]
Y

HALLMOHAJIbHBIY UCCAEAOBATE/JbCKHUMN LLEHTP

«KYPYATOBCKHUU UHCTUTYT»
UHCTUTYT ®U3UKHU BbICOKHUX JHEPTHUH
umeHu A.A JIOTYHOBA

KoHuenTtyanbHbIN npoeKT a3kcnepuMmeHnTa CIIACYAPM.
(ITpoekT fokymeHTa, 01.10.2019)

CorpyanudectBo HULl «KypuyaTtoBckuiit UHcTUTYT» - UPBI - OUAU - HUAY MUPU

IIpoTrBUHO, 2019



Pe3ome npoexra

Ha xpynneitmem yckoputene B Poccun YV-70 B HUL| «KypuatoBckuit UuctutyT) —
N®B?3, [IporBuno (nanee UOBI) co3nan 3HaUUTENbHBIN 3317 1)1 IPOBEICHUS UCCIICIOBAHUN
mupoBoro ypoBHsi B 3kcrnepumente CITACUAPM (ClIIunoBsie ACummeTpun B 00pa3oBaHUU
YAPMonus). Otu wuccnenoBanuss mno3poiast HUI[ KypuatoBckuit MHcTtuTyr 3aHATH
JUIUPYIOIIKE B MUPE MTO3ULMU B 00JIACTH CIIMHOBOM (pU3MKH.

IIpoektr HameneH Ha HCCIENOBAHUE CIIMHOBOM CTPYKTYpbl HYKJIOHA M CIMHOBOMU
3aBHCHUMOCTH CHUJIBHOI'O B3aMMOJEHCTBUS aHTHBEILECTBA U BEIECTBA C MATEPUEH IIPU SHEPIUAX
1o 50 I'B. CniuH B KBaHTOBOM MEXaHHKE SABJISETCS COOCTBEHHBIM MOMEHTOM MMITYJIbCa YaCTHUII
CO crenu(prUecKUMH CBOMCTBaMU. B oTiimune oT OpOMTAIIbHOTO MOMEHTA UMITYJIbCA, CIIUH He
CBS3aH C IIEPEMELICHUEM YacTHIbl B IIPOCTPAHCTBE U ABISIETCS €€ BHYTPEHHEW KBAHTOBOU
XapaKTepUCTUKOM, Harmogooue macchl Uiy 3apsaga. CrnuH OblT BBeeH B Hayky noutu 100 ser
Ha3aJ JUlsl ONMCAHMsI aTOMHBIX CHEKTpoB. Ero mpupona 10 cux mop ocTaercsi HepasraJaHHOMN
TaiiHOM. [laHHBIM NPOEKT 3aMeTHO NPUOIU3UT pa3rajky 3TOW TalHbI, U 3TO OyAeT HPOpHIB B
(byHAaMEHTaIbHBIX HAYYHBIX UCCIIEOBAHUIX.

3aBHCUMOCTb B3aUMOJAECUCTBUN OT CIIMHA COCTABIISAET CYTh MOJISIPU3ALMOHHBIX SBICHHUM.
UTo0bl MPOBOANTH MOJISPU3ALMOHHBIC UCCIEAOBAHUS HA/I0 CO3[aBaTh ITyYKH IOJIIPH30BAHHBIX
YacTUI] W/WIM WCIOJB30BaTh TEXHUKY TOJSIPU30BAHHBIX MHIICHEH. B mocinennme romsl
MPOM30IIENl 3aMETHBII MPOrPecc B IKCIEPHUMEHTAIBHOM HM3YYE€HUH CIHMHOBBIX 3()(EeKToB mpu
BBICOKHX dHeprusx. [lomaBmnsioniee OOJBITUHCTBO SKCIIEPUMEHTOB OBLIO MPOBEICHO B 00JIACTH
HernepTypOaTUBHOM KBaHTOBOM xpomoauHamuku (KXJI[), mpu yMmepeHHbIX HONEpeYHbIX
uMiynbcax. IlosiBlleHHE OKCIEPUMEHTANIBHBIX JAaHHBIX CTUMYJIUPOBAIO TEOPETUYECKOE
OCMBbICTIeHHE CNUHOBBIX 3(dexroB. IIpu 3TOM XapakTepHbl BbICKa3blBaHUS  HM3BECTHBIX
TEOPETUKOB, HallpUMep aHTIMuaHuHa DiuoTa Jlunepa: «CruH B SKCiepuMeHTax yous 0obiie
TeopHii, yeM 000 apyroi ¢usndeckuid mapamerpy. Mnu amepuxanua J[xeiimca BbrépkeHa:
«[lonsipyu3allMOHHBIE JTaHHBIE YacTO ObUIM KJIaJ0MIEM MOJAHBIX Teopui. Ecnu Obl TeopeTHku
ObUIM B CHJIaX, B LIENSAX CaMO3AIIUThl MM CTOWUJIO ObI BOOOIIE 3alpeTUTh TaKME U3MEPEHUS.
CeronHss HeT TeOpuM, TMPETEHAYIOUIEH Ha TOJHOE ONHMCaHME BCEX HAOJI0IaeMBbIX
NOJIAPU3aMOHHBIX 3P pekToB. HoBbIe FKCIIepUMEHTaIbHbIE CIIMHOBBIE PE3YJIbTaThl B OOJIBIIOM
quciae pa3HOoOOpa3HBIX peakluil, Kak Ha MOJSIPU30BAaHHOM AHTUIIPOTOHHOM ITy4yke, TaKk U Ha
HOJISIPU30BAaHHOM IIPOTOHHOM ITy4YKe B 3TOM TpyaHOU obnactu HenepTypOatuBHOi KX/ kpaiine
BA)XHBI JJIS1 Pa3BUTHSI TEOPETHUECKUX MOAXO00B U BO3MOXKHOI'O CO3/IaHUS T€OpUU (MOJENN) A
OTIHCAHM BCEX CITUHOBBIX 3(P(PEKTOB B CUIBHBIX B3aUMOJICHCTBUSX.

B kanane 24A yckoputens Y-70 mpeanonaraetcs (GOpMUPOBaHHE MOJSPU3OBAHHBIX
My4YKOB IMPOTOHOB M AHTUIPOTOHOB. [IpoBeneHsl pacueTsl MX MapameTpoB. MHTEHCHBHOCTH
AQHTUIIPOTOHHOTO Iydka ¢ 3Heprue 15 I'BB Moxker mocturarts 10° AHTUIIPOTOHOB 3a ILUKJI
YCKOPUTEIIA (1010 aHTUIIPOTOHOB B CYTKH) IpU cOpoce HAa MEPBUYHYIO MUILEHb 10% IIPOTOHOB
u3 Y-70. Ilonspu3oBaHHBIM AHTUIIPOTOHHBIA MYYOK OT pacmaja aHTU-TIMOAA THUIIEPOHOB,
KoTopbIil MoxeT ObiTh noctynieH B HULL KU B 2024 roay, siBuTCA, 6€3yCI0BHO, YHUKAJIBHBIM
IIy4KOM B MHpE. B aHTUNPOTOH-IPOTOHHBIX AHHUTWIALHUSAX HET OIPAaHUYEHHsS HA KBAHTOBbBIE
yyciaa OOJIBIIMHCTBA POXKIAIOIINX PE30HAHCOB. MIHTEHCUBHOCTD HOJISPU30BAHHOTO ITPOTOHHOTO
nmyudka ¢ 3Heprued 10-45 I'»B Oyzaer Ha mopsgok Oosbliie, YeM aHTHIPOTOHHOTO, MPH TOH Ke
BEIMYMHE CpENHEH TMoisipu3anud. Bce 53TO MO3BOMMT B OJKCIIEPUMEHTE HAa YCTAHOBKE
CITACYAPM pemate MacmtabHble HaydHBIC TTPOOJIEMBI, CBSI3aHHBIC CO CITMHOM. bimkaiiiero
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anasora co3naBaeMoil HoBOH ycTtaHOBKH CITACUAPM nyist paboThl Ha MOJMSPU30BAHHBIX MyYKax
B Mupe HeT. OxumaeMblil nepuo] coxpaHeHus: yHukainbHocTu Komiuiekca CITACHAPM — e
MEHEE ISITHALATH JIET.

[longpu3zoBaHHbIE MYYKH SIBATCS  MOIUHBIM HHCTPYMEHTOM I INPOBEACHHUS
CUCTEeMAaTUYECKUX MOJIIPU3ALUOHHBIX HUCCIEAOBaHUNA. DTH UCCIeA0BaHUs OyAyT MPOBEIEHBl Ha
AHTUIPOTOHHBIX M MPOTOHHBIX Nydykax MOpu dSHeprun 15 BB u Beime, npu cpeaHen
nossipu3anuu 45%. Ilnanupyercst onpeaenuTh OONbIION HAaOOp HEOOXOIUMBIX (DU3HMUECKUX
HAOJI0/IaeMBbIX, BKJIIOYas OJHOCIMHOBBIE aCHMMETPUU B JIECATKAX pEakluil B 001acTu
(parmMeHTany NOJSPU30BAHHOTO ITyYKa, KaK Ha BOJOPOJE, TaK M HA Pa3IMYHBIX apax. JlaHHBIX
B TakOM OObeME HEeT HU INpPH KaKOW SHeprud. Pe3ynbTaThl CpaBHEHHMS YKaXKyT Ha OTIHYUE
B3aMMOJICHCTBYSI aHTHUBEILLECTBA M BEILECTBA C MaTepUeil, YTO YK€ B TE€YEHHE MHOTUX JIET
ABJIIETCS AKTyaJIbHOM HayyHOW 3aaaueil. [ M3ydyeHusi CIMHOBOM CTPYKTYphbl HYKJIOHA OyayT
MIPOBEJICHBI UCCIIEIOBaHUS 00pa30BaHMsl YapMOHHUSA B 00J1acTH (hparMeHTaIH MOJISIPU30BAHHOTO
My4Ka, C aKIIEHTOM Ha ONpeJIeJICHUE BKJIaJa IJIIOOHOB B CIIMH MPOTOHA, YTO MMOMOXKET pasrajke
«CTIMHOBOTO KPHU3HCa» MPOTOHA (BCE KBapKH B IMPOTOHE OTBETCTBEHHBI Bcero 3a ~30% cruHa
MIPOTOHA), CYHIECTBYIOIIETo yxe moyTu 30 JerT.

Hanunuue nonspu3zoBaHHBIX KaK MPOTOHOB, TaK U aHTUNIPOTOHOB B CP-HelTpanbHO# pp -
CUCTEME MOTEHIIMATbHO OTKPHIBAET BO3MOXKHOCTU JJISi U3YYCHHS] U CPaBHEHUS JOPYT C APYrOM
CP-conpspk€HHBIX peakuuid. DTO MO3BOJsSeT B3rsHYTh Ha CP-MHBapHMaHTHOCTH B HOBOM
paKypce, HEeIOCTYITHOM JJisi CTOJKHOBEHHI HEMOJSIpU30BaHHBIX dYacTull. [IpoBeieHue Takux
u3MepeHuil B Oyaymiem motpedyer, cKopee BCero, HEKOTOpPOM MOAM(HUKAIUU YCTAaHOBKH, B
YaCTHOCTH, pacIlMpeHHs] €€ akKcelnTaHca Ha 3aJHIoI Moiycdepy B CUCTEME LIEHTpa Macc
CTOJIKHOBEHHUSI.

JlononHuTENbHBIE YHUKaNbHBIE ocoOeHHocTH 3kcnepuMeHTa CITACYHAPM cBsizanbl ¢
BO3MOXXHOCTBIO U3MEPEHUSI MHOKECTBEHHOCTH 3apsKEHHBIX aJIpOHOB B COOBITHH, ONpPEAEICHUS
LIEHTPAJIbHOCTU COYJAapeHUil agpoHa ¢ AIpoM. Takux uccCleJOoBaHMM B MHUpPE IOYTH HE
IIPOBOAMIIOCH, HO €CTh NIEPBBIEC YKa3aHMs HA UX aKTyaJabHOCTh. EN€ HOBU3HA IIPOEKTa CBs3aHa C
BO3MOXHOCTBIO PErHCTPUPOBaTh HE TOJBKO CTAOMJIbHBIE MO CHJIBHOMY B3aUMOJAEHCTBUIO
YaCTHIIbl, HO U MHOTOUYMCIIEHHBIE PE30HAHCHI, KaK ME30HHbIE, TaKk U OapuoHHbIe. Ha ycTaHoBKe
CITACYHAPM B03MOXHO TakXe U3MEPEHHUE MTONEPEUHOM MOISPU3ALNN THIIEPOHOB U 3JIEMEHTOB
CIIMHOBOM MaTpHIIbl BEKTOPHBIX ME30HOB, UTO SIBJISIETCSI OTPOMHBIM IPEUMYIIECTBOM IPOEKTA.
HakoHel, HamWuMe BOCHMH THIIOB HENOJSAPH30BaHHEIX myukoB (m°, K', p, p, d, C), B
KOMOHMHAIIUU C MOJIAPU30BAaHHOW MHUIIEHBIO, HA MOPSAOK PACIIUPSIOT AUAMa30H UCCIeI0BaHUMN
MOJIIPU3ALMOHHBIX SBJIEHUHN U YCUJINBAIOT YHUKAIBHOCTD IIPOEKTA.

[Monspuzaunonnslii mpoekt CITIACYHAPM otrnuyaer rioOanbHbIM, CHCTEMaTHUECKUI
MOJXO0/ B U3yYEHUU CUCTEMbI aHTUIIPOTOH-TIPOTOH (SIIpO) U MPOTOH-NIPOTOH (s11po). B oTinume
OT OOJIBIIMHCTBA MOJISIPU3ALMOHHBIX 3KCIIEPUMEHTOB, B HIMPOKOANEPTYPHOM MPEIU3NOHHOM
cnektpomerpe CITACUAPM Oyzer peanu3oBaHa MOJIHAsE T€OMETPUS MO a3UMYTaIbHOMY YIIIY,
YTO MO3BOJHUT HCCIENOBATh HE OJIMH JECATOK HOBBIX IIPOLECCOB C MPENEIbHO HU3KHMHU
norpemHocTaMu. CodeTraHue IIMPOKOr0 Habopa IMyYKOB M MHIIEHEH C BO3MOYKHOCTBIO
OJIHOBPEMEHHON PETMCTPALUM 3apsLKCHHBIX UM HEUTPAIBHBIX YaCTHI] — IMPOAYKTOB PEaKLMii,
BBITOJITHO OTJIMYAET JAHHBIM MPOEKT OT APYIMX IOJIAPU3ALUOHHBIX IPOEKTOB, CO3AAHHBIX I1OJ
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OTPAaHWYEHHOE YHCIIO HW3Yy4YaeMbIX peakinuii. M3mepeHue cnuHOBBIX 3(P(HEKTOB B OOJIBIIOM
KMHEMATUYEeCKOM [JHala3oHe W CPaBHEHHWE CHUHOBBIX 3()(EKTOB B pPasIUUHBIX PEAKIMIX
MMPUHIHUITHAIBHO BAXKHO IJIA PACKPBITHUA MCXaHU3Ma BBaHMOﬂeﬁCTBHH qacTuL.

OCHOBOIi ~ KOJUIEKTMBAa  aBTOPOB  JIAHHOTO  MpOEKTa  sBJISETCs  JabopaTopus
MOJISIPU3AIMOHHBIX 3KcniepuMeHToB UDBD. DTOT KOMUIEKTHB MMeeT OONbIION HAy4YHBIN 3aael
0 IIPOEKTY, KaK COOCTBEHHO 110 Hay4HOM 4acTu, TakK M 110 MOATOTOBIEHHOMY O0OpPYIOBaHMIO.
OH 3aHuMaeTcsl MOJIAPU3ALMOHHBIMU HMCClIeoBaHUAMH Oonee 40-ka JeT U NpUHUMAll ydacTue
IPAaKTUYECKM BO BCEX KPYHMHEMIIMX aJpPOHHBIX HSKCHEPUMEHTax I10 CIHMHOBOM TeMaTHUKE B
POCCUICKHUX U 3apyOEKHBIX LIEHTpaX. B 4acTHOCTH, KOJIJIEKTUB ChIpaj PELIAOLIYI0 POjib B
MOJITOTOBKE ¥ MPOBEACHUH MOJSIPU3ANMOHHBIX dKcriepuMeHTOB B DHAJI (sxcniepumentsl E-581
u E-704) u BHJI (CTAP u E-925). B skcnepuMeHTax, npoBeieHHbIX B [IpoTBUHO U 3apyOexHbIX
[EHTpax, ObUIM OOHAPYKEHBI 3HAYUTEIBHBIC MOJSAPU3ALMOHHBIE 3(P(EKTHI, KOTOPbIE HE MOTYT
ObITh OOBSICHEHBI CYIIECTBYIOIIUMH TeopeTuyeckuMu MozensiMu. [lo pesynbratam 3THX
9KCHEPUMEHTOB TOJIBKO 110 CIIMHOBOI TemaTuke onyOiukoBaHo 6osiee 100 pabot, 3amuieHo 6
JOKTOpCKUX U Oonee 10-TM KaHAMIATCKUX JIuccepTauuii. Takke MHOIO JIpYyTuX COTPYAHHUKOB
N®BD yyactByror B mpoekre. Cpenn aBTOpOB JaHHOIO IPOEKTa Ba)KHOE MECTO 3aHHUMAET
rpynmna monspu3oBaHHbIXx MmumieHed n3 OUSN (yOna), xortopas 40 jer, COBMECTHO C
¢uzukamu u3z UOBI, 3aHnMaeTcs NoASIpU3aLMOHHBIMU HCCIEI0BaHUAMU Ha yckopurene Y-70 B
IIporBunoO. I'pynna ydensix u3 aByx apyrux uHctutyroB HUILL «KypuaroBckuii MHCTUTYT», a
nmMenno UTOD u IIAD, Tak xe kak u HUAY MUODH sgBnsorcss NOIHOLEHHBIMHU
yuactHukamu CITACYHAPM. ®@wusuku u3z Uramuu (rpynna bpagamanrte) u Yexuu (rpymmna
@unrepa) mnpucnanu Ilucema o HamepeHusix BCTymIeHMs B 3Ty SKCHEPUMEHTAIbHYIO
nporpamMmy. OKHJaeM BCTYIUIEHHWE HECKOJIBKMX HEMELKHX YHUBEPCUTETOB M HAIMOHAJIBHBIX
nabopaTopuil B 3TOT MpoekT. KoianuecTBO MOTEHIMAIBHBIX IMOJIb30BaTeNe MHOPACTPYKTYphI
JAHHOTO TpoekTa M €€ pe3ynbraroB npesbimaeT 100 yenoBek. Bc€ 3T0 mpuBOIUT K O4YEHB
BBICOKOHM BEPOSTHOCTH YCIICIIHON peaau3alii COOTBETCTBYIOIICH MHPPACTPYKTYyphl U Haudaja
BBITMIOJTHEHMS] HAYYHBIX 3a]1a4 [IPOEKTa B TE€UEHHUE OJIMKANIINX JECATH JIET.

CymmapHble pacxoabl Ha U3roTtoBleHHe B Poccum HEOOXOAMMOTO HAay4dHOTO
o0opynoBanusi ans uccnenoBarenbckoil ycraHoBku CITACYHAPM cocraBsat 1 mupa. pyOuieit.
Kpome Toro, emgé 1 mipa. pyO. morpebyercst JUisl BBIIOJIHEHHUS pPabOT MO CO3/IaHUIO
AQHTUIIPOTOHHOTO (M MPOTOHHOr0) KaHana 24A Ha yckopurene ¥Y-70. Takum o6pa3zom, ntoropas
CTOMMOCTh IPOEKTa OlLeHUBaeTcs B 2 Mipa. pyosneil. [lpu Hauane puHaHCHUpOBaHMS B MEpBOM
nojoBuHe 2020 roma Havano paboThl C MOJISIPU30OBAHHBIMU My4YKaMH 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.
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BBEJIEHUE

HccnenoBanust nociaeIHUX HECKOJIBKHUX JECSTKOB JIET MOKa3aJld HaIMYMe 3HAUUTENIbHBIX
CIIMHOBBIX A((PEKTOB B pasnuyHbIX (u3ndeckux mpormeccax. OmaHako HaOmM0aeHHuEe OOIBIINX
CHHMHOBBIX 3P PEKTOB IMOKA HE YIAIOCh OOBSICHUTH B paMKaX CTaHIAPTHOW TEOPUHU BO3MYIIECHUI
kBaHTOBOM xpomoauHamuku (KXJI), mpeanonaratomieii KoJsIMHEapHYI0 KHHEMaTuky. B aToit
CBSA3M  SIBJIAIOTCSI  aKTyaJbHBIMU  JIaJbHEHIINE CUCTEMATUUYECKUE HKCIEPUMEHTAIbHbIE
UCCIICIOBAaHMS B 3TOM 00JaCTH, IPENOIararoiue N3MepeHne HECKOIBKHIX 3aBUCSIINX OT CIHHA
HaOrofaeMblX (OIHOCIIMHOBAas UM JIBYXCIIMHOBas AacCUMMETpPUH, MOJIApU3alUs TMIIEPOHOB,
9JIEMEHTBl CIIMHOBON MaTpHIlbl BEKTOPHBIX ME30HOB) B JECATKAaX pAa3JIMYHbIX pEaKLuil.
['moGanpHblll aHaAM3 MOJYYEHHBIX TaKUM OOpa3oM JaHHBIX I103BOJHUT BBISIBUTH OOIINE
3aKOHOMEPHOCTH IOBEJCHUS IAHHBIX, B TOM YHCJIE€ CPaBHEHUE B3aUMOACHUCTBUN 4YaCTHILBI U
AQHTUYACTULBl C MPOTOHAMM U SIAPAMH, POJIb 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
MCCJIEIOBaHMsI TAKOrO0 MaciuTaba He MPOBOIWINCH. B3auMoaeicTBUS NOMSAPU30BAaHHBIX YaCTHUI]
NPEACTaBISIIOT OO0 YHUKAIbHBI WHCTPYMEHT JUIS MCCIEIOBAaHHUS MEXaHH3Ma CHIIBHBIX
B3aUMOJICHCTBUH B 00s1acTH KOH(AWHMEHTa, YTO HE yJIaeTcs MOKa clenaTh, U3ydas coyaapeHus
HEMOJISIPU30BAHHBIX aJIPOHOB.

Jlis mpoBeleHMs YyKa3aHHBIX BbIIIE MCCIEJOBaHUN TpedyeTcss 3KCIepUMeHTallbHas
yCTaHOBKAa MUPOBOT'O YPOBHS U CO3/IaHUE KaHaa NOJSPU30BaHHBIX IPOTOHOB U @aHTUIIPOTOHOB.

[Ipoext sxcniepumenta CITACYHAPM Ha coziaBaeMOM HOBOM aJpOHHOM KaHaJI€ YacTHI]
24A yckoputens Y-70 HaleneH Ha HCCIE€IOBaHME CHUHOBOW 3aBUCUMOCTH CHIJIBHOTO
B3aMMOJICHCTBYS aHTHUBEILIECTBA (M BELIECTBA) C MaTepuUeld M CHMHOBOM CTPYKTYPhI HYKJIOHA.
[Ipexxne Bcero, OyaeT MpoBedeH OO30pHBIM  MOJIPU3ALMOHHBIN  SKCIEPUMEHT  Ha
AQHTUIPOTOHHOM M IPOTOHHOM IOJIIPU30BaHHBIX IydKax Ipu 3Hepruu 16 2B u nonsgpuzanun
10 45% c u3MepeHueM OJHOro M TOro e OoJbIIoro Habopa (HU3UYECKUX HAOII0JIaeMbIX
BeNMWYMH. J[1s1 M3ydyeHHs] CIMHOBOW CTPYKTYphl HYKJIOHA OyIyT MPOBEICHBI HCCIIEIOBAHUS
00pa30BaHUs YapMOHM B 00JIaCTH (parMEeHTAIMM MOJIIPU30BaHHOrO Myuka. byaer onpexnenena
BEJIMYMHA MOJISIPU3aLUMU KBAPKOB U TJIOOHOB B B IONEPEYHO UM MPOJOJIBHO MOJSIPU30BAHHOM
IIPOTOHE U AHTUIIPOTOHE Yepe3 00pa30BaHME KBAPKOHUS CO CKPBITOM CTPaHHOCTBIO (¢-ME30H U
f2(1520)) u ckpbiThiM ouapoBaHueM (yc2 (3555 MbBB) u ya1 (3510 M»aB)). Bnepsoie Takue
U3MepeHus: OyAyT NpOBEICHbl HAa YHUKAIBHOM IIy4Ke MOJSPU30BAHHBIX (QHTH)IPOTOHOB OT
pacraaa (aHTH)TUTIEPOHOB.

B HUIL] Kypuarosckuiit Muctutyr — MDOBD 3aBepiieHs! paboThl O CO3AAHUIO ICKU3HOTO
IpoeKTa HOBOTo aapoHHOro kaHaina 24A. IIpoekTHble pabOTHI MPOBOAMUIMCH 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 MUIICHU U JI0 KOHIIa kaHama coctaBisieT 180 merpoB. B 2016-2018 rogax Obum
MOJTOTOBJIEHB Bce HeoOxonumble TexHuueckue 3agaHusl Ha CO3JaHHME PARIUYHBIX Y3JIOB
KaHaJja.

B xanane 24A npeanonaraercs (popMupoBaHHE MOJSPU30BAHHBIX IMYYKOB MPOTOHOB U
aHTUNPOTOHOB. IIpoBeneHs! pacueTsl X napaMeTpoB. THTEHCUBHOCTh AaHTHUIPOTOHHOIO Iy4Ka
moxer gocrurats 10° AQHTUIIPOTOHOB 3a LUKI YCKOPHUTENS (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 roxy, siBUTCs, 0€3yCI0BHO, YHUKATHHBIM ITYYKOM B
mupe. B nponutom antunporonsslie nyuku 0siiu B LIEPH ¢ sneprueii nopsinka 1 I'3B u 3atem B
nabopatopun um. ®Pepmu (OHAJL, CIIA) npu sueprusx 8 3B u 200 I'3B. Ilpu stom
€MHCTBEHHBIM MOJISPU30BaHHBIM ITYYKOM aHTUIIPOTOHOB ObLT my4ok Bo @HAJI npu 200 I'3B.
Hauunas ¢ 2026 roga, miuaHupyeTcsl MOSBIEHUE aHTUIPOTOHHOIO, BHICOKOMHTEHCHUBHOIO, HO
HETOJIAPU30BAaHHOTO MyuKa ¢ 3Heprueit 10 15 3B B npoekte DAUP B ['epmanum.

AHTUIIPOTOHHBIN ToNsipu3oBaHHbIi mydyok HUI[ KW sBUTCS MOIIHBIM MHCTPYMEHTOM
JUIs  TPOBEIEHUS] CUCTEMAaTHYECKOro OO030pHOr0 MOJSPU3ALMOHHOIO HKCIEPUMEHTA C
OIpeieIEHuEM MOJIHOTO Habopa HEOOXOAUMBIX (PU3NUECKUX HAOIIOAAEMBIX, TAKUX KaK CEYCHHUE;
HOJISIPU3ALUS B YIPYTOM aHTHIIPOTOH-IPOTOHHOM paccesHUM KakK B 00JacTH KyJOH-sepHOU
UHTEephEpEHINH, TaK U AU(PAKIMOHHOTO KOHYCa; OJHOCHUHOBBIX ACUMMETPHIl B OOJIBIIOM
Yrciie peakuuii B 00JIaCTH (pparMeHTAIMH TTOJIIPU30BAHHOTO ITyYKa, KaK Ha BOAOPOJE, TaK U Ha
pa3IuyYHBIX sapax U Ap. J[aHHBIX B TakoM oObeME HET HU IpPHU KaKUX JHEeprusix. Takue ke
u3MepeHus Oy1yT NpOBEAEHBI U HA MOJIIPU30BAHHOM IIPOTOHHOM ITydKe. Pe3ynbTaTsl cpaBHEHUs
YKaXYyT Ha OTIMYUE B3aMMOJCHCTBMS AHTHBEILECTBA M BEIECTBA C MAaTEpHEH, UTO YXKE B
TEUEHUE MHOTHUX JIET SIBJISETCS aKTyaJlbHOW HayudHOM 3amadeil. MccnenoBanus Ha kanaine 24A
MOYHO OyJleT IPOBOJUTH B AMANa30HE SHEPruil nonaspuzoBanHoro nyuka 10-45 I'3B, npu sTom
ONTUMAJIbHASL PHEPTUsl AHTUIPOTOHHOTO IMy4Ka, YYUTHIBAs (DOHOBBIC IMPOLECCHI, JOCTHTACTCS
pu 15 ) [Tomstpu3anus my4dka IMOMOKET IIPU NIPOBEACHUM MTAPLHAAIBHO-BOJIHOBOIO aHAIM3a
JTAHHBIX TIPY TIOUCKE HOBBIX (DOPM MaTepHH, BKIIOYAs SK30THYECKUE COCTOSHUS. 3aMETHUM, YTO B
AQHTUIPOTOH-IIPOTOHHBIX  B3aUMOJCHCTBUSX HET OrpaHUYEHUS Ha KBAaHTOBBIE 4MCIA
POXKIAIOIIMXCSA COCTOSHUN M 4YaCTHULl, BKJIIOYas M COCTOSIHUS C DK30THMUECKHMHU KBAaHTOBBIMU
YHCIaMHU, KOTOpPBIE OYAYT POXKAATHCS B COMPOBOXKICHUH C APYTMMHU IK30THUECKUMU YaCTULIAMH.

B Hacrosmmii MOMEHT B AelcTByromeM 3kcnepuMenTe nox HasBanueM CITACYHAPM c
BKJIaJIoM 1o obopyaoBanuio u moasMm ydactsyror HUL[ KU — NOBD, 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 000PYJOBAaHUEM HAa MUPOBOM YPOBHE.

B ornnuune ot OOJNBIIMHCTBA BBINOJIHEHHBIX paHee MOJSPU3alMOHHBIX 3KCIIEPUMEHTOB, B
CIIACYAPM Oyner peanu3oBaHa 27-T€OMETpPUs MO a3UMYTaJIbHOMY YIUIy, YTO MO3BOJSET
3HAYUTEIBHO YIYYIIUTh TOYHOCTH HW3MEPEHUS CIIMHOBBIX HAOJIOJJaeéMbIX, a TIJIaBHOE —
MHHUMH3HPOBATh CUCTEMaTH4YecKue OmmOKHM n3MepeHuid. TenecHslit yron ycranoku (46~200
Mpas no Beptukanu u 300 Mpaj 1Mo ropu3oHTaNIN B 00J1acTH (pparMeHTaluu MMy4Ka) MO3BOJISET
IIPOBECTH W3MEpPEHUs] B IIMPOKOM JMana3oHe KWHEMAaTHYeCKUX MEpPEeMEHHbIX (Pr1, Xg) U JacT
BO3MOXXHOCTh Pa3AeNuTh 3aBUCUMOCTH OT 3THUX JABYX NEPEMEHHBIX, YTO OOBIYHO HE yAaeTcs B
HKCIEPUMEHTAJIbHBIX YCTAHOBKAX C MAJIbIM TE€JIECHBIM YIJIOM PETUCTPALIUH.

K HacrosmeMy BpeMEHM CYLIECTBYET 3HAUUTENIBHBIN 3aJ€ll 10 CO3AAHHUIO YCTAaHOBKHU
CITACYAPM. CobpaH, uCHbITaH U YK€ padoTaeT IHUPOKO-aNepTypHBIA CIEKTPOMETPUUYECKHMA
MarHuT. Co3J1aHbl J1Ba MHOTOKAHAJIbHBIX IOPOTOBBIX UEPEHKOBCKUX JETEKTOpA M BEAETCS HX
HacTpoiika. OHU BIIOJIHE CLIOCOOHBI 00ECIIEUNUTH MEPBbIE N3MEPEHUSI Ha AHTUIIPOTOHHOM ITyUKe,
XOTS U B OTPAaHUYCHHOM TEJIECHOM yTJi€ B CPAaBHCHHH C IOJIHOW MPOEKTHOW KOHUTyparuei.

! Ipu sHepruu nepeuaHOro MyuKa mpotoHoB 60 [B.
2 Texynmii CIMCOK y4aCTHUKOB TpoekTa npezctasiex B LIpuitoskerre A. CIIMCOK YYaCTHUKOB IIPOEKTa
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3aBepimaercs Co3gaHue MPEIU3UOHHON TPEKOBOM CUCTEMBI Ha OCHOBE Jper(oBhIX TPyOOK. EcTh
B HAJUMYMM aJpOHHBIM Kanopumerp. Coznaercss IydykoBas ammapaTrypa, HacTpauBaeTCsl HOBast
pErucTpUpyroIas MEKTPOHUKA U cucTeMa coopa JaHHbIX B cranaapre EBpoMHUCC.

OpnHako, 1S MPOBENEHUS SKCIEPUMEHTA MHPOBOTO YPOBHS 3TOrO0 COBEPIICHHO
HEIOCTaTOYHO. /I BBIMOJIHEHHS] MPOTPaMMBlI MCCIEOBaHUN TpedyeTcs camoe COBPEMEHHOE
obopynoBanue. B wactHOcTH, TpeOyeTcs co3gaHHE CUCTEMbl CBEPXIPOBOMAAIIUX MArHHUTOB,
«CHOUPCKUX 3MeeK», 00ecleyuBaroleil MOBOPOT MOJSpU3ALMU ITydyKa Ha MHUIICHH, a TaKke
KPUOTCHHOM CUCTEMBI KaHayia 24A. 9To 000pyI0BaHUE MBI MIPUYMCIAEM K YCTAaHOBKE, a HE K
kaHany. B ycraHoBke HEOOXOIMMO CO3/1aHHE MPELHU3UOHHOTO TOHKO-CErMEHTUPOBAHHOIO
AJIEKTPOMAarHUTHOTO KaJIOPUMETpa THUIA «IIALUIBIKY» C MEIKOH SYEHKOW, MIMPOKO-arepTypPHOIO
MHOTOKaHAJIBHOTO 4YepeHKOBCKoro 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

CrnirHOBBIE HAOIIOJAaEMbIE SBJISIIOTCS TEMU IPELU3HMOHHBIMM MHCTPYMEHTAMHU, KOTOPbIE
NO3BOJISAIOT IIyOXKe HOHATh NPUPOAY CHIBHBIX 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
skcnepuMmenta lltepHa-I'epiaxa ¢ mydkoM aToMoB cepeOpa B CHIBHOM HEOAHOPOIHOM
MarHuTHOM II0JI€, HA4yaJoCh OJKCIIEPUMEHTAIIBHOE MCCIECIOBAHUE BIUSHUS CIHHA Ha
B3aumozeicTBue dactuil [1]. Pe3ympTarhl 3THX TEpBBIX HCCICIOBAHUI  OKA3aJIUCh
HEOXKMJIAHHBIMA M IIOMOIVIM PAaCKpBITh IAPAJOKCAIBHYIO KBAaHTOBYIO IIPUPOJY CIIMHA,
IIPUHUMAIOILETO TOJIBKO LENIbIE U TOJIYLIENIbIC 3HAUYCHHUS.

VuuBepcanpublii kaHan 24A u ycraHoBka CIIACYHAPM Ha HEM co3patores uis
u3ydeHusi (yHIAMEHTAIBHBIX BOMPOCOB CHJIBHBIX B3aMMOJICHCTBHIA M CIIMHOBOH (PH3MKH, BO
B3aUMOJICUCTBUAX MOJSIPU30BAHHBIX IMPOTOHOB M AHTHUIIPOTOHOB C HYKJIOHAMM M SIIPAMU.
N3yueHne noOAsSpU3ALMOHHBIX SIBJICHUM IO3BOJUT PACHIMPUTh HAIIM 3HAHUSA O CTPYKTYpe
aJpOHOB M JIMHAMHUKE UX B3aUMOJICWCTBHUS, B TOM YHCIE€ Ha YPOBHE CTPYKTYPHBIX
COCTaBISIIOLIUX aJPOHOB — KBAapKOB U TIIOOHOB. Llenpio Ooratoil (u3nyeckoil mporpamMmbl
skcriepumerTa CITACUAPM sBisiercs pacliMpeHHe HAIIMX 3HAHWA B 00JIACTH CHIIBHBIX
B3aWMOJICUCTBUM, CTPYKTYpPbl aAPOHOB U POJIM CIMHA B JUHAMHUKE CUJIBHBIX B3aUMOJICHCTBHUIA.
W3mepeHue pa3uuHbIX CIIMHOBBIX HaOM0qaeMbIx (acumMmerpun Ay, nosgpusauuu Py, nepegaun
cnuHa Dyn, 27€MEHTOB CIIMHOBOM MaTpullbl IUIOTHOCTH pik U JAPYTHUX) OTKPBIBAET
JIOTIOJIHUTEIIbHBIE BO3MOXKHOCTH JUUII CPaBHEHHs JAHHBIX ODKCIIEPUMEHTAa M IPEJACKA3aHUU
Mojened, yTo OyAeT crnocoOCTBOBAaTh, B KOHEYHOM HTOre, PEUICHHI0O O003HAYEHHBIX BBILIE
npooiem.

Teopust Bosmymenuit KXJI mnpeackaspiBaia HE3HAYUTENbHbIE CIIHUHOBBIE 3((EKTHI,
nopsaka 0.1%, BbBIMEpArOIIME C POCTOM DHEPIUU B3aUMOACUCTBHI (Ns) u MIOIIEPEYHOIO
ummyneca (Pr) [2]. OmHako, 3KCHepUMEHTAIbHBIC HCCIENOBAaHHS IMOKa3ald, 4TO 3((EKTHI,
HaOJr01aeMble B MHKJIFO3UBHBIX PEAKIMAX, HE YOBIBAIOT 3aMETHBIM 00pa3oM C yBEeTHYEHUEM s

u Pr.

Hapsny ¢ nonsipu3oBaHHBIMM HPOTOHHBIM M AHTUIPOTOHHBIM IydyKaMu KaHan 24A
TO3BONUT BBHIBOJMTH HA YCTAHOBKY HEMONAPH30BAHHBIE NMydKH THOHOB (77), kaoHoB (K°),
IIPOTOHOB M AaHTUIIPOTOHOB, & TAK)KE YIJIEPOJIHBIN U IEHTPOHHBIM My4yku. B kauecTBe MuIIEHER
IpeJoiaraeTcs UCIoIb30BaTh MOMEPEUHO U MPOAOILHO MOISPU30BaHHbBIE MPOTOHHBIE MUILIEHU
3aMOpPOKEHHOT'O THUIA, a TaKKe IIUPOKUM HA0Op HENOJSPU30BAaHHBIX MHUILEHEH, BKIIOYas
’KHUJIKO-BOJIOPOJHYIO U TBEP/IbIE SI/IEPHbIE MUIIIECHU.

Bce BbIIE CKa3aHHOE O3HAYAET BO3MOXKHOCTH HCCIENOBATH C BBICOKOM TOYHOCTBIO
CIUHOBBIE AP (EKTHI JJI1 MHOTUX JIECATKOB PEaKui, C pa3IMYHBIMU Ha4yaJIbHbIMU U KOHEYHBIMU
COCTOSTHUSIMU. DTO TO3BOJIUT BBIIBUTH OOIIME 3aKOHOMEPHOCTH aJPOHHBIX B3aWMOJIEHUCTBUH,
yT0 BBITOAHO oTaumyaer HdKkcrnepuMeHT CIIACHAPM or apyrux MOJIsSpU3allMOHHBIX
HKCIIEPUMEHTOB, I'/I€ U3y4YaeTcsl, KaK MPaBUiIo, HEOOIBIIOE YHUCIIO peaKIuil.

B skcnepumente CITACUHAPM, na kanane 24A, Oyaer u3ydyaThCs B3aUMOJICHCTBHUE
HOJISIPU30BAaHHBIX IMPOTOHHBIX M AHTUIPOTOHHBIX IYYKOB C IMPOTOHHOW, JHOO C sIEPHBIMU
MulieHssMH. VIMIynapc MOJISPU30BAHHOIO IIydKa MOJKET BapbUpoBaThCcsl B auana3zoHe 10-45
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[=B/c, a momepeunas nonsipuzanus myuka coctaBuT 40-45%. HenonspuzoBaHHbie MyYKH MOTYT
uMeTh uMnyibe oT 10 1o 60 I'3B/c. Huke npencraBnena gusndeckas mporpaMmma dKCIIepuMeEHTa
CITACYAPM u oxunaeMble pe3ysbTaThl.

Hayunas nporpamma CITACHAPM BKIIIOYaeT HECKOJIBKO CEpUN MU3MEPEHUH, KOTOpbIE
HamnpaBlieHbl Ha HccienoBaHue (yHmaMeHTanbHBIX mpobiemM KXJI B HemepTypOaTuBHOMN
001acTH, TJe MPOSBISIOTCS TAaKUe SIBICHHS, KaK KOH(pAHMEHT, clusHue JTu00 (GparMeHTaIus
KBAapKOB B aJJpOHBI U CLIOHTAaHHOE HAapYyLIEHHE KUPaIbHOW CUMMETPHUH.

Ha3Banue skcnepumenta CIIACHAPM sBnsieTcsi cokpailleHHeM OT KOHEYHOW Leu
npoekra, a uMeHHo, — CnuHoBble ACummerpuun B poxacHun YAPMonusa. Lensto sTHx
UCCJIEJOBAHMM SIBIISIETCS PELICHUE 3a/1a4, KOTOPbIE €I11€ HUKTO B MUPE HE IBITAJICS BBIIIOJIHUTD U
B Omipkaiiiiee BpeMs He IUTAHUPYET U3-3a CII0KHOCTH M KOMIUIEKCHOCTH MCCIIEJOBaHUM.

Bynyr wu3MepeHbl MONEpeYHbIC OJHOCIHMHOBBIC acHUMMETpud Ay B PEaKIUsIX
UHKII03UBHOTO oOpasoBanust ¢, f2(1520), JAy, yic M y2c Ha NPOTOHHBIX M AHTHIIPOTOHHBIX
HOJIIPU30BaHHBIX MyYKaX.

Jisi mM3ydeHHs MOJISIpH3alMMd KBApKOB M TIIIOOHOB B oOnacté Oonbmmx Xg, OydayT
U3MEpeHbl JBYXCHUHOBbIE acummerpuu Ay U AL B mpoueccax o0pa3oBaHUs YacTULl ¢,
f2(1520), J/y, yic ¥ y2c B COymApeHHSX MOIMEPEYHO W TMPOIOJBLHO MOJAPU30BAHHOIO IMydKa
IPOTOHOB C MOMEPEYHO (TMPOO0IBHO) MOJAPU30BAHHON MPOTOHHOW MHICHBIO. Harei 1enbio
ABIIIETCS TIONydeHue MHGOpMaIlMU O BKJIa/le KBApPKOB U TIIFOOHOB B CIIMH MPOTOHA M3 aHAJIM3a
ATHX MPOIIECCOB. AHAIHM3 BBIXOJOB ATHX YACTHI] B T€X CIy4asX, KOTJa CIIUHBI MUIICHU U MyYKa
HaNpaBJIeHbl B OJHY WJIM B pa3Hble CTOPOHBI, MO3BOJHT OIEHUTH JOJNIO CIUHA HYKIIOHA,
NEPEeHOCUMYI0 KBapkamu (Tpo0iieMa «CIIMHOBOTO KpPHU3HCa», 3aKIIOYAIONIETOCS B TOM, YTO
cerogusa, cmycts 30 Jer mocie mpoBeneHus MNHoHepckoro skcnepumenta B IIEPH, Bce
BaJICHTHBIE M MOpPCKHE KBAapKM B IPOTOHE B CyMMeE OTBETCTBEHHbI Bcero jumb 3a 30%
IPOJIOJIBHOTO CITMHA MTPOTOHA).

HccnenoBane OTHOIIEHHH BBIXOJOB y1c M Y2c MIO3BOJMT MPOBEPUTH HOBYIO TEOPEMY O
MacITabHOM MHBAPHAHTHOCTH B BBIXOJaX OTHX Me30HOB [3], 00HapyKEHHYIO B DKCIIEPHUMEHTAX
na BAK [4, 5].

JlanHble MccienoBaHus SABISIOTCS HauOosee cinokHbiMH B mporpamme CITACUAPM u
HAKJIaJbIBAlOT HauboJjiee JKECTKHE OrpaHWYeHHs Ha TpeOoBaHUS K HSKCIEPUMEHTAIbHON
yCTaHOBKE, IPU 3TOM Ha OoJiee paHHHX 3Tanax OyayT pelaTbcs He MEHee HHTEPECHBIE 3a1a4H:

- W3mepeHne OAHOCIMHOBBIX TIOMEPEYHBbIX (a3UMYTaJbHBIX) acuMMeTpuil Ay
aJIpOHOB, COCTOSIINX U3 JIETKUX U, O, S KBapKOB, PU PACCESIHUHU MOMEPEIHO MOSIPU30BAHHOTO
Myyka Ha HEMNOJSIPU30BAHHON MHUILIEHHU, JIMOO HEMOJSPU30BAHHOIO ITyykKa Ha IIOMEPEYHO
MOJIIPU30BaHHON MUIIEHHU. B KauecTBe perucTpupyeMoil 4acTUIbl MOYKHO HCIIOJIb30BATh JIHOObIE
yactuusl (co cnuHoM J = 0, 1/2, 1 ...) u gaxe siapa. B xauecTBe MUIIIEHH MOKHO HCITOJIb30BATh
IPOTOHBI U AJpa, YTO MO3BOJISIET MCCIE0BATh 3aBUCUMOCTh AN OT aTOMHOTO Beca Ay MHILIEHH.
Perucrpanust agpoHHBIX PE30HAHCOB, B JIOMOJHEHHE K OOBIYHO M3MEPSEMBIM, CTAOMIBHBIM I10
CHWJIBHOMY B3aUMOJEHCTBUIO aJpOHAM, TO3BOJIUT CYHIECTBEHHO PACHIMPUTH CIUCOK JTOCTYIHBIX
JUIs U3y4deHusl peakiuid. Panee usmepenuit Ay 171 pe30HaHCOB MPAKTHYECKU HE OBLIO.
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- OmpeznenieHne TMONMEPEYHBIX (IO OTHOLIEHHIO K TUIOCKOCTH  PAacCEesHUS)
nojsipuzauuii Py THIIEPOHOB U aHTUTMIIEPOHOB, 00Pa3yIOIIUXCs HEMOJIAPU30BAHHBIMU ITy4YKaMHU
Ha HENOJIAPU30BAHHBIX MMIICHSIX (MPOTOHHOM M saepHbIX). M3mepenue mnonspuzauuu Py
BO3MOXHO OJsiarofiapsi mporeccy HapyLUIeHHI0O YEeTHOCTH B CJIa0bIX JBYXYaCTUYHBIX pacrajax
runepoHoB. ITapaMeTpsl yriioBoro pacmpeneneHusi MpoayKTOB pacliaja TMIIEPOHOB CBSI3aHBI C
noJisipu3anuen pacnajatonieiicss yactuipl. CpaBHeHne Ay 1 Py Uit THIIEPOHOB (AaHTUTUIIEPOHOB)
OTKPBIBAET JONOJIHUTEIbHBIE BO3MOXHOCTU JUIsl BbIOOpa (MM AMCKPUMUHALMU) KOHKPETHOMN
MOJIeJIM TeHepauuu 3HauuTenbHbIXx Ay M Pn. [lo HacTodiero BpeMEHH OJHOBPEMEHHBIX
u3MepeHuit Ay u Py U1t 3ajaHHON peakiuy IpakTHYeCKH He ObLIIO.

- N3mepeHne BBICTPOEHHOCTH (3JIEMEHTOB MATPHUIBI IJIOTHOCTH pik) BEKTOPHBIX
Me30HOB (cnuH J=1, yetHOoCcTh P oTpunarenvHas), pacnagalollMXCcs Ha JIBE€ YacTHUIbI, B
Ipoleccax COyJapeHUil HENoJIIpU30BaHHBIX vacTull. Kak W B ciayyae THIEpOHOB, MJIs
BEKTOPHBIX ME30HOB MOYKHO U3MEPUTh M CPABHUTH BBICTPOCHHOCTh M Ay, UTO paHHEE HUKOI/A
HE JIeNlaJId, U YTO MO3BOJIAET MOJIyYUTh JONOJHUTEIbHbIE OIPAaHUYEHHUSI HA MEXaHU3M CUIIBHOIO
B3aUMO/ICHCTBUS.

JInst Bcex Tpex MEpedyMCIICHHBIX BBIIIE CEPUM HM3MEPEHUH MOTYT IPOBOAMTHCS
VICCIICIOBAHMS 3aBHCHMOCTH OT P, Xp, HOMepa sapa A, SHEPrHH peakimd VS B C.ILM.,
MHOECTBEHHOCTH BTOPHYHBIX dYacTHil B coObITHH (Nch), a Takke ot nentpanbHoctu (Cr)
coyaapeHusi My4koBoW dacTuubl ¢ siipoM. Cronb pa3HOOOpasHbIi HAOOp MOJSPU3ALUMOHHBIX
JAHHBIX II03BOJISIET IIOJYYUTh  OTPAaHUYEHUS HAa BO3MOXHBIA MEXAaHU3M IIPOMCXOXKICHUS
CHMHOBBIX 3()()EKTOB B CHIIBHBIX B3aUMOJEHCTBUSAX. B 1aHHOM cilyyae MOXXHO T'OBOPUThH O
CHUCTEMaTHYECKOM MOJX0/1€ K MCCIIEA0BAaHHUIO MPOOJIEM CHIIbHBIX B3aMMOJEHCTBUI U CIIMHOBOM
¢u3uku. X0oTS TOYHOCTh U3MEPEHUI BO MHOTHX CITy4yasiX OrpaHMYeHa, I100aIbHbIA aHAIN3 Beel
JIOCTYITHOW COBOKYITHOCTH JIaHHBIX HaKJIa/bIBA€T CEPhE3HbIE OrPAaHUYEHHMS] HAa BO3MOXHBIN
MEXaHHU3M TPOUCXOKICHUS TOJSIPU3ALMOHHBIX SBJIEHUH M TMO3BOJISIET BBISIBUTH HOBBIE
3aKOHOMEPHOCTH B MIOBEJICHUH CAMUX JIaHHBIX.

N3mepenue pa3inyHbIX JABYXCIHMHOBBIX KOppENSLUH, B HAaYaJbHOM W/WJIM KOHEYHOM
COCTOSIHUSIX, sIBJIsIeTCsl OoJiee TPyAHOM 3ajaueil, KoTopas OyAeT pemaThes o Mepe TOTOBHOCTH
amnmaparypbl U MporpaMMHoOro o0ecreueHus skcrnepuMenTa. Hampumep, BO3MOXXHO M3MepeHHe
nepenaun cnuHa (Dnn) OT Hameraromero MOMSPU30BAHHOTO MPOTOHA (AHTUIIPOTOHA) K
oOpasyromieMycs runepony. Eie nHTepecHO n3MepeHue ABYXCNHUHOBOM acuMMeTpuu (Ann) B
IIpoLeccax paccesHUs IMONEPEYHO NOJAPU30BAHHOIO ITydyKa HA IONEPEYHO MNOJIIPU30BAHHOMN
MUIIIEHHU B UHKJIFO3UBHBIX M 9KCKJIIO3UBHBIX PEAKIUIX.

OxcnepumeHT CITACYAPM mno3BossieT Takke NMPOBECTH OJHOBPEMEHHOE HM3MEPEHHUE
AHATM3UPYIOMIMX CIOCOOHOCTEH myuka Ag, MuteHu At 1 ko3 puieHTa CHMHOBON KOpPEIaluu
AN B yTIpyroM pp paccesinun. B oGmactn audpakimonHoro konyca 0,075<—t< 0,6 (I'B/c)? npu
umnynsce Oomnpmem 12 I»B/c wer nanbix ans Ann. Kpome Toro ectb BO3MOXXKHOCTB
HKCIEPUMEHTAIBHO ITPOBEPUTH paBEHCTBO Ag 1 Ar.

[IpucyrcTBue B CTOJKHOBEHHUSIX MOJSPU30BAHHBIX YACTHUIl JBYX AKCHAJIbHBIX BEKTOPOB
WUCXOJIHOM TMOJNSPU3alNUNA, HAXOJAIIUXCS TII0J] TOJHBIM KOHTPOJIEM JKCIIEPUMEHTATOPOB,
CYILIECTBEHHO YBEJTMYMBAET YHUCIO BO3MOXKHBIX KOPPEIAIMI MEXy BEKTOPAMU B TOM WJIM MHON
peaxkuu, TeHEPUPYIOIINX HM3MepHUMble CIHHOBBIE acummeTpuu. Cpeau HUX 0coOblil MHTepec
NPEJCTaBISIIOT T€, HATU4YMe KOTOPBIX 3alpelieH0 3aKOHAaMH COXpaHEHHUs, B YaCTHOCTH,
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3aKOHAMU  COXPAHEHUs JMCKPETHBIX CUMMeETpui. IIpuMeHUTENbHO K  AHHUTWJISALUN
MOJIIPU30BAaHHBIX KBAPKOB M AHTUKBAPKOB Takas MpoOJieMa paccMaTpuBaiach B IIEJIOM psie
nyonukanuit [6, 7, 8, 9, 10, 11, 12]. OOuMpHbIiA CIUCOK MOTCHIIHAILHO MHTEPECHBIX OIHO- W
JIBYX-CIIMHOBBIX acuMMeTpul, Hapymatoumx CP/T-uHBapuaHTHOCTB, NpuBeAeH B pabore [7].
W3BectHO, omnako, uro u CP/T-uHBapuaHTHBIE B3aUMOJICHCTBUS B HAYAIBHOM H KOHEYHOM
COCTOSSHUM TaKKe MOTyT HUMUTUPOBaTh T-Heu€THble 3(PGeKTbl. YHUKAIBHOCTh CHUCTEMBI
CTAJIKMBAKOUIUXCS MOJISPU30BAHHBIX IPOTOHA M AHTUIIPOTOHA COCTOUT B TOM, UTO OHA SIBJISETCS
uctuHHO CP-HelTpanbHOM 1Mo BCeM 3apsaaM (JIEKTPUUYECKUM, OApUOHHBIN, CTPAHHBIH ...). DTO
MO3BOJISIET MPOBECTH CpaBHEHUE HAOMIOAEHHBIX 3P PekToB B CP-conpskEHHBIX peakiusix U TeM
CaMBbIM OTJICTIUTH peasibHble HapyeHus CP/T-uaBapruanTHOCTH OT (PUKTHUBHBIX.

CyliecTByIOT, OJHAKO, M TaKUE CIIMHOBHIC ACHMMETPHH, KOTOpPHIE HE MOTYT OBITh
umutupoBanbl CP/T-WHBapuMaHTHBIMH B3aWMOJCHCTBUSMU B HAYAIPHOM M KOHECYHOM
cocTosHUsAX. B kadectBe oxHOro w3 mpuMmepoB [6,7] mpuBenéMm, Tak Ha3bIBaEMYIo,

Ac™ o ( ﬁ[f o X 5’ J) , TIe P - BEKTOp MMITyJIbCa NIPOTOHA, a 5 o U é_; 5 - BEKTOPBI MOJSIPHU3ALMH

OPOTOHA M AHTUIPOTOHA. DTa aCUMMETPHUs MOKET ObITh HAOII0ZEHA B CTOJKHOBEHMSX
HOTIEPEYHO-TIOISIPU30BAHHBIX YAaCTHUI] C B3AUMHO OPTOrOHAJIbHBIMU MoJsipu3auusamu. [Ipu cmene
3HaKa OJHOM M3 MONApU3aluii Ao Takke MEHSET 3HaK. [I[pucyTcTBUE BKIaga Ac™ B CEYEHHH
PP -peakuuu ¢ JeTEeKTUPOBAHUEM B KOHEUHOM COCTOSIHUM MCTUHHO HEUTPAJIbHOM MOJCUCTEMBI

B aKCeNTaHCe, CAMMETPHUYHOM OTHOCUTENHHO Xg=0, ObUIO OBl OJHO3HAYHBIM CBHJIETEIHCTBOM
CP-napymenus. K unciy Takux 3KCHEPUMEHTOB C UCTUHHO HEHTpalIbHBIMHU 10 BCEM 3apsjiaM
KOHEUYHBIMHU COCTOSIHMSIMH MO>KHO OTHECTH, B YaCTHOCTH, U3MEPEHHUsI YIPYIroro, HEYIpyroro u
IIOJIHOTO CEYEHHUs B PP -B3aUMOACUCTBUSA WM CEYEHMS WHKIIO3UBHOIO POXKJICHHS HCTHHHO

HEUTpaJbHBIX PE30HAHCOB M YacTHIl, HAlpUMEp 7°-ME30HOB, B CHMMETPUYHOM IO X
aKCEITaHCe.

B nanHoM pa3zzene npuBeneHbl MOApoOHEe onrucaHue (PU3MUECKUX MPOLIECCOB, TPUMEPHI
M3y4aeMbIX pEaKIMi, OKuJaemas CTaTHCTHKA, ypOBEHb (OHA M OIEHKA CTaTHUCTHYECKOM
TOYHOCTH U3MEPEHHUI.

1.1  HccnenoBanue cnMHOBBIX 3()(PEKTOB B POKICHUHN KBAPKOHUS

DKCIEePUMEHTHI 110 INTyOOKO-HEYIPYTrOMY PacCesHUIO HEMOJIIPU30BaHHBIX AJIEKTPOHOB U
MIOOHOB Ha HEIOJIIPU30BAaHHBIX HYKJIOHAX BIIEPBBIE OTKPBUIM KBapku B 60-x romax. B 1988
roay skcnepumenT EMC (European Muon Collaboration) 8 IIEPH no riyboko-Heynpyromy
paccesiHUIO TOJIIPU30BAHHBIX JIEITOHOB HA MOJISIPU30BAHHBIX HYKJIOHAX MPEJCTaBHII
pe3yNbTaThl, B KOTOPBIX BKJIAJ CIIMHOB KBAPKOB B CIIMH MPOOJIbHO-TIOISIPU30BAHHOTO MIPOTOHA
Man (mpumepHo, cocrtaBisgeT 30%), uro mpotuBopeumsio pacueram KXJ[. Dta mpobiema
MOJTY4rJIa Ha3BaHUE “‘CIIMHOBBIA KpU3KC HYKJIOHA . Jlo cux mop 3Ta mpobiiema He pelieHa, 1 Ha
MHOTUX YCKOPHUTENIIX MHpa HIET €€ MHTEHCHUBHOE M3ydeHue. BakHeimiel 3agadell mpoekTa
CITACYAPM sBasieTcs pelieHne Toro CIMHOBOIO KpU3HCa.

B kBantoBoit xpomomuHamuike (KXJI) ectb Tpu ¢yHIaMeHTanbHble (YHKIUU
pacnpenenenust Juig nporoHa. Oto ¢yHkuus f(X) pacnpeneneHus mapTOHOB 1O UMITYJIBCAM,
YCpPEOHEHHasi 10 CIUHAM, QYHKIHS choupansbHOCTH ((X) pacmpeneieHus MapTOHOB IO
CIHPAJIBHOCTSAM B TPOJOJIBHO-TIOJSIPU30BAHHOM NPOTOHE M (QYHKIMS monepeyHoctu h(X)
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pacrpe/iesieHisl MapTOHOB MO CIMHAM B IONEPEYHO-NOISIPH30BAHHOM IpOoTOHE. CIHMHOBBII
KpH3HC MPOTOHA CBsi3aH ¢ PpyHkimei §(X). U3ydyenue pynkuun h(X) TOIBKO HAYAIOCh.

Pesynbrathl uccienoBanus GYHKIUU CIUPaIbHOCTH J(X) HOKa3bIBAIOT, 4TO TOJIBKO 30%
CIHMHA IPOTOHA MEPEHOCATCS BAJICHTHBIMU U MOPCKUMH KBapKaMH M aHTHUKBapKaMHu.

Ocranbabie Henoctaromue 70% crnuHa TPOTOHA MOTYT OBITH OOBSICHEHBI BKIIAJIOM
TJIFOOHOB W/WITM OpOUTAILHBIM MOMEHTOM. BOJBIIMHCTBO MONSPU3ALUOHHBIX 3KCIIEPUMEHTOB B
HACTOSIIIEE BpEMs HAIPaBJIEHO Ha MOMCK BKJIAJa TIIIOOHOB B CIUH HYKJIOHOB. Jl0 HemaBHETro
BPEMEHU BCE MONBITKH OOHApYKUTh BKJAJ INIFOOHOB B CIIUH HYKJIOHA JaBajd OTpULIATEIbHBIN
pe3ynbTar.

DKCIIEpUMEHTBHI C MOJISIPU30BAHHBIMU JIEITOHHBIMU ITyYKaMH, IPOBEACHHBIE B ITOCIIEIHEE
BpEMs B PA3IMUHBIX YCKOPUTEJIBHBIX LEHTPaxX IMbITAINCh OOHAPYKUTh HOJSAPU3ALUIO TJTFOOHOB
IpU OTHOCHUTEIHHO MallbIX 3HAUYEHUAX NepeMeHHoil bbepkena Xg, m0 0.1-0.15. DkcniepumeHTHI
Ha RHIC (STAR u PHENIX) npeanpuHsuM MonsITKy OOHAPYKUTh MOJISIPU3AIHMIO TIIFOOHOB TPH
manbix (okoso 0.01) u mpomexyTtounbix (10 0.2) 3HaueHHMsAX Xg TOr/a Kak HEOOXOIUMO
IIPOBECTH U3MEPEHUS BO BCEM JHara3oHe, 0COOCHHO MPH OOIBIINX 3HAYCHUSIX XB.

B skcniepumente COMPASS B pesynbrare 17100a75HOTO (PUTHPOBAHUS NAaHHBIX OBLIO

NOJYYeHO YKa3aHWe, YTO BKIIAJ TJIFOOHOB B CIMH MPOTOHA BO3MOXKEH IPU 3HAUCHHSAX Xp
npumepno 0.3 (Puc. 1.1) [13].

Q 0 8L‘ fewith AG>0 Escr\omo 0.08; -— gisq;tl' ;oL1L4
8L = Rwitr 26<0, MSscheme 0.0 — — NNPODF Pol 1.1
w Hl ®  COMPASS, highp, Q< 1GoV’, prol -U9 [ Scale Uncertainty
<] [l ®  swc highp, G516V 4 POF Uncertainty
~ 0.6 SMC, hih p, Z < 0.0 [ Rel. Lumi. Uncertainty
F|__A  HERMES, hghp,alld 5 r
L T 002
04— : a *% =
e COMPASS PRELIMINARY - S gl
F m T
02— Cooa Sign(n,) = Sign(n,)
._ I 1 1 1 I 1
r [ o 0.08 ) I
e —— S— I F STAR 2009 Sign(n,) = Signin,)
f e 0.06 p+p—> Jet + Jet + X
| 1 I B L P W W | ‘é D'M:_
10* 10’ . 2z 0.02—
X a "t
E.
E + 6.5% scale uncertainty
Puc. 1.1 Pe3ysnprar rio0ansHOro aHamisa JaHHbIX [13] —0.02- from polarization not shown
1 1 L 1 Il

20 30 40 50 60 70
Di-jet Invariant Mass [GeV/c?]

Puc. 1.2 V3mepeHne 1ByXCIIMHOBOH aCHMMETPHH B
skcnepumente CTAP [14]

Jlo mocieHero BpeMeHH BCe M3MEPEHHS IByXCIIMHOBBIX aCHMMETPHIA ObLITH CPAaBHUMBI
C HyJeM B mpenenax omuook, u Tonbko B 2017 r. sxcniepument CTAP onyOnukoBan naHHbIE,
yKa3bIBAIOIIME HA HEHYJIEBYI0 acummerpuio (Puc. 1.2) [14].

Crefyer OTMETHUTh, YTO BCE HMCCICIOBAHUS SIBJSIFOTCS MOJECIbHO-3aBUCHMBIMU KaK C
TOYKH 3pPCHUSA BOCCTAHOBJIICHHA IMIapaMCTPOB PpCaKIUHU, TaK H C TOYKHW 3pCHHUA OIMMCAHUSA
IPOLIECCOB.

OmHUM W3 BO3MOXKHBIX CIIOCOOOB HM3MEpPEHUS TOJSPU3AIUM TAPTOHOB (KBAapKOB M
[JII0O0OHOB B TMPOTOHE) SBISCTCA M3ydeHue obOpasoBanus yactuil ¢, f2(1520), a Taxxke y1c(1P) u
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x2¢(1P), xotopeie pacmamatorcss Ha JAy u ¢GoroH. XOpOIIO HM3BECTHO, YTO OOpa3oBaHHE
KBapKOHHSI BKIIFOYAaET TPH OCHOBHBIX Ipollecca Ha MapToHHOM ypoBHe (cMm. Puc. 1.3): kBapk-
[NII0OOHHOE paccesiHue (a), aHHUTHIALUS JeTKuxX KBapkoB (D) u mitooH-riooHHOE cusaue (C)
[15,16]. [Ipu sToM B paccmMarpuBaeMOil O0JaCTH DHEPrHidl JOMHHUPYIOLIMA BKOAI IS
IPOTOHHOTO Iy4Ka OyJeT 1aBaTh MPOLECC KBAPK-TJIFOOHHOTO pacCcesHus, a il aHTUIIPOTOHHOTO
— KBapK-aHTUKBAPKOBasi aHHUTWJISILIHSL.

g 'So%, 9 'sy 3P g g
ky P P
1 ki ky k3
k
kz k3 _ 2 k3 kz P
q q q g .
g g g So Py

(a) (b) (c)

Puc. 1.3 Tunmunsle muarpaMMbl 00pa30BaHMs KBAPKOHHS

XapakTepHOil 0COOEHHOCTBIO MPOLECCOB 00Pa30BaHUS KBAPKOHUS SABISETCA MX BBICOKAs
YyBCTBUTEIBHOCTh K TIJIIOOHHOMY COJEpPXAHUIO B3auMOJEHCTBYIOMX uacTull. OOpa3oBaHue
COCTOSIHUM KBapKOHHS B CTOJIKHOBEHMSIX HYKJIOHOB OCOOCHHO MHTEPECHO, TaK KaK COCTOSHUS C
KBaHTOBBIMH umciamu 17, 177, 27 HecyT unH(OpMamMio O TMIOTHOCTH TIIOOHOB B HYKIOHAX.
[TonoOHbIE COCTOSIHUSL OTHOCHUTEIBHO JIETKO PErUCTPUPOBATH YEpe3 HX JWICNTOHHBIE U
paauanoOHHbIE MOJBI paciaja.

W3mMepenune pasHHIBI CEUCHHUU (ABYXCITMHOBBIN acuMMeTpuit Ay U ALL) U YacTHIL ¢,
2(1520), J/y, yic ¥ y2c C UCTIONIB30BAHUEM TIOJIIPU30BAHHBIX MYYKa M MUIICHHU SIBJISIETCS TECTOM
CIPaBEIIMBOCTH  PA3IMYHBIX  MOJENIeH, HEKOTOpble W3  KOTOPBIX  IPEACKa3bIBAIOT

MPOTUBOIIOJIOKHBIN 3HAK st A JUIS 4acTHUIl C pa3HbIM cnuHOM. [IpogonpHas AByXCIUHOBas
1 NUCEI R (SD))
(PB-PT'fff) AFH)+I(+=))

acuMMeTpus onpenensercs Kak A;; =

rie Pg—3HaueHue nomspusanuy mydka, Pt —sddextupHas nonspusaus mumesn®, |(++),1(+-)
— KOJIMYECTBO HOPMAIM30BaHHBIX coOBITHI. CocTosiHuS (++) 1 (+—) COOTBETCTBYIOT 3HAUCHUSIM
NOJISIPU3AIUH Myuka U MUIICHH (—><—) ¥ (——>) COOTBETCTBEHHO.

Bosbiast BenmmunHa A OyneT yka3biBaTh Ha 3HAYUTEIbHBIN BKIIa] rooHOB AG/G(X) B
CIIMH MPOTOHA, HE3aBHUCHUMO OT MPEAIOJIOKEHUI KOHKpeTHOM Moenu [16]. Kak Obuto mokasaHo,
B TOM umcie B [17], yrioBoe pacmpeacieHHe KOHEYHBIX ()OTOHOB W JIETITOHHBIX Tap
00ecIeunBarOT BO3MOXXHOCTh U3MEPEHUS TOISAPHU3AIN HAaYaIbHBIX KBAPKOB M TIIOOHOB.

3 HOHﬂpI/ISOBaHHLIC MUIIICHU TOJIBKO YaCTUYHO COCTOSAT M3 MOJIIPHU30OBAHHBIX AA€p BOAOpPOJA, 00BIYHO KOJIMYECTBO
HCHOJIAPU30BAHHBIX IMMPOTOHOB B MUIIICHU, YMCHLIIAIOINX PCAJIbHOC 3HAYCHUC IMOJApU3alluU, B 7-10 pas OoJIblIe
qHucja MoJapu30BaHHbIX
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Onnoii u3 uenerr skcrepumenta CITACYHAPM sBnsercss ucciaeqoBaHWE CIHUHOBOM
CTPYKTYpPBI IPOTOHA U M3y4eHue GpyHKimi crupaibHocTd g(X) U TpaHcBepcanbHocTH h(X) yepes
U3MEPEHUS PA3NIUYHBIX OJHOCIHHHOBBIX U JBYXCIHHOBBIX 3((EKTOB B CTOIKHOBEHHSIX IBYX
anapoHoB. [Iporpamma 3KCHepUMEHTa BKJIIOYAET B ce0si KOMIUIEKCHOE W3YYCHHE MEXaHH3MOB
00pa3oBaHusl KBAPKOHUSI B CTOJKHOBEHHSIX HEMOJSPU30BAHHBIX U MOJIIPU30BAHHBIX aJPOHOB C
sHeprueir no S50 I»B, BkiIouas HMCHOJIB30BAaHHME IMydKa MOJSAPU30BAHHBIX AHTHU-TIIPOTOHOB.
B03MOXXHOCTh HWCIIONIB30BAaHUS PA3IMYHBIX THIIOB IIYYKOB I PETHCTPALlUHM  Pa3TMYHBIX
KBapKOHHUEB IMO3BOJISICT OINPEICIMTh BKJIAJI OCHOBHBIX KaHAJOB OOpa30BaHUs KBAPKOHHUS (CM.
Puc. 1.3).

Emte ogHuM BaKHBIM MOMEHTOM SIBJIICTCSI TO, YTO IMPH IHEPrusx yckopureias Y70 B
COOTBETCTBUH ¢ pacuetamu [18] ucciemoBanre 00pa30BaHUS YApPMOHHUS MPOUCXOAUT UMEHHO B
TOM 00J1aCTH, I/Ie MOXKHO OXKHJIATh BKJIAJ] IIFOOHHON KOMITOHEHTHI (cM. Puc. 1.4)

-0.4 -0.2 0.2 0.4

Puc. 1.4 CooTBercTBHE MEXy peajbHO N3MepsieMbIM 3HaUeHHEM NepeMeHHol DeifHMana Xg 1 T0IIMHU HUMITYJIbCa,
YHOCHMBIMH IapTOHAMH

CnoxHocTh U3MepeHUN 00pa3oBaHUS YapMOHMSI CBSi3aHa C JBYMS OCHOBHBIMHU
dakTopaMu — OIU30CTBIO 1O Macce OCHOBHBIX COCTOSHMM yic M Y2 M MajbIM CEUCHHEM.
[IpoBenenHoe MopenupoBaHue (usuueckux mporeccoB [16] mokazano BO3MOXKHOCTB
pa3zeneHus yka3aHHBIX cOCTOsiHMM (cM Puc. 1.5) mpu BBINOTHEHUM >KECTKUX TpeOOBaHUU K
HKCIEPUMEHTAIbHOM yCTAaHOBKM, a MMEHHO: €CIIM pa3pelleHHe TPEKOBOMl CHCTEMBbI COCTABHUT
Ap/p=0.004 mpu 10 I'>B/c, a sHepreTHUecKOe pa3pelIeHne IEKTPOMArHUTHOTO KaJTopUMeTpa
Gymer Haxomuthcs Ha ypoBHe 2.5%/AE. XapakTepUCTHKH M PACIOIOKEHHE JCTEKTOPOB
OTIPENIeISITUCh YKa3aHHBIMHU TPEOOBAHUSIMHU.
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Puc. 1.5 Paznenenue y; Me30HOB Ha yctanoBke CITACHAPM

Cnenyer OTMETUTH, YTO MOMHUMO MOJIPOOHO PACCMOTPEHHBIX HCCIIEIOBAaHUM BKJIaaa
KBapKOB W TJIOOHOB B CIHH IMPOTOHOB W AHTHIIPOTOHOB B POXICHUH KBAapPKOHHS, OYIyT
UCCIICIOBAThCSI OJMHOCIHHOBBIE A((EKTHl B POXKICHUM D3TUX K€ YaCTHUI[ HA TOMEPEYHO
MOJIIPU30BAaHHONW MHIIIEHU. XO0YEeTCsI OTMETUTh, YTO ATO OYAYT MEpBble M3MEPEHUSI CIIMHOBBIX
3¢ dexToB B 00pa3oBaHUN KBAPKOHHUS.

ONHOBPEMEHHO C M3MEPEHUSIMU CIHHOBBIX 3(PQPEKTOB OyaeT M3MEPEHO COOTHOILICHHE
BBIXOJIOB 1,72 Ha HAJEXKHOW CTATUCTHUKE C MHCIIOJIB30BAaHUEM IMHOHHBIX, HPOTOHHOIO U
AQHTUIIPOTOHHOTO MYYKOB, YTO TIIO3BOJIUT TPOBEPUTH HENABHO OOHApyKeHHBIH 3]dexr
MacitabHol nHBapuaHTHOCTH [3], oOHapyxenHbiit Ha BAK [4, 5].

Taxke OyzmeT mpeAnpHHsATA MOMBITKA W3MEPEHUs JBYXCHMHOBOM acummeTrpuu Any B
mpoiieccax 00pa3oBaHUs Tap ramMMma-kBaHTOB (mpouecc [penna-fHa) ¢ 1enbl0 MOTy4YeHUs
OLIeHKH mornepevyHocTH h1(X) KBapKOB B IPOTOHE.

3a 20 gueit HaGopa JaHHBIX HA MPOTOHHOM IMyYKE C MHTEHCHBHOCTBIO 10 ~107 p/muk
MOKHO 3aperucTpUpOBaTh HECKOJbKO MUJUIMOHOB COOBITHI pOXIEHUS @ —ME30Ha, TaKXKe
oxumaercs ~10.000 J/ ¥u ~1.000 yi1/y> Ha p- myuke. [Ipu 3TOM cratucTUueckue OMUOKU o(AN)
B 00pa3oBanuu J/ ¥ Oy1yT HECKOIBKO MPOLIEHTOB.

1.2  H3mepeHue 0HOCTIMHOBBIX MOMEPEYHBIX ACUMMETpU Ay aIpOHOB

OOBIYHO OCHOBHOW MOTHBAIIMEH MCCIEIOBAHUI C HCIOJIB30BAHHUEM MOJISPU30BAHHOM
MUILEHH JHUOO0 TMydyKa NEKIapUpyeTcss 3ajada W3y4deHHs CTPYKTypbl npoToHa. OjHaKo, Kak
MOKa3bIBaeT MOJICJIbHBIM aHAJIN3 3TUX MU3MEPEHMH, lIeHHast nHpopMalus, colepKalascs B HUX,
CBsi3aHA C JUHAMUKON CHJIBHOTO B3aUMOJICMCTBUS aJpOHOB U KBAapKOB B OOJIACTH AECUCTBUS
koH(paliHmenTa. CnuHOBble 3(PQeKThl Takke MOryT ObITh CBSI3aHBl C  TaKUMU
dbyHIaMEeHTaIbHBIMU [IpO0JIeMaMy, KaK CIIOHTAaHHOE HapyllleHue KHUpPaJbHOM CHUMMETpUH,
NOSBJICHHE MAacChl y KBapKOB U aJpOHOB, 00pa30BaHHUE B aJ[pOHaX KBa3MYacCTHUIl — COCTaBIISIO-
mux kBapkoB [19]. HMccnemoBaHuwe CHOUHOBOM CTPYKTYphl HYKJIOHA, PAcCMOTPEHHOW B
IpEIbIAYIIEM pa3liese, SBISETCS B TO K€ BpPEMs TOJBKO OJHOW M3 IieJiel 3KCIEpUMEHTa
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CITACYAPM. JIpyruM Ba)KHBIM HANpaBJICHUEM HCCIICIOBAHUMN SIBISETCS M3YYEHUE AUHAMHUKU
CUJIBHBIX B3aUMOJICHCTBUI C YYETOM CIIMHA.

Kak yxke Obuto oTmedeHo panee, Teopus BosmymieHuid KXJ[ mnpenckasbiBana
HEe3HAuuTeNbHbIe CNUHOBBIE 3¢ ¢dekThl, mopsaka 0.1%, BeIMHpaOIUe € POCTOM SHEPTHH
B3aUMOJICHCTBUIN U TMOMEPEYHOro umiryiabca [2]. OQHaKo, IKCIEPUMEHTAIBHBIE MUCCIICIOBAHHS
nokazanu, 49tro 3¢¢eKkTsl, Ha0loJaeMble B HMHKIIO3MBHBIX pEakIUsIX, HE YOBIBAlOT C
yBenuueHneM VS B Pr. DKCIEPUMEHTATBHO OOHAPYKCHHBIC MOIAPH3ALHs A-THIICPOHOB 1
OJIHOCTIMHOBAsA TONEpeYHas aCUMMETpPHUS B HMHKJIIO3UBHOM OOpa3oBaHMHM MHOHOB B 00JIACTH
dbparMeHTallMK TOJSPU30BAHHOTO MPOTOHHOIO IydyKa HMMEIOT OOJibIIMe U MNPaKTUYECKU
OJIMHAKOBbIE IO BEJIMYMHE 3HAYEHUS ACHMMETPUM U MOJISPU3alUU B IIMPOKOM JAMAINa30HE
sHeprum B naboparopuoii cucteme ot 20 1o 20 000 9B (sxBuBanent sueprun RHIC B cucreme
[IEHTpa Macc).

OI[HOI\/JI 13 OCHOBHBIX (1)I/IBI/II-IGCKI/IX Ha6J'IIOI[aCMI)IX ABJIACTCA IOIICpCUHad OJHOCIIMHOBAA

acummetpusi Ay, KOTOpass NpPONOpPLMOHAJIbHA PA3HOCTH CEUEHUN NpU IMPOTHUBOIOJIOKHBIX
T_gl

o g —0
HAIPAaBICHUSAX MOMEPEYHON MOJApHU3AMKM IMydyKa WIM MUIIeHH Ay = —Tool MM pasHOCTH
o 0 0 alTeft_Uright
ceueHuit nox yrmamu 90° (BmeBo) m - 90° (BmpaBo) Ay = —————, OTHOCHUTEIHHO
OlefttOright

HaNpaBlIeHUs BEKTOpa HoIApH3aluu mpoToHa. «ChIpas» OJHOCHMHOBas acummeTpus A0y

D (NT-NYH
P-cosp (N'+NY)'
rie P — nonspuszanus mydka MM MUIIEHH, COS@ — CPEAHUN KOCHHYC YIOJI MEXILY HOPMAbIO K

OIpeIENIACTCS CIAEAYIOIUM 00pa3oM depe3 HM3MepsieMble BenuuuHbl: AN =

IIOCKOCTH PACCESHHS ¥ HATPABICHHEM CITMHA IyuKa MM MUIIeHH . Bemuunua D HaspiBaeTcs
$aKTOpPOM pasOaBICHHsS B MOIAPH30BAHHON MuIICHH . HOPMUPOBAHHEIC HA WHCIO ITYYKOBBHIX
YacTHI[ BBIXOJbl HaOMOJaeMoro aapoHa h i modsSpU3aldk  MyYka WIA MHUIICHH,
HATIPABIICHHOH BBepX MiM BHH3, oOo3Hauensl kak N' u N' coorsercrBemmo. Cormacuo
kouBeHIUU [20], MOJIOXKUTENIbHON Ay CUHMTAeTCs B TOM Cllydae, €CIIM BJICBO JICTUT OOJbBIIE
azipoHOB h 115t mydKa ¢ moyisipu3aieii, HarpaBJIeHHOM BBerG.

Kak yxe oTMeueHO BBIIIE, SKCIIEPUMEHTAIHLHO W3MEPEHHBIC 3HAUCHHSI acUMMETpUH Ay
BEAyT ce0sl MPaKTHUECKH OJMHAKOBO B OOJIBIIIOM JMama3oHe SHepruil. B kayecTBe mpumepa Ha
Puc. 1.6 cpaBHMBarOTCS pe3ymbTaThl mo Ay s peakimii p'p— 7 +X, HoNydeHHBIE HpH
pa3IMYHBIX dHEprusx Ha yckoputemsix ZGS (s = 4.9 I3B) [21], AGS (\s = 6.55 T3B) [22],
FNAL (Vs = 19.43 I'3B) [23] u RHIC (\'s = 62.4 T'3B) [24]. Hpyrue pe3ynbTaThl IpeICTABICHbI
6osee moapoOHO B pasnene 6. O030p TaHHBIX U UX aHAJIW3 MOKHO HAaWTH Takke B padotax [25,
26, 27].

JlaHHBIA TIpUMEp NpPUBEIEH, NMPEXIe BCEro, JUIsl TOro, YToObl MOKa3aTh — Ha IEPBOE
MECTO B MOJSPHU3ALUOHHBIX HCCIEJOBAHMSIX YK€ BBIXOIUT HE DHEPrUs, a CUCTEMATHUECKOE
UCCIICIOBAaHME M aHAJIN3 JAHHBIX OOJIBIIOrO YKcia pa3iuuyHbIX peakuuil. Hayunas mpoOiema,

* [pu nomHO# (27) FEOMETPHH 110 A3UMYTATLHOMY YTy IPOBOIUTCS (DUTHPOBAHHE 110 COSQ

® ®axrop pasbasienus D ompenenseTcs Kak MONHOE YHCIO B3AUMOICHCTBHMH B MUIICHH, OTHECEHHOE K UHCIY
B3aUMO/ICHCTBUI Ha NOJISIPU30BaHHBIX IIpoToHax. [Ipu ucnonb3oBaHuy Mossipu3oBaHHOrO Iydka D=1,

® Jlns cpaBHEHMS OJHOCIHHOBEIX ACHMMETPHHA, MOTYYEHHBIX B M3MEPEHHAX C MONAPH30BAHHBIM IyukoM H Ay,
MOJIYYCHHBIX Ha MOJISIPU30BaHHOIM MUILEHH, HEOOXOJMMO M3MEHHUTH 3HaK Ay ISl H3MEPEHHUH Ha OJISIPU30BAHHON
MHIICHH.
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KOoTOpass ABJIACTCA LECJIBKO AJaHHOI'0O IIPOCKTa — HCCICAOBAHHWC AOWHAMHUKKW CIIMHOBOI'O
BSaHMOI[efICTBHH, B TOM YHUCJIC B MMPOLUECCC aHHUTHUIIAINU C UCIIOJIb30BAHUCM AHTU-IIPOTOHHOT'O
Iy4Ka, IIpU pOKACHUH NIMPOKOI0 Kiacca YaCTHIl, B TOM YHCJIC COACPKAIIMX S- U C-KBapPKH.

AN
o7
04L AT .§ 0.4L §§* 04L . * + 0.4L
0.2} o® 0.2} ¢ 02} oo 0.2f o?
% ’ .
o) S S I | S Ao Of---- ia ............ o----&i ............
~02} oo} % ~02} fa, 02} A
_0.4F ANL _04f BNL § _04} Fermilab 4 ‘{. _04LRHIC &
$=4.9 GeV YS=6.6 GeV 5=19.4 GeV $=62.4 GeV
-0.6L. -06L -0.6 -0.6L.

P PP PP B P EPEPE PR PR | FEFErE BT PEPETE APEPErE B FEFE RIS EPEPETE BPEPErE A
02 04 06 0'8XF 0.2 04 06 08 Xg 02 04 06 08 Xg 02 04 06 08 Xg

Puc. 1.6 Ay ans peakumii p'p—z* +X. Tannsie ZGS [21], AGS [22], FNAL [23], RHIC [24]. Kommusus
9KCIIEPUMEHTATIBHBIX TAHHBIX U3 yOukaiuu [28]

B npennaraempix Ha ycranoBke CITACUAPM wuccnenoBaHusix mpejiaraetcst oOpaTHTh
BHUMAaHUE, MPEXKJE BCEro, Ha JBa aCIeKTa:
— CpaBHeHHE MONAPHU3AUOHHBIX A(H()EKTOB TPH B3aUMOICHCTBUH YACTHUIl U aHTUYACTHI]
C BEIIECTBOM MPHU OJHON M TOM K€ PHEPTUM U B OJHOM U TOM K€ KMHEMATHYECKOM
obmnactH.
— HWccnenoBanue cnuHOBBIX 3(PGEKTOB s OOJBINOr0 Kiacca pPeakivii B IIMPOKOMN
KHHEMATHYECKOI 00IacTH.

1.2.1 WsmepeHue OJHOCIMHOBBIX J(P(PEKTOB € HUCHOIB30BAHUEM MOSIPU30BAHHOTO
My4YKa aHTUTIPOTOHOB.

ITpoext CITACYUAPM npencraBisieT YHUKaJIbHYH BO3MOYKHOCTb — MCCIIEOBATh
CHHMHOBBIE 3((EeKThl MPH B3aUMOCHCTBUN aHTU-BEILECTBA C BELIECTBOM U TE K€ CIHHOBBIE
3pdeKTsl MpH B3aUMOACWCTBUM BEIIECTBA C BEIIECTBOM M CPaBHUTh pe3yJabTaThl IO
OJIHOCIIMHOBOM AaCHMMETPUM POXKICHMSI Pa3IMYHBIX YaCTUL TPU OJUHAKOBBIX YCIIOBHUSAX
(oHeprus U KMHEeMaTH4ecKasi 00J1acTh PEaKLUH). .

C momeHTa OTKpbITHS aHTUMarepuu B 1930-x romax oHa Bcerja Oblia M OCTaeTcs
npeIMeToM OOJIbIION MPUBJIEKATEIBHOCTH, Mpexae Bcero s ¢u3ukoB u ¢uinocodos. s
(M3UKOB aHTUIIPOTOHBI PECTABISAIOT OCOOBIN HHTEPEC, TOCKOIBKY OHU SBJISIIOTCS MAapTHEPAMU
IPOTOHOB, KOTOpBIE SBIAIOTCA: a) €JUHCTBEHHBIMH a0COJIOTHO CTaOMJIBHBIMU aJpOHaMH,
OOMJIBHBIMU U 3P (PEKTUBHO «CBOOOTHBIMU» B OKpYXKAIOIIEM HAC MpeaMeToM; 0) 3apsKeHHBIMU
U, TakUM oOpa3oM, JIETKO MAaHUIYJIHPOBATH: YCKOPSAThb, CO3/1aBaTh HYYKH C H3BECTHBIMHU
XapaKTepHCTHKAMH M TOM I0Z0OHOE'. DTO O03HAYaeT, YTO AHTHIPOTOHBI MOTYT OBITh
UCIIOJIb30BAaHbl ISl M3Y4YEHHUsS Mpollecca aHHUTHIALMU U3 HeHTpaidbHO 3apspkeHHoro (C-
HEUTpPaJbHOTO) COCTOSHUS B IIMPOKUM CHEKTP KOHEUHBIX KBAaHTOBBIX cocTosiHUi. C
HETIOJISIPU30BAHHBIM MTPOTOHOM W AHTHUIIPOTOHOM HMCXOIHBIE COCTOSHUS Takke siBisitorcst CP-
HelTpanbHbiMu. Onnako CP-Hapyiienue B mpolrecce aHHUTHIIALUHM TOTEHLUAIBHO MOXKET
HapymuTh CP-HEHTpaIbHOCTh KOHEUHBIX COCTOSHUH. V3MepeHne Mospu3aliuy YacTHIl, TaKHX

’ EHI/IHCTBCHHLIMI/I ApYyrumMm 4actuliamu C HOHOGHLIMI/I CBOICTBAMU SIBJISIOTCS DJICKTPOHA (I/I HO3I/ITpOHI)I), HO OHH
HC Yy4aCTBYIOT B CWJIbHOM B3aPIMO,HeI>1CTBPIPI.
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KaK THUIEPOHBI, B KOHEYHBIX COCTOSHUSX MOXKET IMOMOdYb mpoBepuTh CP-He#TpambHOCTH
KOHEYHBIX COCTOSIHUM, T. €. coxpaneHune CP B pp-aHHUrHIISIINAY.

AHHUTHIISIIUS IEPBOHAYAIBHO IMOJSPU30BAHHBIX MTPOTOHOB U aHTHIIPOTOHOB HNPUHOCHT
HOBOE Ka4ecTBO B uccienoBanue. C Moasipu30BaHHBIM H, KaK IPABUIIO, HAYaJIbHBIM COCTOSIHUEM
6ouspiie He aBisiercs: CP-nelitpanbueiM. Ho, ¢ BO3MOXHOCTBIO M3MEHEHUS MOJSIPU3ANN 000UX
(p u p), MoxHO ckoHcTpyupoBaTh CP-compsbkeHHOe HavanbHOe coctosiHue. CpaBHEHUE
XapaKTEPUCTHK KOHEUHBIX COCTOSHUH, MPOUCXOMAMUX U3 IBYX CP-compsyKeHHBIX HaYadbHBIX
COCTOSIHUHM, MOTEHIIMAJIBHO MOXKET CIIY)KUTh JOKa3aTreiabcTBOM HapymeHus CP B mepBuyHOM
nporecce pp-aHHUTWIALUH. K coxaleHuro, OIHAKO, He3aBUCHMBbIM OT Mozenu Tect CP-
HapyIICHUs] HEBO3MOXKEH C JBYMS IMOJISIPU30BAHHBIMH IPOTOHHBIMH ITyYKAaMH TOJBKO ITOTOMY,
4T0 UcXonHoe cocTosinue CP-compspkeHHss mOTpeOyeT CTOJNKHOBEHHS ABYX MOJSIPU30BaHHBIX
AQHTHUIIPOTOHHBIX ITyYKOB, KOTOPBIE B HACTOSIIEE BPEMsI HEAOCTYITHBI.

B HacTosimmee BpeMs MpakTHYECKH JIOOBIE MOJSPU3ALMOHHBIE SKCIEPUMEHTAIHHBIE
JIaHHBIE JUISl PP-peakiuii NPeICTaBISAIOT OOJIBIION HHTEPEC XOTS ObI TOJIBKO MOTOMY, YTO TAKHX
JAaHHBIX OYEHb Majlo, a BO3MOYKHOCTb CPAaBHEHHS PE3YJIbTaTOB H3MEPEHUH C JAaHHBIMU Ha
NOJSAPU30BAaHHBIX MPOTOHAX IMpPH TEX K€ CaMbIX YCIOBUSX MPEACTaBIACTCS OYEHb
NepCHeKTUBHBIM. PaHee mMomoOHbIe HWCCIEIOBaHHMS Ha HHKIIO3MBHO OOpPA30BaHHBIX IHOHAX
HPOBOJIMIIMCH TOJBKO B 3Kcriepumente E704 nnst m-me3oHoB [29,30], B KOTOPBIX acHMMETPHSI
3apSDKCHHBIX TTHOHOB MCHSUIACH HA TIPOTHBOIONOXKHYIO, 4 ACHMMETPHS 7 -ME30HA OCTABAIACH
OJTHOTO 3HAaKa, YTO BIIOJHE OOBSACHSIETCS KBAPKOBBIM COCTABOM IOJIIPH30BAHHOTO HYKIIOHA U
KWHEMaTH4YeCKOil 007acThi0 M3MEpeHui (00sacTh (hparMeHTaLUH IMOJSPU30BAHHOTO ITY4YKa).
Pe3ynbraThl 3THX HccienoBaHui npuBeaeHs! Ha Puc. 1.7.
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Puc. 1.7 CneBa Ay B Pr-B3auMoieiicTBru B poxaeHun 3apsokeHHsX [30] n neitpanbubix [29] me3oHOB, cripaBa —
AHATOTWYHBIN Pe3yNbTaT ISl PP-B3anmMoeiicTeus [23, 29].

OkcnepumeHT CITACHAPM naet BO3MOKHOCTb HE TOJIBKO U3MEPUTH (CPaBHUTH) Ay IUIs
T-ME30HOB C JydYllled TOYHOCTHIO M B HIMPOKOM KHHEMAaTHYECKOM Juarna3oHe, HO U
CYIIECTBEHHO PacIIMPUTh Kilace peakuuid. OcoOblif MHTEpEC MPH UCCIeI0BAaHUN OJHOCITMHOBOU
ACUMMETpPUHU TPEACTABIAET POKICHUE YACTHUL, COCTOSALIMX M3 TKEIBIX KBApKOB, TO €CTh B
npolecce aHHUTWISAIMM, KOTJa BTOPUYHBIE YAaCTUIBI JOJDKHBI «3a0BITh» PO MOJISPU3ALUIO
UCXOAHBIX KBapKoB. C 3TOM TOYKM 3pEHUS BAXKHO M3YUUTh CIMHOBBIE CBOWCTBAa 4YacTHIL,
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COEpXKAITHX S U C-KBapku®. ECIH B PP-CTONKHOBEHHSX TPH HHU3KHX SHEPTHAX B 00Pa30BAHMH
$5- W cC-map JOMHHHUpPYET (J IpOIEcC, TO BaXHOW OCOOCHHOCTHIO aHTHUIIPOTOH-NPOTOHHBIX
pEeaKLMii SBIAETCSA IPSAMOM TOCTYII K ¢ -B3aUMOICHCTBUM.

HccnenoBanue J00bIX CIIMHOBBIX 3 QekToB B obOpazoBanuu ¢, 1(1520), /¥ u yl yo-
ME30HOB TI03BOJISIT MOJYYUTh COBEPIICHHO HOBYIO HMH(MOPMAIMIO O POJIM CIUHA B CHIBHOM
B3aUMO/ICHCTBUH, OJTHAKO CEYEHHUE ATHUX MIPOIIECCOB HEBEINKO.

Ha Puc. 1.8 moka3an pe3ynpTaT MOAEIMPOBAHMS PETHCTPAllMU =~ -THIIEPOHA U ¢-
Me3omHa’.

1500 F ) 0 s
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1250 B mﬂ MIE:‘E: oF &%(1020)
1000 gl —
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Puc. 1.8 Oxunmaempie MacCOBEIE CIIEKTPHI 00pa3oBaHust = — A 7 (cleBa) U ¢-Me30Ha (CIpaBa)

N3ydyenue Ha 0HON YCTAaHOBKE MHKJIIO3UBHOT'O POKICHHS (-ME30HA C MCIOJIb30BAaHUEM
AQHTUIPOTOHHOTO W MPOTOHHOTO  MOJIAPU30BAHHBIX IYYKOB IIOMHMMO  HCCIIE€I0BaHUMN
NOJIAPU3AUOHHBIX 3()()EKTOB MPEeIOCTaBUT MH(MOPMALMIO O MEXaHU3ME POKIEHUS CTPAaHHBIX
yactull. CieayeTr MoAuepKHyTh, YTO HEBO3MOYKHO IMOJIYYHUTh YHUCTHIM My4YOK aHTHUIPOTOHOB, B
COCTaBe ITydKa BCErJa NPUCYTCTBYET 3HAUMTENbHAs (pakius 7 -ME30HOB (BO MHOTO pa3
Oosble, YeM aHTHUNPOTOHOB). MccienoBaHUs B3aUMOJEHCTBUN C ydacTHEM 7 -ME30HOB JacT
JIOTIOJTHUTEbHYI0 HH(POPMAIIUIO O MEXaHU3ME POXKACHUS YaPMOHHMSI U CTPAHHBIX YaCTHIL.

JIpyruM HMHTEpPECHBIM MCCIENOBAaHUEM C UCIIOJIB30BAHUEM IOJISIPU30BAHHOTO AHTU-
MPOTOHHOTO MYYKa SBJISIETCS UCCIIEIOBAHHUE ABYX-CIIMHOBHIX 3(()EKTOB B POXKICHUH BEKTOPHBIX
ME30HOB, TJ€ CIeAyeT OXHUIaTh IMOJAaBICHUE CEYCHHUs O00pa30BaHUsS BEKTOPHBIX ME30HOB C
MPOTUBOIIOJIOKHBIMU 3HAYEHUS MOJISIPU3ALUN  B3aUMOJEHCTBYIOIIMX HYKIOHOB, TO €CTh
Oombiioe 3HadeHue Ar|. JIpyrumM BO3MOXXHBIM HaNpaBJICHHEM HCCIICTOBAHUM SIBISIETCS TTOHWCK
TJIIOOHHOM KOMITIOHEHTHI B JIETKHX JK30THYECKHX COCTOSHHAX. TakWe COCTOSHHSA HE HOKHEI
YyBCTBOBATh IONEPEUHbIC MOJSApU3alnoHHbIe 3(PdexThl (Ann), HO OBITh UYYBCTBUTENIBHBI K
MPOAOJIEHBIM ACUMMETPHUSIM.

COSIlaHI/IC NOJIAPU30BAHHOI'0 AHTU-IIPOTOHHOTO ITy4YKa TAaKXKC IIO3BOJJIUT IIPOBOAUTH
MNPCHU3UOHHBIC HUCCICAOBAHUA IO CIICKTPOCKOIIMKU C HCIIOJb30BAHHUCM IMAPIHUAIbBHO-BOJIHOBOT'O

8 b- u Tem Gonee t-KBapKM He JOCTYIIHEI B SKCIIEPUMEHTAX Ha ycKopuTene Y-70

9 .
OcCHOBHBIE Pe3yJIbTaThl MOJCITMPOBAHMSI, BKIIIOUAs MACCOBBIC CIIEKTPHI YaCTHIL IS pa3IMIHBIX PEaKIIUi 1 OI[eHKa
quciia COOBITHI MPUBEACHBI B

[punoxenue B. Pe3ynbTaTel MoaeMpoBaHus
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aHanu3a. B kadecTBe ammaparta A MPOBEACHUS TaKUX KCCICIOBAHUN TMpeIIaraeTcs

UCIIOJIb30BaTh METO/IbI, pa3BuBaeMble s skcnepumenta [TAHIA [31].

Eme omHMM WHTEpEeCHBIM HANpaBICHUEM WCCICIOBAHUN, TJE HEMOCPEICTBCHHO
CPaBHHBAIOTCS PE3yJbTaThl B3aUMOJICHCTBUS aHTUIIPOTOHOB C MPOTOHAMH, SBJISETCS M3yUeHUE
VIOPYTUX peakiuil. JlaHHas ommusl TakkKe MPeayCMOTpPEHa B IMpEAJIaracMoOM SKCIIEPUMEHTE, a
ONMHCaHWe TOMOOHBIX W3MEPEHHW TMpPHUBEACHO HIke B pazmene 2.3.1, MOCBAIICHHOM

MOJIIPUMCTPHU.

Ha ycranoBke CITACYHAPM BO3MOXHBI J1B€ MOJBI PabOTHI C MYYKOM aHTHIIPOTOHOB:
nepBas CTaAusl SKCIEPUMEHTA IPENIoyiaraeT HCIOJIb30BaHUE HENOJSIPU30BAHHOIO IydKa U
NOJIIPU30BAaHHOW MMILEHW, a BTOpas —

MOJISIPU30BAaHHBIM  ITydoK. Henossipu3oBaHHBIM

OTPHUIIATEIBHO 3aPSHKCHHBIN MMydoK uMeeT ciaenyromuii coctan: (r /K/p’): 97.9/1.8/0.3%.

WuTerpanbHasi CTaTUCTHKA JJIS TTOJIIPU30BAHHOTO aHTUIIPOTOHHOTO MyYKa ¢ 3Hepruei 34
I'»B u unrencusHocthio 80000 3a copoc 3a 30 nueit Habopa npencrasinena B Taom. 1.1 mis 11
peakiuii. OTMETHM, YTO MHOTHE M3 YaCTHII, MpEACTaBIeHHbIX HUke B Tabm. 1.5 mug ciydas
nyyka 7, HA QHTUIPOTOHHOM IMOJISIPU30BAHHOM ITyYKe Takke OyAyT HUMETh 3HAYUTEIbHYIO
cTaTucTUKy nopsanka Ney =108, JOCTATOYHYIO AJIsl U3MepeHus: Ay ¢ TOUHOCTBIO JAN = 2.5 Nev,
win 0.025%°. JUist mpoLeccoB ¢ BBICOKUM ypoBHEM (OHA CTATUCTHUECKAs TOUHOCTh OyJeT Ha
MOPS 0K xy)Kell. s xapaktepHoi cratuctuku Ney =10%s SKCIIEPUMEHTE C MOJSPU30BAHHON
MHIIEHBIO MOMydaeM TouHocTs Ay = 1.3x107,

Tabn. 1.1 Oxwumaemoe uncio codbituii Npy u otHomenue 3ddexra k dony S/B s MecsdHOro ceanca Ha
MOJIIPU30BAHHOM aHTHIIPOTOHHOM ITydKe ¢ sHeprueit 34 9B (3.6- 10° B3aumMoeiicTBHiA).

Ne | yactuna | Ngy S/B | Ne | vactuna Nev S/B

1| 2.1-10° 7 |n 1.6-10°

2 |m 2.6°10° 8 |1 1.4-10°

3 | K 1.7-10° 9 |[A-»pn" |2.1-10"]10

4 K 2.2:10° 10 |[A—>fn’ |[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 [1.010°] 10

Jlnst 6onee HU3KOM sHepruu 16 I'3B, npu KOTOPOii MIaHUpyeTCs HaUWHATh UCCIIEJOBAHUS
Ha TOJISIPU30BAaHHOM Iy4YKe, HHTEHCUBHOCTh jocTuraer makcumyma (1o 400000 3a copoc, a B
Clly4ae ONTHUMHU3ALMU KaHaja JJI1 aHTUIPOTOHHOIO IydkKa U 0 10° AQHTUIPOTOHOB 3a LIMKII
yekoputens, w0 10" aHTHDIPOTOHOB 3a CyTKW), a4 BBIXOABI YACTHI[ MEHSIOTCS
HEe3HayuTeNnbHOo. TakuM o0pa3oMm, JUIisl aHTUIIPOTOHHOTO Iy4yka ¢ 3Heprueit 16 ['3B xonnyectBo
peakiuii, B KOTOPbIX BO3MOKHO MOJy4YEHHE BBICOKOTOYHBIX JAHHBIX, ¢ 0AN < 2%, cTaHOBUTCS
3HAYNUTEIIBHBIM.

10 Ipu Hammuuy GoHa u3MepseMas OJHOCIMHOBas acuMmeTpus ATy cBf3aHa ¢ acCHMMETPUAMY curHana Ay U
dona APy cremyrommm o6pazom: A"y = Ay(1-B/Ngy) + APy (B/Ngy), e B — urciio GOHOBBIX COGBITHIT IO/ TTHKOM
pesonanca, a Ngy — mostHoe umciio cobpiTuii. Kak mokasanu ucciie1oBaHus, acCHMMeTpHs (pOHA BHE MUKa ajgpoHa h
omu3ka x Hyro [10], 9To u mpeAmnonaraeTcs nanee Mpy OIIEHKEe TOYHOCTH U3MEPEHHI CUTHAIA 0Ay.

Y TounocTs M3MeEpEeHHIl OIHOCTIMHOBOI aCHMMETPHH Ay IS MaIbIX 3HAYCHHIA Ay ompeaensercs GopMyIoit

0Ay = DI[(1-B/Ngy)Pcosp\Ngy ]. Tlpu muskom yposae dona B daxrop (1-B)/Ngy = 1, a amst Bhicokoro yposHs pona
nopsizika 0.1. B GoNbIIMHCTBE ClTy4acB B JAaHHOM AOKYMEHTE [UTSl OLICHOK TOYHOCTH, MBI IIPEIIOIaraeM, 4To s
nossipu3oBaHHoro mmyyka P = 0.4, nst nonspuzoBanHoi mutienu P = 0.75, a coso =1.
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1.2.2 Wsmepenue Ay C HCTIOJIb30BaHUEM HHTEHCHBHOTO MMPOTOHHOTO MTyYKa

HNHTepec K  M3MEPEHHIO  MOJSAPU3AMMOHHBIX  3(P(HEKTOB ¢  HCIOJIb30BaHHEM
MOJISIPU30BAaHHOTO TPOTOHHOTO My4YKa OOBSICHACTCS MHOTUMHU (baKTopaMnlz:

— CpaBHUTENbHBIE HM3MEPEHMSI C AHTUIPOTOHAMHU (CMOTPU HPEIbIAYILUNA pa3zaen)
MO3BOJISIIOT TIOHATH PA3HUILY CIHUHOBBIX A(PPEKTOB B CHIHBHOM B3aUMOJCHCTBUHU
MEK]1y BEILIECTBOM U aHTUBELIECTBOM.

— Jlocturaemass HHTEHCHUBHOCTh MOJISIPU30BAHHOTO IIy4Ka IIPOTOHOB MPEBBIIIAET
MHTEHCUBHOCTh AHTUIPOTOHHOIO TMy4YyKa B JIECATKHU pa313, COOTBETCTBEHHO,
3HAYUTEIBLHO pACIIUPAETCS KUHEMaTHYECKUMH JMama30H M COCTaB HUCCIETYEMBbIX
peakumii. Ilpy 5TOM  BO3MOXHO  pa3leiuTh 3aBUCUMOCTh  3(D(PEKTOB  OT
KHHEMATHYCCKUX TMapaMeTpPOB, YTO HEOOXOAMMO IS TUCKPUMHHAIIMH MOJIEICH, W
HEJIOCTYIHO JJISI CYIIECTBYIOIIMNX 3KCIIEPUMEHTOB.

— MHccnenoBanusi MOXKHO MPOBOJAUTH B obmacTu »Heprum nyuyka 10-45 @B, To ecthb
MPOBECTH UCCIIECAOBAHNUE 3aBUCUMOCTH OT SHEPIUHU B CUCTEME IIEHTpa Macc.

— Eme no mpoBeneHus u3MepeHUN Ha OCHOBE CYIIECTBYIOUIMX JAHHBIX MOXHO OBITH
YBEPEHHBIMH, UYTO B O0JacTu (parMeHTaluu MOJSPU30BAHHOTO Mydka 3((eKTs
OyIyT 3HAYUTENbHBIMH, TAKUM 00pa3oM, OyJIeT HOCTUTHYTA BBICOKAas OTHOCHTENIbHAs
TOYHOCTbH U3MEPEHHUI.

- By,I[YT IMPOBOAUTHCA UCCIICAOBAHUSA C PA3JIMYHBIMHA AJACPHBIMU MUIICHAMM.

[locnegnuii TyHKT MpenCTaBiIsieTCs OCOOEHHO MHTEPECHBIM B CBETE pe3yJbTaTOB
skcniepumenta GEHUKC, oOHapyxuBIIEro M3MEHEHHE 3HAaKa acCUMMETPUU HEHUTPOHOB MpuU
nepexojiec OT MPOTOHOB K 30J70Ty [32]. DTu nmaHHBbIe W TpeacKa3aHHs CHIBHOW 3aBUCHMOCTH
aCUMMETpPUHU HYKJIOHOB OT fJpa B paMKax MOJEIN XPOMOMATrHUTHOW IOJISIPU3ALIAA KBAapKOB
(XTIK) [27, 33] moka3anbl Huxe Ha Puc. 1.9.

AN
0.4
CPQ model, Pr=0.108 GeV/c, X;=0.54, s =200 GeV
@ PHENIX Data (inclusive)
A PHENIX Data (BBC-veto) |/
02 [ W PHENIX Data (BBC-tag) +
..
0.2
J
0.4 ' '

1 10 10

Puc. 1.9 3aBucumocts A(A) mist peakiun p'A— n+X B sxcnepumente PHENIX [29].

2 B ranHoM pasjerne He pacCMaTPHBAETCS MOAPOOHO UCCIIEIOBAHMS YAPMOHHS, OIHCAHHSe B pazaene 1.1,
¥ Pacuer XapakTepHCTHK OJIAPH30BAHHEIX [IY4KOB IPUBEICH B pasaene 2.1
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Habmromaemast acuMMeTpust B Py CTOJIKHOBEHUSIX cocTasisier -8%, B PyAl coymapenusx
yYMEHbIIAETCs 1Mo BeauyuHe 10 -1.5%, Torzna kak npu nepexone PrAU CTOINKHOBEHHMSAM MEHSET
3HaK 1 gocturaet +18%. 3aBucumocts An(A) Habmomaercs u s K'- u ' -me3on08 [34].

B 10 xe Bpemsa mnocnenHue pesyibTarhl dkcnepumeHta CTAP no u3mepenuro
3aBHCHMOCTH ACHMMETPUH HHKIIO3HBHOTO POXKICHHS T -ME30HOB OT aTOMHOTO BECA MUIICHH
IIOKa3bIBAIOT OJIMHAKOBOE ITOBEACHNUE ACHMMETPHU B Pyp- U PrAu-B3aummopeiicTusx [35]. Tem
MHTEpECHEe MPOBEPUTH 3aBHUCUMOCTH MOJSPHU3AIMOHHBIX 3()(PEeKTOB B 00pa3oBaHUU pPa3HBIX
YacTHIl U PE30HAHCOB OT HOMEpa siIpa.

Crnenyetr oTMeTHUTh, 4TO B pamkax Monenn XIIK 3aBucumMocTs 1 BO3MOXKHOE U3MEHEHUE
3HaKa MPEACKa3bIBAIOCH emie A0 pe3ynbraroB skcnepumenta GEHUKC. Ha Puc. 1.10
MOKa3aHbl pacyeThl B paMKax MJaHHOW MOJENH JUId Jpyro peakuuu (¢ oOpa3oBaHUEM
IPOTOHOB), TJI€ TAKIKE 0XKUIACTCS CHIIbHAS 3aBUCUMOCTh OT aTOMHOTO Beca A sijjpa MUILICHH.

0.1 . ]
<tz pA—=pX ® x. =020 <‘1Z o1 ?+ Ph=pX O Py =2 Gevie
Vs =8.77 GeV ® p,=1GeV/c
L) py=1GeVic O X, =0.536 .OO o
0.05 | 005 2 AR
¢ 3 % <}
: o} [ ]
. ‘ Q@ 5 0
0 0 @< o559 4
L] ®
"\ Vs =8.77 GeV
0050 % -0.05 - /
*o 000000 609 "o.."”" ‘e ol
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A

Puc. 1.10 INpencka3anns Ay B paMKax MOJEIH XpOMOMAarHHTHOM MOJIAPHU3ALMH KBAPKOB

MHorooOpa3ue peakiuif, KOTOpPbIE MOXHO HCCIEIOBaTh C  HCIOJIb30BaHHEM
HOJISIPU30BAaHHOIO IMPOTOHHOIO IyYKa MOXHO MpPEICTaBUTh XOTA Obl MO pe3yibTaTtam
MoaenupoBaHus — B Ta0n. 1.2 mpuBeneHa okujaemasi CTaTUCTHKA B HEKOTOPBIX pEaKIUsIX 3a
OJIMH MECSI] U3MEPEHMH C MOJIIPU30BAHHBIM IPOTOHHBIM ITyYKOM IpH 3Hepruu 45 I'3B.

J1Jis OLIEHKH 0XKHJIaeMOTO YHUCJIa COOBITHI MCIONB30BaINCh reHepaTop dactull PYTHIA
6.2 [36], ¢ ydeToM reoMeTpuu U pa3pelieHus] yCTaHOBKH, MarHUTHOTO TOJIsI, U 0TOOpa COOBITHIA
[0 TpUrrepy Ha OoJbIIMe 3HAUYEeHUS Xp. B KauecTBe MHIIEHM B pacueTax HCHOJIb30Bajach
OPOTOHHAsE MUIIEHb. [IpH MCIONB30BaHUM SIIEPHBIX (2 HE BOJOPOJHON) MHILEHEH CTaTHCTHUKA
Oyzet OoJblIe, MOCKOIBKY CEYCHHUE IS TIPOIIECCOB ¢ OOBIUMU TTONIEPEYHBIMHA UMITYJIBCAMHA P
nmeer A-3aBrcumocts Buna A“PY, re a(pr)>1 [37].

Craructrueckas TOUHOCTh U3MEPEHHH Ay JIJIST TIOJISIPU30BAHHOTO MTyYKa COCTABUT 0AN =
2.5/[(1-B/NEV)\/NEV], WIN B QHAIa30HE OT 3.2:10° JUISL T. ME30HOB JI0 3-107 s peakun pr
—K (892) +X. MHOIHe 9YaCTHIIBI MOXHO OyJIET PErHCTPHPOBATH 10 HECKONBKHM KaHATAM
pacnana. Takoit 06beM JaHHBIX JAaeT BO3MOXKHOCTH PACHpeieiUTh CTATUCTHKY MO OOJIBIIOMY
YUCTY SIYEEK C LENbI0O HCCICAOBAHUS 3aBHUCUMOCTH Ay OT Pt M Xg, IPU 3TOM Ha MOPSAIOK
YBEIMYUTCS CTaTUCTUYECKasi HEONpEAEICHHOCTh, HO U B 3TOM ciydae OHa Oyzaer Oosee dyeMm
JIOCTAaTOYHOM [l aHA/IN3a aHHBIX.
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Ha Puc. 1.11 B kadecTBe mpumepa MPUBEACH MACCOBBIM CIEKTP PEAKIMH POXKIACHHS
w(782)— vy 7° 3a OMH 4ac paboThl yCKOpUTEINS U cOpoce 10° POTOHOB/IIUKJI.

Ta6n. 1.2 Oxumaemoe aucio cobsrtuii Ngy 1 oTHOIIEHHE 3dderTa k poHy S/B mis MecsIHOTO ceanca Ha
npotorroM myuke (6-10'° B3amMoneiicTBHif)

Ne | yactuna Nev S/B | Ne | vactuna Nev S/B
1 |a 6.1-10° 17 | p*(770)> " n° | 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'w n° | 3.0-10" | 1.4
6 |p 2.3-10° 22 | K7(892)—» K'n° |3.4:10" | 0.29
7 |n 3.5:10° 23 | K7 (892)» K n° |9.7-10°]0.71
8 | 2.5-10° 24 | @(782)— y 1° 7.8:10° | 2.5
9 | a—yy 2510191 [25|A—>pm 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| 2> An 35:10°[10 [28 |2 > Ax' 1.0-10° | 17
13| Ks—n'n 6.7-10°1 09 [29[2°— Ay 3.5-10"| 0.25
14 | p°(770)> 7" nw | 3.6:10°|0.37 | 30 | =°(1385)—> A n° [ 9.8-10" | 0.77
15 | K"(892)» K7 [ 5.8:10" | 0.77 | 31 | (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 cebOe uccieoBaHHE TAaKOro KOJIWYECTBA PpEaKUUN SBISETCS YHUKAJIbHBIM,
0COOEHHO C Yy4E€TOM OKHJaeMON TOUHOCTH u3MepeHuid. Bosmoxnoctu ycranosku CITACHAPM
MO3BOJISIT HCCIIENOBaTh 3aBUCHUMOCTh CHHHOBBIX 3()()EKTOB OT TaKMX IEPEeMEHHBIX, Kak
morepedHslii UMIynbc (Pr), TepeMenHas MeifHMaHa (Xg), SHEPrHs peakimH \S B C.ILM.,
aTOMHBIN Bec MUIIEHU Ay UK Ty4yka Aj, MHOKECTBEHHOCTb BTOPUYHBIX 3apsKEHHBIX YacTHUI] B
coobitum (Nen), a Taxke neHtpanbHocTh (C1) coynapeHus MydKoBOM yacTUIbl ¢ siipoM. J[Be
HOCJIEeTHIE BO3MOKHOCTH MOTYT OBITh peaM30BaHbl Ojarojaps MCIOJIb30BAHUIO T'OJOCKONOB
MHOXECTBEHHOCTH M BPEMEHH TIPOJIETA.

) TR
150 B 020288201
100 |
50 W'f 'MM |
" . . Mot
0.4 0.6 0.8 1

moss Gomma + pi0, GeV, omega(782)

Puc. 1.11 DddexrnBHas Macca IPOAYKTOB pachaia B mpoueccax Tuma pp— o(782)+X, rae o(782)— y ni°

1 Pacdersl BHIXOJOB YACTHIl MONYYCHB Ul TPHITEPA HA B3AMMOLCHCTBHE B MMIICHH M, JIONOJHHUTEIBHO,
TpeGOBaHUA cpadaTHIBAHKS AJAPOHHOIO M DJIEKTPOMATHUTHOTO KAIOPUMETPOB IS MOAABIECHH COOBITHH C MaJIBLIMU
PrH Xr.
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N3mepenne MHOXECTBEHHOCTH aJpPOHOB JaeT JOIOJHUTEIbHYI0 HWH(POPMAIUIO O
JUHAMHUKE CUJIBHBIX B3aUMOJICHCTBUN. MHOXECTBEHHOCTh 3apSKCHHBIX aJ[pOHOB XapaKTEPH3yeT
TEMIEPATypy H IJIOTHOCTh COCTOSIHUS, OOpa3yromierocs B MOMEHT B3aUMOJICHCTBUS, a TaKkKe
IpoIecc aApoHU3aluu U KoH(paiiHMeHTa KBapkoB. llepBbie m3mepeHus Ay Ui 3apsDKEHHBIX
nuoHoB B okcnepumentre BRAHMS na xkommaiimepe RHIC (BNL, CIIA) mnoka3anmu
3HAYUTEIbHYIO 3aBUCHMOCTh ACHMMETPHUH OT MHOYKECTBEHHOCTH dYacTHI[ B coObiTuu [38].
HccnenoBanue Koppessiiiuu CIMHOBBIX HaOmogaeMbiX (An, PN, pmm’s DNn) 1 MHOKECTBEHHOCTH
Nch OTKpBIBa€T HOBBIE BO3MOXHOCTH M3YyUYEHHS] MEXaHU3Ma MPOUCXOKICHUS MOJISPU3ALMOHHBIX
SIBJICHUH.

Jis MHOTHX peakmmii ¢ oOpa3oBaHMeM OaprOHOB M aHTUOAPUOHOB B KOHEYHOM
COCTOSTHUM Ba)KHO MMETh BO3MOXXHOCTh PETHUCTPALMU HEUTPOHOB. [ 3TOrO ycraHoBka Oyner
OCHAII[EHA aJJPOHHBIM KaJOPUMETPOM, KOTOPBIA TaKKe BAXKEH JIJIsl OpraHu3anud 3PPEeKTHBHOTO
TpUrrepa u perucrpauuu Heiirporos u KL Me30HOB.

B Tab6n. 1.3 moka3aHa cTaTUCTHKA (BO3MOXKHOCTh PETUCTPAIIUN THIIEPOHOB).

Tabn. 1.3 Oxwumaemoe umcino cobbitnit Npy pOXICHHS THIEPOHOB M OTHOIIeHHE 3(hdekra k ¢ony S/B mms
MECSYHOI'O CEaHCa Ha IIPOTOHHOM ITydKe (6-1010 B3aMMOJICHCTBUI) IPU TPUITEPE TOJBKO Ha B3aUMOJEICTBUE B
MHIICHU

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
> onan (261080039 [T —>danx |44-10°]0.06
Y —>nr |1510°/003[10 | >dax" |6.0-10°]0.14
A" —pn[2310°033[11 | A —>pn |2.3:10"]0.20
ZE—>An 991010012 |E > Ax" [2.810°] 17

OO IWIN|F

PasHuma B cratuctuke no cpaBHeHHIO ¢ Tabn. 1.2 0OBsSCHITCS UCTIONB30BAHUEM PA3HOTO
Tpurrepa (Ipu PErucTpalvy THMIIEPOHOB HCIHOJB3YETCSl TOJBKO TPUITEP Ha B3aMMOJCHCTBHE).
CrarucTuyeckasi TOYHOCTh M3MepeHHil AN COCTaBUT JAN = 2.5/[(1-B/NEV)\/NEV]. Ona Oymer
HAXOJUThCS B amMamasone or 2-10™ s oOpazoBaHusl = THUIIEpPOHA [0 2:10? s b
aHTUrunepona. PasOuenue Bceit cratuctuku no 10 sdeiikam (10 Pt MEPEMEHHBIM HIH Xg),
YBEIMUMT CTATHCTHYECKHE OMMOKM B KaIOM OMHE 10 ypoBHs 6-107 s o6pasoBamms =~
TUIIEpOHa U 6- 107 s > AQHTUTUIIEPOHA.

1.3  H3mepeHue NONEpEYHbBIX MOJIIPU3AUi Py THIIEPOHOB M aHTUTUIICPOHOB

OxcnepumeHT CIIACYUAPM craHeT mepBBIM JKCIIEPUMEHTOM, B KOTOpPOM Oyner
BO3MOXXHOCTh OJHOBpeMeHHbIX m3Mepenuidi Ay u Pyn. CpaBrHenme Ay u Py Ui rumepoHoB
(aHTUTUTIEPOHOB)  OTKPBIBAECT  JIOTOJHUTENbHBIE  BO3MOXXHOCTH  JUis  BbIOOpa  (WUH
JTUCKPUMHUHAIINN ) KOHKPETHON MOJIENIN TeHEepaIluy 3HAaYUTEIbHBIX Ay 1 Py.

N3mepenue nmomsipu3aiuy TUIIEPOHOB BO3MOXKHO Oyiarojapsi Haau4duioo ciaboro pacnaja,
MPOUCXOMSAIIETO C HApyIIEHHEM MPOCTPAHCTBEHHOM ueTHOCTH. Tak, B cinydae pacnaga /-
TUTIEPOHA U3 COCTOSIHUSI C TIoJisApu3anueil P, Ha 7 -ME30H U MPOTOH, 3aBUCUMOCTh BEPOSITHOCTH
BBIJIETa IIPOTOHA MO/ YIJIOM 0p K HAaIIPaBJIEHHIO BEKTOPA MOJISAPU3ALNHU TUIIEpoHa P nmeeT BUL:

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

30



rje €p — €AMHUYHBIA BEKTOP B HAIpaBJICHUM IBHKCHUS INPOTOHA B CHCTEME MOKOS TMIEPOHA.
Bekrop P nHampaBiieH, B CHIy COXpaHEHHS YETHOCTH B CHJIBHBIX B3aUMOJICHCTBHUSX, BIOJb
BEKTOpa HOpPMald N K IUIOCKOCTH pPACCESHHSA, ONpEACTsIeMON HamlpaBICHUEM HUMITYIIbCA
HaJICTaroIero 0apuoHa P, U UMIyJIbca oOpasyromierocs runepora Pe: N = (Pa X Pe)/| Pa X Pe |-
[Tapamerp acummerpuu a = 0.642 = 0.013 HapymrarIero 4eTHOCTh ¢1aboro pacnaja, sBIsSeTCs
Mepoii HHTephEPEHIIMU MEX/TY S M P BOJTHAMH B KOHEYHOM coctosiHuu [39].

[lonepeunsie mnonspuzauuu Py THOEPOHOB W AHTUTHUIEPOHOB MOTYT HU3MEPSATHCS Ha
J000M U3 IMYYKOB, PACCMOTPEHHBIX BBINIE, HEMOJIAPU30BAHHBIX U TOJSPU30BAHHBIX. B
MOCIIEAHEM cllydyae HeoOXoauMo OyAeT ycpenHATh Py mo nBym momspuzanusiM. MoOXHO Taxke
OyZeT HCIOJIb30BaTh HEMOJSPU30BAHHYIO YacTh Iydka, KoTopas OyaeT MpHCYTCTBOBATb M
U3MepAThCs mpu  pabore cucremMbl MeueHus nydka [40]. Osxkumaemas CcTaTUCTHKA TIO
COOTBETCTBYIOIIUM PEAKIUSAM HWMEETCSI B TPHUBEICHHBIX BhImIe Tabmunax. Jlis orneHku
CTaTUCTHYECKOW TOYHOCTHM H3MEpEHHUsi Py THIEpOHOB MOXHO  BOCIIOJIB30BAThCS OJHON W3
dopmyn onpenenenus nonspuzanuu: Pn=2/a(Up—Down)/(Up+Down), toae Up u Down
0003HaYalOT MHTETpajibl IOMPABICHHOTO Ha A(PQEKTUBHOCTH YIIIOBOTO paclpelieNieHus: B
obuactu nonoxkurensHeix (Up) u orpunarensHeix (Down) 3Hadenuil kocunyca yria 0y, MEX1y
HOpMaJIbl0 K IJIOCKOCTH pAacCesHUS U HampaBlIeHHEM BbUJIETa MPOTOHA B CHCTEME IOKOS
runepona [41]. Cratuctudeckas TOYHOCTh HM3MEpeHHs Py THIIEpoHOB, Mo aHajoruu C JAy,
omnpenensercs svipadicenuem 0Py = 2/[(1-B/ NEV)a\/ Nev], rae Ney = Up+Down = S+B — nosisHoe
YHCIIO0 COOBITHI C THUIIEPOHOM B KOHEYHOM COCTOSTHUH, B — unciio poHOBBIX COOBITHI 11O TUKOM
Macchbl PEKOHCTPYHMPOBAHHOTO rumnepoHa. Ilapamerp o uis OONBIIMHCTBA THIIEPOHOB HMEET
3HAYUTENbHYIO BeIMUYMHYy, mopsiaka 0.5, 49TO TMO3BOJSIET MOJYYUTH BBICOKYIO TOYHOCTH
u3MepeHuit Py .

B skcnepumente CITACHAPM BO3MOXHO H3MEpEHHE MOJISAPU3ALMM HE TOJBKO /-
TUIEPOHA, HO M JPYIMX TUIEPOHOB W AHTUTHIIEPOHOB, IOCKOJBKY OOJbIas HUX 4YacTb
pacnajaercss 10 CHEKTPOMETPUYECKOTO MarHuTa, M MPOAYKTHl pacmaja MOryT ObITh
3apPErUCTPUPOBAHBI TPEKOBOW CHCTEMOM.

B Ta6n. 1.4 npencraBieHbl 3HAUCHUs TApaMETPOB paciiajia TUIIEPOHOB, o0 U CT, TJAE T —
BpeMsl ’KH3HHU, C — CKOPOCTh CBETA, a TAK)XKE CPEHEE pACCTOSIHUE MpOJIeTa TUIepoHa A0 pacnaja
npu dHepruu runepona 10 B, L [39].

Tab6n. 1.4 CaolicTBa pacnaja r'MIIepOHOB

Mopna pacniaga | Kapkossiii | BR % a CT, CM L, cm
COCTaB
Y opnd uus 51.57+0.30 | -0.980+0.016 | 2.404 20.21
T oan uus 48.31+0.30 | 0.068+0.013 | 2.404 20.21
Y o>nw dds 99.848+0.005 | -0.068+0.008 | 4.434 37.03
U 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
ES5AT uss 99.524+0.012 | -0.406+0.013 | 8.71 66.2
EoAT dss 99.887+0.035 | -0.458+0.012 | 4.91 37.1
O >5AK $S5 67.8+0.7 0.0180:£0.0024 | 2.461 14.71
SET ssS 23.6+0.7 0.090+0.14 2.461 14.71
Q—->=n sss 8.6+0.4 0.050+0.21 2.461 14.71
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[TockonbKy paccTosilHHE OT [EHTpa MHUIICHH 10 TOCIEAHEeH KaMmepbl Iepen
CHEKTPOMETPHYECKUM MAaTHUTOM COCTABJISIET TIOYTH 3 M, TO OOJBIIMHCTBO PACIIA 0B THIIEPOHOB
OyIeT MPOUCXOANTh B OCHAIIICHHON TPEKOBBIMHU JIETCKTOPAMU 00JaCTH YCTAaHOBKH U MapaMeTphl
TPEKOB TPOAYKTOB pacmaja TUNEPOHOB MOTYT OBbITh m3MepeHbl. C y4eToM CTaTUCTUKU
runeponoB (Tabm. 1.1-Tab6n. 1.3) u mapamerpoB pacmama (Tabm. 1.4) cratuctuyeckas
TOYHOCTb JIsi OONBIIMHCTBA peakiuii oyaer He xyxke 0.5%, a mia peaknun Kp— 2 X onHa
cocTaBuT 8%.

Ha Puc. 1.12 npencraBieHbl npencka3anus MOJISPU3alUUd aHTH-TIIMO1a TUIIEPOHOB B PA-
B3aUMOJICHCTBUHU B paMKax MOJICIIH XPOMOMArHUTHO#H MOJSIpU3aIiii KBapkoB [25-27].

OxcnepumeHT CITACUHAPM mno3BojsieT MpoBEeCTH H3MEpPEHUE MNapaMeTpoB Mepenadu
cnuHa (mapamerpoB Bondenmreitna) B peakuun py+p—/;,+X. Brepele npenoctaBiseTcs
BO3MOXKHOCTb U3MEPHUTH B 3TOM PEAKIMH Cpa3y IATh NapaMeTPOB Mepeaadn CuHa, a UMeHHO D,
R, A, R u A’, rane D — momnst KOMIIOHEHTHI HOPMAaJbHOM MOJSPU3ALUU ITy4Ka IMepeIaHHON
HOpMaJIbHOW KOMIIOHEHTE mossipuzanmu A, R — monst monepeyHol KOMIIOHEHTHI MOJSIpU3alnn
My4yka, TeperaBaeMas IONEPEeYyHOW KOMIIOHEHTe moysgpuszauud A, A — 101 TpoaoIbHON
MOJSIPU3ALMN TyYKa, IepejaBaeMasi MOMepedHoil KOMIOHeHTe momspmsampd A, R — jgoms
NONIEPEYHON KOMIIOHEHTHI MOJISIpU3alluK Iy4Ka, IepelaBaeMas IpOAOIbHOW KOMIIOHEHTE
noysipu3amuu A u A — noms IIPOJIOJIBHOW NOJIApU3alMKU IIy4Ka, NepefaHHas MPOAOJIbHON
KOMITOHEHTE Tomsipu3amin A™.

Z 0.4 Z, 04 ~
=} =¥ Vs = 6.98 GeV PA = AX
03 "o . L L ) . 03 P * e ® p+Se, x,=0.30
/ . ® ;
021 o+ ot 0.2 |
L) .O' PA - AX L
0.1 pp=1GeVic 0.1 | ®
[ ]
0 0
) O'OO Q- o- o QI ®
01 -0.1 o A
i o o x,=030 5 L
02 P O Xp=0.55 0.2 Qg0 -mO ° 5 p+Na, x, = 0.55
_0-3 1 1 1 L 1 -0.3 | | |
0 50 100 150 200 0 1 2 3 4
A Py, GeVie

Puc. 1.12 Ipescka3anusi MoJsipU3aliy aHTH-JIIMO/Ia TUIIEPOHOB B PA-B3aMOJICHCTBIY B paMKax MOJIEIIH
XPOMOMArHUTHOM MOJISpU3aluU KBApKOB

14 I/ISMepeHI/Ie 9JICMCHTOB MATPHIIbI INIOTHOCTH pjk BEKTOPHBIX MEC30HOB

Kak u B cjIydya€ THIICPOHOB, HJIA BCKTOPHBIX MC30HOB MOXHO U3MEPUTH U CPAaBHHUTH
BBICTPOCHHOCTb H AN. JIeMEHTEI MaTpulbl IINIOTHOCTHU pPjk BEKTOPHBIX MC30HOB MOTYT
HU3MCPATBCA  Ha mo0oM  H3 IMy4YKOB, PpaCCMOTPCHHBIX BbINIC, HCIOJAPU30BAHHBIX U
MMOJIIPU30BAHHBIX. Eciu OJHOCIIMHOBBIC 3(I)(I)CKTBI CBsA3aHbl C HOHHpHBaHHCﬁ KBAapKOB H

—__ > - - 7
1> Bri6pana ciemyromas cuctema koopaunat i=piX By | i | | | - nopmansmas xomnonenra, ki=py/ | pi | -
IPOJOJILHAS KOMIIOHEHTa, =71 X k; momepednas 60KoBas KOMIOHEHTA, I€ Pi- HIMITYJIbC HOJIPU30BAHHOIO My4Ka, a
D~ IMITYJIbC A —TUNEpOHa.
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AHTHKBApKOB JIO TMpollecca WX aJAPOHU3AIMHM, TO Mbl JIOJDKHBI HAOIOJaTh HE TOJIBKO
HOJISIPU3AIIMI0 TUIICPOHOB, HO W TOJISIPU3AIMI0 BEKTOPHBIX ME30HOB [42]. BhICTpOCHHOCTH
BEKTOPHBIX M€30HOB (V) ONMCHIBAETCS 3IEMEHTAMU pPm m’ CHMHOBOM MATPUIBl INIOTHOCTH p, T1IE
M 1 M’ 0003HAYAIOT CIIMHOBBIC KOMIIOHEHTHI BOJIb OCH KBAHTOBAHHUSI.

JlnaroHaJIbHbIC 3JICMEHTBI P11, Poo U P-1-1 JJIS MATPHUIIBI C CIUHHUYHBIM CJICIOM SIBJISTFOTCS
OTHOCHUTEJIbHBIMA WHTCHCUBHOCTSIMU KOMIIOHEHT CITUHA ME€30Ha M NpuHATH 3HadeHus 1, 0, u -1
COOTBETCTBEHHO, KOTOPBIE JOJDKHBI OBITh paBHBI 1/3 uis ciiydash HENOJISPU30BAHHBIX YACTHIIL.
[TockonbKy BEKTOpPHBIE ME30HBI OOBIYHO pacHajaloTcsl CWIBHBIM 00pa3oM Ha JBa
TICEBJIOCKAIISIPHBIX ME30HA, TPYIAHO U3MEPHUTH BCE AIIEMEHTHI MaTpHIlsl p. Ho HEKOTOphIe U3 HUX
MOTYT OBITh JICTKO OTNPE/ICICHbI U3 M3MEPCHHU YIJIOBBIX paclpeieiCHUl MPOIYKTOB paciaja.
MO’HO oKa3aTh, 4YTO B CUCTEME TIOKOSI BEKTOPHOTo Me30Ha V, s pacnaga V — hi+ hy, tae hy
u hy SBISIOTCA TICEBIOCKAISPHBIMU Me30Hamu, yrioBoe pacmpenenenune W(6,p) = dN/dQ
NPOJYKTOB pacmajaa umeer Buj [43]:

W(0,0) = 0.75{C050 pgo + Sin*0 (p11 + p-1.1) 12 —sin0 (cos ¢ Re p1g — Sing Im p1o)/\2
+5in20 (cos gRe p-10 + sinplm p-10)/N2 — sin®0[(cos(2p)Re p1.1 — Sin(2p)Im p1.1)]}/x.

31ech 6 siBIsieTCS MOJSIPHBIM YIJIOM MEXK/Y HAIpaBICHHEM JABWKEHHUsS N1 M OChIO KBAHTOBAHUS,
¢ €cTb a3UMYTaJIbHBIN yroi. IHTerpupys no yrity ¢, Mel ojy4aem

W(9) = 0.75[(1 - poo) + (3 poo - 1) c0s°6].
AHaJIOTMYHO, UHTETpUPYS MO YTy 6, MbI IOTy4aem
W(p) = 0.5[1 — 2cos(2¢)Re p1-1 + 2sin(2¢) Im p1.1]/w,

Mp&1 BUIUM, YTO OTKJIOHEHHUE poo OT 1/3 MPUBOAUT K HEPABHOMEPHOMY pacIpeIesICHUI0
pOIYKTOB pacmana mo cosd. Uamepsist W(6), MbI MOKeM OTIpeIeTUTh poo. pyrue 3eMeHThl, p1g
U p1.1, MOTYT H3y4daThcs myTeM usmepenus W(6,p).

B psne ciydaeB Takue M3MEpeHMs YxkKe ObUIM BBIIOJIHEHBI IS aJpOH-aJPOHHBIX
coynmapenui, Hapumep B [44, 45, 46, 47, 48].

B ornmume oT monsipu3anuu THIIEPOHOB, MapaMETP BBICTPOCHHOCTH CIIMHA BEKTOPHBIX
ME30HOB, pgo, HE CBSI3aH C HAIPABJICHHUEM IIOCKOCTH PEaKIUH, TaK KaK OH 3aBUCHT TOJHKO OT
0s%6. TI09TOMY, HEBOBMOKHO H3MEPHTH 3HAK TONSPH3AINH KBAPKa TIOCPEICTBOM OIPE/IeIICHHS
napameTpa BBICTPOCHHOCTH CIIMHA BEKTOPHBIX Me30HOB. C Apyroil CTOpPOHBI, HE BO3HHKAeT
HEOOXO/IMMOCTH OIPENIeNIATh HANpaBiICHUE IUIOCKOCTH PEeaKIUH JUIsl U3MEPEHHs pgo, KOTOpas
OpSMO CBsI3aHA C BEJIMYMHOM MOJIIpU3allMK KBapKa BJIOJIb HANpPaBJIEHUS HOPMAIHU K TJIOCKOCTH
peakuuu [47].

Jlpyrasi BO3SMOXKHOCTb M3MEPEHHUS TMOJISIPU3AINN BEKTOPHBIX ME30HOB PEaM3yeTcs] B MX
pacmanax Ha mapy ¢pepmuoH-anTHGepMuoH [49]. Tak, HapuMep, JUTST U3MEPEHUS TTOJIIPU3AIIAN
JAy-Me30Ha MCTIONB3yeTCs aHANM3 YITIOBOH 3aBUCHMOCTH €ro pachajga Ha 4 B CIHPATBHOM
0asuce, B KOTOPOM OCh KBAaHTOBAHHS HAIpaBJICHA BIOJb HAMPABICHUS JBMKEHHUS BEKTOPHOTO
Me30Ha B JabopaTopHoii cucTeMe. Mbl ompezenseM 0* Kak yron MekAy HMITYIbCOM i B
cucTeMe MOKOS JAy M OCbl0 KBaHToBaHMs. HOpPMHpOBaHHOE YIIIOBOE pachpejeneHue i
OTIHCBIBACTCSI BHIPAKECHUEM
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I(cos 6%) = 1.5(1 + o cos? 6%)/(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 poa0JdbHON MOJSpU3allid COOTBETCTBEHHO.

Jlst psima BEKTOPHBIX Me30HOB (p, @, @ u J/y) B a3xcniepumente CITACYHAPM B0o3MOKHO
OJTHOBPEMECHHOE HW3MEPEHHUE JJIEMEHTa MAaTpHUIBl IUIOTHOCTH pop B MOJAE pacmana Ha
TICEBOCKANISPHBIE ME30HBI H apaMeTpa a B MOJAX MX pacmajoB Ha 4 4 u e'e . MiMeercs Takxke
BO3MOXXHOCTh M3MEPEHHS JUIsl 3TUX BEKTOPHBIX ME30HOB OJHOCIUHOBOW acuMmeTpuu Ay ¢
UCIIOJIb30BaHUEM TIOJISIPU30BAHHON MUIIICHH JINOO MOJIIPU30BAHHOTO ITyYKa.

OnHOBpEeMEHHOE M3MEPEHHE Ha OIHON YCTaHOBKE Cpasy TpeX pasziIMYHBIX MMapaMeTpoB
HOJISIPU3AIMN  BEKTOPHBIX ME30HOB SIBIISICTCS OOJIBIIMM TPEUMYIIECTBOM IpeaaracMoin
IPOTPaMMBbI UCCIICIOBAaHUH, MMOCKOJBKY MO3BOJISET CAEIaTh 00Jee 3HAYMMYIO JUCKPHUMHHAITUIO
aJTbTEPHATHUBHBIX MOJCIICH MPOUCXOXKIACHUS MOIApHu3alnoHHbIX 3 dexTtoB. B Tabn. 1.2 u
Tabn. 1.5 npuBeneHbl 24 pPa3IUYHBIX PEAKIMA C BEKTOPHBIMH ME30HAMH B KOHEYHOM
coctossHUU. [[J1s1 HUX MOTYT OBITh U3MEPEHBI HE TOJIBKO 3JIEMEHTHI MATPUIIBI TUIOTHOCTH pij k, HO U
OJIHOCTIMHOBEIE acuMMeTpuu Ay. PaHee cToIh MaciTaOHBIX UCCIIEIOBAaHUI CITMHOBEIX Y (EKTOB
JUTSI BEKTOPHBIX ME30HOB HE IIAHUPOBAJIOCH.

1.5  H3mepeHue 0HOCTIMHOBBIX ACUMMETPUI Ha MTyYKe OTPULIATENbHBIX YaCTHUIL

CucrtemMaTHueckoe HCClIeOBaHHE CHMHOBBIX 3()()EKTOB HayHeTcs eme 10 CO3/aHus
KaHaja 24A TONSIPU30BAHHBIX YaCTHUI[ C MCIIOJb30BAHUEM NUJIOTHOW BEPCHUU YCTAaHOBKH U
NOJIAPU30BaHHONW MHUIIEHH. B 3TOM ciydyae, OCHOBHbIE H3MepeHHs] OynyT NpPOBOAUTHCSA B
o0nacTu (QparMeHTallMM HENOJSIPU30BaHHOTO Iyyka Ha KaHaine 14. W3mepenus Ha
CYLIECTBYIOIIEM KaHaje 14 MOXHO HpPOBOAMTH C HUCIHOJIb30BAHMEM IIydKa OTPULATENbHBIX
YacTULl M C BBIBEJEHHBIM METOJOM KaHAJIWPOBAHMS NPOTOHHBIM IydkoMm. IIporpamma
M3MEpPEHUI B HACTOALIEE BPEMS HE MPENyCMATPUBAET MCIOJIb30BaHUE ITPOTOHHOIO Iy4YKa, TaKk
KaK OJHOCIIMHOBBIE aCUMMETPHUU B O0JIACTU €ro (pparMeHTaluu JOKHBI ObITh COBMECTHUMBI C
HYJIEM.

[TepBoie w3MepeHusi, mnpoBeneHHble Ha YycraHoBke [IPO3A, panm HeoXUAaHHBIN
pe3ysbTaT, 4TO aCUMMETPHUSl MHKIIO3MBHO POKIACHHBIX YACTHUI] JaK€ B 3TOM 00JIaCTH MOMKET
JIOCTUTaTh CYIIECTBEHHBIX BEJIWYWH BOJM3M TrpaHHIbl (a3oBoro odbema (cm. Puc. 1.13).
JletanpHble uccaenoBaHus OyayT MPOBOAUTHCS AJIs OOJIBIIOrO YKCIa YaCTULL C CIOJIBb30BaHUEM
MOJrOTaBIMBAEMOI0 000PYAOBAHMUS.
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Puc. 1.13 3aBucumocts Ay(pr) ans peakumu 7 dr—x° X npu sHepruu myuka 40 I'3B, B 065acTu pparMeHTanuu ©

nydka [50]. 3nauenue Xg nexut B uatepsaie 0.7< Xg <1.0.

151 HccnenoBanne MHKITIO3UBHBIX peaKHHﬁ, BKJIFOYas IMTYy4YOK aHTHUIIPOTOHOB

JUis ucciieloBaHUsl MHKIIO3UBHBIX IIPOLIECCOB Ha KaHaine 14 OyayT NpOBOAUTHCS C
UCIIOJIb30BAHUEM IyyKa OTpPULATEIBHBIX YacTull C »Heprued 28 wumm 34 I>B®
Henonsipu3oBaHHbIA OTPHLIATENBHO 3apsDKCHHBIN My4OK uMeeT cieayromuii coctas: (7 /K'/p):
97.9/1.8/0.3%. Tum NyYKOBOH  YaCTHIBI  ONPEACTSICTCS  IYYKOBBIMH  MOPOTOBBIMH
YEPCHKOBCKMMU CUeTYHKaMu (cM. paszaen 3.1).

WuTerpanpHas CTaTUCTHKA 32 MeCSI] paOboThl M BETMYMHA KOMOMHATOPHOTO (OHA s
pa3IMYHBIX KaHAJIOB PETUCTPAIMH HHKIIIO3MBHBIX peaknuid moka3ansl B Tadm. 1.5, roe ykazansl
TUI PETHCTPUPYEMON YAaCTHIBI M MPOAYKTH €€ pacmaaa. o HEKOTOPBIX W3 peaKIui
IPEoiaraeTcsi UCIOIb30BaTh HECKOJIBKO MOJ paclaja YacTHIl U pe3oHaHcoB. [ peakiuii Ha
HOJISIPU30BAaHHON MUILIEHH, MpeJICTaBleHHbIX B Tabnuuax Tabn. 1.5, npu HU3KOM ypoBHE (oHa,
umeem npubmmkerno oAy ~ 13/ANgy. Jlns xapakrteproit cratuctukn Ney =10° M0JIy4aeM
TounocTs 0Ay = 1.3x10°°. Ecin pa3fennTh BCro cTaTUCTUKY Ha 100 siueek, 1o mepeMeHHbIM P1 U
Xg, TO 3TO YBEIMYUT XapaKTEpHYIO OMIMOKY B OTAEIbHOW Touke 10 ypoBHsA 1.3%. B cimyuae
MeHbIIeH cratieTHkd, mopsiaka 10°,  mHTEerpanbHas Tounocts coctaBuT 1.3%. Jlus psda
peakiuii ¢ BBICOKUM ypoBHeM ¢oHa (S/B<0.3) TOUHOCTH M3MEpeHHi OyaeT HECKOJIBKO XYXKE.
OTMeTUM TaKkXe, 4TO JUIsi MHOTHX W3 TepeurcieHHbIX B Tabim. 1.5 aapoHOB OJHOCIHMHOBAS
ACHMMETpHsI HUKOT/Ia He U3MEPsIIach.

Tabn. 1.5 Oxumaemoe uucio cobeituii Ngy v oTHOHIEHHE 3 dekrTa K GoHy S/B s MecsSuHOro ceaHca Ha T -
nyuxe (6-10"° B3anmoeiicTuit) npu sneprin 34 B

Ne | vactuna Nev S/B | Ne | vactuna Nev S/B
1 [« 42-10° 20 [ non'n o 5.3-10°] 5.0
2 |m 8.7-10° 21 |w(782) > w «° | 3.5-10" | 4.0
3 |KF 6.7-10° 22 | @(782)— y 1° 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)> o' 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%— n° n° 1.7-10" [ 0.29
8 | 8.0-10" 27 | a(980)— 1 7° 1.8-10" [ 0.11
9 | K% 1.0-10° 28| A>pm 1.4-10° | 10
10 | n’—yy 43-10°110 |29 A-pn 1.1-10° | 20
11 | n >y 42:10°]20 [30]A—>na’ 1.8-10° [ 0.33

16 DHeprusi BTOPUYHBIX YaCTHIl 3aBUCUT OT SHEPIHU ycKopeHHoro B Y70 myuka (50 nim 60 ['5B cooTBETCTBEHHO).
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12 [ nf>n" 7 q 83:10°[20 [31]|A— ﬁno 7.7-10°] 2.2
13| Kls—n'n 1.3-10"[33 [32 | A" Spnr 9.3-10°[ 0.5
14| p°(770)» ' [42-10°]04 [33|A —>pn 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 n* [4.3-10'| 05 |35 |2 > An 1.6-10° | 10

17 | K7(892)—» K n” | 1.9-10"[ 0.38 [ 36 | =°— Ay 1.2:10° | 2.0
18 | K (892)—» K =’ | 3.8:10" | 0.77 | 37 | £°(1385)—> A’ |3.9:10° | 5.0
19 | 0(782)— e |1.7:10°[2.0 [38|p’(770)> "' w  [9.7-10" | 1.4

Taxxe, B Ilpunoxenun B HMke IpUBENEHBI CTaTUCTUKA M MAacCOBBIE CIIEKTPBHI C
WCIIOJIb30BAHUEM OTpPHUIIATECIBHBIX KaoHOB (cM. pasaen 7.4). Ilpumecr K me30HOB B
HENOJIIPU30BAHHOM ITyYKE COCTaBIISIET BCETo 1.8%, 4TO MPUBOAUT K 3HAYUTEIILHOMY CHUKCHHIO
yrciaa COOBITHI MO CPAaBHEHUIO C T IIYYKOM, OJHAKO ATH H3MEPEHUs MO3BOJSAT MOIYYHTH
YHUKaQJIbHbIE JIAaHHBIE II0 pPaHEE HE HCCIECJOBAaHHBIM pEaKLUAM, C IIYYKOM, COAEp KalluM
CTpaHHBIN KBapK, MapajuieIbHO C HA0OPOM JIaHHBIX HA T ITy4Ke.

1.5.2 MHccnenoBanue 3KCKIFO3UBHBIX KAHAIOB

Kommuiekc u3MepeHuil, ONMCaHHBIX BbIIE (OJHOCIMHOBBIE IPOLIECCHl, B KOTOPBIX
U3MepsieTcsl MOJSpU3alMsl JIMIIb OJHOM W3 YacTHll, YYaCTBYIOIIMX B PEaKLUH, B HAYAJIBHOM,
aM00 B KOHEYHOM COCTOSIHMM), BKJIIOYAE€T HE TOJIBKO MHKJIIO3MBHBIE, HO M 3KCKJIIO3MBHbBIC
npoueccsl. B nocnenHem ciyuyae NpeanonaraeTcst UCIoyib30BaTh JOMOIHUTEIBHO BETO CUCTEMY
HOJSIPU30BAaHHOM MHIIEHH. OTO IO3BOJUT 3HAUUTENBHO CHU3UTh YypoBeHb (oHa B
DKCKJIFO3UBHBIX MPOLIECCAX.

3HauMTEIbHBIN BKJIA]] B UCCIEI0OBaHUE CIMHOBBIX A(P(PEKTOB B IKCKIFO3UBHBIX 3apsi/I0BO-
OOMEHHBIX peakusax ObUI MOIY4YEH B cepuu dKcrepuMeHToB B [IpoTBruHO Ha ycraHoBke [IPO3A
npu sHeprun myuka 40 B [51, 52, 53, 54, 55, 56, 57]. BonbHIMHCTBO JaHHBIX B APYTHX
HKCIEPUMEHTaxX ObLIO MOIYYEHO MPU YMEPEHHBIX dHEprusix myuyka no 12 I'sB, Huxke sHepruit
yckoputens UOBD.

Hccnenoanus Ha ycraHoBke CITACYAPM 1no3BoJAAT CyIIECTBEHHO MOBBICUTH TOYHOCTD
u3MepeHuil. OTMETHM, YTO B ME30HHBIX Iy4YKax HaOJIIOJAIOTCS HEHYJIEBbIE MOJIPU3ALIOHHbIE
3pdexTl B 007acTH (PparMeHTalMd HENOJISIPU30BAHHOTO IIydKa, 4YTO HE HMeEeT II0Ka
Teopernyeckoro oobacHenus. Ha ycranoske ITPO3A B 80-X rogax u3Mepsuiuch aCHMMETPHUH B
HKCKJIIO3UBHOM OOpPa30BaHUM B peakUUU 7P r—> h°n npu sHeprun 40 I'sB, O0630p naHHBIX
WCCIICIOBAaHUI TIpUBEICH HIke B pasgene 6.1.2. 3mech OTMETHM TOJBKO JBE pEaKIUH, a
UMEHHO: 77— o(782)n (eM. Puc. 1.14) u 7pr— 7/(958)n (cm. Puc. 1.15), B KOTOPBIX
MOJTyY€Hbl YKa3aHUs Ha 00ibire 3G(GEKThl U OCHMUISINN aCHMMETPHH.
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_7s o 0.5 1 1.5
o 0.5 1 -, (GeV/e)
-, (GeV/c ):

(V]

Puc. 1.14 Acummerpust B peakuun 7pr—> (782)N npu Puc. 1.15 AcummeTpusi B peakuuu 77— 17(958)n
sHepruu 40 B [55], xorma w(782) -Me30H

0 npu sueprin 40 B [132], koraa 1 (958)-Me3oH
PETUCTPUPOBAJICS B MOJIE paciaja Ha T Y.

PErucTpupoOBajiCsa B MOJC pacniaga Ha JIBa Y-KBaHTa

Cratuctuka B peakuuun 7zPr—>w(782)n (33 ThICAYM TIONIE3HBIX COOBITUH Ha
MOJIIPU30BaHHONW  MHILIEHH) Obuta HaOpaHa B TpeX CceaHcax C TEJNECHBIM  yIJIOM
AJIEKTPOMArHUTHOTO KaJOPUMETPA, COCTABISIONIETO MOJIOBUHY OT TEJIECHOTO yria KajJopuMeTpa
ycranoskn CITACUAPM. 3a Tpu ceanca paGoTHI ¢ yU4eTOM JBYX MOJ Pacnajia - Ha 77 77 2 u 7[07
MOYKHO HaOpaTh cTaTUCTUKY Oosiee yem B 20 pa3 Oombire. Torna, HanmpuMep, B MEPBBIX YETHIPEX

TOYKaX OIMOKAa aCHMMETpHH OyaeT okoio 2%, BMecTo cerogusamHaux 10%.

Cratuctuka B peakuuu 7zp 7‘97/ (958)n (11 THICSIY TONE3HBIX COOBITHI Ha
HOJSIPU30BAaHHOM MHUILEHH) Obla Takke HaOpaHa B TpeX ceaHcaXx C TEJIECHBIM YIJIOM
3JIEKTPOMArHUTHOTO KaJIOPUMETPA, COCTABJIAIOLIETO TOJOBUHY OT TEJIECHOTO yIJla KaJOPUMETPa
ycraHoBk CITACYAPM, u B AByX ceaHcaX C TEJNECHBIM YIJIOM, CPaBHUMBIM C JETEKTOPOM
CITACUYAPM. 3a Tpu ceanca pabOTEI, C y4eTOM ABYX JONOMHUTENbHBIX MOJ paciana Ha 7 77 1)
W 7 7y, MOXHO HabpaTh CTATHCTUKY MpuMepHO B 20 pa3 Gombiue. Toraa, HampuMmep, B MEPBBIX
TpeX TOYKax OIIMOKa acUMMeTpuH OyJeT cocTaBiiATh 3-4% BMecTo ceromssimHux 13-17%.
Pesynbratel B peakiuu 7p—> f(1270)n npeacrasnensl Hwke Ha Puc. 6.4, 3a Tpu ceanca
paboThI, C YUETOM JOTIONHUTEIBHON MOJIbI PAcTiazia Ha 77 /7, MOYKHO HabpaTh CTATUCTHKY Gollee,
yeM B 2 pasa Oosbiie. Torna cymMmapHas ommOka acHMMETPHUH TI0 BCEM ceaHcaM OyJIeT MOYTH B
nBa pasza Mmesblie. HMccnenoBanus Ha ycraHoBke CIIACYAPM 1no3BomsT CyHIECTBEHHO
MOBBICHTH TOYHOCTh HM3MepeHHid. OTMETHM, YTO BCE HM3MEpPEHHS B SKCKIIIO3MBHBIX KaHAJIOB
IPEIOIaraeTcsl MPOBOANTH OJHOBPEMEHHO C WCCIIEOBAaHUSIMU MHKIIIO3MBHBIX TPOIIECCOB, TO
€CTh He TpeOyeTCs TOTIOTHUTEIBHOTO YCKOPHTEIHHOTO BPEMEHH.

1.6 Pestome 1 epCreKTUBBI

Hanuuune MHTEHCHBHBIX MOJSIPU30BAHHBIX IyYKOB IIPOTOHOB M aHTUIIPOTOHOB HA KaHaje
24A B I'HI| N®BD HUII «KypyaTOBCKMII HHCTHTYT» MO3BOJIUT OCYIIECTBUTH OYEHBH OOTATYyIO
nporpaMMy (U3MYECKUX HCCIEAOBAHUN CIIMHOBBIX sBJIEHUH B obOnactu sHepruii 10 — 60 IB.
Bosmoxnoctn ycranoBku CIIACYHAPM u 4yBCTBUTENBHOCTH K PA3IUYHBIM (PUINUECKUM
KaHasaM OBLIM OIIGHEHBI IyTeM MOJETUPOBaHMS COOBITHUH, C ydeToM (HU3UYEcKOro (HoHa.
Hapsany ¢ nonsipu30BaHHBIMH ITy4KaMy Ha YCTAHOBKY MOT'YT OBITh Bble/IEHbI HEMOISPU30BAHHBIC
MydKd THOHOB (), kaoHOB (K¥), NMPOTOHOB M AHTHIPOTOHOB, a TAKXKE YIIEPOIHBIH M
JEUTPOHHBIM Iydkd. Hanuuue MNOIAPU30BaHHONM MUIIECHU U PA3JIMYHBIX IIyYKOB I103BOJIAT
UCCIIEIOBaTh OJJHOCIIMHOBBIC U JIBYXCHUHOBBIEC 3()()EeKThI B MPUMEPHO CTa PA3TUYHBIX PEAKIIHIX

37



W TIOJYYUTh YHUKaJIbHBIE NaHHbIE. Bce 3TM M3MepeHus MO3BOJISAT IOCTUYb 3HAYMTEIHLHOIO
Iporpecca B HAalleM NOHMMAHUM KBAHTOBOM XPOMOJAMHAMHUKHU W MPUPOJBI MOJIAPU3ALUOHHBIX
SIBJIEHUU.
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2 Coznianue my4KkoB 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 CYLIECTBEHHO paclIupuTh MnpoBogumyro B HWDBD mnporpammy
UCCJIEIOBAaHUM TOJISIPU3ALIMOHHBIX SIBJIEHUM B aJpOHHBIX peakuusax. [Ipum 3ToM, Hapsny c
Ny4YKaMH TIOJIIPU30BAHHBIX YaCTHII, Pa3padaThIBaeMblii KaHAJ MOKET OBITh WCIOJIB30BAaH IS
[IOJIyYE€HUSI IY4YKOB BTOPHUYHBIX aJPOHOB OOOMX 3HAKOB 3apsja, IIy4YKOB D3JIEKTPOHOB B
nuarnasoHe uMnyinbcoB oT 10 mo 45 I'B/c, a Takke mydka NepBUYHBIX MPOTOHOB MOHM)KEHHOU
WHTEHCHUBHOCTHU ¢ UMITYJIbcoM 110 60 I'3B/c.

OnTtuMuzanusi OCHOBHBIX  IapaMETPOB  MAarHUTOONTHUYECKOHM  CHUCTEMbl  KaHaja
HOJSIPU30BAaHHBIX IPOTOHOB UM AHTUIPOTOHOB NPOBOJAWIACH B paMKaX, OIpaHHMYEHHbIX
JOCTYITHOCTBIO IUIOLIAa/Iell 3KCIepUMEHTaIbHOM 0a3bl yckoputens Y-70 nais pasmelieHus
camoro kanHana wu yctaHoBku CIIACYHAPM, a Takke HEOOXOAUMOCTHIO 00ECIEUUTh
OJIHOBPEMEHHYIO padOTy € OJHOW MHUIIEHbIO JBYX KaHaJIOB yacTull. OCHOBHBIE PE3YJbTaThl
pacdera KaHajia MOJIIPU30BAaHHBIX YaCTHIL IIpecTaBieHo B padote [58]. Bee mpencrapieHHbie B
JTAHHOM ITPOEKTE Pe3yIbTaThl pacyeTa KaHaja 24 A B34Tbl U3 1TaHHOU pabOThI.

2.1  Kanan nonsipu3oBaHHBIX IPOTOHOB U AaHTUIIPOTOHOB

[Inanupyemoe NOBBILIEHUE HHTEHCHUBHOCTH YCKOPEHHOIO NPOTOHHOTO Iydka a0 (2-
3)x10™ mpoTOHOB 3a IWMKI OTKPHIBAET HOBBIC BO3MOXHOCTH JUISL MPOBEICHHS (PH3HIECKHX
UCCJIEIOBaHUM Ha ycKopuTelbHOM Komiuiekce Y-70 MDPBD. B To xe Bpems, mnepcrekTuBa
paboThl C MPOTOHHBIM MYyYKOM OoJiee BBICOKOW HHTEHCHBHOCTH OINpeAessieT HEOOXOAUMOCTb
3HAYUTEIBHOW MEPECTPOMKHU CYIIECTBYIOIIEH B HACTOAIIEE BPEMS CHCTEMBI KaHAJIOB 4acTull. 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 Imyuyka ¢ odHeprued 50-60 I5B 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, IOBBICHTh HHTCHCUBHOCTh ¥ KaYECTBO BBIBOJUMBIX 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, IMOJYYUBIIMX oOOo3HadeHus 24A u 24B (Puc. 2.1),
MpelHa3HAYaloTCs s 00ecledyeHHs] IMyYKaMU YacTUI[ OKCIIEPUMEHTAJIbHBIX YCTAaHOBOK
CITACYAPM u BEC, cooTBETCTBEHHO.

VYcranoBka CITACYHAPM, mpencrtaBieHHas B HACTOSIIEM JOKYMEHTE, CO3MIa€TCs ISt
MIPOBEJICHUS] CUCTEMATUUYECKUX MCCICIOBAHUIN MOJISPU3AMOHHBIX SBJICHUN B DKCKIIO3UBHBIX U
WHKJIFO3UBHBIX aJ[POHHBIX peaknusx B oOmactu 3Hepruit yckoputenmst UDBI. [Iporpammoit
(GU3UYECKUX UCCIIEIOBAaHUI B ATOM JKCHEPUMEHTE IJIAHUPYETCS MCIOJIb30BAHHE IENOT0 psaa
IIYYKOB pa3JIMYHOIO COpTa, B IIEPBYID OUYEpElIb IIYYKOB MOJSIPU30BAHHBIX NPOTOHOB U
AHTUIIPOTOHOB, MTYYKOB IMOJOKUTEIBHO U OTPULIATENIBHO 3aPSKEHHBIX ITMOHOB, a TAKKE ITYYKOB
AIIEKTPOHOB, HEOOXOUMBIX JIJIsl KATMOPOBKH ammapaTypbl IKCIEPUMEHTATHHONW YCTAHOBKH.
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Primary target

R e——

| —

\‘ VP 2R 7~ oD oorxEn

Puc. 2.1 Cxema pa3menienns kanainoB 24A u 24B B sxcnepumenrtansaoMm 3aine 1bB yckopurens Y-70

MeTtoa nonyyeHus: Ha YCKOPUTENSX MyYKOB MOJISPU30BAHHBIX IPOTOHOB (aHTUIIPOTOHOB)
oT pacnanos A(A)-runeponos, 61 mpeanoxked B padore [59]. OH ObLT BIEpBbIE YCIEHIHO
peamuzoBan Ha 800 [B-nom yckoputene ®HAJI mis co3gaHusi MOJISPU30BAHHBIX ITYYKOB
MPOTOHOB W AHTHIPOTOHOB ¢ mMmirysibcoM 185 T'aB/c [60]. Tlo3mHee mydok MOISPU30BAHHBIX
npoTOHOB ¢ UMy IbcoM 40 I'3B/c Obu1 monyden Ha 70 ['3B-HOM yckoputene UPBD [61].

Cxema MOJIYYCHHUA TOJAPU30BAHHBIX IMPOTOHOB

nokazaHa Ha Puc. 2.2. B cucreme mnokos /-

THIIEPOHA, POXKAEHHOTO B MHUILICHA NMEPBUYHBIM

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;'"“\. Crnenyer mOJYepKHYTh, YTO HOBBIC M3MEPEHHS

§ e N % 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 YTOJT 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 nepBUYHON MunieHu. CpeqHss mornepevHas Mojspusanus 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 YIJ1y BbUIETA UJIU, YTO TO XKE CAMOE, 10 KOOPIAUHATE IIEPECEUEHUS C IIIIOCKOCThIO
BUPTYaJIbHOTO HCTOYHHMKA. COPTHPOBKAa OOBIYHO OCYIIECTBIISIETCS B OJHOM M3 IUIOCKOCTEH,
HanpuMep, B BEPTUKAIbHOW, BIOJIb OocH Y. C TOYKM 3pEHUS MMHUMHU3ALMHU CTAaTUCTUYECKHUX
OMMOOK W3MEPEHUs CIHHOBBIX AaCHUMMETpPUH, ONTHUMAJbHBIMH SBIAIOTCA BBIOOpKH C

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

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

KaHaJIOB MHTCHCHUBHOCTBH OIITHMAaJIbHBIX BLI60pOK OIHOT'O 3HAKa IOoJiApru3al COCTABJIACT, KaK

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

Ocraromasicss npumepHo 1/3 MOJHOM HMHTEHCHMBHOCTH IPHUXOJIUTCS HAa HENOJSPU30BAHHYIO
«UEHTPAIbHYIO» 4acTh Iydka. TakuM oOpa3oM, IjaBHas 3ajaya pa3pabOTKU ONTUKU KaHaia
COCTOMT B OGCCIICYCHHH JOCTABKH C(OPMHUPOBAHHOTO MydKa IPOTOHOB (AHTHIIPOTOHOB'') OT
pacnaza TUIEPOHOB (arTUrMIIEpPOHOB) 3aJ@HHOTO MMIIYJIbCa HAa MHUIIEHb 3KCIEPUMEHTa, IO
BO3MO>KHOCTH, C MMHHMMAJIBHBIMU IOTEPSMU MHTEHCUBHOCTM U MOJSpU3ALMM U C
IPEOCTaBICHUEM BO3MOKHOCTH COPTUPOBKH W/WIIM OTOOpa TPACKTOPUH IMYYKOBBIX YAaCTHI] 110
HOJISIPU3ALIUY.

B nanHoM pasznene mpuBeleHBI pe3yNbTaThl Pa3pabOTKU MarHUTOONTHYECKON CHUCTEMBI
KaHama 24A, ONTUMHM3UPOBAHHOM [UIsI TMOJNYYEHHUS IMYYKOB TMOJSIPU30BAHHBIX YaCTHII,
NPUBOJATCS  XapakTepucTuku  Qopmupyembix Ha ycraHoBky CIIACYHAPM  myukos.
PaccmoTpenuto xapakTepuUCTHK KaHalla TMPEANISCTBYeT OINUCAHUE MUIICHHOW CTaHIUH,
obecrieunBaroIeil oTHOBpeMEHHYI0 paboTy KaHainoB 24A u 24B ¢ ogHoit munieHu.

2.1.1 Mumennas crannusa kasaios 24A u 24B

Mumennas cranuus (Puc.  2.3) xananoB 24A u 24B Oynmer ocHaimieHa TpeMms
JUIOJBHBIMA MarHUTaMu, 00eCIeunBalOIMMU OJHOBPEMEHHYIO padOTy 3TUX KaHAJIOB C OJIHOM
MUIIEHbIO, Ha KOTOpyH0 Oyner cOpachiBaTbCsl MEJIEHHO BBIBEJACHHBIM W3 YCKOPHUTENs
IPOTOHHBIN Ny4oK. BriepBrie Mog00HBIE TPEXMAarHUTHBIE CUCTEMbI 0TOOpa BTOPUYHBIX YACTHUIL
OJIHOBPEMEHHO B JBa WIM TpU KaHaia ObUIM NPHUMEHEHbl B OSKCIEPUMEHTAIBHBIX 30HAX
yckopurenst SPS B CERN [64]. Marautet MT1 u MT2 npennasHadeHbl s HaBEACHHS
NEPBUYHOTO IPOTOHHOT'O MTy4YKa MOJ ONpPEAEICHHBIM YIJIOM ¢ B LleHTp MarHuTa MT3, koTopsIid,
B CBOIO ouepelib, obecnieunBaeT oTOOp B KaHaibl 24A u 24B 3apspkeHHBIX BTOPUYHBIX YaCTHII,
POXKIEHHBIX B MUILIEHH T.

B kauectBe marautoB MT1 m MT2 mmanupyercs HCNOIB30BATH JUIOJIBHBIE MAarHUTHI
tuna CII-129 u CH-718, BXOJ/ISIIIIE B HOMEHKJIATYpPY OOOPYIOBaHUS SKCIEPUMEHTAIHHOTO
KoMmIulekca yckoputena Y-70. B aToMm ciydyae MakCHMMalbHBIA yrod HAaBEIEHUS MPOTOHHOIO
My4yka Ha MUIICHb (4, ONpenensemMslii napamerpamu Marauta CII-7, paBen 27 mpan. Ilon
TUM JK€ YIJIOM HAaBEJIEHHUS «CMOTpAT» B LEeHTp MarHuTa MT3 kanamsl 24A u 24B, uto
MO3BOJIIET MAKCUMAaJIbHO MPUOIU3UTh K MUILIEHH KBaJPYIOJIbHbIE JIMH3bI, BXOJSILINE B COCTAB

17 N

Cxema TMOJIYYCHHUA TNOJIAPU30BAHHBIX ITYYKOB aHTUIIPOTOHOB M3 pacriaioB A -TUIICPOHOB a0COJIFOTHO UACHTUYHA
C TOH JIHIIb pa3HHH€ﬁ, 4YTO 3HAK KOppeasaunuu nonepeqﬂoﬁ NnoJsApu3alru € MOJIOKEHUEM TPACKTOPUU B INIOCKOCTHU
BUPTYAJIbHOI'O UICTOYHUKA HpOTHBOHOHO)KHLIﬁ.

18 [Mapamerpsr marauToB CII-129: nnuna L = 4 M, nonesnas aneptypa LLIxB = 330x100 MM, MaKCHMAIIBHOE TI0JIe
Bmax = 1.8 T; maruuta CI1-7: mmsa L = 6 m, LLIXB = 500x200 mm%; Bmax = 1.8 T.
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TOJIOBHBIX OOBEKTUBOB 00OMX KaHAJIOB, COXPAHss IPU 3TOM BO3MOKHOCTH OTOOPa HEUTPAIbHBIX
BTOPHUYHBIX YaCTHI] B 00a KaHaJa.

Dump
MT1 MT2 MT3 248
T MC1
[ ! L
1 1
I | |
15 10 5 0

Puc. 2.3 Cxema MullleHHOH cTaHny KaHanoB 24A u 24B. T — nepBuunas mutiens, MT1+MT3 —
JUTONIbHBIE MarHUTB, MC — MarHUTHI-KOppeKTopsl, DUMp — cTanbHON MOTTIOTUTENb JITUHON 5 M.
IIpuBeneHHBIN HA cCXeMe MUIIIEHHON CTaHIIMM BapUaHT HaBEACHU IPOTOHHOTO ITyYyKa Ha MUILICHb
COOTBETCTBYET OTOOPY HEHTPAIBHBIX BTOPUYHBIX YacTHIl B KaHaT 24A U MOI0KUTEIBHO (OTPULIATEIHHO)
3apsDKEHHBIX YacThll B KaHan 24 B. [TyHKTUpHBIMU JTMHUSIMU TIOKA3aHbl TPACKTOPUHN BTOPHYHBIX
3apsDKEHHBIX YaCTHL, OTOMpaeMbIX ¢ KaHai 24B ¢ HeHyneBbIMH yIilaMH POXKICHHS B MULICHU.

SBnsisick (YHKIIMOHAIBHBIM JJIEMEHTOM MHILIEHHOW cTaHiuu KaHanoB 24A u 24B,
MarHuT MT3 B TO e BpeMsi UCIOIb3YETCS IJIsl OYUCTKH OT 3apsyKEHHBIX BTOPUYHBIX YACTHUIL
HampaBlieHus: kaHana 24A npu (GopMHUPOBAaHHHM B HEM IYyYKOB IMOJSPU30BAHHBIX MPOTOHOB U
AHTHIPOTOHOB OT pacnaga A(A)-THIepoHOB, a Takke IyYKOB AJIEKTPOHOB. B CBA3M ¢ 3THM
OCHOBHBI€ ITapaMEeTPhbI, MOJI0KEHHbIE B OCHOBY npoekTa Mmarauta MT3 (L =2.6 M, Bpax = 1.9 T,
pasmep paboueit obOmactu Il(rop.)xB(Bept.)=140x56 MM), ABISAIOTCS KOMIIPOMHUCCOM
JIOCTaTOYHO MPOTUBOPEUMBHIX TPEOOBaHMI K €ro JAJIMHE MPU MaKCUMaTbHO BBICOKOM 3HAYECHUU
MarHUTHOTO TOJIS.

[Tockonbky MT3 pacrnonokeH HENOCPEACTBEHHO TIOCIEe MHILIEHH, Ha KOTOPYIO
MpEeIoiiaraeTcd HaBOJAUTh BBICOKOMHTCHCHUBHBI MPOTOHHBIM MY4YOK, €ro KOHCTPYKIUS
OTIpe/IeNIIeTCS  HEOOXOAMMOCTBIO  JOJTOBPEMEHHOW  PabOTBl B YCJIOBHSIX  BBICOKHX
paJlMalliOHHBIX HArpy30K, MPUBOIAIINX K Pa3pylICHHIO H3O0JSAIUA OOMOTOK BO30YXKJICHUS.
V3BeCTHBIMM BapHaHTaMH PEIICHUS ITOW TPOOJIEMBI SBISETCS HCIIONH30BAaHUE 3HAYUTEIIBHO
OoJjiee CTOMKOW K BO3JCHCTBHIO paauanuu acooneMeHTHOW win MgO wusomsiimm o6MoTok [65,
66]. BBuay CIOKHOCTH M OTHOCHTEIHHO BBHICOKOW CTOMMOCTH M3TOTOBJICHUS TAaKUX OOMOTOK B
HAIlIeM cllydae eJMHUYHOTO MPOU3BOJICTBA MPEANOUTEHHE OBLIO OTIaHO KOMIIOHOBKE MarHuTa
BBIHECEHHON BBEpPX OT IUIOCKOCTH Ty4Ka OOMOTKON B030yxaeHus [67], W3roTOBIECHHOMN
METOJIOM BaKyyMHOH MPOMUTKH DJMOKCUIHBIM KoMmmayHaoM. [lomepeduHoe cedeHne MarHuTa
MT?3 B BEIOpaHHOI KOMITOHOBKE TI0Ka3aHo Ha Puc. 2.4.

Kak crmemyer w3 pacdeToB MOITHOCTH JO3bI, TPOBEICHHBIX C HCIIOJIb30BAaHHEM
nporpammbl MARS [68], pecypc oOMoTku marHuTa (Bpemsi Habopa 103l 10 MI'p) cocraBnser
~300 cyrok. B pacdyerax MONIHOCTH 03Bl M MHapaMeTpoB (HOPMHUPYEMBIX IMTYyYKOB YaCTHUIL
IIpEIoJIarajioch, 4To aJlOMUHUEBas NepBUyHas MuuieHb 1 muHoM 0.4 M u BbicoTOM 3.0 MM

pa3MeleHa BIUIOTHYIO K BXogHoMmy Topiy marauta MT3. Illupuna mumenu cocrasiser ~100
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MM, YTO TO3BOJIIET HE NEpeMellaTb MHIIEHb B TOPU3OHTAIBHON IUIOCKOCTHU NPU U3MEHEHUU
yrjla HaBeJIeHUs POTOHHOIO MyYKa B Mpezeax £27 mMpaj.

160

110

Puc. 2.4 ITonepeunoe ceyenus Mmarauta MT3 (Bce pa3Mepbl IPUBECHBI B CM.)

JlononHUTENbHAS 3allluTa B BHUJE OCTOHA, 3allOJHSIONICTO MPOCTPAHCTBA BHYTPH sipMa
MarHuTa OT HW)KHETO IOJItoca 10 OOMOTKM U CTalbHBIX IUIACTUH, 3aTCHSIOIIMX BBICTYHAIOLINE
yacTu 0OMOTOK, MOBBIIIAET ee pecypc A0 2600 CyTOK MpU MHTEHCUBHOCTH MEPBUYHOIO IyyKa
2-10"™ npoT./IUK, 9TO pemaeT OCHOBHYIO MPOGIeMy SKCIUTYATALMH STOTO MArHATA B YCIOBHSX
BBICOKHMX PaJUalMOHHBIX HAIPy30K.

IIpuBenennas Ha Puc. 2.3 cuMMeTpu4Has OTHOCHUTENBHO HAIPABICHHUS HCXOIHOTO
IPOTOHHOIO My4YKa CXE€Ma MHIIEHHON CTAaHIMU CO3[aeT SKBUBAJIECHTHBIE YCIIOBUS A 0TOOpa
BTOPUYHBIX (HEUTPAJBHBIX U 3apsyKEHHBIX) YaCTHI] B HarlpaBieHUH 00oux kaHainos. [Ipu atom:

e 1pu 0TOOpPE MO HAMPABJIECHUIO OJTHOTO U3 KAHAJIOB ITyYKa HEHTpaibHBIX BTOPHUHBIX YACTHUIL
(¢ = £@max), BO BTOPOM KaHalle MOXET OBITh MOJYYCH IYYOK IMOJOXKHUTEIbHBIX HIU
OTPHIIATENEHO 3aPsDKEHHBIX BTOPUYHBIX YACTHIl B TMAIa30HE UMITYIbCoB oT 16 [5B/c 1o
28 I»B/c ¢ HyneBbIM yIJIOM pOXAEHUS B MuUlIeHW. HuxHAsS rpaHuma apana3zoHa
UMITYJIbCOB YacTHI], OTOMpPaeMbIX BO BTOPOI KaHall, ONpeAessieTcs U3 yCIOBUS rallleHus B
HOTJIOTUTENIE HENpOB3aMMO/IECHCTBOBABUIETO B MHUIIEHH NPOTOHHOTO Iy4yka (KOTOPBIH
1ocjie OTKJIOHeHHs B MarHuTe MT3 He J0/DKeH MOMaaaTh B HHTEPBAN YIJIIOB gy T AQ),
TOT/1a KaK BEPXHsS I'PaHMLA — MAKCUMaJIbHBIM HHTETPAJIOM MarHuTHoro nosis MT3;

® [IpU HABEICHUH MMPOTOHHOTO MyYKa Ha MHUIICHb C YITIOM || < (pnqy B KaHATBI 24A 1 24B
OyayT oTOMpaThCs 3apsHKEHHbIE BTOPHUUHBIC YAaCTHIIBI C Pa3HBIMH 3HaKaMu 3apsana. CBs3b
MEXy UMITYJIbCAMU 3TUX IIyYKOB IIPH HYJIEBOM YTJI€ POXKACHUS B MUILIEHHU ONPEAEIAETCS
BeIpakeHHEM Py (Omax — @) + P1(Pmax + @) =0, B KOTOPpOM p; U P, CUATAIOTCS
anreOpandecKUMU BEIMYMHAMM, T.€. OTPULATEIBHOE 3HAYEHHE MMITYJIbCA COOTBETCTBYET
OTPULIATENIBHO 3apsDKeHHBIM dYacTHIaM. Kak u B mpenplaylieM ciydae, TralieHHe
HENpPOB3aUMOJECHCTBOBABILIET0 B~ MMIIEHM  IPOTOHHOIO  Iydyka  HAKJIAJbIBAeT
CYIIECTBEHHBIC OrpaHMUYEHHUS Ha OTOOp B KaHAIbl 3apsKEHHBIX BTOPHUYHBIX YACTHIl C
HYJIEBBIM YTJIOM POKACHUS B MuIIeHH [69].
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[IpumeneHne B cOCTaBe MHUIIECHHOW CTaHIUM MarHUTOB-KOPpEeKTOpoB MC mo3BOJISIET
3aMCTHO paCllUPUTb AOHUAIIA30H HMITYJIBCOB 3apsKCHHBIX YaCTHUI[ B O6OI/IX KaHajlaX 3a CUCT
0T60pa C MUIICHHU 9aCTUIl C HCHYJICBBIM YI'JIOM POXACHHA B MUIIICHU.

2.1.2 Omnrnueckas cxema KaHaja MOJISIPU30BAHHBIX TPOTOHOB (AHTUIIPOTOHOB)

PazpaGorannas 0Oa3zoBasi onTHYecKass CXeMa KaHala MOJSPU30BAHHBIX MPOTOHOB 24A
(Puc. 2.5), cocrosmias W3 JABYX 3€pKaJbHO-CHMMETPUYHBIX YaCTEH, pa3JelICHHBIX
MIPOMEKYTOUHBIMH U300paxkeHus MU ((OKycaMu) IMydka B OOEUX MOMEPEYHBIX IUIOCKOCTSIX B
00enX MOMepeuHbIX IUIOCKOCTSAX CEepelMHEe KaHala, YIOBIIETBOPSET OCHOBHBIM TPEOOBaHHSM,
00yCJIOBJICHHBIM OCOOCHHOCTSIMH cO37aHusi Takoro kaHana [70]. OHa y4UTBIBAeT TaKxKe Pl
OTPaHUYCHUHN, HAKJIAJbIBAEMBbIM IUIAHUPYEMBIM pa3MEIICHHEM ATOr0 KaHajla Ha IUIOINAISIX
CYILIECTBYIOIIEH OKCIIEPUMEHTaNbHOM 0a3pl yckoputens Y-70, 0CBOOOIMBIIMXCA IOCIHE
3aBEPILICHHS JPYTUX IKCIICPUMEHTOB.

MT3 MC1 Q1-3 M1 M2 Q4-5 Q6-7 M3 M4 Q8-10
a

l I a1 ; H/H\Hﬁ “““““““ f:
iy | =

MC3 MC4

[ ! ’ | ! | J | | L |
0 20 40 60 80 100 m 120

X, mm

100+

100

Y, mm

Puc. 2.5 Ba3oBas ontiyeckast cxema kaHana 24A, npenHasHadeHHas 4711 GOPMHUPOBaHUS ITyYKOB TOJIIPU30BAHHBIX
IPOTOHOB M AHTHIIPOTOHOB OT pacmasa A(A)-runepoHos. Q— KBaAPYNONbHBIE JUH3BI, M — IMNONbHbIE MArHUTHI, C
— kommumMatopsl, MC — MarHUTBI-KOPPeKTOPHI, T 1 Ty, — MUIIIEHN KaHAA M SKCTIEPHMEHTAIBHON YCTaHOBKHL.
CIutonIHEIMH JIMHUSIMH TIOKa3aHa (JOKYCHPOBKA Iy4Ka B 00€MX IMOTEPEYHBIX INIOCKOCTSX, TYHKTUPOM — JTUCTICPCHS
B TOPHU3OHTAIBHOM TIOCKOCTH 1y1st Ap/p = 5%.

[lornomenne HENPOB3aMMOACHCTBOBABIIMX B MHUIICHH IIEPBUYHBIX IIPOTOHOB U
POXKICHHBIX B MUILIEHH 3apsyKEHHBIX YaCTHUI] OCYILECTBIISIETCS B MpeAeaaX MULIEHHON CTaHLIUU
kanana (Puc. 2.3), a HeWTpaJIbHBIX YacTUIl (B OCHOBHOM HEHTPOHOB) - BO BTOPOM IOTJIOTHTEIE,
pacnoIoKEeHHOM Mexay MarHutaMu M1 n M2 Ha pacctosaum 6 M OT neHTpa Mmarauta M1, yron
IIOBOPOTA ITy4Ka B KOTOPOM cocTaBiisieT 52 Mpan. Marantel M1+M4 OTKJIOHSIOT Tpaccy KaHaa
B OJIHY CTOpPOHY Ha oOmmii yron 147 mpan. [lns aHanusa mydka mo MMITYJIbCaM HCHOJIBb3YETCS
IPOMEXYTOYHOE N300pakeHNe B TOPU30HTAIBHON MIIOCKOCTH, AUCIIEPCUsI B KOTOPOM CO3/1aeTCst
marHuTaMu M1 m M2 u 3areM KOMIEHCHpyeTcs uepe3 KBaJpymHoibHble JHH3bI Q4-+Q7
marauTamu M3 u M4, a TpeOyemslii pa3dpoc myuka mo umiyiabcam Ap/p omnpenensercs
packpbiTHeM KojumnMaropa C3. YyacTku kaHana A0 U 1nocie MaruutoB M3 u M4 mianupyercs
MCIIOJIb30BAaTh AJIs Pa3MEILEHUs JETEKTOPOB CUCTEMBI U3MEPEHHS UMITYJIbCA YACTHIL.

BepTukanbHas TIOCKOCTh ONTHYECKOW CXEMbl KaHaja HMMEET EIUHUYHYI0O MAaTpHUIly
npeoOpa3oBaHus MapaMeTpOB TPACKTOPUM YacTUL OT MHIIEHUM KaHaia [0 MHILIEHU
SKCIIEPUMEHTAILHOM  yCTaHOBKM, YTO OOecreyrBaeT B JIMHEWHOM MPUOIMKEHUU IO
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IIONIEPEYHBIM ITapaMeTpaM TPAEKTOPUN COXpaHEHUE NOJIAPU3ALUN IIPOTOHOB Aéy = 0 nns Bcex

pe)kuMOB  paOoThl KaHajma. Hanuume Koppenmsiuuu MeXay KOOpJMHATOM 4acTUIbl B
BEPTUKAIBHON INIOCKOCTH Y M COOTBETCTBYIOLIEH KOMIIOHEHTOM BEKTOpa MOJISpHU3aLUU fy B

IPOMEKYTOYHOM H300PaKCHUH MyUKa™ IPEIIIOIaracTcs NCIIONb30BaTh IS OPTaHH3aLUHI 31eCh
CUCTEMbl MEUYEHHMsI MOJSPU3AMK YaCTUI[ WM JJIs BbIIEJCHHUS C MOMONIbI0 KosumMmaTtopa C4
YacTU TIy4Ka C HEHYJEBOM cpeaHel mnosispuzanued dvactul. Bo BTopoMm  ciydae
Koppektupyromuii MmaruuT MC2 ucnonb3yercs A CMEIIeHUs Mydka Ha kosmumarope C4, a
koppektupyromue Maruutel MC3 u MC4 — 115 BbIBeieHUS BBIJEJIIEHHOM YacTH IyyKa Ha OCh
9KCIEPUMEHTAIBHOM ycTaHOBKH (pasn. 2.1.4).

Jns  co3maHus  KaHaia  IOJSIPU30BAHHBIX — YacTHUI] IUIAHUPYETCS  HMCMOJb30BaTh
CTaHJAPTHOE MarHUTOONTHYECKOE 000PYI0BAHNE IKCIIEPUMEHTAIBHOTO KOMILJIEKCA YCKOPUTEIS
V-70: kBagpynonsHbeie JuH3bl THHa 20K200 miuHOM 2 M ¢ MakCUMajbHBIM TIPaJUEHTOM
marautHoro nois 13 Tn/m B aneprype auamerpom 20 cM u oTkiIOHSsoIMe MarHuThl Tuna CII-
7A u CII-12A nnuHOM 6 M U 3 M, COOTBETCTBEHHO, ¢ MaKCHMaJIbHBIM ToJieM 1.8 T B pabGoueii
obnmactu 500x200 MM (TOpU3OHTAJIbXBEPTUKAIb), a TaKXKE KOJUIMMATOPbl YacTULl C
MaKCUMaJIbHbIM PACKPBITHEM £75 MM.

MakcuManbHBI  UMIYJIbC  (OPMHUPYEMOTO IydKa TPH HUCIOJIB30BAHWU  0a30BOM
ontuieckoit cxemsl (Puc. 2.5) cocraBnser 45 I'3B/c. MoaudunupoBanHas onTHYECKas cxema
KaHala (C BKJIIOUEHHBIMM 110 AYOJETHOH cXeMe MepBbIM M IOCIEIHUM OOBEKTHBAMMU)
o0ecreynBaeT TPaHCHOPTUPOBKY MYYKOB yacTULl ¢ ummylbcoM o 60 I'sB/c, uro mo3Bosser
JOCTaBIATh K 3KkcnepuMeHTanbHON ycTtaHOBKe CITACYAPM nepBuUYHBINA NPOTOHHBIM ITy4OK
MOHW)KEHHOM MHTEHCUBHOCTH, BBIBEACHHBIM W3 yckopuTens Y-70 ¢ MOMOIIBIO H30THYTOIO
kpucrayuia [71].

Jlpyrue XapakTepuUCTUKU KaHalla, BKJIIOYas MUHUMAaJIbHBIM U MaKCUMaJbHBIA pazOpoc
nyyka IO HUMIYJbCaM, a TaKKe YIJIOBOM aKCenTaHC B O0EHX IONEpPEeYHBIX IUIOCKOCTSX,
CYIIECTBEHHO 3aBUCAT OT pa3MepoB 3(PPEKTHUBHOIO HCTOYHHMKA MPOTOHOB, KOTOpPHIE B CBOIO
ouepesb SBISAIOTCS GYHKIMEH UMITyJIbca YacTHll. Tak, MUHUMAaJIbHBIN (MakCHUMalbHBIH) pa3opoc
y4yKa [0 UMITyJIbcaM B KaHasle u3MeHsiercs oT +4.5% (£11.0%) ans nydka ¢ ummynscom 15
[B/c 1o +£3.0% (£9.5%) ans myuka ¢ ummyiascom 45 [B/c.

IIpenenst momycka + 2,8 Mpag B BEPTUKAIBHOM IUIOCKOCTH M + 3,2 Mpag B
TOPU30HTAIBHOM IUIOCKOCTH BBIOMpAIOTCS TaK, YTOOBl MOTOK HEWTPAJbHBIX YacTHUIl HHXKE
KOJUIMMAaTOpOB, NPEMMYIIECTBEHHO HEWTPOHOB, IOMNAJajl B AKCENTAHC BaKyyMHBIX Kamep
KBaJpynoyubHbIX JUH3 Q1 — Q3 u aunonasHOro Maruuta M1, Tem cambIM 3(PPEKTUBHO yCTpaHss
GOoH OT B3aMMOJCUCTBUI HEUTPATbHBIX YACTHI[ B 3THX JJIEMEHTaX. HelTpasibHbIe YacTHIIBI,
KOTOpbIe Mpoxo T yepe3 Koymumaropsl C1 u C2, B KOHEUHOM UTOTe COPachIBAlOTCSI BO BTOPOM
HOTJIOTUTEND (HE MOKa3aH Ha puc. 4), pacloiI0KEHHBIH MEXy AUMOIBHBIMU MarHuTamMu M1 u
M2 na paccrossHuu 6 M ot 1ieHTpa M1.

Y Tlomumo KnHeMaTHKH pacmajga /A-THIIEPOHOB CTENECHb KOPPEISIHMH 3aBHCHT TAKKE OT PA3MEPOB MHILICHH,
pa3bpoca 1o UMITYJIbCaM 3aXBaTBIBAEMOT'0 B KaHAJI IPOTOHHOTO ITyYKa U CTPYKTYpPhl HAYaJIbHOH YacTH KaHana [ Puc.
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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Kak crnemyer u3 onucanus mumieHHOW cranuuu (pasza. 2.1.1), kanam 24A moxeT ObITh
MCIIOJIb30BaH TaKke NI (GOPMHUPOBAHUS U TPAHCIIOPTHPOBKHU K IKCIIEPUMEHTAITLHON yCTaHOBKE
MyYKOB BTOPHYHBIX YacTHI] O0OOMX 3HAKOB 3apsiaa. B 3ToMm ciiydae BBUAY CYIIECTBEHHO
MEHBIIINX Pa3MEPOB MCTOYHUKA YACTHI], HE 3aBUCAIIMX OT MMITYJIbca (POPMUPYEMOTrO MydYKa,
MUHHMAJIBHBIN pa3opoc Mmydka 1o UMITyJIbcaM B KaHaie coctaBisieT +1.2%.

2.1.3 Ilapamerpsl my4Ka MPOTOHOB B MPOMEKYTOYHOM H300paKECHUN

Pasmepsl myuka B NPOMEKYTOYHOM HM300pPKEHUU BEPTHUKATHHOW  IUIOCKOCTHU
OTIpeACIIAIOTCS pa3zMepamMu dPPEKTUBHOTO HCTOYHHKA MPOTOHOB U KOA((UIIMEHTOM MAaTPHIIBI
npeobpazoBanust (y/y,) OT MUIICHH 10 3TOr0 CEYEHHs KaHalla, KOTOPbI B paccMaTpUBacMoil
CXeMe MOXET BapbHPOBATHCS B JOCTATOYHO HIMPOKHX MpeAesiaX ¢ COXpAaHCHHUEM eIMHUYHOCTH
MOJTHOM MAaTpHUIBl MpeoO0pa3oBaHMs KaHala. JTO TO3BOJSET HMETh B MPOMEKYTOUHOM
M300paXCHUH HEM3MEHHBIC pa3Mephl My4YKa B BEPTHKAIBHOW IJIOCKOCTH TpU (POPMHUPOBAHUU
MYYKOB MMOJIIPU30BAHHBIX MPOTOHOB C Pa3HBIMHU IEHTPAIbHBIMU UMITysIbcamu (Taom. 2.1).

Ta6s. 2.1 [TapameTpsl IPOTOHHOTO ITyYKa B IPOMEXYTOYHOM H300paKeHUH. Pa3Mepsl ImydKa NpuBeICHBI IS
MHHHMAJIBHOTO M MaKCHMAJIBHOTO (B CKOOKaX) 3HaueHUs Ap /P, IPOIyCKaeMOro KaHAJIOM.

LlenTpanbHblil UMITYJIBC ITydKa, ['3B/c 15 30 45
Pa3mep 3¢ deKTUBHOIO HICTOUHUKA IPOTOHOB B

BEPTUKAIILHOH IJIOCKOCTH (T7,), MM 14.5 10.1 8.5
Kosddumment ysenmuenus (y/y,) At

LIEHTPAJIbHOI0 UMITYJIbCA ITyUKa 1.4 2.0 24
Pa3mep nmyuka NpoTOHOB B BEPTUKAJIBHON

IJIOCKOCTH (07), MM 20.6 (22.1) | 20.9 (22.0) | 21.3(21.7)
Pa3mep nmydyka NpoTOHOB B TOPU30HTAIBHON

TUIOCKOCTH (0 ), MM 10.0 (32.2) | 7.7 (37.0) 6.6 (35.0)

CBsi3p MEXIy KOOpJHWHAaTaMHU IMPOTOHOB B BEPTUKAJIBHOW IUIOCKOCTH U CPEIHUMH I10
KOKIOMY OHMHY THCTOIpaMMBbl 3HAQUEHUSMU KOMIIOHEHTBI fy BEKTOpa MOJSIpU3alNY,
UCTIONb3yeMasl I MEUEHUs TIOJSIPU3AIK OTJENbHBIX YacTHUIl, TpeAcTaBieHa Ha Puc. 2.6 mis
nyuyka ¢ umnyiascoM 45 IaB/c. KoadduuueHnt koppensuuu Mexay 3TUMU  BeIHMYMHAMU
cocrasiser 0.83 st myuka ¢ op/Po= 1.2% u 0.78 st nyuka ¢ op/po=4.2%. IlpuBencHHbIC
3/IeCh U Jajiee pe3yJabTaThl MOJECIUPOBAHMS NApaMETPOB Iy4yKa MOITYYEHbl C UCIOJIb30BAHUEM
nporpammbl DECAY TURTLE [72], moauduuupoBaHHOM 1715 pacy€TOB XapaKTEPUCTHK ITyYKOB
TIOJIAPU30BAHHBIX TIPOTOHOB (AHTHIPOTOHOB) OT pacnana A(A)-runepoHos.
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Puc. 2.6 Css13p MCKAY BEPTUKAJIbHBIMH KOOPAWHATAMU NPOTOHOB U CPEAHUMU 3HAUCHUAMHU gy KOMITOHCHTBI

BEKTOPA MOJISPU3ANHU B IPOMEXYTOUYHOM N300pakeHNH JUTA ITydKa ¢ UMITyabcoM 45 I'aB/c.

2.1.4 TlapameTpsl myyKa MOJSPU30BaHHBIX IPOTOHOB B KOHIIE KaHAla

Pe3ynbrarel pacuera mapaMeTpoB IydKa MOJSPU30BAHHBIX IMPOTOHOB B KOHIIE KaHala
JUIS TpeX 3HaYeHUH IIeHTPaJIbHOr0 UMITyJIbCa IydKa puBeaeHsl B Tabn. 2.2,

Tabu. 2.2 [TapameTpsl MyyKa MOJSIPU30BAHHBIX MPOTOHOB B KOHIIE KaHAJA.

p, [B/c 15 30 45
0/Po, % 2.0 45 1.4 4.4 1.2 4.2

Oy X 0y, MM 17 x 14 19 x 16 14 x 10 17 x 11 11 x 8.7 16 x 9.0
Oy X ay,Mpan | 14x15 | 1.3x15 | 15x1.8 | 1.3x18 | 14x17 | 1.3x17
Lycay 110" pot 35x10° | 9.2x10° | 2.1x10" | 7.8x10" | 1.5x10" | 6.8x10’
L x)/10% pot 3.8x10° | 11x10° | 35x10° | 14x10° | 1.3x10* | 7.6x10"

Ha Puc. 2.7 npuBenens! npo¢uin Mmyyka Ha MUIIEHU HKCIEPUMEHTAIBHOW YCTaHOBKH
CIUTONIHOM JIMHUEH 171 MydKa ¢ uMmIryiabseoM 45 IB/c (op/po= 1.2%) n myHKTHpHO MHHMEH 11s
nydka ¢ uMmmynscoM 15 IaB/C (op/po=4.5%). HHTeHCHBHOCTh IIyuKa IOJISPU30BAHHBIX
IPOTOHOB HAa MHILEHH KCIIEPUMEHTAIbHON YCTAaHOBKM KaK (DYHKIUS IIEHTPAJIHHOIO UMITYJIbCA
IydYKka TpuBeaeHa Ha Puc. 2.8 mis MakcumansHOTo Ap/p, mporryckaeMoro kanamoM. Tam ke
NIPUBOAUTCS 3aBUCHMOCTh OT UMITyNIbCa ITy4Ka HHTEHCHBHOCTH TTT-ME30HOB OT pachanos KO-
ME30HOB, SIBJISIOIIUXCS OCHOBHBIM UCTOUYHUKOM (POHA B ITyUKE MOJSPU30BAHHBIX IPOTOHOB IPU
ycinoBud 3G (HEKTUBHOM OUUCTKH HANPABIEHHS KaHAIa OT POXKIACHHBIX B MUILEHH 7T -ME30HOB U

MPOTOHOB, KOTOpas mpu (OPMHUPOBAHUU TOJSIPU3OBAHHBIX MYYKOB ¢ uMIyinbcoMm >30 [B/c
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o0ecreunBaeTcsi TOJIBKO MpU OMU3KHUX K MakcuMyMmy pexxumax Mmaraura MT3, Bxoasmero B
COCTaB MUIICHHOW CTaHIMHM KaHanoB yactull 24A u 24B (pa3a. 2.1.1). D10 cooTBeTCTBYET
oTOOpy B KaHai 24B BTOpUUYHBIX YacTUIl C UMITYJIBCOM, OJIM3KUM K MAKCUMaJIbHOMY 3HAYEHUIO
28 I'3B/c npu HyneBOM yrie ux poxjaeHusi B Muienu. [lpu stom ot6op B kanan 24B Bropuynbix
YaCTULl C HEHYJEBbIM YIJIOM POXACHHS B MUIIEHH IO3BOJIIET 3aMETHO PACIIMPUTH AUANA30H
UMITYJIbCOB (POPMHUPYEMBIX B 3TOM KaHaJle IIy4KOB.
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Puc. 2.7 IIpodunu mydka Ha MHUIIEHH SKCIIEPUMEHTANbHOH ycTaHOBKU 1ist P = 45 '9B/c u 6,/po= 1.2% (cruromHas
nuuus u 11 P=15 IB/C u op/pe=4.5% (TyHKTHpHAs! THHUSA).

B cuny eIMHMYHOCTM TOJHOW MaTpuIlbl NpeoOpa3oBaHHs KaHajla B BEpPTHKaIbHOU
IUIOCKOCTH  KOppeNsiusl MEXAY KOOpPAMHATAMM 4YacTULl | fy COCTaBJISIOLIEH BEKTOpa

noJyisipu3anuy, Mnpucymas 3((EeKTUBHOMY HCTOYHUKY IPOTOHOB, HMEET MECTO TaKXkKe B
BBIBEJICHHOM Ha MHUIEHb JKCIIEPUMEHTAJIbHOM YCTAaHOBKM NPOTOHHOM Itydke. IIpu stom
CpelHssi MO IydKy IIONEpeYHas MoJsipu3alns IPOTOHOB paBHa Hymto. Jliug MmedeHus
NOJIIPU3ALUU OT/IEIbHBIX YACTULl MOXKET ObITh MCIOJB30BaHA CBSI3b MEXKAY BEMUMHAMU Y U fy

B IIPOMEKYTOYHOM H300paxenuu (Puc. 2.6).
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Puc. 2.8 IHTEHCHBHOCTE IyYKa MONAPH30BAHHBIX IIPOTOHOB U (JOHOBHIX 7T+ -ME30HOB B KOHIIE KaHala TPy
MaKcHMaibHOM Ap/p, paccunrantas Ha 10" najaromux Ha MHIIEHs POTOHOB ¢ 3Heprueil 60 I'B. I TprxoBoii
JMHUCH JTJaHa CyMMapHasi UHTCGHCUBHOCTD ITPOTOHOB JUIS JIBYX HHTEPBAJIOB C IPOTHUBOTMIOIOKHBIM 3HAYCHUECM U
CpeaHel mosspu3aruei §y =40%
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[IpocreitmmmM cmocoOOM TMOJTyYeHHUS HAa MHIICHH SKCIEPUMEHTAIBHON YCTaHOBKH
MOJISIPU30BAHHOTO Iy4YKa C 3a/JaHHBIM HAMpaBJICHUEM BEKTOpa MOJISIpU3ALUU, SIBISETCS
BBIJICJICHHE YacTH Iy4Ka C OTJIMYHOM OT HyJsl CpeJHed MoJspu3alueil BepTUKAIbHBIM
KOJUTMMATOPOM, PACIIONIOKCHHBIM B TPOMEXKYTOUYHOM H300pakeHUU. B paccmarpruBaeMom
KaHaJje C JTOW IENbI0 MYYOK B MPOMEKYTOYHOM H300paKEHUU CMENIAeTCs KOPPEKTUPYIOUTUM
maruutoM MC2 1o BepTHKalIM B Ty WIH JAPYryl0 CTOPOHY MapajUielIbHO OCH KaHaia mepen
koimuMatopoM C4 ¢ (uUKCHpOBaHHBIM 33/JIaHHBIM PACKpBITHEM IleK. Takoll BapuaHT, HE
TpeOyromuii rnepeMenieHus: MeK KOoJUIMMAaTopa, MO3BOJIAET ObICTpO (B Ipenaesne, OT LMKIA K
UKy  YCKOPHUTENS)  OCYILECTBIATh peBepc  mojsgpuU3alMM  Iyyka Ha  MUIIEHU
OKCIIEPUMEHTAJIbHON  YCTAaHOBKHM, COXpaHsAsl TMpPU OTOM  OKCIUTyaTallMOHHBIM  pecypc
VICIIOJIB3YeMOro KoJutnuMatopa. IlapamMeTpbl IpoTOHHOTO Iyuka C umiynscoM 45 I'3B/c u op/po=
1.2% Ha MHIIEHU SKCIIEPUMEHTAILHON YCTaHOBKM IPU pacKphiTUU Koymumaropa C4, paBHOM
+10 mm, mpuBeaensl B Tabn. 2.3 ansg psana pexuMOB KoppekTupyromero marauta MC2 ¢
MOJIOKUTEIHHON MOJSPHOCTHIO BKIIFOUEHUS.

Tabn. 2.3 IlapameTpsl NOIAPU30BaHHOTO IPOTOHHOTO My4Ka C MMITydbcoM 45 IB/c u op/po= 1.2% Ha MumeHn
OKCIIEPUMEHTAJIbHOW YCTaHOBKM Kak (YHKIHS PpeXUMa KoppekTtupyromero Marauta MC2 npu pacKpbITHU
kosmuMatopa C4, paBHOM +15 MM.

(BL)Mcz, Tnxm 0.06 0.08 0.10 0.12
Sy 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° 2.5x10°

B srom pexume paOoThl KaHaia pa3Mep Iydyka Ha MHULIEHH SKCIEPUMEHTAIbHOMN
YCTaHOBKHM B BEPTHKAJIbHOM MIIOCKOCTH YMEHBINAETCA JI0 Oy, ~ 3.2 MM NPH HEM3MEHHBIX IPYIUX
napamerpax Iyd4ka, npuBeleHHbIX B Tabn. 2.2. Ilpu cMeHe MOJISpPHOCTH KOPPEKTUPYIOIEro
maranta MC2 cpeiHie KOOPAWHATA y W YION MAJCHHs TydKa y' Ha MUIICHH B BEPTHKATBHOMN
IJIOCKOCTH, a TakKkKe fy KOMIIOHEHTa BEKTOpa MOJSPU3allMd  MEHSIOT 3HaK Ha

IIPOTHUBOIOJIOKHBIA. TUNIMYHOE paclpeeseHue MOJAPU3aLNN §y JUIsl BBIOPAHHBIX COMIUIOB C

HEHYJIEeBOU monsipu3anuei nmpuseneHo Ha Puc. 2.9. Jlnsg BbIBeJeHHS BBIJEICHHBIX MOOYEPETHO
yacTeld Mydyka Ha OCh OKCIIEPHUMEHTAIbHOW YCTAHOBKH HCIONB3YIOTCS  KOPPEKTUPYIOIIHE
marautsl MC3 u MC4.
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'C_Y polarization component

Puc. 2.9 Ilomspu3zarus MpOTOHHOTO MyYKa ¢ UMITyIIbcoM 45 ['3B/c Ha MHIIIeHN YCTaHOBKHU IS
pexxuMoB KoppekTopa MC2, paBabix +0.12 Tixwm (cneBa) u -0.15 Taxwm (cnpaBa) mpu C4=+15 Mmm

2.1.5 TIlapameTpsl my4Ka NOJSPU30BAHHBIX AHTUIIPOTOHOB

[Tapametpsl 3¢ (HEeKTUBHOIO HCTOYHMKA AHTUIIPOTOHOB OT pacmajna /-rUnepoHoB, a,

CIIEIOBATEeNIbHO, M  MapamMeTphl  (OPMHUPYEeMOro aHTHUIPOTOHHOTO IIydkKa (pa3Mepsl,

pacxoauMocTh, pa3Opoc MO MMITYJIbCaM, KOPpeNsiiMs MEXIy KOOpAMHATAMM 4YacTHUIl U

COOTBeTCTBYIOIHeﬁ KOMIIOHEHTOM BCKTOpa NOJSIpU3allMi B IIPOMEIKYTOUYHOM I/1306pa)KeHI/II/I)

MOJIHOCTBIO HACHTHUYHBI IMPUBCACHHBIM BBILIC IMapaMEeTpaM MNPOTOHHOI'O ITy4dKa (Ta6J'I. 21 wu

Tabn. 2.2, Puc. 2.6). [Ipu 3TOM MHTEHCHBHOCTH IyYKa aHTHIIPOTOHOB B KOHIle KaHaia (Puc.

2.10) OTIpeeNsIeTcs CYIIECTBEHHO
MEHBIIUM  CEYeHHEM  poxjaeHus /-
THIIEPOHOB M0  CpaBHeHHWIO C /-
THIIEPOHAMM. Tak, MaKCHMaJIbHast
MHTEHCHBHOCTh AHTUIIPOTOHHOTO ITy4Ka
npu umiyisce ~15 I'3B/c, npumepHo B 20
pa3 MeHbIlle HHTEHCUBHOCTH MPOTOHHOTO
nyyka C TeM K€  ICHTPaJIbHBIM
umiyiabcoM. C TMOBBIIIEHHEM HMITYJIbCa
dopMupyemMoro - my4yka — pasHHLIA B
MHTEHCUBHOCTSIX POTOHHOTO "
AQHTUTIPOTOHHOTO ITYYKOB JIpaMaTH4eCcKu
BO3pacTaer.

Uro kacaercsi (DOHOBBIX YCIOBUH,
TO B IIYYKC aHTUIIPOTOHOB C HMMITYJIBCOM
<15 I»B/c nmomMuMO 7~ -ME30HOB OT
pacnagoB  KQ-Me30HOB  mpHCYyTCTBYeT
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Puc. 2.10 VIHTCeHCHBHOCTH IIyYKa MOJSIPH30BAaHHBIX

AQHTUIIPOTOHOB W ()OHOBBIX 7T~ -ME30HOB B KOHIIE KaHaJa IpH
MakCUMallbHOM Ap/p, paccunTaHHas Ha 10" napgaromux Ha
MHUILIEHb IPOTOHOB ¢ 3Heprueit 60 I'B

TaK)K€ 3HAYMTEIFHOE KOJMYECTBO ITHX YaCTHIl OT pacragoB /A-runmepoHoB. Takum o0pazom,

ONTUMAJIBHBIM 10 MHTEHCUBHOCTH M (DOHOBBIM YCIIOBHUSIM SIBIISIETCA IYYOK IMOJIIPU30BAHHBIX
AQHTUIIPOTOHOB C LEHTPAIBHBIM UMITYIbcOM 16 ImB/c, mpu KOTOpOM, COTIIACHO TPOBEICHHBIM

pacuc€TtaM, HYUCIIO T~ -ME30HOB HpI/I6JII/I3I/ITCJIBHO B 3 pa3a BbIIIC HWHTCHCUBHOCTH
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AHTUIPOTOHHOI'O ITy4Ka, COCTABJISIOIICH 4x10° JacTUIl Ha 10% nagamolux Ha MHIICHD
npoToHOB ¢ 3Heprueil 60 I'3B. IlpocTpancTBEeHHBIE paclpeneraeHts] aHTUIIPOTOHHOTO ITydKa ¢
uMItysibcoMm 16 I@B/c Ha sKcnepuMEHTaNbHOM MUIIEHW I MaKCHMaJIbHOW MPOITYCKHOMN
crocoOHOCTH Ap/po OMM3KM K TAaKOBBIM JJIsi MPOTOHHOTO MIyd4ka ¢ umiyiscoMm 15 B/,
npeicTaBieHHbIM Ha Puc. 2.7. BpigeneHue aHTUIIPOTOHOB MPH TaKOM ypOBHE (pOHA BIIOJIHE B
Ipezeiax BO3MOXKHOCTEN IyYKOBBIX UEPEHKOBCKUX CYETYUKOB.

NuTeHcuBHOCTE  (hOPMUPYEMOTO  TMOJSIPU30BAHHOTO ITyYKa AHTUIIPOTOHOB (Kak U
(OHOBBIX 7T~ -ME€30HOB OT pacHanoB KO-Me30HOB) CyIeCTBEHHBIM 00Pa30M 3aBHCHUT OT JJIMHBI
marauta MT3. Opnako T™OBBIIIEHME WHTEHCUBHOCTH AHTUIIPOTOHHOIO IIydyKa 3a CYeT
yMeHblleHuss JiuHBl MT3 cBsi3aHO ¢ yXYOIIICHWEM OYMCTKH HallpaBieHUs KaHajga oOT
3apsOKCHHBIX BTOPUYHBIX YacTUIl MPU (OPMHUPOBAHUM ITYYKOB IOJISPU30BAHHBIX YacCTHIl C
umnyascom >30 IhB/c, a Takke ¢ TPOMOPUMOHAIBLHBIM YMEHBIICHHEM MaKCHMAJIbHOTO
MMITYJIbCa BTOPUYHBIX YaCTHI], OTOMPAEMBbIX BO BTOPOH KaHAJL.

[ToaTomMy OBLT paccMOTpEH BapHaHT pa3MeElIeHMs] MMILEHU BHYTpu marauta MT3 6e3
u3MeHeHus ero mnapamerpoB. Ha Puc.  2.11 mnoxkazaHbl 3aBHUCHMOCTH HHTEHCHBHOCTH
AQHTUIIPOTOHHOTO IyYKa M ()OHOB Ha MMILEHH 3KCIIEPUMEHTA OT MOJIOKEHUS POU3BOACTBEHHON
MUILEHN OTHOCHUTEJIbHO NepeaHero kpas Mmaruuta MT3 mig nmydka 16 3B / ¢ u makcumanbHOR
nepenaBaeMoii BenuuuHbl Ap / p0.

-
o
[e:]

Particle flux per 10" PPp
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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 ¢ ummyscoM 16 I'9B/c ¢ makcuManbHOM nepegaBaeMoi
BeMUUHON AP/ po. OCHOBHOE MMOJIOKEHHE MHUIIICHH COOTBETCTBYET KoopauHare -0,2 m.

Ecnu uenTp nononHuTensHONU MPOU3BOJACTBEHHON 1ENH OB pacnoioskeH B Touke +0,7 M
B MT3 ¢ ero MarHuTHBIM IOJIEM OKOJO MakcuMmyMa 1,9 Tn, ToO MHTEHCUBHOCTh aHTHUIIPOTOHOB
BO3pacraet B 2,5 pasa (10 10° 3a UKIT) TIpu yBenudeHuu ¢oHa B 3,5 pasa. Pe3koe yBennuenue
¢oHAa OT BTOPUYHBIX T-ME30HOB, OOPA3YIOMIMXCS HEMOCPEJICTBEHHO B MHUIICHHU, JeaeT
HEBO3MOXKHBIM I€peMEIlleHUe MUIIIEHU Ty0ske BHYTpb Maruuta MT3 3a npeaenst +0,7 M.

Eme oaHuM BapuaHTOM TOBBIIEHUS HWHTEHCUBHOCTUM AHTUIPOTOHHOTO IIyuKa,
TpeOyIOIMMM TOTOJHUTENBHOM TIIATENbHON MpOpadOTKH, SIBISIETCS HUCIOJIb30BAHUE B KAaueCTBE
MT3 cBepxmpoBojsmero maraura jmHod 1 M ¢ moiem 4.5+5.0 Tn. Kak mnoxa3biBaioT
pe3yNnbTaThl pPacyeToOB, WHTEHCHUBHOCTH AHTUIIPOTOHHOTO ITydka ¢ uMmyidscom 16 [mB/c
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yBenuuuBaeTcs B 3.5 pasza mpu 6.5-KpaTHOM BO3pacTaHUM WHTEHCUBHOCTH TT -ME30HOB OT
pacnanos K2-Me30H0B, Ipu 3TOM He yXy/IMIAIOTCS BO3ZMOYKHOCTU 0TOOPA ¢ MUILIEHH BTOPUYHBIX
YaCTUIl BO BTOPOW KaHAJ, TakXe KakK M ()OHOBBIC YCIOBHSI ISl MOJSIPU30BAHHOTO TIPOTOHHOTO
mydka ¢ umnyiascom =30 IB/c.

2.1.6 BnusHHMe JETEKTOPOB CHUCTEMbl MEUYEHHS M WICHTU(UKAMK YacTHUIl Ha
napameTpsl (POPMHUPYEMBIX ITYYKOB YaCTHUI]

Cucrema MeYeHMsI YacTUIl MPOEKTHUPYEMOIO KaHala MOJISIPU30BAHHBIX MPOTOHOB U
AHTUIPOTOHOB (CM. MO3XKe pa3zel 2.2 HACTOALIETO TOKYMEHTa) MpeIHa3HaueHa JUIsl U3MepeHust
MMITYJIbCA OTJICIbHBIX YACTHUII B IYYKE, a TAKXKE OMPEIeNICHUs BEPTUKATbHBIX KOOPJAUHAT YaCTHUIL
B TMPOMEKYTOYHOM HM300paKEHUU, YTO TO3BOJIIET <IIPUIUCHIBATE» KaXKIOMY MPOTOHY
(aHTUIIPOTOHY) CpeAHee IJs JaHHONW KOOpPIMHATHI 3HAYCHHE §y KOMITOHEHTBI BEKTOpa

nomsipusauuu (Puc.  2.6). B 1o ke Bpems, mperoctaBiisisi HHGOPMALUI O MOJOXKCHUH H
pa3Mmepax Mydka YacTHII, CUCTeMa MEUYEHHUs1 OyneT 3(pPEeKTHBHO UCIIONB30BaThCS TAKXKE M TPU
HaCTpPOMKE KaHaJa.

[Ipennaraemasi cucremMa MEUYEHMsI 4acTUL[ BKJIIOYAET B ce0 CEMb JBYXKOOPAUHATHBIX
TOJIOCKOTIOB, TPH M3 KOTOPBIX, PACHOJI0KEHHBIE MEXKAY KBaApymoibHbIMU JuH3aMu Q5 u Q6
(Puc. 2.5), mpemHazHayeHbl AN HM3MEPEHHUS KOOPAUHAT 4YAaCTHUIl B MPOMEKYTOUHOM
nzo0paxennu. OcTaabHbIE YETHIPE TOAOCKOIA PACIOIAralOTCs MOMAPHO A0 U MOCJIe MarHUTOB
M3 u M4, oGecnieunBasi U3MepeHne UMIyYIbCOB YacTtull. CyMMapHas TOJIIMHA CHUHTHILIIATOpA
IO ITyYKY B Ka)KJOM I'OZJOCKOIIE€ COCTaBIISET 8§ MM.

Kpome cucTemMbl Me4eHHsl YaCTHIl BO BTOPOH YacTH KaHaja B KBAJPYMOJBHBIX JHH3AX
Q6+Q7 u Q9+Q10 mpeamonaraercss pa3MecTUTh JBa 6-METPOBBIX MOPOTOBBIX YEPEHKOBCKHX
CUeTYMKa JUId UASHTU(UKAUK YacTUll. B ciydae mpoToHHOro my4ka ¢ umiyiascoM 40-45 I=B/c
YEepPEeHKOBCKHME CUETUMKHU Oyay paboTaTh Ha BO3JyXe MpPHU aTMOC(EpHOM JaBIEHUH, TOTJa Kak
JUI Ty4yka ¢ uMIynbcoM 15 I'hB/c (aHTUIPOTOHBI M MPOTOHBI) MPEAIOIAraeTcsl UCIOIb30BaTh
¢dpeon R-22 (CHCIF,) taxxe mpu atMochepHOM JaBICHHH.

BnusiHue Ha KoOHEuHBIE MapamMeTpbl (OPMUPYEMBIX IYYKOB IE€PEUMCICHHBIX BBIIIE
JETEKTOPOB, a Takke HEOOXOOUMBIX JUIsl MX pa3MEUIeHHs] HE BaKyyMHpPOBAaHHBIX YYacTKOB
KaHaja, OLEHUBAINUCH IOCPEJCTBOM pacuera MOIJOUIEHUS] M MHOTOKPAaTHOTO pacCestHUs B
BEIIECTBE MOHOMMITYJILCHOTO My4YKa C HYJEBBIMU pa3MepaMu M PacXOJUMOCThIO (O-TTyuyKa) Jis
IBYX pexuMoB paborbl kaHana (Tabm.  2.4). CpaBHeHHE TOJYYEHHBIX pE3YJIbTAaTOB C
pacyeTHBIMM TapaMeTpaMy IIy4KOB, MpHBEJeHHbIMH B Tabm. 2.2, CBHIETEIBCTBYET O
HE3HAUUTENIbHOM YBEIMYEHUH Pa3MepoB Iydka ¢ uMmyiabcoM 45 I'3B/c u 10+12% yBennuenun
pa3MepoB Mmydka ¢ ummyiabcoMm 15 IB/c mpu motepe mHTeHcHBHOCTH Tiyuka 14% u 17%
COOTBETCTBEHHO.

Taba. 2.4 I[TapameTpsl HCXOHOTO O-TyYKa HAa MHUIICHU SKCIIEPHUMEHTAIBHON YCTAHOBKH

LlenTpanbHblil UMITYIBC My4Ka (p), [9B/c 15 45
Pasmepsl yuka (0, X 0y), MM 9.3x7.6 2.7x 1.6
Pacxonumocts nyuka (0, X 0,7), Mpaj 0.53 x 0.57 0.14 x 0.24
ITorepu wactui, % 17 14
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2.2 Cucrtema MEUCHHS TOJSAPU3AINH ITyIKa
Cucrema Me4eHMsI 4YacTULl MPOEKTUPYEMOI'O KaHajla IOJSPU30BAHHBIX IPOTOHOB H

AHTUIPOTOHOB MpeAHA3HAUEHA JIJI1 U3MEPEHHUS UMITYJIbCa OT/IEIbHBIX YACTHI[ B ITyYKe, a TaKkKe
OnpefieNieHUs BEPTUKAIbHBIX KOOPAUMHAT 4YacTHUIl B IPOMEKYTOUHOM HM300paKEHUH, UYTO
MO3BOJIIET  IIPUIUCHIBATBY KaXJAOMY MPOTOHY (aHTUIPOTOHY) CpedHee [UIsl JAaHHOM
KOOPJMHATBI 3HaueHHe Py KOMIIOHEHTBI BEKTOpa MoJsipu3anuu. J{as 3TOro B MPOMENKYTOYHOM
dokyce kanana (Puc. 2.5), rne hopmupyercs HHBEPTUPOBAHHOE M YBEIHMUECHHOE M300paKeHHE
BUPTYaIbHOTO WCTOYHHMKA W3 TUIOCKOCTH mepBuyHOW wmwumeHu (Puc.  2.2), usmepsercs
BEPTUKAIBHOE CMEIIEHHE Y TPACKTOPUM OT OCH IydyKa M 3aTE€M MCHOJB3YIOTCS pacuETHbIC

saucumoctn &, (Y) THma mokasaHHO# Ha Puc. 2.6. Kpome Toro, ¢ IMOMOIIBIO TOZOCKOIOB

CHUCTEMBbl MEUCHHS, U3MEPSIONINX MPOXOXKIACHUE TPACKTOPHUS B TOPU3OHTAIBHOM TUIOCKOCTH,
OTIpEICNIACTCS MMITYJIbC KaKJOW MMYYKOBOW YAaCTHIBI C TOYHOCTBHIO OKono +1%. Kak ObL10
oTMeueHo B pazzaene 2.1.2 u mpowmmocTpupoBaHo Ha Puc. 2.6, xoporiee 3HaHHE UMITyIbCa
BaXHO TaKkke W Uid yMeHblIeHus sddexra «pa3MbiBaHUsS» 3aBucUMocTed Puc. 2.6 uz-3a
pazbpoca 1o UMITyJIbCaM U, TEM CaMbIM, JIJIsi 00JIee aKKypaTHOTO BOCCTAHOBJICHUS MOJISPU3ALIUH
Sy U1 KaXKJI0M TPACKTOPHH.

Metoauka ~ co3gaHMsl  CUCTEMbl ~ MEUEHHUS  IOJSPU30BAHHOIO  MPOTOHHOIO
(aHTUIIPOTOHHOIO0) My4Ka ObLIa pa3paboTaHa U YCIEIIHO HCIOb30BasIack B skcriepumente E704
[60] mpu akTHBHOM ydYacTHMHM Y4YaCTHHKOB mpoekTta. [logo0Has cHUCTeMa TaKKe YCHCIIHO
ucnonsizyetrcst B skcnepuMmente ®OJIC B IlporBuno [61]. Omnako, ciemnyer OTMETHTb, YTO
OKHJaemMasi HHTeHCUBHOCTh Iy4KkoB B skcriepumente CITACUAPM Oyner Boiie. Kpome toro,
npexanonaraercs, yto B skcnepuMente CITACHAPM cnuHoBble 3¢ ¢dekTsl OyayT u3ydaThbCs C
6onee BbicokOM TouHOCTBIO (dkcnepuMeHThl POJIC u E-704 MOXHO OTHECTH K paspsay
nouckoBbiX, a CITACUAPM craBuT 3a7auy NpelU3MOHHOTO UCCIIEJOBAHMS), TO3TOMY TOYHOCTh
3HAHMS XapaKTEPUCTHUK ITy4Ka J0JKHA ObITh BBILIE.

I[eTeKTOPI)I CUCTEMBI MCUCHHUA 6YIIYT TAaKXE€ UCKIIOYHUTCIBbHO ITOJIC3HBI JIJIsA HﬁCTpOfIKPI u
ONTUMHU3AlIMN PpPCKUMA KaHalla IIYTEM HM3MCPCHUSA TaKUX XAPAKTCPUCTUK IIy4YKa Kak
HNHTCHCHUBHOCTD, HpO(i)I/IJ'II/I, MMPOCTPAHCTBCHHBIC M YIJIOBBIC PACXOAUMOCTH, S3MHUTTAHC ITYyYKa,
HUMITYJIbCHAA AUCTICPCHA. OnrumanbHas HaCTpOP’IKa KaHalla mpeAmnojiaract AJOCTUKCHHUC
XOopomero coriracud UBMEPEHHBIX U PACUCTHBIX MTapaMETpPOB.

2.2.1 (Cxema pa3MelieHHsI TETEKTOPOB MEUEHUS

OCHOBHBIE  JIETEKTOPhl ~ CUCTEMBl ~ MEUEHMsS  pa3MEIIalTC B  OKPECTHOCTSIX
MPOMEKYTOUHOTO (POKYyca, HAXOIAIIETOCs Ha paccTOsTHUH 60.5 M OT epBUYHOM MUIIeHU U 59.4
M OT MUIIEHH 3KcriepuMeHTa. Cxema pa3MemeHm{20 CUCTEeMBI MEUCHHs MoKa3zaHa Ha Puc. 2.12 u
BKIIOYaeT B cebsg 4 cuérumka monHoro moTtoka S1-S4, 3 romockoma POL1-POL3 mas
BOCCTAHOBJICHHSI TTPOCKIIMHA TPACKTOPHH B BEPTUKAIBHOW IUIOCKOCTH M 6 TogockormoB MOMI1-
MOMG6 st m3MepeHust UMITYJIbCa ITYIKOBOW YaCTHIIBI 110 €€ OTKJIOHEHWIO0 MarHuTamMu M3 u M4
B TOPU30HTAIILHOM TUIOCKOCTH.

%0 Kpome CHCTeMbl MEUEHHS YACTHI[ BO BTOPOH 4acTH KaHAuA MPEAHONAraeTcs pasMEeCTHTh 1BA 6-METPOBBIX
MOPOTOBBIX YEPEHKOBCKUX CUETUYMKA Ul MACHTH(UKAMK YacTHLl. B ciaydae mpoTOHHOTO mydka ¢ uMIynscom 40-
45 I'B/c yepeHkOBCcKHe cYeTUHKH Oyry paboTaTh Ha BO3AyXe NPU aTMOC(EPHOM JaBJICHUH, TOTJa KaK JUIs ITyYKa C
ummynscom 15 I'9B/c (aHTHIPOTOHBI M MPOTOHBI) TpenoaaraeTcs uenoab3osath Gpeon R-22 (CHCIF,) Takxe npu
aTMOC()EpHOM JIaBJICHUH.
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ma

Polarization Momentum

Puc. 2.12 Cxema pa3MemieHns IeTeKTOPOB MEUCHHS IMydKa. VIMITyJIbC YaCTUITH H3MEPSETCS B TOPU3OHTAIBHOM
IUTOCKOCTH C IOMOIIBIO UMITYJIECHBIX TogockormoB MOM1-MOMG6 u marautos M3 + M4. Tlonsapu3anns 9acTHIIBI
olpenernsieTcs IyTeM U3MEPeHHUs €€ UMITYIIbCa U BEPTUKAJIBHON Y KOOPIAWHATHI MOJIIPU3aLUOHHBIME TOJJOCKOTIAMH
POL1-POLS3. S1-54 — cuMHTWILTSIIMOHHBIE CYETYMKH MOJHOTO TTOTOKA. [IpoMexxyTOUHBIN (hOKYC IO BEPTUKAIH IS
HEHTPAILHOTO UMITYJIbCA HAXOAMUTCS B INIOCKOCTH pa3MenieHus rogockona POL2,

BepTukanbHasg KOMIOHEHTA MOJSPU3ALMU Cy BOCCTAHABIUBAETCS 110 ATUM U3MEPEHUSIM B
pEeXHUMe peabHOTO BpEeMEHHU Ha OCHOBE 3apaHee MOATOTOBICHHBIX U COXPAHEHHBIX B TAOIUYHOM
BU/JIC 3aBUCHMOCTEM, MOI0OHBIX MMOKa3aHHBIM Ha Puc. 2.6, g HeCKOJIbKUX 3HAYCHUN UMITYJIbCa
B mpenenax akcentanca kanaina. Jlerektopsl POL2 1 MOM2 pa3smenieHbl B TPOMEKYTOUHBIX
dokycax cBoux tiockoctedd, a mapel POL1, POL3 u MOMI1, MOMS3 - cummerpu4Ho
OTHOCUTENIbHO (OKycoB Ha paccrossHuu +2.2 M. Paccrosiaue B mapax romockonoB MOM3-
MOM4 u MOMS5-MOM®6, u3MepsIoIux UMITYIIEC 10 OTKIOHEHHIO TPACKTOPHUHA B MarHuTax M3-
M4, cocraBnser 4.4 M. Yron OTKJIOHEHHS B 3THUX MarHuTax IJis IEHTPAIbHOTO HMITyJbCa
cocTaBiseT 73.5 mpaz.

MarnutHas ontuka kanaiga 24A (Puc. 2.5) mosBonser m3MmeHeHweM KoddduimeHra
YBEJIMUYEHUS JepKaTh pa3Mepbl Myyka B MPOMEKYTOUHOM H300paKEHHH U €ro UMITYJIbCHYIO
JTUCTIepCHIo ¢1a00 3aBUCAIIMMU OT LIEHTPAJIbHOTO UMITYJIbca B [uana3one ot ~15 o 45 ['B/c.

['abaputHble pa3mepbl aKTUBHOM 30HBI Ka)KJOM IJIOCKOCTHU OMNPENENSIIOTCS pa3MepaMu
nydka B pailoHe pa3MmemieHus 3ToW IutockocTH. [lomepeuHbie pa3Mepbl IMydka B 00X
TUTOCKOCTSIX B CEYCHHSAX Pa3MEIICHHUSI TOAOCKOIIOB CUCTEMBbI MeUYeHHsl He mpeBbimaroT 170-180
MM. Pe3ynbTaThl MOJENMpPOBAaHUS TOKa3bIBAIOT, YTO MpPHU TaKuUX pasMepax HeoOXxoaumas
TOYHOCTb M3MepeHus nomsapusanuu Ady ~+5% pocrturaercd npu NPOCTPAHCTBEHHOH IMMPHHE
cerMeHTOB rojockonoB POL1-POL3 4-5 wmMm. Jlns JOCTHOKEHHS TOYHOCTH HM3MEPEHHS
noyisipu3aiuu Ha ypoBHE 1-2% HeoOXOoAMMO YMEHBIIUTH pa3mep (IIMPUHY) CETMEHTOB IO
KpaiiHei mepe 10 3 MM. TOYHOCTH M3MEpeHUs UMITyIbca AP/P Mpu TaKo# ke MIUPUHE CErMEHTOB
UMITYJIbCHBIX TOM0CKOTIOB MOMI-MOMG6 cocraButr ~%(0.6-1)%. Takum obpazom, UCXOIs W3
NPUBEJICHHBIX BBIIIE Pa3MEPOB My4Ka B MPOMEKYTOUHOM H300paKEHUH, KaXIbIH OTIAEIbHBIN
roJIOCKOII OyaeT cocTosATh u3 40-60 cerMeHTOB.

TpeOyemoe OBICTpOAECHCTBHE JETEKTOPOB H  JJCKTPOHHKH CHUCTEMBI MEUEHUS
OIIPEEIISETCS. HHTEHCHBHOCTBIO ITyUKa, KOTOpas 0KuaeTcs Ha ypoHe 10 ~10° wactuny/cexynny
(mmuTensHOCTh KA 10 cek., JUTTEIBHOCTh TUIATO BBIBOAA — 2-3 CeK.).

2.2.2 Jlu3aiiH TOJIOCKOIOB CUCTEMbI MEUCHUS

B Hacrosmiee BpeMst pacCMaTPHBAIOTCS HECKOJIBKO TTOJXO/I0B K TU3aHY M KOHCTPYKITUH
CIMHTHIISIIUOHHBIX TOJOCKOIIOB CHCTEMBI MEUYeHHUs M BbIOOpa (oromerekropoB. OmMHUM U3
BapHUaHTOB SIBJISICTCS, TAK Ha3bIBAEMasl, «IPEOCIIKOBAsi CTPYKTYpa», KOTOpask MCIOJb30BAIach B
skcniepumente ['EPA [73] 8 U®BD u 3atem B ES81/E704 [60] B ®epmuiald. Takast ctpykTypa
JIBYMsI psiIaMH TIEPEKPBIBAOIINXCS CIIMHTUIUIATOPOB TToKa3aHa Ha Puc. 2.13.
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B «rpebemkoBoii CTpyKType» HMepeKphIBatolIiecs APYr ¢ APYroM CHMHTHUIUISLHMOHHBIE
NAJIOYKU BBICTPOEHBI B JIBAa psAJia B JBYX MapaJUIENbHbIX IUIOCKOCTAX. KaXKablil COMHTHILIATOP
OJTHOTO Psijia MEPEKPBIBACTCA C ABYMS ONMMKaHIIMMU APYToro psiia Ha oAHy TpeTh. [Ipoxoasimas
4acTHULlA MOXET Iepecedb 00 oAuH, TU00 J1Ba CUMHTUILIATOPA B ABYX psaax. B pesynbrate
IIPOXOKACHUS YaCTHUIbl 00pa3ylOTCs TPU THIAa CETMEHTOB: 1) cpabaThiBaHME OJHOTO KaHajla B
J1r000M M3 IBYX PsIZIOB, 2) COBIAAIOIINE CUTHAIIBI C JIEBBIM CLIMHTHIIISATOPOM JIPYTroro psaa u 3)
C MPaBbIM CLUUHTWILISATOPOM JPYroro psja.

s st .!!_.7-“ ll,‘-".!l“!

Segment 1 i i 1 .} 2
Number 1! z 3:4:55! ? 8i9: a 1:2:514!516:7:8!9.0!

Puc. 2.13 CtpykTypa «rpeOenkoBOro» rofocKona MeUeHHsI My4YKa ¢ MepeKPhIBAIOIIMMUCS CIUHTHUIATOPAMH.
YkazaHHas Ha ’TOM PUCYHKE CTPYKTypa OTHOCUTCS K MOJISPHU3AIMOHHOMY TOJ0CKOIY, U3MEPSIONIEMY KOOPIUHATHI
BJIOJIb BEPTUKAIBbHOM ocu Y. HauMeHbIue siueiiku, BO3HUKAOIINE BCIEICTBUE EPEKPHITUS CHUHTHILISITOPOB U3
Pa3HBIX PsIOB, 00pa3ytoT cerMeHThl. M3 31 cermeHTa TONBKO 27 EHTPaIbHBIX CETMEHTOB UCIOIB3YIOTCS
NPOLECCOPaMHU JUIsl BOCCTaHOBJIEHHS TIOISAPU3ALHH (.

I'pebemkoBasi CTpyKTypa MMEET CIEAYIONINE JOCTOMHCTBA B CPaBHEHHUU C OOBIYHOMN
OJHOCJIOMHOW CTPYKTYpPOM HEMEPEKPHIBAIOUIUXCSA CUMHTUIUISIHUOHHBIX MaJI0YeK:

- IIPY 3aJ@aHHBIX IPOCTPAHCTBEHHOM pa3peUICHUMM U IEPEKPBhIBAEMOMN ILIOLIAAN
TpeOyeT BIBOE MEHBIIIE (POTOAECTEKTOPOB U, COOTBETCTBEHHO, KAHAJIOB JIEKTPOHUKH;

- OTCYTCTBYET IIENb MEXJIy CerMeHTaMM, CHIKawomas 3(PQPEeKTUBHOCTD
PETUCTPALIMU 3aPSKEHHBIX YACTHII.

K Henmocrarkam Jk€ MOXHO OTHECTHM HECKOJNBKO 0ojee CIOXHBIM alropurM
BOCCTAHOBJIEHMSI «MCTUHHBIX» CUTHAJIOB M TPEKOB, OCOOEHHO NMPHU BBHICOKOW MHTEHCUBHOCTH U
MOBBILICHHOM YPOBHE CIIy4alHbIX coBHajeHUU. Takke KOIMYeCTBO BEUIECTBA HA MYTH My4Ka B
«rpebemKoBOM) T0JI0CKOIe Ooibllie, B cpeaHeM, Ha 67% Tpu TOW Ke TOJIIMHE MaJOYeK
CIMHTHILIATOPA, YTO U B OHOCIOHHOM FOIOCKOMe"

AnpTepHaTUBHAs KOHCTPYKLMS TOJOCKOIIA CHUCTEMBl MEUEHHUs IpelcTaBicHa Ha Puc.
2.14. B 3TOM BapHaHTe BCE CETMEHTHI CLUHTWIIATOPA PacHojiaratoTcs B OJHOW IMJIOCKOCTH, U
UMEEeTCsl B3aMMHO-0/THO3HAYHOE COOTBETCTBUE CPAaOOTABILEro KaHajla OTHOMY U TOJIBKO OAHOMY
IPOCTPAaHCTBEHHOMY MHTEpPBAJy MPOXOXKJIEHHs yacTulbl. TpanenueBuaHas ¢popma CETMEHTOB
BbIOpaHa JUIsl KOMIIEHCaluu HedPEKTUBHOCTH Ha KpasiX CErMEHTOB U B 3a30pax MEX]ly HUMHU.

B kauecTBe OCHOBHBIX (DOTOJETEKTOPOB JUIsl CUCTEMBI MEUEHHs BapUaHTE Mpejylaraercs
HCIOJIb30BaTh KPEMHUEBbIE (POTOYMHOXKHUTEIN (SiPI\/IZZ), pa3MeIlEeHHBIE C IBYX CTOPOH KAHAJIOB
rogockomnoB. SIPM — 3T0 MaccuB (OTOYYBCTBHUTENBHBIX KPEMHHEBBIX SUECK Ha OOMICH
nouiokke. B ornuuue ot naBuHHBIX (poToanonoB (APD), paboTaromux B MpONOpPIHOHAIEHOM
pexxume, Kaxnaas sdeiika SiPM pabGortaer B oOrpaHH4eHHOM reirepoBckoM pexume. Ilo
cpaBHeHuio ¢ APD, SiPM obnanaer psaoM mpeuMyiecTB: paboTaioT MPH HU3KOM ITOPOTOBOM
HanpsbkeHuu (~50 B), He cTpagatoT gaykryanuei 1aBUHbI, HE UMEIOT MPOOJIEM C HAaBOJKaMU (HE
TpeOyeTcs SKpaHUPOBAHUA).

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

2 JI1st KpaTKOCTH 3/1€Ch UCIIONIB3YETCS Ha3BaHUE IPUOOpPa, MPUHATOE Y UPIAHACKOTO TPOU3BOTUTENS
«SensLy.
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Puc. 2.14. BapuaHT KOHCTPYKIIMH OJHOCIOWHOTO T'OJ0CKOIA CHCTEMbBI MEUYCHHUs. a) By ¢ Toplia Ha CerMEeHTBI
cruuHTILIITOpa. TpaneiueBuaHast GopmMa Mo3BOJIAET YIydiuTh 3G HEKTHBHOCTh PErUCTPAIUU Ha TPAHHUIIE
cermeHTOB. 0) Kpemienne ¢hoToaeTeKTOpoB (KpEMHHEBBIX (hOTOYMHOKHTENICH) K CETMEHTaM CIMHTUILISITOPA. B)
OOt BUA JBYXKOOPIHHATHOTO TO0CKOIIA

Ha Ttexymmuii MOMEHT OCHOBHBIMU CEPUMHBIMH NPOU3BOJIUTEIISIMU JAHHBIX H3JIEITUN
spistitorcst: Hamamatsu (Anonust), Zecotek (Cunramyp, cotpymuuyator ¢ OUSAN), Excelitas
(CIIA, corpymauyator ¢ MUOU/llynscap), SensL (Mpnangus) u gp. Y Kaxmoro
MPOU3BOJUTENS JaHHOe u3zaenue umeeT ¢upmenHoe HazBanue: MPPC (Hamamatsu), SiPM
(SensL), Si®BY (MUDU), MI'JIOJ (OUAN) u T.n. (Bcero okoio 15 HamMmeHoBanwmii). Ha
PBIHKE MPUCYTCTBYIOT pa3nuyHble BUAbI SiPM, CKOHCTpYHPOBAaHHBIE O] pa3HbIE 331a4H.

s rogockomna TpedyeTrcs makcumanbHas dQdekTuBHOCTh peructpanuu (PDE), Ho He
TpeOyeTcss 3HAUUTENbHBI JUHAMUYECKHI Uana3oH, MO3TOMY MBI MOAOUPATU MOJEIH C
6onpmmmmu sgueiikamu (ot 50 go 100 umz), HU3KOM BEJIUYMHOW COIPOTHBIICHHS PE3UCTOpA U
XOPOILEH ONTHYECKON U30JIALIMEN MEKTY TUEHKAMU.

HaunydamumMuy xapakTepuCTHKaMU JUTsl HAIIEero JAeTeKTopa oOmanaroT m3aenus S13360-
3050PE ¢upmbr Hamamatsu, HO OHM OTJIMYArOTCSI BBICOKOW II€HOW. BirkalimiM aHaloroM co
CXOXXUMHU XapakTepucTukamu sBisitorcsi MicroFC-30050-SMT ¢upmbr SensL: Ha Texymmii
MOMEHT X I1I€Ha C YY€TOM JOCTABKU Ha 36% HUXKeE.

Ha Puc. 2.15 mpencraBneH pabounii 4epTex pambl sl TPOTOTHUIIA TOAOCKOIA CHCTEMBI
MeueHusl. Pama npeaHazHaueHa Uil KPEeIUIeHUs! MaI0UeK CIUHTUIUIITOpA B ABYX IJIOCKOCTSIX U
mwiar ¢ (QOoToAEeTeKTOpaMU IO OJHOM C Kakaoro Topua cuuHTWUIATOpa. I[Ipeamomaraercs
ucnonp3oBanue (oroaerekropo SiPM ¢ akTuBHON o00macTeio 3x3 MM® W rabapuTHBIM
pazMepoM 4 MM.
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Puc. 2.15 Pama 1ByXKOOpAMHATHOTO rOjI0CKOIa Ha 32 KaHasa Mo KaXI0i KoopauHaTe

Ha Puc. 2.16 nmoka3zana paspaboraHHas ans paOotbl ¢ SiPM 1uiata ycuiaurtenei-
TUCKPUMHUHATOPOB, KyJa  HEMOCPEACTBEHHO OBLTM  CMOHTHUPOBAHBI  (OTOAETEKTOPHI.
CUMHTWIUTALMOHHBIE cYeTUuKu npousBoacTBa UDBI ceuennem 3x4 MM U1 mmHon 20 cM ObUTH
00€epHYTHI B CBETOOTpPAXKAIOIIWN MaTepuan (Maijgap) U YCTaHOBJEHBI Ha pamy rogockoma. C
UCIIOJIb30BAaHNEM JAHHOW TIUIAThl OBUIM TPOBEJCHBI HWCIBITAHUS MPOTOTHIA TOHOCKONA Ha
CBETOJIMO/THOM CHTHAJIC U Ha aTMOC(EPHBIX MIOOHAX.

Puc. 2.16 DOnexrpoHHas miara ¢ GOTOAETEKTOPAMHU, YCHIUTENSIMH, TUcKpuMuHaTtopamu u LVDS-nepenaTunkamu
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[TonHast nIMTENBPHOCTh CUTHAJA CO CTAaHIAPTHOrO BbIxoAa cocramiseT okosio 300 Hc,
CBETOBBIXO/] ¢ OTHOH Nao4ku ~90 (POTOINEKTPOHOB HA MUHUMAIILHO-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. Vcnonb3oBanue fast Beixogaa SiPM ¢ mosiHOM ATHTEIHOCTHIO
He Oosiee 20 HC B 3THUX YCIOBUAX 0oJiee MPEANOUYTUTEIBHO, XOTS aMIUIUTY1a CUTHAJA MPU 3TOM
Ha MOPS0K MEHbIIE.

Herextopsl cuctembl medenus mnossipuzaiuu CITACHAPM Oynytr pacmosiokeHbl B
roJIOBHOM Yactu KaHaina 24 Ha paccrosHuu ~60 MeTpoB 10 ycTaHOBKM. OpraHu3anus
CUMTBIBAHUS JAHHBIX C HUX MO TPAAUIIMOHHOW TPUTTEPHOM cxeme ¢ 00Ilei Ha BCIO YCTaHOBKY
OJIOKHPOBKOWM CHIJIBHO YBEIWYWIO OBl «MEPTBOE BpEeMs» CHCTeMBI cOopa naHHBIX. Jlis
MpEAOTBPAIIEHUsI TaKOW CHUTyallud JJig JEeTEKTOPOB CHCTEMbl MEUEHHUS TMOJSpHU3aLUU
PeyCMOTPEHA JICKTPOHUKA, paboTaromas B Oectpurrepaom pexxnme. Ha Puc. 2.17 moka3ana
apXUTEKTypa IUIaThl ISl CYUTBIBAHHUS TOJIOCKONOB CHUCTeMbl MeueHus. [lmara mpenmonaraer
CUNTHIBAHHE JAHHBIX 0€3 «MEPTBOTO BPEMEHH» IPH MHTCHCHBHOCTAX 10 10’ YacThI[ 3a K,
XPaHEHUs TaHHBIX OJHOTO cOpOca YCKOPUTENsl BMECTE C METKaMH BPEMEHH C TUCKPETHOCTHIO 6
HC U mepejadyy ux B 0011yt cucteMy cbopa aanubix 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.

ITockonbky OeCTpUITEPHBI METOJ B PErMCTPUPYIOLIEH 3JIEKTPOHUKE MOJpa3zyMeBaeT
BBICOKOCKOPOCTHOM cOOp M XpaHeHHe OONBIIOro o0beMa JaHHBIX, TO HEOOXOIUMO MPUMEHSTH
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 LUKIMYHOW paboThl yckoputens Y-70, 3akirodaronieiics B HaJIU4UU
BPEMEHHBIX IMPOMEKYTKOB B HECKOJBKO CEKyHJ 0e3 IMyduka, B TO BpeMs KakK IUTEIbHOCTh
00Jy4eHHs] MUILIEHU COCTABJISIET Mapy CEKYH/I.

Takoil Au3aitH MoApPa3yMEBAET MPOCTOTY Pa3BOJKH M M3TOTOBJICHUS! OCHOBHOMW IUIATHI U
JTaeT BO3MOXKHOCTh OCYILECTBJICHUSI MTO3TAITHOTO MPOEKTHUPOBAHUS MPOTPAMMHOI0 OOecTieueHust
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 ¢upmsr XilinX. [laHHBIIE MUKPOKOHTPOJUIED TOMHMO
BbICOKOTIpou3BoauTenbHOro siupa  ARM Cortex-M7 umeer B cBoeM COCTaBe MHOKECTBO
nepudepuiiHbIX MOJIYJIEH, B TOM uKcie KoHTpoiiep namstu FMC, kontposutep Ethernet u DMA
KOHTPOJUIEP, KOTOpbIE HCHOJB3YIOTCS B JAaHHOW pa3paborke. Kpome Toro makcumanbHas
takToBass 4acrora STM32F745 cocrtaBiser 216 MHz. I[lomumMo MHKpOKOHTpoJiepa Ha
OCHOBHOM IUIaTe pacmojoxkeHa Mukpocxema SDRAM mnamstd, KOHTposuiep (HHU3UYECKOTO
ypoBass RMII Ethernet u apyrue smemeHThI (€EProM-mamsTh, ONEPALMOHHBIE YCHIIMTEIIN),
NO3BOJIAIOIIKME B OyaylieM MHOpH HEOOXOAUMOCTH BHEAPUTh B MPOTOTUIl HOBBIE (DYHKLHU.
[IpenycmoTrpena rudkas cucreMa BbIOOpa BHEIIHErO MCTOYHHMKA MHUTAHUS 4epe3 pasHble THIIBI
pa3beMoB, a Taxke uepe3 Ethernet pasbem no crangapty passive POE.

Kak yxe oTmeuanock panee, yckoputelb Y-70 paboTaer MUKINIHO: cOpoc mydka — 2-3
ceKk, may3a — /-8 cek. Takum 00pa3oM, OOIIHIA aNTrOpUT™M PabOTHI OECTPUTTEPHON CHCTEMBI cOOpa
JaHHBIX C TOJOCKOMNA CBOJUTCS K IMONEPEMEHHOMY BBHIMOJIHEHHMIO JBYX IMPOIIECCOB: IMpoliecca
HENPEPBHIBHON perucTpaiuu coObITH BO BpeMsi cOpoca Mmydka U Ipolrecca Mo «BbIYUTHIBAHUION
HAKOIUICHHBIX JaHHBIX M3 MaMATH M Tepeladd uX B ceTb BO Bpems may3bl. 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
JIByX PEKMMOB: HETIPEPHIBHBIN pexuM noiydyeHus JaHHblx oT FPGA u ux 3anucu Bo BHEIIHIOKO
SDRAM naMaATe M pexuM Iepelaud JaHHbIX W3 maMatd B ceTh Ethernet mo mpotokony
TCP/UDP. Ilepexon B TpeOyeMblii pEXUM PpEryjlupyercss BHELUIHHUM CHHXPOCUTHAIOM
¢u3nUecKoil yCTaHOBKM YCKOpHUTENS, KOTOPBIM OmpenenseT BpeMEHHOW MHTepBai A 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
g ' e Briok — Wi 4 (cbpoHT)
N =T o0 )
™ pervucTpauum =
K cobbITUs Ha &
o KaHane 32 (3] OTnpaBka AaHHbIX

_F:D c6op ﬁ} EMC

ﬁ AaHHbIX [
Bnok
«Maysa», MAC

Tavimepa-
cyeTumka (cnan) Ethernet
C6poc

AsTomar | Peructpaung
COCTOSIHUI Maysa

CP/IP

T

Linkn

Puc. 2.18 OOmuit anropuT™ B3auMoIeHCTBUS ABYX IUIaT IPOTOTHIIA

IMpototun romockoma cucremMbl MedeHuss ¢ SiIPM B kadectBe QoToaeTekTopa
OCCTpPUITEpPHOM  PETHCTPUPYIOMICH  DJIEKTPOHUKOM 1t paboThl ¢ MaKCHMalbHOMN
WHTEHCHUBHOCTBIO TIOJIIPH30BAHHOTO MyYKa MOKa3aJl BHICOKOE KaueCTBO pabOThI HA YCTaHOBKE

CITACYAPM c untencuBrocTo 3x10° 32 ko yCKOpI/ITeJISI23.

2 YHTeHCHBHOCTD ITy4yKa Ha KaHaine 14.
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2.3  HM3mepeHue nmojspusaiyu MyIKoB

MeueHne TpaeKTOpUil IYYKOBBIX YacTUIl JJIs  OINpEAEIeHUE HUX a0COIHOTHOU
HOJISIPU3ALUN TPEACTaBIsIeT co0O0M BIONHE AaKKypPaTHBIA W HAAEKHBIA METOMA, MOCKOJBKY OH
OCHOBaH IOJIHOCTbIO Ha XOPOIIO M3BECTHBIX KMHEMATHKE paclajoB //-TUIIEPOHOB U JUHAMHKE
JBUKCHUS CliMHA-1/2 B MmarHuTHOM moie. Bee pesynbratsl sxcniepumento E704 [60] u ®OJC
[61] ocHOBaHBI, (hAKTHUECKH, HCKIIOYHTENHHO HA TAKOM MOAX01e™,

Tem ne menee, E704 cl10XKHOCTh T€OMETPUH KaHAJIa U KOH(PHUTYpAIMd MAarHUTHOTO TTOJIS
B €r0 ONTHYECKHUX dJIEMEHTaX, NOTEHIIMAIbHOE MPUCYTCTBUE OUIMOOK B aJITOPUTMAaX MEYEHHUS B
peabHOM BpPEMEHHU, HEONPENEIEHHOCTH B /-CIIEKTpax W T.[. JENarT KpailHe KelaTelbHbIM
HE3aBUCHMOE TIOATBEP)KICHHE aOCOMIOTHON TONSApU3allMM  IYYKOB, TaKkKe Kak U, IO
BO3MOXXHOCTH, €€ MOHHUTOPHUPOBAHHE Ha TPEIMET HECTAOMIILHOCTEW BO BpeMeHHU. llosTomy,
Hapsay C pa3paborkoit cuctembl wmedenus, npoekt CIIACUAPM Bkmowaer B ce0st
JIOTIOJIHUTEIbHYIO HE3aBUCUMYIO MOJSPUMETPUI0 HA OCHOBE (DU3MYECKUX IIPOLIECCOB
B3aMMOJICHCTBHS (aHTH)IPOTOHOB C BEILIECTBOM.

WHTepec npeacTaBisiIOT NPOLIECCHl C JAOCTATOYHO OOJIBIIMM CEYCHHEM M M3BECTHOH U3
HE3aBHCHMBIX I/ISMepeHI/IP“I25 HEHYJIEBOM CIIMHOBOM acUMMeETpuHU. 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 pPacCMATPUBAIOTCS TOJSAPUMETPHl HAa OCHOBE YIPYroro pp-
paccesiHusl 1 MHKJIIO3UBHOTO 00pa30BaHUs 3apsHKEHHBIX MMOHOB C M3BECTHOW acMMMeTpueil Ay.
CrnenyeT OTMETUTh, YTO HEBO3MOYKHO HAWTH yKa3aHHBIE BBIIIE POLIECCH] C U3MEPEHHBIMU PaHEE
UMM HAACKHO IPEACKAa3bIBAEMBIMU TEOPETUYECKU CIIMHOBBIMU AaCHUMMETPUSAMHU JIA BCETO
JOCTYITHOTO ~ Jiara3oHa HMIYyJIbCOB BO B3aUMOJCWCTBUSX MpPOTOHOB MU, TeM Oolee,
aHTUIIPOTOHOB. IloguepkHEM, OJHAKO, YTO IJIaBHOM 3aJayell HE3aBUCUMOM IOJIAPUMETPUU
ABJISIETCSL NPOBEPKA IIPABUIILHOCTH OIPEACIICHUs IOIAPU3aLUA METOAOM MEYEHUS U, €CIU
HE00X0/IMMO, KOPPEKIHUs ero Mpoueayp U airoputmoB. U ecnu meueHue paboTaeT KOPpPEeKTHO
IIpU HEKOTOPBIX MMIYJbCaX, €CThb OCHOBAHMS IoJlaraThb, YTO OHO OynaeT paboTaTh CTOJIb XKe
KOpPpeKTHO W mpu Apyrux. CTOUT MOMYEPKHYTh TaKKe, YTO JJIsi HEKOTOPBIX MPOLIECCOB C
IPOCTOM KMHEMAaTHKOM, HampuMmep, s yIPYyroro paccesiHusi, OJJHOCIIMHOBas acUMMETpHs Ay,
WU3MEPEHHAs Ha IOJISIPU30BAaHHOM NPOTOHHOW MUIIEHW C HEMOJISIPU30BAHHBIM ITyYKOM MOKET
OBITh 3aTE€M HCII0JIb30BaHA [yl U3MEPEHUS MOJISPU3ALMH ITyYKa TOTO K€ COCTaBa U SHEPTHUH.

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)IIPOTOHOB B CHJIY JKECTKOW KMHEMAaTHYECKOHM CBSI3U pacCesHHBIX YacTHUI] B
NEpeHIO U 3aJHIOK mosycdepsl, a Ui aHTUIIPOTOHOB — M B cuily CP-HHBapUaHTHOCTH
CUJIBHBIX M DJEKTPOMAarHUTHBIX B3aMMOJECHCTBUU. lcronb3oBaHue YIPYyroro paccesHus
MO3BOJISIET CO3JaTh TaK Ha3bIBaeMbI aOCOMIOTHBIM moJspumeTp. ['TaBHONH OCOOEHHOCTBIO
TaKOro MOJIIPUMETpA SBJISETCS U3MEPEHHE Ha MIEPBOM ATalle aHATM3UPYIOIeH CIOCOOHOCTH IpU

% B skcnepuMente E704 [60] Gblia IpeANpHHATA TAKKE HOMBITKA U3MEPHTH MONSAPU3ALHIO IPOTOHHOTO U
AHTUMPOTOHHOTO MYYKOB ABYMsS APYTUMH MeETOAaMH. Pe3ynbTaThl 3THX U3MEpPCHHU OBLIM HaWCHBI
BITOJIHE COBMECTHMBIMH ¢ MedeHneM. OJJHaKO, OHU yCTYMalld MEYCHHIO TI0 BEJIMYMHE CTATUCTHYECKUX U
CHUCTEeMaTUYECKIX OLITHOOK.

% Ynu u3 HAnEKHOM TEOPHUH.
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pacCceaHr HCIOJAPHU30BAHHOIO ITy4dKa Ha HOHHpHSOBaHHOﬁ MI/II]_IGHI/I26 N HCIIOJB30BAHUC

IIOJIy4EHHOI'0 pe3ysbTara sl TOW KE CaMOM JSHEPIuM IlydKa M TOW K€ CaMOM YCTaHOBKH IS
U3MEpPEHUS TMOJIIpU3aLMU IMy4YKa Ipd M3MEPEHUAX Ha HENOJSIPU30BaHHON (BOAOPOIHON)
MHIICHH .

B ynpyrom pp-paccestHus MOKHO BBIACTHTH JBE KHHEMAaTHYECKHE 001acTH C OONBIINM
CEYCHUEM U M3BECTHOM OJHO-CIIMHOBOU aCI/IMMeTpHeP”I28 An: obnacte  Kynon-snepnoit
untepdepenrmn (KSAT) npu 0.002 < -t <0.05 (I'9B/c)?, rae t — 4X-MepHBIH KBajpaT mepefadn
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
KuHemMatnueckuid guamna3od —t or ~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 TOI0CKOIIBL; S
— CUMHTUUTSALHOHHBIC CYETIMKH

[TonspumeTp cocToUT U3 HaOOpa TPUITEPHBIX CUYETUYUKOB S M TPEKOBBIX JETEKTOPOB Ha
OCHOBE GEM-,[[GTCKTOpOBzg ¥ CUMHTHIUISIMOHHBIX  TOJOCKOIIOB .. Ilepennee miedo,
IIPEeIHA3HAYEHHOE Ul PETUCTPALMM ITYYKOBBIX (aHTH)IPOTOHOB, PACCESIHHBIX HA MaJIbIE YIJIbI,
IpescTaBiIsieT co00 MarHUTHBIN CIIEKTPOMETP C 27m-aKCENTaHCOM MO a3UMYTY, KOTOpbIN Oyner
3a/leliCTBOBaH BO BCEM KHMHEMAaTHYECKOM Juana3oHe. JlBa mieuda cieBa M cmpaBa C
a3UMyTaJIbHBIM akcenTaHcoM ~(15-17)% ot mosnHoro yrina 2z paauaH NpeJHa3HA4YeHbl s
perucTpallui MPOTOHOB OTAaYd B JAu@pakuuoHHOW obmactu. [lapameTpsl roJ0CKONOB
noJsipuMeTpa npuBeneHs! B Taom. 2.5.

% Bermmunna MOJISIPU3aIliM MUIIEHH H3BECTHA C XOPOIIEH TOYHOCTEIO (Ha ypoBHE 1-2%).

%" T1pu M3MepeHHsIX MOSPH3AIIAH IPH HEKOTOPBIX 3HAYCHHSIX SHEPTHH IydKa MOXKHO HCIIOIb30BATh TAKKE
M3BECTHBIC 3HAYCHNS aHATIM3UPYIOIIEi ctocoOHOCTH.

8 Kortopass coBmamaer ¢ momepeyHOW moispu3anuei P paccesHHOro HYKIIOHa B YINPYTHX CTOJKHOBEHHSIX
HETIOJIIPU30BaHHBIX HYKJIOHOB. [l03TOMYy I TakMX IPOIIECCOB YAacTO TOBOPAT O mosspu3anuu P BmecTo
acummerpuu Ay.

2 Gaseous Electron Multipliers.
%0 Bwmecto CHUHTUIIAIUOHHBIX TOAOCKOIIOB MOT'YT MCIIOJIb30BATHCS TPEKOBBIC ACTCKTOPHI HA OCHOBC Hpeﬁq)OBbIX
TPyOOK.
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Ta6n. 2.5 IlapaMeTpsl rOJOCKOMOB MOISAPHMETPA YIPYTOTO PACCESHHS

1

= 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 | X
H1 -4.25 54 x 54 6 x3x54 6 x 3 x 54 13 13 | 26
H2 -0.25 54 x 54 6 x3x54 6 x 3x 54 13 13 | 26
[Mepennamii merextop (I111)
X x Y X Y X Y | X
H3 0.25 62 x 70 6 x 3 x62 6x3x%x70 15 17 | 32
H4 4.25 190 x 110 6 x 3 x 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 yckopuTene
1 o V-70 N®B3. Pe3ynpTaThl U3MEPEHUN W3 JTaHHOM CTaThbU
npuBeneHbl Ha Puc. 2.20. OgHOBpeMEHHO ¢ M3MEpEeHUEM
a 172°  nomspusanuu cotpyaaudectBoM ['EPA GbutH TOTydeHBI 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 Ilonsipuzanys 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

noisipuMeTp). Pe3ynbraTel BeIUncneHns GpakTopa KauecTBa npuBeaeHsl B Taon. 2.6. B HanOonee

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

(2.37+0.12)%, nzmepenHoi ¢ ~5%-HOW OTHOCUTENBHON omMOKON, TMpdepeHnnanbHoe 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).

3 [TpuBenenHs pa3Mepsl AeTeKTOpOB 11 n3Mepenus npu 45 9B, npu 16 3B, Tpebyercst yBeIMYUTh pa3Mepsl
%2 Figure of Merit
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Taba. 2.6 IMonstpusanust, KHHEMaTHIEeCKUE mapaMeTphl v HOH Au(PAKIIMOHHBIX COOBITHIA

-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
KBajgpata 4-Xx MEpHOro NepeJaHHoro ummnynbca —t Omaromaps pocty auddepeHnnaiIbLHOro
CeueHHsa. DTO cpa3y HABOJUT HA MBICI, 00 H3yYEeHHMH BO3MOXKHOCTH HCIOIB30BaHUS
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 TMPUBEACHHBIX CHUH — (QIMMNOBBIX aMImUTyn  Re frs u Im rs ObuIn
MHTEPIIOIMPOBAHBl K Hamell sHeprum Vs=9,3 I»B M 1Mo STHM mapameTpaM BbIYHCIICHA
aHaM3upyloIas CrIocoOHOCTh npu  ummyiabce 45 IaB/c. YuurteiBasg orpaHudeHHbIE
BO3MOXHOCTH JTU(PAKIMOHHOTO TMOJIsIpUMeTpa (ero Henb3sl MCIOJb30BaTh MpsIMO IpU
U3MEHEHHH UMITYJIbca  MOJSPU30BAaHHOTO  Ty4Ka), MPEACTABISETCS  IEJIeCO00pa3HbIM
UCTIOJIF30BaHUE TTAPAIUIETBHO ¢ AU(PAKIHOHHBIM ¥ MHTEP(EPEHIIMOHHOTO MoyspuMeTpa. JlBa
MOJISIPUMETPA MOTYT paboTaTh MapaJIeIbHO TOJIBKO Ha XXKUAKOBOAOPOAHOM MutieHu (JKBM).

Kunemarnueckuit auanazon KAT B ynpyrom paccestHuM NpOTOHOB HaXOAUTCS B 00J1aCTH
oueHp Manbix mepegad mmmyinbca: 0.002<-t<0.05 (IsB/c)’. IIpHBICKAaTENBHOCTh HTOTO
nporiecca sl MOJISIPUMETPUNA COCTOUT B CIIeNyroIeM. Bo-TiepBBIX, CTMHOBBIE aCUMMETPHH B
3TOM IMPOIECCe JOCTATOYHO XOPOIIO H3Yy4eHbl TeopeThuecku [78, 79], duro mo3BojseT
UCTIOJIB30BaTh TAKOW MOJIIPUMETP | TPU PHEPTUSAX MyYKa, TJIe HeT U3MEPEeHHBIX JaHHBIX. U, 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 cocTaBiseT ~2.75 MO.

2.3.1.1 AGCOMIOTHBIN TOTSPUMETP Ha OCHOBE YIPYTOTO pacCesHUs
Hcnonp30Banue TMONSPUMETpPa HAa OCHOBE YIPYTOro pPACCEesTHUS MO3BOJISET CO3/aTh

a0COJIIOTHBIN MOJIIPUMETP Kak AJIs MPOTOHHOIO, TaK W JUIl aHTHIPOTOHHOTO Iydka. Meton
OCHOBaH Ha TOM, YTO aHAJHM3UPYIOIIAsl CIIOCOOHOCTh YIPYToro paccesHUsl He 3aBUCUT OT TOTO,
NOJISIPU30BAaH MYYOK WM MHIIEHb. TakuM oOpa3om, ais Jr000i SHEpPruM MOXKHO CHavalia
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U3MEPUTh AHATM3UPYIONIYI0 CIOCOOHOCTh C WCIOJB30BAHUEM IOJIIPU30BAHHONW MHIICHH W
HETOJIIPU30BAHHOTO MTyYKa.

[lonapuzanusa wmumenn cocrtaBiaser 75-90% (B 3aBUCUMOCTHM OT MCIOJIb3YEMOI'O
BEILIECTBA), @ TOYHOCTh H3MEPEHHS MOJIAPU3ALMHU MUIIEHH cocTaBisger 2-3%, 4To Majio 1o
CPaBHEHUIO C 0KUAAECMON TOYHOCTBIO U3MEPEHHUS MTOIAPU3ALIAHU ITyUKa.

Hwxe Oyner mpuBeieHa OlleHKa BpEMEHH, HEOOXOUMOTO ISl U3MEPEHUS TOJISIPU3AIH
ny4yka, Kak C WCIOJB30BaHUEM aOCOJIOTHOTO TMOJISIPUMETPa, TaK M C HCHOJIb30BAHUEM
CYIIECTBYIOIINX JAHHBIX TI0 U3MEPEHUIO aHATH3UPYIOIICH CITIOCOOHOCTH.

2.3.1.20mnenka BpeMEeHHM [UIsi HM3MEPEHUS TMOJSPU3ALUU Iy4yKa MOJSIPU30BAHHBIX
IIPOTOHOB

OneHka HEOOXOAMMOIO BPEMEHM Uil W3MEpPEHUsl MOJSpHU3alMi B pp-pacCesHUU MpU
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, onpejensieMasl Kak KOJTHYECTBO IIUKJIOB B CEKYH]IY,
|- nHTeHCHBHOCTD TyuKa B ukie, Na=6+10%° — uncino ABoraipo, p — INIOTHOCTb MUIICHH, X —
TonmpHa Muienn. Ouenka nposeena wisi 1=107 p/uukn®, IIOTHOCTH KHAKOBOZOPOIHOM
muieau p=0,07 F/CM3, u JumuHe MuiieHd X = 50 cM. CBETUMOCTh COCTaBUT 2,1-1030 emZcex .

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@/@=0,17 (npu wHCHOJB30BAaHUU JBYX IUICYEBOTO CIHEKTpoMmeTpa), AuddepeHInaIbHbIM
cedennem dofdt(t)(0,22) = (8,32620,073) M6/(I'3B/c)? 3a omme dyac paGoOTH YCKOPUTEIS
coctaBuT 2,1010°°8,326x10%7+0,03+0,17+3,6x10%= 3,21x10° mpoToHOB/4aC.

OcHOBHOM BKJaJ B OWIMOKY H3MEpPEHHUs MOJSIpU3allUd JaeT OIIMOKa H3MEPEHHOM
BENTMYUHBI aHanmm3upymome crnocooHoctu (10%). Ilpum u3MmepeHun moasgpu3alUu TMydKa C
touHocThio 14% (Tta ke camas omuOka 10% mpu U3MEpeHUW TMONSAPHU3ANUN TTy4YKa)
Ae=0,1¢=0,1-Pg-Ay. Tlpu 3mauenusix Pg =0,4, Ay = 0,022 mnomydaem 41520,88'10'3 H,
COOTBETCTBEHHO, HEOOXOAMMAas CTATUCTUKA COCTaBISET N=1/(As)2 = 1.29¢10° co6bituii. C
y4eTOM TOJYYSHHOH BBIIIE CKOPOCTH HAOOpa CTATUCTHKU HAXOIUM Tpedyemoe Bpems IS
Habopa TakoM cTaTUCTUKH T=5-6 qacos®*, IIpy 5TOM TOYHOCTL B M3MEPEHUU CPEIHEU
MOJISIPU3AIUU TTyYyKa OKaXKeTCs, KaKk Mbl OTMETWIH Bbimie, 14%. MOXXHO, ¢ MCHOIb30BaHUEM
UMEIOIINXCSA JAaHHBIX, JOCTHYb TOYHOCTh B W3MepeHHH moispuzanuu B 11%, ecnu chipyro
ACUMMETPHUIO HM3MEPUM C TOYHOCTBIO 5%. OpHako mpu STOM BpeMs HaOOpa CTaTHUCTHKU
yBeNIMYUTCS B 4 paza (TO €CTh COCTaBUT NPHMEPHO OJHU CYTKH). AHAIOTHYHOE BpeMs
MIOJTy9aeTCsl TIPU MCIIOJIb30BAHHUH JaHHBIX B 00JIaCTH KYJIOH-SIEPHON HHTEp(EepeHIINH.

BaxkHO, 4YTO TpH WCHOJIH30BAaHUM W3BECTHBIX YK€ JAHHBIX TOYHOCTh H3MEpPEHUS
MOJIAPU3AIIUU OTPAaHWYCHA TOYHOCTHIO CYIICCTBYIONIUX HM3MEPEHWH. B Takoi cuUTyaluu Tem
Oosee HampammMBaeTcs IMPOBECTH aOCOIIOTHOE 3HAYCHHE MOJSPHU3AIUU, TO €CThb H3MEpPUTh
3HauUEHUE aHAIM3UpYIoIIe crocobHocTn Ay mpu TpeOyemoit sHepruu. s wu3MepeHus
AHATM3UPYIOIICH CIOCOOHOCTH C TOYHOCTBIO 5% TpebyeTcs MeHee cyTok. Takum oOpazoM, mpu
MHTGHCHBHOCTH Tmydka 10° IPOTOHOB 3a ILUKI, MOXHO IOCTHYb TOYHOCTH H3MEPCHHUS
MOJISIPU3AIMH IPOTOHOB 7% 3a HECKOIBKO CYTOK.

% Pacuernas MHTEHCHMBHOCTL MOXeT nocturats 1.5-107 MIPOTOHOB 32 LUKJI, IPX 3TOM JIBE TPETH MTyUKa UMEIOT
CPENHION MmoJisipu3anuio okoso 40%.

s [Ipu ucnonb3oBaHUM B pacueTax MULIEHU JIMHON 20 CM U HHTEHCUBHOCTH | 108 MIPOTOHOB 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 BETHMYHMHBI 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 ucmonb3oBaHUEM
KHUJIKOBOJIOPOJIHOW MUILIEHH TAaKOIo ke pa3mepa HeoOxoaumo eme npumepHo 300 yvacos. [Ipu
UCIIOJIb30BAaHUM KUJIKOBOJOPOJHOW MuIIeHH anuHoM 50 cM u aumamerpoMm 10 cM MOXHO
HCIIONB30BaTh BCIO HHTEHCHBHOCTh MTyJKa HONSPH30BAHHBIX aHTHIIPOTOHOB (pUMeEpHO 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 MerogoM MonTe-Kapno, 9ToObl OIEHHUTh YpOBEHb (OHA U BO3MOXKHOCTD
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% (MMITyNbCHBIN 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
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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
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Puc. 2.22 PacnipeneneHue paccessHHbIX IPOTOHOB 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 nerekropoB 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, nmomyyaeM 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/IMMCTpI/Iﬁ B HWHKJIFO3MBHBIX IMPOHECCaX B HIMPOKOM CIICKTPEC

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 MTHOHOB BIEPE] OKa3anach
6onbmoi, 10 ~40%, u ocTtaércsi TakOBOW BO BCEM JMamna3oHEe JOCTUTHYTBIX SHEpruid. ITo
nopoOHO oOcyxaaercs Takxke B pazaenax 1.2.2 u 6.1.3 u wumoctpupyercs Ha Puc. 1.6, rae
MoKa3zaHa MoAOOpKa pe3ylbTaTOB HECKOJIbKHUX HKCIEPUMEHTOB. VIMEHHO 3Ty OCOOEHHOCTH
OJIHOCIIMHOBOM acCUMMETpPHH Tpeasiaraercs ucnoib3oBats B mpoekte CITACHAPM.

[TogoOHoe xe moBeneHue Ay HaOIIOIATOCHh 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
HACTOALIMI MOMEHT I10 3apsKEHHBIM [TMOHAM HAKOILJIEHO OOJIbIe 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
POCMAaTPHBAETCS HUKAKOH 3aBHCHMOCTH OT SIIEPHOTO cocTtaBa Mutneru [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 JKCIIEPHMEHTA TOYYeHBI 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 TOJSIPUMETPUN
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 XOpOILIeH HMIAeHTU(UKaAIMeld, UMEIOIUi 27-akcenTaHe Mo a3uMyTy, B

% Jlpyrum apryMeHTOM SBISETCS GIIH30CTh SHEPrHH (M BOOOILE BO3MOKHOCTD IIPOBECTH H3MEPEHHS IIPU TOMH 5Ke
9HEPTHH).
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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 HMEHHO Ha OCHOBE PE3YJIbTATOB AKCIEPUMEHTA
E925. B Tabn. 2.7 u Tabn. 2.8 npuBeneHb! OLIEHKH AJIs1 CKOPOCTH HAOOpa CTATUCTHKH U BPEeMEH
HKCIO3ULIUHU, HEOOXOAUMBIC ISl U3MEPEHHS MOJISPU3ALUU 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 MulieHU 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.

WHTeHCHBHOCTh  MOJAPU30BAHHOTO My4yKa B OSTHX OLEHKAaX Ipeanonaraiach
KOHCEpBATHBHO paBHOit 10° MPOTOHOB 3a LUK YCKOPUTENS C MHTEPBAIOM MEXKTy LHKIAMH 9
CeK (YTO Ha TOPSNOK HIXKE PAcueTHOW HMHTEHCHBHOCTH). V3MepeHHble 3HaueHus Ay i
MHKTIO3MBHEIX 770 B P 1 P (Tabm. 2.7)u p T C(Tabn. 2.8) CTONKHOBEHHMSX B3ATH W3 PaGOTHI
[22]. Ouenku cedeHnii ¢ ceNaHbl TakXKe 11O U3MEPEHHsIM [22], HOPMUPOBAaHHBIM Ha JIaHHBIE
nyonukanuu [88].

PesynpTarsl mpeacTaBiIeHBl I TPEX KHHEMAaTHYECKUX [uana3oHoB. OOecredeHue
cratuctuueckoi ommbku B 4% TpeOyercss [uld KaXIOro JAMAala3oHa  pa3MepoM
AXe xAp; =0.05x0.1 I'sB/c. Ucnonp3oBaHue AAHHBIX A 7 -ME30HOB JACT €IE HEKOTOPOE

yIy4IIeHUEe TOYHOCTH, XOTS HHKJITFO3UBHOE CEUCHHE POXKICHUS OTPHUIATCIILHBIX MTHOHOB B PP H
PA peakIusax 3aMETHO HIDKE, YeM TOJOXKHUTEIbHBIX [22].

Takum 00pa3oMm, OLEHKH CBHJIETENBbCTBYIOT, YTO 3a HECKOJbKO YacOB HKCIO3UIIUU
MOJIIPU3aLUsl IPOTOHHOTO MYYKa MOKET ObITh U3MEPEHA CO CTATUCTUYECKOM TOUHOCTHIO ~3-5%.

% Ominbka HOPMHPOBKHU NOJISIpHU3AIIUU ITYYKa B obenx Ta6m/1uax HC BKJIFOYCHA.
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W3mepeHust MOTYT OBITh BBIIMOJIHEHBI KaK ¢ KPUOTCHHOM KHIKOBOJOPOJHON MHUIICHBIO, TaK U C
0oJiee MPOCTHIMU B OOpAIICHUH SIICPHBIMUA MUIICHSIMHU.

ToYHOCTH UMEIOIIUXCS K HACTOAIIEMY BPEMEHHU IKCIIEPUMEHTAIbHBIX JaHHBIX Uit Ay B
WHKJIIO3UBHOM POKJEHUHU 3apsSKEHHBIX IMHOHOB BIIOJHE JOCTAaTOYHA JJisi MCIOJIb30BaHUS B
HEJAX MPOBEPKH (PYHKIIMOHUPOBAHUS CUCTEMbI MEUCHHs. BHe COMHEHHUs, TOYHOCTh 3HaHUA Ay
JUIl  WHKJIIO3UBHBIX IMOHOB OyJeT yiydIlleHa B TMPOIECCe pealu3aldd MPOrpaMMBbl
CITACYHAPM. Crnenyer TakXke OTMETHUTb, UYTO JIaHHBIE HU3MEPEHUS MOKHO IOJATBEPIUTH
M3MEPEHHEM OJTHOCTTMHOBOM aCHMMETPUH OTPHUIATESIIHHBIX THOHOB.

CTOUT OTMETUTH, YTO B IIOJAXOJE€, OCHOBAaHHOM Ha WHKJIIO3UMBHBLIX IIHOHAX, B
skcniepumenTe CITACUAPM mnpakThuecKd HET BO3MOXHOCTH BBIIIOJIHUTH HEOOXOIMMBIC
JOTIOJTHUTEILHBIE U3MEPEHUsI aCHMMETpUU Ay Ha TIOJISPU30BAHHOW MPOTOHHOW MUIIEHU C TEM,
4yTOOBI 3aT€M HCIIOJIH30BaTh MX PE3YJbTATHI IS MOJSIPUMETPUU (aHTH)IIPOTOHHOTO My4YKa TOU
ke sHepruu. JIJis 3TOW LeNu MpUIUIoch OBl clenaTh U3MEPECHHs Ha IMOJISAPU30BAHHON MHILICHU
JUTSL POKICHUS TIHOHOB B «3aJIHIOIO» TMoyycdepy Mo OTHOLIECHUIO K HAmpaBlieHUIo mydka. Ho B
npoekte yctaHoBKM CITACYUAPM He mpeanonaraercsi HaIM4YUe «3aJHEr0» CIIEKTPOMETpa s
3apsOKCHHBIX 4YacTull. JlomonaHeHue ke €€ TaKMM CIEKTPOMETPOM IPEACTABISIET COOOM O4YeHBb
CEPbE3HYIO U JOPOTOCTOSIIYI0 MOAU(DHUKAIUIO B IIEJIOM BCETO IKCIICPUMEHTA.

2.3.3 IlonspumeTpus Ha OCHOBE MHKIIIO3UBHBIX 3apsSyKEHHBIX ITMOHOB

Eme ogHuM BO3MOXHBIM CHOCOOOM H3MEpPEHHUs MOJSPU3ALUHU IYYKOB MOXKET OBITh
Metoa Ha ocHoBe 3¢ dexra [Ipumakona. Ilpouecc [Ipumakosa Obu1 BBeZieH B HayKy B 1951 rogy
[89], rie BrepBBIe OBLTO MMOKA3aHO, YTO MIMPHUHA PATUAIIMOHHOTO pacaia aipoOHHOTO Pe30HaHca
CBsI3aHA C CEYCHHMEM O0pa30BaHUs 3TOr0 PE30HAHCA aJpOHAMU B KYJIOHOBCKOM Iouse sijpa. B
nomsipuMerpe [IpHMaKoBa HMCIONB3YeTCs MCCOLMAIHS MPOTOHA B Mapy pa’ B KYIOHOBCKOM
noje sJIepHOM MuileHu c OosbIIOi BenmuuuHOW 3apsina Z: pZ— pyZ — pnOZ, roe y —
BHPTYaIbHBI (OTOH. DTa peakiysi CBsiaHa ¢  (OTOPOKACHHEM 7 -ME30HA Ha MPOTOHHOM
MUILEHN NIPU HU3KHUX SHEPrusax (M3MepeHHas acuMMmeTpus coctaBuiia ~90% B obsacT 3Hepruit
500-800 M»5B). Takum o00pa3oM, TOJSPU3ANUIO TPOTOHHOTO ITy9Ka MOXKHO HW3MEPHTb,
WCTIONB3ysl M3BECTHYID ACHMMETPHIO HHU3KODHEPIETHUHOrO (POTOPOXKJICHHS 7 -ME30HOB KaK
AHAJTM3UPYIONIYIO CIOCOOHOCTH PEAKITUH.

Kak Oputo BmepBeie TOka3aHo [IpumakoBeiM u  coaBtopamu [90], mmpuna
paIuaMoHHOTO pacaaa aApOHHBIX PE30HAHCOB MOXKET OBITh CBsI3aHA C CEUECHHEM 00pa30BaHUs
pe30HaHCa TPU B3aWMOJICHCTBUN aJIPOHOB B KYJIIOHOBCKOM moute sytep [91,92]. O6mias dhopmyina
JUTSL OTOW CBSI3W, BKJIFOYasi CIIMHOBBIE HaOiromaemble, Obuta omrcaHa Maproiucom U Tomacom
[93]. CoBpemennslii ananu3 npouecca [Ipumakosa npencrasieH B [94].

Koria KOHEUHOEe COCTOSHHE pmr JBWXKETCS MOYTH BIIEPEI, TO €CTh C OYCHb MAIBIM
UMITYJICOM, TIepEeJaHHBIM OT MPOTOHA SAPY, B PEAKIMU JOMHHHUPYET OJHO(POTOHHBIA OOMEH.
@deiliHMaHOBCKasA Auarpamma Jjs "peakuuu" BKIIOYAET aMIUIUTYy "BUPTYaJlbHBIA (GOTOH" + p
— 710 + p ¥ IS OYeHb MaJIbIX IIEPEIaHHBIX MMITYIbCOB B Tporecce IIpimakosa, ckaxem |K?| ~
10 (IMB/c)?, rae k - 4-uMImynbe BUpTYaabHOTo GOTOHA, BUPTYAIbHbIH (POTOH HAXOIMTCS OUTH
Ha MacCOBOH MOBEpPXHOCTH. TakuM o0pa3oM, ¢ OYEHb XOPOIIEH TOYHOCTHIO ANIPOKCHUMALUU
MOYKHO paccMaTpuBaTh aMILIUTYAY C BUPTYalbHBIM (POTOHOM, KaK (PU3NYECKYIO aMILTUTYAY AJIs
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HACTOSALIETo npoiiecca GorooOpa3oBaHusi, KOTOPBIA HU3ydalcs IPU HU3KUX U CPETHUX DSHEPIHSIX
[95].

3aMevarenbHOl OCOOCHHOCTBIO JAHHOM pEaKIMU SBISAETCS TO, YTO JaXe INPU OYEHb
BBICOKMX PHEPTUSX HAYAIBHOTO MPOTOHA, PHEPTUS B C.IL.M. I peakiuu (HoTooOpa3oBaHUs C
BUPTyaJIbHBIM (POTOHOM Mana. Takke SKCHEpUMEHTAJIBHO YCTAHOBIJIEHO, YTO aHATU3UPYIOIIAs
CIOCOOHOCTh peaknuu (OToOOpa3oBaHUS TPH ITHX DSHEPrusix Beauka u gocturaet -90%
[95].Mnes ucmonb3oBanus 3h¢dekra [IpuMakoBa Ui U3MEPEHHs MOJSIPHU3ANUN TPOTOHHOTO
ny4ka Oblia npemioxkena JpiiBom Aunepsyaom [96].

DKcrepuMeHTaNIbHbIE BO3MOXKHOCTH IMOAXO0/a OBbUTM BIIEPBBIE MPOJIEMOHCTPUPOBAHBI B
1989 r. Bo ®HAJI (CHIA), rae Obuta M3MEpeHa aHAIM3HUPYIOLIAsi CIIOCOOHOCTb PEaKLUU
[IpumakoBa Ha MPOTOHHOM Iydyke ¢ UMIyiabcoM 185 I'»B/c m m3BecTHOW moOsipU3aneld U
NOKa3aHO, 4YTO OHA HAaXOJUTCS B COOTBETCTBHHM C TEOPETHUSCKMMHU OxumaHusmu [97].
Ananmsupytonias cnocoOHocTh T(0) korepeHTHOro KyJaoHOBCKoro mpomecca -0.57+0.12
(craructrueckas) +£0.19 (ommbOka HOPMUPOBKHU H3-3a (DaKTOpa pa3daBICHUS) B THUANla30HE Macc
nop cucrembl 1.36-1.56 I3B/c® u O0p = 60° — 120°. Amanusupyromas CrnocoGHOCT
$hoT00GpazoBanMs T, YCPEAHEHHAS 110 TOH e KHHeMaTHYecKoil obmactu cocrasiser -0.65 +
0.04.

Jnst u3MepeHns NoJsIpU3aiy Ipu ucnoib3oBanuu 3¢ dekra I[IpumakoBa muaHupyeTcs
UCTIOJIB30BaTh IMPELUMU3UOHHBIM TOHKOCETMEHTHPOBAHHBIN KaJOPUMETP THIA «IIANUIBIKY,
BXOJSIIMH B COCTAaB HSKCIEPUMEHTAJIbHON ycTaHOBKH. [y ompeneneHHs BO3MOXXKHOCTH M
BpPEMEHU M3MEPEHHS OyAET IPOBEICHO JOMOIHUTEIBHOE UCCIICIOBAaHHE.

2.3.4 PesromMe 110 U3MEPEHUIO MOJSPU3AIIH ITyIKa

[Ipu co3pmaHuM mydka MOJISIPU30BAHHBIX (QHTH)IPOTOHOB 3HAHME MOJSAPU3ALMM ITyUyKa
MOKHO TOJY4YUTh HE TOJBKO HCIHOJB3Yysl pacyeTbl M CHCTEMY MEUEHHUs, HO U THPOBEAs
JIOTIONIHUTENIbHBIE  M3MepeHus. lcrnonb3oBaHue yHpyrux MpoLEccoB MJis  ONpEeesIeHus
a0COJIIOTHOTO 3HAUEHUS MOJSPU3ALMK MO3BOJSET MPOBOAUTh M3MEPEHUs MOJSPHU3ALUHU My4yKa
(aHTH)IPOTOHOB ANl 000N »Heprum yactul. IlpoBeneHHbIE pacdeThl MOKa3bIBAIOT
BO3MO>XHOCTb M3MEPEHMsI TAKOW MOJSIPU3ALMKA 3a JOCTAaTOYHO Majoe BpeMs Ul NPOTOHOB
(Heckonmbko dYacoB) u mpuMepHo 200 dYacoB Ans  U3MEpEHHUs MOJSApU3ALUU  IydKa
AHTHIIPOTOHOB® .

Hcnonb30BaHWe W3BECTHBIX JAHHBIX 110 OJHOCIHMHOBON aCHUMMETPUU POXKIACHUS
3apsKEHHBIX MHOHOB MO3BOJIIET U3MEPUTH MOJSpU3AINIO ITyyka ¢ sHepruei 22 B (ucnonb3ys
W3BECTHBIC JaHHbIE dkcnepuMmeHTa E925) 3a Heckompko (5-10) wacos. Jlannas mporemypa
MO3BOJIIET TPOBECTH «KATMOPOBKY» CHCTEMbl MEUEHMs] Iyyka, KoTopas OyleT pealbHO
MCIIOJIb30BAThCS AJIs ONPEAEIEHUS MOISPU3ALUH.

Crnenyer OTMETHTh, YTO TMOJSpUMETp Ha OcHOBe mporecca I[lpumakoBa (c
aHanmu3upyomei crnocodHocTeio B 90%)  sBisiercsi, 0€3ycIOBHO, YHMKAJIbHBIM IMPUOOpPOM B
CpPaBHEHHHM C JPYIMMHU IUIQHUPYEMbIMH HOJSpUMETpaMH, B KOTOPBIX aHAJIM3UPYIOLIas
CIOCOOHOCTH TOPa3/I0 MEHBIIIE.

2.4  Cucrema MarHuToB «3Meiika» (Spin flipper) mis noBopora monspusamu
CucremMa MOBOPOTHBIX MAarHMTOB «3MEHKa» JIOJDKHA COCTOSTh M3 MarHUTOB, KOTOpBIC
NO3BOJIAT M3MEHHTh OPHUEHTAIMIO BEKTOpa MOJSPU3AIMU ITYYKOBBIX YacTHIl (TIPOTOHOB WIIU

37 Ny
300 9acoB ¢ y4eTOM BPEMEHHU, HEOOXOAUMOTO ISl U3MEPEHUS aHATU3UPYIONICH CIIOCOOHOCTH
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AQHTUIIPOTOHOB) OT OJJHOTO HANpPAaBJIEHUS K IpyroMy. JTa clUcTeMa He J0JKHA BHOCUTh HUKAKHX
IPOCTPAHCTBEHHBIX WJIM YIJIOBBIX MCKAXCHUN B ONITUYECKHE MapaMeTphl mydka. Bee cmemenus
¥ OTKJIOHEHHS TPAEKTOPHUH IMyYKa JOJKHBI KOMIIEHCUPOBATHCSI BHYTPH 3TOM CUCTEMBI MATHUTOB.
«3meiikay OyaeT pacroyaraTbCsi BOIM3M KOHEYHOTro (poKyca KaHajla MOJIIPH30BAHHBIX YaCTHUI]
24A, HEeOCPEICTBEHHO MEPE] MULICHBIO SKCIICPUMEHTA.

Cnemyer OTMETHUTh, YTO B OTJIMYME OT KaHajla IMOJIIPU30BAHHBIX IPOTOHOB U
anTunpoToHoB B @epmunade B 80-90-x rogax mpomuioro Beka (3xcnepumenTsl E-581 u E-704) B
KaHayie 24A aHaIW3 IMydYKa 10 MMITYJIbCY OyIeT BECTUCh B TOPU3OHTAIBHOM IJIOCKOCTH, a I10
NOJISIPU3AIMY B BEPTHKAILHOW TUIOCKOCTH. MaTpuIia nepeiayn eJIMHUYHAsI U B TOPU30HTAIBHOM,
U B BEPTHKAIbHOW TUIOCKOCTH.

Cucrema «3Meiikay kanana 24A Oyner UCHOIb30BaTHCS AJS ABYX LIETCH:

1) mepuoaMYecKOro M3MEHEHHS HAmpaBiACHHWS BEKTOpa MOJApH3alMA  IydKa Ha
MPOTUBOIMOJIOKHOE HANpaBlICHUE JJII YMEHBIICHHS CUCTEMATHYECKUX  OIMMOOK
IKCIIEPUMEHTA U

2) TIOBOpPOTA HAMpABJICHHs CIUHA OT BEPTUKAIBLHOrO HampapicHus (HampasieHue N),
KOTOpOoe OyJIeT METHThCS CTaHIMEed MEUYeHHs, K TPOJIOJILHOMY HAIpPaBJICHUIO
(manpasyienne L), 4T0 HEOOXOAMMO TS pa3IMYHBIX SKCTICPUMEHTOB.

[Ipenmonaraercs paborate Ha kaHaie 24A ¢ 3HEeprusiMu Iydka B auanazone 10-45 B.
Ecin monst B MarHuTax «3MeHKW» OyAyT MNEpHEHAMKYJSIPHbI K HAMpaBiICHHUIO Iy4yka, TO
npeumMynicCTBOM TaKOW CHCTEMBI 6YIIGT TO, YTO I JAHHOTO yrjia NpCucCCuu CliMHa BCIIMYMHA
MOJISI IOYTH HE 3aBUCHUT OT UMITYJIbCA YACTHUIIbI B HALIEM JMaNa30He YHEPTUi MydKa.

Huxe cymmupoBaHbl TpeOOBaHUS K «3MEHKe».

2.4.1 TpeboBaHMs K CHCTEME TIOBOPOTA CITHA

— Ilpenmonaraercs, 4To Ha BXOJE€ B «3MEHKy» Iy4OK COCTOMT M3 TpeX dacTeil: ¢
nonspuzanueit P(+),P(0) u P(-) (B ckoOkax yka3aHbl HAalpaBJICHUS MOJISIPU3AIMI BBEPX
10 BEPTUKAJIH, YCIOBHO HYJEBas MOJSAPHU3AIMS U BHU3 110 BEPTUKAIA COOTBETCTBEHHO).
HeobxonnMo ocymiecTBUTh MOBOPOT nossipu3anuii Ha 180 rpagycoB BOKpPYr OCH MydKa.
Hazosewm 310 peBepcom nosisipu3anui.

- HOHCpC‘-IHyIO Ha BXOJC IMOJIIpU3alMI0 CACJIAaTh Ha BBIXO/C «3MEUKI» HpOHOJ’ILHOﬁ,
HaHpaBHeHHOﬁ B OJJHOM CJIy4dac€ BAOJIb, B APYIOM IIPOTUB HAIIPABJICHUSA UMITYJIbCA ITYYKaA.

— Ilpwm onepanusx, ykazaHHbIX B IyHKTax | W 2, mapameTpsl Iy4ka, a UMEHHO, pa3Mephl,
YTJIOBBIE PaCXOJAMMOCTH, TAK)K€ KaK OCh IIydKa HE JIOJKHBI MeHAThCs. [Ipn aTom nomycka
Ha U3MEHEHUs MOTyT ObITh HUXke 10%.

— Jlenonspusyromuii 3 ekt ot «3MeHKn» T0IKeH ObITh Ha BbIxoje Huxke 10%.

- BpeMSI PEBEpPCAa MAarHuTHOT'O I10JIA «3MEUKN» He AOJDKHO IIPHUBOAWTH K IMOTEPE BPEMECHU
Ha nyuke Bbime 10%. Hanpumep, eciiu Mbl coBeplIaeM peBepc NOJIpU3ALUU KaXKAbINA
qac, TO pE€BCPC IO JOJIZKCH 3aBCPIIUTHCA MCHBIIIC YCM 34 6 MHUHYT.

71



— Ha skcnepuMeHTanbHYI0 YCTAaHOBKY B OH-JIalH PEeXUME JO0JDKHA MOCTYNaTh HHPOpMaLus
O COCTOSIHUM «3MEUKN» B TAaHHBIA MOMEHT B CEAHCE.

—  «3Melikan AOJIKHa pa3MECTUTHCA Ha JJIMHE HE 0osiee BOCBMU MCTPOB HAa KaHAJIC.

— TpeboBanusi K BHYTPEHHHM pa3MepaM ONPEIEISIFOTCS pa3MEepOM ITydKa Ha BBIXOJAC U3
MOCJICIHEeH JUH3BI (Tepes <«3MEHKOW»), KOTOphIe COBMANAIOT JUISI aHTH-TIPOTOHOB C
sHeprueit 14 I'5B u npotonoB ¢ sneprueit 40 [9B (MakcumanbHbIi 3axBat) - 120 MM 110
ropu3oHTany u 160 MM 1o BepTUKaIU 110 OCHOBAHUIO.

2.4.2 TlpoekT cucTeMbl MOBOPOTA CIIMHA I KaHaia 24

[IpoekT cuctembl MOBOpOTa ciMHA JiJis1 KaHaia 24 noarotosiieH rpynmnoi UAD CO PAH
non pykoBoactBoM HO.M. IllaryHoBa. OcHOBHBIE HAEH U TapaMeTpbl JAAHHOW CHUCTEMBbI
npejcTabieHbl B pabore [98]. Kak ykazano B TpeOOBaHUAX K CHCTEME MTOBOPOTA CIIMHA, 3aj1a4a
cruH-QIIMIINEepa yMETh HE TOJBKO MEPEBOPAUMBATH CHMH HYKJIOHA HAa MPOTHUBOMOJIOXKHBINA, HO
TaK)K€ MEHSTh IMONEPEUHYIO MOJSPU3ALMI0 Ha MPOAoJbHYI0. OOmmit MeTon Iy MOA0O0HBIX
CUCTEM, OCHOBAHHBIN Ha UCIOJIH30BAHUM T'eIMKOUIATLHBIX MATHUTOB, OBLT YCIICITHO PUMEHEH
Ha yckoputene RHIC [99]. [Tpocretimias 3Melika COCTOUT U3 JABYX IEIMKOMIATBHBIX MAarHUTOB C
MIPOTUBOIIOJIOKHBIM HAITPABJICHUEM BPAILICHUS U YETHIPEX KOPPEKTUPYIoMUX MarauToB. Ha Puc.
2.26 moka3aH IpOeKT 0OMOTKY T'eJIMKOHUIaIbHOTO0 MAarHUTA.

00MOTKA MATHHTA

N N N

Puc. 2.26 INpoekT nu3aifHa sipMa 1 0OMOTKH OJJHOTO TeIMKOMIANEHOTO MarHuTa (Ha JTaHHOM PUCYHKE OCh Z
COOTBETCTBYET BEPTHKAIBHOMY HAIIPABJICHHUIO)

MarsuTHO€E noje ABYX I'eJIMKOWJAIBHBIX MarHUTOB M ONTHUMAJIbHAS TPACKTOPUS YaCTHI]
npezcTaBieHbl Ha Puc. 2.27. Iy KOppeKIMH TPaeKTOPUHU YaCTHIl HEOOXOJAUMO HCIOIH30BATh
KOPPEKTUPYIOIIHE MAarHUThI (OTMEYCHBI CHHIMH TIPSAMOYTObHUKaMK Ha Puc. 2.27). Yka3aHHas
TPAEKTOPUS NIOKa3aHa Il eAMHUYHON MAaTPULIBI CUCTEMBI.
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Puc. 2.27 MarauTHoOe 10J1e IBYX TeIUKONAAIHHBIX MATHUTOB M TPAEKTOPHS YaCTUIl BHYTPHU 3MEHKH ITpH
€IMHUYHOU MaTpulie

Pacuerbl nokas3pIBatoT, YTO Kak MUHUMYM 97% noJisipu3aniuu coxpaHsercs 1Jis Bcex
komroHeHT. Ha Puc. 2.28 mokazanbl CTUHOBBIE TPAeKTOPUH ISl BEPTUKAIBHON M MTPOAOIBHOM
KOMIOHEHT. O0111e CBOWCTBA CUCTEMBI:

— TEJMKOUIAJIBHBIA MArHUT. MAKCUMAJIbHOE TIOJIE Bmay = 47 KGS; mimuuaa A=2.5m;:
— Koppexktupyrorue qumnonbabie MaruuThl; uinHa | =30 cm; mone B= 23 kGs.

OOmiast ;[yIHA CUCTEMBI — 6.5 M, CIMHOBAs MPO3pavyHOCTh — 97%.

OxonuarenbHass pa3pabOTKa ONTUYECKOHW CHCTEMBI MOXKET OBITh BBIIIOJHEHA B
Hosocubupcke, usroropneane B HUL[ «KypuatoBckuii mactutyr» — UGB wm B OUSAN

(HybHa).

Spin

|

Puc. 2.28 CnuHOBBIE TPaGKTOPHH /TSI ONIEPEYHOIt (CieBa) M IPOAOJILHOH (CrIpaBa) MOJspU3anui

73



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 KOJHUYECTBOM AeTekTopoB. Ha Puc. 3.2 mpuBeneHa cxema 3KCrepUMEHTATbHON
YCTaHOBKHM Ha MOMEHT KOMILIEKCHOTO 3amycka B (eBpaie 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 CIIACUAPM, nerexTopsl noka3aHsl He B Maciitabde (nerexropst DTS0-1
COOTBETCTBYIOT AerekTopam DT1-2 mpu paboTe Ha kaname 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 apeiipossie craHuuu UTOD-
[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 IMPOB3aMMOJIEHCTBOBAIM C BEIIECTBOM MHMILIEHHU, PACIOJIOXKEHHBIM MoOcie 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, BHIPAOATHIBAIOIIUX TPHUITEP, MOTYT OBITH HCIOJB30BAHBI Kak
OTJeNIbHBIE CUMHTHUIALIMOHHBIE CUETYMKHU, MEPEKPHIBAIONINE MOJHYIO alepTypy Mydka, Tak U
T'OJIOCKOTBI CUCTEMBI MEUSHHMS MTOJISIPU3ALINY ITyUKa, ONMCaHHbIE B pa3jene 2.2.

B cnyyae ucnonb30BaHUS MYYKOBBIX CUETUYMKOB JIOJDKEH TPUMEHATHCS 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 Tpu OOMIEH IMTEITHHOCTH
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:
mpu 3arpyske mydkoM B 2-10° qacTHIl B CeKyHIy 9HCIO CTydaifHbIX COBIAICHMIT HE TIPEBBIIIACT
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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 JETEKTOpAa YEPEHKOBCKOIO M3JIY4YEHMs, KOTOpBIE IO3BOJIIOT
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 s Iydka c ummoyiscom 15 ImB/c
(aHTHUIPOTOHBI U MPOTOHBI) MpeanoaaracTcs ucmoib3oBath Gppeon R-22 (CHCIF,) takxke mpu
atMocdepHoM naBiennn. CBet peructpupyercs Gporoymaoxurensimu OOV -XP1020.

Jlig onpeneneHusi KOOPAUHAT YaCTHUIIbI HA MULIEHU MpeJlaracTcs UCIoIb30BaTh YEThIPE
JIBYXKOOPJIMHATHBIE CTAaHIMK 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.
Kaxpiit Mmomyab kamep (Puc. 3.3) BrimtouaeT B ce0st 1BE MIOCKOCTH CUTHAIBHBIX MTPOBOJIOYEK 3
U 6, HATSIHYTBIX BO B3aUMHO-NIEPHECHIUKYISIPHBIX HANpPaBIEHUSX [UIS  OMNpEIesICHUs
OJIHOBPEMEHHO JIBYX KoopauHat. J[uamerp mpoBojouek 15 MKM. BBICOKOBOJIBTHBIE 3IEKTPOIBI
2,4, 5 u 7 BBINOJHEHBI U3 XOJ0IHOKaTaHOU (honbru n3 criaBa Ab2 tommunoin 40 Mxm. 3azop
MEXJly CHUTHAJbHOM IUIOCKOCTBIO M BBICOKOBOJIBTHBIMH JJIEKTPOJAMHU COCTaBISET 3 MM.
Bricokoe HampskeHue 1MoAaeTcss Ha KaTOAHbIE IIIOCKOCTH HE3aBUCUMO /ISl KaXKJI0M MOJIOBUHKU
KaMmephbl. ['a30BbIii 00beM KaMepsl — OO 11 00erX MOJOBHHOK W OTPAaHHYEH 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 YCTaHOBKH HEBEIIMK M COCTaBJISAET OKojo 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.

Jlia peructpanuu CUrHajIOB cpaOaThIBaHMsI MPOBOJIOYEK HCIOJIb3YIOTCS CHELHMAIbHBIC
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 IU(PPOBYIO 4acTh, KOTOpas O0OECHeunBaeT KOJUPOBAHWE 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 BRIPAOOTKH TpUTTEpa.

- -

|
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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 — BBICOKOBOJILTHBIE DJIEKTPOIBI, 1,8 — MaiimapoBbie OKHA,
OTPaHMYUBAIOIINE Ta30BbIi 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, apdexruBaocts 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 OMNpENEICHUS KOOPAMHATHI YacTUIBI BOJM3UW MHIICHH MOXKET
WCIIOJIH30BATHCS CIUHTUJUIALIMOHHBIA BOJIOKOHHBIM TOJOCKOT, COCTOSAIIMNA M3 JBYX OJAMHAKOBO
YCTPOCHHBIX M PACIOJOXKEHHBIX OJU3KO Jpyr K JPYyry B3aUMHO MEPICHIUKYISIPHBIX
wiockocteil. PaGouast o6acTh rogockona cocrasisierT 42x42 mMm°. B Kaxmoil U3 MIOCKOCTei
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 HalpaBieHWU JABWKEHHS dvacTull. CocelHHME KOJOHKH ClIerKa
MEPEKPHIBAIOTCS, TEM CaAMBIM YCTPAHSIOTCA «MEPTBBIEY» 30HBI U3-3a HATMYHS HEUYBCTBUTEIBHBIX
000JI049€K BOJIOKOH U MOBBIMIAeTCs 3P PeKTUBHOCTh peructpanuu. benas BoaHO-AMCIIEPCHOHHAS
Kpacka, HUCrHoyib3yemasi il (UKcaluu BOJOKOH B KacceTe, YMEHBIIAET paclpoCTpaHEHUE
CIMHTUJUTSIIIMOHHOTO CBETA B TIOTIEPEYHOM HaIPABJICHHH.

(a) (6)

Puc. 3.5 Cxemarndeckoe n300paskeHIE YaCTH COUHTHUIAIUOHHON BOJOKOHHOM KacCeTHI (a) M PacloI0XKeHUE
BOJIOKOH Ha (hoTtokaToze 16-anognoro ®3Y Hamamatsu R7600-200-M16 (6).

Jlyiss TpaHCTOPTUPOBKH CIUHTHULSIIIHOHHOTO CBETa K (OTOJETEKTOpaM HCIONb3YIOTCS
BOJIOKHA-CBETOBOJIBI TOT'O K€ JIMAMETPa, MPUKICCHHbIE ONTUYECKUM SIOKCHIHBIM KJIEEM K
TOpLAM CIHUHTWUISILIMOHHBIX BOJIOKOH C OJHOW CTOPOHBI KAacCeThl, HE Hapyllash 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 MJIACTUKA TPYIIaMU
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 kaxkmol TUIOCKOCTH WCHONB3YEeTCS IO IIEeCTh
doroymuoxurenend. Tunuunelii cBeToBbIX0A — 10+12 QOTOINEKTPOHOB HA KaHAJ. AHAJIOTOBBIE
CUTHAQJIBI C aHOJOB IpeoOpa3yroTcsd B LU(POBBIE € MOMOLIbI JTUCKPUMUHATOPOB C HHU3KUM
noporoM M mapada3HeIMU BbiXofgamu B ctangapre LVDS mnsg mepemaum k cucreme cOopa
JNaHHbIX.  JIUCKpUMHUHATOpbl ~ pacloJIOKEHbl B HEMOCPEACTBEHHOW  OIM30CTH  OT
(OTO3IEKTPOHHBIX YMHOXKHUTEICH.

D¢ (heKTUBHOCTh PErHCTPALUU TOAOCKOIIOM OJWHOYHBIX YAacTHI[ MO BCEM KaHajlaM B
cpennem nocturaet 99% mnpu mHoxkectBenHoctH 1.1 [101]. BpemenHoe pa3sperieHue 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 cMm) nmyukom. Ha Puc. 3.6 mokaszanbl oTorpadus BOJIOKOHHOTO
roJIOCKONa B 30HE OHKCIEPUMEHTAJIbHOM (cieBa) W 16-KaHAIBHOTO JAMCKPUMMHATOpA C
peryanupyeMbIM IOPOrOM BOJIOKOHHOT'O I'OJJOCKOIIA.

Puc. 3.6 ®ororpadus BOJIOKOHHOIO roJ0CKONA B 30He IKCIePHMEHTAJILHOI (cjieBa) H 16-KaHAJBHOTO
JUCKPMMHHATOPA ¢ peryJupyeMbIM NOPOroM BOJIOKOHHOI'O I'0/I0CKONA

BonokoHHBIH rojtockon ycrmemHo otpadoran B ceance 2018 r. Ha Puc. 3.7 moka3zaHsr
npopmwim mydka (cieBa) M 3aBUCUMOCTb 3()()EKTUBHOCTH BOJOKOHHOIO TOJOCKOINA OT
KOOPJIMHATBHI.

K myukoBoil ammaparype TakXke OTHOCHUTCSI BETO-CHCTEMa, KOTOpas SIBJISETCS YacCThIO
KOMITIEKCa TONePEeYHO-TIONpH30BaHHoi Mumenn (cM pasgen 3.3)%. dororpadmm Bero-
cucteMbl npescTaBiaeHsl Ha Puc. 3.8. OHa mpezacTaBiseT co00i AETEKTOp 3apsHKEHHBIX YacTHIL
U Y-KBAaHTOB, POXKJAIOIIMXCS B IMOJSPU30BAHHONW MHILIEHH B pe3yjibTaTe B3aUMOJCHCTBUS C
IPOTOHAMM My4YKa M BBUICTAIOMUX U3 He€ mojJ OONBIIMMHU YIJaMH B JIaDOpaTOpHOW cucTeMe
koopauHat (0,25 < 0 < 7-0,25), He momanas B OTKPBITHIN TEJNECHBIH YToJI, OIpenenseMbli
anepTypoi 3KCIIepUMEHTATbHON YCTAaHOBKH.

% HpI/I HCII0JIb30BaHUN )KHZ[KO-BOZ[OPOI[HOﬁ MHIICHU MOKET UCTIOJIL30BATHCA ApYyTras BETO-CUCTEMA
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Profile for Hodo 4 Plane X
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Puc. 3.7 Ilpodunu mydka (ciieBa) ¥ 3aBUCUMOCTD d3(PPEKTUBHOCTH BOJIOKOHHOT'O TOJTOCKOIA OT KOOPAMHATHI

. JIeTeKTOp COCTOUT U3 ABYX OJAMHAKOBBIX MOJYJIEH, KKl U3 KOTOPBIX NEPEKPhIBACT
a3UMYTaJbHBIN yroa Ap=r. Moayau MOTyT NEpeMelaThbCsi B TOPU3OHTAIBHOU TUIOCKOCTH B
IIPOTUBOINOJIOKHBIX HaNpaBICHUSAX MEPHEHIUKYISIPHO OCH Iy4yKa, YTO IIO3BOJISIET BBIBOJUTH
BETO-CUCTEMY M3 IIPOCTPAHCTBA MEXIY IOJKOCAMU MAarHuTa Ha BpPeMsl HAKauyKW IOJIIpU3aLUU
MUILEHHU U BO3BpALIaTh B paboyee MOJI0KEHUE 0CIIe €€ OKOHYaHHUS.

B paboyeMm mOJOXEHMHM CHCTEMbl PACCTOSHHME OT OCHU Iydyka J0 €€ BHYTpPEHHEH
nosepxHoctu cocrasisieT 50 MM no ropusoHtand u 40 MM 1o Beptukanu. s perucrpanuu
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 Kaxa0M IJIACTHHBI COOMPAETCS CIEKTPOCMEIAIOIUMU
ONTHYeCKUMHU BoslokHaMu ruamerpoMm | MM tuna BCF-91AMC, nipoioskeHHBIMU B UMEIOIINXCS
B IUIACTUHAX KaHaBKax. [Iyduku BOJIOKOH BBIBOAST cBeT Ha paccrosiHue 400 MM 3a raGapuThl
MarHuTa, NEepIeHAUKYJISIpHO K HaNpaBlIeHUIO Iy4yka, TIJ€ MAarHuTHoe Toje ciadoe.
[TpoTHBOMOIOKHBIE TOPLBI BOJOKOH € KaXJIOW IUIACTHUHBI COOpaHbl Ha (POTOKATONAX JBYX
($OTO31eKTPOHHBIX yMHOXHUTenel @DY-84-3, curHambl OT KOTOPBIX HCIOJB3YIOTCS B
COBIAJICHUAX JJIS NTOJABIEHUS IIyMOB. [lanbHelas CTpyKTypa BETO-CUCTEMBI B HalPaBICHUSX,
NEPNEeHIUKYIAPHBIX Iy4YKy, HpPEICTaBIsieT co0OW uepeJoBaHHE YEThIpEX CJIOEB CBUHLA
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
HEHTpaslbHBIE B JBYX WHTEpBalax MO a3uMyTalbHOMY yray ¢. CymmapHast TOdIIMHA COOpKU
cocraBisier 60 mm. KonmuectBo BemectBa B cbopke paBHO 5Xo. Ha Puc. 3.9 mpexacrasien
aMHHHTYHHHﬁ,CHeKTp CUTHAJIOB OT KOCMHMYCCKUX YaCTUL] B OJHOM H3 KAaHAJIOB PErucCTpanvuun
BETO-CHUCTEMBI.
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Puc. 3.9 AMIUIMTYAHBIN CHIEKTP CUTHAJIOB OT KOCMUYECKUX YaCTHUI] B OJJHOM U3 KAHAJIIOB PETUCTPAIH BETO-
CUCTEMBI

[Tpu u3MepeHus IKCKIIIO3UBHBIX 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 COCTOSSHUM HMEIOTCS TOJIBKO HEUTpajbHBIE YacTHIbl, 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 SKCKIIO3UBHBIX IIPOLECCOB C 3apsyKEHHBIMU YaCTULAMU B KOHEYHOM
COCTOSIHUM, MONAJAIOIIMMU B TEJIECHBIM Yrojl yCTaHOBKH, B TpUITepe OyAyT HCHOJIb30BaThCS
TOJIBKO CUTHAJIbI C BETO-CUCTEMBI.

3.3  Mumenu

Jlns m3MepeHus: OJHOCIMHOBBIX IONEPEUHBIX acuMMeTpuil Ay Ha Bojgoponae Oyxaer
MCIIOJIb30BaHa JKUJIKOBOIOpoAHAsE MulleHb. [l n3mepenus Ay Ha sapax OyayT MCIOJIb30BaHbI
OOBIUHBIE sIIEpHbIE MUIIIEHH — OT OEPHJUIMS 10 CBUHIA. DTH K€ MUILIEHH MOTYT UCIIOJIb30BaThCS
JUTSL KCCTIeIOBAHUS TOJISIPU3AIIMH TUIIEPOHOB U BEICTPOEHHOCTH BEKTOPHBIX ME30HOB.

Bogoponneie MUIIEHH, KOTOpbIE MCMONB30BAINCH M OyayT UCHOJIB30BaHbl B
skcniepuMmeHnTax Ha yckoputene HUIL[ «KypuatoBckuit mnctutyT» - UPBDO, comepxkar B
paboueil yactu HeOOJbIIME KOJMYECTBA KHMJIKOTO Boaopoaa (mo 4 murtpoB). [lostomy
1es1ecoo0pa3Ho MPUMEHSATh HE MUIIEHU KJIACCUYECKOTO TUIA C PE3EPBHBIM BOJOPOIHBIM OaKoM
Oonpmioro 00bEMa, a MUIIEHH C 3aMKHYTHIM BOJOPOIHBIM IIUKJIOM, YTO 3HAYUTEIHHO
yMEHbIIaeT 00Iee KOJIMYECTBO HCIOIb3YeMOT0 Bogopona. Ilpu »5TomM moOBBIIIAETCS
0e30macHOCTh paboT, OTMmajaeT HEOOXOJAMMOCTh BO MHOTHUX JIOPOTOCTOSIIIIUX CHCTEMax
BOJIOPOJHOM 0€30MacCHOCTH M 3aMETHO yIpouiaeTcsi pabota ¢ (u3MUecKoi anmnaparypoil BOKpyr
MUIIEHH. JIJI1 OCYyHIECTBICHHMs B MHUILEHH 3aMKHYTOrO IMKJIA BOJOpPOJAa IPHUMEHSIOT
MEXaHUYECKUH KpUOTeHEepaTop WM OXIKEHHE BOJOpOJA JKUAKUM reiaueM. BoxoponHsie
MUIIEHH C XXHUJIKUM TE€JIUEM XOTS M MEHEE DKOHOMUYHBI, HO JIErdy€ B M3IOTOBJIIEHUH, NPOLIE 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 Iejius WM, YTO SKOHOMHMUYECKU MPENNIOUYTUTEIbHEE, U
TO U JPYTroe€.

B HUL] «KypuaTtoBckuii uHCTHTYT» - UDBD pazpaborana >kuIKOBOJOPOAHAS MUIICHB,
B KOTOpPOM OXIKEHHE BOAOPOAA MPOU3BOAUTCA MOTOKOM YKHJKOIO Tellusl C MCIOJIb30BAaHUEM
TEIUIOThl UCHAPEHHUs >KUIKOrO Teus, W XOJoAa MapoB IPU MUHUMAJIBHOM YHUCIE 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, 3aKaHYUBAIOLIUICA CTHIKOBOYHBIM Y3JIOM. DTH YacTH MHUILICHH
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 NPUMEHUTENBHO K 33]]Ja4aM KOHKPETHOTO (PU3UUECKOr0 IKCIIEPUMEHTA.

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 cUCTEMbl OXJIaKJIEHUS HAa OCHOBE >KHUJKOIO TelMsl ONpaBlaHO €le U
HE00X0IMMOCTBIO 00eCTIeYUTh PabOTOCIIOCOOHOCTD MOJIAPU30BAHHBIX MUILIEHEH (ONKUCaHbl HUKE
B IAHHOM pa3Jielie) U CUCTEMbI MOBOPOTA crinHa (pasnen 2.4).

Jlist SKCIEpUMEHTAIbHOTO U3MepeHus (pakTopa pa3zdaBiIeHUs, KOTOPBINA 3aBUCUT OT THIIA
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 3aBUCUMOCTH CeUSHHI 00pa30BaHKsI YaCTHIl OT aTOMHOTO BECa MHUIIICHU
IIPU BBIYMCIEHUH PakTopa pa30aBiIeHHUS.

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

Jiss  u3MepeHus OJHOCIHMHOBBIX IONEPEYHBIX acUMMETpuil Ha KaHaine 14 wu
JIBYXCIIMHOBBIX TOMEPEYHBIX acHMMETpuii Ay Ha KaHaine 24 B YCTaHOBKE IIAHHPYETCS
UCIIOJIb30BAaHUE CYIIECTBYIOIIEH Ha kaHane 14 Y-70 nonepedHo-mospu30BaHHON MuiieHu [51].

[TonspuzoBanHags wmumeHs s dkcnepuMmeHTa CIIACYHAPM  sBnsieTcss MHILIEHBRO
3aMOpPOKEHHOTO THMA. TakWe MHUIIEHH HWMEIOT Pl MPEUMYIIECTB Tepel MHUIICHIMH C
HENPEpPbIBHON JUHAMUYECKON HaKauKoH MoJspu3aluu siaep. XOTs Uil HaKayKu MOJSpU3aLuu
JUIs. MUIIIEHEH 000MX THIIOB MCIIOJIb3YIOTCS OOJIbIINE MarHUTHbIE 1MoJis (B HamieM ciydae 2.4 Ti)
¢ BBICOKOIT oHOpoxHOCTBIO moms 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 OOJIBLIONW TENECHBIM yroia ycraHOBKH. OOpaTHOM CTOpOHOW MeJaiu SBISETCS
HE00XO0IMMOCTh 00ECIIeYeHUs] CBEPXHU3KON TeMIEpaTypsl B KPUOCTATE MUIICHU, YTOOBI BpeMs
penaKcalMy MOoJIIpU3aluu JAOCTHralo HecKonbko coT (mo 2000) wacoB. PabGouee BemecTBO
MUILEHH B BUJC MIAPUKOB AMAMETPOM 10 2 MM C KOX(QPHUIMEHTOB 3amoyHeHus okono 60%
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3aKiodaeTcss B Te(IOHOBYHO ammyily. AMmmyja TIOMEIIaeTcs B KPHOCTaT, CIOCOOHBIN
o0ecreunTh TeMIeparypy HECKoIbKo JeciaTkoB MK B pexume 3amopo3ku. JlocTmxeHue Takon
HH3KON TEMIIepaTypbl 06eceunBaeTes pactBoperneM “He B *He mpy mOMOIIH JOIIOIHATEIBHOM
otkauku. OQHON U3 TPYAHOCTEH pabOThI C TAKOW MUIICHBIO SBIISETCS TO, YTO T'EIMA HAXOAUTCS
B CBEPXTEKY4YEM COCTOSHUH, TOITOMY TpeOyeTcs BBICOUANIIee KAYeCTBO H3TOTOBICHHUS U
cOOpKU JeTaseil kpuocTara.

JInsi  Hakauykyd  TOJISIpUM3aIiuu  UCIoib3yeTcss  reHepatop  OIIP  (DnexkTpoHHBIN
[Tapamerpuueckuii Pe3zonanc) c¢ wvactoroir 70 I'Tm. M3mepenwe BenWYMHBI TMOISPHU3AIUN
U3MEpPSETCS] METOIOM SIICPHO-MAarHUTHOTO PE30HAHCA IIPHU I10JIe HAaKayKU.

OcHOBHBbIE TapaMETPBbI IEHCTBYIOIIEH MTOJIIPU30BAHHON MUILICHMU:

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

— JnuHa coctasiseT 20 cM, quametp 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 BEIECTBA B MHUIIEHHU cocTaBiger 13.2 r/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 )KUIKAN BOAOPO.

JlaHHast MUILIEHD MpoILIa TyO0KYI0 MOAEPHU3ALINIO A pabOThl B MarHUTHOM Toiie 2.4
Tn (mpu Hakauke MOJSPU3ALMK) U YCIIEIIHO oTpabdoTtana B TecToBoM ceance 2018 r. co cpenneit
nossipuzanueit 70%. dotorpadus 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 ycremHod Hakaukd (HOdydeHust TpeOyeMoW Moyisipu3aliM 1o BceMy oO0BbeMy
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 MUIICHH. [ mocTrkeHus TpeOyemMoll OTHOPOIHOCTH
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 HAKAYATE MOJIIPU3ALIUIO
MHUIIEHH BO BceM oOOBeMe, TO MO pe3ylbTaTaM IPOBEJCHHBIX padoT ynaloch JOBECTH
OJHOPOJHOCTL IIOJS M0 (1.2240.07)x10™. [Ipu >TOM MakcHMaJbHBII pa3zdpoc COCTaBIsET
7.8x10™. B pesynbTate B MOCHCIHEM CeaHCE HA MUIICHH 03 YCHIMII M 33 KOPOTKOE BpEMs
yAQJIOCh TOJYYHUTh MOJspu3anuio Beime 70% Mpu TEOPETHYECKOM MakCHMyMe OKoio 75%, a
CpemHsisl MoJIApU3aIys Ipu Habope TaHHBIX cocTaBuia 65%.

Ha Puc. 3.10 mpuBeneHa kapTa moJisi B MarHuTe MOJSIPU30BAaHHON MHIICHH 10 Hadaa
paboT MO oONTUMM3AMM MarHuTa (cieBa), NPOMEXYTOUYHOE 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 IINPOKOM KMHEMAaTHYECKOM JUAMa30He.

83



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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B(r=1.0 cm,p,2)/<B> - 1
B(r=0.9 cm,g,2)/<B>
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Puc. 3.10 Pe3ynbraTsl H3MepeHus MOJIS MarHuTa MOJISPU30BAaHHOW MHUIIEHH B Havajie U3MEpeHuii (ciaeBa), nocie
pabortsl B Hauane 2017 r. (B LeHTpe) U B HacTosIIee BpeMs (crpaBa)

3.3.2 CymecTByromas TOJISIPU30BAHHAS 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 skcrnepumenta E704 so ®HAJT (CILA).
On naxomutcs B OUSAN. ®otorpadum Komiiekca MPOJOJIBHO MOJISPU30BAHHON MUILEHU
npuBenensl Ha Puc. 3.11.

B OUSIUN ectp Takke M CBEPXNPOBOAALIMHA COJEHOWA, M3TOTOBJIEHHBI 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 3aMOPOKEHHOI'O THIA, B KPHOCTaTe KOTOPOH ISl TOIY4YEHHUS
HU3KOHN TEMIIepaTypbl UCIOIb3YETCS METOJI paCTBOPEHUS He® B He*. PaGouas TeMIlepaTypa npu
MCIOJIb30BaHNU JaHHON muiieHu Obuta 60 MK. OcHOBHbIE MPUHLUIBI PpabOThl MUIIEHU U €€
XapaKTEepUCTHUKU COBMAJAIOT C IONEPEYHO-TIOJISIPU30BAaHHOM MHUIIEHBIO 32 HCKIIOYEHHEM
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%,

— XuMH4eckuil QakTop pa3OaBieHHUs (OTHOLIECHHE YMCIa BCEX HYKJIOHOB K YMCITY
MOJISIPU30BAaHHBIX TPOTOHOB) 7.3 I EHTaHOIA.

CBepxnpoBOAAILIMI COIEHOUA NMEET MOJIHYIO JUIMHY 86 CM M BHYTPEHHMH nuametp 9.4
cMm. B E704 on ucnonb3oBait 1.5 1 )Kuakoro renvs B yac. MakcuMalibHOE 1ojie pu Toke 185A
cocraBisuio B E704 6.5 Tn. Onnako B xoxe Habopa craructuku B E704 mMarauTHOE moje
cocraBisuio 2.5 Tm, uto OBUIO MOCTATOYHO JUIsl HYXJ OJKcrnepuMmeHTta. OXHOPOIHOCTH
MarHuTHOTO TIOJII BHYTPH pabodyero oobemMa MHIIIEHH COCTaBIISIIO +5-10°. TloaHslil TexecHbIN
yroJ1 packpbITUs cocTaBisul 130 Mpaj 10 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 U3MEPEHUs IONEPEUHBIX U IMPOJOJIbHBIX
acCUMMeTpui

Jliia u3MepeHusi ABYXCIUHOBBIX MPOJOJBHBIX acUMMETpuUil Al B SKCIIEPUMEHTAIBHOM
yctaHoBke CITACYHAPM manupyeTcs MCMOJb30BaHKUE MPOI0JIbHO-TIOJIAPU30BAHHON MUIICHHU.
Jlns 3TOM 1enu Jydnie BCero co3aTh HOBYIO MOJISPU30BAHHYIO MUIIEHb 3aMOPOKEHHOIO THIA C
UCTIOJIB30BAaHUEM DPE3YJIbTATOB IOCIECAHUX YCIEHIHBIX pa3paboTOK B 3Toi obnactu. ['naBHOE
OTJIMYME HOBOM MUIIEHHU — 3TO peaju3alusi, BO3MOKHOCTH MCIOJIb30BAaHUS XOJOJHOTO 3KpaHa
KpHOCTaTa NOJISIPU30BAHHOM MUILECHU JUIS OXJAXACHUSA MOJAPU3YIOIIEH M YIEpPKUBAIOLIEH
noJsipu3anuio MumieHu karymek. Ha Puc. 3.12 moka3aH THIWYHBIN TOPU30HTAIBHBIN KPHOCTAT
MOJISIPU30BAaHHON «3aMOPOXKEHHOI» MUIIeHH, pa3padotanHbii B OUSM, ¢ o0003HauYE€HHBIM
PacIoJIOKEHUEM NOJIAPU3YIOIIEH U YACPKUBAIOIIEH CBEPXIIPOBOISIINX KATYIICK.

B srtom cnywyae oTmagmaer HeOOXOAMMOCTh BO BHEIIHEM OTICIBHOM MOJSPHU3YIOIIEM
MarHuTe, a JETEKTUPYIOLlas CUCTEMa SKCIEPUMEHTAIbHOW YCTAaHOBKM MOXET pacrnojlaraTbCs
MaKCHUMaJIbHO OJHM3KO0 OT pabouero BemiecTBa MULICHHU.. bonbre HapaOOTKH B 3TOW 00JIACTH K
HACTOSIIIEMY BPEMEHH €CTh Yy CIICIHAIIMCTOB U3 yHUBepcuTeToB bonna u Maiinma [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 yHuBepcutrere r. 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 nonsipu30BaHHOM MHUIIEHH € TIOJISIPU3YIONIEH U yIep KUBAIOLIEH TOJIIPU3ALHIO
CBEPXIPOBOASIIUMH KaTyIIKaMU.

Eme onHOM npuBIIEKaTEIbHON YEPTOM TAKOM MUILIEHHU SIBJISIETCS BO3MOXHOCTb CO3/IaHUS
B TOM K€ KpHUOCTaTe W MOJSPU30BAaHHOM MuieHu-cumHTHLIATOpa — “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 HCHOJb30BaHa B JKcrnepuMmeHte 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 Hacrosmee BpeMs BBIIOJHEH NEPBBIM B MHUPE YCHEIIHBIM 3KCIIEPUMEHT C 3TOHN
aKTHBHOW moJisipu3oBaHHON MuiieHbto [106]. Beicokas 3G QGeKTHBHOCT, M HHU3KH I[OPOT
perucrpalyy IMPOTOHOB OTJAa4M B TaKOM MHIIEHH OTKPBIBAIOT HOBBIE BO3MOYKHOCTU B
MCCJIEJOBAaHUM CIIMHOBOM CTPYKTYpPHI IPOTOHA U IMOJIYYEHUU MOJEIBHO HE3aBUCUMBIX JAHHBIX.
[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 MEYeHbIX (OTOHOB yckoputenass MAMI  u3MmepeHsl mNoaspU3aLMOHHBIE
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 TonsipuzoBaHHast MULIEHb-CHUHTHILIATOD (MaiiHir)
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be3yciioBHO, HOBas MUIIEHb MO3BOJIAET JOOUTHCSA TaKKe MAKCHUMalIbHON aBTOMaTH3alUU
YCTAaHOBKM W JAMCTAHLMOHHOI'O KOHTPOJII 33 OCHOBHBIMM IapamMeTpamMH, YTO 4YpEe3BbIYAMHO
BaXHO JJI IIOBBIIIEHHUS HAAEKHOCTM M SKOHOMMYHOCTH HKCIEPUMEHTAIbHOW YCTAHOBKHU.
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].

KpomMe kpuocTtara mHOJISpU30BAaHHOM MHUILEHH, HEOOXOAMMO CO3JaTh CHELHUAIbHYIO
IFepMETUYHYI0 HAaCOCHyI0 Ipynny ans uupkyiasauu He-3 u otrkaukum He-4, paspaborats 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 ciiyyae MOXXKHO OXHAATh MONYYEHHs HPeenbHOM noxspusanun: Py
~90%, P4 ~80%, ¢ mocTaTOuHO OOJBIIMM BPEMEHEM PellaKCcaIluy MOJISIPU3AIIH.

IIpennonaraercs, 4ro B paboTax MO CO3JAHHUIO IOJISIPU30BAHHOM «3aMOPOKEHHOM»
MUILEHN OCHOBHYIO poib Oyner urpate rpynna JISIIT OUSU, umeromast yHUKaJIbHBIA OIIBIT,
JOCTHXKCHUS U pa3paboTku B 3Tor obmactu (Puc. 3.15) [109, 110,108], moaTBepkICHUEM YeMy
CIIy’KaT JeMCTBYIOIINE YCTaHOBKH mojo0Horo tuna B ['arumne, IIporBuno, [Ipare n Maiinue.
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 (paszen 1) mpemycmaTpuBaeT pPErHUCTPALIUIO
3apsOKEHHBIX YaCTHIl U U3MEPEHHE UX MMIYJbca. TpeKoBasl cucTeMa JO0JDKHA YJIOBIETBOPSTH
TPEM OCHOBHBIM TPEOOBAHUSIM:

— HMeTh OOJIBIION aKCeNTaHC;

— TMO3BOJISITH BOCCTAHABJIMBAThH pacnabl TUIIEPOHOB U

— IIpU 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
ABJIsieTCSl OobllIasi anepTypa, MMO3BOJISIONIAs IPOBOAUTH MCCIIENOBAHUS B OOJIBIIOM TEIECHOM
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 3KkpaHbl TonmuHou 100 MM, Ha paccrosHun 800 MM OT LIEHTpa MarHuTa, HEMHOTO
YMEHBILIAIOLIUE ANIEPTYPY, OJHAKO, IPAKTUUECKH HE NCKAKAIOIINE aKCENTAHC YCTAaHOBKHU.

Puc. 3.16 — ®otorpadus cnekrpomerpuueckoro Mmaruura 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 IIOJId B LCHTPEC MAarnura OT HpHJ’IO)KGHHOfI HAarpy3ku — 3HAYCHHA TOKa B KaXKIOM
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 pacUueTOB I TOKa 2.5 KA/BUTOK (TIpearoiaraeTcs,
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 o

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 rpadudaeckoe mpeacTaBIeHus JAHHBIX PacueTOB JUIs
TpEX 3HAYEHH 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 moje 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 padoueit oomactu. |1 =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 Xoia ¢ TouHOCThi0 0,1%. TexHuyeckue cnenupuKaud 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

Jlisa oTBOJA TeIula, BBLAEISEMOro Mpu paboTe MarHuTa, 4epe3 OOMOTKY IMpPOKauMBaeTCs
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 JOCTMOXKEHUS HOMHHANBHBIX 3HAYEHMH MarHuTHOTO TOJMs HEOOXOAMMO CO3JaHHe
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 BeIIeCTBAa 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, OJIOXKEHHE . 1 pa3Mepbl TPEKOBBIX

39 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
IpeAroaaraeTcs UCIoIb30BaTh NPH UCCIEIOBAHUN YapPMOHHS, 3€JICHBIM IIBETOM OTMEUEHBI IETEKTOPBI,
yCTaHOBJICHHBIC Ha KaHaje 14 u nmporecTupoBaHHbIe 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 | X,Y 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 ans kamep Ha OCHOBE IpeiihoBBIX TPYOOK H
1200 peructpoB 11 NPONOPLUOHATIBHBIX KaMep.

KoopannaTHOE paspemieHne IByX HEOOXOTUMBIX TETEKTOPOB 0 CIIEKTPOMETPUIECKOTO
MarHura JOJHKHO cocTaBisaTh 60-70 mukpoH. Takumu Xxapakrepuctukamu obnamaror GEM-
nerektopel (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 BbIX0/1€ MUllleHU MarHuTa. /lerekropsl GEM urpatot BaskHy0 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,
noarorasnuBaeMeix B [IEPH. M3rorosnens! nqea mpororuna GEM-nerexropa pazmepamu 10x10
cm® (em. Puc. 3.21). IIpoBeneHbl ucmbITaHUS 3TUX AeTekTopoB. Jlerekropel GEM mmeror
IPOCTPAHCTBEHHOE Pa3pelieHre oKono 70 MHKPOH M paGoTaoT pH 3arpyskax 10 10° mm™2 ¢,
TO €cTh pabOTalOT B MHTEHCHBHBIX Iydykax Oe3 wmcroib3oBanus beam-Killer.Camu nerextopsr
MOJTHOCTBIO Y/IOBJIETBOPSIOT TPEOOBAHUAM SKCIIEPUMEHTA.

0 Hauano JIETEKTOpa
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Puc. 3.21 ®otorpadun aByx nporotunoB GEM nerexropos s yCTéHOBKH CITACUHAPM.

[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 pacnonokeHsl 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 JCTEKTOPOB (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° otHocurensno 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 M B «OOJBIIMX» KaMepax), B KaXJIoM ciioe Mo 16 TpyOOK, pacCTOSHHE MEXAY JHOOBIMU
COCEIHUMH CHTHAJILHBIMU TIpoBosiokaMu 15.5 mm (Puc. 3.22, nesas manens). lar mexay AT
coctaBisger 15,5 MM. DTO paccCTOSHUE OMNpeNeseTcss TOUYHBIMU IOBEPXHOCTSIMHM TOPILIEBBIX
97eMeHTOB. JIJIsl MOJKIIIOYEHUS! BBICOKOTO HANpPsDKEHUS U YCWIMTENEeH MCIOJb30BaHbI IUIATHI
MACCUBHOM 3NIEKTPOHHUKH OT Kamep u3 30-mMm TpyOok (Puc. 3.22, mpaBas maHenb), cCOeITMHEHHUE
TpyOOK C IIaTaMH BBIIOJIHEHO ITPH 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 umeror beam-killer pasmepom 3x3 cm? 1 paGoTarOT >PPEKTHBHO B HHTCHCUBHbIX
IyYKaX YacTHII.

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

Ha Puc. 3.23 npuBeneHbl CUETHBIE XapaKTEPUCTUKH Kamephl. V3MepeHHbIE CUETHBIC
XapaKTEPUCTHKH IMOKA3bIBAIOT XOPOIIYIO pab0TOCIOCOOHOCTh KaMEpHI.
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Puc. 3.23 CuerHble XapaKTepUCTHKH BceX TPyOOK(TpaBasi MaHelb) U yCpEeJHEHHAs! XapaKTEePUCTHKA BCel KaMephbl
(J1eBast maHep)

)]
N

Voltage

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 kamepa coctouT u3 Tpex psaaoB Apeigoeix Tpyook (T), ckieeHHbIX MeXTy cOoOO,
CpPEeIHUH Psi/i CIBUHYT Ha MoJjara oTHocuTenpHo kpaHux. lar mexnay AT cocrasuser 30,035
MM U olpeaesnsercs rpeGeHKaMi Ha TPaHUTHOM CToJie IpH ckieiike kamepsl. Konmnyectso T B
CJIO€ KpaTHO 8-MH, YTO OIPENEeNAETCS MOIYJIBHOCTBIO DJIEKTPOHUKHU. DTH KaMephl HIMEIOT 30HY
HeuyBcTBHUTENbHOCTH myuka (beam-killer) u paGotaroT 3pekTHBHO B MHTEHCHBHBIX ITyYKax
gactun. Cranmum DT3-DTS5 pacmonokeHsl 3a MarHUTOM ¥ U3MEPSIOT  KOOPIUHATHI
(BoccTaHABIMBAIOT TPEKH) YacTHIl B TpeX miockocTsx — B X,Y,U. Kamepa U moBepHyTa Ha 15°
OTHOCHUTEJIBHO BEPTUKAIIH.

TexHonorus M3roTOBICHUS AaHHBIX Kamep Oblia co3nana B UDBD, mosnyueH naTteHT Ha
nosie3nyro Mojaens [113].Bbuto 3aBepiieHO M3rOTOBJIEHUE CTaHLUi npeidoBbix Tpybok DT2-
DTS u BeimosHeH MoHTax Ha kaHane. Ha Puc. 3.24 mpuBenensl (oTorpaduu yCTaHOBKH C
pa3MeIIeHHBIMU Ha Hell cTaHiusaMu JperidoBbix kamep. Kamepsl Ha ocHOBe IpeiipoBbIX TPyOOK
paboratoT Ha cTaHZapTHOHW Ta3oBoil cmecu 93% Ar, 7% CO, u Bce XapaKTepUCTHKH
COOTBETCTBYIOT IPOCKTHBIM.
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Puc. 3.24 YerBeprast cTaHIUsA KaMep Ha paboyeM MECTE C YCTAHOBIICHHBIM IEpe]] HeH TPUTTEPHBIM CYCTYMKOM Ha
B3aMMOJICHCTBUE, CIIpaBa — TPEThs CTAHIUS, PACIIOJI0KEHHAs Cpa3y MOocie MarHUTa.
[Tpumepsl pacripeneneHuii cpaboTaBIIUX APEH(POBBIX TPYOOK Ha MyYKEe IMOKa3aHbl Ha
Puc. 3.25.

hFtsProf_S1_Ch*
Entries 4
Mean 1
RMS

>(
|

Puc. 3.25 [Ipodunm nmyyka B AByX CTaHUUSX JeTeKTopa (CKPUH-IIOT IPOrpaMMbl 00pabOTKHU TAaHHBIX «B JIMHHUIOY)

Ha Puc. 3.26 mokazano paspemieHue kamep (P2=143 MKM), 9TO COOTBETCTBYET
TpeOOBaHUSAM IKCIEPHUMEHTA TI0 TOYHOCTH.

hres
Entries 12800
1500 __ Mean -0.01344
L RMS 0.2141
L ¥2 I ndf 105734
r po 1323+ 19.8
= pi 0.0009992 + 0.0018702
L p2 0.1425 % 0.0021
3 p3 186.32 7.1
i pd -0.05752 + 0.00678
500 |— p5 0.35+ 0.00

R '

Residuals, mm

Puc. 3.26 Pa3zHocTh MEXIy BOCCTAHOBJICHHOM KOOPAMHATON TPEKa M KOOPAWHATOM B JAHHOM MOIIUIOCKOCTH

Eme omHWMHU TPEKOBBIMH JIETEKTOpPaMH, KOTOpBIE MpEIaraeTcsi HCIOIb30BaTh B
JKCIIepUMeHTe, sBIsIoTes AperidoBbie kamepsl [TUAD-UTO®. [loapoOHoe ommcaHue >STHX
kamep npuBeneHo B pabore [100]. M3 BO3ZMOMKHBIX KOHCTPYKIMH JaHHBIX Apei(oBBIX Kamep
OblTa BBIOpaHAa Ta, KOTOpas OOECIEeYMBAaeT MUHUMAIBHOE KOJMYECTBO BEIIECTBA HA ITYTH
PETUCTPUPYEMBIX NPOAYKTOB pEaKLMH, a MMEHHO — IMpOBOJIOYHas JpeidoBas Kamepa C
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reKcaroHaJibHOM CTpykTypoi. Kondurypanusi mourn mpaBUIBHBIX IIECTUTPAHHBIX IPEH(OBBIX
syeek wiuoctpupyercs Puc. 3.27.

OTKpBITBIMH  KPYXXKaMH HM300pa)XKeHbl MOTEHIMAJIbHBIE MPOBOJIOYKH auameTpom 100
MkM. IIpoBonouku B cnosix 3,4,6,7,9,10 Haxonmarcs 1O BBICOKHM TMOJOXKHUTEIbHBIM
NOTEHIMAJIOM, O00pa3ysl MOYTH UWIMHIPUYECKH CHMMETPUYHOE JpeloBoe Moje BOKPYT
3a3eMJIEHHBIX CHUTHAJIBHBIX IMPOBOJIOYEK (M300pa)K€Hbl YEPHBIMH TOYKAMHU B CIOSAX 5 U 8).
JrameTp curHaiabHbIX IpoBoJioYeK 25 MKM. [loTeHimanbubie IIocKocTr 2 U 11 UMeroT HyeBoi
MOTEHLIMAN U CIYXaT JIJIsl CAMMETPHU3ALUHU T0JI STYeeK C BHEIIHENH CTOPOHBI. J{eHCTBUTENBHO, 110
OTHONICHHUIO K BEpXHEMY (IO PUCYHKY) pSAy S4YE€eK MPOBOJOYKU IUIOCKOCTH 2 3a/1al0T MOYTH
TaKkylo K€ KOH(HTypamuio MoTeHIHMala, KaKk U CUTHAIbHBIC MPOBOJIOYKH TutockocTu 8. Illar
sueek CTpyKTypbl 17 mm. COBur siueek B JABYX CUTHAJbHBIX IUIOCKOCTSAX Ha IMOJIOBUHY IlIara
103BOJIsIeT APGEKTUBHO OINPENENATh, C KAKOH CTOPOHBI OT CHTHAJIBLHOW MPOBOJOYKH IIPOLIEI
TPEK PETUCTPUPYEMOM YACTHUIIBI
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Puc. 3.27 YacTp neproIudeckoi CTPYKTYpPHI MPOBONIOYHBIX npetidhoBrix kamep DIIEKYP (e B MacmiTabe):
2,3,4,6,7,9,10,11 — mIoCcKOCTH MOTEHIIUAIBHBIX ITPOBOJIOYCK, 5,8 — INIOCKOCTH CUTHAIBHEIX IPOBOJIOYEK, 1,12 —
MaiJIapOBBIe OKHA, OIPaHHMYHBAIOLINE Ta30BBIH 00beM

I'a30BBIif 00BbEM Kamep orpaHuyeH MainmapoBsiMu okHamu 1, 12 (Puc. 3.27) ¢
repMeTH3anuei mo anoMuHueBoil pame. Pabouas rasosas cMmech conepkut 70% aprona u 30%
yriekucioro rasza. [lpegycmorpena Bo3MoKHOCTh oamemuBanus 10 3% ¢peona-14 (CF4) nns
OYUILEHUS 2JIEMEHTOB BHYTPEHHETr0 00beMa

Ha Puc. 3.28 mnpuBenena 3aBUCHMOCTh J(PQPEKTHBHOCTH KaMephl OT BBICOKOTO
HAINpsDKCHUS, TOJaHHOTO Ha IOTECHIIMAIBHBIE TPOBOJOYKH TeKCAarOHAaJbHOH CTPYKTYPBI, IS
ra3oBoii cmecu 65% Ar u 35% CO,. 13 pucyHKa BHIIHO, YTO B JHana3oHe pabounx moporos 15-
20 mB mupuna mnaro s¢dextuBHoctr coctaiser 200—300 B. Ilpu npoayse kamepsl paboueit
ra3oBoil CMeCbl0 HAaNpsDKEHUS, NpPU KOTOPBIX JOCTUTAaeTcss Takas ke d3(PQeKTHUBHOCTS,
yYMEHbIIAI0TCs Npuoau3uTensHo Ha 50 B.
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Puc. 3.28. 3aBucuMocTts 3¢ GeKTHBHOCTH APeiiPoBOif KaMePhI OT MUTAIOMIETO HATPSIKCHUS TIPU Pa3THIHBIX
NOporax AUCKPHUMHUHALUH

Puc. 3.29 mokasbiBaeT 3aBUCUMOCTh KOOPIWUHATHOW TOYHOCTH JPEH(OBBIX Kamep OT
TaHreHca yrja HakioHa Tpeka. [lpu pabGouem Hampsbkenuu 3.2 kKB HeompeneneHHOCTb
BOCCTaHOBJICHUSI KOOPJMHAT COCTaBJsieT MpUOaM3uTeabHo 200 MKM Ui MEPHeHIUKYIISIPHBIX
tpekoB. Ee yBennuenue 10 350 MKM /IS TPEKOB, HAKJIOHEHHBIX Ha 17°, BIOJIHE YIOBIETBOPSET
TpeOOBaHUSIM

JpetidhoBbie KaMepbl YCTAHOBKU MMEIOT ra30BbIi 00beM okoiio 650 1. Jlns npuBeneHus
KaMmep B pabouee COCTOSHHE TpeOyeTcsl pacXxo/1 ra30BOM CMECH OKOJIO 5 JI/MUH B TE€UEHHE CYTOK.
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Puc. 3.29 3aBucuMOCTb TOUHOCTH ApeH(OBBIX KaMep OT TaHI'€HCa yIJia HAKJIOHA TPeKa MPU pa3InuHbIX
HaIpsOKEHUSIX Ha TOTEHIIMAIBHBIX IPOBOJIOYKAX U (UKCUPOBAHHOM ITOPOTe ANCKPUMUHALINK. YTOJI OTCUNUTHIBACTCS
OT HOPMAJIH K IJIOCKOCTH KaMephl B INIOCKOCTH, MEPIEHANKYISIPHON HAIIPABICHUIO TPOBOJIOYEK.

3.5  DIeKTpOMarHUTHBIA KaJOpPUMETP

OJHMM BX OCHOBHBIX JIETCKTOPOB YCTAHOBKH SIBJISICTCS SJICKTPOMATHUTHBIN KaTOPUMETP
(OMK), M3roTOBICHHBINA MO TEXHOJOTUH «IIANLIBIK» C TOHKOW CETMEHTAIMer M 00J1aaaronui
BBICOKHMM pa3penicHrueM U 3PPEeKTUBHOCTHIO. TEXHOIOTHS U3TOTOBJICHHS JIETEKTOPA IMOJTHOCTHIO
orpabortana mpu monaroroBke skcrmepumeHTa [TAHJIA. 3a ocHOBY OyAyT B3sThI Pe3yJbTaThl,
MOJTy4YEHHBIC TIPU TMOATOTOBKE MpoekTa [lepeaHero 3JIeKTPOMArHUTHOTO KaJOpHMeTpa THUIa
mranuieik [114].
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Monyib nepenHero 3JeKTPOMarHUTHOIO KaJlOpUMeETpa HUMEET COHIABUY-CTPYKTYpy. B
KaKIOM MOAYJE «amblkay HaxoauTcss 380 ciioeB CBHHIIOBOTO NOIJIOTUTENS TonmuHON 300
MUKPOH W CUHUHTWUIATOpa ToiuummHoW 1,5 mm. IlonHass [nnuHA aKTUBHOM 30HBI MOJIYJS
cocrapiseT 700 MM miu 20 paauanMoOHHBIX JIUH. YeTbpe sueiiku KaJopuMeTpa MEXaHUUECKU
00BEeTMHEHBI B O/IMH MOAYJIb. YepTerk Moy s KasiopuMmerpa npenacrasieH Ha Puc. 3.30.

I

44 ‘ [1.5+0.3)x3B0=684 72 50 207
796

1033

Puc. 3.30 Ueprex cynepMoyisi KaTOpUMETpa

Perucrpamusi cBeTta B «IIAILIBIKE» OCYIIECTBISIETCS  Ye€pe3  CHEKTPOCMEIIAIOIINE
ONTUYECKHE BOJIOKHA, IMPOXOJAILIUE 4Yepe3 sUelKy KaJlopuMeTpa M Iepelarouiie CBeT Ha
dorogerekTop Ha Topue. IlIacTUHBI CHUHTWILISTOpA HMEIOT HAa0Op OTBEPCTHH IS
MNPOTATHBAHUS ONTHYECKHX BOJIOKOH M THUHBI JUIS TOYHOTO TO3MIIMOHUPOBAHUS IUIACTUH
OTHOCHUTEJIbHO Jpyr apyra. [lonepeunsie pazmMepbl MOAYJIs, COCTOSIIIETO U3 YETHIPEX ONTUYECKU

M30JIUPOBAHHBIX KaHANOB, 110 X110 MM ? (cm Puc. 3.31). Bech gerekrop Oyaer coctosTs u3 40

ctpok u 60 cronbuos (pazmep (Y,X)=220x330 cm?) , T.e. B obuieit cnoxuHoctr 2400 sreex i
600 momymeid.

Puc. 3.31 Yacts MOyJIsl KAJIOPUMETPA B pa3pese
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Peructpamus csera Oyaer ocymiectBisaTbes POY Xamamary R7899. [lanubiii o6pasernt
ObuT BBHIOpaH M3 HECKOJBKMX HccienyeMbix oOpasmoB. Ha Puc. 3.32 mokazaHa JTMHEHHOCTD
pETrUCTpaIKi CBETOBOTO CUT'HAJIA, TTOJYYSHHAs C TOMOIIIBIO CUTHAJA OT CBETOHOIOB.

PMT LED signal
100000,00 y = 916.95% +2
= R*=0999
E 1000000
8 /
= e
B
W 15-65
2 '__,_-Il"_
0,001 0,01 0.1 1 10 100
light filter transpamcy [%]

Puc. 3.32 IIpoBepka mHEitHOCTH (HOTOYMHOKHUTEIS

Kak mnoxa3pIBalOT MpOBEIEHHbIE Ha IYyYKE TECThl MPOTOTUIIA, 3a CYET TOHKOU
CEerMEHTAllMM D3HEPreTUYECKOE pAa3pEelICHUE KaJlOpUMETpa COOTBETCTBYET TpeOOBaHUSAM K
eTeKTOpy M cocTaBiserT 3%/VE, 9TO MO3BOJHT OGECHCUHTh HAAEKHOE (B COBOKYIHOCTH C
MarHUTHBIM CHEKTPOMETPOM U aIpOHHBIM KaJIOPUMETPOM) pa3zeieHUE 3JIEKTPOHOB U aJIPOHOB.
Ha Puc. 3.33 moxa3zaHbl pe3yiabTaThl U3MEPEHUs SHEPreTHYECKOro pa3pelieHHs NpOTOTHIA

QJICKTPOMArHUTHOI'O KaJIOpUMETPA.

= 4 X/ndf 2563 |/ 5

m F P1 3.151 % 0.4289

EA‘ P2 1.374 £ 0.1147
3 o

|
| \K#-ﬂ

1

0 S 10 15 20
E [GeV]
Puc. 3.33 Pe3ynbrarsl u3MepeHus npoToTuna kajopumerpa B UPBD

Pe3y'J'ILTaT perucTpanun TEO-MCSOHa IIpU HU3KHUX SHCPIUAX ITOKa3aH Ha Puc. 3.34.
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Puc. 3.34 MaccoBblii criekTp T -Me30HOB ¢ 3Hepruei ot 1 qo 2 [9B (metexTop pacmonaraics Ha paccTOSHAH 1,5 M
OT MHUIIICHH).

CTaOUIBbHOCTh JHEPreTHYECKON IIKaNbl KaJOPUMETPa MOXKET KOHTPOJIHMPOBATHCS
MOHUTOPHOM CHCTEMOW Ha OCHOBE cBeToauoAoB Ha ypoBHe 0.1%. byner ucnonb3oBaThCs
KaTuOpOBKa JIETEKTOpa in-Situ, B TOM 4YHUCJICE HAa MIOOHAX, WIACHTU(DUIIUPYEMBIX MIOOHHBIM
neTekTopoM. HavanpHas KanmOpoBKa M OTUMHU3ANMS YHEPTETHUSCKOM MIKAIbl KAXKION sUehKu
KaJIopuMeTpa OyIeT MPOBOAUTHCS Ha aTMOC(EpPHBIX MIOOHAX W BBIBEJACHHOM JJIEKTPOHHOM
My4Ke.

Mopaynu kajmopuMmeTpa TOJHOCTHIO HM3TOTaBIMBAIOTCA Ha YYacTKE CIUHTUIUISITOPOB
N®BD oT nuThs MOJ JaBJIEHWEM IUIACTUH CIHUHTHIUIATOpPA 10 COOPKM MOAYNS U TOJHUPOBKHU
My4Ka ONTHUYECKUX BOJIOKOH.

3.6  AJpOHHBII KaTOpUMETP

3a DIEKTPOMAarHUTHBIM KaJOPUMETPOM MPEANONAracTCsl PACIOJIOKUTh  aJpPOHHBIN
kanopumetp (AK), HeoOXonuMblii 1711 BBIpaOOTKH TpUITEpa Ha aipOHBI ¢ OONBIIMMHU XF, a TAKXKe
JUISL pa3lielieHusl DJIEKTPOHOB, aJpPOHOB U MIOOHOB (IIPU COBMECTHOM HCIIOJIB30BAHUU C
MarHuTHbIM crekrpoMerpoM, DMK u MiooHHBIM nerekropom). Eime onHa BakHas (yHKIUS
aJIpOHHOTO KaJIOpUMETpa CBf3aHA C HIACHTHU(QHUKAIMEH M H3MEpEHHWEM SHEPTUHU HEUTPOHOB,
AHTHUHEUTPOHOB U KOL-MGSOHOB.

Monyns anponnoro kajgopumerpa (Puc. 3.35) mpencraBnser coOoil caHIBUY
CBUHEI-CUMHTUJUISATOP, OTHOLIEHWE TOJIIMH KOTOpbIX 4:1 ObUIO BBIOpAHO HCXOId U3
YCJIOBUI KOMIIEHCALMH, TOJILIMHA JETEKTOpa COCTaBIseT 6,5 AIEepHBIX IJIMH, NONEpPEUYHbIE
pasmepsl Moayia 100x100 MM, trHa 120 cM, Bec 120 kr.
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Puc. 3.35 CxemaTHueckoe H300pakeHHEe MOIYJIS aXPOHHOrO KajopuMeTpa: 1. CHUHTHIUISIMOHHBIC IUIACTHHBI; 2 —
CBUHIIOBBIH TOTJIOTUTEND; 3- ciekTpocmectutesb (WLS); 4 — hoToyMHOKHUTEND

[TogpoGHoe onucanue kanopumeTpa npuseaeHo B padote [115]. Tonmmua naccuBHOTO
ciost paBHa 16 MM, TommmuHa cumHTHLIATOpa 4 MM. Kommencarus e/h=1 pocruraercs mpu
HEOONBIIOM BpPEMEHM HWHTErpUpoBaHusa curHaja (mopsanka 50 HC) ¢ Kkajdopumerpa
W3mepeHHass ¢ MOMOIIBIO PaJMOAKTUBHOTO HMCTOYHHUKA HEOJHOPOJHOCTh IIJIACTUHBI Ha
MOMEHT HW3TOTOBJEHUsS Obla He Xyxke +2%. Jlnd KOHTpoJsl aJApOHHOrO KaJlopUMeETpa
MCIIONB3YIOTCS  PaAMOAKTUBHBIC HMCTOYHMKM HA OCHOBE ' Pu, BHEIPCHHBIC B
HEOPTaHUYECKUU CUMHTHUILIATOP YAIO;: Ce. CaertoBoit HUCTOYHUK KpEenuTcs
HEMOCPEICTBEHHO Ha CBETOYYBCTBUTEIBHYIO IMOBEPXHOCTH (hoTOmpHeMHHKA. B KauecTBe
doTonmpreMHUKA HCNONB3YIOTCA (poToymHOx)utenu OV §4-3.

CurHanel OT CBETOBBIX MCTOYHUKOB PETUCTPHUPYIOTCS MEXKAY IHUKIAMHU YCKOPHUTEIS.
Tpurrepom CciIyXMT CcyMMa CHUTHAJOB CO BCeX MOAYJIEH (MCHOIb3YIOTCS BBIXOIBI C
nocinenHux auHonoB ®DVY). KpoMe 3T0ro, apoHHBIN KaJIOPUMETP UMEET OOLIYI0 CHCTEMY
MOHUTOPUPOBAHUS HA CBETOJIMONAX, CBET OT KOTOPHIX pa3BOAUTCS BOJOKOHHBIMHU
CBETOBOJIJAMH Ha KaKJIbI MOIYJb.

Paspemenne kamopumerpa cocrasisier 57%/VE, oTHourenne curaana e/p=1.0140.03..

B Hacrosimee Bpemsi uMeeTcss Okoio 256 Momynei aapoHHOro Kamopumerpa. s
skcnepuMeHTa Heobxomumo 400 wmoxpyneil. BHemmHue ra0apuThl KaJopUMeETpa COCTaBST
250x190cm2.

[Ipenmonaraercs MoAEpHU3ALMA aJpPOHHBIX MOIYJIeH Ha OCHOBE COBPEMEHHOU
TCXHOJIOTUHN CBeTOC60pa HpI/I IIOMOIIIN OIITUYCCKUX BOJIOKOH. 9TO IIO3BOJIUT HaA HOpS[)IOK
YBEJIMYUTh KOJUYECTBO COOMPAEMOrO CBETa, YAYYIIMTh pa3pelieHHe M TOpOr PerucTpanuu
aJPOHOB KAJIOPUMETPOM.

3.7  Cucrema uaeHTU(GUKAIMHA BTOPUIHBIX YACTHIL

OcHoBHbIE 331a4K cucTeMbl uaeHTugukanun ycranopku CITACHAPM:

— uJeHTHUUKaLUs 3apsDKEHHBIX aJpoHOB (m- M K- ME30HOB U IPOTOHOB) OyAer
OCYILECTBIIATHCS JETEKTOPAMH KOJIell YePEHKOBCKOTO M3IIy4yeHHs (B Iuarna3oHe oT 2
1o 12-15 I'sB) u nerekropom Bpemenu nposieta (10 2 I'3B),

— UACHTUQUKALMS DIIEKTPOHOB OyIeT OCYIIECTBIATHCA C IIOMOILIBIO aJPOHHOIO
KaJIOpPUMETPa (B COUETAHUH C PJIEKTPOMArHUTHBIM),

- I/I,I[CHTI/I(i)I/IKaHI/IH MIOOHOB 6y,Z[CT BBIIIOJTHATECA MIOOHHBIM JICTCKTOPOM.
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3.7.1 JleTekTOp KOJIEI YePEHKOBCKOTO M3TyUeHUS

JlaHHbIi neTeKTop OyAeT SBISATHCS OCHOBHBIM JIETEKTOPOM IJisi pasfeneHus n- u K-
ME30HOB. 3a OCHOBY IIpeljiaraercsi B3sATh JETEKTOp, pa3padaTbiBaeMblil i 3KCHEPUMEHTA
ITAHJIA, Tak Kak quana3oH HEPTrui perucTPUPYEMbIX YacTHIl TPUMEPHO coBnaaaet (1o 12-15
IB).

B kadectBe nerexTopa mnpearaetcsi GOKYCHPYIOIIUN TETEKTOP HAa OCHOBE HECKOJIBKHX
CJIOCB a3poresisi. ITOT MeTO ObLI BIIEpBbIe MpeaioxeH B cepeaune 90-x rogos [116]. IMpuniun
dokycupoBaHusa M MPUHIUNHAIBHAS CXeMa JeTeKTopa moka3ansl Ha Puc. 3.36. B nerekrope
IpeJIaraeTcsi HUCIOJIb30BaTh HECKOJBKO CIIOEB a’3poreiisi € pasiuyHbIM KO3 PHUIHEHTOM
MPETOMIICHUSI.

n<n

mirrors

Puc. 3.36 [Npunuun ¢pokycrupoBanus (ClieBa) U NPUHLIUIIMAIBHAS CXeMa AETEKTOpa Ha OCHOBE a3pores
[Ipemnaraemerit geTeKTOp AOMKEH pa3aensaTh i U K-me3onbl qo0 snepruu 10-12 1B ¢

a¢dexkTuBHOCTBIO, O13K0# kK 100% (cMm. Puc. 3.37).

;H LY o
w

098

wK separation, &

0.97

.96

0.95

0.94

Particle
®n
/K

093

i+ 0.92F

) 091

8 9 10 1 I 2 3 4 5 6 7 & 9 mw o n
P, GeV/e P, GeV/c

Puc. 3.37 MopenupoBanue pasaeneHust Me30HOB U 3¢ (GEeKTUBHOCTD MX perucrpanuy it gerekropa [TAHIA

3.7.2 ]leTeKTOpHI MHOXXECTBEHHOCTH ¥ BPEMEHH TTPOJICTa

JleTeKTOp MHO>KECTBEHHOCTH U BPEMEHU IMPOJIETa COCTOUT U3 TPEX TOJI0CKONOB. Bpems-
npoJiIcTHagd CHUCTCMa OYCHb BaXXHaA JId I/I,Z[CHTI/I(I)I/IKaI_[I/II/I MCIJICHHBIX YaCTUIl — IPOAYKTOB
pacmaza pe30HAHCOB, PA3JIETAIONIMXCS I[IOCIE MarHuTa MoJa OONBIIMMH YIJIaMH K OCH
cektpomerpa (B ameprype 400x300 Mpanz). Ha Puc. 3.38 moka3aHbl pe3yIbTaThI
MOJICITMPOBAHSI YyBCTBUTEILHOCTH HICHTU()UKAIIUHN YaCTHUI] OT pa3pelIeHHs JCTEKTOPOB.
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OHH COCTOST U3 CHUHTWUISILIMOHHBIX BEPTHUKAIBHBIX MOJIOC IIUPUHON 5 cM Kaxaas U3
cuuntuuisitopa BC408, uro mo3BossieT foctuyb pazpemienus 150 nke B HeHTpe cuéTyuka.
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Puc. 3.38 Pacnipenenenne mo kBagpary Maccst M? (I3B/c?) B 3aBHCHMOCTH OT HMITYJIbCa JACTHIbI IPH PACCTOSHHH
7.6 M OT MUILIEHU

l'omockom TO® HI1 wumeer TtonmmHy TtwiacTUH 1o nydky 1 cm. JlimHa monoc
cuuHTHILIITOpa paBaa 50 cM.

I'ogockonm TO® H2 pacnonoxeH Mocie CHEKTPOMETPUYECKOTO MarHuTa W HUMEET
cuérunku jymuHHONW 100 cM 1 oOmwM grciioMm 46 T, 9rto odecreynBaeT eMy pabodyio 00JIacTh
1x2.3 M%.

IlepBble nBa roocKONa HY>KHBI, IPEXK/IE BCETO KaK JETEKTOPbl MHOKECTBEHHOCTH.

I'ogockonm TO® H3 pacrnosiokeH mepes MEKTPOMarHUTHBIM KaJOPUMETPOM, IOJLKEH
uMeTh TonmuHy twiactud 30 mm (wm 20 MMm) mipu ux obmeM konudectse S0 MIT. Ipu pazmepe
paboueii obmacty 1.8x2.5 M? W PacCTOSHHHM JI0 IIEHTPa MHIIEHH 0Koo 12 M. Tpernii rogocKor
(H3) mpeamnonaraeTcst HCIONB30BaTh JJIs1 UASHTU(DHUKAIIMN YACTHUI] TTI0 BpEMEHH MPOJIeTa U JUIEH
UMETh HawIydlllee pa3pellleHue MO KBaJApaTy MacChl 3apsHKEHHOM YacTHIIbI, MOCKOJBKY 0Oa3a
IpoJjieTa JUis Hero MakCuMasbHa.

3.7.3 MIOOHHBI! AETEKTOP

MIOOHHBIN NIETEKTOp TMpeTHa3HA4YeH ISl PETHCTPAlU W WACHTU(PUKAIMKA OXUHOYHBIX
MIOOHOB M MIOOHHBIX IIap, OOPasyIOIIMXCs IPU pacliaje BeKTOPHBIX Me30HOB (p’, @, ¢, J/y).
JlaHHBII AETEKTOp SBISETCS HEOOXOAUMBIM MPHU UCCIEIOBAHUU COCTOSTHUIM YapMOHHS.
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Jns UACHTUQUKAITIH MIOOHOB
IIPEAIOIAraeTcs UCIIOJIB30BAaTh 4acThb AY
CYILIECTBYIOIIET0  MIOOHHOIO  CIIEKTPOMETpa
Heiitpunnoro Jlerexkropa NOBO-OUAAN.
MIOOHHBI ~ AETEKTOp COCTOMT U3  6-TH

TOPOUJAIBHBIX JIMCKOB JUaMeTpoM 4 M U
TOJIIMHON 22 CM KaXxIOpld. BHemHuid BuUn
nucka nokasad Ha Puc. 3.39. Jluck cocrout us

410 cm

JBYX  IONYKOJNEL, HWMEeT  IeHTPaJbHOE
orBepcTe  nuamerpom 36 cm.  Bcero

HCIOJIB3YCTCs HICCTh CTAJIbHBIX HOI‘JIOTI/ITGJICI\/JI,

KOTOpbIE OOBECIUHEHBI IOMAPHO W O00pPa3yIoT
TPH OAMHAKOBBIX OJIOKa.

[Tocne kaxkgoro Onoka pacmojaraercs
cTaHius aperidoBbix Tpyook. Pasmep kaxmoit

Puc. 3.39 BHemmwuii BuA MarHuTa MarHHTHOTO
CIIEKTPOMETpa YCTaHOBKH «HeWTpuHHBIN
BCPTHUKAJIH. OCHOBHBIC DJIEMEHTHI CTaHHHﬁ —  Herexrop UOBI-OUAN»

CTaHIMKU 3 M MO TOPU3OHTAIM M Ha 2.4 M 1O

npeiioBbie TPyOKH aIFOMHHHUEBBIE JTHAMETPOM

30 mMm [117]. Kaxknast kamepa cOCTOUT UX Tpex clioeB. Bee cimou u Bce KaMephbl OIMHAKOBBIE.
BwmecTte ¢ aapoHHBIM KaJOpUMETPOM MIOOHHBIM JETEKTOP OOECIeunBaeT HEOOXOIUMOE

paszesieHne MIOOHOB U aJJpOHOB.

3.8  Tpurrep, cuctema c60pa JaHHBIX U PETUCTPUPYIOILIAS JIEKTPOHUKA

3.8.1 Tpurrep.

B nacrosmiee Bpemst B akciepumente CITACHAPM Ha xaHase 14 OCHOBHBIM TpPUTTEPOM
SIBIISIETCS TPHUITEP Ha B3aUMOCHCTBUE, KOTOPBIA (popMUpYyeTCS W3 CHUTHAIOB C ITyYKOBOTO
teneckorna (S1-S3) B aHTHCOBNAICHWHM ¢ CUTHAIOM cyeTdynka BK oT mydkoBoW dYacTHIlhI,
npoiie/eit yepe3 MulieHb 0e3 B3aumoeiicteust (cMm. Puc. 3.40).

e EMC oo oo :| ..............................

Tpurrep

Puc. 3.40 Cxema Tpurrepa ycTaHOBKH

B Hactosimee Bpemsi cucrema coopa naHHeix CITACHAPM peanm3oBaHa Ha OCHOBE
MojyJiel 351eKTpoHUuKH B crangapte EBpoMUCC u mo3BonsieT perucTpupoBaTh 10 75 ThICSY
coOBITHI 3a cOpoc ¢ pacTskkol 3 cexyHzbl. [Ipy BepOsSATHOCTH B3aMMOJEHCTBHS ¢ MHUILICHBIO B
10% »5T0 mo3BoysAET paboTaTh C MHTEHCHUBHOCTBHIO My4ka A0 750 ThICAY dYacTHIl 3a cOpoc ¢
MaKCHUMaJIbHON 3((EKTUBHOCTBIO perucTpauuu. THTEHCHBHOCTH My4Ka OTPULATEBHBIX YACTHIL
Ha kaHane 14 cocraBmser 600-700 ThIic. yacTuil 3a LUKI yckopurtens. Takum oOpas3om, Ha
nepBoM atare padotsl dkcniepumenTa CITACHAPM MoryT peructpupoBaThcsi MPaKTUUECKH BCE
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coObITHsA. JlaHHBIA TPUTTEP TaKXKe IO3BOJAECT 0e3 MOAM(UKAIMU CHUCTEMBbI cOOpa JaHHBIX
TOJTHOCTBIO IIPUHMMATH BCE COOBITHS IIPH PaBoTe C My4KOM IONSPH30BAHHBIX AHTHIPOTOHOB .
ITpu BbmoaHeHnuun yactu nporpammel CITACHAPM c nosisipu3oBaHHBIM IPOTOHHBIM ITYYKOM,
MHTEHCHBHOCTH KOTOPOTO MoOeT nocturath 107 3a ¢6poc, MpeaycMOTPEHO HCIIONb30BAHIE
JIOTIOJTHUTEIILHOTO TpUTTEpa ¢ 0ojiee BHICOKUM KOA(PPHUIIMEHTOM I0/AaBICHUS. AJBTEPHATUBOU
ABJISICTCSA 3aMEHa SJIEKTPOHMKHM cOopa JaHHBIX Ha 00siee BBICOKOCKOPOCTHYIO 3JIEKTPOHHUKY C

IIoCJICa10BaTCIbHBIMU TUTaOUTHBIMM IIIHHAMU.

IIpu pabGore Ha kaHase 24 C IYYKOM IOJIAPU30BAHHBIX IIPOTOHOB OXMJAeTCA
MHTeHCHBHOCTS 10 107 wacThm 3a muKi YCKopI/ITeJIﬂ42. B »s3toM ciiywae KoaM4yecTBO
B3aUMO/JICHCTBUI C KUJAKOBOJOPOJHON U MOJSAPU30BAHHON MUILEHSMH OYyIET JOCTHraTh 10° 3a
IIUKJT YCKOPHTEIIS, a IPH paboTe ¢ sIIePHBIMA MUIICHSIMH MOXKET IPEBBIIIATh JAHHOE 3HAUCHHE B
HOJTOpa-ABa pa3za. YToObl MCIOMB30BATh IYYOK C BBHICOKOM MHTEHCHBHOCTBIO MPEIIONIAraeTcs
paGoTa B PA3IMYHBIX MOJAX -,

[Ipennonaraembie MO/ibI pabOTBHI:

- Jns  wuccnenoBaHusi CHOUHOBBIX AS(G(GEKTOB B POXKICHUH KBAapKOHUS, TJE
HE00X0/IMMa MakCHMMaJbHO BO3MOKHAS MHTEHCHUBHOCTH ITy4YKa, MPEIIOIaraeTcsi NCIoIb30BaTh
TPUITEp Ha JIBa MIOOHA.

- Jns mccrnenoBaHusl MHKIIO3MBHBIX PEAKIMHA YacTUI, PacHalalolIMXCs Ha JBE
3apsDKEHHBIC, MPEINONaraeTcsi HMCIOJIb30BaTh T'OJOCKONBI MHOXKECTBEHHOCTH. OTH  XKe
JIETEKTOPBI MPEAIO0JIaraeTcsi UCIOoJIb30BaTh P HEOOXOAUMOCTHU BBIIEIUTH COOBITUS € OOJBILIPIA
MHOECTBEHHOCTBIO.

- Uto06s! BeIOpaTh (000raTUTh COOBITHS) C OOJNBUIMMH MUMIYJIbCAaMH (B TOM 4YHCIIE
HOINEPEYHbIMH) TAKXKE MPEANOIaraeTcs HCIOJIb30BaTh TOMOCKOINBI MHOXKECTBEHHOCTH W/UITH
NpONOPLHOHATbHBIE KaMepbl. J[is BblieneHus coObITHUH ¢ TpeOyeMbIMH KHHEMaTHUYeCKHUMHU
napaMeTpamMM MOTYT UCHOJIb30BATHCS MPOrpaMMUpPYEMBbIE JIOTHUECKUE MaTpuLibl Ha ocHoBe GPU
(rpacdmyeckue nporeccopsl). Takue nporeccopsl NpousBoasT, Hanpumep, AMD,NVIDIA.

Tpu nepeunciaeHHBIX BbIIE MOJBI pabOTBI MOTYT OBITH JOMOJIHEHHEM TpHUITEepa Ha
B3aWMOJICHCTBHE, TOT/Ia KAaK NpPHU HWCCIEIOBAaHUHM YIPYTHX peakuuid (M Tpu H3MEpEeHUH
MOJIIPU3aLlMU HAa OCHOBE YIPYTUX PEaKIMii) HEOOXOAUM OTAENbHBIN JOMOJHUTENbHBIN TPUTTED.
DTO CBS3aHO C TEM, YTO pacCesTHHAsl YaCTHIA BBUICTACT IO MaJIbIMU YIJIaMH U MCTIOJIh30BaHUE
TpPUITEpa Ha B3aMMOJCHCTBHE HEBO3MOKHO. KMHemaTwka W ammapaTypa ONMHCAaHBI B pa3Jene
nonxspumerpun (2.3.1, 2.3.1.4). Tpurrep Ha ymnpyroe paccesHUe IOJDKEH Oylner oToOpaTh
COOBITHS C KOPPENALUSAMHU MO YTy BBIJIETa PACCESTHHOM YacTHIBI M YacTHIbl oTfauu. OOiiee
9YHCIO YIPYrHX COOBITHIL 3a LMK YCKOPHTENS COCTABHT mpuMepHO 10° coObITHIA, HO camu
TOOCKOITBI JIOMDKHBI PaboTaTh pH HHTEHCHBHOCTH 10 107 wacTuit 3a mukn yekopurens. Tak kak
NETeKTOp Ul YIPYroro paccesHHsl TMPEACTaBIsIeT Cco00H HaOOp CHUHTHTHILISIIHOHHBIX
JICTEKTOPOB CO CUMThIBAHHEM Ha ocHOBE SIPM, TO TEXHOJOTHS BHIOOpA TPHUITEPa MOXKET OBITh
MOCTPOEHA aHAJIOTHYHO CUCTEME MeueHHs mydka (2.2.2).

*! TIpu 5TOM [OMyIICHBI [BA NPEANONOXKEHHS, YTO TPUITEp HA THI IYYKOBOH YACTHIIBI MO3BOISET PabOTATh C
olell MHTEHCHBHOCTBIO myduka 10 2-10° WacTH/IMKI M INy4OK AHTHIPOTOHOB HE ONTHMH3HPOBAH IO
MaKCHMaJIbHYI0 HHTEHCHBHOCTb.

*2 JlaHHAS MHTEHCHBHOCTH OrPAHMUHBACTCS TPEOOBAHUAME PaTHALMOHHON GE30MACHOCTH K KaHAITY

* Jlo co3manus GEICTPOIT HIEKTPOHUKH.
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3.8.2 Cucrema cbopa JaHHBIX

Ha ycranoBke co3mana ceTeBasi cucteMa cOopa JaHHBIX C COBPEMEHHOU CTPYKTYpOM Ha
OCHOBE YHHMBEPCAJIbHOW JIOKAIbHOIN BBIUMCIUTEIHLHON CETU U KOMIIBIOTEPAX OOIIETr0 Ha3HAUCHUS
(Puc. 3.41). Ta ke ceTh HCHONB3YETCS IS KOH(PHUIYPHUPOBAHHS W MOHHTOPHPOBAHUS
JJIEKTPOHUKH, YTO YIPOLIAeT YIPAaBIEHUE YCTAHOBKOM M 3aKiaAblBaeT MPaKTHUYECKU
HEOTpaHMYEHHBIN MOTEHIIMANI MOJCPHU3AINH 000 U3 e€ yacTell He3aBUCUMO OT JPYTHUX.

Cepsep
DAQ

Caa ] ApxuB
Pervctpupytowan anekTpoHuKa B#=. wveanenHoro
KOHTpONA

Noruka 10G

Obpaborka
(oHnawH)

KanopumeTp CeTs Ethernet

Apefigosbie kamepb | | EM-5

MNponopynoHansHLe
Kamepbl
foocuons, 10, | | EM-5 L~ SNEKTPOHHBbIf
MY4KOBLIE MOHHTOPBI
C L VPN XypHan
’Wm‘aam}ﬂ_‘
c¥-70 -
OkenepT JexypHbld
I;l CMEHbI

Puc. 3.41 Cetb cucTeMsl cOOpa JaHHBIX YCTAHOBKH

Cuctema cOopa JaHHBIX HE HMEET NPUBA3KHM K TPUITEPY, IOITOMY MOXET
UCIIOJIb30BaThCsl OAHOBPEMEHHO B JIBYX DPEXHMMAaxX: TPUITEPHOM (JUIsI OCHOBHBIX JETEKTOPOB
YCTAHOBKM) M  OecTpurrepHoM (Is TOAOCKONOB  cucTeMbl MedeHus). Ilo  mepe
COBEpUIEHCTBOBAHUS PETUCTPUPYIOLIEH AJIEKTPOHUKHU MPUHIUIIMAIBLHO BO3MOXKEH NEPEBOJ BCel
YCTaHOBKH Ha padoTy B OECTPUTTEPHOM pexXHUME. ITO MO3BOJSET pa3MeIllaTh PErUCTPUPYIOILYIO
AIIEKTPOHUKY OJIMKE K 3JIEMEHTaM YCTaHOBKH, UCIOJb30BaTh €IMHYIO CETh I cOOpa JaHHBIX,
yOpaBieHUS U KOHTPOJA, a B JaJbHEMIIEM JaeT BO3MOXHOCTb JIETKO MOJEPHU3UPOBATH
cucTeMy, KOMOMHHUPYS B €AMHOM CETH JIEKTPOHUKY Pa3IMYHbIX IPOU3BOIUTENEH.

[lepenaromumu y3namMu ceTd cOOpa JaHHBIX MOTYT OBbITh JIOOBbIE PETUCTPUPYIOIIUE
MOJIyJIM WJIM KOHIIEHTpaTopbl AaHHBIX ¢ Ethernet-untepgeiicom. s G0IbIIMHCTBA IETEKTOPOB
y3JIaMH SIBISIIOTCS. MHTEIUICKTyallbHble KOoHTposutepbl EM-5 [118] kop3un ¢ perucrpupyrorieit
anektponukoir “EBpoMMCC” [119], HO mo Mepe COBEpIICHCTBOBAaHHS M OOHOBJIICHHUS
AIIEKTPOHUKU UMM MOTYT CTaTh Kak peructpupyromue moaynu ¢ Ethernet-untepdeiicom, Tak u
cnenuuYHbIe IS OTAENIbHBIX JETEKTOPOB KOHLIEHTPATOPHI TaHHBIX.

[IpuHuMaromuii y3en ceTd MpencTaBiseT coOoil cepBep, MOJAKIIOUEHHBIH K CETEBOMY
kommytaropy uepe3 Ethernet-opt 10 ['Out/c. [Ipy HE06X0AMMOCTH, KOJIMYECTBO Y3JI0B MpHeMa
MOXET OBbIThb YBEIUYEHO, B TOM 4HCJIE I MCIOJIBb30BAaHUS PA3IMYHBIX CXEM TOpsuero
pe3epBUPOBaHUS (APXUTEKTYPOl CUCTEMBI KOJIMYECTBO Y3JIOB IIpUEMa HEe OTPAHUYEHO).

JUia mepenauM JaHHBIX MCIONb3yeTcsl cTaHaapTHbIM npotokon TCP. Ha xaxaom ysne
nepefayd 3amylieHa NporpaMma, KOoTopash aBTOHOMHO IIepelaeT cojaepkumoe Oydepa ¢
HAaKOIUICHHBIMHM JIaHHBIMH Ha Yy3en mpuema. lcnonp3oBaHue TpPaHCIOPTHOTO CETEBOTO
MIPOTOKOJIa CO BCTPOEHHBIM AJTOPUTMOM IPEIOTBPALIECHUS MEPETPY30K MO3BOJIMIO OTKA3aThCs
OT TPAJUIMOHHOM CXEMBbI MTOCIEI0BATEIHLHOTO BEIUNTHIBAHUS JAHHBIX U3 KOHTPOJUIEPOB KOP3UH
¢ eKTpoHuKou (pull): KOHTPOJUIEPHl OTMPABISAIOT JIaHHBIE B XPAHMIIUIIE CAMOCTOSTEIBHO U
napajuieIbHO IpYT Apyry (push).

IIpu momyyenun push-3ampoca OT y3na mepegadyd Ha y3jIe IpHEMa 3allyCcKaeTcs
OTJENBHBINA MPOIECC, BHIMOIHAIONMN 3aiCh HAKOIUIEHHON 332 cOpOC MOPLUHU JaHHBIX C 3TOTO
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y31a B (¢aiiil B pacnpenesieHHON Wi JoKaIbHOU (haiiyoBoil cucteme. COBpEMEHHBIE JKECTKHE
JUCKH JOCTaTOYHO IPOM3BOIUTENBHBI JUIA 3alMCH BCe HCXOMHOU (“ChIpoii”) mHpopmarum,
MOCTYMAIIeH OT peructpupyromieit snexkTponuku yctaHoBku CITIACHAPM. Tak maccuB u3
gyeTelpex SATA-muckoB obecneunBaeT ckopocTh 3anucu 250 Mbaiit/c, uTo Ha ABa mopsaKa
IPEBOCXOJIUT OXUAAEMBbI TOTOK JaHHBIX. CoXpaHeHHE JIaHHBIX B HCXOIHOM ¢opmare
UCKJIIIOYaeT  BO3MOXKHOCTb  IOTEpPU  pE3yJIbTaTOB  PabOThl  YCTAHOBKH  BCIIEJCTBHUE
AITOPUTMUYECKUX OIMMOOK MM cO0EB B MporpaMmMax oOpabOTKH.

Jlis HapamuBaHHUs MPOU3BOJUTEIILHOCTH CHCTEMBI B HEe MOTYT ObITh J00aBICHBI
JIOTIOJIHUTEIIBHBIE Y3JIbl IIPHEMa, B TOM YHUCJE C MCIOJb30BAHUEM PA3IMYHBIX CXEM FOpSYEro
pE3EpPBUPOBAHUS; APXUTEKTYPOU CUCTEMBI KOJIMUECTBO Y3JIOB IIpUEMa HE OTPAaHUYEHO.

Jlnist mpeoTBpaleHnsl MOTePH MHOTOMECSYHBIX PE3yJIbTaTOB pabOTHl yCTAaHOBKH U €&
KOJUICKTHBA B CIy4ae NPOrpaMMHONM OMHMOKH Tpu 0O0paboTKE MTaHHBIX IPETYCMOTPEHO
COXpaHEHHE BCEH NCXOAHOM MH(pOpMAIHH, TIOCTYNAIOIIEH OT PErHCTPUPYIOMIEH AIEKTPOHUKH.

XpaHUJIUIIE TaHHBIX COCTOUT U3 JBYX Pa3/iefiOB: IEPBOHAYAILHO JAHHBIE 3aIIMCHIBAIOTCS
Ha OBICTPOACHCTBYIONINI pa3jieln, 00beMa KOTOPOro JOCTATOYHO Ha OJHY-/BE HEACNH, a 3aTEM B
(OHOBOM pEXHME IMEPEHOCATCS B JIOJTOBPEMEHHOE PACHIMPIEMOE XPAaHWIHILE, HCXOIHbBIE
JaHHbIE B KOTOPOM IOclie 3aBeplieHHus o(hIaiiH-00pabOTKH TOJABEPraloTcs CHKATHIO Ui
HKOHOMHUHU MECTA.

3.8.3 Perucrpupyromias 351eKTpoHUKA

PaGoratomass B Hacrosimee BpeMs B dkcrnepumente CIIACUAPM peructpupyromas
anektponuka (BLII, AL, peructpsl, cuetunku) B ctangapre EBPOMUCC pazpabotana u
npousBeieHa B oTAesieHnn dekTpoHnku UDBI. [IpoTtokon nepenayn mo3BoIseT nepeiaBaTh Mo
muHe 16-OuTHBIE JaHHBIE OJHOBPEMEHHO ¢ anapecHoi uH@opmanuei 3a mukin 100-200 HC B
3aBUCUMOCTH OT THIIa MOIYJIS.

Wudopmarus ¢ kamopumerpoB peructpupyercs 3apsaoBbivu AIIT (moxyns EM-6) 12
out ¢ uyBcTBUTENbHOCTRIO 250 fC Ha oTcuer m BpeMeHeM mpeobpasoBanus <5 Mkc. OOiee
KOJIMYECTBO KaHAJIOB 3JIEKTPOMAarHUTHOTO U aIpoHHOTO KajopumeTpos - 3000.

Jl7is cuyuTBHIBaHUS JIE€TEKTOPOB TPEKOBOW M BPEMS-TIPOJETHOW CHUCTEMBI pa3pabOTaHbl U
npousBenensl moxaynu BIIIT (EM-3) na 6a3e 3akaznoit mukpocxemsl HPTDC, mo3Bossroreit
U3MEpPATh BpEMS € TOYHOCTBbIO 1O 25 HC Ha orcueT. 3500 kananoB BIIII pacnpenenens! mo
HECKOJIbKUM KapKacaMm JUIsl YMEHbIICHHs BpEMEHH Mepeaayu.

I'ogockomnbl MHOKECTBEHHOCTH, MYyYKOBBIE M CUCTEMBI MEUEHHsS] OYAYT CUMTHIBATHCS
peructpamu (EM-4) ¢ rinmy6uHoi 10 2-5 MKC (B 3aBUCUMOCTH OT BbIOOpa IIara 1o BpeMeHHu 2-5
HC), YTO MO3BOJIUT HE 3a00TUTHCSA TOYHOM MOA00pEe KaOENbHBIX 3aIePKEK JJIsi CHTHAIIOB C 3TUX
JETEKTOPOB.

Jl7iss yMEHBIIIeHHS] BpEMEHHU CUMTHIBAHUS JTAHHBIX U MEPEXOy K OECTPUTTEPHON crcTeMe
coopa maHHBIX B OyaylleM IUIaHUpyeTcs 3aMeHa MoAaynbHOM snekrponukun MUCC ¢
napajuiebHOM IIMHOM Ha AMeKTpOHUKY Ha ocHoBe XTCA cranmapTa ¢ mocleAoBaTelbHBIMU
TUTa0UTHBIMHA ~ JIMHUSIMM ~ TI€pelayd  JAaHHBIX. OJTO  TO3BOJUT  PErUCTPUPOBATH  BCe
B3aMMOJICHCTBUS naxe mpu paboTe ¢ BBHICOKOMHTEHCHUBHBIM IMOJISPU30BAHHBIM IPOTOHHBIM
IIY4KOM JI0 107 3a copoc. Ilpu co3ganuu JaHHOW ANEKTPOHUKHU IMPENIoiaraeTcs UCIoiIb30BaTh
onbIT cotpyannyectBa [TAHJIA 1 BO3MOXHOCTH HEMEIIKMX YYACTHHKOB npoeKTa44.

44 YHI/IBepCI/ITeTLI BaHHa, MaﬁHua u MioHxeHa BbIpa3WJin 3aUHTCPECOBAHHOCTL B MOATIOTOBKE almapaTyphbl
OKCIICPUMCHTA I pa6OTI)I Ha MYy4YKC aHTUIIPOTOHOB

107



3.9  Cucrema MeIJICHHOTO KOHTPOJIS y3JIOB YCTAaHOBKH
Cucrema wmemienHoro koutpoist CIIACYAPM mpencraBnseT co0Ooi  KOMILIEKC
IPOTPAMMHBIX H alllapaTHBIX CPEICTB, KOTOPbIE BHIMOIHSAIOT CIEAYIONINE (DYHKINU:

e KoHTpoab U 0CTyN K YIPaBJICHUIO TapaMeTpaMU JI€TEKTOPOB U JIPYTHX MOACUCTEM MPU
paboTe M HaCTPOMKe SIKCIEPUMEHTAIBHON YCTaHOBKH.

e (CBoeBpeMeHHOE OOHapyKEHUE HEHCIPABHOCTEW B pabOTe YCTAHOBKM U CUTHAIH3ALUS
00 aBapUIHBIX CUTYyaLIUSIX.

e  MOHUTOPHUHT apaMeTPOB OKPYKAIOIICH CpeIbl.

e ApXUBUpOBaHHE IMMAapaMETPOB PabOThl YCTAaHOBKH B 0a3e JaHHBIX JJISI MOCIEIYIOLIETO
HUCIIOJIb30BaHUA npu aHaJIn3¢ JaHHBIX OKCIICPpUMCHTA C OCJIbIO KOppCKIUU

XapaKTePUCTHK JIETEKTOPOB.
Apxurektypa cuctemsl ynpasienuss CIIACYAPM mnpencrasiena Ha Puc. 3.42.

YpoeseHs ynpasneHus YposeHb KOHmMponsa Y¥poseHb ycmpolicme

Cucmema cbopa daHHsIx:
KoHgpuzypuposaHue,
Temnepamypa; Toku

rnompebaenua modyneli

odronaamueill
KoMeomep

Murpo-
L) 1bi€
modyau MCMOYHUKU MUMaHUA
cucmemel cOopa daoHHEX

» Murpo-
»
KOHMPOANEPHEIE

razosaa cMech modyu
MPEKOSEIX KOMED

Murpo-
HOHMPOANEpHEIl

mModyne Veunumenu cuznanoe
MPEROSEIX KAMED

C55:
Mpaguveckuli
uHmepgedc.
Baza daHHex. | —p]

AsapuliHas

P Mukpo-
>
KOHMPOANEQHBIE

Konmpone u ynpasaeHue modynu
RAAOpUMEMPa

Ethernet

cdHonaamHs i
KOMMbOMED

Murpo-
ROHMPOAAEPHBIE

modyau ManumopHas cucmema
KaAopuMeEmpa

CLUEHOAUSAUUA.

Murpo-

»
>

Maznume:: Mmodyne
Temmepamypa oBMomok

w
odHonaamHybil _g =5 BrarHocme/Tok mozHuma
TR
G e
KOMMEROMED g Murpo-
KOHMPOAAEPHElE
modyau Mpoyue cucmemel

— 3
Komneomep E § KOHMPOANEpHbIE
'E &1 modyu
v v
Puc. 3.42 ApxutekTypa CHCTEMBI yIIpaBJeHus dKkcriepuMeHTansHoi ycranosku CITACYHAPM: Control System
Studio.

s obecriedeHnss COBMECTHMMOCTH B YIPABIECHUM PA3JIMYHBIX TOJCHCTEM YCTaHOBKH
npuMeHnsieTcs nporpammHas cpera EPICS (Experimental Physics and Industrial Control System).
B npuBenennoii apxutekrype EPICS ncmons3yercs Ha IByX ypOBHSX — ypOBHE YIIPaBIICHUS H
YPOBHE KOHTPOJIS — M OMpEIeNsIeT MPOTOKOJI 0OMEeHa MTaHHBIMU MEXAYy HUMH 110 cetu Ethernet.
Ha ypoBHe ycTpoiicTB paboTaoT crenuagbHO pa3paboTaHHble MUKPOKOHTPOJIJIEPHbIE MOIYJIH,
KOTOpBIE OCYIIECTBIISIOT HEMTOCPEACTBEHHOE U3MEPEHNE U YIIPaBJICHUE IapAMETPOB I€TEKTOPOB.
OOMeH JaHHBIMM MEXAY MHUKPOKOHTPOJUIEPDHBIMH MOJYISIMH M YPOBHEM KOHTPOJISA
onpenensercs nporokosamu Modbus RTU u CANbus.
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VYpoBeHb KOHTpOJII 00pa3yroT OJHOILIATHBIE KOMIbIOTepsl Raspberry Pi, urparorime
pPOJIb MPUEMO-TIEPEIATIMKOB JAHHBIX MEXKY YPOBHEM YCTPOWCTB M YPOBHEM yrpaBicHus. Ha
OJTHOIIJIATHBIX KOMITbIOTEpAX 3ammyckaroTcs npriokerus Input/Output controller (I0C), kotopeie
SBIIIIOTCS 9acThio mporpammuHoro obecneuenus EPICS u oOecnednBarOT ¢ OIHOW CTOPOHBI
uHTep(deiic K TaHHBIM C YCTAHOBKH OT MHUKPOKOHTPOJUIEPHBIX MOJYJIEH COTIACHO MPOTOKOJIAM
BBIOPAHHBIX TIOJICBBIX IIWH, & C JIPyrol - obpabaTeiBaroT 3ampochkl 1o mpotokoiay EPICS or
ypoBHs yrpasiacHus. [ moaaepxku pusndeckux ypoBHei nepeaaun ganabix Modbus u CAN
i Raspberry Pi usrorosiienst aganteps cesaszu (Puc. 3.43).

Puc. 3.43 Ananrep muz 111 Modbus RTU u CAN

YpoBeHb YNpaBICHHUS CIYXKHUT JJIsl BU3YAJTU3allMH M apXUBHPOBAHUS JaHHBIX. Ha aToM
YpPOBHE HCIOJNB30BaH mporpamMmHubiii komruiekc Control System Studio (CSS), ¢ nomorisio
KOTOPOT'0 pean30BaHbl KJIMEHT, (GopMHUpYIOLIM 3ampocsl K npuioxeHusm 10C, o6paboTunk
aBapuUiHBIX CUTYyallMil M apXuBaToOp JaHHBIX. B KauecTBe XpaHWIWINA JaHHBIX BbIOpaHa Oaza
naHHbIX PostgreSQL.

B HacTosiuit MOMEHT pa3paboTaHbl CIeAYIOUIE MUKPOKOHTPOJJIEPHBIE MOIYJIIH:

1) Me3onunnsle mnatel (Puec. 3.44) ocymectBustor KoH(urypanuto [JINC,
koH(purypanuo MukpocxeM HPTDC u uyTeHHe MaTYMKOB TOKA B MOIYJISAX PETUCTPUPYIOMICH
anexktponuku EBpoMUCC.

2) Ilepexomusbie miatel (Pue. 3.44) cmyxart ajsl TECTUPOBAaHUS U YCTAaHOBKHU MTOPOTOBBIX
HaNpsHKEHUH yCUIIUTeNeil CUTHAJIOB TPEKOBOM CUCTEMBI.

3) Moaynb MOHHTOPUPOBAHUS MapaMeTPOB MarHuTa MuiieHu «J/{unozasp» (Puc. 3.45)
CIY’)KUT JUJIsl U3MEpPEHHsI TOKAa MarHuTa, OTCIEXKHBAHUSA TEMIIEPaTypbl BOJIBI B OXJIAXIAIOLINX
KOHTYpaX, MOHHUTOPMPOBAaHUS IapaMeTpOB OKpYXKawlell cpeasl (TemmepaTypbl BO3IyXa,
BIIQYKHOCTH, aTMOC(HEPHOTO JaBICHUS).

4) MWcrounuku nutanus (Puc. 3.46) Cc MHKPOKOHTPOJUICPHBIM YyIIPaBICHUEM
IpelHa3HayeHbl Uil MHUTaHUS MOAYJIEW peructpupyromei siaexktpoHukn EspoMUCC,
MOHUTOPHPOBAHUS TEMIIEPATypbl, HANPsDKEHWH THTAaHUS W TOKOB IOTPEONCHHS KapKaca
MOJYJIEH.

Benercss pa3zpaboTka MHUKPOKOHTPOJUIEPHBIX MOAYJIEH Ui MENJICHHOTO KOHTPOJIS
JPYTUX JETEKTOPOB M MOJCUCTEM YCTAHOBKHU.
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I'paduueckuit uatepdeiic, coznannsiii B CSS, npencrapned Ha Puc. 3.47 u BKIIIOYaeT B
ce0st HECKOJIBKO BKJIJIOK, OTHOCSIIIMXCS K pa3HBIM TOJCHCTEMAaM YCTaHOBKH.
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CucreMa MegNeHHOro KOHTponAa yctaHosku CMACYHAPM

EuroNIP |[HVADC | Temp. Magnet | PanelTDC1 | PanelToc2 [ ine | Gas |

VICTou KM NHTa iR EBpoHMT (CANDus)
HaxMiATe Cepyio KHOMKY AUIA BKITIO4EHIA BLEX HCTONHIKOE.
*TeMnepaTypa HSMEPRETCA BHYTPH KOPNYCA MCTGHHMKS MHTaHR

*OfHH U3 HCTOMHIKOB, Top
120 0m k2 CAN wike

onfoff # State Volt +5.0 Volt-5.2 Volt+3.3 Curr+5.0 Curr-5.2 Curr+33 Temp
@ onfoff EuroNIP#6
] onfoff EuroNIP#13
@ onfoff EuroNIP#14
] on/foff EuroNIP#12 ON 5117V 5,402V B399V 21,7554 1,3004 0.614A 22degC

CucTeMa MegneHHoro KoHTpons ycraHoeku CMACYAPM

EuroNIP | HVADC |Temp. Magnet | PanelTDC 1 | PanelToC 2 | Dino | Gas |

Kpeirr #1(0), nesan croiika

panel TDC 2 ] panel TDC 4 )

TPall lreshall=5 TPall |treshall |6

X122 _Tp1 | tresh1= ¥1.23 _Tp1 |tresh1=
X132 _1p2 | tresh2= 3. TP2 | tresh2z=
p

panel TDC 6 )

TPall | treshall ﬁ

V121 _TP1 | tresh1=
V131 _1p2 | tresh2=

X113 _TP3 | tresh3= TIP3 | treshi= o V112 _TP3 | tresh3=|o

—  _1P4 | tresha=p —  _TP4 |treshd= o — P4 | tresha=o
X134 Tp5 | treshs=D U132  Tp5 |treshs= [o V133 Tp5 | treshs=Jo
Y111 _1P6 | treshé= P UL13 _1P6 | tresh6= o X0.1.1 _1P6 | tresh6= o
Y1.21 _TP7 | tesh7= E U123 _TP7 |tresh7= |g X021 _TPT | tresh7= |:
¥1.3.1 _TP8 | treshB= U133 _TP8 | tresh8= X031 _T1P8 | tresh8=

AmpL numher

Press to LVDS drivers OFF ‘

Ampl. number
1.8

Press to LVDS drivers OFF |

Ampl. number
1.8

Press toLVDS drivers OFF ‘

panel TDC 34

TPall | treshall |6

X023 _TP1 tresh1=
X033 _TP2 | tresh2=
X014 _TP3 | tresh3=|o
— P4 | treshd=fo
¥0.3.1 Tps | treshs=fo
¥0.1.2 1P | tresh6= o
Y022 _JPT tresh7=|3
¥0.3.2 _1P8 | treshB=

Ampl. number
1.8

Press toLVDS drivers OFF |

panel TDC 24
TPall treshatlﬁ

¥0.24 _Tp1 | tresh
Y0.3.4 _TP2 | tresh
U011 _TP3 | tresh

TP4 | treshd=
U032 Tp5 | tresh
U013 _T1P6 | tresh
U023 TP7 | tresh7=
U033 _TP8 | treshB=

Ampl. number
1.8

Press to LVDS drivers OFF

B—EEEEFTE‘

BUM1 BUM2 Buns

panel TDC 1 panel TDC 3 panel TDC 5

BUN 4

panel TDC 25

BUNS

panel TDC 23

TPall | treshall=p TPall |treshall o TPall | treshall [ TPall | treshall p TPall | treshall o
X1.1.1 IP1 tresh1= ¥1.1.2 _Jp1 |tresh1i= Ul14 _Tp1 | tresh1= X012 _JP1 | tresh1= Y¥0.1.3 TP | tresh1=
X121 _TP2_| tresh2= ¥1.22 _TP2 | tresh2= Ul24 _TP2 | tresh X022 P2 | tresh2= ¥0.23 _TP2 | tresh2=
X131 _1P3 | bresh3= ¥13.2 _TP3 |tresh3= U134 _1p3 | tresh In X032 _T1P3 | tresh3=p Y033 _TP3 | tresh3=|o
X112 _1P4 | treshd= ¥1.1.3  _Jp4 | treshd= V111 TP4 | treshd=|o X013 1P4 | tresh4=p Y0.1.4  1pa | treshd=o
X123 _Tp5 | tresh5= U121 _Tp5 | treshs= V122 _Tp5 |tresh5=fo X024 _Tp5 |treshs=p U021 _Tp5 | tresh5=|0
X133 _1P6 | treshé= ul3a TP6 | tresh6= V132 _TP6 | tresh6= X034 _Tp6 | tresh6= UD3.1 _TPg | tresh6=
X1.1.4 _TP7 | tresh7= U2 TP7 | tresh7= V1.1.3 _TP7 | tresh Y¥0.1.1 _TP7 | tresh7= U012 _TP7 | tresh
X124 _1pR | breshB= ut.22 _1ps | tresha= V123 _1pg | treshB=|o Y0.2.1 _1pa | treshg=p un.22 _1pa | treshd=fo
Ampl. number Ampl number [/ Ampl. number [ Ampl. number [ Ampl numper [
1.8 1.8 1.8 1.8
Press to LVDS drivers OFF Press to LVDS drivers OFF | Press to LVDS 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 MULLIEHH "[lWHO3aBp"
BME280 AM2303
Tok (c wyHTa), A _ OTH. BNaXHOCTb, % 30,5 25,1
TemnepaTypa BeAbl Ha BXoAe, C 19,5 Temn. oKpyX. Bo3ayxa, C 19,7 19,7
KoJ1-B0 JaTYNKOB Ha 06MOTKaX, LT, 23 ATM. 1aBJIEHME, MM PT.CT. 743,0

3HayeHnn TemnepaTypbl B 06MoTKax, C

Puc. 3.47 Dnements! rpaduueckoro untepdeiica cucremsr ynpasieruss CITACUAPM

Cucrtema MEIJICHHOTO KOHTPOJIS UCTIOJIB3YETCsl B TCUYCHHE TPEX CEAaHCOB YCKOPHUTEIBHOTO
KOMILJIEKca Mpu HacTpoike u padbote ycranoBku CITACYHAPM.
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3.10 Ilaxet mporpamm sl aHAM3a JAHHBIX «B JIMHUIO» U «BHE JTMHUI

OmnbIT yyacTus BO MHOTMX COBPEMEHHBIX JKCIIEPUMEHTaX B (PM3MKE BBICOKHX SHEPTHM
TOBOPUT O TOM, YTO Pa3BUTHE IMPOIPAMMHOI0 OOECIeYeHHs IOJDKHO HWATH B Mapaliesb ¢
pasBUTHEM ammapaTypbl, J0 TOTO Kak yCTaHOBKa OyaeT moctpoeHa. Ha Tekymuii MOMEHT
CYIIECTBYET JOBOJIBHO OOJBIIOE KOJMYECTBO KAYECTBEHHBIX MPOTpaMM B OO0JIACTH (U3UKU
9JIeMEHTapHBIX 4YacTUll. YTOoObBI W3 H3TOr0 IMOJYYUTh MAKCUMYM TOJb3bl  HECKOJIBKO
skcrepuMeHTOoB B MAUP paspabateiBator mporpammuyio cpexay FairRoot [120], xoropas
MPEIOCTABIISET STUM SKCIIEPUMEHTAM BCIO 0a30BYIO0 (PYHKIIMOHAJIBHOCTB ISl MOJICIHPOBAHUS,
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 ®AUP, Takxke B3sula 32 OCHOBY IIPOIPaMMHYIO
cpeny FairRoot.

3.10.1 CrpykTypa mporpaMMHOTO OOeCTICUeHUS

«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
OPEJOCTABIIET OTPOMHOE YHCIO HMHCTPYMEHTOB M IMIMPOKYI  (YHKIMOHAIBHOCTD,
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 C HHTEPAKTUBHOU O0OJIOYKON;

e rpaduueckuit uaTepdeiic monpzosarens (GUI) misa uccnenosanus o6wsexroB (Objects),
IUIE  OTOOpa)KEHHS TIOJIb30BAaTENIbCKUX OOBEKTOB WM JUIS  B3aMMOJEHCTBHS C
0TOOpakaeMbIM COJICPIKUMBIM, a TaKkXke BU3yanusatop 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 OMNuUCaHHe, yIPABICHUE U BU3yaIH3alisi FEOMETPUH U MaTepPHAaJIOB;

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 UMETHh JOCTYI K Pa3IMYHBIM TPAHCIOPTHBIM 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 MOJECIUPOBAHUHM, TO €CTh 03 mnepekoMnwsinuu. 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 Ob1 OOHOBJEH, YTOOBI C/AEIaTh
dbuznueckue mporecchl 0oliee peaTuCTUYHBIMH, OJHAKO PE3yJbTaThl O00OWX BEPCHUU BIIOIHE
COTIOCTaBUMBI.

bubmmoreka PYTHIA [124] — 5T0 reHepaTop 4acTHI[ BBICOKOH 3HEPTUH, BKIFOYAIOIIHI
Mojenu pacraga. OHa MOJIEIUPYET CTOJIKHOBEHMS YaCTHUIl, TAKUX KaK JIEKTPOHBI, 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 mast MojenupoBaHHWs anpoHHbIX B3ammojevcTBuii 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». CxemaTwueckas CTPYKTypa ee mpejicraBieHa Ha Puc. 3.48. FairRoot
YIIPaBIIAET B3aUMOJICHCTBUEM C pa3IMYHBIMU OMOIIMOTEKaMH, a TAaKXKe SIBJIACTCS HHTEp(EricoM u
0a30ii 111 peanuzaiuu mporpaMMHoOro ooecrneuenus sxkcnepumenta CITACHAPM.

Cpena 6a3upyercss B ocHoBHOM Ha ROOT — oHna ucnonb3yer ¢opMmat ¢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 «3anau» (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 11 MOJEIMPOBAHUS WM cOOpa JAaHHBIX CKOMITHJIMPOBAH B JMHAMHYECKUE
OnbIMoTeKkH U «r00t» — enMHCTBEHHBIN ucnonHseMblid (aiiin. ROOT MakpoChl UCIOIB3YIOTCS
JUIsT KOHGUTYPUPOBAHUS, YMpaBICHHS W 3alycka MOJETHPOBAaHUS (M OHJIAWH CUUTHIBAHMS)
coObiTuil, MoHTe-Kapno TtpaccupoBKM 4YacTHIl uepe3 BeILeCTBO, ONHCAHUS JETEKTOPOB,
PEKOHCTPYKIIMM U aHalu3a JAaHHBIX. B TakoMm moaxojie M3MEHEHUEe HACTPOEK, MapaMeTpoB WU
Jlake TEePEeKOMIIOHOBKA KOH(UTypaluu OOOpYAOBaHUS BCEro JEeTeKTopa He MoTpedyer
KOMITHJISIIIAH MUTH MCTTONTb30BAHMS JAPYroro si3bika Kpome C++ mis penakTHpoBaHHs 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  BHYTpPEHHEH  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 1IaroB TpaccUpoBkH MoHTe-Kapio ¢ momompio BeIOPaHHOTO
TPAHCIOPTHOTI'O MMaKeTa MPEI0CTaBIIsIeTCss 0a30BbIM KJIacCOM JeTekTopa u3 FairRoot.

113



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
TPeKoB AeTeKkTopoB

Bubnuotekun

ROOT

VMC Geant3 Geant4 GSL Monalisa BOOST GLPK VGM

Puc. 3.48. Cxemarudeckas CTpyKTypa nporpammuoi cpeabl skcriepumernte CITACYHAPM: BHU3Y — OHOIHOTEKH
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 }106&BJ’I$[TBC$I, YJIaJ'IﬂTBCﬂ NN 3aMCHSATBHCA HpHMO B
MaKpocax, MPEeIOCTaBiss OJOYHYIO CTPYKTYpPY («KOHCTPYKTOp») sl Tojb3oBarened. Ha
ypoBHe cpejibl FairRoOt mporcXxoauT opraHu3aiist TOCTaBKU BXOIHBIX/BBIXOJHBIX KOHTEHHEPOB
JTAHHBIX, COCAMHEHUS ¢ 0a301 JaHHBIX MApaMETPOB, a TAKXKE BBIMOJHCHHUE «3a/1a4l» 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 BBITIOJIHEHUS, YTO OCOOCHHO ITOJIE3HO IS TPEOCTABICHHS [EMOYeK 10 YMOTIAHHIO
JUIS MacCOBOTO IPOW3BOJICTBA JaHHBIX. Ha pUCYHKEe MOKa3aHO B3aUMOJCHCTBUE «3alaumy» C
daitnamu U3 MonenupoBaHus. PaboTa ¢ pealbHBIMU JaHHBIMH OpraHM30BaHA AHAJIOTUYHBIM
o0pa3oM, Ha cxeme HaJo 3aMeHHThH (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

FairTask
Runib 1 L FairParlO N } daiin
: = FairTask:;SetContainers(
CD':,ET.EF FairTask::Init() RuniD 1
== —n( Sim data
Ca FairTask::Exec()
Container Digl data
[]I]I::::-
RunlD 2 FairParlO Dain 2
Pram <> FairTask:Relnit() RunlD 2
Conlainer -:::'_‘_;‘:| y N
P FairTask::Exec()
iain Digi data
Container o
1] 1] ——

Puc. 3.49 Cxemartuyeckoe IpeacTaBiIeHHe CXeMBI IporeccoB B FairTask, a Takxe Mmexannszma o0OpaIieHus K
napaMeTpam U JaHHbIM. JaHHbIE U apaMeTphl CBsI3aHbl Yepe3 YHUKAIbHBIH uneHtudukarop “RuniD”.

baza nannbix nepuona BeinonneHus (RTDB) ynpasiisieT BBOJIOM-BBIBOIOM apaMeTPOB U
uX pacmpenerneHueM mexnay «3anadamu». @opmar daiitno ROOT mno3Bosnsier XxpaHuTh Ooliee
CIIOXKHBIE CTPYKTYpbl HEXKENU TMPOCThIE YWCIa M CTPOKH, HANpUMEpP TUCTOTPaMMbl HIIH
mareMaTHueckue (QyHKuuu. OOBIYHO TeoMeTpusi ILEJTMKOM, HCIOJb30BaBIIAsACS  NPHU
MoJeIrpoBaHuy, XpaHuTcss B RTDB. DTo mo3BonseT mpu MOJEIHPOBAHUHM 3aHUMATHCS
HACTpOIiKoil 0e3 TreHepupoBaHUS HOBBIX JaHHbIX MonHTe-Kapno. B ciydae »xe paboTsl ¢
OKCIIEPUMEHTAJIbHBIMU JaHHBIMH HCTOJB30BaTh AaHHble RTDB s pa3iaudHbIX MPUBS30K.
Kpome »3toro, takoil moaxoj mMmo3BOJIsIET ObITh YBEPEHHBIM, YTO MOJEIMPOBAHHWE U aHAIU3
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 HEOOXOAUMMBIE AITOPUTMBI JJIsi 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 W CIIOKHBIM TIPOEKT,
OJIHAKO €ro MOXHO pa3OuTh Ha HECKOJIbKO OCHOBHBIX JTaloOB, KOTOPbHIE BBIMOIHSIIOTCS
nocieoBarenbHO. Puc. 3.50 wumrocTpupyeT MmocieIoBaTeIbHYIO IETOYKY TaKUX 000OIIeHHBIX
stanoB. OOpaboTKa MJaHHBIX MOJEIUPOBAHUS M PEATbHBIX OSKCHEPUMEHTAIbHBIX 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 ¢usnueckas 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 COJepKaT
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 npouee. B ommceiBaeMoil 1EeNMOYKE 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 3apsDKEHHOM 4acTHIbl, (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
NPECTaBISIIOT U3 ceOst HaOOpBl U3 BEPUIMHBI POXKICHUS M YEThIpEX-UMITyJbca. OTMETHM, YTO
ITOPUTM (PU3NIECKOTO aHAIHM3a CHIIBHO 3aBHCUT OT M3y4aeMOTro KaHala WK PEeaKlny.

OundhpoBKa,
INeKTPOHMEKA,
Wy P

FeHepaTtop TpaccupoBKa
YacTvy (Geant3/4)

Tpekwu, ”
PeloHCTPYKUHA P ! MoeuTudomkayma DPUINHECKHMHA
hvneTp

XwtoB HacTry dHanwu3
KantmaHa

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

HaGop u mopsimok «3amau» cOCTaBISET CTPYKTYpPY 3ajaHus Jiis BbimosHeHus. Ha Puc.
3.51 mokazan mpuMep TOTO, KaK «3a/laul» COCIUHSIIOTCS JPYT C APYTrOM B CIy4ae KallopuMeTpa
(ECAL) wu cranmmit apeitgoBeix TpyOook (FTS) BMecTe ¢ TpPEKHMHIOM, PEKOHCTPYKIIUEH
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 OBICTPHIX («UICalbHBIX») aITOPUTMOB 10
JETAbHBIX OIMUCAaHUI BCeX NPUHLMUIOB paboTel mpubopa. OTMETHM, YTO HampuMep A
TPEKHHTra, HE 3aBUCUMO OT IyTH, 10 KOTOPOMY MPOMCXOJHUT BBINOJIHEHHE IIETIOYKH, BCET/a
UMEIOTCS JaHHble B olpeaeneHHoM oaHoM ¢opmare. Takas ke MOAyNbHas KOHLEMIUS
NpUMEHNMA TaK)Ke U JUIT HICHTU(OUKAIUN YaCTHI, PEKOHCTPYKITUH AIIEKTPOMArHUTHBIX JINBHEH
U T.I., JaBas BO3MOXHOCTb IOJb30BaTeNI0 BbIOWpATh CBOM COOCTBEHHBIE KpPUTEPUU ISt
ONTUMAIBHOTO (C TOYKH 3PEHHS ACTaU3allid, CKOPOCTH WM MPOCTOTHI pabOThI) Habopa
000py10BaHUSI.
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leHepaTop YacTHL

FairMcTrack

'

EcalDetactor —— Tpancnopt FtsDetector

EcalPoint

'

‘ EcalHitProducer

FtsPoint

FtsHeaI[hgll:lzer

‘ FisFast[ilgltlzer

I
EcalHit \ /
+ FtsDigi
FtsIdeal
‘ EcalDigitizer ‘
|
EcalReco J
! FtsHit
EcalCluster / THa,
Tpekuur ] HpeanoHmn

TpexuHr

Tpek
4 N
MouTe-Kapno
PID J
) Ay AaHHbI2
Kanannar

BN AN y

Puc. 3.51. ITocnenoBaTe bHOCTh BHITOJIHEHHS «3a1a4y» B cpee SpascharmRoot Ha nmpumepe nerekropa
uaeHtuunupyomero yactuip (kanopumerp win ECAL) u TpekoBoro jgerexTopa (cucremMa cTaHuuil apeihoBbix
Tpybok miu FTS) npu MmojenupoBanuu. MoaylibHas apXUTEKTypa NPOrpaMMHON CpeJibl TI03BOJISIET MOJKITI0YATh
KOMIIOHEHTHI, HEOOXOIUMBIE [T KOHKPETHOTO CITydast.

Pa3paborannbie 0JIOKM TIO3BOJISIOT MIPOBOAUTH MOJICTHPOBAHUE JAHHBIX U UX aHAIH3 «B
JUHUIO» U «BHE JHUHUMW». [Iporpamma oOpaOOTKU MAaHHBIX «B JIMHUIO» HUCHOIB3YETCS s
aHaJM3a JaHHBIX HEMOCPEACTBEHHO BO BpeMsl MpUEMa U, MPEXJIE BCETro, TpeOyeTcs Ui OIIEHKU
KauecTBa MOCTYMAIOIIUX JAaHHBIX U, IPU HEOOXOIMMOCTH, MPUHATHS PEIICHUH MO0 U3MEHEHHIO
(PEMOHTY) PETUCTPHUPYIOMICH IITEKTPOHUKHU U JEKTPOHUKH CUCTEMBI COOpa TaHHBIX.
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3.10.2 TTakeT mporpamm JUIsl aHAJTU3a JaHHBIX «B JIMHUIO»

B mnporpamme onmaiiH 00paOOTKM  peayiM30BaHbl  CICAYIOIIWE KOMIIOHEHTHI:
npeoOpa3oBaHre JaHHBIX, MOCTYMAIOIUX W3 MOAYJeH peructpupyromeit snexkrponuku (BLIL,
AIIII, peructpoB) cucteMbl cOopa maHHBIX M3 cbiporo ¢opmara B ¢opmar ROOT-nepeBbes;
JIOKaJbHasi PEKOHCTPYKIIHUS XUTOB B IUIOCKOCTSX Kamep ISl MIOCTPOCHUSI TPEKOB 3apsKEHHBIX
YacTHI], KJIACTEPOB B 3JICKTPOMArHUTHOM KaJIOPUMETPE, XMUTOB B CLIMHTHJUIALIMOHHBIX ITyYKOBBIX
TOJIOCKOTAX; YIPOIIEHHBIH aJrOpUTM MOCTPOEHHUS TPEKOB MO KaMepaM; KOOpAMHAT ITy4yKa Ha
MUIIICHH dKcriepuMenTa. [lapamnensHo paboTe cucteMbl cOopa NaHHBIX, HA cepBepe pabOTarOT
IpOIIeCcChl MPOrpaMMbl OHJIaH 00paOOTKM JaHHBIX, BhIMOMHEHHbIE B BHAe ROOT-makpocos.
[IpeoOpazoBanne ¢aitnoB ¢ maHHpiMH B chipoM ¢dopmare B ROOT nepeBbs NMpPOMCXOIUT B
POMEKYTKE MEXIy cOpocaMH YCKOPHTENS U MOJydYeHHbIC (aiiibl 3amuchIBarOTCS Ha quck. Ha
Puc. 3.52 noka3zana 610k-cxema paboThl IporpaMMbl 00pabOTKH OHJIAMH.

Y

Event Builder Top

* dat

* root

A

Storage

*root

* root

_ | SpascharmRoot

E

A

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

@aiinel, comepkamiue naHHbie B BHAe ROOT jgepeBbeB YHTAOTCS MPOTrpamMMOi
BU3YyalM3allMd U KOHTPOJII KadecTBa JaHHBIX. OHAa MOXXET CUUTHIBATh JAaHHBIE B «PEATbHOM
BpEMEHU», TO €CTh B MpoIlecce Habopa JaHHBIX — ¢aii 3a (ailyioM B MPOMEKYTKAX MEXTY
cOpocaMH YCKOpUTENs, a TaKXKe B MOJE MaKeTHOH oOpadOTKH, KOTJa CUUTBHIBAIOTCS W3
OTIpeICIEHHOW TUPEKTOPUH Cpa3y MHOXKECTBO .r0Ot-(haiiyioB, HaKOIUICHHBIX paHee. OCHOBHAas
[eNb TPOTpaMMbl BH3yalU3alldd — OTOOpa)XCHHWE MPEACTABICHUN, MMEIOIINX OTHOIICHHE K
KauecTBYy HaOMpaeMbIX AHHBIX B BHJIE TUCTOrpaMM. Ero monb3yercs mepcoHall CMEH Ha CeaHce
no Habopy naHHbIX ¢ yctaHOBKH CIIACUAPM. TlporpamMmma Bu3yanu3aiuu UMeeT uHTepdenc
MOJIb30BaTes, Toka3aHHbld Ha Puc. 3.53. Bepxuss manens naTepdeiica pa3durta Ha BKIAJKH C
HepapXUUECKOl CTPYKTYPOU JUIsi HABUTAIlUH 110 AETEKTOpaM YCTaHOBKH (BEpXHHM psifl BKIAI0K),
TUTIaM 0ToOpakaeMoit nHdopmaruu (BpemeHa, mpodwim, 3 PeKTHBHOCTH, MHOXECTBEHHOCTH U
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TI), @ TAKXKE JIJIS1 HABUTAIMH 110 AJIEMEHTaM JCTEKTOPOB (IJIOCKOCTSM T'OJOCKOIIOB, CIIOSIM KaMep
u TH). B cTpoke cOCTOSHUS MPUBOAUTCS CiIy’)keOHass HH(OpMaIus, Takast KaK YUCIO0 CUUTAHHBIX
daiinos, yncio coobITHid. [IporpaMMa KOHTPOIJISI KauyecTBa JAHHBIX TAKXKE MPEACTABIAET COO0M
ROOT wakpoc, ucnons3yromuii rpaduueckyro O6mbamoreky makera ROOT. Ilosromy Hax
THCTOrpaMMaMH, OTOOpakaeMbIMH B OKHE Tmporpammbl (B Canvas) MOXHO BBINOJHSTH BCE
CTaHJAPTHBIC JCHCTBUS, KOTOPHIE MOJYKHO BBIIOJHATH C THCTOIpaMMaMH B WHTEPAKTUBHOU
ceccun ROOT - MaHUMynIMpoBaTh CTATUCTHKOH, W3MEHATh NpeAeibl, (UTHPOBATH
pacrpeneneHusl.

| Elle Comol Miew s
F15 | emc |wooo|

ime | g Tute Mttty | Pt | Encancios | Layars bstpaciy | N of Signated Lagers | Comstations |

Station 1| taton 2 513990 3 | staton 4] taton 5|

Chenber | Layern | Chame

e | Charsber 1 Lyer3| Cnsmber 2 Loyt | Charsbr 2 Layerz | Cramber 2 Layes3 |

Chambar 3 Lapert | Champer 3 Lsyer2 Chambsr 3 Layerd

Puc. 3.53. MnTepdeiic mporpaMMbl BU3yaIn3auy 1 KOHTPOJISI KAYeCTBA B IIMIOTHON BEPCHU YCTAaHOBKH
CITACYHAPM.

[ToaroroBieHHBIE B PabOTE «B JIMHHUIO» (PAIIBI MOTYT UCIIOJIB30BATHCS M B TajbHEHIIIEM
aHaJIM3e, TeM HE MEHEe CYIECTBYET BEPOSTHOCTh TOTO, YTO MPH paboTe «B JTMHHIO» HEKOTOPHIE
UCXOJHBIC (ailyibl He OyAyT MPOaHATM3UPOBAHBI, TaK Ka OEPYTCs MOCIEIHUE MOCTYIUBIIUE B
JAHHBIA MOMEHT (DaJIbI.

3.10.3 TlakeT mporpamm Jyis aHAIKU3a JaHHBIX «BHE JTMHUU» M MOJCTHUPOBAHHMS

[Tpu paboTe «BHE JUHHUN» BEAETCS aHAIN3 MO0 BCEM 3aaHHBIM (aiiioMm (0OBIYHO 3TO BCs
JMPEKTOPUSL OJHOTO THIA MaHHBIX). IIpy aHanM3e Ha MEPBOM JTare MPOBOMMUTCS CIHMSIHHUE
J@HHBIX C Pa3IHYHBIX OTOKOB C MOMOIIBIO IOCTPOHTENs cobbrTrii (event-builder)®™. lanubrii
IPOTPAMMHBIA MOJYJIb HAXOIUT COOTBETCTBHE MEKIY 3alUCAHHBIMU (aiiiamu (TIOTOKaMH)
JaHHBIX C Pa3MYHBIX JIETEKTOPOB M HAXOJUT COOTBETCTBHE MEXIY COOBITHSIMH BHYTPH
Kak10ro motoka. Ha BeIxose hopMupyeTcst 0JHO cOOBITHE CO BCEX MOTOKOB AaHHBIX. [Ipu aTOM
MPOMCXOIUT MPOBEPKa KauecTBa JaHHBIX, B TOM YHCJIE B ClIydae MOTEPH BAKHOM MH(MDOpPMAIHH
npy Tepegade JaHHBIX. [0 JAQHHBIM TPOBEICHHOTO CEaHCa C KOMIUIEKCHBIM 3aryCKOM
YCTAHOBKU KOJIMYECTBO OMIMOOK Majio (IO0JM MPOIEHTA), TaK YTO MPAKTHUCCKH BCS TPHHSTAS
uH(opMarus (¢ TOYKH 3pEeHHs Ka4eCTBa JaHHBIX) HCIIOIB3YETCs IS aHATH3a JaHHBIX.

[TporpaMMHBIN MakeT I MOJCIHUPOBAHUS B HACTOSIIMA MOMEHT OIMCHIBAET
«UICATTbHYI0» PEATBHYI0 T'€OMETPHI0 YCTAaHOBKH. VIeanbHOCTh Ha JAHHBIH MOMEHT
3aKJIIOYAETCS B HMJICATLHOW IOCTHPOBKE M HACAIbHOUW A(PPEeKTUBHOCTH ETEKTOPOB. J[aHHBIN

45
MoxHO MMPOBOAUTH aHAJIN3 OTACIIBHO JJId KaXKA0r0 KOHKPETHO 3aIaHHOTO ITOTOKA.
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HakeT MOJAEIUPOBAHMUSA MCIOIB3YETCS A OTIAJKH aNrOPUTMOB M OLEHKH 3((eKTHBHOCTH
ycraHoBkH. [locne onpeneneHus peaqbHON TeOMETpHH U d3PPEKTUBHOCTH YCTAaHOBKH (HAa OCHOBE
aHaM3a SKCIEPUMEHTAJBHBIX JaHHBIX) BCE HEOOXOMUMBIE JaHHbIE OyayT BHECEHBI B
IIPOrpaMMHOE OIMCAHUE YCTAHOBKH.

JUj11 BOCCTAHOBJIEHUSI TPEKOB 3apsKEHHBIX YacTHUIl B TPEKOBOW CHCTEME BBIOpaH TakKou
METOJ IOMCKa TpeKa Kak npeoOpazoBaHue Xada. ITOT METOA HUCHOJb3YeT MapaMeTpHUuYecKoe
onucanue Tpeka. Kaxkaas Touka B IpOCTPAaHCTBE NTapaMeTPOB ONKCHIBAET TPEK B KOOPAMHATHOM
npoctpancTBe.  [loMck  KaHAMZIATOB B TPEK COOTBETCTBYET HAXOXKACHHUIO JIOKAJIBHBIX
MakCUMyMOB B mpocTtpaHcTBe Xada. [IpumeHeHue merona B IByMEPHOM Ciydae IOKa3aHO Ha
Puc. 3.54.

X Xy
= o
i
“P..
Bt

L L.
Ll el

MoxogHoe z [MpocTpaHcTeo g

ApOSTPaAHETRO napameTpos

Puc. 3.54 WUnnroctpaliinst OCHOBHOTO MPUHITHIA IpeoOpa3oBaHus Xada it 0JHOTO TpeKa

JInsg KaxaoW KpacHOM TOYKM B MCXOJHOM IIPOCTPAHCTBE IIOCTpPOEHA IpsMas B
MPOCTPAHCTBE IMAPAMETPOB, a MX IEpeceyeHue XapakTepusyer Tpek. Mcxoas u3 reomerpuu
ycraHoBkM CITACYAPM, MOXHO BBIAETUTH JABE O0JACTM — JI0 M IOCJ€ MarHuTa. Tpeku
3apsHKEHHBIX YaCTHUI[ M3rMOAI0TCsT B 00JAacTH JUMOJIBHOTO TOJSI MAarHUTa B IUIOCKOCTH X-Z.
CrnenoBareinbHO, MOKHO allIPOKCUMHUPOBATH 3TH JABE 00JIACTH MPOEKIIMH TPEKOB B MIOCKOCTH X-
Z IpSIMBIMHU JIMHUSIMU B COOTBETCTBHUH C YpaBHEHHEM Xnit = (Zo — Znit) X tan0x + Xo, r1e 0 — yrou
MEXK]ly pacCMaTpUBAEMOM MPSIMOM M OCBIO Z B 3TOM IJIOCKOCTH, Xp — TOUYKA MEPECEUYEHUS C Zg , a
Xhit ¥ Zpjt — KOOPAUHATHI XUTa B AP POBBIX TPyOKax.

[To npsimbiM, HalgeHHBIM MeTogoM Xada, HaXOTUTCS Yroyl OTKIOHEHHS TpeKa B
MarHuTHOM moJie. Jlamee W3 HM3BECTHOIO HHTErpajia MOJIsI M YIJIa OTKJIOHEHUS HaXOJUTCA
KOMITOHEHTA UMITYJIbCA Pyx.

Tak Kak B IUIOCKOCTU Y-Z HE MPOUCXOAUT OTKJIOHEHUS B MAarHMUTHOM IIOJIE, TO MPSMOM
annpoKCUMUPYETCs BCs 00J1aCTh U HAXOAUTCS KOMIIOHEHTA Py.

Ha BTOpOoM »Tame mnpoBOAUTCS YTOYHEHUE IApaMETPOB TpPEKa C HCIOJIb30BaHUEM
¢unbrpa Kanmana. Ha 3ToM sTame yxke yuuThIBaeTcs peajibHOE (MM pacueTHOE) MarHUTHOE
1oJIe, BKJTFOYasi HEHYJIeBbIe KOMITOHEHTHI TOJIs TTO ocsiM Y 1 Z.

B npanbHelmeM yxe HCHOJB3YIOTCS BOCCTAHOBJIICHHBIE KHMHEMAaTHUUYECKHE IMapaMeTphbl
TPEKOB JIJIs1 BOCCTAHOBJICHHS] BTOPUYHBIX YaCTHI] M MIOJTYyYEHUS aCUMMETPHUH.

JlaHHBII METO]T MO3BOJISIET BOCCTAHABIMBATH TPEKU C BBICOKOW () (EeKTUBHOCTHIO (Oosee
98% a1 OMMHOYHBIX TPEKOB, Oomee 85% M1 MHOTOYaCTHYHBIX CO6LITHﬁ46).

% Jlns 100% sdpdexTuBHOCTH Kamep
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4 [Tnan-rpaduk peanusauy U OIEHKa CTOMMOCTH ITPOEKTA

OcHoBHbIE pacxoibl TpeOyIOTCS Ha CO3/aHHe KaHaia IMOJIAPU30BAHHBIX YACTHUI[ U
MOJICPHHU3ALMIO  OKCIEPUMEHTAJIbHOM  yCTAaHOBKM  JUIsl  IPOBEIACHHUS  MPELHU3HOHHBIX
UCCIICIOBAaHMI C MCIIOJIb30BaHUEM TOJISIPU30BAHHOTO ITYUKa.

BeimonHensl  paboTBl 1O pacyeTy W OCKU3HOMY IPOEKTUPOBAHHMIO  KaHaia
NOJISIPU30BAaHHBIX 4YacTUIl. J{s BBITOJHEHUS palbOT MO CO3/aHHMI0 (QHTH)IIPOTOHHOTO KaHalla
24A na yckopurene Y-70 morpedyercs 1 mup. pyo.

Jjis BBIMOTHEHHS] HAMEYEHHOM SKCIIEPUMEHTAILHOM TPOrpaMMbl HEOOXOMMO CO3/1aHKe
CUCTEMBbl CBEPXIIPOBOJSIIMX MArHUTOB «CHOUPCKUX 3MEEK», CIHHOBBIX pOTATOPOB, U
KpUOTeHHOM crucTteMbl K HUM (200 MutH. py0.), KOTOpbIE MOTYT OBITH pa3pabdOTaHbl U CO3/IaHBI B
NiAd CO PAH (HoBocubGupck). Ilpenn3uoHHBIA SJIEKTPOMArHUTHBIA KAJOPHUMETP THIIA
«manutbik» (150 MutH. py0.), momHas TEXHOJOTHS KOToporo pa3zpabdorana B UDBD (co3mans u
0(opMIICHBI IBa OIBITHO-TIPOMBIIIJICHHBIX 00pas3iia), HO3BOJIUT PETUCTPUPOBATH BCE JOCTYITHBIC
[0 Macce HOBBIE COCTOSIHHSI MAaTEpHH, paclaJaroliyecsi, B TOM 4ucie, Ha (oToHbI. JleTekTop
KOJIEI] YePEHKOBCKOTro u3nyueHust (250 muH. py0.) mo oOpasily Takoro ke AETEKTOpa B MPOCKTE
[TAH/JIA m1o3BOMIMT WACHTU(UIMPOBATH BCE 3apsDKEHHBIC aapOHBI BO BCEM JOCTYITHOM
SHEPreTUYeCKOM HMHTEpBaJIe, YTO HEOOXOJUMO JAJIsi CIIMHOBOTO HCCIIEIOBAHMS IEJIOTr0 CIEKTpa
pa3HOOOpa3HBIX PE30HAHCOB U OOHapyKeHUs HOBbIX. CHCTeMa MOJISPUMETPOB AJSl U3MEpPEHUs
abCoNMIOTHOW BennuuHbI nosgpu3anuu mydka (100 muH. py6.) pa3pabarbiBaeTcsi © MOXKET OBITh
co3gana B UDPBD cosmectHo ¢ MUDU.

CymMapHble pacxoipl Ha u3roroBieHne B Poccun HeEoOXOAMMOTO HAYYHOTO
obopynoBanus coctaBsaT | mupa. pyoseit. Takum o6Gpa3om, UTOroBas CTOMMOCTH IPOEKTA
OIleHHMBAETCS B 2 MIpJL. pyouIeii’ .

[Tpu nauvane ¢urancupoBanus B nepBoi monoBuHe 2020 roma rmiaH-TpaguK CO3MAHUS
OCHOBHBIX MO3UIMH KaHama 24A W SKCHEPUMEHTAIbHON YCTAaHOBKM HAa HEM BBITJISIUT
CJIEAYIOIIUM 00pa3oM:

- 3aBeplleHre paboyero NpoeKkTa Ha KaHail U 30HY YCTaHOBKU — 2020-2021 rr.;
- U3TOTOBJICHHUE IEKTPOMArHUTHOTO KAaJIOpUMeETpa TUMa «manuislk» - 2021-2024 rr.;
- I3TOTOBJICHUE MarHUTOB «3MEHKa» M KpUOTeHHOTO obopymoBanus — 2021-2023 rr.;
- U3TOTOBJIEHUE JIETEKTOPA KOJIEI] YePEHKOBCKOTO U3JTy4YEHUs — 2022-2025 t.;
- co37anue KaHana 24A u pa3MelnieHre YCTaHOBKY Ha 3ToM Kanane — 2023-2024 rr.;
- CO3/IaHUE CUCTEM U3MEPECHUS TOJIAPU3AINH - 2022-2024 rr.

IlepBblif TPOOHBII ceaHC ¢ MOISIPU30BAHHBIM ITYYKOM IIaHupyeTcst Ha 2025 ro.

4 B 9Ty CYMMY HC€ BXOAUT CTOUMOCTD HOBOI1 HOHHpH?;OBaHHOﬁ MUIICHU U BJICKTPOHUKU B CTAHAAPTEC XTCA, TaK KakK
CTCIICHb Y4aCTUd HEMCUKUX MAPTHECPOB B IIaHHLIﬁ MOMCHT HCU3BCCTHA

121



3aKkiIroyeHue

[Monspuzanuonnsiii npoekt CIIACUAPM otriauvaer rio0anbHBIN, CHCTEMAaTHYECKHI
MOJIXO0Jl B U3YYEHUU CHCTEMbI aHTHIPOTOH-NIPOTOH (SIPO) U MPOTOH-IPOTOH (SIPO), BKIItOUAs
npoBeieHue 0030pPHOTO MOJSPU3ALUOHHOTO IKCIEPUMEHTAa M OJHOBPEMEHHOE HCCIIEIOBaHHE
JIECATKOB PEAaKUUHd M HECKOJBKHX (U3NUECKUX HAOMIOJAeMbIX, 3aBUCSIIMX OT MHOTHX
nepeMeHHbIX. byer onpenenena nosspusanys IJIOOHOB B NIPOTOHE (aHTUIIPOTOHE) B 00J1ACTH
uX (parMeHTalld U3 UCCIIEeAOBaHUS oOpa3oBaHusi yapMoHus. Oxumaemasi BBICOKas TOYHOCTb
U3MEpPEHUIl, MUHUMAJbHbIE CHCTEMaTHYECKHE OIIMOKM B COYETAHHHM C IIUPOKUM HAOOpOM
MyYKOB, MUILEHEH, BTOPUYHBIX 3aPSKEHHBIX U HEHTPAJTbHBIX YACTHI[ BHITOJHO OTJIMYAET ATOT
MPOEKT OT APYTUX MOJSPU3AIMOHHBIX IPOEKTOB.

[lonsapu3zoBaHHBIE AHTUIIPOTOHHBIA W TMPOTOHHBIM TMYYKH SABISETCS IOUCTHHE
YHUKAJIbHBIMH HHCTPYMEHTAMH B 9THX HCCIIECTOBAHUSX.

Boigenum ocHoBHBIE TpenmytiecTsa rpoekra CITACHAPM:

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

— Pa3nooOpazue  myd4KoOB: MOJIIPU30BaHHbBIE ~ MPOTOHBI M AHTHUIPOTOHBI,
HENOJISIPU30BaHHbBIC MTYYKU 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 MPoIOIBHO- MOISIPU30BAHHBIE U SJEPHbIE MULIICHH.

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

— HWccnenoBanue mnonsipu3aliOHHBIX A((EKTOB B 3aBUCUMOCTH OT Pa3THUYHBIX
nepeMeHHbIX: VS, Pr, Xg, ATOMHOTO HOMEPa, MHOKECTBEHHOCTH, PEaKIHH. ..

— IlomHBIN a3uMyTaNBHBIA YroJl, IMO3BOJIIOIIMM MHUHHMHM3UPOBATh CHCTEMATHYECKHUE
OLIMOKH.

— Cnus-gaunnep, NO3BOJSAIOMUN MOJYyYUTh KaK MOMEPEYHYIO, TaK M IPOJOJIbHYIO
NOJIAPU3ALMI0O U MEHSATh UX HaIlpaBJIEHHWE, YTO TAK)XKE BaXXHO /JIs YMEHbILEHUs
CHUCTEMAaTUYECKHUX OIIMOOK.

— boicTpas cucrema cOopa JaHHBIX.

HroroBas cTouMocTh NpoeKkTa (KaHall + 3KCIepUMEHTalbHasl YCTAHOBKA) OLIEHUBAETCS B
2 mupn. pyoneit. Co3naHue Takoro KaHajga M AIKCHEPUMEHTAIbHON YCTaHOBKH, IOJIyueHHE
IIyYKOB MOJISPU30BAHHBIX YACTUL[ IPHUBJICYET K UCCIEIOBAHUAM Ha YCKOPUTEIBHOM KOMILIEKCE
YUEHBIX U3 pa3jIM4YHbIX CTpaH, Ipexae Bcero, u3 I'epmanun, Yexun u Uranuu.
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5 [Tpunoxenue A. CIHUCOK yYaCTHUKOB MTPOEKTA

B.B. A6pamos, N.JI. Axkrupeii, B.U. bapmun, H.U. benukos, A.A. bopucos, C.U. Bykpeena,
A.H. BacuibeB, B.1. T'apkyma, FO.M. TI'onuapenko, A.A. JlepeBuiukoB, B.H. 3anonbckuid,
B.T". 3apyueiickuit, H.K. Kanyrun, B.A. Kauanos, A.C. Koxun, B.A. Kopmuiuiibi,

A K.Jluxonen, E.B. Macnosa, B.A. Maumees, FO.M. Menshauk, A.Il. Memanun, H.I'. Munaes,
B.B. Moucees, [1.A.Mopo3zos, B.B. Mouanos, K.JI. Hosuxos, JI.B. Horau, A.O. Opemikos,
B.C. Ilerpos, C.B. Ilocnasckuit, A.®. Ilpyakornsn, C.B. Peokukos, A.B. Psa3aniies,
II.A.Cemenos, B.A. Cenrko, C.P.Cnabocmuikuii, M.M.Congaros, JI.D. ConoBbeB,
A.B.Y3ynsH, P.M.®axpyraunos, H.A.lllananna, B.W. SAxkumuyk, A.E. SIkyTun
HUII «KypuaroBckuii Unctutry» — UDBI, 1. [IpoTBHHO MOCKOBCKOH 0071aCcTH

H.A. baxanos, H.C. bopucos, C.B. I'onockokos, 1.C. 'opoanos, A.b. JIazapes, A.b. Heranos,
10.A. Tlnuc, O.B. Tepsies, O.H. lllesenes, 10.A. Ycos, H0.H.Y3ukos
O6benunennbii Uucturyt SAnepueix Mccnenosanuii, r. Jlydna MockoBckoii o0iacTu

A.A. borpanoB, A.B. Kiuenukos, M.®. Pynnio, M.b. Hypymesa, B.A.Okopokos, B.JI. Pbikos,
B.M. Camconos, M.H. CtpuxanoB
Hammonansubiit UccnenoBarensckuit Anepusiii Y auBepcurer — MUOU, r. Mocksa

N.I". Anekcces, b.B. Mopo3os, B. M. Hecrepos, B.B. Peuibnios, JI. H. CBupuaa, B.B. Tscun
HUL «Kypuarosckuit Muctutym» — UTO®, r. Mocksa

Angnpees B.A., I'punneB A.b., Kosznenko H.I'., HoBunckuii /[.B., Cymaués B.B.
HUILI «Kypuarockuiit Unctutyr» — IIUA®, r. 'aTunna JIenHnnrpaackoit oo

Kpusopyuxo B.1., ®I'VII, HIIIT “UCTOK”, r.®psizuno MockoBckoit obnactu
HHTepec K y4acTHIO B OKCIIEPUMEHTE C IOJISIPU30BAHHBIM ITyYKOM BBICKA3aJIM TPYIIIBI
KapnoBa VYHuusepcutera (r. Ilpara, Yexus — pykoBoautens M. ®unrep) u YHuBepcurera

Tpuecra (Utanus — pykoBogutens ®@. bpagamanre), YuuBepcurer Maiinu, YHuBepcurer bonH,
VYuusepcurer boxym (Bce I'epmanus).
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6 [Tpunoxenue b. CoBpeMeHHOE COCTOSTHUE UCCIIEIOBAHUM B TAHHOW 00J1acTH

DKCIIepUMEHTAIBHBIE U TEOPETUUYECKUE HCCIEAOBAHUS B 00acTH CIMHOBOW (PU3UKH B
nporeccax oOpa3oBaHMs M B3aMMOJICUCTBHS aJPOHOB C aJpoHaMH, (OTOHAMH U JICITOHAMHU
BEIYTCS YK€ HECKOJIbKO JIECSTUJIETHIA, C MOMEHTA TOSBJICHUS MEPBBIX YCKOPHUTENIEH YacTHil.
CoBeplIeHCTBOBAaHUE YCKOPUTENEH U JIETEKTOPOB YaCTHI, CO3JAaHUE MYYKOB IMOJISIPU30BAHHBIX
YaCTUI[ U PA3BUTHUE TEXHOJOTHM MOJAPU30BAHHBIX MHUIIECHEH MO3BOJIUIIO MOIYyYUTh OTPOMHBII
MAacCCHB TOJIIPU3AIMOHHBIX JIaHHBIX. B CIIMHOBOW (PU3WKE MPH BHICOKUX DHEPTHSIX MPOBOJSATCS
MPEIU3UOHHBIC U3MEPEHHUS, KOTOPHIC TO3BOJISIOT BBIIBUTH OCOOCHHOCTU ITUHAMUKU CHIIbHBIX
B3aMMOJICHCTBUI W TIPOHUKHYTh TIYy0Xe B CTPYKTYpY aapoHOB. DEHOMEHOIOTHS CIIUHOBBIX
SBIICHUW OKa3anach YAMBUTEILHO OOTaToi W TPYAHO OOBACHUMON ¢ (QyHIAMEHTATBHBIX
MO3UIMIA KBAHTOBOM XpoMoauHamMuku — KX/I.

[osiBeHNE TOYHBIX JAaHHBIX CTUMYJIUPOBAIO OYpHOE PA3BUTHE TEOPETUUECKUX MOJAETICH,
0OBACHAIOIUX HAOJII01aeMbI€ SIBJICHUS.

6.1  PesynbpTarhbl NOJISApU3aLMOHHBIX SKCIIEPUMEHTOB

[lepBble monsipU3allMOHHBIE SKCHEPUMEHTHl MPOBOIWINCH JI YHOPYIMX WU 3apsiioBO-
OOMEHHBIX pEaKIMi, NOCKOJIbKY MPH HU3KUX DHEPrUsAX CEUCHHUS TaKUX PEAKIHUH U CIMHOBbHIE
¢ dexTsl Benmuku. C pOCTOM SHEPIUU YCKOPUTEICH yBETMUMBACTCS CPEAHSISI MHOKECTBEHHOCTh
B COOBITHH, a CIUHOBBIE d()(HEKThI B KOHKPETHBIX OMHAPHBIX MPOIECCaX U UX CEUEHUs OBICTPO
yObIBaoT. THITMYHBIME TIPHMEPAME MOTYT CIIYXKHTh CeYSHHE TPOLecca Mepe3apsiaku 7 p— N,
KOTOpPOE Ta/[aeT KaK S, ¥ CeueHne mporecca 7 p—pP, KOTOPOe MafaeT Kak s?, yKa3bIBas Ha TO,
YTO MPH BBICOKUX JHEPTHSX B TAKUX MPOILIECCaX MPOUCXOIUT 0OMEH pepxeoHoM [126].

Jlnst aHanmu3a JaHHBIX IPU BBICOKUX 3HEPTUSX ObLT MPEAIokKeH UHKIIO3UBHBIN MMOAXO0/, B
KOTOPOM PETUCTPUPYETCS JIMIIb OJHA WM HECKOJIbKO M3 oOpa3oBaBmIMXcs yactul [127]. Orot
METO/] OKa3aJicsd OY€Hb yJIOOHBIM JUIsl UCCIIEI0BAHUS TONEPEUHBIX OJTHOCTIMHOBBIX aCUMMETPUI
(An) ampoHOB, momnepevHbIX Hojspusaiuii (Py) THIICPOHOB M 3JIEMEHTOB CITMHOBOW MAaTPHIIBI
IUIOTHOCTHU (pik) BEKTOPHBIX ME30HOB. B cuiy orpannyeHHOCTH MH(OpMALMU B MHKJIIO3UBHBIX
npoleccax B MOCJeIHee BpeMs IPOBEAEHbI U3MEPEHMSI, B KOTOPBIX UCIIOJIb3YeTCsl MHPOpMAIUs
0 MHOYKECTBEHHOCTH 3apsDKEHHBIX YAaCTHUIl U LIEHTPAJIBHOCTH coynapeHuil. [lonmydyeHHble naHHbIE
NOKa3aJld 3aBUCUMOCTh MOJISIPU3ALMOHHBIX 3()(PEKTOB OT ITUX JOMOJHUTEIBHBIX NEPEMEHHBIX.
Jng W3ydeHMs] CIIMHOBOM CTPYKTYpbl aJpOHOB 4YacTO MCIOJIB3YIOTCS IOJIY-MHKIIIO3UBHBIE
HEYIPYTHUE MPOLECCH], B KOTOPHIX IOMUMO aJpOHa PETUCTPUPYETCS PACCESBIIMICS JIENTOH.

6.1.1 Tlonspu3anus B ynpyrux peaxiusx

Ha Puc. 6.1 moka3aHo ceyeHHEe YIpyroro mpoTOH-IPOTOHHOTO paccesHus MpH SHEPrUu
11.75 I»B nns coynmapenwii ¢ mapamienbHbIMH (11) ¥ aHTHMapaienbHbIMU (1)) cnuHAMU
TPOTOHOB B 3aBHCHMOCTH OT 6e3pasMepHOil mepeMeHHoil p* = f7P%61(S)/38.3 [128]. Tam xe
CIUTONTHBIMHU KBaJIpaTaMH MOKa3aHO CEYSHHE MPU ropasio 0Oosiee BEICOKOW dHepruu mpu S = 2800
B2 nonmydyenHoe B CERN ISR. B nudpakinuonHo#t 001acTH, COOTBETCTBYIOIIEH MaJIbIM yTiiamM
paccesiHMsl, CEYeHHE OJIMHAKOBO B PA3JIMYHBIX CIIMHOBBIX COCTOSHUSIX M MPH PAa3HBIX SHEPTHUAX.
B obmact mpoMeKyTOUHBIX 3HAUYCHUM P uMeetcs cirabasi 3aBUCHMOCTB OT cruHa. [loBeeHne
CedeHHs B 00NacTH GOJBIINX 3HAYCHMIT P oKka3amoch HeoKHAaHHBM. KOria CIHHBI IPOTOHOB
napajuieJbHbl, CEYEHUE MMEET TOT K€ HAKJIOH, YTO U I COYJapeHUN HEeMmOoJSIpU30BaHHBIX
IPOTOHOB, MPH ropa3zo 0ojiee BBICOKUX SHEPTHSIX, IS HEMOISIPU30BAHHBIX MPOTOHOB. OHAKO,

124



JUIsL aHTUIapaieIbHbIX CIIMHOB, HAKJIOH ceueHus Oosee Kpyroil. B To Bpems mpenmosnaranu,
YTO CIIMHOBBIE 3((EKTHI JOIDKHBI BBIMEPETH IPU BHICOKHX SHEPTUSAX U OOJBIINX P2

PYTS B
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Puc. 6.1 Ceuenne mpoTOH-TIPOTOHHOTO YIIPYTOTO Puc. 6.2 OrHomenne YHPYFHXZ CCUCHHH Gy1/61 B
paccesiHus B 3aBUCMMOCTH OT CKEHJIMHTOBO 3asucumoctH ot PpP7 [129 ]

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

S. Brodsky Ha3Bai 3TOT pe3ysbTaT «OJHOM M3 Hepa3raJaHHbIX TallH aJpOHHON (HU3UKM»
[130]. OxmHako, BO3HUK BOMPOC: HE MPOSBIACTCS JH 3aBUCHMOCTh OT CITMHA TOJBKO B 00JACTH
yri10B paccesHus Bomu3u 90° B ¢.11.M., IJle BaKHA UIEHTHYHOCTH TPOTOHOB? UTOOBI OTBETUTH HA
3TOT BONpOC, Ha yckopurene ZGS Obl1 MOCTaBIEH BTOPON 3KCIIEPUMEHT, B KOTOPOM MEHSUIHChH
sHeprus u P?, a yrom paccesust ocraancs pasueiM 90°. Ha Prc. 6.2 mokasaHO OTHOIICHHE
YIOPYIUX CEe4eHHil 611/61; B 3aBUCHMOCTH OT P% [129], napsiny ¢ nanubivu [128] u3 Puc. 6.1,
CyuiecTByer GOJbIIAsS PA3HHUIA CEYCHMII B OONACTH MalbIX P%, COOTBETCTBYIOIIMX MAJIbIM
sHeprusiM. OHaKo, mpu P% >1.5 (1“3B/<:)2 J1Ba HabOpa JaHHBIX MPAKTUYECKU COBMAJAIOT U HE
3aBUCAT OT HampasiieHHs cnuHa. [Ipm P4 >3.7 (FaB/c)2 3aBUCUMOCTh OT CIIMHA CHOBA
CTaHOBUTbHCA CUIIBHOU. DTH JaHHbBIE YOKJAIOT, 4TO OONbIINE CHMHOBBIE 3PPEKTHI HE CBA3aHbBI C
MIEHTUYHOCTBIO MPOTOHOB TIpU yriae paccesus 90° 1 BOZHUKAIOT B IIPOLECCE KECTKOIO
paccessHUS B 00JacTH OOJIBIINX P4 [130]. Otu YIUBUTEIbHBIE PE3YJIbTATHI HE MOJIYYHUIIU TOKA
JIOCTaTOYHO YOEIUTEIbHOI0 TEOPETHUECKOTO OOBSICHEHUSI.

6.1.2 Tlonspu3anus ¥ aCHMMETPHSI B 3apSI0BO-00MEHHBIX PEAKIIHIX

3HauUMTENbHBIN BKJIAJ B UCCIIEJOBAHUE CIIMHOBBIX 3()()EKTOB B SKCKIIFO3UBHBIX 3aps10BO-
OOMEHHBIX peakIMsIX ObUI MOJyYeH B CEpUH 3KcrepuMeHToB B [IpoTBuHO Ha yctaHoBke [TPO3A
npu sHepruu mydyka 40 B [51-57]. BoapmMHCTBO NaHHBIX B JAPYrHX SKCIEPHUMEHTaX OBLIO
MIOJIyYEHO NPU YMEPEHHBIX dHEPrusx mydka 1o 12 I'3B, auke snepruii yckopurens UOBO.

K cepenune 80-x rr. ObUTM 3aBEpIICHBI MCCICIOBAHUS ACUMMETPUU B IKCKIIO3HMBHOU

_ 0 v
peakiun 7 +p 7— 7 +N npu ummyiasce 40 T9B/c [53]. HuTepec K 3Toil peakimu 00ycIoBIeH
TEM, YTO B MOJCIH TOJIOCOB Peke 3Ta peakius WIeT yepe3 OOMEH OJHHMM p -TIOJIOCOM, U

125



noJisipu3anus, Kak HHTepPepeHInOHHBIN Y((DEKT, T0KHA OTCYTCTBOBATS.

[TepBrie ke dKCIIepuMeHTaIbHbIe JaHHbIe TpU 5 U 12 ['9B/c moka3anu Hanuaue 00IbIIUX
MOJIAPU3AUOHHBIX 2(PQeKToB. ITOT (aKT 3acTaBUI TEOPETUKOB IEPECMOTPETh HCXOIHbBIE
NPEINOChUIKM  MojJenu Pemke, BBECTH JOMOJHUTENBHBIE TONIOCA, Y4eCcTh A(P(HEKTHI
nepepaccestHust U T. A. OJIHAKO 3TH ONBITHI MPOBOJAMWIUCH TIpH HU3KKUX (< 12 I'3B) sueprusx, u
JUTSL CTPOTOM TPOBEPKU Mojenu Perke HyXHBI ObUTM JaHHBIC TIPH 0OJiee BBHICOKMX JHEPIHSIX.
OTUM MOTHUBUPOBAIACH MTOCTAHOBKA SKCIEPUMEHTA MO U3MEPEHUIO MOJSPHU3aALMU HEUTpOHA HA
yckoputene Y-70. Jlanasie mo nonspusanuu npu 40 B npexacrasnensl Ha Puc. 6.3 u ObLIM
peIMETOM MHOTOYMCIEHHBIX 00cyxaeHuil. [IpuBnekanucey pasnnyHbie MOIU(UKALIMY MOAETU
Pemxke. Jlunus Ha Puc. 6.3 mpezacrasisier pacyeTsl Moaean Pemke ¢ yueTtom oaaepona [131].
ABTtOpsI paboThl [131] npeacka3siBaroT pocT aOCOMIOTHON BEWUYUHBI TIoJisspu3anuu mpu —t > 0.7
B ¢ YBEJIIMYEHUEM SHEPruu myuyka. M3mepeHue mosispusaiuu npu HECKOJIbKUX dHEPrHsX Ha
ycraHoBke CITACYHAPM mno3Bommiao Obl MPOBEPUTH CMEHY 3HAKa IMOJSAPU3ALMH B 00JACTH
snepruit Y-70.

30 40 GeV/c

T T3NSY 79 M 13 15 N9 1Gee)

-30F

-50F

Puc. 6.3 Monens onnepona [131] B npuMeHEHHHN K ONMCAHUIO MOJISIPU3AIINH B PEAKIUN TT p(T)—) 7°n pH

umnyibcax 5 u 40 I'sB/c [53].

Ha ycranoBke I[IPO3A B 80-x romax u3MepsuluChb aCUMMETPHUHM B HKCKIIO3UBHOM
06pa30BaHNK HEKOTOPHIX PE3OHAHCOB, TAKUX Kak 7P /— w(782)n, 7pT— 7/(958)n, 7pT—
f2(1270) n nipu sueprum 40 B [55,132].

[IpakTHyeck BO BceX HCCIEAOBAaHUAX ObuUIM OOHapyxkeHbl Ooibiune 3(deKTvl, Ha
ypoBae 20-40%. PesympraThl B peakimu 7P /— (782)n mpenacrasmensl Ha Puc.  1.14.
Pe3ynbTaThl 10 peakiuu 7P /— 7/ (958)n mpencraBnensl Ha Puc. 1.15, a pesynbTarhl 1O
peakiun 7 p— f,(1270)n npexcrasnenst Ha Puc. 6.4.

OTMmeTHM, YTO B ME30HHBIX IyYyKax HaONIONA0TCS HEHYJEeBbIe MOJISPU3AIUOHHBIE
adexTtei B o0macTH (parMeHTAIMd HEMOJSPU30BAHHOTO Iy4YKa, YTO HE HMEEeT II0Ka
TEOPETUYECKOTO OOBSICHCHHS. 3HAYHUTEIbHBIC OJIHOCIIMHOBBIC aCHMMETPHUH, HaOJIIOJacMble B
COyJapeHUsiX ME30HOB C MOJIIPU30BAHHBIMU MPOTOHAMH, HE TOJILKO B 00JlacTu (hparMeHTauu
MpoTOHAa, HO ©W B oOsactu (parmMeHTalMu ME30HAa, MOTYT OBITh CBSI3aHHBIMH C
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HECCUMMCTPUYHOCTBIO HAYaJIbHBIX W KOHCYHBIX COCTOSIHUM: ME30H COCTOHT W3 KBapka H
AHTHUKBApPKa, 4 HYKJIOH U3 TPEX KBAPKOB

(8] o.s5 1
€, (GeV/e)

Puc. 6.4. Acummerpus B peakuuu 7 p— (1270 n npu suepruu 40 I'3B [132], korna f5(1270)-me30n
PErHCTPHPOBANICS B MOJE PACIAa HA IBA /' -ME30HA.

6.1.3 OpnHocimHOBast acuMMeTpHs Ay B MHKITIO3UBHBIX PEAKIIHAX

Janubie mo Ay B HMHKIIO3MBHBIX PEAKIMAX IMOJIy4YeHbl i 24 peakuuid B ajpoH-
aIPOHHBIX COYIAPEHHSIX U 6 PEAKIMil B JIENTOH-aAPOHHBIX COyAapeHusx. Jluana3on suepruii \'s
peakuii B c.m.M. MeHsicst ot 4.9 no 500 I'»B. Bo Bcem numamasone sHepruii HabIoganach
3HAYNTE/BHAS ACHMMETPHs Ay, KOTOPask MOYKET MEHSTHCS B 3aBHCHMOCTH OT VS, Pr, IEPEMEHHO
@OeifHMaHa Xp, aTOMHOTO Beca MHUIIEHH A, a Take, OT LEHTpalbHOCTU coydapeHuit Cr u
MHOKeCTBeHHOCTU 4acTull N¢n B coObituu. [loBenenune Ay HECKOJIBKO OTIMYAETCS B TPeEX
o0acTaX Mo PHEPruu Vs < 5B, 5<Vs < 70 I'B, u pu \s > 70 T'3B. ITpu nmmnynsce 11.75
I'>B/c (\/S =4.89 I'3B) ObUTH BBITIOHEHBI MTOAPOOHBIE H3MepeHust An(PT, XF) T 00pa3oBaHUsI T,
K*, p, p, B IPOTOH-TIPOTOHHEIX coyaapenusx [133]. Pesymbratsl ams peaxumit p'p— 7= +X,
noka3zanbl Ha Puc. 6.5 u Puc. 6.6 U uMer0T HEMOHOTOHHYIO 3aBHCUMOCTh An(PT), C KI3MEHEHHEM
3Haka mpu pr ~ 0.6 I'B/c [25].
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Taxoe moBenenue An(PT, Xp), IPU YMEPEHHBIX SHEPTHUAX, MOKET OBITH CBS3aHO C MAJIbIM
YHCIOM HKCKITIO3MBHBIX KAaHAJIOB, JAIOIIMX BKJIAJl B MHKJIIO3UBHYIO peakiio. Bo3aMoxHO Takxe,
9TO TPH MAIBIX Pr B \'S KBAPKOBBIC CTENECHH CBOOO/IBI I HE SIBISIOTCS ONMPEICISIONMME IS
An. Emé€ onna w3 rumore3 COCTOMT B YBEIMYCHHMM pajnyca ACUCTBUS LBETHBIX CHII I C
YMEHBIIEHHEM P71, B CHITy COOTHOIIEHHS HEOTpeieienHocTeit Spror > h/2 [27].

[Ipu 6osee BBICOKHX SHEPTUsX, 5 <\'s< 70 T5B, uMeeT MecTo MPUOIMKEHHBIN CKEUITUHT
(He3aBHCHMOCTh AN OT SHEPTHUH) JUTSI 3TUX ABYX PEAKIINM.

[Moapo6Hoe uccnenoBanue 3aBUCUMOCTH An(PT, Xk, A) OT KHHEMAaTHUYSCKUX MEPEMEHHBIX
M aTOMHOTO Beca A MHUIIEHH BbINOJHEHO Ha yctaHoBke POJC-2 mnpu sHEpruun
MoJISIpU30BaHHOTO TIpoToHHOTO Tyuka 40 B [134, 85, 86, 87]. U3mepenus ObLIu MPOBEICHBI
Ha MPOTOHHOM, YIrIepOAHONH U MEIHON MHILEHSX, Ul MPOLIECCOB MHKIIIO3UBHOIO 00pa30oBaHUs
n, K*, p U p, npy HeCKOIBKMX YIIaxX POKACHHS aIpOHOB.

Pesynpratel [OmmoOka! 3aknaaaka He omnpegeiaena.,OmmoOka! 3akiaagka He
ompeaesieHa.] mokasansl Ha Puc. 6.7. 3aBucumocth Ay OT A OKa3ajgach HE3HAYUTEIHHOM.
[TosTomy Ha Puc. 6.7 moka3aHbl ycpeHEHHBIE Pe3yJIbTaThl Ha YTICPOTHONW U METHOW MHUIIICHSX.
3ameTHas acumMmeTpusi Ay HaOIroaeTcst B 0061acTu (pparMeHTauy Mo PU30BaHHBIX TIPOTOHOB
(xe>0.35) misa tex angpoHoB (77, K', P), B cOCTaB KOTOPBIX BXOMST BAJICHTHbIC KBApPKH M3
npotoHa. JIjis aapoHOB, coaepxamux Tojabko Mopckue kBapku (K um p), Ay = 0 Bo Bcei
UCCJIEJOBAaHHONM KMHEMaTH4ecKol o00sacTH, OOHapyKeHbl ocuuusiuuu Ay, Kak (QyHKUIUU
KMHEMATHUYCCKUX TIEPEMEHHBIX, Ul peakiun P'p— P+X, mpuueM 3Ha4YHTEIbHAS aCHMMETPHS
HaOI01aeTCsl TOJIBKO B 00JACTH MOJSIPHBIX YIJIOB B C.II.M. CTAJIKMBAIOIIMXCS HYKIOHOB MEHeEe
70°. B mogenu xpoMoMarauTHOM mnossipusanuu kBapkoB (XIIK) ociusuisipus Ay cBsizaHa ¢
npeleccuelt crrHa kBapka B 3¢ (heKTUBHOM I[BETHOM ToJe [27]. 3aBucuMocTh Ay, AJsl peakiuu
p'p— 7 +X, ot momsipHoro yriaa 6°™ B ¢.IL.M., HIMeeT, TTIOPOrOBbIi XapaKTep, C IIOPOroM BOIH3H
yria 73°[26].
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Puc. 6.7 3aBucumocts Ay(Pr) AT IPOLIECCOB MHKITIO3UBHOTO 00pa3oBaHus 7, 7, P U p B P'A COyaapeHusx, Ipy
JIBYX YTIIaX pOKICHUS afpoHOB 1 uMirynsce 40 [3B/c.

BechMa HEOKHIAHHBIMU OKA3alliCh JaHHble 10 Ay Ut peakuuit p'p— n +X, p'Al—n
+X u p'Au— n +X, monyuenusie npu sueprum Vs=200 B B skcrepumente PHENIX [135].
PesynbTarel paccMoTpeHs! Boile B paznene 1.2.2 u nokazansl Ha Puc. 1.9, B 3aBucHUMOCTH OT
atomHoro Beca A. Acummerpust An(A) UIsi MHKIIO3MBHOTO Tpoliecca rnokazaHa Ha Puc. 1.9
KpyKoukami. OHa MEHSCT 3HAK M PACTET II0 BEIMYMHE B TPU pasa MU Iepexoie oT P +p K
p'+AU coynapeHHsIM.

Korna HaknaapIBaroTCs JOMOMHUTEIbHBIE TPEOOBAHUS PETUCTPAIIMN 3aPSHKEHHBIX YaCTHUIL
cuetunkamu BBC, pacnonoxxeHHbIMH B 00JIacTH (hparMeHTalMl CTAJKUBAIOLIMXCS YACTHIL
(BBC-tag, kBagpartsi), To An(A) ocTaeTcsi OTpULIATEIbHON 1 HEOOIbIIOH 1o BenuuuHe. Eciu sxe
oTOMpaTh TONBKO COOBITUS, B KOTOpbIX HeT curHaioB B BBC cuerumkax (BBC-veto,
TpeyroiabHUKN), To An(4) caBuraercs BBepX. [ MHKITIO3UBHON peakiuu 3To noBeaeHue Ay(A)
MOKHO OOBACHUTH TMperieccuel cnuHa KBapka u jeiictBuem cuibl LlltepHa-I'epnaxa B
HEOJTHOPOJHOM KPYTOBOM IONEpPEYHOM XpoMmMoMarHuTHOM moze [27]. Ilockonmbky 3ddekt
HaOmoaeTcss B obmactu Maibix Pr = 0.3 [™B/c u Gonpmmx A4, TO CyHNIECTBEHHBIM JUISI €O
OOBSICHEHUS SIBIISETCS TaKXKE CHJIBHOE YBEJIMYEHHE MOIEPEYHOro pajuyca LIBETHOTO MOJIs MpU
Manbix Pr. OT6op cobbiTuil ¢ momouipo cueTunkoB BBC cmemiaer cpeaHio IEHTPalIbHOCTh
coyAapeHusi, 4YTO M NPUBOAUT K COOTBETCTBYIOLIUM HU3MEHEHUAM i An(A4). Baxzo
MPOJOIHKUT HCCIeIoBaHuE 3TOro A (deKTa MpHu APYruxX SHEPTrUax U Ha IPYTUX MUIIEHSIX, B TOM
YHclie OT HEHTPaIbHOCTH.

[IpenckazaHus MOJEH XPOMOMArHUTHOW Toisipu3anuu kBapkoB - XIIK [27] moka3aHsr
Ha Puc. 1.9 cuneil cmmomnuoil nuxueil. ToHkue nuHUKM 0003HAYAIOT OJHO CTaHAApPTHOE
OTKJIOHEHHWE JJIsi 9TUX pacdyeToB mo Mojaenu. Mojenb [27] mpenckasbpiBaeT JOMOTHUTEIbHBIC
MuHUMYMBI An(A4) ipu A=3 u A=86.
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Puc. 6.8 3aBucumocts Ay(Xg) ans peakiuu p'p— 7 +X B skcnepumente BRAHMS [30].

Eme onHo HaOMIO[CHHME, HE MOJTYYHBIIEE IOKa SICHOTO OOBSCHEHHS, 3TO 3aBUCHMOCTH
An(Xe,Nen) st peakmuu p'p— 7 +X B sxcrepumente BRAHMS npu suepriu Vs=200 B [32].
Oxa3asnocsk, 9to An(XF,Ncn) yBeHUUBaeTCs 10 aOCOTIOTHON BEITHUMHE, €CITU OTOMPATh COOBITHS
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C MHOXECTBEHHOCTBIO N¢p BbIe cpenHeid. Takue gaHHBIC MOKa3aHbl HA Puc. 6.8 CIUIONIHBIMU
Kpykoukamu. Eciu ske BBIOUPAIOTCS COOBITHS, B KOTOPBIX MHOKECTBEHHOCTh HUKE CPEIHEH, TO
cootBeTcTBEHHO M An(XF,Nch) CTAaHOBHTBCS MEHbIIE MO aOCoIOTHON BenmuuHe. Mozaens XIIK
Ka4eCcTBEHHO 00bsicHsIeT 3TH aaHHble 10 An(XE,Nep) yerieHreM 3¢ (eKTHBHOTO IBETHOTO IMOJIS B
obnactu B3auMoJIeHCTBUS TIpu TpeOoBaHUM O0Jiee BEICOKOW MHOKECTBEHHOCTH, TTOCKOJIBKY TIOJIE
CO37IaeTCs IBIKYIIMMHUCS KBapKaMu-criekTatopamu [27]. Yem Oombine yactui Ngy B cOObITHH,
TeM OOJIbIIIe 0’KHIA€TCS KBAPKOB-CIIEKTATOPOB.

Jlunepom B 00JIaCTH MPOBENEHUS SKCIEPUMEHTOB IO HHKIIO3MBHOMY O0Opa30BaHUIO
YacTUIl ME30HHBIMU ITy4YKaMH Ha MOJSPU30BAHHON MPOIaH-AHM0I0BONH MUILIEHH 3aMOPOKEHHOTO
tuna sBisercss kKoiuiekTuB skcnepuMenta [[PO3A B I'HI MPBD HUIL[ «KypuaroBckuii
UHCTUTYT» uMeHu A.A. JlorynoBa. OnHa M3 TakuxX peaklUy IpejacTaBiieHa B pazgene 1.5 u
nokasana Ha Puc. 1.13 mans peaxiuu nepesapsaaxu 7 dr—n° X npu sHepruu mydka 40 I'aB [50].

OCOOEHHOCTh THX PEaKIMii B TOM, YTO OTJIMYHAsL OT HyJsi acuMMeTpust An(Pr) TOSBISETCS B
obnactu (pparMeHTaluu 7 My4Ka, KOTOPHIN HE MOJSIPU30BaH, IOCKOJIBKY CIIUH 77 PaBEH HYIIIO.

BOSMO)KHO, 3HA4YUTCIIbHAaA AN(pT) BO3HHKACT H3-32 CUJILHOM ACUMMCTPHUH HA4YaJIbHOI'O
COCTOsAHUA, TIJA€ KBAPK W AHTUKBAPK IIMOHA HAJCTAIOT Ha TPHU BAJICHTHBIX KBapKa
MMOJISIPU30BAHHOI'O HYKJIOHA. IToxoxas CUTyalus Ha6n}oz[aeTc;1 n s 6I/IHaprIX peaKI_II/Iﬁ,
PACCMOTPCHHLBIX BBILIC. OOMeHHOE BBaHMOHeﬁCTBHG TAaKXXE MOXKXCET UI'paTbh 3HAYUTCIIBHYIO POJIb
B IPOUCXOXKICHUN OI[HOCHHHOBOﬁ ACUMMCTpPHHU.

6.1.4 Tlomepeunas monsipu3anys Py TMIEPOHOB B MHKITIO3UBHBIX PEAKITUIX

OOHapy)XeHHE 3HAYUTEILHOW TIONIEPEYHOM MONSIPU3alK /-TUTICPOHOB B MHKITFO3MBHBIX
PEaKIHsIX SIBHJIOCH CIOPIPHU30M, TOCKOJIBKY TEOpHUsS MpeacKa3blBajla BBHIMHpPAHHE CITHHOBBIX
3¢ (eKTOB MPHU BBHICOKUX YHEPTUAX M OOJIBIINX TOMEPEUHBIX UMITYJIbCax [2]. B mampHeliem 3tu
uccieoBaHus ObLTM TPOJOJDKEHBI, TiaBHBIM oOpasom B Fermilab (CIIIA). Bosbmas
NOJISIpU3aIiis HAaOJI0Jaach MPAKTHYECKH TSI BCEX THIICPOHOB M aHTUTHUIIEPOHOB B IIMPOKOM
WHTEpBAJIC SHEPTUil U JIS pa3HbIX MYy4YKOB. M3MepeHHsl HA MPOTOHHOW W SICPHBIX MHIIEHSIX
MOKa3aJli HE3HAYUTENILHYI0 3aBHCUMOCTh Py OT aromHoro Beca mwumieHu A. [lomspusarus
THIIEPOHOB B COYJApEHHSIX WJICHTHYHBIX HEMOJNSPU30BaHHBIX aJPOHOB, HAlpuMep B Pp-
COyIapeHUsX, SBISIETCS HedeTHOW (yHKIuer mepeMeHHOU Xg: Pn(-Xg,p1)=-Pn(XF,pT), OTKYIaQ
cieayer Pn(0,pr)=0. IIpubnamkeHHO 3TO COOTHOIIEHHE BBIMOIHSICTCS W B PA-COyIapeHUsX.
O030p JaHHBIX 110 MOJISPU3AIMY TUTIEPOHOB MOXHO Haiitu B [136,137,138].

Ha Puc. 6.9 nokasana nonsipuzanus B peakiuu pBe—A+X npu sHeprusx myuka 400
B [139,140] u 800 I'»B [141]. KpuBsie Ha Puc. 6.9 moka3siBalOT (UT COOTBETCTBYIOIIHX
TaHHBIX 13 0030pa [138]. [Tomspusanus B peakiuu pBe—/4+X orpunarensHas, a €€ BeITUIHHA
pacTeT ¢ yBeTMUeHUEM Xg M P7. 3aBUCUIMOCTD OT SHEPTHH ITyYKa HE3HAYUTEIIbHAS.

130



02
[20] 800 GeVie
[22] 400 GeVic

A [23] 400 GeVic

pBe - A+ X 015 -

Polarization
Polarization

|
[N 01

018 | ‘

_ ¥

03 [12] 800 GeVic

| _
l**TMI: |
S

& [11] 400 GeVie L] 0.2

-0.35
10] 400 GeVic
vl -0.25 PA T +X

i Wi THNTE FERE FETE SEETY PR FETT PR Tl Feea T ) |
0.3
o 01 02 03 04 05 06 07 08 08 1 0 01 02 03 04 05 06 07 08 09 1

X,
F Xp

Puc. 6.9 Py B peakiuu pBe—A+X Puc. 6.10 Py B peakmun pA—Z +X

—_
-

Ha Puc. 6.10 nokasana Py B peakuuu pBe— = +X npu sneprusix nydka 400 3B [142] u
800 I'B [143] u ¢ur [138]. Xors 3Hak Py B peaknum pBe— Z+X Toxke OTpUIIATEIBHBIN,
MakcuMasibHasi BeauunHa Py BIBoe MeHble, U focTuraercs ona npu Xg = 0.5, B otiuune ot A
TUIEepoHa, Uil KoToporo MakcumyM Py Haxoautcs BOmm3u Xg=1. Iloxokee mnoBeneHue
HaOMogaeTcs W Ui peakiuu pBe— Z0+X npu »Heprun nyuka 400 B [144]. B pamkax
mozaemn XIIK [27] Takoe moBemenue Pn(Xg) 0OBSICHsETCS TMpereccHedl CIMHA S-KBapkKa B
3¢ (PeKTUBHOM KPYrOBOM MOMEPEYHOM XPOMOMAHTHUTHOM II0JI€ MPH OJHOBPEMEHHOM JIeHCTBUU
cunsl Ltepna-I'epiaxa.
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Monspuszanus B peakuun PA—Z"+X nokasana Ha Puc. 6.11 u MMeeT MOTOKHUTENBHEIIT
3HaK. JlaHHble monydeHbl mpu dHeprusix myuka 400 BB [145,146,147] u 800 I'»B [148].
[TonoxxutenpHas monsipuzanus HaOmonaeTcs Takke B peakuuu PA—2" +X npu sHepruu 400
I'>B [149,150]. Honspusamus A ompenensercs Hoispusamueil S-KBapka, Toraa Kak aus X
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TUIIEPOHA, B CWJIy OCOOEHHOCTEM €ro BOJIHOBOM (YHKLMH, MHOJSIpU3aLMs HNPOTUBOIOJIOKHA
TIONAPU3AIMM S-KBApKa, YTO MOKET O0BACHUTD HOJIOKUTENbHBIH 3HaK Py B peaxiuu PA—X"+X.

BonpmmucTBO M3Mepennii Py B peakuun PA—A +X ObUIM BBITOIHCHBI TIPH BBICOKOM
JHEpruu, Vs > 27 B, u nokazamm COBMECTUMYIO C HYyJIEM NOJApU3alui0. ENMHCTBEHHBIN
skcnepuMeHT E766, B KOTOpOM HalOItoaiach 3HaYUTEIbHAs moJispu3anus /A, ObUT BBITOJHEH
npu Vs =7.31 I'B [151]. Pesynbrarel E766 nokazansl Ha Puc. 6.12 CTUIONIHBIME KPY>KOUYKAMHU.
CrutomnHast kpuast Ha Puc. 6.12 - pacuerst mo mogemn XIIK [152]. 3aBucumocts Py ot Vs
UMeeT pe3oHaHCHBbIM XapakTtep. IIpoBepka 3THX MaHHBIX SBISETCS AaKTyalbHOW 3ajadedl u
obseryaercs TeM 00CTOSITENIbCTBOM, UTO UMITYJIbC IPOTOHHOTO My4YKa OJIXKeH ObITh 27 I'3B, uro
oyner noctynHo ais ycraHoBku CITACHAPM.

Ouenb Oonplnast nossipusanus (0AHAKO, C OOMBUIMMH OMIMOKaMK) U3MEpPEHA JIsl peakluu
K+p—>/T +X B 1MarnaszoHe UMIynbcoB mydka ot 8.2 no 70 I'3B/c [153,154,155,156]. Pe3ynbTarsl
noka3anbl Ha Puc. 6.13, napsiny c¢ pacueramu [138]. [Tomyuenue 6oee TOUHBIX JaHHBIX O ATOU
pEeaKIuu ABISETCA aKTyaJlbHOM 3a1a4yeil.
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Pesynbratel usmepenuss Py B peakimu pp—A +X mokasanel Ha Puc. 6.14 [157].
OCOOCHHOCTBIO ITHX PE3YJIbTATOB SBJSIETCSA YKa3aHWe Ha ocuwumnuio Pn(Xg), dro Oyaer
MHTEPECHO NMPOBEPUTH U MCCIIE0BAaTh HAa AHTUIIPOTOHHOM Tyuke sKkcriepumenta CITACHAPM.

6.2 TeOpeTI/IquKI/IC MOZCIIN, HAITPABJIICHHBIC HA 00BsICHEHHE OJHOCIIMHOBBIX SBJICHHUH

B HacrosimeM pasnene paccMaTpUBAIOTCS pa3MYHbIE MOJIETH, IMPEIOKEHHBIC IS
00BsACHEHUSI OJHOCHHWHOBBIX TMOJIAPU3AIMMOHHBIX IaHHBIX. I/ICTOpI/I‘-IeCKI/I IEPBBIMU MOACIIAMU,
NPEIOKCHHBIMH ~ JUII  OOBSCHEHWUs  OONBIIMX  TMOJSAPHU3AUMOHHBIX  3(DPEeKToB  BO
B3aHMOHeﬁCTBHHX aZIPpOHOB, 6BIJII/I MOZACIIN, HUCIOJB3YIOUIUC TMOJYKIIACCUYCCKUC MCXAaHU3MBI.
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OnuH M3 TOAX0I0B OCHOBAaH Ha Mojenu momocoB Pemke [158, 159, 160]. O630p atux mMomenci
MOXHO Haiitu B [161].

Hpyras rpynma Monened mpenmnonaraer (aKTOpU3alMI0  MepTypOaTHUBHBIX U
HenepTypOaTuBHBIX (akTopoB. JKecTkoe paccesHue MapTOHOB (KBAPKOB U TIJIFOOHOB)
ONMCHIBAETCSI B TAKUX MOJENSIX B paMkax Teopuu BozmyiueHuid KXJI. Msrkue mpoueccsl (¢
HEeOOoJIbIION Iepefaueil MMITyabCca) YUMTBHIBAIOTCSA, HAIPUMEpP, 4epe3 BBEICHHE CTPYKTYPHBIX
GyHkuui W QyHKUMH (QparMEeHTalMM IapTOHOB B AJPOHBI, KOTOpbIE HAaXOIATCS W3
9KCHEPUMEHTa M YUYUTHIBAIOT IPEJCKA3bIBAEMYIO0 M3 TEOPHM 3BOJIOLMIO ITUX (DyHKIMH npu
U3MEHEHHUH NIepeJaHHOr0 UMITYJIbCA.

6.2.1 Mexanuzmbl CuBepca u Kommmnza

B  wHacrosmee BpemMs  HauOoliee  IIMPOKO  OOCYXKJaeMbIMH  MEXaHH3MaMH,
MPEJIOKEHHBIMU 1J11 OOBSICHEHUS! pacCMaTPUBAEMBIX MOJIAPU3ALUOHHBIX 3((HEKTOB, SBISIOTCS
mexaam3mbl CuBepca [162] m Kommmaza  [163]. B ocHOBe OTHUX TOIXOJOB JICKHUT
MPEJIITOJIOKECHNE O CYIIECTBOBAHUU 3aBHUCSIIUX OT CIIMHA W IMOIMEPEYHOTO MMITYJIbCA ()YHKITHMA
pacnpenenenuss kBapkoB (TMD) [162] B monspu30BaHHOM MPOTOHE, MO0 (QyHKIHIA
(dparMeHTAIMK TOJSIPU30BAaHHBIX KBApKOB B anpoHbl [163]. B kaxkmoir u3 3TUX Mopenei
MOJIpa3yMeBaeTcsd Hajluuue KOPPEesIUM MEXAY HalpaBlIeHHEM CIHHA W TONEpPeYHbIM
umiyiabcoM. COBpeMEeHHOE COCTOSIHUE MOjesiel 00CyKaaeTcs, Hanpumep, B [164].

[Ipenckazanuss B pamkax Mmoxaenu CuBepca mokasansl Ha Puc. 6.15 ans gaHHbIX
skcriepuMenTa BRAHMS 10 MHKITIO3MBHOMY POKIACHHIO T IIPH SHEPIHH \s=200 I'>B [165].
3amTpUXOBaHHBIC ITOJIOCHI MMOKA3BIBAIOT «ITOJIOCY CTATUCTHYECKOW HEONPEISICHHOCTHY IPHU
BapHaIfK NapaMeTPOB MOJICIIN, UCIIOJIb3YEeMBIX ISl M3BiieueHus (GyHKuu CuBepca, U3 TaHHBIX
Mo TIIyOOKOHEYIPYTHMM TOJIYHHKITIO3UBHBIM TMporeccam [166]. anasie STAR s 7 npu
sueprun Vs=200 5B [167] mokasaus! Ha Puc. 6.16.

02 L B R R B R R R | L B B R L 0.15 gl " " 7 T T T L T
mo—— stat. bands P stat. bands
01 L" I ] 01 I .
& o : z 00 gt /
o[- FL
01 f I 1 t
B=23 B=40 005 n=33 I n=37 1
_[]2 1 1 1 1 1 1 E 1 1 1 1 1 1
0.2 0.3 04 01 02 03 04 0.2 0.4 0.6 0.2 D4 0.6
Ke X Xe Kp
Puc. 6.15 3aBucumocts Ay(Xg ) s p'p — 7 X, u3 paGoTsl Puc. 6.16 3aBucumocts Ay(Xe ) p'p — 7° X, u3
[166]. pa6otsi [166].

Ha Puc. 6.17 nokasausl nanasie BRAHMS o Ay st K* [165].
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Puc. 6.17 3aBucumocts Ay(Xg) 11 K*, u3 paGotsr [165]

U3 Puc. 6.15-Puc. 6.17 MOXHO ceaTh BBIBOJ, YTO IS 7T ACUMMETPHSI MOXKET OBITh
oIMcaHa OHNM MexaHn3MoM CHBepca, Tora Kak juist 7° 1 K™ 9Toro MexaHusMma HeI0CTAaTOUHO.

OTnenpHOrO pacCMOTPEHHUSI 3acy>KUBAIOT MpenBapuTenbuble naHHbie STAR mns 7 npu
sueprun \Vs=500 I'>B [168]. Ouu cpaBHuBarotcst Ha Puc. 6.18 ¢ mpeicKasaHMsIME IO MOJIEITH
Cusepca u Komnmnza coorBerctBeHHO [166]. Acummerpus An(Pr) okasanach OoJblie, yem
MPEJICKA3BIBAIOT KAXKIBIA MX JIBYX MEXaHHU3MOB B OTACIHLHOCTH. ABTOPHI MPEANOJIAraT, 9TO B
CyMMe€ JIBa MEXaHHW3Ma CMOTYT OIHCATh 3TH JaHHBIC, KOTOPBIC BIICPBHIC U3MEPEHBI MPHU CTOJH
OOJIBIIMX 3HAYCHUSX TIONIEPSUYHOTO HMITYJIBCA.
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Puc. 6.18 3aBucumocts Ay(pr) s peakimu p'p — 7°X, u3 pabote! [166] u mpencka3aHus B paMKax Moeiei
Cusepca (cnepa) u Komaza (crpaBa)

6.2.2 Bxiajg BEICIINX TBUCTOB

Jlpyroii MexaHW3M TeHepaluud OJHOCHMHOBBIX aCHUMMETpUN ObLT  MpeasioKeH
EdpemoBeim 1 Tepsiesim B 1982 1. [169]. B HEM paccMaTpuBaeTcs, B paMKaxX KOJUTHHEAPHOU
KUHEMaTUKM, BKJaJ TBHUCT-3, YYMUTHIBAIOUIMHA 3((EKThl KBapK-TIIOOHHBIX Koppensuuii. B
JaTbHEHIIIEM 9TOM IOJIXO0JT Pa3BUBAJICS TaKKe B IPYrux padoTax, Harnpumep B [170].
OCOOEHHOCTBIO YKa3aHHBIX BBIIIE MEXAHU3MOB SBISETCS 3aBUCUMOCTH OT IONEPEYHOTO
umITyabca Buaa Ay ~1/pr, 9To XapakTepHO Ul BKJIJ0B BBICIINX TBUCTOB. DKCIIEPUMEHTABHBIC
JaHHbIE TPU JOCTUTHYTHIX HA CETONHSAILIHUI J€Hb MOMEPEYHbIX MMIYJIbCaX HE YKa3bIBalOT Ha

3HAYHMTEIbHOE yMeHbIeHne An(PT) TIpH YBETHUYCHHUH .
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6.2.3 bepauHckas Moenb Bpalalonuxcsi KBApKOB

Mogens Bpalaroumxcs BaJ€HTHBIX KBapKOB B MOJIApU30BaHHOM npoToHe (bepmuHckas
moaens) [171. 172] Obuta mpemiokeHa Ui OOBACHCHHS IPOUCXOXKICHHS OIHOCITHHOBOU
aCUMMETpUU B 00pa30BaHUU MHOHOB M MOJspu3anuu A-runepoHoB. OpOutaibHOE BpalleHUe
KBapKOB IPOUCXOJUT BOKPYT OCH TOJISIPU3ALUMHU MPOTOHOB, IPUYEM U- U (-KBapKH BPAIalOTCS B
IPOTHBOIOJIOXKHBIX HANPABJICHUAX, YTO CBS3aHO C MX MOJSPU3ALMEH M BOJHOBOW (yHKIHEH
npoToHa. B3anmopelicTBie MPOUCXOAUT BOIU3U (PPOHTAIBHON MOBEPXHOCTH CTAIKHBAIOIIUXCS
a/IPOHOB, TAaK YTO 0OPA30BABILUICS MMHOH MPHOOPETAET JOTOTHUTEIBHBIN MOTIEPEYHBINA UMITYIIEC
Opd peKOMOMHAIIMM C MOPCKMM AaHTUKBAPKOM M3 MHUIIEHH. MoJenb JaeT KayeCTBEHHOE
ONKCAHWE OJHOCIMHOBOM aCHMMETpPUH, OJHAKO HHUYEro HE TOBOPUT O MOJSAPU3ALUU
AQHTUTUIIEPOHOB.

Ha Puc. 6.19 nmoka3anbel manHble skcnepumeHnToB E704 [23,173] u E925 [22] npu
sHeprusix 200 u 22 ['5B, KOTOpbIE CpaBHUBAIOTCA C JIBYMs BapUaHTAMH IapaMeTpPU3aALMU
mauubeix E704.

Tpenckasanus mogenn ast Ay(Xe) 1 Py(Xe) B peakmmn p'p(A) — A X cpaBHHBAKOTCS C
nanHbIME Ha Puc. 6.20 [174,175].
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Puc. 6.19 Ay(Xg) ast p'p — 77X m1s pasHbIX 3HaueHmit napamerpos bepnuuckoit Moxemu [172]
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Puc. 6.20 Ay(Xg) (creBa) mist peaximu p'p — A X 1 Py(Xe) ans pp(A) — A X

6.2.4 Mojens HHCTAaHTOHHON KUJIKOCTH

Jlpyrasi mHTEepecHass BO3MOXHOCTh PAacCMAaTPUBAETCS B MEXaHW3ME, OCHOBAaHHOM Ha
KBapK-KBapKOBOM B3aWMOJCWCTBUM, WHAYLHUPOBAHHOM OOJBIIMM aHOMAJIbHBIM KBapKOBBIM
XPOMOMArHuTHbIM MoMeHTOM [176]. OneHku, caenaHHbIe Ha OCHOBE MOJIENH WHCTAHTOHHOMN
xuakocTu s Bakyyma KXJI, moka3piBatOT BOZMOKHOCTh T'€HEpalUy OOIBIION OJHOCTUHOBOMH
ACUMMETPUU Ha KBAapKOBOM ypoBHE. JlaHHBI MEXaHM3M MOXKET ObITh OTBETCTBEHHBIM 3a TE
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OoJIbIIIe OJTHOCITMHOBBIE ACHMMETPUH, KOTOpbIE HAOIIONAIOTCS B pEakIusax 0Opa3oBaHUS
aJIpOHOB IPH BBICOKMX 3Heprusix. Ha Puc. 6.21 nmokazanbl 3aBucumMoctd acumMeTpun Ay(Q;) ot
IepPEeaHHOTO UMITyJbCa, IIPU PAa3HBIX 3HAYECHMAX MapaMeTpa MHPPaKpacHOro oOpe3aHus mg H
JIMHAMUYECKOH Macchl KBapka Mg COOTBETCTBEHHO. AcHMMETpHs MOxeT pocturat 50%, a

3aBUCHUMOCTD OT NICPCAAHHOI'0 UMITYJIbCA UMCCT HHTCPCCHBIC 0COOEHHOCTH.
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Puc. 6.21 Ay(Q;) 1 paccesHns KBapKoB, IPH Pa3sHBIX IMapaMeTpax My HHPpaKpacHOTO obpe3aHus (cneBa) u
pa3HBIX JUHAMHYECKUX Maccax KBapka (crmpasa) u3 mozenu [176]

6.2.5 KupanpHast Mojenb QUIBTPALUU CIIMHOBBIX COCTOSIHUHN

Eme oauH MexaHu3M Msrkoil (HemepTypOaTUBHOW) TreHepaluM OJHOCIIHHOBOM
aCUMMETpPUU OCHOBAaH Ha KHUPAJIbHON KBAPKOBOM MOJENU, B KOTOPOHW NPHUHSATHI BO BHUMaHUE
W KapTuHa ImpuuenpHoro mnapamerpa [177]. B
bunbTpanus KOTOpas
00yCJIOBJI€HAa YHMTApHOCTBIO B S-kaHaie. OHa CBS3bIBACT MOJIIPU3ALMIO C ACHMMETpHUEH B

Takue (aKTopsl,

paccMaTpuBaeMoOil  MOAEIM  MPOUCXOJIUT

KaK YHUTapHOCTb
CIIMHOBBIX ~ COCTOSIHHH,
MOJIOKEHUN KBapKa B MPOCTPAHCTBE MPULENBHBIX MapaMeTpoB. Mojenb mpeicKa3blBaeT Jis
OJTHOCITMHOBOM aCHMMETPHH JTMHEHHBIN POCT B 3aBUCUMOCTH OT Xg U BBIXOJ] Ha IU1aTo mpu pr > 1
I»B/c [178]. Ha Puc. 6.22
[179,180], xkoTopble cpaBHUBAIOTCS C peICKa3aHusIMU Moenn [178].

MOKa3aHbl IMPEABAPUTCIILHBIC JAHHBIC SKCIICPUMCHTA STAR

1]

3 4 5 6 7 ] 9 10
pr. GeW/c

Puc. 6.22 3aBucumocts Ay(Xg) 1 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].

ABTOpBI TIOTYCPKHUBAIOT, YTO COTJIACHE JTAHHBIX M PAacYeTOB MMEET MOKA KaYeCTBCHHBIN
xapaktep. J[1sl KOJMYIeCTBEHHOTO aHaIN3a HEOOXOMMO MMETh AaHHble pu Xg > 0.4. ABTOpHI
npeckasbBaoT, uto Ay= 0 111 p'p — pX B 06macT dparMeHTAH Ty4Ka, 1 Ay OTKIOHSETCS
OT HYJS JJIs Ipolecca 00pa3oBaHUs HEHTPOHA.
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[Tonspu3anuss THUNIEPOHOB TMOKa3aHa Ha Puc. 6.23 B 3aBUCUMOCTH Xf W Pr
COOTBCTCTBCHHO. CHJIOH_IHBIMI/I JIMHUAMMA T10KAa3aHbI pacqubl II10 MOACIN q)HJIBTpaI_[I/II/I CIIMHA

[181].
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Puc. 6.23 Py(Xg) (ciieBa ) u Py(pr) (cripasa) s peaxumu pp(A) — A'X, crutommHbie THHHHE — OpeacKa3aHus 110
mojenu ¢punbTpanun cruHa [181]

6.2.6 Bpamenue mapTOHOB B CTPYKTYpPE COCTABIISAIONIETO KBapKa

B npyrux padorax Tpommna u TroprHa Takke pacCMaTPUBACTCS MEXaHU3M, B KOTOPOM
NPEIOIaraeTcsi BOSHUKHOBEHUE OIHOCITMHOBOW ACHMMETPHH U TOJSPU3ALUU THIIEPOHOB 32
CYET BpallleHUs KBapK-aHTHKBApKOBOTO OOJIaKa BHYTPU BAJECHTHOTO COCTAaBJISIOIIEIO KBapKa
[182,183,184]. OcHoBHast pojb B MEXaHM3ME BO3HHUKHOBEHHUS IMOJSIPU3AIMK THIICPOHOB
NPUHAUICKUT OPOUTATBHOMY MOMEHTY W TOJSIPH3AlMU Tapbl SS -KBapKOB, BXOMISIIMX B
CTPYKTYpPY COCTaBIIsoLIero ksapka. OOpa3zoBaHMe TMIIEPOHOB IMPOMCXOIUT B ABe craguu. Ha
NEepBOMl CTaguM NPOMCXOAUT TEPEKPbITHE U B3aUMOACUCTBUE NepUpepudecKux O0O0IaKOB
COCTABJIIOLIMX KBAapKOB, YTO MPHUBOJUT K TOSBICHHUIO MACCHBHOIO CTPAaHHOIO KBapKa M
reHepauuu cpegHero mnosns. Ha Bropoil cragum mpouecca paboTaroT ABa KOHKYPHUPYIOLIMX
MeXaHU3Ma: MPOUCXOAUT PEKOMOWHAIIHS COCTABIISIOMINX KBAPKOB C MAaCCUBHBIM BUPTYaJIbHBIM
CTpaHHBIM KBAapKOM (MsTKOE B3aMMOJEHCTBHE) ¢ OOpa3oBaHMEM THIIEPOHA; JIMOO paccesHue
COCTaBJISIIOLIETO KBapKa B CpelHEM MoJie (B3auMoeicTBUE ¢ OO0JIbIION Mepeaayeii monepeuHoro
UMITYJIbCa), €ro BO30YXIEHHE U TIOSBICHHE CTPAaHHOTO KBapka B pe3ylbTaTe pacrana
BO30Y)XJIEHHOTO KBapka. 3aTeM IPOUCXOAUT (parMeHTalus CTPAaHHOTO KBapKa B THIIEPOH.
CpaBHeHuUe NpeicKa3aHuil MOAETH U JAaHHBIX JJs uMiyibca myuka 400 I'3B/c, B 3aBucuMocTu
OT Xg U PT COOTBETCTBEHHO, MTOKa3aHo Ha Puc. 6.24 [183].
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Puc. 6.24 Py(xe) ast pp — A'X (cnesa) u Py(pr) anst pp(A) — A'X (cipasa) u3 paGotsi [183]

Mopens npeacKka3blBaeT OTPUIATEIBHBIN 3HAK MOJSpU3alui /1 U ee 3aBHCUMOCTB OT XE.
3aBUCHMOCTh aHAJIOTHYHA MTOJY4aeMOM B MOJICIIA XPOMOMArHUTHOW TIOJISIPU3alui KBapKoB [27].
B o0oux cmywasx uMeeT MecTo paccessHue B J(PQPEKTHBHOM TIOJ€ M OOHAPYKHBAETCS
3aBUCHMOCTh MOJSIPH3ALUU OT Xg, KOTOpas OIMCBIBACTCS TPUTOHOMETPHYECKOH (QYHKIHEH.
Mozens npeackasblBaeT Takke CKEMIMHT MoJsipu3aluu / B 3aBUCUMOCTH OT Xg. IIpenckazanmuii
HOJISIPU3ALUY [T JPYTUX TUIIEPOHOB HE MPUBOJUTCS.

B pamkax »9Toif Momenu TakKe JesaeTcsl TONBITKa OOBSCHEHMS CKeWJIMHra
OJTHOCTIMHOBO# acummeTtpuu [185].

6.2.7 Mojenb XpOMOMarHUTHON CTPYHBI

Monens PeicknHa (Ha3piBaeMasi Tak:Ke MOJICITBIO XPOMOMArHUTHOM CTPYHBI) OTIIMYACTCS
MPOCTOTON W HATISATHOCTHIO MEXaHW3Ma TOJSPH3AIMOHHBIX SBICHUH W BO3MOXXHOCTBIO €T0
NPUMEHEHUS B  KauyecTBe OOBSCHEHHS TMONApPU3AlMd TUIEPOHOB B  COYIApEHUSIX
HEMOJISIPU30BAaHHBIX YACTHII W OJHOCIIMHOBOW aCUMMETPHUU aJPOHOB, B COYJapECHUSX
NOJISIPU30BAaHHOM M HEMOJIsIpU30BaHHOM yactul; [186, 187, 188].

Bounbiie Hab0maeMblie momsipu3anuonnsie s¢gdextst B Al + B — C + X cBs3aubl,
BUIMMO, ¢ 0oJbmuMH pacctostausiMu (I > 1/t ) u Moryt nath uH(GOpPMAIMIO O MEXaHU3Max
aJpOHM3aIMU 1 KoH(paliHMeHTa. B Mojeny CTpaHHBIM KBapK CO CITMHOM BBEpX YaIlle BbUICTAET
BIIPaBO, YeM BJIeBO. Takoii pe3ynpTaT MOdydaeTcs, €CIu MPUHATH BO BHUMAHHUE B3aUMOJICHCTBUE
[[BETOBOTO MAarHMTHOTO MOMEHTa KBapKa C XPOMOMArHUTHBIM TIOJIEM, BO3HHKAIOIIMM IOCIIE
coynapeHnusi, Ha ctaguu agponusanuu [186]. [Tocne coymapeHus u oOMeHa BETHBIM TITIOOHOM
(UBETOBOH  Tepe3apsaKkd) MeXAy CTAIKHBAIOUIMMECS —aJpOHAMU HATATUBAeTCS TpyOKa
IIBETOBOTO TMOTOKa (cTpyHa). OOBIYHO paccMaTPHUBAETCS TOJIBKO TIOTOK HAMPSKEHHOCTH
XPOMO3JIEKTPUIECKOTO TI0JIs, HO TaKoe pelleHre HeycToiiunBo. Kak mokazano B padorax [189],
BOKPYI' TPYOKHM BO3HHUKACT XPOMOMArHMUTHOE Tojie (KaK BOKPYI IIPOBOJHHKA C TOKOM).
Cxemarnueckoe m3o0paxkeHue Tpyoku 1nperoBoro mortoka (KX cTpyHbl) MeXay KBapKoM M
AHTUKBapKOM IoKa3aHo Ha Puc. 6.25.
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Puc. 6.25 CxemaTnueckasi KapTHHA TPYOKHU I[BETOBOTO MOTOKA MEXTy KBAPKOM U aHTUKBapKOM. [Ipo0bHEIC
JIMHUU TIOKA3bIBAIOT HATIPABJICHUE XPOMOAJICKTPUIECKOT0 MoJist E, a KpyroBsie HampaBieHHE XPOMOMATHUTHOTO
nojs B.

[Tone B3amMOJEHCTBYET ¢ XPOMOMArHWTHBIM MOMEHTOM /i BBUICTAIOIIErO M3 00JacTu
B3aUMOJICHCTBHU KBapka. [lOoCKOJIbKY HampaBiieHHE TPYOKHM OJM3KO K HalpaBJICHUIO
CTAJIKUBAIONIMXCS YacTHUI], TO HEOJHOPOJIHOEC XPOMOMATHHUTHOE II0JIE COOOIIAET KBapKy CO
CIIMHOM BBEPX JIOTIOJIHUTEIBHBIN TONIEPEYHBIN UMITYJIbC (T, HAIIPABJICHHBIN BIIPaBO, a KBAPKY CO
cnuHoM BHU3 — BieBo [186]. IloapasymeBaercs, YTO CHIIBI, JCHCTBYIOIIHUE CO CTOPOHBI
HEOJHOPOJAHOTO XPOMOMArHMTHOTO TMOJIsi (aHANIOTWYHBIE cuiaM B dKkcrepumeHTe llltepna-
I'epnaxa [1]), cMemaroT cHeKTpsl HaAOJIOJAAEMBIX aIpPOHOB BJIEBO WM BIPABO IO IIKaJe
MOTIEPEYHBIX HMMITYJbcOB. DopmMa M MarHuUTylda CaMHUX pPaCOpeleNieHHid TNpH 3ITOM He
u3MeHsI0TCs. [10CKOIBbKY OOBIYHO 3aBHCUMOCTH CIIEKTPOB OT P71 OJMM3Ka K SKCIIOHEHIIUAIBHOM,
CIABHI JaXXe¢ Ha HEOOJIBIIYI0 BEIUYMHY OCT NPUBOIUT K 3HAYUTEILHOMY H3MECHECHUIO
COOTBETCTBYIOWIETO  TU(GGEPEHIIMATBLHOIO  CEYCHHS TpU  (PUKCUPOBAHHOM  3HAYCHUU
MOTIEPEYHOT0 UMITYJIBCA, YTO M MIPUBOAUT K HAOIFOIaEMOMN OJHOCIIMHOBOW aCHMMETPHH.

CpaBHenue naHHbIX dkcrepumenta E704 [23,190] ¢ mnpenckasaHusMd —MOJEITH
XPOMOMarHuTHOHM CTpYHBI pesicTaBieHo Ha Puc. 6.26.
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P, , GeV/c By .GeV/c

Puc. 6.26 CpaBuenue nauubix E704 s p'p (uepHsie kpyxoukn) [23] u p'p (otkpeiThie kpyxouxn) [190], u3
paGortsl [188].
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6.2.8 Mopenb XpOMOMarHUTHOM MOJIIPU3AIMHI KBAPKOB

IToxo’kue oCHOBaHMs JIETJIM B OCHOBY MOJIEJIM XPOMOMArHUTHOM MOJISIPU3ALMU KBApPKOB
(XTIK). Ha pannom »tane wMozaenb XIIK Moxker paccmaTpuBaThes Kak 0000IeHHE
SMIMPUYECKUX 3aKOHOMEPHOCTEH, HaWJAEHHBIX B XOJ€ IJ0OAJIbHOrO aHajau3a JaHHbBIX.
MexaHu3M, M0JIOKEHHBII B OCHOBY MOJENH, ABISETCA HA CETOJHSIIHUN JI€Hb JIMIIb OJHUM M3
BO3MOXHBIX, HAPSAAY C IJPYTUMHU BapHaHTaMU T'€HEepaIiH MOJISPU3ALMOHHBIX SIBICHUM.

OCHOBHBIE TTOJIOKEHHSI MOAETH U3JI0KEHbI B [27] . OTHenbHbIe peakui pacCMOTPEHBI B
paborax [26,152,191]. Monens XIIK 6azupyeTcs Ha CIEAYIOMINX MOJIOKEHHUIX:

- [Tocie mnepBoHayanbHOW LIBETOBOM IEpe3apsiIKM  BO3HHMKAET IPOJOJIbHOE
XpoModJIeKTpuUeckoe Tosie E* u kpyrosoe nomnepednoe XxpoMoMaruuTHoe noe B,

- OnnocnimHoBasi ~ acumMmeTrpusi  oOycioBneHa  cuioit  IllTepna-I'epnaxa,
JefcTByIOIEH Ha KBapK B HEOJAHOPOIHOM IONIEPEYHOM KPYTOBOE€ XPOMOMATrHUTHOM II0JIE.

- [Ipeneccus cnuHa KBapka B LBETOBOM I10JI€ HM3MEHSET KOMIIOHEHTBI CHJIbI
[[ITepua-I'epmaxa.

- JlmarpaMmbl TIOTOKa KBapKOB M TpaBWJIA TOJCYETa KBAPKOB OMUCHIBAIOT BKIIA[
KBAPKOB U aHTUKBApPKOB B 3((EKTUBHOE LBETHOE IMose. BKiaapl KBapKOB M aHTHKBApKOB —
JuHelHbIe QYHKIMK UX YUCEN ¢ BecaMH, ompeersieMbiMu 1BeToBbiMU (akTopamu Cr (qQ) u Cr
JUIsl KBapK-KBAapKOBOM U KBapK-aHTUKBAPKOBOH Iap COOTBETCTBEHHO.

DpdexkTUBHOE KpyroBoe MONEPEYHOEe XPOMOMAarHuUTHoe Tone B? remepupyercs
PEIATUBUCTCKUMU  KBapKaMH-CIIEKTaTOpaMH, JABIDKYHIMECS B TPSAMOM M 0OpaTHOM
HAINpPaBJICHUSAX B C.I[.M. CTAJKUBAIOIIUXCS HYKIOHOB (cM. Puc. 6.27). IIpoOHbIil KBapk u3
HaOmoaemoro  aapoHa  oTkioHsercs  cunod  Ilrepna-I'eppaxa B HEOAHOPOAHOM
XPOMOMarHUTHOM TIOJI€ BJIEBO WJIM BIPABO B 3aBUCHMOCTH OT HAIIPaBIICHHs €TO CIUHA (BBEPX
WM BHM3). B3aumopelcTBHE XpOMOMArHHUTHOTO JAMIIOJIBHOTO MOMEHTa COCTaBJISIOIIErO
POGHOTO KBapKa ¢ mosieM B? mpuBoauT K HabIII01a€MBIM OTHOCTTMHOBBIM acUMMETpHsM [25].

B(z<0) B%(z>0) Spin UP quark

N
77

______...—-"'*

~—1

Target fragmentation Beam fragmentation .
g reéion reggion Spin DN quark

Puc. 6.27 MexaHu3M XpOMOMAarHuTHO# NMOJISIpU3aliiy KBapKoB (MUKpockonuueckuii annapar [Irepua-I'epiaxa).
KBapk-npoOHHUK OTKJIOHAETCS BJIEBO MIIM BIPABO B HEOHOPOAHOM Toie B,

B monenu XIIK cnimHoBbIe 3(h(heKThl BO3HUKAIOT OJIarofaps MeXaHu3My, aHATOTHYHOMY
3sHamMeHuTOMY ombiTy IllTepHa-I'epnaxa [1], TOTEKO HA MUKPOCKOIMMYECKOM I[BETHOM moie B2,
BO3HHUKAIOIIEM B IpOLlECCe B3aMMOAEHCTBUs aApoHOB. [lapameTpbl MoJenu OIEHUBAIUCH IO
r100aTbHOMY aHAU3Y TOJSIPU3ANMOHHBIX TAHHBIX 1715 81 pa3InyHOi MHKITIO3UBHON PEAKIIUU C
OOIIUM YHCIIOM KCIIEPUMEHTATBHBIX Touek mopsaka 3000 [27, 192].

Hwxe npencrasiiens! pe3yabratsl u3MepeHnid Ay u pacuetsl o mozaenu XIIK. /lanHbie
urst peaxtmu P'p(A)— 77 +X mpm Vs = 200 (1a, 1b) n 64.2 (2) (BRAHMS [24]), 19.4 (3) (E704
[23]) u 8.77 (4) I'»B (FODS [Ommoka! 3akiaaaka He onpeneseHa.]) mokasansl Ha Puc. 6.28.
OHepreTuyeckas 3aBUCUMOCTb JIaHHBIX XOPOLIO ONHCHIBAETCSI COOTBETCTBYIOLIMMH KPHUBBIMU
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mogenu XIIK. JlaHHbIC IS peakiuu pr(A)—> T +X [23, 24, Omuoka! 3akjaaaka He
ompenaeneHa.] mokazanel Ha Puc. 6.29. 3nak Ay Ha Puc. 6.28 u Puc. 6.29 ompenensercs
3HAKOM HOJISIpI/IBaL[I/II/I BaJICHTHBIX U- U d' KBapKOB B BBer HOHSIpI/I3OBaHHOM HpOTOHe.

Mopens  XIIK  mo3BosisieTr  3KCTpPanoJIMpOBaTh  OJHOCIMHOBYIO  ACUMMETPHIO,
MOJISIPU3ALMIO TUIIEPOHOB 110 TAKUM IIEPEMEHHBIM, KakK Pr, Xr, \S, aTOMHBII BEC MHIICHH (A)n

LICHTPAIBbHOCTb.
A
0.5 — 0.1
0.4} 0
-0.1
037 ® 0.2
0.2 - -0.3
0.1F 04 N
-0.5
0 0.6
_0.1 i 1 1 1 1 -0). 1 1 1 |
0 0.2 04 0.6 0.8 1 07 0 0.2 04 0.6 0.8 1
Xp Xy
Puc. 6.28 Ay(Xg) ans peaxumn p'p(A)— ° +X. Puc. 6.29 Ay(Xg) s peaxumn p'p(A)— 7 +X

6.3  Pesrome u mepcrieKTUBEI

MHuoroo6pasue MONSPHU3AIMOHHBIX JTaHHBIX M MOJENel, MPEeaIoKEeHHBIX IS UX
00BsicHEHUS, TpeOyeT MPOBEACHUS MPEIM3UOHHBIX CUCTEMATUYECKUX HCCIEIOBAaHUN OONBIIOTO
Yyuciaa TMPOIECCOB M TIOOATHHOTO aHalM3a BCEM COBOKYITHOCTH JAHHBIX [IJISl BBISICHEHUS
MCXaHHU3Ma IMPOHUCXOKIACHUSA CIIMHOBBIX sBiIeHU. B JaHHOM pa3aciie ObLIH NEPCUNUCIICHBL
TOJBKO HEKOTOPBIE U3 CYHIECTBYIOIIMX MOJENEH, PsAl MOJEIIEH, HarpuMep, JIyHICcKas, OCTAINCh
BHE paMOK omnucaHuil. CieayeT MoAuyepKHyTh, 4TO OOJIBIIMHCTBO MOJIENEH HE MPETeHIyeT Ha
III00aNBHBIN aHANIKU3, KPOME TOTO, MHOTHE MOJENH padoTaloT (MU TOYHEE CKa3aTh MOTYT OBITh
MCIIOJIb30BaHBI JIJIsl pACUETOB) B OTPAaHUYCHHON KHHEMATHYeCKON 001acTu.

BaxxHpIM MOMEHTOM C TOYKH 3p€HUA CYIICCTBYIOIIHUX ISKCIICPUMCHTAJIBHBIX AJaHHBIX
ABJIACTCA OIrpaHUYCHHOCTD Ha6opa CYHICCTBYIOIIUX HAaHHBIX, IIPEKAC BCECro IO COPTY
BTOPUYHBIX YaCTULl MU 110 KHHEMaTH4YeCcKol oOmactu. B  OonbIIMHCTBE OKCIICPUMCHTOB
HU3MCPCHUA IPOBOJUIIMCH B Y3KOM TCJICCHOM YIJIC, UTO HC MO3BOJIACT MPOBCCTH PA3ACICHUC
3(1)(I)CKT8. OT KHHCMATUYCCKUX IMapaMCTPOB.

Takum 00pa3oM, OcCTaeTcsi HEOOXOIUMBIM IPOBECTH CHUCTEMAaTHYECKOE HCCIICIOBAHUC
CIUHOBBIX 3()(PEKTOB, JKeJIATEILHO HA OJJTHON (PM3UUECKOM YCTAHOBKE M B OJIMHAKOBBIX YCIIOBHSIX
HaOopa /Il MaKCHUMaJdbHO OOJBIIOTO KJacCa PEaKIHMid W B HIMPOKOM KHHEMATHYECKOM
JIMaIia3oHe.
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7 [Tpunoxenue B. Pe3ynbTaThl MOIETUPOBAHUS

B JaHHOM HpI/IJIO)KeHI/II/I MNPUBCACHLI HCKOTOPBLIC JOIIOJHHUTCIBHBIC PE3YJIbTAThI
MOACIIUPOBAHUA (1)I/IBI/I‘IGCKI/IX IIpOLECCOB.

7.1  MogenupoBaHue i My4Ka aHTUIIPOTOHOB

Ha Puc. 7.1 moka3aHbl MacCOBbIC CIIEKTpPBI 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
Ereea 280826 80000 B Eties sotensy
10000 B mﬂ 0.321I:IIEI—1I1):: Mean 1238
6000 - 40000
4000 | ©)
000 - 20000 |
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—, Ge¥, AntiDelta——
:'!tri:l 154g3g 1500 B :'!tri:l uﬁg
6000 - R oamzerar 1250 - e osasoros
1000
4000 - (b) 750 L (d)
2000 L 500
250 r M
0 ! 1 1 0 I I ___J 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—, GeV

Puc. 7.1 DddextupHas Macca MpoayKTOB pacriana B npouecce p p—h +X: h=A—pz" (a); h=A—i 7 (b);
h=A"—>pr (c); h=2"— Az (d).

7.2 Mogenuposanue peakimii p'p —h +X u pp! —h +X

WNurerpanbHas cTaTUCTUKA I Ciiy4dash B3aWMOJICHCTBUNM HEMOJSPU30BAHHOTO
MPOTOHHOTO ITyYKa C MOJSIPU30BAHHON MHUIICHBIO 1pH dHepruu 60 2B mokaszana B Tabn. 1.2.
Uucno B3aMMOACHCTBHII B MUILIEHH PaBHO 6:10". Ha Puc. 7.2 mokasano pacnpeneneHue 1o
3¢ dexTUBHON Macce MPOIyKTOB paciiaia HaOIt0JaeMbIX YaCTHI] B Iporieccax tuma pp—h +X:

Yucno coOwiThii Ha Puc. 7.2 coorBercTByeT 6° 10" B3ammoneiicTBuii, wim 30 MuH.
paboThl yCTAaHOBKM Ha MPOTOHHOM ITyuke ¢ 3Hepruei 60 I'5B u MHTEHCHBHOCTHIO 2x106/c6p0c.
B ceance pnurensHocThIO 30 cyToK cratucTka OyaeT B 1000 pa3 6onbie (cm. Tadn. 1.2).

142



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. 7.2 DpdexrupHnas macca NpoayKToB pacnaja B npoueccax muna pp—h +X: rae h=K""(892)— K* 7
(BBepxy)  h=K (892)— K 7° (BHu3y)

7.3 MopgenupoBanue 6apuoOHOB M aHTHOAPHOHOB B Iporiecce pp—h +X

MonenupoBanue TPOBEAEHO C TPUITEPOM Ha B3aumojeicTBue. Pacmpenenenue mo
s dexTrBHON Macce MPOAYKTOB pacmana Ajisi 0apuOHOB M COOTBETCTBYIOUIMX aHTHOAPHUOHOB
nokasano Ha Puc. 7.3.

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. 7.3 DddexTrBHAs Macca MPOAYKTOB pacnazia B npouecce pp—h +X: e h=2"—nz" @); h=2 —ijin

(b); h=2"—>nn (¢);

h=X"—idin (d).

UYucno cobwituii Ha Puc. 7.3 cooTBercTBYeT 3 wacaMm paOOTHl YCTAHOBKH Ha MPOTOHHOM

mydke ¢ 3Heprueit 60 ['9B 1 ”HTEHCUBHOCTHIO 2x106/c6p0c.
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7.4  MogaenupoBaHH€e HHKIIO3UBHBIX MPOIIECCOB HA IMyYKE MTHOHOB

Ha Puc. 7.4 nokaszaHsl, 411 IpUMEPA, MacCOBBIE CIEKTPHI JJIs YETHIPEX PEAKLMM THIla
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. 7.4 BuIeH Takke KOMOMHATOPHBINA (OH.
UYucno coObituii Ha Puc. 7.4 cooTBeTCTBYET 6° 107 B3auMOEHCTBHIA, UTO BO3MOXKHO Habpartb 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. 7.4. DddexTuBHas Macca npoAyKToB pacmana B pouecce 7 P—h +X, rae h=r"—yy (a); h=p—yy (b);
h=K’%— 7" 7 (c); h=p"(770)— =" = (d).

7.5  Mopnenuposanue 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. 7.1.

Tabn. 7.1 Oxumaemoe unciio codbituiit Ngy 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. 7.5 moka3anbl 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 6ousbiie (Tabm. 7.1).

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. 7.5 DddextuBHas 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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