpamu (EM-4) ¢ rmyOuHoii 10 2-5 MKC (B 3aBUCUMOCTH OT BBIOOpa Iara 1o BpeMeHu 2-5
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HC), YTO MO3BOJIUT HE 3a00TUTHCS TOYHOM MOAOOpEe KaOENbHBIX 3aJIEPKEK JJISI CUTHAJIOB C THX
JIETEKTOPOB.

Jljiss yMEHBIIICHHSI BpEMEHHU CUMTHIBAHUS JTAHHBIX U MEPEXOy K OSCTPUTTEPHOU CHCTEMe
cOopa HmaHHBIX B OyaylieMm IUIaHUPYETCsl 3aMeHa MoayinbHOW anekrpornku MUCC c
napajuieIbHOW IIMHON Ha AIEKTpOHUKY Ha ocHoBe XTCA cranmapTa ¢ mocieaoBaTeIbHBIMU
TUra0UTHBIMUA ~ JIMHUSIMM ~ TI€pElayd  JAaHHBIX. OJTO  TO3BOJUT  PErHCTPUPOBATH  BCe
B3aMMOJICHCTBUS Jaxe Npu paboTe ¢ BBHICOKOMHTEHCHUBHBIM IMOJIAPU30BAHHBIM IPOTOHHBIM
My4KOM 10 10" 3a copoc. IIpu co3zganuu TaHHON SIEKTPOHUKHU IMPEAINOIAraeTcsl UCIONIb30BaTh

45
onbIT corpyaanyectsa [TAHJIA 1 BO3MOXHOCTH HEMEIIKMX YYACTHUKOB MPOEKTA .

3.9  Cucrema MeIJICHHOTO KOHTPOJIS Y3JI0B YCTAaHOBKU
Cucrema wmemnennoro kontpoiissi CITIACUHAPM mnpencraBiaser coOod  KOMILIEKC
IPOTrPaMMHBIX U allapaTHBIX CPEICTB, KOTOPbIE BHIMOIHAIOT CIEAYIONINE (QYyHKINU:

e KoHTponb U AOCTYN K YIPABICHHUIO MTApAMETPAMHU JETEKTOPOB U APYTHX MOJCUCTEM IIPH
paboTe 1 HaCcTpOIKe SKCIIEPUMEHTATLHON YCTAHOBKH.

e (CBoeBpeMeHHOE OOHapYyXEHHE HEHCIPAaBHOCTEH B pabOTe YCTAHOBKM M CHUTHAIH3AIHA
00 aBapUIHBIX CUTYyaLIUSIX.

e  MOHUTOPHHT MapaMeTPOB OKPYXKArOIEel cpeibl.

e ApXUBUpPOBaHME IapaMeTPOB PaOOThl YCTAaHOBKM B 0a3e JAHHBIX JJIS HOCIETYIOLIEro
UCIOJNb30BaHUSl TPH  aHAIU3€ JIaHHBIX OKCIHEPUMEHTAa C LENbI0  KOPPEKIHUU
XapaKTEPUCTHK JIETEKTOPOB.

Apxutekrypa cucremsl ynpasieHusi CIIACYAPM npencrasnena Ha Puc. 3.42.

YpoeeHb ynpasneHus YposeHo KoHmpons YpoeeHxb ycmpolicme

Cucmema cBopa daHHbLK:
Kouguzypuposorue/
Temnepamypa/Toxku

nempebnedua modyned

odHonaamHed

KomMsomep
Mukpo-
K0

mModyau HemosHuku numanus
cucmems! cbopa darHbIX

» Mukpo-
KOHMPONNEPHsIE
lasoeas cMece modyu

MPEROSLIX KAMED

odHonaamusil
KOMIBROMED —

odHonagmHeil
KOMILOMED

odnonagmHeil

Mukpo-
KOHMpP

Modyne Yeunumenu cuzHanos
MPEKOELIX KAMED

CS5:
padwseckull
uxHmepgedc.
BGasa danHsix. | —p

Asapulinas

» Murpo-

" kowmponnepnsie

Kowmpons u ynpasnetiue modyu
KaAopUMEMpa

Ethernet

CUZHANUSAUUA. Mukpo-

Komneomep o

Modyau MoHUMopHaa cucmema
Kanopumempa

» Murpo-
Kosmponneprsil
Mazarnumei: modyne
Temnepamypa oBMomor
BraxtHocmes/Tox mozHuma

odHonaamusil
KOMIBROMED
odHonagmmeil
Komnsomep

Puc. 3.42 ApxuTeKTypa CHCTEMBI YIIPaBJIeH s SKCIepuMenTaabHoM yctanoBku CITACUAPM: Control System
Studio.

> Mukpo-
KORMpOAAEpHeIE
Modyau

Mpoyue cucmembl

P Mukpo-

>

KOHMPONNEPHsIE
modynu

Madbus RTU/

4 YHI/IBepCI/ITeTLI BaHHa, MaﬁHua u MioHxeHa BbIpa3WJIn 3aUHTCPECOBAHHOCTL B MOATIOTOBKE almapaTypbl
OKCIICPUMCHTA I pa6OTI)I Ha MYy4YKC aHTUIIPOTOHOB
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Jlnst obecriedeHns: COBMECTHMOCTH B YIPABICHHH PA3JIMYHBIX TOJCHCTEM YCTaHOBKH
npumeHnsiercs nporpammHas cpera EPICS (Experimental Physics and Industrial Control System).
B nmpusenennoit apxurexrype EPICS ucnonb3yercst Ha AByX ypOBHSIX — ypOBHE YIIpaBIICHUS H
YPOBHE KOHTPOJISI — U ONPECIAeT MPOTOKOJI OOMEHA TaHHBIMU MEXly HUMH 1o cetu Ethernet.
Ha ypoBHe ycTpoiicTB pabOTarOT CHEeUabHO pa3padOTaHHBIE MUKPOKOHTPOJUICPHBIE MOJIYIIH,
KOTOPBIE OCYIIECTBIISIOT HENOCPEICTBEHHOE U3MEPEHHUE U YIIPABICHUE NTaPAMETPOB JIETEKTOPOB.
OOMeH JaHHBIMH MEXKAY MHUKPOKOHTPOJUIEPHBIMH MOJYJISIMH M YPOBHEM KOHTPOJIS
onpenensercs nporokoaamu Modbus RTU u CANbus.

VYpoBeHb KOHTpOJS 00pa3yrloT OJHOILIATHBIE KOMIbIOTEphI Raspberry Pi, urparomiue
pOJIb TPUEMO-TIEPEIATIMKOB JAHHBIX MEXKIY YPOBHEM YCTPOWCTB M YpOBHEM ympamieHus. Ha
OJTHOIIJIATHBIX KOMITbIOTEpAX 3ammyckaroTcs npriokerus Input/Output controller (I0C), kotopeie
SBIITIOTCS 9acThio mporpammuoro obecrieuenus EPICS u obecneunBarOT ¢ OIHOW CTOPOHBI
uHTep(deiic K TaHHBIM C YCTAHOBKH OT MHUKPOKOHTPOJUICPHBIX MOJYJICH COTJIACHO MPOTOKOJIAM
BBIOpaHHBIX TOJEBBIX LIMH, a C JIPyrod - obpabarbiBaroT 3ampockl mo mpoTtokoiay EPICS or
ypoBH# yrpasieHus. Jiis moaaepkku Gpusnueckux ypoBHeit nepeaaun nanabix Modbus u CAN
quts Raspberry Pi usrorosnens! ananteps csizu (Puc. 3.43).

Puc. 3.43 Ananrep muH 111 Modbus RTU u CAN

YpoBeHb YIpaBIEHHs CIYXKHUT JJIsl BU3YyaJM3allil M apXHBHPOBAaHUS MaHHBIX. Ha sTOM
YpOBHE HCIOJB30BaH Mporpammubiii komiuieke Control System Studio (CSS), ¢ momoripio
KOTOPOT'0 pean30BaHbl KIMEHT, (GopMHUpYIOUIHM 3ampocsl K npuiokeHusm 10C, o6paboTunk
aBapUHBIX CUTYaIlMil M apXUBaTop JaHHBIX. B KauecTBe XpaHWIWIIA JaHHBIX BbIOpaHa Oaza
naHHbIX PostgreSQL.

B Hacrosmuit MOMEHT pa3paboTaHbl cieIyIole MUKPOKOHTPOJIIEPHBIE MOYIIN:

1) Me3sonunnbie 1iatel (Puc. 3.44) ocymectBistor KoH(purypanuto [IJINC,
koHpurypanuo MukpocxeM HPTDC u uyTeHHE MaTYMKOB TOKA B MOIYJSAX PETUCTPUPYIOMICH
anexTponuku EBpoMUCC.

2) Mepexonusie wiatel (Puc. 3.44) ciyxaT Al TECTUPOBAHUS U YCTAHOBKH TOPOTOBBIX
HaNpsHKEHUH yCUIIUTeNell CUTHAJIOB TPEKOBOM CUCTEMBI.

3) Moaynb MOHUTOPUPOBAHUS MMapaMeTpoB MarHuTa muineHu «/uno3aBp» (Puc. 3.45)
CIY’)KUT JUJIsl U3MEpPEHHsI TOKAa MarHuTa, OTCIEXKHBAHUSA TEMIIEpPaTypbl BOJIBI B OXJIaXIAIOLINX
KOHTYpaxX, MOHUTOPHUPOBAaHUS IapaMeTPOB OKpYKaIOLIeH cpeapl (Temreparypbl BO3yXa,
BJIQYKHOCTH, aTMOC(HEPHOTO JaBJICHUS).
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4) MHcrounumku mnwuranus (Puc. 3.46) ¢ MHKPOKOHTPOJUICPHBIM YIIPABICHUEM
IpelHa3HaueHbl JUIs [HUTaHUs MOAYJeH perucrpupyromeid snektponuku EspoMUCC,
MOHUTOPHPOBAHUS TEMIEpATypbl, HANpsHDKEHWH MUTaHUS W TOKOB TOTPEOJICHHUsS Kapkaca
MOJYJIEH.

; 7 HH N

HETE |

R

P;c. 3.46 Ncrounuku nuranust EBpoMUCC
Benercs pazpaboTka MHUKPOKOHTPOJUIEPHBIX MOIYJICH [UIsi MEUICHHOTO KOHTPOJIIsS

APYrux ACTCKTOPOB U MOACUCTEM YCTAHOBKHU.
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I'padmueckuii maTepdeiic, coznannbiii B CSS, npencrarien Ha Puc. 3.47 u BKIIIOYaeT B
ce0s1 HECKOJIBKO BKJIQJ0K, OTHOCSIIMXCS K pa3HbIM MOACUCTEMAaM YCTaHOBKH.

Cucrtema MEIJICHHOTO KOHTPOJIS UCHIOJIB3YETCsl B TEUYCHHE TPEX CEaHCOB YCKOPUTEIHHOTO
KOMIIJIEKCa MU HacTpoiike u padore ycranoBku CITACHAPM.

CucTeMa MeaNeHHOTo KOHTpONA ycTaHoBKM CMACYAPM

EurcNIP |HVADC HTemn Magnet || PanelTDC 1 || PanelTDC 2 |D|r|ﬂ Hﬁas‘

VCTOu MK T3 HiR EBpoHMT (CANbuS)

HaXMUTE CEpyio KHOMKY V1A BKIIOUEHIMA BCEX HCTOMHMKOB.

*TeMNEPaTyPa H3MEPRETCA BHYTPH KOPNYCA MCTOMHIK NHTAHIA

*+OHH M3 HCTOYHUKOB

Top

120 Om 1z CAN whne

onfoff E State Volt+5.0 Volt-5.2 Volt+3.3 Curr+5.0 Curr-5.2 Curr+3.3 Temp Crate

@ onfoff EurcNIP#6 EM4,EM
] onfoff EuroNIP#13 EM3
@ onfoff EuroNIP#14 EME
+ onfoff EuroNIP#12 EM3

CucTeMa MeNeHHOro KOHTponA ycTtaHoeKKM CMACYAPM

EuroNIP | HVADC | Temp.Magnet | PanelTDC 1 ‘PamelTD(! |Dim]HC-as|

Kpei#1(0), neas crofika

panel TDC 2 »

Ampl. number
1.8

Press to LVDS drivers OFF ‘

panel TDC 4 ]

Ampl. number
1.8

Press toLVDS drivers OFF |

panel TDC 6 -]

Ampl. number
1.8

panel TDC 34

Ampl number
1.8

panel TDC 24 ]

TPall | treshall=p TPall [treshall o TPall | treshall o TPall | treshall o TPall | treshall p

X122 _7P1 tresh 1= ¥1.23 _TP1 |treshi= V121 _TP1 | treshi= X023 _TP1 | treshi= Y0.24 _TP1 | treshi=

X132 _Ip2 g ¥1.33 _Ip |tresh2= |can V131 _Tp2 lresh!=E X033 P2 tresh2=E Y034 _Tp2 tresh2=E

X113 _IP3 b [GRR] V1.1.2 _TP3 | tresh X014 _TP3 | tresh3=|o UD.11 _TP3 | tresh3=[o

—  _1pa | p = —  1p4 | tresh —  1p4 | tresha=Jo —  1p4 | tresha=Jo
X134 _1p5 | b U132 V133 _T1P5 | tresh Y0.3.1  TP5 | tresh5=[o UD32 TP5 | tresh5= o
Y111 _IP6 p ut.13 X011 _TP6 | tresh6= o ¥0.1.2 TP | tresh6= o UD.13 _TPg | treshé=[o
Yi.21 TP7 ut.23 X021 _TP7 | tresh7= Y¥0.2.2 _TP7 | tresh7= U023 _1p7 | tresh7=
Y131 _1P8 | treshs= E U133 _IP8 | tresha= %031 _TP8 | tresha= l: ¥0.3.2 _TP8 | treshs= lg U033 _1P8 | treshe= E

Ampl number
1.8

Press toLVDS drivers OFF ‘ Press to LVDS drivers OFF | Press to LVDS drivers OFF
BUM3 BUM4 BUNS
BUM1 BUM2 U L L
panel TDC1 » panel TDC 3 ] panel TDC 5 ’ panel TDC 25 » panel TDC 23 »

TPall | treshall= TPall [treshall o TPall | treshall [o TPall | treshall TPall | treshall [0

X111 _1P1 tresh 1= ¥1.12 _T1P1 |treshi= Ul.14 _Tp1 | treshi= X012 _TP1 | tresh1= Y0.1.3 _TP1 | treshi=

X121 _IP2 ¥i.22 _TP2 |treshz= Ul.z4 _TP2 | tresh2= X022 _TP2 | tresha= ¥0.23 _TP2 | tresh2=
¥.31 _1P3 ¥1.3.2 _1p3 | tresh3= U134 _1P3 |tresh3=fo %032 _1p3 | tresh3=p Y0.33 _1p3 | treshi=p
X112 _Tp4 ¥1.13  TP4 | tresh V111 TP4 | tresha=Jo X013 Tp4 | tresha=p Y014 TP4 | tresha=Jo
X1.23 _IP5 U121 _1ps | tresh vi22 _1p5 | treshs=|o X0.24 _Tp5 | treshs=p unz1 _Tp5 | treshs=o

X133 _1P6 U131 _T1P6 |tresh6= V132 _TP6 | treshé= X0.3.4 _TP6 | treshé= U031 _T1P6 | tresh6=

X114 _IPT U122 _TPT | tresh7= V113 _TP7 | tresh7= ¥0.0.1 _TP7 | tresh7= U012 _TP7 | tresh7=
X124 _IPR U122 _1P8 | tresh V123 _Tpg | treshB=|o v0.21 _1PA | tresh8=p un22 _TpA | tresh8=o

Ampl. number Ampl. number Ampl. number Ampl. number Ampl. number
1.8 1.8 1.8 1.8 1.8
Press to LVDS drivers OFF Press to LVDS drivers OFF | Press toLVDS drivers OFF ‘ Press to LVDS drivers OFF | Press to LVDS drivers OFF
| EuroNIP | HV ADC | Temp. Magnet | Panel TDC 1 Panel TDC 2| Dino | Gas
MarHuT MHLLEeHH "[nHo3aBp"
BME280 AM2303
Tok (c wyHTa), A _ OTH. BAaXHOCTb, % 30,5 25,1
TemnepaTypa Bo/bl Ha BX0Ae, C 19,5 Temn. oKpy. Bo3ayxa, C 19,7 19,7
Kon1-80 JaT4MKOB Ha 06MOTKaX, WT. 23 ATM. JaB/IEHHE, MM PT.CT. 743,0

3HaueHva TemnepaTypbl B o6MoTKax, C

Puc. 3.47 DnemenTtsl rpaduueckoro unrepdeiica cucremsl ynpasnenus CITACHAPM
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3.10 Ilaxet mporpamm sl aHANM3a JAHHBIX «B JIMHUIO» U «BHE JTHHHUI

OmnbIT yyacTus BO MHOTHX COBPEMEHHBIX KCIIEPHUMEHTaX B (DU3MKE BBICOKMX SHEPTHM
TOBOPUT O TOM, YTO Pa3BUTHE IMPOIPAMMHOI0 OOECIeYeHHs IOJDKHO HWATH B Mapaliesb ¢
pa3sBUTHEM ammapaTypbl, A0 TOTO KakK YCTaHOBKa OyaeT moctpoeHa. Ha Tekymmid MOMEHT
CYIIECTBYET JOBOJIBHO OOJBIIOE KOJMYECTBO KAYECTBEHHBIX MpOrpamMm B 001acTH (U3HKU
9JIeMEHTapHBIX 4YacTUll. YTOoObBI W3 H3TOr0 IMOJYYUTh MAKCUMYM TOJb3bl  HECKOJIBKO
skcrepuMeHTOoB B MAUP paspabateiBator mporpammuyio cpexay FairRoot [120], xoropas
MPEIOCTABIISIET STUM SKCIIEPUMEHTaM BCIO 0a30BYI0 (YHKIIMOHAIBHOCTh JJISi MOJAETUPOBAHUSA,
cOopa IaHHBIX U aHaJHN3a, a TaKXkKe MPOrpaMMbl CTOPOHHUX pa3pabOTYUKOB B (hOpME «BHEIIHHX
nakeToB». Hama rpymnma, sBISSACH AKTUBHBIM YYAaCTHUKOM pa3pabOTKHA IMPOrpaMMHOIO
obOecneuenusa nns skcrepumenta [TAHJIA B @ AP, Ttaxxke B3sla 3a OCHOBY NPOTPaMMHYIO
cpeny FairRoot.

3.10.1 CrpykTypa mporpaMMHOTO OOECTICUCHUS

«BHemnHue makeTh» — 3TO HAOOpP MPOrpaMM OT CTOPOHHHUX Pa3pabOTUYMKOB, KOTOPHIE
HeoOXoauMbl Jyist  3amycka FairRoot. OnHu  pacmpocTpaHsOTCSA OJHHM  HAOOpOM ¢
(DUKCUPOBAHHBIMH BEPCUSIMH JIJII COBMECTHUMOCTH. [lojnepka W pa3BUTHE Ka)XJIOTO IaKeTa
OCYIIECTBIIACTCS €ro pa3paboTUYMKaMHU, OJHAKO B3aMMOJICHCTBHE M BKJIaj coobinectBa FairRoot
HE UCKITI0YeHO. llepeuncinuM oCHOBHBIE TPOrPaMMBI U3 HUX

IMporpamma ROOT [121], paspabGorannas B I[EPHe dusuueckum coobiiecTBOM
IOPEJOCTABIIIET OTPOMHOE YHCIO HMHCTPYMEHTOB M HIMPOKYK  (YHKIHMOHAIBHOCTD,
cnenu(UYecKyl0 W TOJE3HYI0 Uit cooOmmecTBa (M3UKH BBICOKHX AHEPTrUi. DTO OCHOBHOM
IaKeT, KOTOPBIA MOBCEMECTHO ucnonb3yercs B FairRoot (otkyma ero nHaszBanme). OCHOBHbIC
(YHKIMOHATBHOCTH, BaXKHBIE 1151 cpezibl FairR0Ot BkiroUaroT:

e CINT — unTepnperaTop Makpo ¢ HHTEPAKTUBHOU 00OJIOYKOI;

e rpaduueckuit uaTepdeiic monpzosarens (GUI) misa uccnenosanus o6wsexroB (Objects),
IUIE  OTOOpa)KEHHS TIOJIb30BAaTENIbCKUX OOBEKTOB WM JUIS  B3aMMOJEHCTBHS C
0TOOpakaeMbIM COJICPIKUMBIM, a TaKXke BU3yanu3atop coobiTuii (Event display);

e ormepauuu c (haiimamu, BBOJI-BBIBOJI JAHHBIX, MOIEpKKa OMHapHOTO opmara ¢aiinos;

e uHTepdeiic k 6a3aM JaHHBIX;

e mapauiensHbie Beruucienus (PROOF);

® THCTOTpaMMHUpOBaHME, TpaduKd, MaTeMaTHdeckue (yHKIMH, (UTHPOBAHHWE NAaHHBIX,
WHCTPYMEHTHI alTreOphl MAaTPUIL U JPYTHUE;

e OMUCaHHE, YIPABICHUE U BU3yaIH3alisi FTEOMETPUH U MaTepPHAJIOB;

e (opmaThl IpeICTaBIECHUS TaHHBIX, OTHOCALINECS K (PU3UKE YAaCTHIL (HAIpUMEp, BEKTOPHI
JlopeHnria)

® HHCTPYMEHTHI MyJIbTUBapUanTHOro ananm3a (TMVA)

Bupryansnoe Monrte-Kapno (VMC) wu BupryanbHas reoMeTpudeckas MOJEINb
MPUMEHSIFOTCS JJI1 TOTO, YTOOBI UMETh JOCTYI K Pa3IMYHBIM TPAHCTIOPTHBIM MakeraM MoHTe-
Kapno u ux ommcanusiM reoMeTpuil M3 ofHoro uHTepdeiica. B srom ciydae, reomerputo
HE00X0/IMMO ONHUCaTh TOJIBKO pa3, a MOJIb30BATEIb UMEET BO3MOXKHOCTh BBIOUPATh «HA JIETYY,
KaKyl0 MOJIelb HCIOJb30BaTh IPH MOJCIUPOBAHUHM, TO €CTh 03 mnepekoMnwisinuu. B
HacTOsIIUA MOMeHT peanu3oBanbl uHTepdeticel s GEANT3, GEANT4 u ROOT (FLUKA
0o0JIbIIIC HE TIOIEP/KUBACTCS).
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[Tporpammbr GEANT omnmchIBaroT MpoImecchl MPOXOXKACHHUS YaCTUIl Yepe3 BEIIeCTBO.
GEANT3 [122] nanucan Ha s3pike FORTRAN u ero nocienusis Bepcus 3.21 natupyercs 1994
rogom. GEANT4 [123] Obu1 pa3pabotan Ha ocHOBe (usndeckoit moaenu GEANT3, ogHako Obut
NOJHOCTBIO peayin3oBaH Ha s3bike C++ 111 TOro, 4YTOOBI MCMONB30BaTh OOBEKTHO-
OpUEHTHPOBaHHBIH moaxon. Ero TtpancmopTHei koj ObUT OOHOBJIEH, YTOOBI CjAeIaTh
dbuznueckue mporecchl 0oliee peaTuCTUYHBIMH, OJHAKO PE3yJbTaThl O00OWX BEPCHUU BIIOIHE
COTIOCTaBUMBI.

bubmmoreka PYTHIA [124] — 5T0 reHepaTop 4acTHI[ BBICOKOH 3HEPTUH, BKIFOYAIOIIHI
Mojenu pacraga. OHa MOJEIUPYET CTOJIKHOBEHMS YaCTHUIl, TAKUX KaK 3JIEKTPOHBI, IPOTOHBI U
apyrue. apyr ¢ apyrom. Cpeaw mpodyMx B Hee BKJIIOUEHBI TaKUE IMPOLECCHI U (PU3HUECKUX
peaknuii Kak XKECTKHE M MITKHE B3aWMOJCHCTBHUSA, MApTOHHBIC PACHpPEACICHUS W HMapTOHHBIC
JMBHH, (parMEHTAIMH U PACTIa]IbL.

[Maker st MojenupoBaHHWs anpoHHbIX B3ammojencTBuii PLUTO [125] — aro
OuOIMOTEKA 1T MOJCTUPOBaHUs CcoObITHH (HamucaHa Ha C++), dunbTpanuu coObITHIA (TI0
aKcernTaHcy) U pacnajaa yactuil. OHa MOXeT ObITh BbI3BaHa UHTepakTUBHO U3 ROOT, rae MoxHO
HaANPSIMYIO aHAIM3UPOBATH €€ BbIBOA UK nepeaats ero B GEANT nns nanpHeiiiei paboThl.

Hrak, mnporpammuas cpema FairRoot — 510 Owmbnmoreka kimaccoB Ha C++,
NPEOCTABISIONIAsT yIPABICHUE IOTOKAMHU [aHHBIX, PA3IMYHBIMU IapaMeTpaMH, a TaKKe
UHTEPEICHl ISl pa3iIMYHBIX HMHCTPYMEHTOB JUIS MOJEIHMPOBAHUS W PEKOHCTPYKLIUHU U3
«BHEIIHUX MakeToBy». CxeMmaTwueckas CTPYKTypa ee mpeicraBieHa Ha Puc. 3.48. FairRoot
YIIPaBIIAET B3aUMOJICHCTBUEM C pa3IMYHBIMU OMOIIMOTEKaMH, a TAaKXKe SIBJIACTCS HHTEp(EricoM u
0a30ii 111 peanuzaiuu mporpaMMHoOro ooecrneuenus sxkcnepumenta CITACHAPM.

Cpena 6asupyercss B ocHoBHOM Ha ROOT — ona ucnons3yer ¢opmat ¢ailyioB JaHHBIX
(.root), cuctemy BeTBieHUs maHHBIX (Kimacc TBranch), nenmouku daiios (TChain), koHTelHEpPHI
nauubix (TClonesArray), onucanue u yrpasienue reomerpueii (TGeoManager u t1.) u 6;09Has
CTpyKTypa Tak Ha3biBaeMbIX «3amau» (TTask). Cucrema CIpoeKTHpOBaHa TakKUM 00pa3oM,
YTOOBI JIIOOBIE JISHCTBUST MOKHO OBIJIO BHIMTONHATH W3 KoMaHAHOW cTpokn ROOT wmim BBRIMONHSS
CrenMabHbIe yIpaBiisitonie (aiiibl — Makpockl, HanmcaHHble Ha C++ uHTepnperarope ROOT
(CINT). Bech kO a1t MOJEIUPOBAHUS WM cOOpa JAaHHBIX CKOMITHJIMPOBAH B JUHAMHYECKUE
OnbIMoTeKkH U «r00t» — enMHCTBEHHBIN ucnonHseMblid (aiiin. ROOT MakpoChl UCIOIB3YIOTCS
JUIsT KOHGUTYPUPOBAHUS, YMpaBICHHS W 3alycka MOJETHPOBAaHUS (M OHJIAWH CUUTHIBAHMS)
coObiTuii, MoHTe-Kapno TtpaccHupoBKM dYacTHIl uepe3 BeIeCTBO, ONHCAHUS JETEKTOPOB,
PEKOHCTPYKIIMM U aHalu3a JAaHHBIX. B TakoMm moaxojie M3MEHEHUEe HACTPOEK, MapaMeTpoB WU
Jlake TEePEeKOMIIOHOBKA KOH(UTypaluu OOOpYAOBaHUS BCEro JEeTeKTopa He MoTpedyer
KOMITHJISIIIAM WUTH MCITONTb30BAHMS JAPYroro si3bika Kpome C++ s pemakTHpoBaHHsS Makpoca.
bonee Toro, aOGCOMIOTHO TOT K€ MAaKpOC MOET OBbITh BBHINOJIHEH Ha JI000N MaminHe Oe3
M3MEHEHUH (Harpumep, Ha MepCOHaIbHOM KOMIIBIOTEpE, HA PacHpeeI€HHON BBIYMCINTEIbHON
bepme wn gaxe Ha Grid).

3anyck monenupoBaHus (¢ momombio  VMC) sBisieTcs  BHYTPEHHEH 4YacTbiO
nporpamMmHoii cpenbl (cMm. Puc. 3.48.). [leTeKTOpHI YyCTAaHOBKM ONpeE/IEIeHbl KaK COBOKYITHOCTb
UX T€OMETPHUECKOT0 OMUCAHUS U UX (YHKIMOHAJIBHOCTh KaK aKTUBHBIX 3JeMeHTOB. JlocTyn k
BBIIIOJIHEHUIO BO BpeMs MIaroB TpaccupoBkH MoHTe-Kapio ¢ mnomoripio  BeIOPaHHOTO
TPAHCIOPTHOTI'O MMaKeTa MPEI0CTaBIIsIeTCss 0a30BbIM KJIacCOM JeTekTopa u3 FairRoot.
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J

SpascharmRoot

U7 0Ecal I 3anaq"

U70Fts I
R N ARV -
Oumndppoeka J PoxwpaeHune JL MNMouck J DuTHpOoBaHME
XMTOB TpeKkoe TpekoB
<

<

—

L[ u70Cher J

/

MeHempxep
Beona/BmiBona

[MpunoxeHus

Nucnnei
cobbITHi

lNedepaTopbl Ba3oBblil MaruuTtHoe
WMHTepnonsauua cobbiTmit dyukumonan none

Tpekos AeTeKTopoR

Bubnuotekun

ROOT

VMC Geant3 Geant4 GSL Monalisa BOOST GLPK VGM

Puc. 3.48. Cxemarudeckas CTpyKTypa nporpammuoi cpeabl skcriepumente CITACHAPM: BHU3Yy — OHOIHOTEKN
CTOPOHHUX Pa3pabOTUHKOB, B IIEHTpe — cpeaa FairRoot, ceepxy — koHKpeTHas peanusanus SpascharmRoot

BeImonHeHne MPOIECCOB B CHCTEME OpPraHM30BaHO dYepe3  «3aJadu», KOTOPhIE
HacnenoBanbl oT kimacca TT1ask makera ROOT. Takoit moaxon oOecrednBacT BBICOKYIO
MO)Iy.]'IBHOCTB HOCKOHBKy «Bagadn» MOFYT }IO6aBJ’I$ITBC$[, y}IaJ'ISITBCSI NN 3aMCHATBHCA HpHMO B
MaKpocax, MPEeIOCTaBiss OJOYHYIO CTPYKTYpPY («KOHCTPYKTOp») sl Tojb3oBarened. Ha
ypoBHe cpejibl FairRoOt mporcXxoauT opraHu3aiist TOCTaBKU BXOIHBIX/BBIXOJHBIX KOHTEHHEPOB
JTAHHBIX, COCAMHEHUS ¢ 0301 JaHHBIX MApaMETPOB, a TAKXKE BBIMOJHCHHUE «3a/1a4K» B IUKJIIE TIO
COOBITUSIM. MOXKHO XpaHHTh BpPEMCHHBIC JaHHBbIC, OOIIME IS «33aaau» TOJbKO B MaMSTH,
COXpaHssi MECTO Ha )KeCTKOM Jucke. [IpumepHas auarpamma paboThl «3a1a4y» Mmoka3zaHa Ha Puc.
3.49. Tlpm wWHUIMATH3AMH «33jada» TOJIydaeT yKa3aTeId Ha KOHTEHWHEpHl JaHHBIX |
napaMeTpoB. Bo Bpems BEITIOJTHEHHS MPOTpaMMHasl cpeia 3a0upaeT pearbHble KOHTCHHEPHI 110
9TUM YyKazarelnsM. «3ajadu» MOTYT TPYIIHPOBATHCS B POJUTENBCKUE «3aTadmy, CO3aBas
HEPAPXHIO BBITIOJHEHUS, YTO OCOOCHHO ITOJIE3HO IS MPEOCTABICHHS MEMOYeK 10 YMOTIAHHIO
JUIS MacCOBOTO IPOW3BOJICTBA JaHHBIX. Ha pUCYHKEe MOKa3aHO B3aUMOJCHCTBUE «3alaumy» C
daitnamu U3 MonenupoBaHus. PaboTa ¢ pealbHBIMU JaHHBIMH OpraHM30BaHA AHAJIOTUYHBIM
o0pa3oM, Ha cxeme HaJo 3aMeHHUTh (paiinel MoHTe-Kapio Ha COOTBETCTBYIOIIUE C pealbHBIMU
NaHHbIMH. HermocpecTBEHHO BBITIOIHEHUE 3a/1a4d OCYIICCTBISCT KOHKPETHBINA peali30BaHHBIM
00BEKT Kj1acca, HaclieqoBanHoro or FairTask.
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MapameTpbl NaHHble
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Runib 1 L FairParlO N } daiin
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P FairTask::Exec()
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1] 1] ——

Puc. 3.49 Cxemartuyeckoe IpeaCTaBiIeHHE CXEMBI ITporeccoB B FairTask, a Takxe Mmexannszma o0paIieHus K
napaMeTpam U JaHHbIM. JaHHbIE U apaMeTphl CBsI3aHbl Yepe3 YHUKAIbHBIH uneHtudukarop “RuniD”.

baza nannbix nepuona BeinonneHus (RTDB) ynpasiisieT BBOJIOM-BBIBOIOM apaMeTPOB U
uX pacmpenerneHueM Mmexnay «3anadamu». Gopmar daiitno ROOT mno3Bomnsier XxpaHuTh Ooliee
CIIOXKHBIE CTPYKTYpbl HEXKENU TMPOCThIE YWCIa M CTPOKH, HANpUMEpP TUCTOTPaMMbl HIIH
mareMaTHueckue (QyHKuuu. OOBIYHO TeoMeTpusi ILEJTMKOM, HCIOJb30BaBIIAsACS  NPHU
MoJeIpoBaHuM, XpaHuTcss B RTDB. DTo mo3BonseT mpu MOIEIHPOBAHUHM 3aHUMATHCS
HACTpOIiKoil 0e3 TreHepupoBaHUS HOBBIX JaHHbIX MonHTe-Kapno. B ciydae »xe paboTsl ¢
OKCIIEPUMEHTAJIbHBIMU JaHHBIMH HCTOJB30BaTh AaHHble RTDB s pa3iaudHbIX MPUBS30K.
Kpome »3toro, takoil moaxoj mMo3BOJIsIET ObITh YBEPEHHBIM, YTO MOJEIMPOBAHHWE WU AaHAIU3
AKCIIEPUMEHTAIbHBIX IaHHBIX POU3BOAATCS B OAHON T€OMETPHUU.

B o6mem ciydae, nmporpaMMHOe OOecCeueHHE JOJDKHO IO3BOJIATH MPOMOJECINPOBATH
BECh OKCIEPUMEHT LEJIUKOM [uId TOro, 4ToObl pa3paboTaTh Hambosee MOAXOJsIIee
o0OpyJOBaHUE JETEKTOpa, a TaKKe BCe HEOOXOAUMBbIE aITOPUTMBI JJIi PEKOHCTPYKIIMU
DKCIIEPUMEHTATbHBIX JaHHBIX. V3MepeHus 3aTeM JOJDKHBI ObITh CPaBHEHBI C pe3ylbTaTaMu
MOJICIUPOBAHMS, YTOOBI KaK MOYKHO TIIAaTelbHEE MU3YyYUTh (PU3HUECKYIO MOJIENb, SBISIOIIYIOCS
IEJIBI0 JKCIepuMeHTa. Takoe mporpammHoe oOecrieueHue — OONBIIOW M CIIOKHBIA TPOEKT,
OJIHAKO €ro MOXHO pa3OuTh Ha HECKOJIbKO OCHOBHBIX JTaloOB, KOTOPbHIE BBIMOIHSIIOTCS
nocieoBarenbHO. Puc. 3.50 wumrocTpupyeT MmocieIoBaTeIbHYIO IETOYKY TaKUX 000OIIeHHBIX
stanoB. OOpaboTKa JaHHBIX MOJEIMPOBAHUS M PEATbHBIX JKCHEPUMEHTAIbHBIX JAHHBIX
(HauMHaeTCcst COOTBETCTBEHHO clieBa U crpaBa Ha Puc. 3.50) cxoauTcs Ha sTarne, rjie HaunHaeTcs
WHAWBUAYallbHAS PEKOHCTPYKIIHS OTKIUKA OT/IEIBHBIX JIETEKTOPOB.

C onHolt croponsl, B MonTe-Kapio ¢usuueckas peakuus MOJETUPYETCS C MOMOIIbIO
reHeparopa 4acTHIL, 3aTeM, YaCTHUIIbI JOJDKHBI OBITh TPACCUPOBAHBI UE€PE3 BEIIECTBO JIETEKTOPOB,
U pe3ylbTaT HMX B3aUMOJEWCTBUSA C AaKTHBHBIM BEIIECTBOM JI€TEKTOpa MpeoOpa3yroTcsl B
our(poBaHHbIE JaHHBIE, cHEUPUUECKHE IS KaXAO0ro NeTeKTopa. Takue JaHHBIE COJep)Kar
UCKQXEHUSI U W3MEHEHHUs CUTHAJOB, THUIHYHBIE ISl KaKJIOTO NETEKTOpa M OHHM IMOXO0XH (U
MPEJICTaBJICHBI B TOM k€ caMOoM (opMare) Ha JaHHbIe U3MEPEHUI B pealbHOM dKcriepumenTe. C
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JPYroil CTOPOHBI, SKCIIEPUMEHTAIbHBIE TaHHBIC TAK)Xe HEOOXOIUMO TOATOTOBUTH VIS TOTO,
YTOOBI MX MOXKHO OBIJI0 00pabaThIBaTh B paMKax TOH ke IEeTOYKH 00pabOTKH.

[TpousBomuTcs KaIMOpOBKa W MpeoOpa3oBaHHE W3 BHYTPEHHETO (peaju30BAaHHOTO B
JKeJe3e) MPEeACTaBICHUs B IPOrPaMMHBIN, HAIpUMEp, HyMepalys KaHaJIOB, CHCTEMa KOOPIUHAT
U mpouee. B omuceiBaeMoil 1ENOYKE 3TANOB PEKOHCTPYKIHMS TAHHBIX MPOUCXOAMUT IOIIATOBO
Uit 00oux HaOOpoB NMaHHBIX. CHayalla MPOUCXOAUT PEKOHCTPYKIUS OTKJIMKA ISl OTACITBHBIX
JIETEKTOPOB, 3aTE€M IPOU3BOISITCS TJ00ANBHBIC NEHCTBHS, TaKHE KaK PEKOHCTPYKIHS 00pa30oB
JUIE  TpeKa 3apsOKEHHON 4acTWIbl, (UTHPOBAHWE TPEKOB, (UTHPOBAHWE JIUBHEH B
AJIEKTPOMArHUTHOM KaJIOPHUMETPE U T.IL., a 3aTeM uiaeHTuduKanus yactuil. Ha nocineqnem srarme
y)K€ BO3MOXXHO TIpOBECTH (U3UYECKUH aHAIM3 HaJ KaHIUJAaTaMH YacTHIl, KOTOpHIE
NPEICTaBISIIOT U3 ceOst HaOOpBl U3 BEPUIMHBI POXKICHUS M YEThIpeX-UMITyJabca. OTMETHM, YTO
ITOPUTM (PU3NIECKOTO aHAIHM3a CHIIBHO 3aBHCUT OT M3y4aeMOTro KaHala WK PEeaKlny.

OundhpoBKa,
INeKTPOHMEKA,
Wy P

FeHepaTtop TpaccupoBKa
YacTvy (Geant3/4)

Tpekwu, .
PeKOHCTPYKUHMA ! MoeHTUdKMKALKMA DUINHECKHA
PYKL dvneTp @

XwtoB HacTry dHanwu3
KantmaHa

Puc. 3.50. Cxemarnueckoe npe/ICTaBICHUE [IETTOYKH BHIMOIHEHHs ATATIOB B cpeze SpascharmRoot.

HaGop u mopsimok «3amau» COCTaBIseT CTPYKTYpPY 3ajaHus s BbimosgHeHus. Ha Puc.
3.51 mokazan mpuMep TOTO, KaK «3a/laui» COCIUHSIIOTCS JPYT C APYTrOM B CIy4ae KallopuMeTpa
(ECAL) wu cranmmit apeitgoBeix TpyOok (FTS) BMecTe ¢ TpPEKHMHIOM, PEKOHCTPYKIIMEH
KJacTepoB, uaeHTU(uKauenn yactul. CHavana 3amyckaercs Monrte-Kapimo mMopenupoBanue
YacTUI] U TPAacCCHUpPOBKA HX Yepe3 BELIECTBO KaXKAOr0 JETEKTOpa, KOTOPOE MOXKET ObITh
AKTUBHBIM (M TMPOU3BOJIUTH JAHHBIC) WM MACCHUBHBIM. UTOOBI MPOMOJENIUPOBATH MOBEICHUE
JIETEKTOPOB HMEIOTCA pa3lUYHble «3a7aun» OT OBICTPBIX («UACalbHBIX») aITOPUTMOB 1O
JETAbHBIX OIMUCAaHUI BCeX NPUHLMUIOB paboTel mpubopa. OTMETHM, YTO HampuMep A
TPEKUHTa, HE 3aBHUCHMO OT MYTH, [0 KOTOPOMY MPOUCXOIHUT BHIMOJHEHHE IEMOYKH, BCETIa
UMEIOTCS JaHHble B olpeaeneHHOM oaHoM ¢opmare. Takas ke MOAyNbHas KOHLEMIUS
MPUMEHUMA TAKKE M I HJICHTU(PUKAINN YACTHI], PEKOHCTPYKITUU JICKTPOMArHUTHBIX JINBHEH
U T.I., JaBas BO3MOXHOCTb IOJb30BaTeNI0 BbIOWpATh CBOM COOCTBEHHBIE KpPUTEPUU ISt
ONTUMAIBHOTO (C TOYKH 3PEHHS ACTAU3aIlid, CKOPOCTH WM TPOCTOTHI pabOThI) Habopa
000pyIOBaHUS.

Pa3zpaboranHbie 0JIOKM TIO3BOJISIOT IPOBOAUTH MOJICITUPOBAHNE JAaHHBIX U UX aHAIU3 «B
JUHUIO» U «BHE JHUHUM». [Iporpamma oOpaOOTKM MaHHBIX «B JIMHUIO» HUCHOIB3YETCS s
aHaJM3a JaHHBIX HEMOCPEACTBEHHO BO BpeMsl MpUEMa U, MPEXKJIe BCEro, TpedyeTcs s OlEHKU
KauecTBa MOCTYMAOIINX JAaHHBIX U, TPU HEOOXOIUMOCTH, MPUHATHS PEIICHUN 10 H3MEHEHHIO
(PEMOHTY) PETHUCTPUPYIOIEH JIEKTPOHUKH M DJIEKTPOHUKH CUCTEMBI COOpa JaHHBIX.
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Puc. 3.51. ITocnenoBaTe bHOCTh BHITOJIHEHHS «3a1a4y» B cpeae SpascharmRoot Ha nmpumepe nerekropa
uaeHtuunupyomero yactuip (kanopumerp win ECAL) u TpekoBoro JerexTopa (CHcTeMa CTaHIui AperhoBbIX
Tpybok miu FTS) npu MmonenupoBanny. MoaylibHast apXUTEKTypa MPOrPaMMHOM CpeJibl TI03BOJISIET TIOAKIII0UATh
KOMIIOHEHTHI, HEOOXOIUMBIE [T KOHKPETHOTO CITydast.

3.10.2 TTakeT mporpamm sl aHaTU3a JAHHBIX «B JIMHUIO»

B mporpamme oHnaiiH 00paGOTKM  peaJn30BaHbl  CIEAYIOIIUE  KOMIIOHEHTHI:
npeoOpa3oBaHue JaHHBIX, MOCTYMAIOIUX W3 MOAYJeH peructpupyromeit snexkrponuku (BLIL,
AIIII, peructpoB) cucteMbl cOopa maHHBIX M3 chiporo (opmarta B popmar ROOT-mepeBbes;
JIOKaJIbHAsl PEKOHCTPYKILIMS XUTOB B IJIOCKOCTAX KaMmep AJIS MOCTPOEHUS TPEKOB 3apsKEHHBIX
JacCTHUL, KJIAaCTCPOB B 3JICKTPOMArHUTHOM KAJIOPUMCTPEC, XUTOB B CHUHTUJUIALIMOHHBIX ITYYKOBBIX
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TOIOCKOMAax; YIPOUICHHBIH alTOPUTM ITOCTPOCHUS TPEKOB IO Kamepam; KOOpJHMHAT ITydKa Ha
MUIIICHH dKcriepuMenTa. [lapamnensHo paboTe cucTeMbl cOopa NaHHBIX, HA cepBepe pabOTaroT
IpOIeCcChl MPOrpaMMbl OHJIaH 00paOOTKM JaHHBIX, BhIMoMHEHHbIE B BHAe ROOT-makpocos.
[IpeobpazoBanue ¢aiinoB ¢ manHeiMH B ceipoM ¢opmare B ROOT nepeBbs mpoMCXOIUT B
IPOMEXKYTKE MEXIy cOpOcaMu YCKOPHTEISl M TOJyYeHHbIC (haiijibl 3alUChIBAIOTCS Ha JucK. Ha
Puc. 3.52 nokasana 6;10K-cxema pabOThl TpOrpaMMbl 00pPaOOTKH OHJIAMH.

Event Builder

A

TCP

* dat

* root

A

Storage

* root

* root

SpascharmRoot

Puc. 3.52. briok-cxema nporpaMmsl 00paboTku onaiiH skcnepumenta CITACHAPM.

@aiinbl, conmepxkamue naHHble B Buae ROOT nepeBbeB dMTAIOTCS MPOrpamMMOit
BU3YQJIM3allMl M KOHTPOJISI KadecTBa MaHHBIX. OHA MOXKET CUYHMTHIBATH JAHHBIE B «PEaTbHOM
BpPEMEHU», TO €CTh B Ipollecce Habopa JaHHBIX — (aili 3a ¢ailyioM B MPOMEKYTKAX MEXIY
cOpocamMH yCKOpHUTENs, a TakkKe B MOJiE€ IaKeTHOW oO0pabOTKH, KOrja CUMTBHIBAIOTCA U3
OTIpe/IeNIEHHOW JUPEKTOPHH cpa3y MHOXECTBO .r0Ot-¢ailioB, HakomIEeHHbIX paHee. OCHOBHaA
[eJIb [IPOrpaMMbl BU3YaJH3alMM — OTOOpa)kKeHHE IpEJCTaBICHHUM, MMEIOIINX OTHOIICHHE K
Ka4yecTBY HaOMpaeMbIX JaHHBIX B BHUJE IHcTOrpaMM. Elo mosb3yercs mepcoHan CMEH Ha ceaHce
no Habopy naHHbIX ¢ yctaHOBKH CIIACUAPM. TlporpamMmma Bu3yanu3anuu uMeeT uHTepdenc
MOJTb30BaTes, ToKa3aHHbId Ha Pruc. 3.53. Bepxuss manens naTepdeiica pa3durta Ha BKIAJKH C
HepapXHUECKOl CTPYKTYpOU JUIsi HABUTaIlUH 110 AETEKTOpaM YCTaHOBKH (BEpXHMM psijl BKIA/I0K),
TUTIaM 0TOOpakaeMoit nHdopmaruu (BpemeHa, mpodrim, 3 PeKTUBHOCTH, MHOXECTBEHHOCTH 1
TH), @ TAKXKE JIJIs1 HABUTAIIMU 110 JIEMEHTaM JETEKTOPOB (IIOCKOCTSAM T'0/I0CKOIIOB, CI0SM Kamep
U TH). B cTpoke cocTOsHUS MPUBOAUTCS CiIykeOHas MH(OpMaIus, Takast KaK YUCIO CUUTAHHBIX
¢aiinos, unciao cobbITHif. IIporpaMMa KOHTPOIISI KauyecTBa JAHHBIX TAKKE MPEACTaBIIET cOO0M
ROOT wakpoc, ucnomns3yrommii rpapudeckyto o6ubnuoreky makera ROOT. Ilostomy Han
THCTOTpaMMaMH, OTOOpakaeMbIMH B OKHE Tmporpammbl (B Canvas) MOKHO BBINOJHSTH BCE
CTaHJapTHBIE JIEHCTBUS, KOTOpPbIE MOKHO BBINOJHATH C THCTOTpaMMaMH B HHTEPAKTUBHOMN
ceccun ROOT — MaHWUNyIUpOBaTh CTATUCTHKOM, W3MEHATh Tpelenbl, (UTHPOBATH
pacnpenesneHus.
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Puc. 3.53. MnTepdeiic nporpaMMbl BU3yann3aluy 1 KOHTPOJISl KA4eCTBa B IMIOTHOW BEPCUU YCTAaHOBKH
CITACYHAPM.

ITonrotoBneHHsle B paboTe «B JMHHUIO» (Dailiibl MOTYT MCIIOJIB30BAaThCS U B JalbHENIIEM
aHaju3e, TeM HE MEHEe CYIIECTBYET BEPOSATHOCTh TOT0, UTO MPH PabOTe «B JIMHUIO» HEKOTOPbIE
UCXO/HbIe (aiilnbl He OyayT NpoaHaIM3UPOBAHbI, TAK Ka OepyTcs MOCIEeIHUE MOCTYNUBLIME B
JTAaHHBII MOMEHT (ailiibl.

3.10.3 ITakeT mporpamm JUIsl aHATTU3a JAHHBIX «BHE JIMHUW» U MOJICTHUPOBAHUS

[Tpu paboTe «BHE TMHUWY BEACTCA aHAIHM3 IO BCEM 3aJlaHHBIM (aillioM (0OBIYHO 3TO BCS
JUPEKTOPHUSl OJHOTO Tuna AaHHbIX). [Ipym aHanu3e Ha mepBOM 3Tame MPOBOIUTCS CIHSHUE
JIAHHBIX C PasIMYHBIX [IOTOKOB C TIOMOIIBIO OCTpoHTeNs coObTHit (event-builder)*®. Jlannpri
OPOTPaMMHBI MOJAYJIb HAaXOJUT COOTBETCTBME MEXJYy 3amMCaHHBIMU (haiimamMu (moTokamu)
JAHHBIX C pa3JIMYHBIX JI€TEKTOPOB M HAXOJHUT COOTBETCTBHE MEXIY COOBITHSMH BHYTPHU
Kax10ro notoka. Ha Beixone ¢popmupyercst 0JHO cOObITHE CO BCEX MOTOKOB JaHHbIX. [Ipu aTOM
IPOMCXOTUT MPOBEpKa KayecTBa JIaHHBIX, B TOM YHCJIE B ClIy4ae MOTepU BaKHOW MHPOpMALUU
npu 1nepefade JaHHBIX. [lo HaHHBIM IIPOBEJEHHOIO Ce€aHca C KOMIUIEKCHBIM 3allyCKOM
YCTaHOBKM KOJMYECTBO OIIMOOK Majo (JI0JM MPOLEHTa), TaK YTO MPAKTUYECKU BCS MPUHATAS
uH(popMalus (C TOUKH 3pEHUs KauecTBa IaHHBIX) UCOIb3YeTCs JUIsl aHaIM3a IaHHBIX.

[IporpaMMHBI TakeT Ui MOJACIHMPOBAaHUSA B HACTOAIIMKA MOMEHT OIMCBIBAECT
«HJEANbHYI0» PCAIBHYI0 TEOMETPHIO0 YCTAaHOBKM. [neanbHOCTP Ha JaHHBIM MOMEHT
3aKJII0YAeTCs B MJICAIBHOM IOCTUPOBKE M HJeadbHOH 3(PPEKTHUBHOCTH AETEKTOPOB. [laHHBIH
HaKeT MOJAETUPOBAHMSA MCIOIB3YETCS IS OTIAJKH aJrOpPUTMOB M OIEHKH 3((eKTuBHOCTH
ycraHoBkH. [locne onpeneneHus peaqbHON reOMETpUH U d3PPEKTUBHOCTH YCTAaHOBKH (HA OCHOBE
aHalM3a JKCIEPUMEHTAJbHBIX JIaHHBIX) BCE HEOOXOIUMBbIE JaHHble OyIyT BHECEHBl B
IIPOrPaMMHOE OITUCAHUE YCTAHOBKH.

JI1st BOCCTAaHOBJICHUSI TPEKOB 3apsOKEHHBIX YaCTHI] B TPEKOBOM CHCTEME BBIOpaH Takon
METOJI TIOUCKAa TpeKa Kak mpeoOpa3zoBaHue Xada. ITOT METOJ HCIONB3YeT MapaMeTpUIecKoe
onucaHue Tpeka. Kaxkaass Touka B IpOCTPAaHCTBE MapaMeTPOB ONKCHIBAET TPEK B KOOPAUHATHOM
npoctpaHcTBe. [loMck KaHAMIATOB B TPEK COOTBETCTBYET HAXOXKACHHMIO JIOKAJIBHBIX
MakCUMYMOB B mpocTpaHcTBe Xada. [IpuMeHeHre merona B IByMEPHOM ciydae IMOKa3aHO Ha
Puc. 3.54.

46
MoxHO MMPOBOAUTH aHAJIN3 OTACIIBHO JJIA KaXXA0TO KOHKPETHO 3aJaHHOI'O IMOTOKA.
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Puc. 3.54 Nnnroctpannst OCHOBHOTO NIPHUHITUIIA TIpeoOpa3oBaHus Xada Il OTHOTO TpeKa

JInsg KaxaoW KpacHOM TOYKM B MCXOJHOM IIPOCTPAHCTBE IIOCTPOEHA IpsMas B
MPOCTPAHCTBE MApaMETPOB, a UX IEPECEUCHUE XapakTepu3zyeT Tpek. Mcxons u3 reomerpuu
ycranoBku CITACUAPM, MoXHO BBIIENIUTH JABE 00JIacTM — A0 M MOciHe MarHuTa. Tpeku
3apsSOKCHHBIX YaCTHI] M3ruOaroTcs B O0JIACTH AMIONBHOTO TMOJII MarHUTa B IUIOCKOCTU X-Z.
CrnenoBarenbHO, MOKHO allPOKCUMHUPOBATH 3THU ABE 00JIACTH MPOEKIIMH TPEKOB B IJIOCKOCTH X-
Z IPSIMBIMHU JIMHUSIMUA B COOTBETCTBUH C YPaBHEHUEM Xhit = (Zo — Znit) X tanO + Xo, e 0, — yroi
MEXIy paccMaTpuBaeMoOU MPsSIMOM U OCBIO Z B 3TOM IJIOCKOCTH, Xo — TOUKA MEPECEUEHUs C Zg , a
Xhit ¥ Zhjt — KOOPAMHATHI XUTa B IPEHPOBBIX TPYOKaX.

[lo npsMbIM, HalWACHHBIM MeETONOM Xada, HaXOIUTCS Yrojd OTKIOHEHUS TpeKa B
MarHuTHOM nosie. Jlamee M3 W3BECTHOTO HMHTErpaja IoJisl M yIjla OTKJIOHEHUS HaXOIUTCS
KOMIIOHEHTA UMITYJIbCa Pyy.

Tak Kak B IUVIOCKOCTU Y-Z HE MPOUCXOAUT OTKJIOHEHHS] B MAarHMUTHOM IIOJI€, TO MPSIMOM
annpoKCUMUPYETCs BCs 001aCTh U HAXOAUTCS KOMIIOHEHTA Py.

Ha BTOpOM »3Tame mnpoBOAUTCS YTOUYHEHME IIApaMETPOB TpeKa C MCIOJIb30BaHUEM
¢unpTpa Kanmana. Ha 3Tom sTame ye y4uThIBaeTCs peanbHOE (WM pacuyeTHOE) MarHWTHOE
oJie, BKJIFOYasi HEHYJIeBble KOMIIOHEHTHI TOJIs TIO0 ocsM Y 1 Z.

B nanpHelmeM yxe HCHOJB3YIOTCS BOCCTAHOBJIEHHBIE KMHEMATHYECKHE MapaMeTphl
TPEKOB ISl BOCCTAHOBJICHUS BTOPUYHBIX YaCTHUIL U MOJTYYCHUS AaCUMMETPHUH.

JlaHHBII METO/ TTO3BOJISIET BOCCTAHABINBATH TPEKH C BBICOKOU 3 (HEKTUBHOCTHIO (O0Jee

98% 1151 ONMHOYHBIX TPEKOB, Oosiee 85% 11 MHOIO4aCTHUHBIX coGbrTHii").

* Jlns 100% >dppexTUBHOCTH Kamep
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4 [Tnan-rpaduk peannsaruu U OlIEHKa CTOMMOCTH ITPOEKTA

OcHoBHbBIE pacxoibl TpeOyIOTCS Ha CO3/aHHME KaHajla MOJSPU30BAHHBIX YaCTHUIl U
MOJICPHHU3AIMIO  JKCIIEPUMEHTAIBHOM  YCTAaHOBKM  JUIsl  IPOBEACHHS  IPELU3HOHHBIX
UCCIICIOBAaHMI C MCIIOJIb30BaHUEM TOJISIPU30BAHHOTO ITYUKa.

Beimonnensr  paboTel 1O pacyeTy W OCKHM3HOMY IPOEKTUPOBAHMIO  KaHala
NOJISIPU30BAaHHBIX YacTUIl. J[Is BBITOMHEHUS pabOT MO CO3/aHHMI0 (QHTH)IIPOTOHHOTO KaHalla
24A na yckopurene Y-70 morpedyercs 1 mupa. pyo.

Jjis BBIMOTHEHHS] HAMEYEHHOM SKCIIEPUMEHTAILHOM TPOrpaMMbl HEOOXOMMO CO3/1aHKe
CUCTEMBbl CBEPXIIPOBOJSIIMX MAarHUTOB «CHOMPCKUX 3MEEK», CIHHOBBIX pOTaTOpOB, U
KpUOTeHHOM crucTteMbl K HUM (200 MutH. py0.), KOTOpbIE MOTYT OBITH pa3paOdOTaHbl U CO3/IaHBI B
NiAd CO PAH (HoBocubGupck). Ilpenn3uoHHBIA SJIEKTPOMArHUTHBIA KAJOPHUMETP THIIA
«wanubik» (150 muH. py0.), IoaHAs TEXHOJIOTHsI KOToporo paszpadborana B UPBD (co3znansl u
0(opMIICHBI /IBa OIBITHO-TIPOMBIIIJICHHBIX 00pasiia), HO3BOJIUT PETUCTPUPOBATH BCE JOCTYITHBIC
[0 Macce HOBBIE COCTOSIHHSI MAaTEpHH, paclaJaroliyecsi, B TOM 4ucie, Ha (oToHbI. JleTekTop
KOJIEI] YePEHKOBCKOTro u3nyueHust (250 miH. py0.) mo oOpasily Takoro ke AETEKTOpa B MPOEKTE
[TAH/JIA 1o3BOMUT HACHTU(UIMPOBATH BCE 3apsDKEHHBIC aJPOHBI BO BCEM JIOCTYITHOM
SHEPreTUYeCKOM HMHTEpBaJIe, YTO HEOOXOJUMO JAJIsi CIIMHOBOTO HCCIIEIOBAHMS IEJIOTr0 CIEKTpa
pa3HoOOOpa3HBIX PE30HAHCOB U OOHapy>KeHUs HOBbIX. CHCTeMa MOJISPUMETPOB AJI U3MEPEHUS
abCcoNMIOTHON BelnuurHbI nongpuzanuu mydka (100 miH. py6.) pa3pabaTbiBaeTCsi 1 MOXKET OBITh
coznana B MUD®BD coBmectHo ¢ MUDU. CtoumMoCTh MNOJISAPU30BAHHOW MHIIEHH HOBOTO
MOKOJICHUSI ¢ BO3MOXKHOCTBIO TIOJTYy4aTh, KaK IMONEPEYHYI0, TaK U MPOJOIBHYIO IMOJISPHU3ALHIO,
coctaBisier 250 miH. pyO., OJTHAKO 3HAYMTENIbHBIA BKJIAJl MOXKET OBbITh BHECEH HEMEIKUMU
YYaCTHUKAMH TPOEKTA.

CymMapHBIe pacxoibpl Ha uW3rotoBieHne B Poccun HE0OXOAMMOTO HAYYHOTO
obOopynoBanusi coctaBiaT | mipa. pybneit. Takum oOpa3om, WUTOroBasi CTOMMOCTH MPOEKTa
OLICHHBAETCS B 2 MIPJ. pyouIeii™.

[Ipu Hayane ¢uHaHCHpoBaHUS B nepBoil monoBuHe 2020 rona muaH-TpaduK CO3AaHUS
OCHOBHBIX TO3WIMKA KaHama 24A U ODKCHEpUMEHTAIILHONH YCTAaHOBKM HAa HEM BBIIISIUT
CJIEIYIOIIUM 00pa3oM:

- 3aBeplIeHre pabovero NpoeKTa Ha KaHal U 30HY YCTaHOBKH — 2020-2021 rr.;
- U3TOTOBIICHHUE AIEKTPOMArHUTHOTO KAJIOpUMETpa TUTIA «Ianuisiky - 2021-2024 rr.;
- I3TOTOBJICHUE MarHUTOB «3MEHKa» H KpUOTeHHOTO obopymoBanus — 2021-2023 rr.;
- U3TOTOBJIEHUE JIETEKTOPA KOJIELl YEPEHKOBCKOIO U3JIyUYEHUs — 2022-2025 rr.;
- co37anue kanana 24A u pa3MelieHre yCTaHOBKY Ha 9ToM kaHane — 2023-2024 rr.;
- CO3JJaHME CUCTEM MU3MEPEHHUS MOJIApU3aLUN - 2022-2024 rr.

[lepBsiit mpoOHBIN ceaHC ¢ MOMSAPU3OBAHHBIM MTyYKOM Iu1aHupyetcs Ha 2025 rox.

48 B 9Ty CYMMY HC€ BXOAUT CTOUMOCTD HOBOI HOJ'IHpPI?;OBaHHOﬁ MUIICHU U DJICKTPOHUKU B CTAHAAPTEC XTCA, TaK KakK
CTCIICHb Y4aCTUd HEMCIUKUX MMAPTHECPOB B [[aHHLIﬁ MOMCHT HCU3BCCTHA
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3aKkiIroyeHue

[Monspuzanuonusiii mpoekt CIIACUAPM oriauvaer rio0anbHBIN, CHCTEMAaTHYECKHI
MOJIXO0Jl B U3YYEHUU CHCTEMbI aHTHIPOTOH-NIPOTOH (SIPO) U MPOTOH-IPOTOH (SIPO), BKIItOUAs
npoBeieHue 0030pPHOTO MOJSPU3ALMOHHOTO IKCIIEPUMEHTA U OJHOBPEMEHHOE HCCIIEeI0BaHUE
JIECATKOB PEAaKUUHA M HECKOJbKHX (U3NYECKUX HAOJI0JaeMbIX, 3aBUCSIIUX OT MHOTHUX
nepeMeHHbIX. byer onpenenena nosspusanys IJIOOHOB B NIPOTOHE (aHTUIIPOTOHE) B 00J1ACTH
ux (parMeHTallMd U3 HCCIIeAOBaHUS oOpa3oBaHus yapMoHus. Oxujuaemasi BBICOKash TOUHOCTh
U3MEpEHUIl, MUHUMAJbHbIE CHCTEMaTHYEeCKHe OIMOKM B COYETAaHUU C UIMPOKUM HabOpoM
MyYKOB, MUILEHEH, BTOPUYHBIX 3aPSKEHHBIX U HEHTPAJTbHBIX YACTHI[ BHITOJHO OTJIMYAET ATOT
MPOEKT OT APYTUX MOJSPU3AIMOHHBIX IPOEKTOB.

[lonsapu3zoBaHHBIE AHTUIIPOTOHHBIH W TMPOTOHHBIA IYYKH SBJISETCS IOMCTHUHE
YHUKAJIbHBIMH HHCTPYMEHTAMH B 9THX HCCIICIOBAHHSIX.

Boigenum ocHoBHBIE TpenmytiecTsa rpoekra CITACHAPM:

— OOmmpHass  Qu3myeckas mporpaMMa M CHCTEMaTHYECKOE  HCCIIEOBaHUE
HOJISIPU3ALMOHHBIX SBJICHUI (THMa epuouyeckoi Tadumis! win PDG).

— Pa3nHooOpazue  myd4KoB: MOJIIPU30BaHHBIE  MPOTOHBI M AHTHIPOTOHBI,
HENOJISPU30BaHHbBIC TTYUKU T, K, pi, d, C.

— Peructpanus u uneHTUUKALNS HEUTPAIBHBIX U 3apSHKEHHBIX BTOPUYHBIX YaCTHIL,
BKIIOYas y, 7, 7, K*, p*, d 1 pe3oHaHCEL.

— MHccnenoBanue 1ecATKOB peakiyil OJJHOBPEMEHHO.

— IlonepeuyHo- 1 NPoIOIBHO- MOISIPU30BAHHBIE U SJEPHbIE MULIICHH.

— MHccnenoBanue pa3nuyHbIX CIMHOBBIX HabmogaembIx: Ay, Py, Ann, AL, D, piks - - -

— HWccnenoBanue mnonsipu3aliOHHBIX A((EKTOB B 3aBUCUMOCTH OT Pa3THUYHBIX
TepeMeHHbIX: VS, PT, Xp, ATOMHOTO HOMEPA, MHOKECTBEHHOCTH, PEaKIIHH. ..

— IlomHBIN a3uMyTaNBHBIA YIOJI, IMO3BOJIIOIIMM MHUHHMHW3UPOBATh CHCTEMATHYECKUE
OLIMOKH.

— Cnus-gaunnep, NO3BOJSAIOMUN MOJYyYUTh KaK MOMEPEYHYIO, TaK M IPOJOJIbHYIO
NOJIAPU3ALMI0 U MEHSATh UX HaIlpaBJIEHHWE, YTO TAK)XKE BAXXHO JJIs YMEHbILEHUS
CHUCTEMAaTUYECKHUX OIIMOOK.

— bricTpas cucrema cOopa TaHHBIX.

Hrorosas ctonMocTh nmpoekTa (KaHal + 3KCIepUMEHTaJbHas yCTaHOBKA) OLICHUBAETCS B
2 mupn. pyoneit. Co3naHue Takoro KaHajga M AKCIEPUMEHTAIbHOM YCTaHOBKH, IOJIyYeHHE
IIyYKOB MOJISPU30BAHHBIX YACTUL[ IPHUBJICYET K UCCIEIOBAHUAM Ha YCKOPUTEIBHOM KOMILIEKCE
YUEHBIX U3 pa3IM4YHbIX CTpaH, Npexae Bcero, u3 I'epmanun, Yexun u Uranuu.
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5 [Tpunoxenue A. COBpeMEHHOE COCTOSIHHE HCCIICIOBAaHUI B TAaHHON 00JacTH

DKCcIepUMEHTAIbHBIE U TEOPETHUECKUE MCCIIEAOBAHMS B O0JIACTH CIIMHOBOW (DM3UKHU B
nporeccax o0pa3oBaHMs M B3aUMOJICHCTBHSA aJpOHOB C aIpoHamH, (POTOHAMH U JIEITOHAMHU
BEIYTCSl YK€ HECKOJIbKO IECATUIIETHH, C MOMEHTA IOSBJICHUs IEPBBIX YCKOPUTENIEH YacTULL.
CoBepILIEHCTBOBAaHUE YCKOPUTENEH U JAETEKTOPOB YACTHUL], CO3AAHHUE IYYKOB IOJIIPU30BAHHBIX
YacTHULl U Pa3BUTHE TEXHOJOTUM IMOJSIPU30BAHHBIX MMILEHEH IO3BOJIWIIO IOJYYUTh OIPOMHBIN
MacCUB IOJIAPU3ALIMOHHBIX JaHHBIX. B CIMHOBOM (pu3MKe NpH BBICOKMX SHEPIUAX MPOBOIATCA
IPEUU3NOHHBIE U3MEPEHHUs, KOTOPbIE MO3BOJIAIOT BBIIBUTH OCOOCHHOCTH JUHAMUKU CHIIBHBIX
B3aUMOJICHICTBUH M NPOHUKHYTh IIy0)Ke B CTPYKTYpYy aapoHOB. (DEHOMEHOJIOrHsl CHUHOBBIX
SBJICHUH OKa3aJlaCh YAMBHUTEIBHO OOraToii M TpPYAHO OOBACHUMON C (yHIaMEHTaIbHBIX
MIO3ULIMMA KBAaHTOBOM XpomoauHaMuku — KX/1.

ITosiBneHHE TOUYHBIX JAHHBIX CTUMYJINPOBAJIO 6ypHOC Pa3BUTHUEC TCOPECTUICCKUX MOﬂCHCﬁ,
06’I)$ICH$IIOHH/IX Ha6JIIOIIaeMI>I€ SIBJICHHA.

5.1  Pe3ynbTaThl NOJAPU3ALUOHHBIX SKCIIEPUMEHTOB

[lepBbie MONSIPU3ALMOHHBIE SKCHEPUMEHTHI MPOBOAUIUCH U YIOPYTHUX M 3apsaoBO-
OOMEHHBIX pPEaKIMii, TOCKOJIbKY MPU HU3KUX SHEPTUSAX CEUCHHS TAaKMX PEAKIMi U CHHUHOBBIE
s dextsl Benuku. C pOCTOM HEPTHH YCKOPUTENEH YBEIHMUMUBAETCS CPEIHSSI MHOXKECTBEHHOCTh
B COOBITHH, a CIUHOBBIE d()()EKTHI B KOHKPETHBIX OMHAPHBIX MPOLECCAX M MX CEYCHUsI OBICTPO
yObIBaoT. THITMYHBIME TIPHMEPAME MOTYT CITYXKHTh CEYSHHE TPOLecca Mepe3apsiaku 7 p— N,
KOTOpOE MAIAET KaK s, i ceuenne npouecca  p—ppP, KOTOPOE MANAET KaK s?, YKa3bIBasl Ha TO,
YTO MPH BBICOKHUX PHEPTHUSIX B TAKUX MPOIECCcaX MPOUCXOAUT 0OMeH pepkeonoM [126].

Jlnst aHanmu3a JaHHBIX IPU BBICOKUX 3HEPTUsX ObLT MPEAI0kKEeH UHKIIO3UBHBIN MMOAXO0/, B
KOTOPOM PETrUCTpUpPYETCs JIMIIL OJHA WM HECKOJIBKO U3 o0pa3zoBaBIIuxcs yactul [127]. Oror
METO/l OKa3aJICs OYeHb yJOOHBIM ISl UCCIIEOBAHUS MOMEPEUHBIX OAHOCIIMHOBBIX ACUMMETPHIA
(An) ampoHOB, momepevHbIX mossipusaiuii (Py) THIEPOHOB M 3JIEMEHTOB CIIMHOBOW MAaTPHIIBI
IUIOTHOCTHU (pik) BEKTOPHBIX ME30HOB. B cuily orpaHMueHHOCTH MH(OPMAIMK B MHKIFO3UBHBIX
npoleccax B MOCieIHee BpeMs IPOBEAEHbl U3MEPEHMSI, B KOTOPBIX UCIIOJIb3YeTCsl MHPOpMAIUs
0 MHOKECTBEHHOCTH 3apsKEHHBIX YAaCTHUIl U LIEHTPAJIbHOCTU coynapeHuil. [lonydyeHHble faHHbIE
MOKa3aJy 3aBUCHMOCTb MOJSPU3AIMOHHBIX 3(()EKTOB OT ITHX JOMOITHUTEIbHBIX NEPEMEHHBIX.
Jns u3ydeHHs] CIIMHOBOM CTPYKTYpbl aJpPOHOB YacTO MCHOJIb3YIOTCS MOJIY-WHKIIIO3UBHBIE
HEYIPYTHUE MPOLECCHI, B KOTOPBIX IOMUMO aJJpOHa PETUCTPUPYETCS PACCESBUINIICS JIENTOH.

5.1.1 Tlonsgpuzanus B yOpyrux peakiuusx

Ha Puc. 5.1 moka3aHo cedeHHe ynpyroro mpOoTOH-TIPOTOHHOTO PAcCesHUS TPH YHEPTHU
11.75 I3B nns coynapenuit ¢ mapajuienbHbiMH (11) W aHTHHapaienbHbIMU (1)) cuHAMU
MPOTOHOB B 3aBHCUMOCTH OT Oe3pa3MepHOi mepeMeHHOU pzt = ﬁZPZthot(S)/38.3 [128]. Tam xe
CIUIOIIHBIMU KBaJIpaTaMu MOKa3aHO CeYEeHUe MU ropasao Oosiee BbICOKON sHepruu npu S = 2800
B, nonydenHoe B CERN ISR. B nudpaxironHoit 06:1acTi, COOTBETCTBYIOIIEH MallbIM yriam
paccesHUs, CeYeHUE OJIMHAKOBO B PA3JIMUHBIX CIIUHOBBIX COCTOSHUSX U NPH Pa3HBIX YHEPIHUSX.
B obmact mpoMeKyTOUHBIX 3HAUYCHUM P uMeetcs cirabasi 3aBUCHMOCTB OT cruHa. [loBeeHne
cedenus B 00MaCTH GONBIINX 3HaUeHHi P4 okasanoch HeoxnaaHHsM. KOraa CiMHBI IPOTOHOB
napajjelibHbl, CEYeHHE MMEET TOT € HAKJIOH, YTO M AJIA COyJapeHHH HemoJsIpU30BaHHBIX
IPOTOHOB, NPH ropasfo 0ojiee BBICOKMX SHEPIHSIX, AJIS HEMOISIPU30BaHHbIX IPOTOHOB. OHAKO,
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JUI aHTUIApAJJIENIbHBIX CIMHOB, HAKJIOH cedeHus Oosee kpyroi. B To Bpems mpenmnosnaranu,
YTO CIIMHOBBIE 3((EKTHI JOIDKHBI BBIMEPETH IPU BHICOKHX SHEPTUSAX U OOJBIINX P2
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Puc. 5.1 Ceuenne mpoTOH-IPOTOHHOTO YIIPYTOTO Puc. 5.2 OrHomenne YHPYFHXZ CCUCHHH Gy1/G1) B
paccesiHus B 3aBUCMMOCTH OT CKEHIIMHTOBO 3asucuMoctH ot PP [129 ]

nepemerHoit p* = fP4610(5)/38.3 [128].

S. Brodsky Ha3Bai 3TOT pe3ysbTaT «OJHOM M3 Hepa3raJaHHbIX TallH aJpOHHON (PHU3UKM»
[130]. Oanako, BO3HHK BOMPOC: HE MPOSIBISETCS JIH 3aBUCHMOCTh OT CIIMHA TOJBKO B 00JIaCTH
YIII0B paccesnus Boau3u 90° B ¢.IL.M., T/Ie BaXHA UIEHTUYHOCTH MPOTOHOB? UTOOBI OTBETHTH Ha
ATOT BONpOcC, Ha yckopurene ZGS Obl1 MOCTaBIEH BTOPON 3KCIEPUMEHT, B KOTOPOM MEHSUIMChH
sHeprus u P, a yrom paccesust ocraancs pasuaeiM 90°. Ha Prc. 5.2 mokasaHo OTHOIICHHE
YIOPYI'UX CEYeHHil 611/61; B 3aBUCHMOCTH OT P% [129], napsiny ¢ nanubivu [128] u3 Puc. 5.1,
CymecTByeT OoJiblliasi pa3HUIlA CEYECHUM B OOJACTH MaJIbIX P2, COOTBETCTBYIOIIMX MAaJIbIM
sHeprusim. OgHaKo, pu P% >1.5 (1“3B/<:)2 nBa HaOoOpa JaHHBIX MPAKTHYECKH COBMAIAIOT U HE
3aBUCAT OT HampasiieHHs cnuHa. [Ipm P4 >3.7 (l“:aB/c)2 3aBUCUMOCTh OT CIIMHA CHOBA
CTaHOBUTHCS CUIIBHOW. DTH JaHHbBIE YOKJAIOT, UTO OOJbIINE CHMHOBBIE 3PPEKTHI HE CBA3aHbI C
WIEHTUYHOCTBIO TIPOTOHOB TIpU yrie paccesus 90° M BOZHMKAIOT B IIPOIIECCE JKECTKOTO
paccessHUS B 00JacTH OOJIBIINX P4 [130]. Otu YIUBUTEIbHBIE PE3YJIbTATHI HE MOJIYYUIIN TOKA
JIOCTaTOYHO YOEIUTEIbHOIO TEOPETHUECKOTO O0BSICHEHUSI.

5.1.2 Tlonspu3anus 1 aCUMMETPHS B 3aps10BO-00MEHHBIX PEAKIIUAX

3HaYUTEIbHBIN BKJIA/] B UCCIEIOBAaHUE CIMHOBBIX Y(P(PEKTOB B IKCKIIO3UBHBIX 3apsiI0BO-
OOMEHHBIX peakIMsIX ObUI MMOJyYeH B CepuM dKcrepuMeHToB B [IpoTBuHO Ha ycranoBke [TPO3A
npu sHepruu mydyka 40 B [51-57]. BoapmMHCTBO NaHHBIX B JAPYrHX SKCIEPHUMEHTaX OBLIO
IIOJIyYEHO NPU YMEPEHHBIX dHEPrusx mydka 1o 12 I'3B, Hmxke snepruit yckopurens UOBO.

K CCPCANHC 80-x rr. ObLIH 3aBCPUICHBI UCCIICAOBAHUA ACUMMCTPUH B JKCKJIFO3UBHOM

peaxuuu 7 +p [ 24N npu ummyibce 40 [9B/c [53]. Untepec k 3Toi peakiuu 00yCIOBICH
TEM, YTO B MOJENM MOJIOCOB Pelpke oTa peakumst uaer 4yepe3 OOMEH OJHHM p -HIOJIIOCOM, U

noJisipu3anus, Kak nHTepepeHInoHHbIN 23 EKT, T0JDKHA OTCYTCTBOBATh.
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[TepBrie ke dKcrIepuMeHTaIbHbIe JaHHbIe Tpu S U 12 [B/c nokazanu Hammune 00JIbIINX
MOJIIPU3AIMOHHBIX dPPEKTOB. ITOT (aKT 3acCTaBHJI TEOPETUKOB TEPECMOTPETh HCXOTHBIC
OPEANOChUIKM  Mojenu Pemxe, BBECTH JONOJHHUTENbHBIE TMONIOCA, Yy4yecTb I(PQeKThl
nepepaccestHus U T. A. OJHaKO 3TH ONbITHI IPOBOAMIUCH IpU HU3KHUX (< 12 I'3B) sneprusx, u
JUISL CTPOTOM MPOBEPKU Mojenu Permxe HyX HBI ObLTM JaHHBIE TpU Oo0Jiee BBICOKUX IHEPTHUSX.
OTHUM MOTHBHUPOBAJach MOCTAaHOBKA SKCIIEPUMEHTA 110 M3MEPEHUIO MOJSpU3alMi HEUTPOHA Ha
yckoputene Y-70. Jlanasle mo nonspusanuu npu 40 B npeacrasnenst Ha Puc. 5.3 u Obun
MpPEeIMETOM MHOTOYHCIECHHBIX oOcyxaeHuil. [IpuBnekanucy pa3nuyHbie MOAU(DUKAIINN MOZIEIN
Pemxke. Jlunus na Puc. 5.3 npezacrasisier pacueTsl Mozaenn Pemke ¢ yaeTtom oaaepona [131].
ABTOpHI paboTsl [131] npenckas3pIBarOT pocT aOCOMIOTHON BEMTUYUHBI noyisipu3anuu npu —t > 0.7
B ¢ YBEIMYECHUEM JHEPruu Iydka. M3MepeHue moiasipusanuy IpyU HECKOJIbKUX DHEPIUsaX Ha
ycraHoBke CITACYAPM mno3Bonmio Obl IPOBEpUTh CMEHY 3HAKa IOJAPH3AIMH B 00JACTH
snepruit Y-70.

5 GeV/c

—tot—

T T3NSY 79 M 13 15 N9 1Geve)

-30F

w
(=)
T
-—

Puc. 5.3 Monenb onnepona [131] B npuMeHEHHHU K OMMCAHUIO MOJISIPU3AINH B PEAKUU TT p(T)—) 7°n npu

ummynbscax S5 u 40 I'3B/c [53].

Ha ycranoBke IIPO3A B 80-Xx romax u3MepsulnChb acUMMETPUM B DKCKIIO3MBHOM
00pa30BaHUM HEKOTOPHIX PE30HAHCOB, TaKUX KaK 7 (- w(782)n, 7fp¢—) 17(958)n, 7r'p¢—)
f2(1270) n npu sueprum 40 B [55,132].

[IpakTHdyecku BO BceX HCCIENOBAaHHUAX ObUIM OOHapyxkeHbl Ooibinue 3(hdeKTsl, Ha
ypoBHe 20-40%. PesynpTaThl B peakuuu 7z'p?—) ®(782)n mpencraBnensl Ha Puc. 1.14.
Pesynbrartel mo peaknuu 7z (- 7/(958)n npeacraBiaeHsl Ha Puc.  1.15, a pesymbrarel 1O
peakuuu zp " f2(1270)n mpencranens! Ha Puc. 5.4.

OTmeTM, YTO B ME30HHBIX ITydKax HAONIOMAIOTCS HEHYJEBBIE IOJSIPU3AIMOHHBIC
ahdexTs maxxe B obmactu ¢parMeHTAMM HETMOJSIPU30BAHHOTO Iy4YKa, YTO HE HMMEET TOKa
YIIOBIIETBOPUTEIHLHOTO  TEOPETUYECKOTO  OOBSICHEHWS.  3HAUMTENbHBIE  OJHOCITMHOBEIC
aCMMMETpPUH, HAONIOIaeMble B COYJApEHHUSX ME30HOB C IOJSPHU30BAHHBIMUA MPOTOHAMH, HE
TOJILKO B 00J1aCTH (pparMeHTanuy NpoToHa, HO U B 00J1acTH (pparMeHTaluu ME30HA, MOTYT OBITh
CBSI3aHHBIMH C HECMMMETPUYHOCTBHIO HAYAJBHBIX U KOHEUYHBIX COCTOSHHIA: ME30H COCTOHMT W3
KBapKa M aHTHKBapKa, a HyKJIOH U3 TPEX KBapKOB
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€. (GeVv/e)

Puc. 5.4. AcuMMeTpus B peakiuu 77 p (. f2(1270 n mpwm sueprum 40 5B [132], korna f,(1270)-me30H
PErHCTPHPOBAICS B MOJE PACTANa HA BA /7 -ME30HA

5.1.3 OpnocrniHOBast acuMMeTpHsi AN B MHKITIO3UBHBIX PEAKIIHAX

Janupie mo Ay B HMHKIIO3UBHBIX pEAKIMAX MOJIy4YeHbl i 24 peakuuid B aJpoH-
aIPOHHBIX COYIAPEHHSIX U 6 PEAKIMil B JIENTOH-aAPOHHBIX COyAapeHusx. Jluana3on suepruii \'s
peakuuii B c.u.M. MeHscs oT 4.9 no 500 I'3B. Bo BceM nuana3zoHe 3Hepruil Habirojanach
3HAYMTENBHAS ACHMMETPHS Ay, KOTOPAsi MOJKET MEHSITHCS B 3aBUCHMOCTH OT \'S, Pr, IEPEMEHHOI
QOeifHMaHa Xg, aTOMHOTO Beca MHUIIEHH A, a Takke, OT LEHTpalbHOCTU coydapeHuit Cr u
MHOkeCTBeHHOCTU 4acTull N¢n B coObituu. [loBemenune Ay HECKOJIBKO OTIMYAETCS B TPeEX
00JacTsSIX Mo SHEPTUU Vs < 5 B, 5<Vs <70 3B, u npu s > 70 I'B. [Ipu umnynece 11.75
I'3B/c (Vs =4.89 I'5B) Gbiin BHITONHEHBI TOAPOOHBIC H3MepeHus An(Pr, Xg) IS 06pa3oBaHus 7,
K*, p, p, B POTOH-NIPOTOHHBIX coyaapennsx [133]. Pesymprartsl aist peakumii p'p— 7~ +X,
noka3zanbl Ha Puc. 5.5 u Puc. 5.6 u uMer0T HEMOHOTOHHYIO 3aBHCUMOCTh An(PT), C KI3MEHEHUEM
3Haka npu Pt~ 0.6 [3B/c [25].
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pr (GeVic) pr (GeVie)

Puc. 5.5 Ay(pr) s peakiuu p'p— 77 +X Puc. 5.6 Ay(pr) ams peaxuuu p'p— 7 +X
Takoe noenenue An(PT, Xr), IPU YMEPEHHBIX DHEPTUAX, MOXKET OBITh CBS3aHO C MaJbIM

YHCIIOM SKCKJIIO3MBHBIX KaHAIOB, JAIOMIMX BKJIAJl B MHKIIIO3UBHYIO PEeakIuio. Bo3aMOXKHO Takke,
YTO IIPH MaJbIX Pr U VS KBAPKOBBIC CTEIICHH CBOGOIBI SIS He SBISIOTCS OMPEISISIONIIME IS
An. Emé omna w3 rumote3 COCTOMT B YBEJIMYEHUM paJnyca AEHCTBHSI IBETHBIX CHJI I C
YMEHBIIICHHEM P, B CHITY COOTHOIICHHS HeompeaeneHHocteit opror > h/2 [27].

[Ipu 6osee BHICOKUX SHEPTUsX, 5 <\'s< 70 T'3B, nmeeT MecTo MPUOTMKEHHBIN CKEUITUHT
(He3aBHCUMOCTD AN OT DHEPTUH) JUTSI 3TUX ABYX PEAKIIHMN.
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IToxpobHoe uccaenoBanue 3aBUCUMOCTH An(PT, XF, A) OT KHHEMAaTHYECKHUX TIEPEMEHHBIX
M aTOMHOIO Beca A MumleHH BblloJHEHO Ha ycraHoBke ®OOJIC-2 npu sHepruun
noJisipu30BaHHOrO mpotoHHoro myuka 40 1B [134, 85, 86, 87]. M3mepenust ObUTH TIPOBEICHBI
Ha TIPOTOHHOM, YTIEPOAHONW U MEIHON MUIICHSX, JUISl MPOIIECCOB MHKIIIO3MBHOTO 00pa30oBaHUS
., K*, p U p, npy HECKOIBKNX YIax POKICHHS aIpOHOB.

Pesynbrarer [85,86] mokaszanmsl Ha Puc. 5.7. 3aBucumoctr Ay OoT A oOkazanach
He3HaunTenbHoU. [loaTromy Ha Puc. 5.7 moka3aHbl ycpeaHEHHbIE Pe3yIbTaThl Ha YIIIEPOIHON U
METHOM MHUIICHSIX. 3amMeTHas acuMMeTpus Ay HaOmomaercs B oOnactu  (pparmMeHTanuu
TIOJISIPU30BaHHBIX MPOTOHOB (X=>0.35) mst Tex aapoHoB (77, K*, P), B cOCTaB KOTOPHIX BXOJISAT
BaJICHTHBIC KBapKH M3 NMpOTOHA. [l aipOHOB, COJCpKaIIMX TOIbKo Mopckue kBapku (K™ u p),
Ay = 0 BO Bceii HCCIeIOBAaHHOW KMHEMATUYECKOW 00JIaCTH, OOHAPYKEHBI OCIMIIAINN Ay, KaKk
(QYHKIHE KHHEMATHYECKHX IEPEMCHHBIX, I PeaKiuu pP'p— P+X, IpuueM 3HAYUTEIbHAS
acUMMETpHUsi HAOIIOAAeTCS TOJBKO B OOJIACTH TOJIAPHBIX YIJIOB B C.I[.M. CTAJKHBAIOIIMXCS
HyKI0HOB MeHee 70°. B Mozenu XxpoMOMarHuTHOM nonsipusanuu keapkos (XITK) ocrusuisis
Ay cBsizaHa ¢ mpeneccueil cnuHa kBapka B 9 QexTuBHOM 1[BeTHOM ToJie [27]. 3aBucumocts Ay,
s peakuun p'p— 7 +X, oT momsipHoro yrma 6°™ B C.ILM., HMeeT, MOPOroBbIi XapakTep, ¢
nioporom BOsM3H yria 73° [26].
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Puc. 5.7 3aBucumocts Ay(Pr) AN HPOIECCOB HHK/IIO3UBHOTO 00pa3oBaHus 7, 7, P 1 p B P'A coynapeHusx, npu
JIBYX yTJIaX pOKIeHHS afpoHOoB 1 uMirynsce 40 [3B/c.

BechMa HEOXKHIAHHBIMU OKA3alliCh JaHHbIe 0 Ay U1s peakuuii p'p— n +X, p'Al— n
+X 1 p'Au— n +X, nomydennsie npu sueprun Vs=200 I'5B B sxcnepumente PHENIX [135].
Pesynbrarhl paccMoTpeHsI BhIlie B pasaene 1.2.2 u moka3ansl Ha Puc. 1.9, B 3aBHCHMOCTH OT
aToMHOTO Beca A. Acummerpusi Ay(4) IS MHKITFO3UBHOTO TIporiecca rmoka3aHa Ha Puc. 1.9
Kpykoukami. OHa MEHSeT 3HAK M PACTET 110 BENMYMHE B TPU pasa NpPH Iepexoje oT P'+p K
p'+AU coyzapeHusM.
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Korna naknaapiBatoTCs JOMOTHUTEIbHBIE TPEOOBAHUS PETUCTPALIMH 3aPSHKEHHBIX YaCcTHUII
cuetunkamu BBC, pacnonoxeHHbIMH B 00JIacTH (h)parMeHTalMl CTAJKUBAIOLIMXCS YACTHIL
(BBC-tag, kBagpartsi), To An(A) ocTaeTcs OTpHLIATEIbHOM 1 HEOObIIOH 110 BennunHe. Ecin xe
OoTOMpaTh TOJBKO COOBITHS, B KOTOphIX HeT curHaioB B BBC cuerumkax (BBC-veto,
TpEyroyibHUKU), TO An(A) caBuraercs BBepX. J1Jisi MHKIIIO3UBHOM peakiuu 3To nosenenue Ay(4)
MOKHO OOBSACHUTH Iperieccuel crnuHa KBapka u jeiictBuem cuibl LlltepHa-I'epnaxa B
HEOJIHOPOJHOM KPYTOBOM IONEPEYHOM XpoMoMarHuTHoM moze [27]. Ilockonmbky 3ddext
HaOmogaeTcss B obnmactu mManbix Pt = 0.3 I™B/c u 6oapmux A, TO CyIIECTBEHHBIM IS €O
OOBSICHEHUS SIBISICTCS TaKXKe CHIIbHOE YBEIMYEHHE MOIMEPEYHOro pajuyca LBETHOTO MOJIS MpU
Manbix Pr. OT6op cobbiTuil ¢ momoulplo cueTunkoB BBC cmemaer cpeaHio IEHTPalnbHOCTh
COyJIapeHusi, 4YTO U NPHUBOJUT K COOTBETCTBYIOIIMM u3MeHeHusM it An(A4). Baxno
MIPOJIOJDKHUTH HCCIIeIOBAaHUE ITOTO A (eKTa MPH APYruX SHEPTUAX U HA IPYTHUX MUIICHSIX, B TOM
YHCIIe OT LEHTPATBHOCTH.

[Ipenckazanus MoJaenu XpOMOMAarHUTHOW nossgpu3anuu kBapkoB - XIIK [27] moka3aHsl
Ha Puc. 1.9 cuneil cmmomnoil nuuueil. ToHkue nuHUKM 0003HAYAIOT OJHO CTaHAAPTHOE
OTKJIOHEHHWE JJIsi 3TUX pacyeToB mo mozaenu. Monenb [27] mpelnckasbiBaeT JOMOTHUTEIbHBIC
MuHUMYMBI An(A4) ipu A=3 u A=86.

Eme ogno HaGmoneHue, HE MOJMYYHBIIEE MOKA SICHOTO OOBSICHEHHs, 3TO 3aBUCHUMOCTD
An(Xe,Nen) amst peakmun p'p— 7° +X B sxciepumente BRAHMS npu suepriu Vs=200 I'sB [32].
Oxkasasock, 9To An(XF,Ncn) yBeIMUUBaeTCs 110 aOCOMIOTHON BEIHYMHE, €CIIU OTOMPATh COOBITHS
C MHOXECTBEHHOCTBIO N¢p BbITie cpenHeii. Takue nanHbie oka3ansl Ha Puc. 5.8 cromabiMu
Kpykoukamu. Eciu ske BIOUpParoTCs COOBITHS, B KOTOPBIX MHOKECTBEHHOCTh HUXKE CPEIHEH, TO
cootBeTcTBeHHO M AN(XF,Nch) CTaHOBHUTBHCSI MeHbIIe 110 abCcoaroTHON Benmmuuue. Momens XITK
Ka4eCTBEHHO 00BsICHACT 3TH HaHHbIe 0 An(XF,Ncn) yernenueM 3¢ ¢GpeKTUBHOTO I[BETHOTO MOJIS B
obnacTu B3auMoJIeHCTBUS Tipu TpeOoBaHUM OoJiee BHICOKONH MHOKECTBEHHOCTH, TOCKOIBKY TOJIe
co3laeTcs IBMXKYIIMMUCS KBapKaMu-criektatopamu [27]. Uem Gomnbine yactul, Ney B COOBITHH,
TeM OOJIbIIIE OKHUIAETCS KBAPKOB-CIIEKTATOPOB.
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Puc. 5.8 3aBucumocts Ay(Xg) it peaximu p'p— 7 +X B skcrnepumente BRAHMS [30].

Jlunepom B 007acTH MPOBEACHHS SKCIEPUMEHTOB IO HMHKIIO3MBHOMY OOpa30BaHUIO
YaCTUL] ME30HHBIMU ITy4KaMU Ha MOJISAPU30BAHHOM NPOINAH-AUO0JOBON MUILEHHA 3aMOPOKEHHOTO
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tuna sBisercss kKoiuiekTuB skcnepuMenta [[PO3A B I'HI MPBD HUIL[ «KypuartoBckwuii
uHcTuTyT™» UMeHu A.A. Jlorynoa. OgHa W3 Takux peaklMM MpeAcTaBieHa B pasnene 1.5 u
nokasana Ha Puc. 1.13 ans peakuuu nepesapsaaxu 7 dt—° X npu sHepruu myuka 40 I'>B [50].

OCOOEHHOCTh ATHX PEakiMii B TOM, YTO OTJIMYHAs OT HyJsi acuMMeTpust An(Pr) TOSBIIsSETCS B
o0nacTi pparMeHTAlMU 7 My4YKa, KOTOPBIA HE MOIIPU30BaH, TIOCKOJIBKY CIIUH 77 paBeH HYJIIO.

Bo3moxkHo, 3HaunTenbHas An(PT) BO3HMKAeT M3-3a CHJIBHOW aCMMMETPHH HAYaIbHOT'O
COCTOSIHMS, TJI€ KBAapK M AaHTUKBAPK [MOHA HAJETAlOT HA TPU BAJEHTHBIX KBapKa
NOJISIPU30BAaHHOTO HyKJIOHA. lloxoxas curyauus HaOmromaeTcss W Uil OMHAPHBIX PEaKIHid,
paccMoTpeHHbIX Bbilie. OOMEHHOE B3aUMOJICHCTBUE TAK)KE MOXKET MIPATh 3HAUYUTEIBHYIO POJIb
B IIPOUCXOXKICHUU OJTHOCIIMHOBOM ACUMMETPHH.

5.1.4 Ilonepeunas noasipusauusi Py THIIEpOHOB B MHKJIFO3UBHBIX PEAKIUAX

OO6HapykeHue 3HaYUTENIbHOM MMONepeyHON Moispu3aluu /-TUIEPOHOB B MHKIIFO3UBHBIX
PEaKIMsIX SIBHJIOCH CIOPIPHU30M, MOCKOJBKY TEOpHS IpeIcKa3blBajla BHIMHPAHHE CITMHOBBIX
3¢ (EeKTOB MPHU BBHICOKKUX YHEPTUSAX U OOJIBIINX MOMEPEUYHBIX UMITYJIbCax [2]. B nampHelmem 3tu
UCCIICIOBaHMs OBUIM IPOJOJDKEHBI, TIiaBHBIM oOpasom B Fermilab (CIIA). Bombias
noJisipu3anusi HaOIroAanach MPaKTUYECKH ISl BCEX THMIIEPOHOB M aHTUTHIIEPOHOB B ITUPOKOM
WHTEpBaJie PHEPTU W JJS Pa3HBIX MYy4YKOB. V3MepeHuss Ha MPOTOHHOW U SACPHBIX MUIICHSAX
MOKa3ajl HE3HAYMTENIbHYI0 3aBUCUMOCTh Py oT aTtomHoro Beca mumieHu A. Ilonspuzanus
THIIEPOHOB B COYIApEHMSIX WIACHTUYHBIX HEMOJIIPU30BaHHBIX aapOHOB, HANpHUMeEp B Pp-
COyJapeHHUsIX, SBISICTCS HEeYeTHOW (yHKuuer nepeMeHHoU Xg: Pn(-Xg,p1)=-Pn(XF,pT), OTKYyIQ
cieayer Pn(0,pr)=0. IIpubamkeHHO 3TO COOTHOIIEHHE BBIMOJIHSICTCS U B PA-COyIapeHHUsX.
O030p JaHHBIX 10 MOJISIPU3AIMY TUTIEPOHOB MOXHO Haiitu B [136,137,138].

Ha Puc. 5.9 nokasana nmomsipusanus B peakiuu pBe—A+X mpu sHeprusx myuka 400
B [139,140] u 800 I'»B [141]. KpuBsie Ha Puc. 5.9 moka3siBaioT (UT COOTBETCTBYIOIIUX
TaHHBIX 13 0030pa [138]. [Momspuzanus B peakiuu pBe—/A+X orpunarensHas, a €€ BeITUIHHA
pacTeT ¢ yBeNTUYEHHUEM Xg U P1. 3aBUCUMOCTD OT SHEPTUU My4yKa HE3HAUUTEIbHAs.
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Ha Puc. 5.10 nmokazana Py B peakiiuu pBe— Z™+X nipu aHeprusix nyuka 400 I'3B [142] u
800 I'B [143] u ¢ur [138]. Xorsa 3Hak Py B peakumm pBe— Z+X Toxke OTpUIIATENBHBIN,
MakcuMalibHasi BeauunHa Py BIBoe MeHble, U jocTuraercs ona mnpu Xg = 0.5, B otinuune ot A
TUIIEpOHa, Ul KOTOoporo MakcumyM Py Haxoautcs BOmm3u Xg=1. Iloxokee mnoBexneHue
HaOmoaeTcss U AJs peakuuu pBe— Z0+X npu sHepruu nyudka 400 3B [144]. B pamkax
mogenu XIIK [27] takoe moBemenue Pn(Xg) oOBsCHSETCS mpereccueidl crnuHa S-KBapka B
3¢ (PeKTUBHOM KPYroBOM IONEPEYHOM XPOMOMArHUTHOM I10JI€ MPH OJTHOBPEMEHHOM JEWCTBUU
cunel Htepna-I'epnaxa.

Ionspusanus B peakuun PA—Z"+X nokasana Ha Puc. 5.11 1 ¥MMeeT IONIOXHUTEIbHbII
3HaK. JlaHHble moxydeHbl mpu SHeprusix nmydka 400 B [145,146,147] u 800 I'>B [148].
[TonmoxkurenpHas MONSIpU3aNKs HAOMIOMAaeTCsl Takke B peakiuu PA—2" +X mpu suepruu 400
B [149,150]. Honspusamus 4 onpenensercs HoiApu3anmeil S-KBapka, Toraa Kak s X
THIIEPOHA, B CHIIy OCOOEHHOCTEH ero BOJHOBOW (YHKUMH, MOJSPU3AIMS HPOTUBOIOIOKHA
TIONAPH3AINY S-KBApKa, UTO MOJKET OOBACHUTH MOJIOKUTENbHBIH 3HaK Py B peaximu pA—X"+X.

BosnbmmacTBO M3Mepenuit Py B peakiiuun pA—A +X ObUIM BBINIOJHEHBI TPU BBICOKOU
sueprun, Vs > 27 5B, 1 moKasamd COBMECTHMYIO C HYyJIEM MONSPH3ALHI0. EIHHCTBEHHBIH
skcniepuMeHT E766, B KOTOpOM HaOJIOJIaIach 3HAYUTENIbHAs moJisipu3anusi /A, ObUT BBITOJIHEH
mpu Vs = 7.31 T5B [151]. Pesynsrars E766 nokasanbl Ha Puc. 5.12 CIUIOMIHBIME KPYXKOYKAMH.
CrutomHast kpuast Ha Puc. 5.12 - pacuerst mo mogenn XITIK [152]. 3aBucumocts Py oT 'S
MMEET DPE30HAHCHBIM Xapakrep. IIpoBepka 3TMX [OaHHBIX ABJISIETCS AKTyaJIbHOM 3aJaded u
obseryaercs TeM 00CTOSTENLCTBOM, UTO UMITYJIbC IPOTOHHOTO My4YKa JOJKeH ObITh 27 I'3B, uro
Oynet noctynHo g ycranoBku CITACHAPM.
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Ouenb OonpIIast nossipusanus (0AHAKO, ¢ OOJBLIIMMH OIMIMOKaMH) U3MEpEHa JUIsl peakluu
K*p—A +X B muanmazone nMIymnbcoB mydka ot 8.2 1o 70 I'3B/c [153,154,155,156]. Pe3ynsTaTsl
nokasanbl Ha Puc. 5.13, Hapsiny ¢ pacueramu [138]. [Tomyuenue 6oee TOYHBIX JaHHBIX 110 ATOU
pEaKLMM SIBISAETCS aKTyaJIbHOM 3a7a4ei.

Pesynerarel usmepenust Py B peakimn pp—A +X mokazanel Ha Puc. 5.14 [157].
OCOOCHHOCTBIO ITHX PE3Y/IbTATOB SBISIETCSA yKa3aHue Ha ocuwumnuio Pn(Xg), uro Oyaer
MHTEPECHO NPOBEPUTH U MCCIIEN0BATh HA AHTUIIPOTOHHOM ITyuke skcniepumenta CITACHAPM.
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5.2  Teoperuveckue MOIEIH, HAIIPABICHHbIE HA OOBICHEHHE OTHOCITMHOBBIX SIBICHUI

B Hacrosimem paszene paccMaTpUBAOTCS pa3iMyHble MOJEIH, IPEUIOKEHHbIC IS
OOBSICHEHUS! OJHOCIIMHOBBIX IMOJIAPU3ALMOHHBIX JaHHBIX. VcTopHyecku NMepBBIMH MOJENSAMHU,
OPEUVIOKEHHBIMU Ul OOBACHEHMsT  OONbLIMX  MOJIAPU3aLMOHHBIX  3(ddexkToB  BO
B3aUMOJICHCTBUAX aJpOHOB, ObUIM MOJIENIH, HCIIOJB3YIOIINE MOIYKIACCHYECKHE MEXaHU3MBL.
OnuH U3 TOJX0/I0B OCHOBAH Ha Mojenu morocoB Pemke [158, 159, 160]. O630p atux mozenci
MOXHO Haiitu B [161].

Hpyras rpynna Mojened mnpeamnonaraeT  (akTOpu3aluilo NepTypOaTUBHBIX U
HenepTypOaTuBHBIX (akTopoB. JKecTkoe paccessHMe MapTOHOB (KBapKOB U TJIHOOHOB)
OTUCBIBAETCS B TaKMX MOJENAX B paMkax Teopuu Bo3myiieHuil KXJI. Msrkue nporueccsl (¢
HEeOOJIBIION Mepeaueil UMITyJabca) YUMTBHIBAIOTCS, HAIPUMEp, Yepe3 BBEJEHHE CTPYKTYPHBIX
byHkuui W QyHKUMH (QparMeHTalMM MAapTOHOB B aJPOHBI, KOTOpbIE HaXOIATCS W3
HKCIEPUMEHTA M YUYHUTHIBAIOT MPEJCKA3bIBAEMYIO W3 TEOPHUU 3BOJIIOLHUIO 3TUX (YHKIMHA NpU
U3MEHEHHH TIepeTaHHOTO UMITYJIbCA.

5.2.1 Mexanusmbl CuBepca u Kommnaza

B  Hacrosmee Bpems  HauOojiee  IIMPOKO  OOCYXJIAaeMbIMH  MEXaHM3MaMH,
NPEUIOKEHHBIMU JUIsI OOBSICHEHUS! pAaCCMAaTPUBAEMBIX MOJIAPU3ALMOHHBIX YPPEKTOB, SBIAIOTCS
mexanm3mbl CuBepca [162] w Komma3a [163]. B ocHOBe »OTHUX MOAXOIOB JIEKHUT
MPEJNOJIOKEHNE O CYIIECTBOBAHUH 3aBHUCSIIMX OT CIHMHA M MOMEPEYHOI0 UMITYJIbca (PYHKIIHM
pacnpenenenuss kBapkoB (TMD) [162] B moNApu30BaHHOM MPOTOHE, JMOO0 (QyHKIHH
(dbparMeHTaIMK TOJSIPU30BaHHBIX KBApKOB B aapoHbl [163]. B kaxkmoir W3 3TUX Mojenei
MoJIpa3yMeBaeTcs Hajluuue KOPpesUM MEXIYy HalpaBlI€HUEM CIHHA W MONEPEYHBIM
umIyabcoM. CoBpeMEHHOE COCTOSIHUE MOjesel 00cyKaaeTcs, Hapumep, B padote [164].

IIpenckazanust B pamkax mojenu CuBepca mokazansl Ha Puc. 5.15 s maHHBIX
skcriepuMenTa BRAHMS 110 MHKITIO3HBHOMY POXKICHHIO T IIPH DHEPTHH V=200 I'>B [165].
3amTpUXOBaHHbIE TOJOCH MOKAa3bIBAIOT «IIOJIOCY CTATUCTHYECKOM HEONpEeAETIeHHOCTU» IpHU
BapHallly apaMeTpOB MOJEIH, UCIOJIb3yeMBbIX Uil u3BnedeHus ¢pynkuuu Cusepca, U3 TaHHBIX
M0 TJIIYOOKOHEYNPYTHM TOJYWHKITIO3UBHBIM Tporieccam [166]. Jlamasie STAR s 7 pu
SHEpPruu \s=200 I'>B [167] mokasausi Ha Puc. 5.16.
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Puc. 5.17 3aBucumocts Ay(Xg) ams K*, u3 pa6otsr [165]

OTnenpbHOr0 pacCMOTPEHHUSI 3aciyKUBAIOT MpenBapuTenbHble qaHHble STAR mns T pu
sueprun Vs=500 T'>B [168]. Onn cpaBHuBaroTcs Ha Puc. 5.18 ¢ mpencKasaHMsSMHU 110 MOJIEIH
Cusepca u Komnunza coorBercTBeHHO [166]. Acummerpus An(Pr) okasamach OoJblne, dem
MPEaACKAa3bIBAIOT Ka)K)II)II\/’I N3 IBYX MCXAaHU3MOB B OTACIIbBHOCTH. ABTOpBI nmpearnoJjararoT, 4To B
CyMMe JIBa MEXaHM3Ma CMOTYT OMMCaTh THU JIJaHHbIE, KOTOPbIE BIIEPBbIE U3MEPEHBI MPU CTOJb
00JIBIINX 3HAYEHUSX MONEPEYHOI0 UMITYJIbCA.
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Puc. 5.18 3aBucumocts Ay(pr) s peakimu p'p — 7°X, u3 paboTsl [166] 1 npeckasanus B paMKax MoJeeit
Cusepca (cneBa) u KoyumH3a (cnipaBa)
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5.2.2 Bxiaza BeICIINX TBHCTOB

Hlpyroii MexaHW3M TeHepaluud OJHOCIHHMHOBBIX aCHUMMETpUN ObLT  MPEANoKeH
EdpemoBeim u TepseBsim B 1982 1. [169]. B Hem paccmaTpuBaercs, B paMKax KOJUTMHEApHOU
KMHEMAaTUKH, BKJIAJ TBHUCT-3, yuUuTHIBarOIMA 3((eKThl KBapK-TIIIOOHHBIX Koppensinuii. B
JabHEHIIEM 5TOM IIOXO0/1 Pa3BUBAJICS TAK)KE B IPyrux paborax, Hampumep B [170].

OCOOCHHOCTBIO YKa3aHHBIX BBIIIE MEXaHU3MOB SIBIISICTCS 3aBUCHUMOCTH OT TMONEPEYHOTO
umIyiabca Buaa Ay ~1/pr, 4To XapakTepHO JUIsl BKJIAJI0B BBICIINX TBUCTOB. DKCIICPUMCHTAIBHBIC
JAHHBIC MPU JOCTUTHYTHIX HA CETOMHSIIHUI JCHb MOMEPEYHBIX MMITYIhCaX HE YKa3bIBAIOT HA
3HAYUTENbHOE yMeHbIIeHHEe An(PT) IPU YBEITUYEHHUH Pr.

5.2.3 bepauHckas Mozienb BpalaloIuxcsi KBapKOB

Mozens Bpalarouxcs BaJCHTHBIX KBapKOB B IMOJIIpU30BaHHOM IpoToHe (bepinuHckas
mojens) [171. 172] Obuta mpemiokeHa Ui OOBACHCHHS TPOUCXOXKICHHS OIHOCITHHOBOU
aCUMMETpUU B 00pa30BaHUM NHOHOB M MOJspu3aluM A-runepoHoB. OpOuTanbHOE BpallleHUE
KBapKOB MIPOUCXOUT BOKPYT OCH IMOJISIPU3ALMU IPOTOHOB, MpU4eM U- 1 0-KBapKH BpaIalOTCs B
IPOTHBOIOJIOXKHBIX HAIPABJICHUAX, YTO CBSI3aHO C UX MOJIApU3alMed M BOJHOBOW (yHKIMEH
npoToHa. B3aumopelcTBre MPOUCXOAUT BOIU3U (PPOHTAIBHOM MOBEPXHOCTU CTAJIKMBAIOLIUXCS
a/IpOHOB, TaK YTO 00PA30BaBILUICS MMOH NPHOOPETAET JONOIHUTEIbHBIN MONEPEYHbIN UMITYJIBC
Ipy pPEKOMOMHAIMM C MOPCKMM AaHTUKBApKOM U3 MHUIIEHHU. Mopenb JaeT KayeCTBEHHOE
ONMCAHWE OJHOCIMHOBOM aCUMMETPUH, OJIHAKO HHUYEro HE TOBOPUT O MOJSPU3ALUU
AQHTUTUIIEPOHOB.

Ha Puc. 5.19 nokasansl nansbeie skcrnepumentoB E704 [23,173] u E925 [22] npu
sHeprusix 200 m 22 I'»B, xoTopsle cpaBHUBAIOTCA C JBYMsl BapHaHTaMM IapaMeTpU3aLUuu
nauueix E704. Tlpenckazanuss mozenn it An(Xg) u Pn(XF) B peaxiun pr(A) — 4 X
CpaBHMBAIOTCS ¢ TaHHbIMU Ha Puc. 5.20 [174,175].
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Puc. 5.20 Ay(Xg) (creBa) muist peaxumu p'p — A X u Py(Xg) ams pp(A) — A4 X
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5.2.4 Moxenbs HHCTAHTOHHON KUIKOCTH

Jlpyrasi mHTEepecHass BO3MOXHOCTh pPAacCMAaTPUBAETCS B MEXaHM3ME, OCHOBAaHHOM Ha
KBapK-KBapKOBOM B3aWMOJICHCTBUM, WHIYIIMPOBAHHOM OOJIBIIUM aHOMaJIbHBIM KBapKOBBIM
XPOMOMAarHuTHEIM MOMeHTOM [176]. OueHku, caenaHHbIe HA OCHOBE MOJCIM WHCTAHTOHHOW
KuakocTy i Bakyyma KXJI, moka3siBalOT BO3MOXKHOCTh T€HEpaIy OOJIBIIION OJHOCITMHOBOM
ACUMMETPUU Ha KBAapKOBOM ypoBHE. JlaHHBI MEXaHW3M MOXKET ObITh OTBETCTBEHHBIM 3a TE
OOJBIIME OJHOCIMHOBBIE ACHMMETPUHU, KOTOpPBhIC HAOMIOMAIOTCS B peakiusx oOpa3oBaHUS
aJIpOHOB U BBICOKMX 3Heprusix. Ha Puc. 5.21 nmokazansl 3aBucumoctd acummetpun Ay(Q;) ot
IepEeaHHOTO UMITyJbCa, IPU PAa3HBIX 3HAYEHMAX MapaMeTpa MH(QPaKpacHOro oOpe3aHus mg U
JMHAMUYECKOM Macchl KBapKa Mg COOTBETCTBEHHO. AcHMMeTpuss MoxeT pocturarb 50%, a
3aBUCUMOCTbH OT MEePEJaHHOTO UMITYJIbCa UMEET HHTEPECHBIE 0COOCHHOCTH.
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Puc. 5.21 A\(Q) a5 paccessHUs KBapKOB, IIPH Pa3HBIX MapameTpax My HH(pakpacHoro oope3aHus (ciesa) u
pa3HBIX TUHAMHYECKUX Maccax KBapka (crpasa) u3 mojend [176]

5.2.5 KupanpHast Mojenb GUIBTPALUU CIIMHOBBIX COCTOSHUI

Eme oauH wMexaHusM MArkod (HemepTypOAaTHBHOM) TeHepaluu OJHOCIIHHOBOM

aCMMMETpPUU OCHOBAaH Ha KUPAJIBHOM KBAapKOBOM MOJENN, B KOTOPOW NPHUHATHI BO BHUMaHUE
[177]. B
KOTOpas

Takue (aKTopsl,

paccMaTpuBaeMoOil  MOAEIM  MPOUCXOJIUT

KaK yHMTApHOCTh M KapTHHA TMPUIEIBHOIO MapaMmerpa
bunbTpanus

O6YCJ'IOBJ'IGH8. YHUTAPHOCTBXO B S-KaHaJeE. Ona cBS3BIBacT noJjesipu3aguro € aCHMMeTpHeﬁ B

CIIMHOBBIX ~ COCTOSIHHH,
MOJIOKEHUN KBapKa B MPOCTPAHCTBE MPHULENBHBIX MapaMeTpoB. Mojenb NpeacKa3blBaeT A
OJTHOCITMHOBOM aCHMMETPHH JTMHEHHBIN POCT B 3aBUCUMOCTH OT Xg U BBIXOJ] Ha IU1aTo mpu pr > 1
[B/c [178]. Ha Puc. 5.22 mokaszansl mpeaBapuTenbHble daHHBIE dKcrepumenta STAR
[179,180], xkoTopbie cpaBHUBAKOTCS C TpeicKa3aHusIMu Moienu [178].
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Puc. 5.22 3aBucumocts Ay(Xg) ams p'p — 7°X, u3 [178]. Yron usomsiuu muona 70 Mpa, Vs = 500 T'5B u 0.32 < X
< 0.40. Taunsie STAR u3 [179, 180].
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ABTOpBI TOTYEPKUBAIOT, YTO COIVIACUE JAHHBIX M PAaCUETOB MMEET MOKa KaueCTBEHHBIN
xapakrep. [ KonMn4ecTBEHHOTro aHanu3a HeoOX0IuMO UMETh naHHble pu Xg > 0.4. ABTOpHI
npesckaspBaioT, uto Ay = 0 ams p'p — pX B o6nacTi GparMeHTaLHH MydKa, OJHAKO Ay He
paBHA HyIIIO sl Tmporecca oOpasoBaHus HeiTpoHa B akcmepumente PHENIX [32,34].
[Tonspusanusi rUNepoHoB Moka3aHa Ha Puc. 5.23 B 3aBUCHMOCTH Xg MU PT COOTBETCTBEHHO.
CIUTOLIHBIMY JIMHUSIMH TTIOKa3aHbl pacyeThl 110 Moienu ¢uinbTpanuu cnvHa [181].
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Puc. 5.23 Py(Xg) (ceBa ) u Py(pr) (cipaBa) mns peakiuu pp(A) — A'X, crutomnbie THHIK — IpeCKA3aHUs [0
Mozenu ¢punbTpaiuu cnnHa [181]

5.2.6 BpameHue mapToOHOB B CTPYKTYPE COCTABIISAIONIETO KBapKa

B npyrux paborax TpommHa u TropuHa Takke paccMaTpuBaeTCsi MEXaHU3M, B KOTOPOM
MPEANOJaraeTcsi BO3HUKHOBEHUE OJHOCIMHOBOM aCMMMETPUU U MOJSPU3ALUU THIIEPOHOB 3a
CYET BpallleHUs KBapPK-aHTUKBAPKOBOTO OOJaka BHYTPH BAJIEHTHOT'O COCTABJISIONIETO KBapKa
[182,183,184]. OcHoBHast pojb B MEXaHM3ME BO3HHUKHOBEHHUS TOJSPU3AIMK THIIEPOHOB
NPUHAIISKAT OPOUTATBPHOMY MOMEHTY M TOJSPU3AIMK Taphl SS -KBAPKOB, BXOMASIIMX B
CTPYKTYpY cocTaBisitoero kpapka. OOpa3oBaHHe THIIEPOHOB MPOUCXOAMUT B JBe cramuu. Ha
MEpBOM CTAaguU TPOUCXOIUT TMEPEKPHITUE U B3aUMOJCUCTBUE MepupepHUecKux O00JIaKoB
COCTABJISIFOIMX KBAapKOB, YTO MNPUBOAUT K TMOSBICHUIO MAaCCUBHOIO CTPAaHHOIO KBapKa U
reHepanuu cpenHero mojis. Ha BTopoi cragum mporiecca padOTalT ABa KOHKYPHPYIOUINX
MEeXaHHM3Ma: MPOUCXOAUT PEKOMOWHAIUS COCTABISIONINX KBAPKOB C MAaCCUBHBIM BUPTYaIbHBIM
CTpPaHHBIM KBapKOM (MSTKOE B3aUMOJIEHCTBHE) C OOpa3oBaHUEM THIIEPOHA; JTUOO paccesHue
COCTABJISIFOIIETO KBapKa B CPEAHEM T0JIE (B3aUMOJICHCTBUE C OOJIBINON Mepeaadeil monepeuyHoro
UMITYJIbCa), €ro BO30YXXJEHHE U TIOSIBJICHHE CTPAHHOTO KBapka B pe3yibTaTe pacmaja
BO30Y)XJICHHOTO KBapka. 3aTeéM MPOUCXOAUT (parMeHTalHsl CTPAHHOTO KBapKa B THIIEPOH.
CpaBHeHue MpecKa3aHuil MOJIeNH U JaHHBIX JUIsl uMitynbea myuka 400 ['9B/c, B 3aBUcHUMOCTH
OT Xg U PT COOTBETCTBEHHO, MOKa3aHo Ha Puc. 5.24 [183].

Mopenb npeacka3bpiBaeT OTPULATENbHBIA 3HAK MOJApU3ali A U €€ 3aBUCUMOCTb OT Xf.
3aBUCHUMOCTh aHAJIOTHYHA MTOJIy4aeMOM B MOJICIIH XPOMOMArHUTHOM MOJIIPU3aIliK KBapKoOB [27].
B o0oux crnydasx wuMeeT MecTo paccesHue B dI(p(eKTHBHOM moje U OOHAPYKUBAETCS
3aBUCUMOCTh TIOJIIPU3AIMH OT Xp, KOTOpasi OMHUCHIBACTCS TPUTOHOMETPHUUYECKON (YHKIIUCH.
Mopenb npencka3bIiBaeT TakKe CKEWJIMHT MoJsipu3aiuu 4 B 3aBUCUMOCTH OT Xg. [Ipencka3anuii
TIOJISIPU3AITUY JJIS IPYTUX TUTIEPOHOB HE MPHUBOTUTCSI.

B pamkax »aTOW MoOmenm TakKe JenaeTcs TOMbBITKA OOBSICHEHUS CKEWJIMHTa
OJTHOCITUHOBO#M acummerpuu [185].
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Puc. 5.24 Py(xe) ast pp — A'X (ciesa) u Py(pr) anst pp(A) — A'X (cnpasa) u3 paGotsi [183]

5.2.7 Mogens XpOMOMarHUTHOW CTPYHBI

Mogenp PoickuHa (Ha3bIBaeMas TaKKe MOJIENIbI0 XPOMOMAarHUTHOM CTPYHbI) OTJIMYAETCS
IPOCTOTOM M HArJSITHOCTHIO MEXaHHW3Ma IMOJIIPU3AIMOHHBIX SIBJICHUH M BO3MOYKHOCTBIO €TO
NpUMEHEHHs B  KadecTBe OOBSCHEHHS  MOJSAPU3ALMU  TUMEPOHOB B COYAAPCHUSAX
HETIOJISIPU30BAHHBIX YacTUI[ W OJHOCIIMHOBOW AaCHMMETPHH aJPOHOB, B COYIAPEHHSX
NOJISIPU30BAaHHOM M HEMOJISIpU30BaHHOM yactul; [186, 187, 188].

Bonbue HaGionaeMble momspu3anuonnbsie 3pdextsl B Al + B — C + X cBszaubl,
BUJIUMO, ¢ OonbiiuMu pacctosHusiva (I > 1/Qr ) u Moryt nath MHQOpPMAIHIO 0 MEXaHH3MaX
aJIpOHU3AIN U KOH(]alHMeHTa. B Moienn cTpaHHBI KBapK CO CIMHOM BBEpPX Yallle BBIJICTACT
BIIPABO, YE€M BJIEBO. TaKOM pe3ysbpTaT NOJIYy4aeTCsl, €CJIM IPUHATh BO BHUMAHUE B3aUMOJICHCTBUE
[[BETOBOTO MAarHUTHOTO MOMEHTa KBapKa C XPOMOMArHHUTHBIM II0JIEM, BO3HUKAIOIIMM IIOCIIE
coynapenusi, Ha craquu agponusanuu [186]. [Tocne coymapeHus u oOMeHa BETHBIM TIIOOHOM
(1BETOBOM Tepe3aps]IKi) MEXAY CTAJKUBAIOIIMMUCSA aJpOHAMHM HaTATMBaeTCs TpyoOka
I[BETOBOr0 TMOTOKa (cTpyHa). OOBIYHO paccMaTpUBAETCS TOJBKO IOTOK HAaNpsKEeHHOCTH
XPOMOJJIEKTPUYECKOTO TI0JIs, HO TaKoe pelleHne HeycToiiunBo. Kak mokaszaHo B padotax [189],
BOKPYT TpPYOKM BO3HMKAE€T XPOMOMArHHUTHOE TMoje (Kak BOKPYI IPOBOJAHHUKA C TOKOM).
Cxemarnueckoe u3o0paxenue TpyOku nseroBoro noroka (KXJ[ cTpyHbI) Mexny KBapKoM U
AHTHKBApKOM IoKa3aHo Ha Puc. 5.25.
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Puc. 5.25 CxemaTmueckas kapTHHA TPYOKU IIBETOBOTO IMOTOKA MEXTy KBAPKOM U aHTUKBapKoM. [IpoobpHEIe
JIMHUU TIOKA3bIBAIOT HATIPABJICHUE XPOMOAJICKTPUIECKOTO MMoJIst E, a KpyroBbie HammpaBieHHEe XPOMOMATrHUTHOTO
nojs B.
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[Tone B3auMOJIEHCTBYET C XPOMOMAarHMTHBIM MOMEHTOM A BBUIETAIOIIETO M3 OOJACTH
B3aMMOJICHCcTBHUS KBapka. [loCKoJIbKYy HampaBieHHe TpPyOKH OJM3KO K  HAmpaBICHUIO
CTAJIKMBAIOUIMXCS YacTHUI], TO HEOJHOPOJHOE XPOMOMArHMTHOE II0JIE COOOIIAET KBAapKy CO
CIIMHOM BBEPX JOMOJHUTEILHBIN MOMEPEYHBI UMITYILC (T, HATPABJICHHBIN BIPABO, a KBAPKY CO
cnuHOM BHU3 — BiieBo [186]. IloapazymeBaeTcsi, YTO CHJIBI, JEHCTBYIOIIHE CO CTOPOHBI
HEOJIHOPOJHOIO XPOMOMArHUTHOTO MOl (aHaJIOrMuYHble cujiaM B dkcrnepumente lllTepha-
I'epnaxa [1]), cmemaroT cHeKkTpsl HAOMIOAAEMbIX aJPOHOB BIEBO WJIM BIOPAaBO IO IIKale
MOMEpPEYHbIX UMMyJIbcoB. dopMa U MarHuTyJa CaMUX paclpefesieHud TMpu STOM He
u3MeHsatoTcs. [lockonbKky 0OBIYHO 3aBUCUMOCTh CIIEKTPOB OT Pr OJM3Ka K HKCIIOHEHIIMATBHOM,
CABUT Jaxe Ha HEOOJNBIIYI0 BENUYMHY O(T NPHUBOJUT K 3HAYUTEIBHOMY HW3MEHEHUIO
COOTBETCTBYyIOIIEr0  MU(P(EpPeHINMATBLHOTO  CeUeHUsT npu  (QUKCUPOBAHHOM  3HAYCHUU
MOTIEPEYHOTO UMITYJIBCA, YTO U TIPUBOJUT K HAOIFO1aeMOM OJJHOCITMHOBOM aCUMMETPHH.

CpaBuenne manHHbIXx 9kcrepumenta E704 [23,190] ¢ mnpeackasaHusMd  MOJCITH
XPOMOMArHUTHOU CTPYHBI IIpesicTaBieHo Ha Puc. 5.26.
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Puc. 5.26 CpaBuenue nanubix E704 s p'p (uepusie kpyxoukn) [23] u p'p (oTkpEITHIE Kpy)oukw) [190], u3
paboter [188].

5.2.8 Mojenb XpOMOMarHUTHON MOJISIPU3ALUU KBAPKOB

[Toxoxne oCHOBaHUS JIETIW B OCHOBY MOJEIHM XPOMOMArHUTHOMW IOJISIpPU3Al[UU KBapKOB
(XTIK). Ha pannom »stane wmogens XIIK Moxker paccmarpuBaThcsi Kak —00001IeHue
HMIUPHYUECKUX 3aKOHOMEPHOCTEH, HalIeHHBIX B XOJA€ TJ00aJbHOrO aHaju3a JaHHBIX.
MexaHu3M, MOJIOKEHHBIA B OCHOBY MOJEIIH, SBJIACTCS Ha CETOAHSAIIHUN €Hb JIMIIb OJIHUM M3
BO3MOYKHBIX, Hapsily ¢ JPYTMMU BapUaHTaMU ME€HEPALMU MTOJIAPU3ALIMOHHBIX SIBJICHUMN.
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OCHOBHBIE TTOJIOKEHUSI MOJIETTH M3JI0KEHBI B [27] . OTAenbHbIe peaKIMi PacCCMOTPEHHI B
paborax [26,152,191,192 ,193 ,194 195]. Mogenr XIIK 0Oa3upyercs Ha CIEIyIONIUX
MOJIOKEHUSX

- [Tocne mnepBOHAUadbHOW I[BETOBOW Tepe3apsAKd BO3HUKAET IPOJOJIBHOE
XpomosnekTpuueckoe noine E* u kpyrosoe nonepeunoe xpomomarautHoe noie B,

- OnnocnimHoBasi ~ acumMmeTrpusi  oOycioBneHa — cuioit  IllTepna-I'epnaxa,
NENCTBYIONIEH Ha KBApK B HEOJHOPOIHOM MONEPEYHOM KPYTOBOM XPOMOMArHUTHOM IIOJI€.

- [Ipeueccuss cnuHa KBapka B I[BETOBOM IIOJI€ HM3MEHSET KOMIIOHEHTHI CHIIBI
[ITepna-I'epnaxa.

— JuarpaMMbl MOTOKa KBapKOB W IMpaBUJia MOJCUETAa KBAPKOB OMHUCHIBAIOT BKJIAJ
KBapKOB M aHTHUKBAPKOB B 3 (GEKTUBHOE IIBETOBOE IoJyie. BKIaabl KBapKOB U aHTUKBAPKOB —
JuHeiHbIe QYHKIMM WX YHCENl C BECaMH, OmpeaessieMbIMH 1BETOBbIMU (akrtopamu Cg(qQ) u
Cr(gq) nns kBapK-KBapKOBOM M KBapK-aHTHKBAPKOBO# MMap COOTBETCTBEHHO.

DddexTUBHOE KPYroBoe MONEpPEeYHOE XpoMOMarHutHoe mnone B? remepupyercs
PEISITUBUCTCKUMH ~ KBapKaMHU-CIIEKTATOPaMH, KOTOPBIE JIETAT B TPSIMOM H  OOpaTHOM
HAINpPaBJICHUSAX B C.I[.M. CTAJKUBAIOIIUXCS HYKIOHOB (cM. Puc. 5.27). IIpoOHbIil KBapk u3
HaOmoaemMoro  aapoHa  oTkioHsercss cunoii  Illrepna-I'eppaxa B HEOAHOPOAHOM
XPOMOMArHUTHOM II0JI€ BJIEBO WJIM BIPABO B 3aBUCHMMOCTH OT HAmpaBIEHUS €ro cruHa (BBEpX
WM BHU3). B3auMopelcTBUE XPOMOMArHUTHOTO JTUIOJBHOTO MOMEHTa COCTAaBJISIOIIETO
po6HOro KBapka ¢ noiem B? mpuBoaut k Ha6II01aEMBIM OTHOCIIMHOBLIM acUMMETpusM [27].

B*(z<0) B*(z>0) Spin UP quark

Target fragmentation Beam fragmentation .
& region reggion Spin DN quark

Puc. 5.27 Mexanu3M XpOMOMAarHuTHO# MOJISIpU3aliiy KBapKoB (MUKpockonuueckuii annapar llrepua-I'epiaxa).
KBapk-npoOHMK OTKJIOHSAETCS BJIEBO MIIM BIIPABO B HEOJHOPOAHOM mone B,

B monenu XIIK cnmHoBble 3()(peKThl BO3HUKAIOT Ojaroaapss MEXaHU3MY, aHAJTOTHYHOMY
3sHaMeHHTOMY ombITy IllTepHa-I'epnaxa [1], TOIbKO HA MUKPOCKOIMYECKOM I[BETHOM moie B2,
BO3HHUKAIOIIIEM Ha KOPOTKOE BpeMs B IpOIECCe B3auMoIeCTBUS aipoHOB. [lapameTpsl Moaenu
OIICHUBAJUCh TO TJOOATBHOMY aHajdu3y TMOJIIPU3AIMOHHBIX JaHHBIX s 81 pa3nudHon
WHKJTFO3UBHON PEaKIUK ¢ OOIIMM YHCIIOM KCIIEPUMEHTAIBHBIX Touek 3670 [27, 33].

Hwxe npencrasiiens! pe3yabratsl u3MepeHnid Ay u pacuetsl o mozaenu XIIK. /lanHbie
qurst peaxtmn P'p(A)— 77 +X mpm Vs = 200 (1a, 1b) u 64.2 (2) (BRAHMS [24]), 19.4 (3) (E704
[23]) u 8.77 (4) I'>B (FODS [85]) moka3ansl Ha Puc. 5.28. DHeprernueckas 3aBUCHMOCTb
JAHHBIX XOPOIIO OMHCHIBAETCS COOTBETCTBYIOMUMHU KpuBbIMU Mojenu XIIK. Jlanubie amns
peakiuu p'p(A)— 7 +X [23, 24, 85] mokazaus! Ha Puc. 5.29. 3nak Ay Ha Puc. 5.28 u Puc.
5.29 ompenensercss 3HaKOM MOJIIPU3AIMH BaJICHTHBIX U- U 0- KBApKOB B MOJIIPU30BAHHOM BBEPX
npotoHe. Moaens XIIK 1o3BoisieT 3KCTPanoJupoBaTh OJHOCIHHOBYIO aCHMMETPHIO,
TOJISIPU3AIMIO THITEPOHOB IO TAKAM TEPEMEHHBIM, KaK Pr, Xg, \'S, aTOMHEIHA Bec MumeHn (A) u
LEHTPaJIbHOCTb.
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Puc. 5.28 Ay(Xg) ans peaxumu p'p(A)— 7" +X. Puc. 5.29 Ay(Xe)mwrs peakumn p'p(A)— 7 +X

5.3  Pesrome u nmepcrieKTUBEI

MHuorooOpa3ue MONSIpPU3aIMMOHHBIX JaHHBIX W MOJENEH, MPEeUIOKEHHBIX IS HX
00BsicHEeHUs!, TpeOyeT MPOBEICHHSI MTPEIU3UOHHBIX CHCTEMAaTHYECKHX MCCIETOBAHUN OOJIBIIOTO
yyclla MNPOLECCOB M IIOOATBHOTO aHaiu3a BCEH COBOKYNHOCTH JAaHHBIX JJIs BBISCHEHUS
MeXaHU3Ma IPOUCXOXKJCHHUsS CIHUHOBBIX sBIEeHUI. B naHHOM paznene ObUIM NepeyuciieHbI
TOJIKO HEKOTOPBIE U3 CYILIECTBYIOIIMX MOJENEH, psa Moaele, HarpuMep, JIyHackas, ocTalnuch
BHE paMOK onucaHuid. CienyeT MOAYEpKHYTb, YTO OOJBIIMHCTBO MOJENEN HE MpEeTeHIyeT Ha
ry100anbHbIM aHau3, KpOME TOr0, MHOTHE MOJENH paboTaroT (WM TOYHEE cKa3aTh MOT'YT OBITh
MCIIOJIb30BaHBI JIsl paCU€TOB) B OTPAaHUYEHHON KHHEMAaTHYECKOM 00acTu.

BaXHBIM MOMEHTOM C TOYKHM 3pEHHUS CYIIECTBYIOIIMX AKCIEPUMEHTAIbHBIX JaHHBIX
SBJISIETCS OIPAaHMYEHHOCTh HaOopa CYIIECTBYIOIIMX JaHHBIX, MPEXIE BCEro IO COPTY
BTOPUYHBIX YaCTUL[ WU IO KHUHEMaTudeckol obOsiactu. B OONBIIMHCTBE 3KCHEPUMEHTOB
U3MEPEHUs] MPOBOJWINCH B y3KOM TEJIECHOM YIJIE, YTO HE II03BOJIAET IPOBECTU pa3/eiIcHHE
3aBHCHMOCTH > (eKTa OT TPeX KHHEMATHUECKHX IEPEMEHHEIX (Pr, Xg, \S).

Takum oOpa3om, ocraercs HEOOXOTUMBIM IPOBECTU CUCTEMATUYECKOE MCCIIETOBaHUE
CIUHOBBIX 3(PPEKTOB, JKenaTeabHO Ha OJTHOM (PU3NUECKON YCTaHOBKE U B OJIMHAKOBBIX YCIIOBHUSX
Habopa 7 MakCHMajbHO OOJBIIOTO Kjacca peakuuid M B IIMPOKOM KHHEMATHUYECKOM
JUana3oHe.
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6 [Ipunoxenue b. Pe3ynbraThl MOIETUPOBAHUS

B namHom IIpmioxeHWM TPHUBEACHBI HEKOTOPHIC JOIMOJHUTEIBHBIE PE3YIbTATHI
MoJIepoBaHus (u3nueckux mporeccoB. CleqyeT OTMETUTh, TO NPUBEACHHBIC PE3YJbTAaThl
MOJIy4eHbI METO/I0M «ObicTporo» MoHnTte-Kapiio, To ecth 0€3 peaibHOTO ONKCaHUs AETEKTOPOB U
0e3 ucnonb3oBaHus mojHOro MonTe-Kapno ¢ ucnonszoBannemM GEANT u HacTpoeHHBIX B
cpene CITACYHAPM-pyT aiaropuTMOB PEKOHCTPYKIMHU. B HacTosiee BpeMsi HayaTo IOJIHOE
peaibHOE MOJIEIMPOBAHUE TSl IKCIIEPUMEHTA Ha KaHaie 14.

6.1  MogenupoBaHue I MTyYKa aHTUIIPOTOHOB

Ha Puc. 6.1 moka3aHbl MacCOBbI€ CIEKTPBI Ul YEThIpeX peakiuii Tumna p p—h +X:
e h=A—pr" (@); h=A—iz’®); h=4 —prx (c); h=2— 4z (d).

x 10
:\trim zmﬁ 80000 B :," ot mggi‘:
10000 B mﬂ 0.321I:IIEI—1I1):: peon o
8000 L ( a) 60000 -
6000 - 40000
4000 ©)
2000 B 20000 o
0 L , | |
1 1.25 1.5 1.75 2 1 1.5 2 2.5 3
mass P— + pi+, GeV, AntiLambda mass P— + pi—, GeV, AntiDelta——
E’!triu ‘54:1‘3; 1500 B :ﬂriu Hﬁ
6000 - RS oeEor 1250 R osroo
1000 o
4000 - (b) 750 - (d)
2000 B 500 =
250 - M
0 | 1 A 0 | | _oﬂJ 1
1 1.5 2 2.5 3 1 1.1 1.2 1.3 1.4 1.5
mass AntiNeutron + pi0, GeV, ALambda(1118) mass Lam + pi— = Xi—, Ge¥

Puc. 6.1 DddexruBHas Macca MPoayKTOB pacriana B npouecce p p—h +X: h=A— " (a); h=A—i 7 (b);
h=A4"—>pr (c); h=2"— Az (d).

6.2  MoxenupoBanue peakuuii p'p —h +X u pp! —h +X

WNuTerpanbHas cTaTUCTUKA Ui Ciy4dash B3aUMOACHMCTBUM  HENOJSIPU30BAHHOTO
MPOTOHHOTO My4YKa C MOJSIPU30BaHHON MuUIeHbIo npH SHepruu 60 5B nmokazana B Tabn. 1.2.
Uucno B3aMMOAECHCTBUM B MHUILEHU PABHO 6-10°. Ha Puc. 6.2 nokasauo pacupeneneHue 1o
3¢ dexTUBHON Macce MPOIYKTOB paciiaia HaOIt0JaeMbIX YaCTHI] B Iporieccax tuma pp—h +X:

Yucno coGwitnit Ha Puc. 6.2 coorBerctByer 6-107 B3ammoseicTBHi, wiu 30 MHH.
paGOThI YCTAHOBKM Ha MPOTOHHOM TTyuke ¢ sueprueii 60 5B i muTencHBHOCTHIO 2% 10%/c6poc.
B ceance miurenpHOCTRIO 30 cyTok craTrctuka Oymet B 1000 pa3 6ombine (cMm. Tadm. 1.2).
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500 — :Ilh' m:;
0.8801
400 a | RWS 0.4208E-01
300 - 1
200 - !
00 | [f
0 1 | 1 1
0 0.5 1 1.5 2
mass K+ pi0, GeV, Ke+(892)+
200 e 27683
RS o
150 '
100 »
50 =
0 L ! M

1.5 2
mass (K- pi0), GeV, Ke—(892)

Puc. 6.2 DdexTuBHas Macca IPoyKTOB pacnaja B npoeccax muna pp—h +X: rae h=K""(892)— K* n°
(BBepxy)  h=K (892)— K 7° (BHu3y)

6.3  MopgenupoBanue 6apruoOHOB M aHTHOAPHOHOB B Iporiecce pp—h +X

MopenupoBaHie MPOBEICHO C TPUITEPOM Ha B3aUMOCHCTBUE. PacmpenerneHue 1o
3¢ deKTUBHON Macce MPOAYKTOB pacrana s OapUOHOB M COOTBETCTBYIOIIUX aHTHOAPHOHOB
nokaszano Ha Puc. 6.3.

x102
1200 - E:‘n':“’ ‘531533‘;% Eutres 1725981
1000 RMS 0.8399€-02 60000 - Mie oresstor
800
400 20000 |
200
0 L ! 0 1 1
1 1.5 2 2.5 3 1 15 2 25 3
mass n + pi+, GeV, Sigma+(1189) mass n + pi—, GeV, Sigmo—
v 26424 e el
2000 e 2| 3000 S s
1500 2000
1000
1000
500
0 | | L 0 | |
1 1.5 2 2.5 3 1.5 2 2.5 3
mass nz + pi—, GeV, AntiSigma—(1189) mass nz + pi+, CeV, AntiSigma+ i
Puc. 6.3 DddexTHBHAsS Macca MPOAYKTOB pacnajia B nponecce pp—h +X:rme h=2"—nz" @); h=2 —ijin

(b); h=2"—>nn (¢);

h=X"—idin (d).

UYucno cobwithii Ha Puc. 6.3 coorBercTBYeT 3 wacam pabOTHl YCTAHOBKH Ha TPOTOHHOM

mydke ¢ 3Heprueit 60 ['9B 1 ”HTEHCUBHOCTHIO 2X106/C6p0C.
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6.4  MozenupoBaHue HHKIIO3UBHBIX MPOIIECCOB HA IMyYKE MTHOHOB

Ha Puc. 6.4 mokasansl, A5 IpuMepa, MacCOBBIE CIIEKTPHI JJIS YETHIPEX peakiuil Tuma
7 p—h +X, rne h=2"—yy (a); h=p—py (b); h=K’s— 7" 7z~ (¢); h=p"(770)— =" = (d).
[ToMrMO TIMKOB COOTBETCTBYIONIMX YacTuil Ha Puc. 6.4 BuueH Takke KOMOMHATOPHBIN (OH.
Yncio coGbiThii Ha Prc. 6.4 cootBercTByeT 6° 10 B3anMOIeiiCTBHIT, 4TO BO3MOXKHO HAbpaTh 3a
30 MuH. pabOTHI YCTAHOBKH Ha T - myuke. B ceance mmrenbHOCTHIO 30 CYTOK CTaTHCTHKA OYyIET
B 1000 pa3 GonbIre.

x 102
El il 12713313 [ . 329
4000 n u::: 0.1351 8000 = :::-:- ‘23:;?:
RMS O4TTIE-O2 RS 23388
3000 - (a) 60000
2000 4000 |+ (c)
1000 2000
0 : 0 1 |
0 0.1 0.2 0.3 0 0.5 1 1.5 >
12000 mass gamma +gamma =Pi0=-3‘?¢"" — <000 mass pi+ + pi—, GeV, KUE -
10000~ R e el
4000 - RMS  0.8323E-01
8000
6000 3000
4000 2000
2000 1000 |
0 L ! 0 ] ] ]
04 0.5 0.6 0.7 0 0.5 1 15 2

mass gamma+gamma =eta, GeV mass pi+ + pi—, GaV, rhol(770)

Puc. 6.4. DddexTuBHas Macca mpoAyKTOB pacmana B mponecce 7 P—h +X, rae h=r"—yy (a); h=p—yy (b);
h=K’%— 7" 7 (c); h=p"(770)— =" = (d).

6.5  Mognenupoanue mus peaknuit K'p'—h +X npu snepruu 34 I'>B
WHuTerpanbHasi cTaTUCTUKA A7 B3auMoJieHcTBUS nmydka K ¢ moasipu30BaHHONW MMILIEHBIO
npu >Hepruu 34 B nokaszana B Tabmn. 6.1.

Tabn. 6.1 Oxumaemoe unciio codbituiit Ney 1 otHOIIeHHE 3ddekTa k pony S/B mis mecsunoro ceanca Ha K -
9 o .
myuke (1.1-10° B3auMoeicTBHiA).

Ne | yactura Nev S/B | Ne | vactuna Nev S/B
ES 6.7-10° 13 [ p(770)> 7 «° |7.5-10" | 0.26
2 |n 8.9-10° 14 [ = yy 7.3-10° | 0.17
3 |K* 8.9-10 15 | ¢(1020)— K" K~ | 1.0-10" | 20.0
4 | K 4.0-10° 16 | K (892)» K'n | 1.3-10" | 0.8
5 |p 6.8-10° 17 | K¥(892)» K =" | 6.6-10" | 1.2
6 |p 3.7:10° 18 [ K (892) > K «° | 3.4-10" | 0.45
7 |n 6.2:10" 19| >An 2.5-10° | 50.0
8 | n’—yy 42:10° 77 |20 A—pm 1.8-10° [ 50.0
9 [noyy 2510 [1.25 |21 | A—>pn 2.9-10° | 12.5
10 | K%s—n'n 22:10" 40 |22 A—>n7° 4.0-10° [ 1.7
11| p%(770)—» " w | 6.8:10"| 037 |23 [T —>nm 3.1-10° | 0.2
12 | K%— n° o° 42-10°[0.9 |24
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Ha Puc. 6.5 mokaszanbl MacCOBBIE CITEKTPHI IS 4eThIpeX peaknuii Tuma K p—h +X: rue
h=A—px @); h=A—px* (b); h=4—nz’(c); h=2"—nx (d). C yuerom mpumecu K —
ME30HOB B Ty4YKe yKa3aHHAas CTATUCTHKA COOTBETCTBYeT 28 dYacaM pa0OThl YCTAaHOBKH Ha
oTpulatesbHOM Iyuke ¢ sHeprueit 34 [5B. B ceance mnurtenbHOCThIO 30 CYyTOK CTaTHCTHKA
Oyzer B 26 pa3 6osbiie (Tabm. 6.1).

40000 F Ly @] 1500 N =
M mels| 1250 B D
30000 - 1000
20000 - (a) 750
500
10000 250
0 e o |
1 1.25 1.5 1.75 2 1 1.5 2 2.5 3
mass p + pi— = Lambda0, GeV, narrow mass Neutron + pi0), GeV, Lambda{1118)
5000 Eies 13201 Eies 143345
e o E'E'l:l: 6000 vy mmisl—‘g?
4000 B
3000 (b) 4000 F
2000 (d)
1000 2000
0 T e 0 | )
1 1.25 1.5 1.75 2 1 1.5 2 2.5 3
mass P— + pi+, GeY, AntiLambda mass n + pi—, GeV, Sigma—

Puc. 6.5 DddextunHas macca npoaykTos pacnana B npouecce K p—h +X: h=A—pz (a); h=A—pz" (b);
h=4A—nz’(c); h=2"—nz (d).
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