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OxcnepumeHnT CIIACYUAPM HameneH Ha CHUCTEeMaTHYecKOe UCCIEAOBaHUE CIIMHOBON
CTPYKTYPBI HYKJIOHA M CIIMHOBOH 3aBUCUMOCTH CHJIBHOTO B3aMMOJICHCTBHUS aHTUBEILIECTBA U BELIECTBA
c marepueil mpum dHeprusx mo 45 [3B. B kamane 24A yckoputenbHOro komiuiekca Y-70
npemnonaraetcs  (GOpMHpPOBaHUE  MOJSIPU3OBAHHBIX  MYYKOB MNPOTOHOB H  AHTUIPOTOHOB.
[Tonstpu30oBaHHBI AHTUIIPOTOHHBIM ITy4OK, O€3yCIOBHO, CTaHET YHHMKAJIbHBIM IIyYKOM B MHpE.
[Inanupyercsi MPOBECTH HM3MEPEHUS OJHOCIMHOBBIX AaCUMMETPUIl B JAECATKaxX peakuuil Kak Ha
BOJZIOpOZE, TaK W Ha pa3nuyHbix sapax. Ha ycrtanoBke CITACHAPM BO3MOXHO Takke HU3MEpeHHE
MOTIEPEYHON MOJNApU3ALNY TUIIEPOHOB M AJIEMEHTOB CIIMHOBOW MAaTpHUIlbl BEKTOPHBIX ME30HOB. [[ns
M3y4YCHHUS CIIMHOBOM CTPYKTYpbI HYKJIOHA OyIyT MPOBEICHbI UCCIENIOBAHUSA 00pa30BaHMUs KBAPKOHUS
JUTSL OTIpe/iesIeHHs BKJIa/a TIII0OHOB B CIIMH MpoToHa. Hamuune ByX THUIIOB MOJIIPU30BAHHBIX ITYYKOB
¥ BOCBMHU THIIOB HEMOIAPM30BaHHBIX myukoB (n°, K5, p, P, d, C), B koMOMHALMK C TONSIPH30BAHHOM
MUILEHBIO PACIIMPSIIOT [AWANa30H HCCICAOBAHUN MOJSAPU3ALMOHHBIX SIBICHUA M YCHJIMBAIOT
YHHUKaJIbHOCTb IPOEKTA.

Abstract

Abramov V.V. et al. Conceptual Design Project of the SPASCHARM Experiment: NRC «Kurchatov
Institute»— IHEP Preprint 2019-12. — Protvino, 2019. — p. 145, figs.131, tables 16, refs.: 195.

The SPASCHARM experiment is aimed at a systematic study of the nucleon spin structure
and the spin dependence of the strong interaction of antimatter and matter with matter at energies up to
45 GeV. It is proposed to form polarized beams of protons and antiprotons in the beam channel 24A of
the accelerator complex U-70. In channel 24A of the U-70 accelerator complex, the formation of
polarized proton and antiproton beams is assumed. A polarized antiproton beam will certainly become
a unique beam in the world. It is planned to measure single-spin asymmetries in dozens of reactions,
both on hydrogen and on various nuclei. At the SPASCHARM facility, it is also possible to measure
the transverse polarization of hyperons and elements of the spin density matrix of vector mesons. Spin
structure of the nucleon will be investigated in the study of the quarkonium production to determine
the contribution of gluons to the proton spin. The presence of two types of polarized beams and eight
types of non-polarized beams (n +, K 4, p, p, d, C), in combination with a polarized target, expand the
range of studies of polarization phenomena and enhance the uniqueness of the project.

© HMUI «Kypuatosckuit uactutyT» — UGBS, 2019
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Iamamu npogpeccopos
C.b. Hypywesa u FO.M. Kazapunosa
nocesawaemcsi

PE3IOME ITPOEKTA

Ha kpynneiimem B Poccuun yckopurensHoM komiuiekce ¥Y-70 B HULL «KypuaToBckuit
Nucturym» — HWUDBDO, IIporBuno (nanee MDPBD) co3nad 3HAYNTEIBHBIN 331 7151 IPOBEACHUS
uccienaoBanuii MupoBoro ypoBHs B dkcrnepumernte CITACUAPM (CIlunoBeie ACuMMeTpuu B
oOpazoBanun YAPMonust). Otu uccnenosanus nos3soist HUILL KypuatoBckuit MHcTuTyT
3aHATDH JUAUPYIONIME B MUPE MO3UIIUHU B 00JIACTU CIIMHOBOM (PU3UKH.

[IpoexT HaneneH Ha UCCIENOBAHME CIHMHOBOM CTPYKTYPbl HYKJIOHA U CIMHOBOH
3aBUCHMOCTH CHJIBHOTO B3aUMOJICHCTBUSI aHTUBEIIECTBA M BEIIECTBA C MAaTEPHUEH MPHU IHEPTHUAX
10 45 I'»B. CniiH B KBaHTOBOM MEXaHUKE SIBJIIETCS COOCTBEHHBIM MOMEHTOM MMITYJIbCAa YaCTHI]
co crnenu(uUecKUMH CBOMCTBaMU. B oTiimune oT opOMTAIBLHOTO MOMEHTA UMITYJbCa, CITUH HE
CBSI3aH C IEPEMEIICHUEM YacTHIbl B IPOCTPAHCTBE U ABISIETCS €€ BHYTPEHHEW KBAHTOBOM
XapaKTepUCTUKOM, Hamogooue macchl uiu 3apsana. CrnuH OblT BBeleH B Hayky moutu 100 et
HazaJ JJIg ONMCAHUs aTOMHBIX cHeKTpoB. Ero mpupoga a0 cux mop ocraercs Hepa3rajaHHOU
TaiiHOM. JIaHHBIN MPOEKT 3aMETHO NMPUOIM3UT pasrajiky ATOW TailHbl, U 3TO OyJdeT MPOPHLIB B
byHIaMEHTAIBHBIX HAYYHBIX UCCIIEOBAHUSX.

3aBUCUMOCTh B3aMMOJEHCTBUIM OT CIIMHA COCTABIISET CYTh MOJSPU3ALMOHHBIX SBICHUM.
UTo0B! MPOBOAUTH MOJSPU3ALMOHHBIE HCCIEA0BAHUS HAIO0 CO3/1aBaTh IYYKHU MOJSPU30BAHHBIX
YacTUIl W/WIM HCIOJB30BaTh TEXHUKY MOJSPU30BAaHHBIX MuUlleHeH. B mnocneanue rofsl
IPOM30LIENT 3aMETHBII MPOrpecc B 3KCIEPUMEHTAIBHOM HM3YYEHHU CHHHOBBIX 3(PQeKToB mpu
BBICOKUX 3Heprusx. [lonasisroniee OOIBIIMHCTBO HKCIEPUMEHTOB OBLIO MPOBEAECHO B 00JacTH
HernepTypOaTuBHOM KkBaHTOBOM xpomoauHamuku (KX/I), mpu yMepeHHBIX MONepedHbIX
umnyiascax. IlosiBlIeHHE SKCIEpPUMEHTANbHBIX JaHHBIX CTUMYJIUPOBAJIO TEOPETHYECKOE
OCMBICJIEHHE CHHUHOBBIX 3(¢ekToB. [lpm 3TOM XapakTepHbl BBICKa3blBaHMSI  M3BECTHBIX
TEOPETUKOB, HaIpUMep aHrMYaHuHa Dnnuota Jluaepa: «CriuH B 3KcnieprMeHTax you Oosblie
Teopuii, ueM J000i aApyroi dusmdeckuid mapamerpy. Unm amepukanma [[xeiimca brépkena:
«[lonsipu3allMOHHBIE JTaHHBIE YacTO OBUIM KiIaI0uIneM MOAHbIX Teopui. Eciu Obl TeopeTuku
ObUIM B CHJIaX, B LEJIAX CAaMO3AIIMTHI WM CTOWJIO OBl BOOOIIE 3aIPETUTh TaKUe U3MEPEHUS.
CerogHs HeT TeOpuH, IMpEeTEeHAYIOIMIeH Ha TIIOJIHOE ONKCAaHHE BCeX HAOII0aeMbIX
HOJISIPU3ALMOHHBIX 3 exToB. HoBble 3KCIIepUMEHTaIbHbIE CIIMHOBBIE PE3YIbTaThl B OOJIBIIOM
quciae pa3HoOOpa3HBIX peakluil, KaKk Ha MOJSIPU30BAaHHOM AHTUIIPOTOHHOM ITy4yke, TaK U Ha
MOJIIPU30BAaHHOM NPOTOHHOM IYYKe B 3TON TpyAHOU oOsactu HeneptrypOaTuBHoi KX/ kpaiine
BaXXHBI JIJIS1 Pa3BUTHUS TEOPETUYECKUX MOIXOJ0B M BOZMOXKHOI'O CO3/IaHUSI TEOpUHU (MOJEIH) st
ONMCAaHUA BCEX CIHMHOBBIX 7(P(EeKTOB B CHIBHBIX B3aUMOJeHCTBUsX. B kaname 24A
YCKOpUTENbHOTO KoMmiuiekca ¥Y-70 mpenmnonaraercss (OpMUPOBAHUE MOJISPU30BAHHBIX MYYKOB
IPOTOHOB W  aHTUIPOTOHOB. IIpoBedeHsl pacdyersl HMX napaMeTpoB. HTEHCHBHOCTH
AHTUIPOTOHHOIO Iydka ¢ 3Heprue 15 I'3B Moxer mocturare 10° AHTUIIPOTOHOB 33 LUKII
YCKOPUTEIIA (10%° aHTUIIPOTOHOB B CYTKH) IpU cOpoce HAa MEPBUYHYIO MUILIECHb 10" IIPOTOHOB
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n3 Y-70. Tlonmsapu3oBaHHBIA AHTUIPOTOHHBIA IyYOK OT pacmaja aHTH-JSIMOJA THUIIEPOHOB,
KOTOpbIi MoxeT ObiTh goctyneH B HULL KU B 2024 rony, sButcs, 6€3yCIOBHO, YHUKAIHHBIM
My4koM B MHpe. B aHTUNPOTOH-IPOTOHHBIX AHHUTWJISILMAX HET OrPaHUYCHUS HA KBAHTOBBIC
qrciaa OONBIIMHCTBA POXKIAAIOIINX PE30HAHCOB. IHTEHCHBHOCTD MOJISIPU30BAHHOTO MTPOTOHHOTO
ny4ka c¢ sHeprueir 10-45 I'5B Oyner Ha mopsiiok Ooble, 4eM aHTUIIPOTOHHOTO, MPU TOH Ke
BEJIMYMHE cpelHed mnonspuzanud. Bce 53T0 MO3BONIUT B JKCHEPUMEHTE HA YCTaHOBKE
CITACYAPM pemrath MacmtabHble HAyYHBIE MTPOOJIEMBI, CBSI3aHHBIC CO CITMHOM. bivkaiiiero
aHasora co3naBaeMoii HoBo# ycraHoBKH CITACUAPM ny1st paboThl Ha MOJMSPU30BAHHBIX MTyYKaxX
B Mupe HeT. OkugaeMblil 1epuoj; coxpaneHusi yHukanbHOCTH Komruiekca CITACYUAPM — ne
MEHEE ISITHALATH JIET.

[lonspu3oBaHHbIE IY4KH SBSTCS  MOIIHBIM  HMHCTPYMEHTOM Ul  IIPOBEICHMS
CUCTEMATUYECKUX MOJIIPU3ALUOHHBIX HCCIEA0BaHUN. DT HCCIeA0BaHUs OYAyT MPOBENEHBI Ha
AQHTUIPOTOHHBIX M NPOTOHHBIX Iy4ykax npu sHepruu 15 I»B wu Beime, npu cpenHei
nonspuzanuu 45%. Ilnanupyercst onpenenuTh O0nbLIOW HAOOP HEOOXOIUMBIX (PU3MUYECKHX
HaOJIr01aeMbIX, BKJIIOYas OJIHOCIIMHOBBIE AaCHUMMETPUM B JleciATKax peakuuil B oOnactu
(dparmMeHTalMy NOJSPU30BAHHOIO ITyYKa, KaK Ha BOJOPOJE, TaK M HA pa3IMuYHbIX sJpax. JlaHHBIX
B TakOM OObeMe HEeT HU TNpPH KAKOH SHEprud. Pe3ynbTaThl CpaBHEHHS YKaKyT Ha OTIMYHE
B3aUMOJICVICTBUSL AHTUBEILECTBA M BEIIECTBA C MATEPHUEH, YTO YK€ B TEUEHHE MHOIMX JIET
ABJIIETCS aKTyaJIbHOM Hay4yHOW 3aaauei. [l M3ydeHMs] CHMHOBOM CTPYKTYpbl HYKJIOHA OyAyT
IIPOBE/ICHBI NCCIICAOBAHUS 00pa30BaHMs YapMOHUS B 001aCTH (pparMEeHTAIMH OIS PU30BAHHOTO
IIy4Ka, C aKIIEHTOM Ha OIpEAEICHUE BKIIAJa IIFOOHOB B CIIMH IIPOTOHA, YTO ITIOMOYKET pasraike
«CIIMHOBOTO KpHU3HUCa» MPOTOHA (BCE KBapKU B MPOTOHE OTBETCTBEHHBI Bcero 3a ~30% crnuHa
IPOTOHA), CYIIECTBYIOLIETO yxe noutu 30 JeT.

Hanuuue nonspu3oBaHHBIX KaK MPOTOHOB, TaK U aHTUNIPOTOHOB B CP-HelTpanbHOl pp -
CHUCTEME MOTECHIMAIBHO OTKPBIBAET BO3MOXKHOCTH JJII U3YYEHHUS M CPABHEHUs APYT C IPYyroM
CP-conpsk€HHBIX peakuuil. OTO MO3BOJSAET B3TIsAHYTh Ha CP-MHBapMaHTHOCTH B HOBOM
pakypce, HENOCTYIIHOM JJIs CTOJIKHOBEHHMH HENOJSAPU30BAaHHBIX 4acTull. IIpoBeneHue Takux
u3MepeHuil B Oynyumiem morpeOyer, cKopee BCero, HeKOTOpoH MoAu(UKaluu YCTaHOBKH, B
YaCTHOCTH, PAaCHIMpeHMs e€ akKcemTaHca Ha 3aJHIOK Mmoiycdepy B cHcTeMe LEHTpa Macc
CTOJIKHOBEHUS.

JlononHuTeNbHBIE YHUKaNIbHBIE ocoOeHHocTH 3kcnepuMeHTa CITACYHAPM cBszanbl ¢
BO3MO>XHOCTBIO U3MEPEHHS MHOKECTBEHHOCTHU 3apsKEHHBIX aIpOHOB B COOBITHH, ONpEAeTIeHUs
LHEHTPAIBHOCTH COYJApE€HH aapoHa C sAApoM. Takux HCCIEAOBAaHUM B MHpPE MOYTH HE
IIPOBOJIAIIOCH, HO €CTh IIEPBBIC YKa3aHUSA HA UX aKTyaJlbHOCTb. Elll€ HOBU3HA MPOEKTa CBsA3aHa C
BO3MOXHOCTBIO PErHCTPUPOBAaTh HE TOJBKO CTAOWJIbHBIE MO CHJIBHOMY B3aUMOIEHCTBUIO
YaCTHIIbl, HO U MHOTOUYHMCIIEHHBIE PE30HAHCHI, KaK ME30HHBIE, TaK 1 OapuoHHbIe. Ha ycTaHoBke
CITACYAPM BO3MOXHO TaKK€ U3MEPEHUE MTONEPEUHOMN MOJISIPU3ALIUN TUIIEPOHOB M DJIEMEHTOB
CIIMHOBOM MAaTpUIbl BEKTOPHBIX ME30HOB, YTO SBJIIETCSI OTPOMHBIM MPEUMYLIECTBOM IPOEKTA.
HakoHel, HamWuMe BOCHMH THIIOB HENOJSAPH30BaHHEIX myukoB (1, K, p, p, d, C), B
KOMOUHAIMK € NOJSIPU30BAHHOM MUIIEHBIO, HA MOPAJOK PaCIIUpPSIOT JUANa30H MCCIEeJOBAHUMN
MOJIIPU3ALMOHHBIX BJICHUN U YCUIINBAIOT YHUKAIBHOCTD IIPOEKTA.



[Monspuzanmonusiii mpoekt CIIACUAPM oriauvaer riao0anbHBIN, CHCTEMAaTHYECKHI
MOJIXOJl B U3yYEHUH CUCTEMBI AaHTUIIPOTOH-TIPOTOH (Sp0) U MPOTOH-IPOTOH (A1p0). B oTinnune
OT OOJIBIIMHCTBA MOJISIPU3ALMOHHBIX 3KCIIEPUMEHTOB, B IHIMPOKOANEPTYPHOM IPELU3NOHHOM
cnekrpomerpe CITACUAPM Oyzner peann3oBaHa MONTHAS TEOMETPHUS MO a3UMYyTaIbHOMY YIITY,
YTO I03BOJIMT MCCIEAOBAaTh HE OJUH JECATOK HOBBIX IIPOLECCOB C IMPENEIbHO HHU3KUMU
norpemHocTssMu. CodeTraHue MIMPOKOro Habopa NyYKOB M MHILIEHEH € BO3MOKHOCTHIO
OJIHOBPEMEHHOM perucTpanu 3apspKeHHBIX M HEWTPAIbHBIX YacTUIl — MPOAYKTOB PEaKIIMid,
BBITOIHO OTJIMYAET JAHHBIA MPOEKT OT IPYIHX MOJISPU3ALMOHHBIX MPOEKTOB, CO3AAHHBIX O]
OTPaHMYEHHOE YHUCIIO HU3yYaeMbIX peakiuil. M3mepeHue cnuHOBBIX 3(PQPEKTOB B OOJIBIIOM
KMHEMATUYeCKOM [Hala3oHe W CPaBHEHHWE CHUHOBBIX 3()(EKTOB B pPasIUUHBIX PEAKIMIX
IPUHLMIIAAIBHO BaYKHO Ul PACKPBITUS MEXaHNU3Ma B3aUMOJIEHCTBUS YacTHULL.

OcHOBOM  KOJIJIEKTMBAa  aBTOPOB  JAHHOIO  IPOEKTa  SBJISETCA  JlabopaTopus
HOJISIPU3ALMOHHBIX 3KcniepuMeHToB DB, DToT KOIeKTUB nMeeT OO0JbIION Hay4HbIM 3a7em
IO MIPOEKTY, KaK COOCTBEHHO 110 Hay4HOM 4acTu, TaK U IO MOATOTOBICHHOMY 00OPYJOBAHUIO.
OH 3aHuMaeTcs MOJIAPU3ALMOHHBIMU HMCCIIeOBaHUAMH Oojee 40-ka JeT M NpUHUMAJ ydyacTue
IIPAKTUYECKH BO BCEX KPYNHEHWINUX aJPOHHBIX OJKCIIEPUMEHTaxX II0 CIMHOBOW TEMaTHKE B
POCCUHMCKHX M 3apyOEKHBIX IIEHTpaxX. B 4acTHOCTH, KOJUJIEKTHUB ChIIpaj PELIAOLIyI0 POJb B
MOJITOTOBKE W MPOBEACHHUH MMOJISIPU3ANMOHHBIX dKcriepuMeHToB B DHAJI (3xcniepumentst E-581
u E-704) u BHJI (CTAP u E-925). B skcnepumMeHTax, npoBeieHHbIX B [IpoTBUHO U 3apyOexHbIX
[EHTpax, ObUIH OOHAPYKEHBI 3HAYMTEIbHBIC MOJSAPU3AUOHHBIE d()(EKTHI, KOTOphIE HE MOTYT
ObITh OOBSICHEHBI CYIIECTBYIOIIUMH TeopeTuyeckuMu MozensiMu. [lo pesynbratam 3THX
HKCIEPUMEHTOB TOJIBKO [0 CIMHOBOM Tematuke omyosirkoBaHo 6osee 100 pabot, 3amuiieHo 6
JOKTOpCKUX U Oonee 10-TM KaHAMIATCKUX IuccepTauuii. Takke MHOTO JIpYyTUX COTPYAHHMKOB
N®BD ygactByroT B mpoekre. Cpenn aBTOpPOB JaHHOIO IPOEKTa BaXKHOE MECTO 3aHHUMAET
rpynna mnosuspu3oBaHHbIXx MumeHed u3 OUSAUN (yOna), xotopas 40 5er, COBMECTHO C
¢uzukamu 3 UOBD, 3aHMMaercs MONSPU3ALMOHHBIMU HCCIEIOBAHUSMH Ha YCKOPUTEIBHOM
komiuiekce Y-70 B IlporBuHo. I'pynma yueHblx u3 JByX Jpyrux wuHcTuTyroB HUIL]
«KypuatoBckuit UHCTUTYT», @ UMeHHO UTO® u [TUAD, Tak xe kak 1 HUAY MUOU spnsroTcs
nosHolleHHbIMU  yuyacTHUKaMu CITACYHAPM. ®usuku w3 Uranmuu (rpynna bpamamante) u
Yexun (rpynna @unrepa) mnpucnanu Ilucema o HamepeHusx BCTymieHHs B 9Ty
DKCIEPUMEHTAIbHYO  mporpamMMmy.  OuzaeM  BCTYIUIEHME  HECKOJIBKMX  HEMELKHX
YHHUBEPCUTETOB W HAIlMOHAJIBHBIX J1A0OpaTOpHil B ATOT MpoeKT. KomuuecTBO MOTEHIMAIbHBIX
NoJIb30BaTenel HHPPACTPYKTYPHl JAHHOTO MPOEKTa U e€ pe3ynbTaToB npesbiiaer 100 yenosek.
Bc€ 310 mpUBOANMT K OYEHB BBICOKOM BEPOSTHOCTH YCHEIIHOW pean3alliy COOTBETCTBYIOLIEH
UH(QPaACcCTPyKTYphl M Hauaja BBIMOJIHEHHS HAy4YHBIX 3a/ad IPOeKTa B TeueHue OmmKalimx
JIECSITH JIET.

CymmapHble pacxoabl Ha U3rotoBieHue B Poccum HEoOXOAMMOTO HAay4dHOTO
oOopynoBanusi Juis uccienoBareiabckoi yctraHoBku CITACYHAPM cocraBsat | mapa. pyoOseid.
Kpome Ttoro, emé 1 mipa. pyO. morpebyercst JUisi BBIIOJHEHHS pPAabOT MO CO3/aHUIO
AQHTUIPOTOHHOTO (M NMPOTOHHOrO) KaHama 24A Ha ycKOpUTENbHOM Komiuiekce Y-70. Takum
o0pa3oM, HTOroBas CTOMMOCTb IIPOEKTa OLEHHBaeTcs B 2 MipA. pyoseit. Ilpum nHauane
¢buHaHCHpoBaHus B iepBoit mosoBuHe 2020 roma Havano padoThI ¢ MOJISIPU30BaHHBIMU MTyYKaMHU
Ha HOBOM KaHajie 24A MoxeT ObITh B 2024 romy.



EXECUTIVE SUMMARY

At the largest accelerator complex 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 CHARMonia) 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 45 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 complex 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 Kl 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.
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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 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 Yyears. 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
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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 complex 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 MEPhI) 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 complex. 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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BBEJAEHUE

HccnenoBanust MocaeIHUX HECKOJIBKUX JECSTKOB JIET MOKa3aJlyd HaIMYUe 3HAUUTENIbHBIX
CIIMHOBBIX 3((PEKTOB B pasnuyHbIX (u3ndeckux mpormeccax. OmaHako HaOm0aeHHuEe OOIBIINX
CHMHOBBIX 3(PPEKTOB MOKA HE yIAJIOCh OOBSICHUTh B paMKaX CTaHAApTHOM TE€OPUM BO3MYILEHHH
kBaHTOBOM xpomoauHamuku (KX]I), mpeanosnararomieil KoJsIMHEApHYIO KHHEMATuKy. B aToit
CBA3M  SIBJIAIOTCSI  aKTyaJbHbIMU  JaJbHEHIINE CUCTEMATUYECKUE DKCIEPUMEHTAIbHbIC
UCCIICIOBAaHMS B 3TOM 00JIaCTH, PENOIararoinue N3MEepeHne HECKOIBKIX 3aBUCSIINX OT CIIHHA
HaOM01aeMbIX (OJHOCIIMHOBAs M JBYXCIIMHOBas acCUMMETpPUH, NOJSPHU3ALUs THUIIEPOHOB,
9JIEMEHTHl CIIMHOBON MaTpHIlbl BEKTOPHBIX ME30HOB) B JECATKAX pAa3JIMYHBIX pEeaKIuil.
['moGanpHpli aHaAM3 MOJYYEHHBIX TakUM OOpa3oM JaHHBIX IIO3BOJMUT BBISIBUTH OOIINeE
3aKOHOMEPHOCTH IOBEJCHUS IAaHHBIX, B TOM YHUCJE CpPaBHEHUE B3aUMOJIECWCTBUI 4YaCTHULIbI U
AHTUYACTUIBl C IPOTOHAMU M SAPaMH, POJIb LIBETHBIX CHJI, CIIMHOBYIO CTPYKTypa HYKJIOHA,
3aBHCHUMOCTh CITMHOBBIX 3()(PEKTOB OT M30TOMMUECKOTO CITUHA U SHEPTHHU ITy4YKa, COPTa KBAPKOB,
aTOMHOTO BeCa MHIICHH ¥ MHOXXECTBEHHOCTH dYacTUI] B coObITHH. Panee momoOHbIe
UCCJIEJOBaHMsI TAKOTO0 MaciuTaba He MPOBOAWINCH. B3auMoaeicTBUS NONSPU30BaHHBIX YaCTHUI]
NPEACTABISIIOT OO0 YHUKAIbHBI WHCTPYMEHT JUIS MCCIEIOBAaHHUS MEXaHH3Ma CHIIBHBIX
B3aUMOJICHCTBUI B 001aCTH KOH(pAMHMEHTa, YTO HE yIaeTcs MOKa clelaTh, U3ydyasi COyAapeHUs
HEMOJISIPU30BAHHBIX aJI[POHOB.

Jlns mpoBeleHMs] yKa3aHHBIX BBIIIE MCCIEIOBAaHUN TpedyeTcss 3KCIepUMeHTalbHas
YCTaHOBKAa MUPOBOI'O YPOBHS M CO3/IaHUE KaHaJIa OJIIPU30BaHHBIX IPOTOHOB U aHTUIIPOTOHOB.

[Tpoext sxcniepumenta CITACYHAPM Ha cozaBaeMOM HOBOM aJpOHHOM KaHaJIe YacCTHI]
24A yckopuTENbHOrO KOMIUIekca Y-70 HaleneH Ha HCClIeAOBaHHWE CIUHOBOW 3aBUCHUMOCTHU
CHJIBHOTO B3aMMOJEWMCTBUS aHTHBEIIECTBA (M BEILECTBA) C MaTepuell M CIIUHOBOW CTPYKTYpPHI
HyksoHa. [Ipexxne Bcero, Oyner mpoBeneH OO30pHBIM MOJSPU3ALMOHHBIM AKCIIEPUMEHT Ha
AQHTUIPOTOHHOM M MPOTOHHOM MOJISIPU30BaHHBIX Mydkax Npu 3Hepruu 16 B u nmongpuzanun
10 45% c u3MepeHueM OJHOro M TOro e OoJbIIoro Habopa (HU3UYECKUX HAOII0aeMbIX
BeNWYMH. J[s1 M3yyeHHs] CIMHOBOW CTPYKTYphl HYKJIOHA OyIyT NPOBEIECHBI HCCIIEIOBAHUS
00pa30BaHUs YapMOHM B 00JIaCTH (parMEeHTaIMM MOJIIPU30BaHHOrO Myuka. byaer onpenenena
BEJIMYMHA MOJISIPU3ALMU KBAPKOB U TJIIOOHOB B B IONEPEYHO M MPOJOJIBHO MOJSIPU30BAHHOM
IIPOTOHE U AHTUIIPOTOHE Yepe3 00pa30BaHME KBApKOHUS CO CKPBITOM CTPaHHOCTBIO (¢-ME30H U
f2(1520)) u ckpbiThiM ouapoBaHueM (yc2 (3555 M»dB) u ya1 (3510 M»sB)). Bnepsoie Takue
u3MepeHus: OyAyT NpOBEICHbl HAa YHUKAIBHOM IIy4Ke MOJSPU30BAHHBIX (QHTH)IPOTOHOB OT
pacmniajza (aHTH ))TUTIEPOHOB.

B HUIL] Kypuarosckuiit Muctutyr — MDOBD 3aBepiieHs! paboThl O CO3AAHUIO ICKU3HOTO
IpoeKTa HOBOTO aapoHHOro kaHaina 24A. IIpoekTHble paboOTHl MPOBOAMUIMCH COBMECTHO C
['CIIN. K 2015-omMy roay ObLI MOTY4€H 3CKU3HBINA MPOEKT «TOJIOBBI KaHana» (JuirHa 50 MeTpoB)
— 9TO MpOBOJKA Iy4YKa IPOTOHOB OT €ro BbBOAa M3 Y-70, OO NEpBUYHONH MHIICHH,
pacroIoKeHHOU Nepe]l ClelHalbHbIM PaAnalliOHHO-CTOUKUM MarHuToM. [lonmHas anmuHa kaHana
OT MEPBUYHON MUIICHHU U JI0 KOHIIa kKaHama coctaisieT 180 merpos. B 2016-2018 rogax Obumm
HOJATrOTOBJIEHbI Bce HeoOxoaumble TexHuueckue 3alaHUs Ha CO3JaHME DPA3JIMYHBIX Y3JIOB
KaHaJa.
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B kanane 24A mpenmnomaraercs (GopMUpPOBaHHE MOJISIPU30BAHHBIX ITYYKOB MPOTOHOB U
aHTUIPOTOHOB. IIpoBeneHsl pacueTsl X napameTpoB. IHTEHCUBHOCTh aHTUIIPOTOHHOI'O IYy4Ka
moxer pocrurate 10° amrumporonos 3a mmkn yckopurens (10 B cyrkm) mpm cbpoce mHa
IIEPBUYHYI0 MHILIEHb 10" nporoHoB u3 Y-70. Ilonspu30BaHHBI AHTUIPOTOHHBIA IIYYOK,
koTopblii Oyner noctynex B HUL KU B 2022 roxy, siBUTCs, 6€3yCI0BHO, YHUKAIBHBIM ITYYKOM B
mupe. B nponuiom antunporonssie nyuku O0bi1u B LIEPH ¢ sneprueii mopsiaka 1 9B u 3arem B
nabopatopun uMm. DPepmu (OHAJL, CIIA) npu sueprusx 8 I»B u 200 I»B. Ilpu stom
€IMHCTBEHHBIM TOJISIPU30BAaHHBIM ITYYKOM aHTHUIIPOTOHOB ObLI mydok Bo ®HAJI mpu 200 I1B.
Hauunas ¢ 2026 rona, miaHupyercs HOSIBICHUE AHTUIIPOTOHHOI'O, BBICOKOMHTEHCHUBHOI'O, HO
HENOJIIPU30BaHHOIO Iyuyka ¢ 3Hepruei 10 15 I'3B B npoekte ®ANP B ['epmanum.

AHTUnpoTOHHBIN nosspu3oBaHHbll mydyok HUI[ KM sBUTCS MOLIHBIM HHCTPYMEHTOM
JUI  TIPOBEIEHHUS CHUCTEMATHYECKOTro O030pHOTO MOJSPU3ALMOHHOTO JKCIEPUMEHTa C
OIpeIeNIEHUEM TIOJTHOTO Habopa HEOOXOAUMBIX (PU3NUECKUX HAOIII0IaEMBbIX, TAKMX KaK CEUEHUE;
MOJISIPU3alUsl B YIIPYTOM aHTUIIPOTOH-MIPOTOHHOM PACCESHUU KakK B OOJNACTH KYJIOH-SIEPHON
uHTepdepeHIy, Tak U AUPPAKIMOHHOTO KOHYCA; OJAHOCIHUHOBBIX ACHUMMETPUMl B OOIBIIOM
quclie peakuii B o01acTu pparMeHTaMK TOJISPU30BAHHOIO MMyYKa, KaK Ha BOJOPOJIE, TaK U Ha
pa3iIMuHBIX sapax U Ap. JlaHHBIX B TakoM oObeMe HET HU NpU KaKUX JHEeprusix. Takue xe
U3MepeHus OyyT MPOBEACHBI U HA MOJIIPU30BAaHHOM IIPOTOHHOM ITyuke. Pe3ynbrarhl cpaBHEHUs
YKaXYyT Ha OTJIMYME B3aMMOJEHCTBHS AHTHBEIIECTBA U BEIECTBA C MaTEpHUEH, UTO YyXKe B
TE€YEHHE MHOTHUX JIET SIBIISIETCS aKTyaJbHOM HayuyHOU 3ajmaueld. MccnenoBanus Ha kaHaie 24A
MOHO OyJIeT MPOBOJIUTH B IMANa30HE SHEPruil mojspuzoBaHHoro mydka 10-45 1B, npu sTom
ONTHUMAJIbHAS SHEPrUsl AHTUIIPOTOHHOTO MY4YKa, YYUTHIBas (DOHOBBIE MPOIIECCHI, JOCTUTAETCS
npu 15T 5B, [Tonsspu3anus mydka OMOJKET MPHU MPOBEIEHUH NAapIHAIbHO-BOJIHOBOIO aHAIN3a
JTAHHBIX MIPU MOUCKE HOBBIX (DOPM MaTepHH, BKIIIOUAs SK30TUUECKHUE COCTOSHUS. 3aMETHUM, UTO B
AQHTUIPOTOH-IPOTOHHBIX ~ B3aMMOJCHCTBUAX HET OrPAaHMYEHUS Ha KBAaHTOBBIE 4MCIA
POXKIAIOIIMXCSA COCTOSHUN M 4YacTHULl, BKJIIOYas M COCTOSIHUS C DK30THMUECKHMHU KBAaHTOBBIMU
YHCIIaMH, KOTOpbIE OYAYT pOKIaThCS B COMPOBOXKACHUU C APYTUMHU SK30TUUECKUMH YaCTHIIAMH.

B nacTosimuii MOMEHT B JeicTBYtoleM skcniepuMmenTte noj HazBanueM CITACYHAPM c
BKJIaJIOM 1o oOopyzaoBanuio u moasMm ydactsyior HUL[ KU — U®BD, OUAN, HUL[ KU —
UTO®, HUL KN — [TUAD u HUAY MUOU. [Ipn npunsTHM pelieHus o (UHAHCHPOBAHUU
pabot 1o cozganuio kaHana 24A B skcriepuMeHT Takoke Boinytr USA® CO PAH, npexne Bcero ¢
BKJIQJIOM B CHHMH-(IHIIEp, U 3apyOeKHbIE MHCTUTYTHI, YK€ MPOSIBUBIINE WHTEPEC K JaHHOMY
npoekTy. IIpu 3TOM 3KcrepuMeHTallbHasi YCTaHOBKA JOJDKHA ObITh, O€3yCIOBHO, OCHAIIEHA
TEXHOJIOTUYECKUM 000pYZ0BaHUEM HAa MUPOBOM YPOBHE.

B oTiinume ot 601bIIMHCTBA BBIMOJIHEHHBIX PaHee MOJIIPU3aLMOHHBIX SKCIIEPUMEHTOB, B
CITACYHAPM O6yner peanu3oBaHa 27-TE€OMETPHS 1O a3MMYTaIbHOMY YIIIy, YTO IO3BOJISIET
3HAYUTENIbHO YAY4YIIUTh TOYHOCTh HW3MEPEHHsS] CIMHOBBIX HAONIOJA€MbIX, a IJIaBHOE —
MUHHUMH3HPOBATh CHCTEMATHUYECKUE OMIMOKK u3Mepenuit. TemecHslii yron ycraHoBku (46~200
mpaz o Beptukanu u 300 Mpaja Mo ropu30HTaNIM B 00JacTH (pparMeHTalMy MyYKa) MO3BOJISET
IIPOBECTU M3MEPEHUS B IIMPOKOM JMANa3oHE KMHEMATHMYECKUX MEPEMEHHBIX (P, Xf) U JacT
BO3MOXHOCTb PAa3JIeIUTh 3aBUCUMOCTH OT 3THUX JABYX NEPEMEHHBIX, UTO OOBIYHO HE Y/AaeTcs B
HKCIEPUMEHTAJIbHBIX YCTAHOBKAX C MAJIBIM TEJIECHBIM YIJIOM PETUCTPALIUH.

K HacTosilieMy BpeMEHHM CYIIECTBYET 3HAUUTEIBHBIM 3aJ€7 MO CO3JAaHUI0 YCTaHOBKHU
CITACYAPM. Co6paHn, UCTIBITAH U YK€ pabOTaeT MHUPOKO-aNEPTYPHBIA CIIEKTPOMETPUICCKUIN

2 [1pu SHEPTHH MEPBUYHOTO TyYKa MPOTOHOB 60 [9B.
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MarHuT. Co3[aHbl 1Ba MHOTOKAHAJIBHBIX ITOPOrOBBIX YEPEHKOBCKHX IETEKTOpA M BEACTCA HX
HacTpoiika. OHU BIIOJIHE CLIOCOOHBI 00ECTIEUNUTH MEPBhIe U3MEPEHHS HAa aHTUIIPOTOHHOM ITY4Ke,
XOTSl U B OTPAaHUYEHHOM TEJIECHOM YTJIe B CPAaBHEHHH C MOJHOW MPOEKTHON KOH(UTYpaIHei.
3aBepiaeTcs co3AaHne MPEHU3NOHHON TPEKOBOM CUCTEMBI Ha OCHOBE ApeiioBbIX TpyOOK. EcTh
B HAJUYMM aJpOHHBIM Kanopumerp. Co3naercs MydkoBas amnmnaparypa, HacTpauBaeTCs HOBas
pPETHCTpUPYIOIIAs JIEKTPOHUKA M cucTeMa cOopa naHHbIX B cTanaapre EBpoMUCC.

OpnHako, I IPOBENEHUS DKCIEPUMEHTa MHPOBOIO YPOBHS 3TOrO COBEPIICHHO
HE0CTaTOYHO. /I BBINOJIHEHHs] MPOTrpaMMBbl MCCIIEOBaHUN TpeOyeTcs caMoe COBPEMEHHOE
oOopynoBanue. B uacTHOCTH, TpeOyeTcs cO3JaHME CHUCTEMbl CBEPXIIPOBOJAIIMX MAarHUTOB,
«CUOMPCKUX 3MeeK», 00ecleurBarouiell MOBOPOT MOJSAPU3ALMKN MyYKa HAa MHUIICHH, a TaKKe
KPUOTCHHOW cucTeMbl KaHana 24A. DTo 00opyJqoBaHUE MBI MPUYUCIIAEM K YCTaHOBKE, a HE K
KaHany. B ycraHOBKe HEOOXOIMMO CO3/1aHHE€ MPELM3UOHHOIO TOHKO-CErMEHTHUPOBAHHOIO
ANIEKTPOMATHUTHOIO KAJIOPUMETPA TUIA «ILALUIBIK» C MEJIKOM SYEHMKOHM, MIMPOKO-aIepTypPHOIO
MHOTI'OKaHAJIbHOTO uYepeHKOBcKoro aerekropa tumna RICH, co3nanue cuctemsl MossipuMeTpoB
JUIs U3MepeHHsl aOCOJIOTHOM BEIMYMHBI MOJIAPU3ALMU IIyYKa, a TaKKe HEKOTOPOIo ApYyroro
000pyIOBaHUS.
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1 Puznueckasa nporpamma CIIACHAPM

CrniuHoBbIe HaOMIOaeMble SBISIOTCS TEMH MPEUU3UOHHBIMH HHCTPYMEHTAaMH, KOTOpbIC
MO3BOJIAIOT TIyO’Ke TOHSTH MPUPOAY CHIBHBIX B3auMoOeHcTBHil. M3ydyeHue CTpyKTyphl
CHEKTPOB M3JIy4EHHUS U IMOTJIOLIECHUS aTOMOB MPHUBEJIO OKOJIO CTa JIET Ha3aJ K HeOOXOAMMOCTH
BBEJICHHS C€aMOro MOHATHSA cnuHa 4vactul. Co BpeMEHU MPOBEACHUS 3HAMEHUTOIO
skcriepumenTta llltepna-I'epnaxa ¢ mydykom aToMoB cepeOpa B CHJIBHOM HEOJHOPOAHOM
MarHUTHOM II0JIe, Ha4yaJloChb JKCIIEPUMEHTAJIBHOE HCCIEJOBAHME BJIMSHHUS CIIMHA Ha
B3auMojieiicteue uactuil [1l]. Pe3ymbrarbl 3THX TEpBBIX HCCIAEAOBAHUI  OKa3aluCh
HEOKUJAHHBIMU W IIOMOIVIM PACKpbITh MapaJOKCalbHYI0 KBAaHTOBYIO IPUPOJY CIIMHA,
IPUHUMAIOILIETO TOJBKO LIEJIbIE U MOJIYLIEIbIE 3HAUEHUS.

VYuuBepcanpubiii kaHan 24A u ycraHoBka CIIACYHAPM nHa HEM co3parorcs s
u3ydeHus (yHIaMEHTAIbHBIX BOMPOCOB CUJBHBIX B3aUMOJICHCTBUN U CIIMHOBOW (DM3HUKH, BO
B3aUMOJICHCTBUSX MOJISIPU30BAHHBIX MPOTOHOB M AHTUIIPOTOHOB C HYKJIOHAMH U SJIpaMHu.
W3yueHue noOAsSpU3ALMOHHBIX SIBJICHUM MO3BOJIUT PACIIMPUTh HAlIM 3HAHUA O CTPYKType
aJpOHOB M JMHAMHMKE MX B3aMMOJCHCTBHS, B TOM UYHCIE Ha YPOBHE CTPYKTYPHBIX
COCTABIIIIONINX AJPOHOB — KBApKOB M TIIIOOHOB. llenpto Goratoil ¢u3mveckoil mporpammbl
skcnepumenta CITACUAPM sBisiercss pacmipeHHe HauX 3HAaHWKA B 00JAaCTH CHIIBHBIX
B3aWMOJICHCTBUM, CTPYKTYpPhI aJPOHOB U POJIA CIIMHA B JUHAMHMKE CUJIbHBIX B3aHMMOJICHCTBHIA.
H3mepeHne pa3nuvHbIX CIIMHOBBIX HaOI0aeMbIx (acummeTpuu Ay, onspusanuu Py, nepenaun
cnuHa Dyn, 27€MEHTOB CIMHOBOM MaTpUIbl IUIOTHOCTH pix M APYTUX) OTKPBIBAET
JIOTIOJIHUTEIbHBIE BO3MOXHOCTH JJIi CpPAaBHEHMsS JAHHBIX OSKCIEPUMEHTA W MpeJICKa3aHUuu
Mojenel, yTo OyAeT crnocoOCTBOBAaTh, B KOHEYHOM HTOre, PEHICHHI0 0003HAUEHHBIX BHIIIE
npooiem.

Teopust Bosmymenuit KXJI mnpeackaspiBaia HE3HAYUTENbHbIE CIIHMHOBBIE 3((EKTHI,
mopsinka 0.1%, BBIMHpAIOIIME C POCTOM SHEPrHH B3aHMOIEHCTBHII (\S) M IOIEpPEedHOro
umnyiabca (Pr) [2]. OmHako, SKCHEpUMEHTATIbHBIE HCCICIOBAaHUS TOKa3zand, 4to 3((dEeKTHl,
HAGITIOAEMbIC B HHKITIO3MBHBIX PEAKIHSX, HE YOBIBAIOT 3aMETHEIM 0OPA30M C YBEIMUEHHEM \'S
u Pr.

Hapsiny ¢ monspu3oBaHHBIMH MPOTOHHBIM W AHTUIIPOTOHHBIM My4YKaMu KaHai 24A
TO3BONUT BBHIBOJAMTH HA YCTAHOBKY HEMONAPH30BAHHBIE NMydKH THOHOB (77), kaoHoB (K°),
IIPOTOHOB M @HTUIIPOTOHOB, & TAK)KE YIVIEPOJIHBIM U NEUTPOHHBIN My4YKku. B kauecTBe MuneHeu
IpeJoiaraeTcs UCIoIb30BaTh MOMEPEUHO U MPOAOILHO MOISPU30BaHHbBIE TPOTOHHBIE MUILIEHU
3aMOPOKEHHOT'O THUIA, a TaKKe MIUPOKHM HA0Op HENOoJSPU30BAaHHBIX MHUILEHEH, BKIIOYas
’KHUJIKO-BOJIOPOJHYIO U TBEP/IbIE SI/IEPHbIE MUIIIECHU.

Bce Bbllle cka3aHHOE O3HAYaeT BO3MOXHOCTh HCCIEAOBATH C BBICOKOH TOYHOCTHIO
CUHOBBIE AP (HEKTHI i MHOTUX JIECATKOB PEAKIUH, C pa3TUYHBIMU HadyalbHBIMUA U KOHEYHBIMU
COCTOSIHUSIMH. DTO IO3BOJHUT BBIABUTH OOIIME 3aKOHOMEPHOCTH aJPOHHBIX B3aMMOEHCTBHIA,
yro BbITOAHO orauyaeT odkcrnepumeHT CIIACHAPM ot apyrux moispU3aliMOHHBIX
HKCIIEPUMEHTOB, I'/I€ U3y4YaeTcsl, KaK MPaBUiIo, HEOOIBIIOE YHUCIIO peaKIuil.

B oskcnepumente CITACUAPM nHa kanane 24A OyaeT W3ydaTbCsl B3aMMOJICHCTBHE
MOJIIPU30BAaHHBIX MPOTOHHBIX M AHTUIPOTOHHBIX MYYKOB C MPOTOHHOW JHOO C sIIEPHBIMU
MuItieHssMi. VIMIynpC MOJISPU30BAHHOTO Iy4YKa MOXKET BapbHpoBaThcsl B auana3zone 10-45
[B/c, a momepeunas nmonspuzanus mydka coctaBut 40-45%. HemonsipuzoBaHHbBIE TYYKH MOTYT
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uMeTh ummyise ot 10 mo 60 ['3B/c. Huke npencrabiiena gpusznueckasi mporpaMma dKCIepruMeHTa
CITACYAPM u oxunaeMble pe3ysibTaThl.

Hayunas nporpamma CITACUHAPM BkiItO4aeT HECKOJIBKO CEpUN U3MEPEHHM, KOTOpPbhIE
HAnpaBlieHbl Ha uccienoBaHue (GyHmaMeHTanpbHBIX mpobiem KXJI B HemepTypOaTuBHOU
o0acTy, Te MPOSBIAIOTCS TaKue SBICHHS, KaK KOH(pANWHMEHT, ciusHue J1ubo (parMeHTanus
KBapKOB B aJ[pOHBI U CIIOHTAHHOE HAPYIIEHUE KUPATTbHOW CUMMETPHHU.

Ha3anue skcnepumenta CIIACHAPM sBisieTcsi cokpailleHHeM OT KOHEYHOW Leu
npoekra, a uMeHHo, — CnuHoBble ACummerpun B poxiaeHun YAPMonus. llenpio 3Tux
WCCJICIOBAaHUM SIBIISIETCA pEIICHUE 3a/1a4, KOTOPBIE €llleé HUKTO B MUPE HE MbITAICS BBIIOJHUTD U
B Oyikaiiliee Bpemsl He IJIaHUPYET KU3-3a CJI0KHOCTU U KOMIUIEKCHOCTH MCCIIEI0BAHUH.

Byayr wu3MepeHsl monepeuHble OJHOCIUHOBBIE AacUMMETpuu Ay B PeakIusax
UHKIII03UBHOTO oOpasoBanust ¢, f»(1520), JAy, yic U y2c HAa TMPOTOHHBIX M AHTHIIPOTOHHBIX
MOJISIPU30BAHHBIX MTyYKaX.

Jis u3ydeHus MOJIApU3allUM KBApKOB M TIUIIOOHOB B oOnacTd OonblIMX Xp, OyAyT
U3MEpeHbl JBYXCHMHOBbIE acummerpuu Ay U AL B mpoueccax o0pa3oBaHUs YacTULl ¢,
f2(1520), J/y, yic ¥ y2c B cOydapeHHsIX IOIEPEUYHO U IMPOOJIBHO MOJIAPU30BAHHOIO ITydYKa
IPOTOHOB C TMOMEPEYHO (TPOJIOIBHO) TMOJSPU30BAHHON MPOTOHHOW MHIICHBIO. Hamed 1enbio
SBIISICTCA TOJydeHHe WH(POPMALUU O BKJIJE KBAPKOB M TIIFOOHOB B CIIMH NMPOTOHA M3 aHAIHM3a
ATUX MPOLIECCOB. AHAIM3 BBIXOJOB ITUX YACTHI] B TEX CIy4asiX, KOTJa CIMHbBI MUILIEHU U ITy4Ka
HaIpaBJIEeHbl B OJHY WJIM B pa3Hble CTOPOHBI, ITO3BOJMT OLICHUTH JOJK CIMHA HYKJIOHA,
NEPEeHOCUMYI0 KBapkamM (TpoOiieMa «CIIMHOBOI'O KpPHU3MCay», 3aKIIOYAIONIErocs B TOM, YTO
cerogss, cnycrs 30 ser mocine mnpoBeneHus nUoHepckoro s3kcnepumenta B L[EPH, Bce
BaJICHTHBIE M MOPCKHE KBapKH B IIPOTOHE B CyMME OTBETCTBEHHBI Bcero aumb 3a 30%
IIPOJIOIBHOTO CIIMHA MPOTOHA).

HccnenoBanne OTHOIIEHWM BBIXOMOB )ic M Y2¢ TO3BOJUT MPOBEPUTH HOBYIO TEOPEMY O
MacIITaOHOW MHBAPUAHTHOCTH B BBIXOJ/IaX 3THX ME30HOB [3], 00HapyKEHHYIO B SKCIIEPHUMEHTAX
Ha BAK [4, 5].

JlaHHBIE MCCe0BaHUsS SBIAIOTCA Haunbosee cinoxkHbiMU B nporpamme CITACHAPM u
HaKJIaJbIBAlOT Haubosiee JKECTKHE OrpaHHuYeHHss Ha TpeOOBaHUS K OSKCIEPUMEHTAIbHON
yCTaHOBKE, IPU 3TOM Ha OoJiee paHHHX 3Tanax OyayT pelaTbcs He MEHee MHTEPECHbBIE 3a1auu:

- W3MmepeHne OJHOCIHMHOBBIX NOMEPEUYHbIX (a3UMYTaJIbHBIX) acuMMeTpuil Ay
aJIpOHOB, COCTOSIIIUX U3 JIETKUX U, O, S KBapKOB, IPU PACCESIHUMU MONEPEYHO MOSIPU30BAHHOTO
Ny4yKka Ha HEMOJIIPU30BAHHOM MHUILIEHH, MO0 HEMOJSIPU30BAHHOTO IyyKa Ha IONEPEeYHO
HOJISIPU30BAaHHON MMILIEHU. B KauecTBe perucTpupyeMoi YacTUIbl MOXKHO UCIIONIb30BaTh JIIOObIE
yactuipl (co cnimHoM J =0, 1/2, 1 ...) u naxe sapa. B kauecTBe MHUIIIEHH MOXHO HCIOJIB30BATh
IIPOTOHBI U AJIpa, YTO MO3BOJISET UCCIEI0BaTh 3aBUCUMOCTh Ay OT aTOMHOTO Beca Ay MUIIEHH.
Perucrpanus agpoHHBIX PE30HAHCOB, B JOMOJIHEHHE K OOBIYHO M3MEPSEMbIM, CTAOMIBHBIM IO
CHUJIBHOMY B3aUMOJICHCTBHUIO aJIpOHAM, IO3BOJIT CYIIECTBEHHO PAaCIIUPUTh CIHUCOK AOCTYIHBIX
JUTsl U3ydeHus peakuuid. Panee nsmepenuit Ay A1 pe€30HaHCOB MPAKTUYECKU HE ObLIO.

- OmpeneneHne TOMEPEYHBIX (MO OTHOIIEHHWIO K TUIOCKOCTH  PACCESHUSA)
noJisipu3anuii Py THIIEpOHOB M aHTUTHIIEPOHOB, 00Pa3YIOLIUXCS HEMOMSIPU30BAHHBIMU ITyYKaMH
Ha HEMOJIAPU30BAHHBIX MMIICHSIX (MPOTOHHON M saepHbIX). M3mepenue nosspusauun Py
BO3MOXKHO Oyarofiapsi mporeccy HapylUIeHHIO YETHOCTH B CIIAa0BbIX JBYXYaCTUYHBIX pacrajax
runepoHoB. ITapaMeTpsl yrioBoro pacmpeleneHusi NpoayKTOB paclaja TMIIEPOHOB CBSI3aHBI C
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noysipu3anuei pacnagaromieiics yactuiibl. CpaBHeHue Ay U Py 17151 THTIEPOHOB (aHTUTHUIIEPOHOB)
OTKPBIBACT JOMOJHUTEIbHBIE BO3MOXKHOCTH ISl BbIOOpa (MM JUCKPUMHUHAIMK) KOHKPETHOM
MOJeNId TeHepauuu 3HauuTelbHbIXx Ay u Py, Jlo HacTosimiero BpeMeHM OJHOBPEMEHHBIX
u3Mmepenuit Ay u Py i1 3a1aHHON peakiiuy NpakTUIeCKH He ObLIO.

- H3mepeHune BBICTPOEHHOCTH (3JIEMEHTOB MATPHUIBI IJIOTHOCTH pik) BEKTOPHBIX
Me30HOB (cnuH J=1, yetHoCcTh P oTpunaTenvHas), pacnagalollMXcs Ha JIBE€ YacTHUIbI, B
mpoleccax COyJIapeHUil HEMNOoJsPU30BAHHBIX dYacTull. Kak W B cioydae THUIEPOHOB, s
BEKTOPHBIX ME30HOB MOKHO U3MEPUTh U CPABHUTh BBICTPOCHHOCTh M Ay, UTO paHHEE HUKOI/A
HE JIealiy, U 4TO MO3BOJISIET OJYYUTh JOMOIHUTEIbHbIE OTPAHUUYEHUSI HA MEXaHU3M CHUJIBHOTO
B3aMMOJICHCTBUSI.

JUis Bcex TpeX IEepeuMCIICHHBIX BbIIE CEpUi HM3MEpPEeHHH MOTYT HPOBOIUTHCA
VMICCIICIOBAHMS 3aBHCHMOCTH OT P, Xp, HOMepa sgpa A, SHEPrHH peakimd VS B C.ILM.,
MHOYECTBEHHOCTH BTOPHYHBIX dYacTHil B coObITHH (Nch), a Takke ot nentpanbHoctu (Cr)
COyapeHusi IMyYKOBOW YacTHIBI ¢ simpoM. CToiib pa3HOOOpa3HBI HAOOP MOJSPU3ALUOHHBIX
JAHHBIX [I03BOJISIET MOJYYUTh  OTPAaHUYEHHUS Ha BO3MOXKHBIH MEXAaHU3M IPOUCXOXKICHUS
CHMHOBBIX 3()()EKTOB B CHIIBHBIX B3aUMOJCHCTBUSX. B JaHHOM cilydyae MOKHO TOBOPUTH O
CHUCTEMaTHYECKOM IOJX0/I€ K MCCIIEI0BAaHHIO NMPOOJIEM CUIIBHBIX B3aMMOJEHCTBUI U CIIMHOBOM
¢u3uku. X0oTsS TOYHOCTh U3MEPEHUH BO MHOTHX ClIy4yasiX OrpaHUYeHa, IJ100aJIbHbIA aHAIN3 Beel
JIOCTYITHOW COBOKYIHOCTH JAaHHBIX HAKJIQJbIBAET CEPbE3HbIE€ OIPAHWYEHUS Ha BO3MOKHBIN
MEXaHU3M [POUCXOXKJCHHUS MOJSAPU3ALUOHHBIX SBJICHUNH M TIO3BOJISIET BBIIBUTH HOBBIE
3aKOHOMEPHOCTH B IMIOBEJICHUM CaAMUX JIAHHBIX.

N3mepenue pa3inyHbIX JABYXCIHMHOBBIX KOppENSLUH, B HAaYaJbHOM W/WJIM KOHEYHOM
COCTOSIHUSIX, sIBJIsieTCsl OoJiee TPYIHOM 3a/mayeil, KoTopasi OyAeT pelmaThesl 0 Mepe TOTOBHOCTHU
anmnaparypbl ¥ IporpaMMHOro obecrieueHus: skcrepumenTa. Hampumep, BO3MOXHO H3MepeHue
nepenaun cnuHa (Dnn) OT Hameraromiero MOMSPU30BAHHOTO MPOTOHA (AHTUIPOTOHA) K
oOpasyromieMycs runepony. Ele nHTepecHo n3MepeHue ABYXCNUHOBOM acuMMeTpuu (Ann) B
IIpoLIECCaX PACCESHUs IMONEPEYHO NOJAPU30BAHHOIO ITyYKa HA IONEPEYHO MOJISPU30BAHHON
MUIIEHH B HHKJIFO3UBHBIX M DKCKJIFO3UBHBIX PEAKIUAX.

OxcnepumeHT CITACYUAPM mo3BoJisieT Takke MPOBECTH OJHOBPEMEHHOE H3MEpPEHHE
AHAIM3UPYIOMIMX CIOCOOHOCTEH myuka Ag, MutieHr At 1 Ko pHLMeHTa CHMHOBON KOPPEIALun
AN B yTIpyroM pp paccesinun. B oGmactn audpakiponHoro koryca 0,075<—t< 0,6 (I'B/c)? npu
uMmiysnbce Oompmiem 12 IHB/c Her manneix mist Ayy. Kpome Toro ects BO3MOXKHOCTH
HKCIEPUMEHTAIBHO ITPOBEPUTH paBEHCTBO Ag 1 Ar.

IIpucyTcTBHE B CTOJIKHOBEHMAX MOJSPU30BAHHBIX YACTHULl ABYX AKCHAIBHBIX BEKTOPOB
UCXOJHOM TMOJISIpU3ALMY, HaXOJAIIMXCSA IO TOJHBIM KOHTPOJEM DKCIEPUMEHTATOPOB,
CYILIECTBEHHO YBEJIMYHUBAET YUCIIO BO3MOXKHBIX KOPPEISIUI MEKy BEKTOPAMU B TOM WIIM MHOU
peaxkiuyu, TeHePUPYIOIINX M3MEpUMbIE CIUHOBBIE acuMMeTpuu. Cpeau HUX OCOObIN HMHTEpec
NPEACTABISIIOT TE, HAIMYUE KOTOPBIX 3alpElIeHO 3aKOHAMH COXPAHEHHUs, B YaCTHOCTH,
3aKOHaMU COXpPaHEHUS JTUCKPETHBIX CcuUMMeTpuil. [IpuMeHuTeNnbHO K  aHHUTWIALUU
MOJIIPU30BAaHHBIX KBApKOB M AHTHUKBApKOB Takas MpoliemMa paccMaTpuBallach B IIEJIOM psizie
nyonukanuii [6, 7, 8, 9, 10, 11, 12]. O0mupHBINA CMUCOK MOTCHIIMATHLHO UHTEPECHBIX OIHO- U
JIBYXCIIMHOBBIX acuMMeTpuii, Hapymatomux CP/T-uHBapHaHTHOCTB, TpUBEICH B padote [7].
W3BectHO, omnHako, uro U CP/T-uHBapuaHTHBIE B3aMMOJECHCTBUS B HAYAIBHOM M KOHEYHOM
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COCTOSTHUM TaKkKe MOTyT HMHUTUPOBaTh T-Heu€THble 3(PGeKThl. YHUKATBHOCTh CHUCTEMbI
CTAJIKUBAIOLINXCS MOJISIPU30BAHHBIX IPOTOHA U AHTUIIPOTOHA COCTOUT B TOM, YTO OHA SIBIISETCS
uctuHHO CP-HelTpanpHOI 10 BeeM 3apsiiaM (dIEKTPUUSCKUid, OapUOHHBIN, CTPAHHBIH ...). DTO
MIO3BOJISIET MPOBECTH CpaBHEHHE HAOMIONEHHBIX (P PekToB B CP-CONMpsHKEHHBIX peakusaX U TeM
CaMbIM OTJEIHTH peanbHble HapymeHus: CP/T-nHBapuaHTHOCTH OT (PUKTUBHBIX.

B uUCTMHHO-HEWTpanbHON NPOTOH-AHTUIPOTOHHOM CHCTEME CYIIECTBYIOT TaKue
CIIMHOBBIE ACHMMETPHUH, KOTOpble HE MOryT ObIThb uMUTHUpOBaHbl CP/T-uHBapuaHTHBIMU
B3aUMOJICHCTBUSIMA B HAYaJbHOM U KOHEYHOM COCTOSHMSIX. B KayecTBe OJHOTO M3 MPUMEPOB

[6,7] npuBenéM, Tak HaszbIBaeMyl0, AG o ( ﬁ[f o X f ﬁJ), rjae P - BEKTOp UMITyJIbCa MPOTOHA, a

¢, M G - BEKTOPBI MOJSAPU3ALMU TIPOTOHA M AHTUIPOTOHA. DTA ACHMMETPHUS MOXKET OBITh

HaOJroleHa B CTOJIKHOBEHMSIX — IONEPEYHO-NONIAPU30BAHHBIX ~ YaCTHLl €  B3aUMHO
OPTOrOHAJILHBIMU MONAPU3ALMAMH. [IpH CMEHe 3HaKa OJHOM W3 ToJspHM3amMid Ao TaKkke
MeHsieT 3HaK. [IpucyrcTBUe BKiIana Ao~ B CedeHHM PP - PEaKIUH C JETEKTHPOBAHHUEM B

KOHEYHOM COCTOSIHUM MCTUHHO HEUTpPalibHOW IIOACHCTEMBI B AKCENTAHCE, CHUMMETPUYHOM
oTHOCUTENBbHO XF=0, ObL7I0 ObI 01HO3HAUHBIM cBUAeTeNbcTBOM CP-Hapymenus. K uncny Takux
SKCIIEPUMEHTOB ¢ UICTUHHO HEUTPAJIbHBIMU I10 BCEM 3apsAJaM KOHEYHBIMU COCTOSHUSAMHU MOKHO
OTHECTH, B YaCTHOCTH, H3MEPEHHUS YIPYroro, HEYNPYyroro M TIIOJHOIO Ce4yeHus B PP -

B3aUMOJICVCTBUSAX WIHM CEYEHUS NHKIIFO3UBHOTO POXKACHUSA UCTUHHO HEMTPAJIBbHBIX PE30HAHCOB U
YyacTHUll, HaIpUMep 7°-ME30HOB, B CHUMMETPHUYHOM I10 Xf aKCENTaHCe.

B nannoM pa3aciic MpuBCACHLL nonp06Hee OIIMCAaHHC (I)I/I3I/I"ICCKI/IX mponeccoB, NPpUMEPLI
HN3Yy4aCMbIX peaKI.IHfI, oXpugacMasd CTAaTUCTHKA, YPOBCHb (I)OHa U OIleHKa CTaTHCTUYECKOMH
TOYHOCTH HSMepeHHﬁ.

1.1  HccaenoBaHue CIMHOBBIX 3(PPEKTOB B POKICHUH KBAPKOHHUSA

DKCIepUMEHTBI IO TITYOOKO-HEYNPYTrOMY PACCESHUIO HENOJSIPU30BAaHHBIX AJIEKTPOHOB U
MIOOHOB Ha HEMOJIIPU30BAaHHBIX HYKJIOHaX BIIEPBbIE OTKPBUIM KBapku B 60-x romax. B 1988
rony akcrnepumert EMC (European Muon Collaboration) 8 LIEPH no riy0oko-Heynpyromy
paccessHUIO NOJIIPU30BAHHBIX JIENITOHOB HA IOJISIPU30BAHHBIX HYKJIOHAaX IMPEICTaBHII
pE3yJbTaThl, B KOTOPBIX BKJIAJ CIIMHOB KBAPKOB B CIIMH IPOOJIbHO-NIOJIIPU30BAHHOIO MTPOTOHA
man (mpumepHo, coctaBnsier 30%), uyto mportuBopeumsio pacueram KXJI. Dta mpobiema
MOJTY4IJIa Ha3BaHWE “‘CIIMHOBBIA KpU3UC HYKJIOHA”. Jlo cux mop 9Ta mpobiiema He pelieHa, U Ha
MHOTHX YCKOPHUTENISIX MHpa WUJET €€ MHTEHCHUBHOE u3ydeHue. Bakuelineil 3amauell mpoekra
CITACYAPM sBisieTcst penieHue 3TOro ClMHOBOTO KPU3HUCa.

B kBantoBoit xpomomuHamuike (KXJ) ecte Tpu ¢dyHnaMmeHTanbHble (GYHKIMH
pacnpesenenust Ui npotoHa. Oto ¢yHkius f(X) pacnpeneneHus mapTOHOB MO UMITYJIBCAM,
yCpPEeIHEHHass IO CIOUHAaM, QYHKIHS croupanbHOCTH ((X) pachpeieseHus MapTOHOB TI0
CIHUPATBHOCTAM B TPOJOIBHO-MOSIPU30BAHHOM TPOTOHE M (QYHKIMsS TmonepedHoctr h(X)
pacnpesieneHusi MapTOHOB IO CIMHAM B IIOMEPEYHO-TIONISIPU30BAHHOM MpPOTOHE. CIMHOBBIN
KpH3HC POTOHA CBs3aH ¢ PpyHkimei §(X). U3ydyenue pynkuun h(X) TOIBKO HAYaIOCh.

Pe3ynbraThl nccnenoBanus GyHKIUH CIIUPATBHOCTH J(X) MOKa3bIBAIOT, 4TO TOJIbKO 30%
CIIMHa MpOTOHA NMEPCHOCATCA BAJICHTHBIMU U MOPCKUMHU KBAPKaMH U aHTUKBAPKaMU.
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Ocranpabie HepocTtatomme 70% cnuHA TPOTOHA MOTYT OBITh OOBSICHEHBI BKJIAJIOM
TJIFOOHOB W/WJIA OPOUTAILHBIM MOMEHTOM. BOJIBITUHCTBO MOJIIPU3AIMOHHBIX SKCIIEPUMEHTOB B
HACTOsIIIee BpPEeMsl HAIpaBJCHO HA MOUCK BKJIAJa TNIFOOHOB B CIMH HYKJIOHOB. /o HemaBHEro
BPEMCHH BCE TOIMBITKA OOHAPYXUTh BKIIAJ TIIOOHOB B CIIMH HYKJIOHA JaBalld OTPULIATEIBHBIN
pe3yJbTarT.

DKCIepUMEHTHI € MOJIIPU30BAaHHBIMU JICNITOHHBIMU ITyYKaMH, IPOBEJICHHBIE B MOCIIEIHEE
BpEeMs B PA3IUYHBIX YCKOPHUTEIBHBIX LEHTPAX MBITATUCh OOHAPYKUTH MOJIIPU3ALUIO TITOOHOB
MIPY OTHOCHUTEJILHO MAJIbIX 3HAYEHUsSX NepeMeHHou brépkena Xg, n0 0.1-0.15. DxcriepuMeHThI
Ha RHIC (STAR u PHENIX) npeanpuHsin HONBITKY 00HAPYKUTH IMOISPU3AIMIO TJIFOOHOB IIPU
maseix (okosio 0.01) u mpomexyrounbix (mo 0.2) 3HaueHHSIX Xg, TOTJAAa Kak HEOOXOAUMO
MIPOBECTH U3MEPEHHSI BO BCEM JIMAIa30He, 0OCOOCHHO MPH OONBIINX 3HAYCHUAX XB.

B skcniepumente COMPASS B pesynbrare ri106aapHOr0 GUTHPOBAHUS NaHHBIX OBLIO

NOJYYeHO YyKa3aHWe, YTO BKIIAJ TJIFOOHOB B CIMH MPOTOHA BO3MOXKEH NPU 3HAUCHHAX Xp
npumepno 0.3 (Puc. 1.1) [13].

fawith AG>0, WS schemo 0'08:_ -— gis-‘;; :oL1L4
" fRwith 46<0, WS scheme A 0.06— —— NNPDF Pol 1.1
COMPASS, highp , 0"‘ 1GaV", prol +¥9T" [ Scale Uncertainty
' Al 2 a F PDF Uncertainty
! SMC, high p, Q>1GeV q-' 0.04— [ Rel. Lumi. Uncertainty
; HERMES, high p, all ¢ .5 r
[ T 002
S . & o.n2: _
"' COMPASS PRELIMINARY k. =1
F C T
0.2 - -0 uz:_ Sign(n) = Sign(n,)
[ B . . . .
- [ X 0.08 : ;
I — T b STAR 2009 Sign(n,) = Sign(n,)
[ —— 0.060 p+p— Jet + Jet + X
02 - 4 F s = 200 GeV
cl 1 1 B l | 1 1 L1 ; 0'04:_
10° 10" » T 002
X a "t
-
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 3mepeHne NByXCIIMHOBON aCHMMETPHH B
skcmepumente CTAP [14]

Jlo mocneaHero BpeMeHH BCE M3MEPEHUS JIBYXCIIMHOBBIX aCUMMETPHIl ObLIIM CPaBHUMBI
C HyJeM B mpenenax omuook, u Tonbko B 2017 r. sxcnepumenT CTAP onyOnukoBan naHHBIE,
yKa3bIBaloIMe Ha HeHyNeByto acummerputo (Puc. 1.2) [14].

CrhenyeT OTMETHTB, YTO BCE MCCIIECIOBAHUS SIBISFOTCS MOJICIbHO-3aBUCHUMBIMUA KaK C
TOYKH 3peHI/I$[ BOCCTAHOBJICHHUA HapaMeTpOB peaKIII/II/I, TaKk U C TOYKH 3peHI/I${ OIIMCaHUs
IPOIIECCOB.

OnmHUM ©3 BO3MOXHBIX CIIOCOOOB HM3MEPEHHUS TOJIIPU3AllMM MApTOHOB (KBapKOB U
TJIIOOHOB B TIPOTOHE) SIBJSIETCS M3y4deHUe oOpasoBaHus yactull ¢, f(1520), a takxke y1c(1P) u
x2¢(1P), xotopeie pacmamatorcsi Ha JAy u ¢GoroH. XOpoOIIO HM3BECTHO, YTO OOpa3oBaHHE
KBapKOHHSI BKIIIOYAET TPH OCHOBHBIX Ipollecca Ha MapTOHHOM ypoBHe (cMm. Puc. 1.3): kBapk-
TJII0OOHHOE paccesiHue (a), aHHUTWISALUS Jerkux kBapkoB (D) u rimooH-rimooHHOE crusiaue (C)
[15,16]. IIpu sToM B paccmMaTpuBaeMON OO0JACTH DHEPrHil JOMUHUPYIOIIMA BKJIAA JUIS
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MPOTOHHOTO My4yKa OyJeT AaBaTh MPOLEcC KBAPK-TIIFOOHHOTO paccesiHus, a JIsl aHTUIIPOTOHHOTO
— KBapK-aHTUKBApKOBasi aHHUTHIISIIIHSL.

g 'Se3% g 'Sy P g g
P P
k1 kq

ol 0
a’a
Q
7
(=]
Y

(a) (b) (c)

Puc. 1.3 Tunnunble muarpaMMbl 00pa30BaHus KBapKOHHMS

XapakTepHO 0COOCHHOCTBIO TPOIIECCOB 00PAa30BaHUS KBAPKOHUS SIBIISICTCS WX BBICOKAS
YyBCTBHTEIHLHOCTh K TJIIOOHHOMY COJCPKAHHIO B3anMOJeWCTBYrONMX dactuil. OOpa3oBaHue
COCTOSIHUU KBAapKOHUA B CTOJIKHOBCHHAX HYKJIOHOB OCO6€HHO HHTCPECHO, TaK KaK COCTOSAHUSA C
KBaHTOBBIMH umncaamu 17, 17, 2" mecyT mHdopManmo o MIOTHOCTH TIIOOHOB B HYKJIOHAX.
[TomoOHBIE COCTOSIHUSL OTHOCHTEIBHO JIETKO PErHCTPUPOBaTH 4Yepe3 WX JWICNITOHHBIC U
paIualoHHbIE MOJIBI paciaja.

W3mepenne pa3HUIBI CEYCHUH (IBYXCMUHOBBIX acuMMeTpuil Ay U A(L) [UTS YacTHIL ¢,
2(1520), J/y, y1c ¥ y2c C UCTONB30BAHUEM TOJIIPU30BAHHBIX MYYKa W MHUIIEHH SBJISIETCS TECTOM
CIOPaBEIIMBOCTA  PA3MUYHBIX  MOJENel, HEKOTOphle M3  KOTOPhIX  MPEACKA3bIBAIOT

MIPOTUBOMOJIOXKHBINA 3HAK AN AL JUIS 4acTUIl ¢ pa3HbIM cMHOM. [IpojonbHas IByXCIHUHOBAs
1 NUCEI R (S))
(PB-PT'fff) AFH+I(+=))

acuMMeTpus onpenensercsa Kak Ay, =

ff

rie Pg —3HadeHue mospusarii mydka, P —sddexTiBHas momspusanus Mumenn, |(++),1(+-)
— KOJIMYECTBO HOPMAIHM30BaHHBIX coOBITHIA. CocTosiHus (++) 1 (+—) COOTBETCTBYIOT 3HAUCHUSAM
HOJISIPU3ALUil y4dKa U MUIIEHU (—><—) U (——>) COOTBETCTBEHHO.

Bosnbiast BermunHa Ay OyIeT yKa3blBaTh Ha 3HAYUTEIbHBIN BKIaj rmooHOB AG/G(X) B
CIIMH MMPOTOHA, HE3ABHCUMO OT MPEAMOIOKEHHI KOHKpeTHOM Moaenu [16]. Kak O6but0 mokasaHo,
B ToM umcine B [17], yrioBoe pacmpeneneHHe KOHEYHBIX (OTOHOB M JIENITOHHBIX Iap
00ecneYnBarOT BO3MOKHOCTh U3MEPEHUS MOJISPU3AINHA HaYallbHBIX KBAPKOB U TTIIOOHOB.

Omnoit w3 meneit skcnepumenta CITACYHAPM sBnsercs wucciaenoBaHUE CIHUHOBOM
CTPYKTYpPBI IPOTOHA U M3y4yeHue GpyHKIM crupaibHOocTH §(X) 1 TpaHcBepcanbHocTH h(X) yepes
U3MEPEHUs] pa3IMYHBIX OJHOCHUHOBBIX M JABYXCIIMHOBBIX 3(P(EKTOB B CTOJKHOBEHHSAX IBYX
anpoHoB. [Iporpamma sKcrepuMeHTa BKIIOYAeT B ce0sl KOMIUJIEKCHOE H3yueHHE MEXaHH3MOB
00pa30BaHUs KBapKOHUS B CTOJIKHOBEHHSX HEMOJIAPU30BAHHBIX U IMOJIIPU30BAHHBIX aJPOHOB C
sHeprued 1o 50 I@B, BkIrOuYas HCNOIB30BAHME IyYKa IOJISPU30BAHHBIX AHTUIIPOTOHOB.

3

[Nonspr3oBaHHBIC MUIIIEHN TOJBKO YACTUYHO COCTOAT W3 MOJIIPU30BAHHBIX SAEP BOAOPOAA, OOBIYHO KOJIMIECTBO
HETIOJIIPH30BaHHBIX TPOTOHOB B MUIICHH, YMEHBIIAIONINX PEalbHOE 3HaUeHHE Nossipu3anun, B 7-10 pa3 Gonbmie
YHCIIa MO PU30BaHHBIX
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B03MOKHOCTh HCIIONIL30BAHUS Pa3IMUYHBIX THIOB IIyY4KOB JJIS DPETMCTPAMH  Pa3IMYHbBIX
KBapKOHHMEB IO3BOJISIET ONPEICIUTh BKJIAJ OCHOBHBIX KaHAJIOB OOpa3oBaHUs KBApKOHHS (CM.
Puc. 1.3).

EH_IC OIHHUM BaXHBIM MOMCHTOM ABJIACTCA TO, YTO IIPHU ISHCPTHUAX YCKOPUTCIIBHOI'O
komriekca Y70 B cooTBercTBHM ¢ pacueramu [18] mccienoBanme oOpazoBaHHs YapMOHHSA
MMpoucCxXoauT MMCHHO B TOM O6HaCTI/I, A€ MOXHO OXuUJaThb BKJIAJ TJIFOOHHOM KOMIIOHEHTHI (CM.
Puc. 1.4)

Puc. 1.4 CooTBeTcTBHE MEXAY peaibHO U3MEpSAEMBIM 3HauUCHUEM NepeMeHHoH DelfHMaHa Xg U JOIIMHU UMITYJIbCa,
YHOCHMBIMU [IAPTOHAMHU

Ch0XHOCTb H3MEpeHHH OoOpa30BaHMs YapMOHHS CBs3aHA C JBYMsS OCHOBHBIMHU
dakTopaMu — OIU30CTBIO 110 Macce OCHOBHBIX COCTOSIHMM yic M Y2 M MajJbIM CEUCHHEM.
[IpoBeneHHoe MonenupoBaHue (GU3MUECKHX mporeccoB [16] moka3zano BO3MOXKHOCTb
paszeneHus yka3zaHHBIX cocTOosHMM (cM. Puc. 1.5) mpu BBINOJHEHMM XKECTKUX TpeOOBaHHMM K
HKCIEPUMEHTAJIbHOW YCTAHOBKHM, a MMEHHO: €CJIM pa3pelleHHe TPEKOBOM CHUCTEMBI COCTaBUT
Ap/p=0.004 mpu 10 I'3B/c, a 3HEepreTHUECKOE pa3pelIeHre IEKTPOMArHUTHOTO KaJTopuMeTpa
Oymer HaXomuThCs Ha ypoBHE 2.5%/NE. XapaKTepHCTHKH M pPACIONOKEHHE ICTEKTOPOB
OTIpeNIeNsITUCh YKa3aHHBIMU TPeOOBaHUSAMHU.

Crl
=}
o

o]
n
—

200

150

Number of events

100
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ll1|1IIIII1I1|l|l|l|[|f]ll|1|]|l|||l

lI.II.|I.ILIIIJ|IL |IIII|II |IIII|IIII

0
3.3 3.35 3.4 3.45 35 3,65 3.6 3.65 3.7
ChiQ,Chi1,ChiZ mass GeV

Puc. 1.5 Pasnenenue y; Me30HOB Ha ycranoBke CITACHAPM
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Creyer OTMETHTh, YTO IMOMHMO MOJPOOHO PACCMOTPEHHBIX MCCIICJOBAHUI BKJaaa
KBAPKOB W TJIOOHOB B CIIMH TPOTOHOB M AHTHIPOTOHOB B POXIEHUM KBapKOHHS, OyIyT
UCcCiIca0BaTbCA OAHOCIIMHOBBIC B(b(i)eKTbI B POXIACHHMU JOTUX KC YaCTHIL Ha IOIICPCUHO
NOJISIPU30BAaHHON MHUIIEHU. XOUYETCS OTMETHTb, YTO 3TO OYAYT NEpBble M3MEPEHUs! CIIMHOBBIX
a¢hekToB B 00pa3oBaHUM KBAPKOHHSI.

OIHOBPEMEHHO C M3MEPEHUSMHU CIHHOBBIX 3(PQPEKTOB OyaeT M3MEPEHO COOTHOLICHHE
BBIXOZIOB J1/)2 HA HAJCKHOW CTATHCTHKE C KCIOJIb30BAHMEM IMHOHHOIO, MPOTOHHOTO U
AQHTUIPOTOHHOTO IYYKOB, YTO TIO3BOJUT IIPOBEPUTH HEAABHO OOHApYKCHHBbIH 3(DdeKT
MmacmTabHoi naBapuanTHocTH [3], oonapyskennsiii Ha BAK [4, 5].

Takxe Oyner mpeAnpuHsTa IMOMBITKA W3MEPEHHs JIBYXCIMHOBOW acUMMeTpuu Ay B
nporeccax 00pa3oBaHus ap raMmma KBanTtoB (mporece Jpemi-5IHa) ¢ 1espio HoTydeH st OLEHKH
norepedrHocTr hi(X) KBapKOB B POTOHE.

3a 20 ameii HaGopa DAHHBIX Ha MPOTOHHOM IYYKE ¢ MHTCHCHBHOCTBIO 10 ~107 p/muk
MOYKHO 3apErHCTPUPOBATh HECKOJIBKO MHJUIMOHOB COOBITHH POXICHHUS () — ME30HA, TaKKe
oxkumaercst ~10.000 J/ ¥u ~1.000 y1/ o> Ha p- myuke. [Ipu 3TOM cTaTUCTHYECKHE OIIUOKU O(AN)
B oOpazoBanuu J/ ¥ 0y1yT HECKOIBKO MTPOICHTOB.

1.2  W3mepeHHe 0OJHOCHUHOBBIX MONMEPEYHBIX ACHMMeTPHii Ay aIpOHOB

OOBIYHO OCHOBHOM MOTHBALIMEW HCCIENOBAaHUI C HMCHOJIb30BAaHUEM IOJISPU30BAHHOMN
MUIIEHU JIUOO MydKa JEKJIapupyeTcs 3ajada H3Y4YeHHs] CTPYKTypbl IpoToHa. OnHaKo, Kak
MOKa3bIBaeT MOJICJIbHBIM aHAJIN3 3TUX U3MEPEHMH, lIeHHast nHpopMalus, coiepKalasics B HUX,
CBfi3aHA C JUHAMUKON CHJIBHOTO B3aUMOJICMCTBUS aJpOHOB U KBapKOB B OOJIACTH AEUCTBUS
KoHpaiiHMeHnTa. CrnuHOBbIE H(PQEKTsl Takke MOryT ObITb CBSI3aHBl C  TaKUMHU
(byHaaMeHTalbHBIMU TpOOJieMaMM, KaK CHOHTAHHOE HapylleHHe KUPaJbHOH CHMMETPHH,
MOSIBJICHHWE MacChl y KBapKOB M aJpOHOB, oOOpa3oBaHME B aJpOHaX KBa3MYacTHUI] —
cocTaBJIsIFONIMX KBapkoB [19]. MccnenoBanue CIMHOBOM CTPYKTYPBI HYKIIOHA, PACCMOTPEHHO# B
NpEeABIAYIIEM pa3lene, SBISIETCS B TO K€ BPEMSA TOJBKO OJHOW W3 LENeW SKCIEpPUMEHTA
CITACYAPM. [lpyruM BaXKHBbIM HaIlpaBJICHUEM MCCIIEAOBAHUMN SIBISIETCS M3y4yeHUE AUHAMHKHU
CUJIbHBIX B3aUMOJCUCTBUM C YyY4ETOM CIIMHA.

Kak yxe Obulo ormeueHo panee, Teopus Bo3mymeHudt KXJ| mnpexnckaspiBaia
HEe3HayuTeNlbHble crnuHOBBIE 3(PdekThl, nopsanka 0.1%, BeIMHparolIMe C POCTOM BSHEPTUU
B3aUMOJICHCTBUI U TonepeyHoro ummyibca [2]. OgHako SKCIEepUMEHTAJIbHBIE HCCIeIOBaHUS
nokaszanu, 4tro 3¢¢ekTsl, HabloJaeMble B HHKIIO3MBHBIX PpEAKUUSAX, HE YOBIBAIOT C
yBennueHneM \S M Pr. IKCIEPHMEHTANbHO OOHAPYKEHHBIC MOMSPH3AIMs A- THIIEPOHOB 1
OJIHOCTIMHOBAsA TONEpeyHas aCUMMETpHUs B HMHKJIIO3MBHOM 0Opa3oBaHUM IHOHOB B 00JaCTH
¢dbparMeHTalMM TOJSPU30BAHHOIO MPOTOHHOIO IydKa HMMEIT OOJdbIIMe U MPaKTHUYECKU
OJIMHAKOBbIE MO BEJIMYMHE 3HAUYEHUS ACHMMETPUM U TMOJISIpU3alUMU B IHIMPOKOM JHAIra3oHe
sHepruu B nabopatopHoii cucreme ot 20 10 20 000 I'3B (sxBuBanent sueprun RHIC B cucreme
LEHTpa Macc).

OnHOM M3 OCHOBHBIX (PM3WYECKUX HAOIIOJAEMBIX SIBJSETCS TMOIMEpedYHasi OAHOCIIHHOBAs
acumMmeTpusi Ay, KOTOpasi MPONOPLUUOHATIBHA PA3HOCTH CEYEHH MpPH IPOTHUBOIOIOKHBIX
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HAIIPaBJICHUs BEKTOpa IOJApH3aluu npoToHa. «ChIpas» OJHOCIUHOBas acummerpust ATy

OIIpENENSeTCsS CIEAYIOIUM 00pa3oM 4epe3 H3MepseMble BeIH4YMHbL ANCY = _D_ . W-ND
- N P-cosp (N'+NY'

rae P — nonsipuzanus nydka Wik MUILEHHU, COS®Y — CPEAHUN KOCUHYC YTOJ MEXYy HOPMAbIO K
IUIOCKOCTH PACCESHUs ¥ HANPABICHHEM CIIMHA [yuKa MM MuiieHn'. Bemmunna D HaspiBaeTcs
(aKTOpOM pasGaBICHHS B IOIAPU30BAHHON MuMICHH . HOPMUPOBAHHEIC HA YHCIO ITYYKOBBIX
YacTHIl BBIXOJbl HaOMOJaeMoro aapoHa h s  mosspu3aldy  TMydka WIA — MUIICHH,
HAIPABICHHOH BBepX WM BHH3, obosHauensl kak N' m N coorercrenno. CormacHo
kouBeHIIMU [20], mMOIOXKUTENBbHON Ay CUHMTaeTCs B TOM Cllydae, €CIM BJICBO JICTUT OOJbBIIE
aJipoHOB h 71 IydKa ¢ Mossspu3alieii, HarpaBIeHHON BBerG.

Kak yxe oTMe4eHO BbIIIe, SKCIEPUMEHTAIBHO W3MEPEHHBIC 3HAUCHUS acUMMETpHH Ay
BeAyT ce0sl MPaKTHUECKH OJAMHAKOBO B OOJIBIIIOM JMamna3oHe 3Hepruil. B kauecTBe mpumepa Ha
Puc. 1.6 cpaBmmBaroTcst pesymbTaThl mo Ay s peakimii p'p— 7 +X, momydeHHble HpH
pasTHYHBIX 3HEprusaX Ha yckoputemsix ZGS (Vs = 4.9 TsB) [21], AGS (Vs = 6.55 I'3B) [22],
FNAL (\s = 19.43 IB) [23] u RHIC (Vs = 62.4 T3B) [24]. [Ipyrue pe3yIbTaThl IPeaCTABICHb!
6ostee moapoOHO B pazmene 5. O030p JaHHBIX M KX aHATM3 MOKHO HAWTH Takxke B paborax [25,
26, 27].

JlaHHBIN TIpUMeEp NPUBEJECH, MPEXKIE BCEro, JUisl TOro, 4TOObI MOKa3aTh — Ha IEPBOE
MECTO B IOJIIPU3ALMOHHBIX MCCIIEJOBAHUAX YK€ BBIXOJUT HE DHEPIUs, a CUCTEMaTUYECKOe
UCCIIeIOBaHME M aHAJIM3 JAaHHBIX OOJBIIOrO YMcia pa3inyHbIX peakuuil. Hayunas npoOiema,
KOTOpast SBISETCA LENIbI0 JAHHOIO IIPOEKTa — HCCIENOBAaHUE JIWHAMHUKHA CIHUHOBOIO
B3aUMOJICUCTBUSA, B TOM YUCIE B MPOLECCE AaHHUTWIALIMY C UCIIOIb30BAHUEM aHTU-IIPOTOHHOIO
IIy4Ka, IPY POKJIECHUH IIUPOKOro KJacca YacTHll, B TOM YHCIIE COAECPKALIUX S- U C-KBAPKH.
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Puc. 1.6 Ay ans peakuuii p'p—z* +X. Jlannsie ZGS [21], AGS [22], FNAL [23], RHIC [24]. Komnusmus
9KCIIEPUMEHTAIBHBIX TAHHBIX U3 yOnKarmun [28]

* [pu nomHO# (27) FeOMETPHH 110 A3MMYTATBHOMY YIITy IPOBOAKTCS (PHTHPOBAHKE 1O COSQ

® ®axTop pasbasnenus D ompesensieTcs Kak MONHOE UHCIO B3AUMOJCHCTBMII B MHINCHH, OTHECEHHOE K UHCIY
B3aUMO/ICHCTBUI Ha NOJISIPU30BaHHBIX IIpoToHax. [Ipu ucnonb3oBaHuy Mossipu30BaHHOrO Iydka D=1,

® Jlms  cpaBHEHWS OJHOCIHHOBBIX ACHMMETpHIi, TIOTYYEHHBIX B H3MEPEHHSX C IMOIAPH30BAHHBIM MydkoM H Ay,
MOJTYYCHHBIX Ha IMOJISPU30BAaHHON MHIICHH, HEOOXOIMMO M3MEHHTH 3HaK Ay U U3MEPEHUH Ha MOJSIPU30BAHHON
MHUIIICHH.
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B mpennaraemeix Ha ycranoBke CITACUHAPM wuccnenoBaHusix mpejjiaraeTcsi oOpaTUTh
BHUMaHUE, MPEXKJE BCEro, Ha JBa aCIEeKTa:
— CpaBHeHHE NMOIAPHU3AMOHHBIX () ()EKTOB MPU B3aMMOICHCTBUH YaCTHIl U aHTUYACTHI]
C BEIIECTBOM MPHU OJHON M TOW K€ PHEPTUM U B OJHOM M TOM K€ KMHEMATHYECKOM
obnactH.
— HWccnenoBanue cnuHOBBIX 3(PGEKTOB s OOJBINOro Kiacca peakiuii B IIMPOKOMN
KUHEMATHYECKOH 00JIacTH.

1.2.1 MH3mepenue oonocnunoswvix Ihghekmos ¢ ucnonvb3oeanuem NOAAPU3IOEAHHO20
nyuKa aHMUNPOMOHOE

[Ipoexkt CITACHAPM 1npenocraBisieT YHUKaJIbHYH) BO3MOYKHOCTh MCCIIEIOBATh
CcruHOBBIE 3(PPEKTh MpU B3aUMOACHCTBUM AaHTHBEIIECTBA C BEIIECTBOM U T€ XK€ CIHUHOBBIC
3pQeKTsl MpH B3aUMOACWCTBUM BEIIECTBA C BEIIECTBOM M CPaBHUTH PE3YJIbTaThl IO
OJIHOCIIMHOBOM AaCHMMETPUM POXKICHMSI pPa3IMYHBIX YaCTUL IPU OJUHAKOBBIX YCIIOBHUSAX
(3Heprus u KHHEeMaTU4ecKasi 00J1IacTh PEaKIIMH).

C MomeHnTa OTKpbITHS aHTuMarepuu B 1930-x romax oHa Bcerma OblIa M OCTaeTCs
npeaIMeToM OOJBIION MPUBIEKATEIBHOCTH, Mpexae Bcero i (u3ukoB u ¢unocodos. s
(U3UKOB aHTUIIPOTOHBI MIPECTABISIIOT 0COOBIN MHTEPEC, MOCKOIbKY OHU SBJISIOTCS MapTHEPaAMHU
MPOTOHOB, KOTOPBIC SIBISIOTCS: a) €IUHCTBEHHBIMU aOCOJIIOTHO CTaOMJIBHBIMU aJ[pOHAMH,
00UITBbHBIMU U 3(()EKTUBHO «CBOOOTHBIMUY B OKPYXKAIOUIEM HAC MPEAMETOM; 0) 3apsyKEHHBIMU
U, TaKkUM OOpa3oM, JIETKO MAaHHWITYyJHPOBATh: YCKOPSATh, CO3/aBaTh IYYKH C H3BECTHBIMHU
XapakTEePUCTUKAaMU U TOM nogo6Hoe'. DTO O03HAYAeT, 4UTO AQHTUIIPOTOHBI MOTYT OBITh
WCIIOJIb30BaHbl JUIsl M3y4YEHHUsS MpoIlecca aHHUTWIALMU U3 HeHTpanbHO 3apsikeHHoro (C-
HEUTPaJbHOTO) COCTOSHUSA B IIMPOKUN CHEKTP KOHEUHBIX KBAaHTOBBIX cocTostHMM. C
HEMOJISIPU30BAaHHBIM MPOTOHOM M AHTUIIPOTOHOM HCXOJHBIE COCTOSIHHUS Takxke saBistorcs CP-
HelTpanbHbiMu. OpHako CP-HapyineHwe B Tpollecce aHHUTUIISAINHM TOTEHIIMAIBHO MOKET
HapymuTh CP-HEeHTpanbHOCTh KOHEUHBIX COCTOSHUN. M3MepeHue monspu3aii 4acTUll, TaKuX
KaK THUIEPOHbl, B KOHEUHBIX COCTOSIHUSX MOXET MNOMOuYb MpoBepuTh CP-HeWTpanbHOCTH
KOHEUYHBIX COCTOSIHUH, T. €. coxpaHeHue CP B pp-aHHUTUIISALIUHA.

AHHUTHIIALMS TIEPBOHAYAIBHO MOJSPU30BAHHBIX MPOTOHOB U AHTUIIPOTOHOB MPUHOCHUT
HOBOE KauecTBO B HccienoBanue. C Moiasipu30BaHHbBIM U, KaK MPABUIIO, HAYAJIbHBIM COCTOSIHUEM
6onbie He aBnsercs CP-neltpansHbiM. Ho, ¢ BO3MOKHOCTBIO U3MEHEHUS MOJISpU3aLUU 000MX
(p u p), MoxHO ckoHCcTpyHpoBaTh CP-compspkeHHOe HavanbHOe cocTtosiHue. CpaBHEHUE
XapaKTEPUCTUK KOHEYHBIX COCTOSHHUM, Tpoucxonsmux u3 aByx CP-compsikeHHBIX HavdalbHBIX
COCTOSTHUM, MOTEHLHAJIbHO MOXET CIYXHUTh JoKa3aTelbcTBOM HapymeHuss CP B mepBUYHOM
nporecce pp-aHHUTWIALME. K coxaleHuro, OJHAaKO, He3aBUCHMBbIM oT Mmozenu Tect CP-
HapyILIEHUs HEBO3MOXEH C ABYMs MOJSPU30BAHHBIMU MPOTOHHBIMU MyYKaMU TOJBKO MOTOMY,
4T0 UcX0nHOe cocTosiHue CP-compsbkeHHst MOTpeOyeT CTOJIKHOBEHHS ABYX MOJSIPU30BaHHBIX
AHTUIPOTOHHBIX YYKOB, KOTOPHIE B HACTOSIIEE BpEeMS HETOCTYITHBI.

B Hacrosiiee Bpemsi MpakTUYECKH JtOOble MOJSIPU3AlMOHHBIE AKCIEPUMEHTAaJIbHbIE
TaHHBIC JUTsI pP-peaKkiuii MPeICTaBISAIOT OONBIION UHTEPEC XOTS OBl TOJBKO MOTOMY, YTO TAaKHX
JAHHBIX OYE€Hb Majo, @ BO3MOXKHOCTb CpPaBHEHHUS PE3yJbTAaTOB HM3MEPEHUN C JaHHBIMH Ha

" EQMHCTBEHHBIMH JPYTHMH YaCTHIIAME C MTOZOOHBIME CBOMCTBAMHE SIBISIOTCS SIEKTPOHA (M MO3UTPOHBI), HO OHH
HE YYaCTBYIOT B CHJIbHOM B3aHMO/ICHCTBHH.
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MOJIAPU30BAaHHBIX MPOTOHAX TPU TEX K€ CaMbIX YCIOBHSX MPEIACTABISIETCd OYEHb
MEPCIEeKTHBHBIM. PaHee MOJ00HBIE HCCIENOBAaHUS HAa HWHKIIO3WBHO OOpPa30BAaHHBIX IMHOHAX
IPOBOAMIIMCH TOJBKO B 3KcriepuMente E704 mnst m-me3oHoB [29,30], B KOTOPBIX acHMMETPHSI
3apSDKCHHBIX [MMOHOB MCHSUIACH HA IIPOTHBOIOIOKHYIO, 4 aCHMMETPHS 7T -ME30HA OCTABAIACH
OJIHOTO 3HAKa, YTO BIIOJHE OOBSICHSIETCS KBAPKOBBIM COCTABOM MOJISIPU30BAHHOTO HYKJIOHA U
KHHEMATHYECKON 00JIacThI0 M3MepeHHi (00JacTh (pparMeHTaly MOJSPU30BAHHOTO ITy4Ka).
PesynbpTaThl 3THX MCCcIen0BaHMM puBeneHpl Ha Puc. 1.7.
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Puc. 1.7 Cnera Ay B P1-B3auMOICHCTBHY B pOKACHUH 3apsikeHHBIX [30] u HelTpanbHbIX [29] Me30HOB, clipaBa —
AHAIOTUYHBII Pe3yNbTaT Juisl PP-B3anmMoeiicteus [23, 29].

OkcnepumeHT CITACHAPM naet BO3MOKHOCTb HE TOJIBKO U3MEPUTD (CpaBHUTH) Ay 1UIs
T-ME30HOB C JydYllled TOYHOCTBIO M B IIMPOKOM KHHEMAaTHMYECKOM JHarna3oHe, HO U
CYIIECTBEHHO pacIIMpPUTh Kilace peakuuil. OcoOblil HHTEpeC MPU MCCIEIOBAHUU OJHOCTIMHOBOM
aCUMMETPHUU TPEACTABIAET POKIACHUE YACTHUIL, COCTOSALIMX M3 TSKEIBIX KBapKOB, TO €CTh B
npolecce aHHUTWIISIMM, KOTJa BTOPUYHBIE YAaCTUIBI JOJDKHBI «3a0BITh» PO MOJISPU3ALUIO
UCXOJHBIX KBapKoB. C 3TOM TOYKM 3pEHUS BaXXHO H3Y4YUTh CIIMHOBBIE CBOMCTBA 4acTHLI,
CONEPIKAIMX S U C-KBApKK". ECTH B PP-CTOJIKHOBEHHSIX TIPU HU3KHX SHEPrHSX B 0OPA30BAHUH
$§- U cC-map JOMHUHHUpPYeT (g Ipolecc, TO BaKHOW OCOOCHHOCTHbIO AHTUIIPOTOH-TIPOTOHHBIX
peaKIui ABIAETCA NPSAMOM TOCTYI K ¢ G-B3aMMOJICHCTBHSM.

HccnenoBanue J00bIX CIMHOBBIX 3 QekToB B obOpazoBanuu ¢, 1(1520), /¥ u jl yo-
ME30HOB I03BOJIST IMOJIYYUTh COBEPIIEHHO HOBYIO HMH(GOpPMAIMIO O pOJIM CHHHA B CHUJIHLHOM
B3aMMOJIEMCTBUM, OJIHAKO CEUEHUE ITUX IPOLIECCOB HEBEIMKO.

Ha Puc. 1.8 moxazaH pe3yiabTaT MOJEIMPOBAHUS PErUCTpAllUM = -THIEpOHA U ¢-
Me3oHa’.

8
b- u Tem Goree t-KkBapku He JOCTYITHBI B 9KCIIEPUMEHTAX HA YCKOPUTEILHOM KoMIutekce ¥Y-70

9 o
OcCHOBHBIE pe3yNIbTaThl MOAEIMPOBAHUS, BKIIIOYAs MACCOBbIE CIIEKTPBI YACTHILL JJIS1 pa3IMUHBIX PEAKLU U OLIEHKa
yucia coObITHH TpuBeeHbl B [punoxennn b
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Puc. 1.8 OxwumaeMbie MacCOBBIC CIICKTPBI 00pa3oBanust = — A 7 (clieBa) U ¢-Me30Ha (CIpaBa)

N3yuenne Ha OJHOM YCTAaHOBKE MHKIIFO3UBHOT'O POKIEHHUS (-ME30HA C MCIOJIb30BaHUEM
AQHTUIIPOTOHHOTO W IPOTOHHOIO  MOJSPU30BAHHBIX IIYYKOB IIOMHUMO  MCCIIEJOBaHUMU
NOJSIPU3AIMOHHBIX 3((eKkToB mpenocTaBUT MHGOPMAIIMIO O MEXaHH3ME POXKIACHUS CTPAHHBIX
yactul. CieayeTr MoauyepKHyTh, YTO HEBO3MOYKHO IOJIYUYUTh YHUCTHIM My4YOK aHTUIPOTOHOB, B
COCTaBe IydKa BCErjJa IPUCYTCTBYET 3HAuUUTeNbHass (pakuus 7 -ME30HOB (BO MHOIO pa3
Oosble, YeM aHTUIPOTOHOB). MccienoBaHUs B3aUMOJEHCTBUN C ydacTHEM 7 -ME30HOB JacT
JIOTIOJIHUTEIbHYI0 HH(POPMALIUIO O MEXaHU3ME POXKACHUS YAPMOHMSI U CTPAHHBIX YaCTHIL.

JIpyruM  HMHTEPECHBIM  HCCIICOBAaHHEM C  HCIOJb30BAHMEM  MOJSPU30BAHHOTO
AQHTHUIIPOTOHHOTO ITyYKa SBISIETCS MWCCIEOBaHUE JBYXCIUHOBBIX 3((}EKTOB B POXKICHHH
BEKTOPHBIX ME30HOB, TJIe CIIEAYET OXHIATh TOAABICHHE CEYeHUs 00pa30BaHUS BEKTOPHBIX
ME30HOB C MPOTHUBOTIOIOKHBIMH 3HAYCHUSIMHU TOJISIPU3ALIIN B3aUMOJICHCTBYIOIUX HYKIOHOB, TO
ecTb Oosbmioe 3HaueHue Ay . J[pyruM BO3MOXKHBIM HarpaBlIEHHEM HCCIEI0BaHUM sBIsSETCA
MOUCK TJIFOOHHOM KOMIIOHEHTBHI B JIETKMX AK30THMYECKHX COCTOSIHMAX. Takue COCTOSHHUS He
JOJDKHBI ~ YyBCTBOBATh  IONEpeuHble  Nojspu3auuoHHble  3¢p¢extsl  (Ayn), HO  OBITH
qyBCTBHUTEJbHBI K MPOJIOJILHBIM ACUMMETPHSIM.

Co3naHue NOJISAPU30BAHHOTO AHTUIIPOTOHHOTO IIyYKa TaKXKe IO3BOJMT IPOBOAUTH
NPEIU3NOHHBIE MCCIIEIOBAHNS IO CIIEKTPOCKOIHMH C HCIOJIH30BAHUEM MMAPIHATBHO-BOIHOBOTO
aHamM3a. B kadecTBe ammapaTta Ul TPOBEACHUS TaKUX HCCIEIOBAHUM Npeaaraercs
UCIIOJIb30BaTh METO/IbI, pa3BuBaeMble s skcniepumenta [TAHIA [31].

Eme oaHMM WHTEpPECHBIM HANpaBJICHUEM HCCIEAOBAHUMN, TJ€ HENOCPEACTBEHHO
CPaBHUBAIOTCS PE3YyJIbTaThl B3aUMOJEUCTBUS AHTUIIPOTOHOB C IIPOTOHAMHU, SIBIISIETCSI U3y4YEHUE
YOpYrux peakuuid. /[aHHas onnms Takke NMpeayCMOTpPEHA B IPEIaraeMoM SKCIIEPUMEHTE, a
ONMCaHWe TOJOOHBIX W3MEPEeHU TMpHBENeHO Hmke B paszmene 2.3.1, TOCBAIIEHHOM
HOJIIPUMETPUHN.

Ha ycranoBke CITACHAPM BO3MOXHBI J1B€ MOJbI PabOTHl ¢ MYYKOM AaHTHIIPOTOHOB:
nepBas CTaAus SKCIEPUMEHTa IPEAINOaraeT HUCIOJIb30BAaHUE HEIMOJISIPU30BAHHOIO IIy4Ka U
NOJIIPU30BAaHHOW MMILIEHM, a BTOpas — TOJSIPHU30BaHHBIN Nydyok. HenonspusoBaHHBIN
OTPHIIATENIBHO 3apsKEHHBIN MYy9Y0K uMeeT creayromnuii coctas: (r /K/p): 97.9/1.8/0.3%.

WHTerpanpHas CTaTUCTHKA JUTS TTOJIIPH30BAHHOTO aHTUIIPOTOHHOTO MyYKa C dHepruen 34
3B u unrencuBHocthio 80000 3a cOpoc 3a 30 nueit Habopa npencrasnena B Tadm. 1.1 s 11
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peakiuii. OTMETHM, YTO MHOTHE M3 YacTHUL, MpeAcTaBiIeHHbIX HUke B Tabm. 1.5 musa ciydas
nyyka 7, HA QHTHIPOTOHHOM IIOJSIPU30BAHHOM ITYyYKE TaKke OyAayT UMETh 3HAYUTEIbHYIO
cTaTucTuKy nopsiaka Ney :108, JOCTATOYHYIO ISl U3MepeHusi Ay C TOYHOCTBIO JAN = 2.5 Nev,
i 0.025%°. Jlist poreccoB ¢ BBICOKMM ypoBHEM (DOHA CTATHCTHYECKAsk TOYHOCTH OyHeT Ha
MOPSIOK xy)Kell. s xapaktepHoit cratuctuku Ney =10%s SKCIIEPUMEHTE C MOJSPU30BAHHON
MUIIEHBIO TOJy4aeM TOYHOCTh AN = 1.3x10°3,

Tabn. 1.1 Oxumaemoe uucio cobwituit Ngy u oTHomenue sddekra k Gony S/B mis mecslyHOro ceaHca Ha
HOJIIPU30BAaHHOM aHTUIIPOTOHHOM Iyuke ¢ 3Heprueii 34 I'3B (3.6- 10° B3aUMOJIeHCTBUIA).

Ne | yactmua | Ngy S/B | Ne | vactmua | Ngy S/B
1 |t 2.1-10° 7 |n 1.6-10°

2 | 2.6:10° 8 | A 1.4-10°

3 | K 1.7-10° 9 [A>pr" |2.110" |10

4 | K 2.2-10° 10 | A=>Aan® |1.1-107]0.13
5 | p 1.6-10° 11 |A™>pn | 4.2:10° | 0.14
6 | p 1.8-10° 12 | > Am |1.0-10°| 10

Jlnia 6onee Hu3ko# sHeprun 16 I'3B, npu KOTOpOIi MIaHUpPyeTCS HAYMHATD UCCIIET0BAHUS
Ha MOJSPU30BAHHOM Iy4YKe, HHTEHCHUBHOCTH jJocturaetr Makcumyma (1o 400000 3a cOpoc, a B
Cllydae ONTHMH3AIMH KaHAua JUI aHTHIPOTOHHOro mydka i 10 10° aHTHIpOTOHOB 3a MK
YCKOpHUTEIIS, WU [0 10% AQHTUIIPOTOHOB 3a CYTKH), @ BBIXOJABl YACTUI[ MEHSIOTCS
HEe3HauuTeNbHO. TakuM 00pa3oMm, JUisl aHTUIIPOTOHHOIO ITy4yka ¢ 3Hepruei 16 3B konnuectBo
peakuuii, B KOTOPbIX BO3MOYKHO IMOJYy4EHHE BBICOKOTOUHBIX JaHHBIX, ¢ 0AN < 2%, CTaHOBUTCS
3HAUYUTENbHBIM.

1.2.2 H3zmepenue A\ ¢ ucnonb3oéanuem uHmMeHCUGHO20 RPOMOHHO20 NYYKA

WNuTepec K  U3MEpPEHMIO  NOJSPU3ALUOHHBIX  A((EKTOB ¢  HCIOJIb30BAHUEM

TOJISPU30BAHHOTO POTOHHOTO TTYYKa OOBICHAETCS MHOTHMH (haKTOpaMu ;

— CpaBHUTENbHBIE HM3MEPEHMS] C AHTUIPOTOHAMHU (CMOTPU MPEIbIIYIIUNA pas3zaen)
MO3BOJIAIOT MOHSTH PA3HUIY CIHMHOBBIX 3(PQPEKTOB B CHIBHOM B3aUMOJCHCTBUU
MEX/1y BEILIECTBOM M aHTHUBELIECTBOM.

— [octuraemasi MHTEHCHUBHOCTb MOJIAPU30BAHHOIO Iy4YKa IIPOTOHOB IPEBBILIAET
MHTCHCHBHOCTh ~AHTHIPOTOHHOTO TIy4Ka B JECATKH pa3™, COOTBETCTBEHHO,
3HAYUTENIbHO pAacCHIMpsAETCs KHUHEMAaTUYeCKUMH JHama3oH U COCTaB HCCIEAYEMBIX
peakumii. Ilpy 9STOM  BO3MOXHO pa3leduTh 3aBUCUMOCTH A(D(PEKTOB  OT
KHHEMAaTUYEeCKHX IapaMeTpoB, YTO HEOOXOAMMO Ui JAWCKPUMHHALUM MOJENEH, U

HCAOCTYITHO I CYIIECTBYHOIINUX SKCIICPUMCHTOB.

9 ITpu Hannauu pona H3MepsieMast OMHOCIIHHOBAs acuMMeTprst A"y cBsi3aHa ¢ ACHMMETPUAMH CHTHaIA Ay i
dona APy cremyrommm o6pazom: A"y = Ay(1-B/Ngy) + APy (B/Ngy), e B — 4rciio GOHOBBIX COGBITHIT IO TTHKOM
pesonanca, a Ngy — IIo1HOE unci0 cobbiTuii. Kak nokasanu uccieqoBaHus, acuMMeTpus (oHa BHe NuKa ajgpoHa h
6muska k mymo [10], uTo u npeamonaraeTcs aanee npy oleHKe TOUHOCTH U3MepeHUi curnana oAy.

Y TounocTh M3MeEpEHHIt OHOCTINHOBOI aCHMMETPHH Ay IS MAIIbIX 3HAUCHHI Ay ompeensercs GopMyIoit

0Ay = DI[(1-B/Ngy)Pcosp\Ngy ]. Tlpu uskom yposae dona B daxrop (1-B)/Ngy = 1, a amst Bhicokoro yposHs ona
nopsizika 0.1. B GoNbIIMHCTBE ClTy4acB B JAaHHOM AOKYMEHTE [UISl OLICHOK TOYHOCTH, MBI IIPEIIOIaraeM, 4To st
noJisipu3oBaHHoro IMydka P = 0.4, s monsipuzoBannoi mumenu P = 0.75, a cose =1.

! B nanHoM pasjerne He paccMaTPHBACTCS TOAPOOHO MCCIIEIOBAHMS YaPMOHHS, OIHCAHHSe B pazaene 1.1,

13 Pacuer xapakTepHCTHK TONAPH30BAHHBIX TYUKOB MPUBEICH B pasaene 2.1
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— HccnenoBanusi MOXKHO NMPOBOAWUTH B oOyacTv sHepruu mydka 10-45 I'3B, To ectpb
IIPOBECTHU UCCIIEI0BAaHUE 3aBUCUMOCTH OT SHEPIMH B CHCTEME LIEHTpa Macc.

— Eme no mpoBeneHus n3MepeHUil Ha OCHOBE CYIIECTBYIOUIMX IAHHBIX MOXXHO OBITH
YBEpEHHbIMH, YTO B 00JIaCTH (hparMeHTaluu MOJIAPU30BAHHOIO Iyuyka 3(PQeKTh
OyAyT 3HAUUTEIbHBIMH, TAKUM 00pa3oM, OyleT TOCTUTHYTa BBICOKAsi OTHOCUTENIbHAs
TOYHOCTh U3MEPEHUH.

- EYI[yT IPOBOAUTHCA UCCICAOBAHMS C PA3JIMYHBIMU AACPHBIMHA MUILICHSIMMU.

[locnegnuii MyHKT MpenCTaBiIseTCs OCOOCHHO MHTEPECHBIM B CBETE pE3yJIbTaTOB
skcnepumenTa GEHUKC, oOHapyxuBIIero M3MeHEHHE 3HaKa aCHMMETPHH HEHTPOHOB NPH
nepexojie OT MPOTOHOB K 30J0Ty [32]. DTH AaHHbBIE W MPEJCKa3aHUsS CUILHOW 3aBUCHMOCTHU

ACUMMETPHUU HYKJIOHOB OT S[pa B paMKax MOJEIH XPOMOMAIHUTHOH TMOJIIPU3AIMH KBapKOB
(XIIK) [27, 33] noka3anbl HWxke Ha Puc. 1.9.

AN
0.4
CPQ model, P =0.108 GeVie, X, =0.54, Vs =200 GeV
@® PHENIX Data (inclusive) )
A PHENIX Data (BBC-veto) i/
0 2 L W PHENIX Data (BBC-tag) *
0 -
0.2
..\ I.'
J
\n
_0.4 | M | M | "
1 10 102
A

Puc. 1.9 3aBucumocts An(A) st peakimn p'A— n+X B sxcniepumente PHENIX [29].

Habmomaemast acuMMeTpust B Py CTOJIKHOBEHUSIX cocTasiser -8%, B PyAl coymapenmsx
yMeHblIaercs o BenudyuHe 10 -1.5%, toraa xak npu nepexone PAU CTOIKHOBEHUSIM MEHSET
3HaK 1 gocturaet +18%. 3aBucumocts Ay(A) Habmogaercs u s K'- u n°-me30n08 [34].

B T0 3xe Bpems mnocnennue pe3ynabrarbl skcnepuMmeHnta CTAP mo wu3mepenuto
3aBUCHMOCTH aCUMMETPUU MHKIFO3UBHOTO POXKICHUS °-ME30HOB OT ATOMHOTO BEca MHLICHH
IIOKa3bIBAIOT OJJMHAKOBOE IOBEJCHUE aCHMMETPUH B P1Pp- U PrAu-B3aumoseirictBusax [35]. Tem
WHTEpPECHEE TPOBEPUTH 3aBUCHUMOCTH TMOJSPHU3AMOHHBIX 3(PGEKTOB B 00pa30BaHMHM DPa3HBIX
YacTHIl U PE30HAHCOB OT HOMeEpa si/ipa.

Cnenyer oTMETUTB, 4TO B pamkax Mojenn XIIK 3aBUCMMOCTh U BO3MOXHOE U3MEHEHHUE
3HaKa TPENCKa3bIBAIOCh emie o pe3ynbratoB dkcrepumenra @EHUKC. Ha Pume. 1.10
MOKa3aHbl pacyeThl B paMKax JJaHHOH MoJenw Haisi Jpyroil peakmuu (¢ oOpasoBaHUEM
MPOTOHOB), TJI€ TAK)KE OKUTACTCS CUIIbHAS 3aBUCUMOCTh OT aTOMHOTO Beca A siipa MUIIICHHU.
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Puc. 1.10 [pencka3anus Ay B paMKax MOZIETH XpOMOMAarHUTHOH MOJISIPU3ALIAN KBApKOB
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C HCIIOJIB30BaHHUEM

MNOJISIPU30BAHHOI'O IIPOTOHHOI'O ITyYKa MOKHO TIPpCACTAaBUTb XOTHA OBl 11O pe3yibTaTaM

MOJCIHUPOBAHUA — B Tabn. 1.2 INpUBCACHA OXHAacMasd CTATUCTHKA B HCKOTOPLIX PCAKIHAX 3ad

OJIMH MECSI] U3MEPEHUI C MOJISIPU30BAHHBIM IPOTOHHBIM ITyYKOM Ipu SHepruu 45 I'1B.

JIJ1sl OLIEHKHU OYKHIAEMOTO YHciia COOBITHI MCIOJIb30BAIMCh reHepaTop dactuil PYTHIA

6.2 [36], ¢ yueTOM reOMeTpUH U pa3pelieHus] YCTaHOBKHM, MAarHUTHOTO TOJIsI, K 0TOOpa COOBITHIA

[0 TPUITCPY Ha OOJIbIINE 3HAYECHHUS Xr. B kauecTBe MuUIlIEHU B pacu€Tax HCII0JIb30BaIaCh

MpOTOHHAs MHIIeHb. [Ipy ucnonp30BaHUU ANEPHBIX (2 HE BOJOPOJIHOI) MUIIEHEH CTaTUCTHKA

Oyznet Oouibliie, MOCKOIbKY CEUYEHHUE JIJISl IPOLECCOB C OOJIBIIUMU MONEPEUHBIMU UMITYJIbCAMH PT

nmeer A-3aBrcumocts Buna A“PY, re a(pr)>1 [37].

CCaHCa Ha

Tabn. 1.2 Oxumaemoe uucio cobwituit Npy u oTHOmeHHe 3¢dekta k Gony S/B mis mecsuroro

MIPOTOHHOM ITy4Ke (6° 10" 3anmoeiicTauin) ™
Ne | yactuua Ney S/B | Ne | yactunua Ney S/B
1 | 6.1-10° 17 | p*(770)> ' ri° 3.0-10° | 0.4
2 | 3.6:10° 18 | p(770)> n 1 1.5-10° | 0.31
3 | K 5.5-10° 19 | ap(980)> n° 5.7-10° | 0.8
4 | K 2.5-10° 20 | N> 7.8:10° | 4.0
5 | p 4.7-10° 21 | w(782) > n'm | 3.010" | 1.4
6 | p 2.3-10° 22 [ K"(892)> K'n® |3.4-10” | 0.29
7 |n 3.5-10° 23 [K(892)> K n® [9.7-10° | 0.71
8 | 2.5-10° 24 | w(782)>y 7.8:10° | 2.5
9 | Sy 2510°(9.1 [25|A=>pm 2.3:107 | 10.0
10 | n>vy 1.3:10® |25 |26 | A>n1d 2.1-10’ | 0.67
11 | $(1020)> K*' K™ | 3.7.10° | 25 |27 |A">pr’ 1.0-10° | 0.59
12 [Z>5AT 3510° (10 |28 |Z>An' 1.0-10° | 17
13 [ K%> ' 6.7:10° [ 0.9 |29 |3°> Ay 3.5-10’ | 0.25
14 | p%(770)> ' | 3.6-10% | 0.37 | 30 | £°(1385)> Ar® | 9.8:10’ | 0.77
15 | K°(892)> K'm | 5.8-107 | 0.77 | 31 | w(782)> e* e 2.0-10° | 4.0
16 | R (892)> K m* | 3.1-107 | 1.25 | 32 | p%(770)=> pu' 1.0-10° | 4.0

Y Pacdersl BBIXOZOB WACTHI[ MONYYCHHI U TPHUITEPA HA B3aMMOJICHCTBHE B MUIICHH W, IOTIONHHTEIBHO,
TpeOoBaHUS CpabaThIBaHUS aJPOHHOTO H 3JIEKTPOMArHUTHOTO KAJIOPUMETPOB IS TTOIABICHUS COOBITHI C MabIMA

PrH Xe.
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Craructrueckas TOYHOCTh U3MEPEHHUH Ay JIJIS TIOJSIPU30BAHHOTO MTyYKa COCTABUT 0AN =
2.5/[(1-B/NEV)\/NEV], Wid B auanazode oT 3.2-10° qug 77 Me3onos 10 3-107 s peaxkiuu pr
—K (892) +X. MHOIHe 9YaCTHIIBI MOXHO OyJIeT PErHCTPHPOBATH 10 HECKONBKHM KaHATAM
pacmana. Takoli 00BEM JAaHHBIX Jae€T BO3MOXKHOCTh PACIPEACTUTH CTATUCTHKY IO OOJBIIOMY
YHUCITy SYEEK C IENBI0 HCCIICNOBAaHUS 3aBUCUMOCTA AN OT Pt U Xp, NPU 3TOM HA MOPSIOK
YBEIMYUTCSl CTATUCTHYECKAsi HEONPEICICHHOCTh, HO U B 3TOM cCjy4ae OHa Oyzaer Ooiee 4yeM
JOCTATOYHOM ISl aHAIIN3a TaHHBIX.

Ha Puc. 1.11 B kauyecTBe mpuMepa MPHUBEICH MACCOBBIN CIIEKTP PEaKIUU POKICHUS
w(782)— vy 7° 3a OZMH Yac paboTHl YCKOPUTEIIS U cOpoce 10° MIPOTOHOB/IIMKI.

100

50 | M'ﬂ
1 1

[
04 0.6 0.8 1

moss Gommao + pi0, GeV, omega(782)

Puc. 1.11 DddexrnHas Macca NPoAyKTOB paciaga B npoueccax timna pp— o(782)+X, rae o(782)— y ni°

Camo mo cebOe uccieoBaHHE TAaKOro KOJIMYECTBA pEaKUUN SBISETCS YHUKAJIbHBIM,
O0COOEHHO € Yy4E€TOM OKMJaeMON TOYHOCTH u3MepeHuil. BosmoxHnoctu ycranoBku CITACHAPM
MO3BOJIAT HCCIENOBaTh 3aBUCHUMOCTh CIHHOBBIX AS((EKTOB OT TaKUX IEPEeMEHHBIX, Kak
norepeunblii uMmynbe (Pr), mepemennas DeifHMana (Xg), SHEPrHsS PEaKIMH S B C.ILM.,
aTOMHBIN BeC MUIIEHU Ay UK Tyyka Aj, MHOKECTBEHHOCTb BTOPUYHBIX 3apsKEHHBIX YacTHUI] B
coObiTun (Nch), a Taxke neHTpanbHOCTh (Ct) coymapeHusl My4YKOBOW YacTHIBI C siapoMm. [IBe
HOCJEeTHIE BO3MOKHOCTH MOTYT OBITh peaM30BaHbl Ojarojgaps MCIOJIb30BAHUIO T'OJOCKONOB
MHOECTBEHHOCTH U BPEMEHH MPOJIETA.

W3mepenne MHOXKECTBEHHOCTH aJpOHOB [aeT JIOTIOJHUTEIBHYI0 HWH(POPMALUIO O
TMHAMUKE CHIIBHBIX B3aUMOJICHCTBUH. MHOKECTBEHHOCTD 3apsHKEHHBIX aJ[pOHOB XapaKTepU3yeT
TEMIIepaTypy W IUIOTHOCTH COCTOSIHHS, OOpa3yroIIerocsi B MOMEHT B3aUMOJICHCTBHUS, a TaKKe
nporecc aapoHM3aNuy W KoH(ailHMeHTa KBapkoB. [lepBble m3aMepeHust Ay IS 3apsDKEHHBIX
nioHoB B odkcrepumente BRAHMS na xommaiinepe RHIC (BNL, CIIA) mnoka3anu
3HAQUYUTENPHYI0 3aBHCUMOCTh AaCHMMETPHH OT MHOKECTBEHHOCTHM dacThll B coObithm [38].
HccnenoBanue Koppensiuu CIHHOBLIX HaOmrogaeMbix (A, PN, pmm, DNN) B MHOKECTBEHHOCTH
Nch OTKpBIBa€T HOBBIE BOZMOXKHOCTH M3YUEHUSI MEXaHHU3Ma MPOUCXOXKIECHHS MOJSAPU3ALUOHHBIX
SIBJICHUU.

Jis MHoOrux peakuumii ¢ oOpa3oBaHMeM OapHOHOB M AaHTHOApPUOHOB B KOHEYHOM
COCTOSIHUY B)XKHO MMETh BO3MOXXHOCTh PETHUCTpPAIlMN HEUTPOHOB. J[JIs1 3TOr0 ycTaHOBKa OymeT
OCHAIIIEHA aJpOHHBIM KaJOPUMETPOM, KOTOPBIM TakyKe Ba’keH JJIsi OpraHuzanuu 3Qp¢GeKTUBHOTO
TpUrrepa u perucrpanun HeitpoHos u KL Me30HOB.

B Tabn. 1.3 nmoka3aHa cTaTucTuka (BO3MOXKHOCTh PETHCTPAIIMH TUIIEPOHOB).
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Tabn. 1.3 Oxumaemoe uncio coObrtvii Ny POKIEHHMS TUIIEPOHOB W oTHolueHHe >(pdexra Kk Gony S/B s
MECSIYHOTO CeaHCca Ha TNPOTOHHOM IIydke (6 10" B3anmoseiicTBHif) IIpY TPUITEPE TOJIBKO HAa B3aUMOJEUCTBUE B
MHUIICHHA

Ne | yactmua Nev S/B | Ne | yactunua Ney S/B

1 [A>pr 6910711007 |A>pn" |2.1-10°] 12,5

2 [A>nn’® [63107]0.20]|8 |A>An® |1.210°|0.13

3 |s'>nn’ [2610°]0.03]9 |s>An |4.410°]0.06

4 |¥>nm [1510°[003|10[>An" |6.010°|0.14

5 |AY>pnt|2310°]033 11 |A > pn | 2.3-10° | 0.20

6 |Z>Am [9.9107]10.0 12 | >An* |2.810° |17

Pasnuna B cratuctuke no cpaBHeHHIO ¢ Tabn. 1.2 0OBsACHATCA UCTIOIB30BAHUEM PA3HOTO
Tpurrepa (Mpu PEerucTpaliyd THIEPOHOB HCIOJB3YETCS TOJBKO TPUITEP Ha B3aMMOJICICTBHE).
CrarucTryeckass TOYHOCTh M3MEpeHH AN COCTaBUT 0AN < 2.5/[(1-B/NEV)\/NEV]. Ona Oygnet
HaXOOUTHCSA B [JUAra3soOHE OT 2-10% Ui 00pa3oBaHMS = THIEpOHA [0 2-107 IUIA f
anTurunepona. PasOucHue Bcelt cratucTukd mo 10 sueiikam (MO Pt MEPEMEHHBIM WM Xg),
YBEJIMYNT CTATHCTHYECKHE OMIMOKM B KaIOM OMHE 10 ypoBHs 6-107 juis oGpasoBanms =~
TUIepoHa U 6- 107 st z AHTUTUIIEPOHA.

1.3 I/I3Mepe1me MONMEPECYHBIX nonﬂpmaunﬁ PN THIIEPOHOB U AHTUTUIICPOHOB

OkcniepumeHT CIIACYAPM craHeT mnepBbIM OSKCIEPUMEHTOM, B KOTOPOM OyneT
BO3MOXXHOCTh OJHOBpeMeHHbIX mu3MepeHuid Ay u Pn. CpaBrenme Ay u Py Uit runmepoHoB
JIOTIOJTHUTEIbHBIE

BO3MOXHOCTHU JUISA

JTUCKPUMHHAIINHN ) KOHKPETHOM MOJIEJIM TeHEepaIlui 3HaYuTeIbHBIX AN 1 Py.

(aHTUTUIIEPOHOB)  OTKPBIBAET BhIOOpa  (Win
N3mepenue nonsipuzanuy TMIIEPOHOB BO3MOKHO Osiarojiapsi HaJau4uuio ci1aboro pacnana,
MPOUCXOSIIET0 C HapylIEHUEM IPOCTPaHCTBEHHOM ueTHocTU. Tak, B ciiydae pacnaga A-
TUIIEPOHA U3 COCTOSIHUS ¢ ToJisipu3auueil P, Ha 7 -Me30H U MPOTOH, 3aBUCUMOCTh BEPOSITHOCTH
BbIJIETa IPOTOHA O] YIIIOM 0 K HaIlpaBJIEHHIO BEKTOPA MOJSIPU3aLUU TUIIEpoHa P umeeT BUL:
dN/dQ = (1+aPey)/4n=(1+aPcosby) /4x.
rlie €, — €AMHUYHBIA BEKTOpP B HAIPABJICHUH JBMKCHUS NPOTOHA B CUCTEME MOKOS THIIEPOHA.
Bektop P nHampaBieH, B CHIy COXpaHEHHsS YETHOCTH B CHJIBHBIX B3aMMOJCHCTBHSX, BIOJb
BEKTOpa HOpMald N K IUIOCKOCTH PACCEsIHMSA, ONpeAeisieMON HamlpaBlIeHUEM HUMITYJIbCa
HaJICTArOIEro OapuoHa P, U UMITyJIbca 00pasyromierocs runepoHa Pei N = (Pa X Pe)/| Pa X Pe |-
[Tapametp acummetpuu a = 0.642 + 0.013 Hapyaromiero 4eTHOCTh ¢1a0oro pacrnaja, sBiseTcs
Mepoi HHTep(PEPEHIINU MEXY S M P BOTHAMU B KOHEYHOM cocTosiHum [39].

[Tomepeunsle monsipu3anuu Py THTIEPOHOB W aHTUTHIIEPOHOB MOTYT HW3MEPSATHCS Ha
JF000M W3 IYYKOB, PACCMOTPEHHBIX BBINIC, HEMOJSPU30BAHHBIX M IOJSIPU30BAHHBIX. B
MOCIIEAHEM cllydyae HeoOXoauMo OyAeT ycpenHsaTh Py mo nBym momspuszanusM. MoXHO Takxke
OyZeT WCIOJIb30BaTh HEMOJSPU30BAHHYIO YacTh ITydka, KoTopas OyIeT MpHCYTCTBOBaTh M
[40].
COOTBETCTBYIOILIUM pEaKIUsIM HMEEeTCs B NPHUBEACHHBIX BbIIe Tabnumax. Jins oueHku
CTaTUCTHYECKOW TOYHOCTHM H3MEpeHHUs Py THIEpOHOB MOXHO  BOCIOJB30BaThbCS OIHOM U3
Pn=2/a(Up—Down)/(Up+Down), tone Up u Down
0003HAYaIOT MHTErpajibl MOMpPaBIEHHOTO Ha 3()(EKTUBHOCTH YIJIOBOrO paclpenesieHus B

U3MEpAThCS MpU paboTe CHUCTEMBl MEUEHHs ITydyka Oxupgaemasi CTaTUCTUKA IO

dopmyn ompeneraeHUs NOJSAPUALUM:

obuactu nonoxurensHeix (Up) u orpunarensHeix (DOwn) 3HadeHuil kocunyca yria Gp, MEXIy
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HOpMaJlbl0 K IJIOCKOCTH pAaccesHUS U HampaBiICHHEM BbUIETa MPOTOHA B CHCTEME IOKOS
runepona [41]. Cratuctudeckas TOYHOCTh HM3MEpeHHs Py THIIEpOHOB, MO aHajoruu C JAy,
omnpenensercs svipadicenuem Py = 2/[(1-B/ NEV)a\/ Nev], rae Ney = Up+Down = S+B — nosnHoe
YHCIIO COOBITHI C TUTIEPOHOM B KOHEYHOM COCTOSIHUH, B — 4MCII0 (POHOBBIX COOBITHIA 11O/ TUKOM
Macchl PEKOHCTPYUPOBAHHOTO THUmepoHa. [lapamerp a ans OOJBIIMHCTBA THIICPOHOB HMEET
3HAYUTENIbHYIO BeNMMYuHy, mopsaka 0.5, 9TO MO3BOJISET MOJYYUTh BBICOKYIO TOYHOCTD
n3mepenuit Py .

B »skcnepumente CIIACUHAPM BO3MOKHO HM3MEpPEHHE NOJISIPU3AIMU HE TOJbKO /-
TUIEpOHa, HO U JIPYIHX THUIEPOHOB M aHTUTUNEpPOHOB. Ilockoibky paccTosiHMEe OT LIEHTpa
MHUIIEHU JI0 MTOCJIEIHEN KaMephl Iepe]l CIEKTPOMETPUUECKUM MAarHUTOM COCTaBJISET MOYTH 3 M,
TO OONBIIMHCTBO pACMaZOB TUIEPOHOB OYAET NPOUCXOAUTH B OCHAIICHHOHW TPEKOBBIMHU
JIETEKTOpaMu 00JIACTU YCTAaHOBKM U MapaMeTphl TPEKOB OT pacrnaja THIEPOHOB MOTYT OBITh
HU3MEPEHBI.

B Tabn. 1.4 npeacraBneHbl 3HAaYCHUS TApaMETPOB paciaja TUIIEPOHOB, o0 U CT, TAE T —
BpeMsl ’KH3HU, C — CKOPOCTh CBETA, a TAK)KE CpeHEee pacCTOSHHUE MpoJieTa TUIepOHa 10 pacraja
npu sHepruu runepona 10 I'B, L [39].

Ta6n. 1.4 CaoiicTBa pacnaja rHIIEpOHOB

Moga pacnaga | KsapKkosbiii | BR % a CT, CM L, cm
COCTaB

st>prd uus 51.57+0.30 | -0.980+0.016 | 2.404 20.21
FoSnnt uus 48.31+0.30 0.068+0.013 2.404 20.21
ISnmw dds 99.848+0.005 | -0.068+0.008 | 4.434 37.03
95> Ay uds 100 2.22x107 | 1.86x10®
A>pr uds 63.9+0.5 0.642+0.013 7.89 70.7
A>nr’ uds 35.8+0.5 0.650+0.040 7.89 70.7
>Aan’ uss 99.524+0.012 | -0.406+0.013 | 8.71 66.2
TOAT dss 99.887+0.035 | -0.458+0.012 | 4.91 37.1
QO >AK $55 67.8+0.7 0.0180+0.0024 | 2.461 14.71
Q> $55 23.6+0.7 0.090%0.14 2.461 14.71
a->=n sss 8.6+0.4 0.050+0.21 2.461 14.71

C yderom cratuctuku runeporoB (Tabn. 1.1-Tab6n. 1.3) u mapamerpo pacnaza (Ta0m.
1.4) craTucTUveckas TOYHOCTb JUIsS OOJBIIMHCTBA peakiuii OyneT He Xyxe 0.5%, a 11 peakiuu
K'p— 2" X ona coctaBut 8%. Ha Puc. 1.12 npexacraBneHsl npecKa3aHus MOISPU3AIUN aHTH-
nsMO/1a TUIIEPOHOB B PA-B3aMMOACHCTBHM B paMKax MOJEId XPOMOMArHHTHOHN MOJSIpU3alud
KBapKoB [25-27].

OxcnepumeHT CITACUHAPM mo3BOJsSIET MPOBECTH HM3MEPEHUE IMapaMeTPOB Iepeaadn
cnuHa (mapameTpoB Bondenmreiina) B peakumm pPy+p—A;+X. Brepsble IpeaocTaBiseTcs
BO3MO>KHOCTh U3MEPHUTH B 3TOH PEAKIMH Cpa3y IATh MapaMeTPOB MepeIadn CruHa, a UMeHHO D,
R, A, R u A’, rane D — monst KOMIIOHEHTHI HOPMAadbHOW MOJSPU3AIMU IMyYKa IMepeIaHHON
HOPMaJTbHOW KOMITIOHEHTE mossipuszanuu A, R — mons monepeyHol KOMIIOHEHTHI MOJSIpU3alin
my4yka, TeperaBaeMas IMONEPeYyHOW KOMIIOHEHTe moysgpu3auud A, A — 101 TpoAOTbHON
MOJIIPU3AIMU yYKa, TepefaBacMasi MONEPEeYHOM KOMIIOHEHTE MOoJspu3anuud A, R — nous
MOTNIEPEYHON KOMIIOHEHTHI TOJIIpU3AIlMU Ty4yKa, TepenaBacMasi MTPOJ0JIBHOM KOMIIOHEHTE
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noysipu3anud A 1 A — 1078 TMPOAOTBHOM

KOMIIOHEHTE IOJISIpU3aLuu AP

NOJISIpU3alUMU My4yKa, MepelaHHas MPOa0JIbHOMN

Z 0.4 A 0.4 i —
=¥ =% Vs = 6.98 GeV pPA - AX
03, *®® o 0.3 e T, ® p+Se, x,=0.30
L)
02F . * 0.2
LI pPA =S AX ®
0.1l pr=1GeVic 0.1°
L ]
0F or
o . 00 0 R o} .
-0.1F i - -0.1 o e
b .= 030 L@
-0.2 - OL ‘ :l:ﬂ.SS -0'2 O‘Q_’_j Q-@ C p+Na, x, = 0.55
_0.3 1 1 L I 1 _0.3 L L L
0 50 100 150 200 0 1 2 3 4
A Prs GeV/c

Puc. 1.12 [pencka3anus NOIAPU3ANIH AHTH-TIMO1a THIICPOHOB B PA-B3aMOACHCTBIH B PaAMKaX MOJIEIH
XpOMOMATrHUTHOH MOJISAPU3aliN KBAPKOB

14  W3mepeHue 3JIeMEHTOB MaTPUIIbI IVIOTHOCTH Pik BEKTOPHBIX ME30HOB

Kak u B ciydae runepoHOB, Ul BEKTOPHBIX ME30HOB MOXHO HM3MEPUTb U CPAaBHUTH
BBICTPOCHHOCTb M An. DJEeMEHThl MaTpullbl IUIOTHOCTU pjk BEKTOPHBIX ME30HOB MOTYT
U3MEpAThCA Ha JII0OOM W3 IIYYKOB, PpACCMOTPEHHBIX BBIIIE, HEMOJSAPU30BAHHBIX U
nojsipuzoBaHHbIX. Ecnu ogHocnuHOBbIE 3((eKThl CBs3aHbl C MOJSpU3aLMed KBapKoB U
AQHTHKBApKOB JI0 TMpolecca X aAPOHU3AIMH, TO MBI JIOJDKHBI HAONIOJaTh HE TOJIBKO
HOJISIPU3ALMI0 THIIEPOHOB, HO M TIOJSPH3ALUI0 BEKTOPHBIX Me30HOB [42]. BhICTpOCHHOCTH
BEKTOPHBIX M€30HOB (V) ONMMCHIBAETCS 3IEMEHTAMU pPm m’ CHMHOBOM MATPHIIbl INIOTHOCTH p, T1IE
M 1 M’ 0003HaYaIOT CIMHOBBIE KOMIIOHEHTHI B/I0JIb OCH KBAHTOBAHMSI.

JInaroHanbHBIE DJIEMEHTHI P11, Poo U P-1-1 UL MATPULBI C €IUHUYHBIM CIEIOM SIBIISIOTCS
OTHOCHUTEJIbHBIMUA WHTEHCUBHOCTSIMU KOMIIOHEHT CIIMHA ME€30Ha M HpuHATH 3HadeHus 1, 0, u -1
COOTBETCTBEHHO, KOTOPbIE JOJKHBI ObITh paBHBI 1/3 [uid ciyyast HENOJISAPU30BAHHBIX YACTHIL.
ITockonbky ME30HbI OOBIYHO pacHajaloTcsi CHJIBHBIM 00pa3oM Ha JBa

MCEBAOCKAIIAAPHBIX ME30HA, TPYAHO U3MCPUTHL BCC 3JICMCHTLI MATPHUIIBL p. Ho HCKOTOPLIC U3 HUX

BCKTOPHBIC

MOTYT OBITH JICTKO OMPEACICHbI U3 M3MEPCHHI YIJIOBBIX pacrpeieieHnuil MPOayKTOB paciajia.
MO’HO oKa3aTh, 4YTO B CHCTEME TIOKOSI BEKTOPHOTO Me30Ha V, s pacnaga V — hi+ hy, tae hy
u hy SBISIOTCA TICEBIOCKAISAPHBIMA ME30HAMH,
IPOAYKTOB pacmaaa umeert Bug [43]:

yrioBoe pacnpenencane W(0,0) = dN/dQ
W(8,p) = 0.75{c0s%0 pgo + Sin®0 (p11 + p-1.1) 12 —sin0 (COS @ Re p1g — Sing M p1)/\2
+5in26 (cos gRe p-10 + sinplm p-10)/N2 — sin®0[(cos(2p)Re p1.1 — Sin(2p)IM p1.1)]}/x.

3neck O sBhIsieTCs TONSPHBIM YIJIOM MEXIy HalpaBieHHUEM JABWXKEHUS hi U OChio
KBAaHTOBAHUS, ¢ €CTh a3UMYTaJbHbIN yroy. IHTerpupys 1o yriy ¢, nojydyaem

W(6) = 0.75[(1 - poo) + (3 poo - 1) c0s%4].

—__ > - - 7
1> Bribpana ciemyromas cuctema koopaunat i=piX py | i | | | - nopmansmas xomnonenra, ki=py/ | i | -
> - b
IIPOJIONIbHAS KOMIIOHEHTa, S=11 X k; nonepeynas 60KoBas KOMIIOHEHTA, e Pi- KMILYJIbC MOISPU30BAHHOTO IyUKa, a
D~ IMITyIIbC A —THIIEPOHA.
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AHAJIOTUYHO, UHTETPUPYS 1O YTy O, MBI ITOJTy4aeM
W(p) = 0.5[1 — 2cos(2p)Re p11 + 2sin(2¢) Im p1.1]/w.

OtkioHeHne pop OT 1/3 MPHUBOIUT K HEPABHOMEPHOMY DPACHPEICICHHUIO IMPOIYKTOB
pacniaaa o cosé. Uzmepss W(6), MOXKHO OnpeaenuTh pog. JApyrue 3JIeMeHThI, p1o U p1-1, MOTYT
u3ydarbcs myteM usmepenus W(60,p). B psae ciaydaeB Takue u3MepeHHsl YK€ ObUIN BBIOTHECHBI
JUISL QJIpOH-aIPOHHBIX COyIapeHUi, HarpuMep B pabortax [44, 45, 46, 47, 48].

B ortnnume oT momsipu3anuu THIIEPOHOB, apaMeTp BBHICTPOSHHOCTH CIUHA BEKTOPHBIX
ME30HOB, poo, HE CBS3aH C HAIIPABICHUEM IUIOCKOCTH PEAKIIMH, TaK KaK OH 3aBHCHUT TOJIBKO OT
c0s%6. TToaTOMY, HEBO3MOXKHO H3MEPHTh 3HAK TOAPH3ALMHE KBAPKA TOCPEICTBOM OMPE/ICICHHS
napaMeTpa BBICTPOCHHOCTH CIIMHA BEKTOPHBIX Me30HOB. C Apyroil CTOpOHBI, HE BO3HHUKAET
HEOOXOIMMOCTH ONPENENATh HANPaBICHUE IUIOCKOCTH PEaKUUH U U3MEPEHUsl poo, KOTOpas
IpSMO CBSI3aHA C BEIMYMHON MOJIIPH3AIMY KBapKa BJIOJIb HANPABJICHUS HOPMAIH K TUIOCKOCTH
peakuuu [47].

Jlpyrasi BO3SMO>KHOCTb M3MEPEHUs MOJISPU3AIUN BEKTOPHBIX ME30HOB PEATH3YETCS B HX
pacnagax Ha mapy ¢gepmuon-antudepmuon [49]. Tak, Hanpumep, Ui U3MEPEHHS TOISPU3ALTUH
J/y-Me30Ha MCIIONb3yeTcsl aHAM3 YIJIOBOH 3aBHCHMOCTH €r0 pachajga Ha 4'i B CHUPAIbHOM
0asuce, B KOTOPOM OCh KBAaHTOBaHHs HaIlpaBJIeHa BJOJb HANPABJICHUS IBIKCHUS BEKTOPHOTO
Me3oHa B MabopaTopHOil cucTemMe. Mbl ompezenseM 0% Kak yroa Mexay MMITyIbcoM 4 B
cucTeMe MOKOS JAy M OChbI0 KBaHTOBaHHMA. HOPMHpPOBaHHOE YIIOBOE pachpejeneHue
orchiBaeTcs BepakerneM  1(cos 0*) = 1.5(1 + o cos® 0%)/(a + 3).

[Tapamerp mnonspuzanuu o CBA3aH C CEUYEHUSAMU OOpa3oBaHUs MOINEpeyHO (o7) H
IPOJIOJIbHO (01) MOJAPU30BAHHOTO BEKTOPHOIO Me30Ha cooTHommeHueMm o = (o1 — 20)/(oT +
201). J1ns HeNoIsPU30BaHHBIX BEKTOPHBIX ME30HOB MBI MMeeM a = 0, Torga kak o = +1 wm -1
st 100% monepeuHoi WM MpoA0IbHOM MOJIIPU3AIMH COOTBETCTBEHHO.

Jlnst psiia BEKTOPHBIX ME30HOB (p, @, ¢ 1 J/y) B akcniepumente CITACHAPM Bo3MOXHO
OJTHOBPEMEHHOE H3MEPEHHE 3JIeMEHTa MAaTpuIlbl IUIOTHOCTH poo B MOJAE pacmajza Ha
TICEBIOCKATAPHbIE ME30HBI M TapaMeTpa o B MOJAX MX PachajioB Ha x4 1 €' . ViMeeTcs Taxwke
BO3MOXXHOCTh M3MEPEHMs JJI 3TUX BEKTOPHBIX ME30HOB OJHOCIIMHOBOH acummerpuu Ay ¢
UCTIOJIF30BaHUEM TTOJIIPU30BAaHHON MHIIICHH JTHOO MO PU30BAaHHOTO ITyYKa.

OnHOBpeMEHHOE M3MEPEHHE Ha OJHOH YCTaHOBKE Cpa3y TpPeX pasziIMyYHBIX MapaMeTpOB
MOJISIPU3AlMN  BEKTOPHBIX ME30HOB SBISIETCS OOJIBIIMM TIPEUMYIIECTBOM TIIpeajiaraeMoi
IIPOTPaMMBI HCCIIEIOBaHUH, MTOCKOJBKY MO3BOJISET CAENaTh 0ojee 3HAYNMYIO JTUCKPHUMHHAITUIO
QIbTEPHATUBHBIX MOJENEH MPOUCXOKICHUS MOIApU3AMOHHBIX ApdexToB. B Tabn. 1.2 u
Tabn. 1.5 npuBeaeHsl 24 pa3nuyHble pPEaKUUUd C BEKTOPHBIMH ME30HAMHU B KOHEYHOM
cocTossHUU. /{1 HUX MOTYT OBITh U3MEPEHBI HE TOJIBKO 3JIEMEHThI MAaTPUIIBI IUIOTHOCTH pijk, HO U
OJTHOCTIMHOBBIE acuMMeTpun Ay. Panee cTonb MacITaOHBIX UCCIIEAOBAaHUM CTUHOBBIX A(PPEKTOB
JUTS BEKTOPHBIX ME30HOB HE TUTAHUPOBAIOCH.

1.5 MW3mepeHHe 0JHOCTIMHOBBIX ACHMMETPHIi HA MMyYKe OTPULATEIbHBIX YACTHIL
CucrtemaTueckoe HCCIeOBaHHE CHMHOBBIX 3()(PEeKTOB HayHeTcs eme 10 CO3AaHus
KaHana 24A TOJSPU30BAHHBIX YaCTHUI[ C MCIIOJIB30BAHMEM HWIOTHOW BEPCHUU YCTAaHOBKH U
NOJISIPU30BAaHHOM MHMIIEHH. B 3TOM cilyyae, OCHOBHBIE H3MEpEHHUs OyIyT TNPOBOAUTHCS B
o0nacTH (parMeHTalMKd HEMOJSPU30BAHHOTO Iydyka Ha KaHaie 14. U3mepenus Ha
CYWIECTBYIOIIEM KaHaje 14 MOXHO IPOBOAWTH C HCIOJIB30BAaHUEM IIy4Ka OTPHULATEIBHBIX
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YacTUIl M C BBIBEJICHHBIM METOJOM KaHAIMPOBAHHS MPOTOHHBIM MydkoM. IIporpamma
U3MEpPEHUI He MpeayCMaTpUBAET UCIOJIIb30BAHUE MTPOTOHHOIO My4YKa, TaK KaK OJHOCITHHOBBIE
ACUMMETPUU B 00J1aCTH ero (hparMeHTAINH TOJDKHBI OBITh COBMECTUMEI C HYJIEM.

[lepBbie u3mepenusi, mnpoBeAeHHbie Ha YyctaHoBke I[IPO3A, panmu HeoxuIaHHBIN
pe3ysbTaT, 9TO aCUMMETPHUS WHKIIO3MBHO POKICHHBIX YaCTHUI[ JaKe B 3TOH 001acTH MOXKET
JOCTUTaTh CYIIECTBEHHBIX BEJIMYMH BOIM3W rpaHuilbl (azoBoro obdbema (cm. Puc. 1.13).
JeranbHble uccaenoBaHus OyayT MPOBOAUTHCS Al OOJIBIIOrO YKCIa YaCTHUILl C UCIOJIB30BaHUEM
MOJIFOTABIMBAEMOT0 000PYIOBAHHUS.

R
'/

bt
] s S | ------------------

ol - 0.7<X <1.0
Y A LN I L
0 0.5 1 15 v

in

Puc. 1.13 3aBucumocts Ay(pr) Ans peakuuu 7 di—x° X npu sHepruu nmyuxa 40 I'3B, B 061macTu pparMeHTaluy o

nyuka [50] (3HaueHue Xg nexuT B uHTepBate 0.7< Xg <1.0)

1.5.1 Hccneoosanue uHKI103UBHBIX PEAKYUIL, 6KIOUAA NYYOK AHMUNPOMOHOG

Jlig uccnenoBaHus MHKIIO3MBHBIX IPOIECCOB Ha KaHane 14 OyayT NpOBOJUTHCS C
UCIIOJIb30BaHWEM IIyyKa OTpULIATENbHBIX YacTHL] C OdHeprued 28 wumu 34 B,
Hemnonsipu3oBaHHBINA OTPHUIATENILHO 3apsKEHHBIN My4OK UMeeT cienyromuii cocras: (7 /K/p):
97.9/1.8/0.3%. Tum myYKOBOH YaCTHII  ONPEACNISCTCS  IYYKOBBIMH  TOPOTOBBIMH
YEePEHKOBCKUMH cYeTYnKamu (cM. paszaen 3.1).

WHTerpanbHas CTaTUCTHKA 3a Mecsl] paboThl M BEIMYMHA KOMOMHATOPHOTrO (OoHa s
pa3IMYHBIX MHKIIO3MBHBIX peakuuii nmokasansl B Tabn. 1.5, rae ykazaHbl TUIT peTUCTPUPYEMOM
YaCcTHUIIBI M MPOAYKTHI €€ pacraga. J{ias HEKOTOPBIX U3 peakLuil MpeanojaraeTcs UCIoib30BaTh
HECKOJIBKO MO/l pacmaja 4acTHIl M pe30HaHCOB. s peakuuii Ha NOJIAPU30BAHHOW MUILIECHH,
npeJcTaBieHHbIX B Ta0nuuax Tabn. 1.5, mpu Hu3KOM ypoBHE (hoHA, UMeeM MPUOIMKEHHO oAy
~ 13/ANgy. Jnst xapaktepHoit ctaTucTUKA Ny =108 MoJTy4aeM TOYHOCTh 0AN = 1.3x107. Ecm
paznenuTh BCIO craTucTuKy Ha 100 syeek, Mo HepeMEHHbIM Pt U Xg, TO 3TO YBEIUYHUT
XapakTEepHYIO OMIMOKY B OTIEIbHON Touke 10 ypoBHS 1.3%. B ciyuae MeHbINEH CTaTUCTUKH,
HopsiAKa 10°, MHTETpaJIbHasl TOYHOCTh cocTaBUT 1.3%. [lns psaa peakuuil ¢ BBICOKUM YPOBHEM
¢ona (S/B<0.3) TouHOCTh M3MEPEHUIl OyaeT HECKOIbKO Xyxke. OTMETHM, YTO JJISI MHOTUX H3
nepeuncieHHblx B Tabn. 1.5 afpoHOB 0JTHOCIIMHOBAs aCUMMETPHsI HUKOT/Ia HEe u3Mepsiiack. B
[Tpunoxxennn b HuXe NpHUBENEHBI CTAaTHCTUKA M MAacCOBBIE CIEKTPbl C HCIOJb30BAHHUEM
OTPHUIATEIIEHBIX KaoHOB (cM. pasnen 6.4). [Ipumech K' MEe30HOB B HEMOJISPHU30BAHHOM ITYJKE
coctaBisieT Bcero 1.8%, 4TO TMPUBOAWT K 3HAYUTEIHHOMY CHIDKCHHMIO YHCIA COOBITHH IO
CPaBHEHMIO C T IIyYKOM, OJHAKO ATH M3MEPEHUS MO3BOJIAT MOJYUYUTh YHUKAJIBHBIE JaHHBIE 11O
paHee He MCCIIe0BaHHBIM PEaKIMsIM, C IIYYKOM, COAEpKaIlUM CTPaHHBIN KBapK, MapajlielbHO C
HAO0OPOM JaHHBIX HA T ITy4KE.

18 SHeprist BTOPHYHBIX YaCTHI[ 3aBHCHT OT SHEPTHH YCKOPeHHOro B Y70 myuka (50 win 60 3B coOTBETCTBEHHO).
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Tabn. 1.5 Oxumaemoe uncio cobeituii Ngy v oTHOHmIEHHE d(dekTa K GoHy S/B s MecsSyHOro ceaHca Ha T -
nyuxe (6-10"° B3anmoeiicTuit) npu sneprin 34 B

Ne | yactuua Ney S/B | Ne | yactunua Ney S/B
1 [ 4.2-10° 20 | n>nn 5.3:10° | 5.0
2 | 8.7-10° 21 | w(782) > ' n° | 3.5:10” | 4.0
3 | K 6.7-10° 22 | w(782)>y 3.8:10’ | 0.5
4 |K 9.0-10° 23 | $(1020)> KK~ | 4.3-10° | 3.3
5 | p 9.2:10’ 24 | p(770)> ' 1 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 | A 8.0-10’ 27 | a0(980)> n1° 1.8-10" | 0.11
9 | K% 1.0-10° 28 | A>pm 1.4-10° | 10
10 | i®>vyy 4310° (10 |29 [A>pr’ 1.1-10° | 20
11 [ n>vyy 421020 [30|A>nrd 1.8-10° | 0.33
12 [n'>n' nn 8.310° 20 [31|A=>An’ 7.7-10° | 2.2
13 | K> n 1.3:10° |33 |32 |A">pr’ 9.3:10° | 0.5
14 | p%770)> ' | 4.210° | 0.4 [33 |ATS> P 2.5-10’ | 0.18
15 | K”(892)> K'm | 1.1.10% | 1.7 |34 |[=> AW 1.9-10° | 10
16 | R(892)> K m* | 4.3-10" | 0.5 |35 'S AR 1.6:10° | 10
17 | K7(892)=> K' i | 1.9:107 | 0.38 | 36 | 5> Ay 1.2-10° | 2.0
18 [ K(892)> K n° | 3.8-10” | 0.77 | 37 | 2°(1385)> Ar® | 3.9-10° | 5.0
19 | w(782)>e*e” | 1.7:10° | 2.0 |38 | p%770)> u' 9.7-10* | 1.4

1.5.2 Hccenedosanue IKCKAI03UBHBIX KAHANL06

Kommuiekc u3MepeHuil, ONMMCaHHBIX BbIIIE (OAHOCIMHOBBIE MPOLECCHl, B KOTOPBIX
U3MepsieTcsl MOJSpHU3alysl JIMIIb OJHOM M3 YacTHIl, YYaCTBYIOIIMX B pPEaKlMM, B HAYAJIbHOM,
a100 B KOHEYHOM COCTOSIHMM), BKJIIOYAET HE TOJIbKO WHKJIIO3UBHBIE, HO U HKCKJIIO3UBHBIE
npoueccsl. B nocnennem ciyuyae npeanonaraeTcsi UCIoyb30BaTh JOMOJIHUTENBHO BETO CUCTEMY
HOJSIPU30BAaHHOM MHIIEHH. OTO IO3BOJUT 3HAUUTENBHO CHU3UTh YypoBeHb (oHa B
DKCKJIFO3UBHBIX IIPOLIECCAX.

3HaunTENbHBIN BKJIAJ] B UCCIIEJOBAaHUE CIIMHOBBIX 3()()EKTOB B 3KCKIFO3UBHBIX 3apsI0BO-
O0OMEHHBIX peakusax ObUI OJY4YEH B cepuu dKcrepuMeHToB B [IpoTBuHO Ha yctanoBke [TPO3A
npu sHeprun myuka 40 B [51, 52, 53, 54, 55, 56, 57]. BoibHIMHCTBO JaHHBIX B APYTHX
HKCIIEPUMEHTax ObLIO MOITYYEHO NMPU YMEPEHHBIX 3Heprusax myudka ao 12 3B, Huxke suepruit
yCKOpHUTeNIbHOro komIiuiekca UPBD.

Nccnenoanus Ha ycraHoBke CITACHUAPM no3BoJIsAT CyLIECTBEHHO MOBBICUTh TOYHOCTh
u3MepeHuil. OTMETHM, YTO B ME3OHHBIX IyYKax HaOJIOMAIOTCS HEHYJIEBbIE MOJIPU3ALOHHBIE
3pdexTl B 007acTH (PparMeHTallMd HENOJISPU30BAHHOTO IIydKa, 4YTO HE HMeEeT IoKa
Teopernueckoro oowbsicHenus. Ha ycranoBke [IPO3A B 80-X rogax m3Mepsuiich aCUMMETPUU B
IKCKJIFO3UBHOM OOpPa30BaHUM B PEAKIUU 7P r—> h°n npu sHeprun 40 I'>B. O0630p naHHBIX
UCCIIIOBaHUN TpHUBENEH HuXe B pazgene 5.1.2. 31mech OTMETUM TOJBKO JBE pEaKiuH, a
UMEHHO: 7P7— 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 I'sB [132], koraa 1 (958)-Me30H
PETUCTPUPOBAJICS B MOJIE paciaja Ha T Y.

PErucTpupoOBajiCsa B MOJC pacniaga Ha JIBa Y-KBaHTa

Cratuctuka B peakuuu 7zPr—w(782)n (33 ThICAYM TIONIE3HBIX COOBITUH Ha
MOJIIPU30BaHHONW  MHILIEHH) Obuta HaOpaHa B TpeX ceaHcax 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 cTaTHCTUKY Ooisiee yeM B 20 pa3 Gombiue. Toraa, HampuMep, B MEPBBIX YETHIPEX
TOYKaX OIMOKAa aCHMMETpHH OyzaeT okoio 2% BMecto cerogusimHux 10%.

Cratuctuka B peakuuu 7zp r—)7/ (958)n (11 ThIcAY TONE3HBIX COOBITHMH Ha
MOJIIPU30BAaHHOW MHMILIEHH) ObUTa Takke HaOpaHa B TpeX CeaHcax C TEJNECHBIM YITIOM
AJIEKTPOMAarHUTHOTO KaJOpPUMETPa, COCTABIISIONIETO OJOBUHY OT TEJIECHOTO yIJla KalopUMeTpa
yctanoBku CITACYAPM, u B NByX ceaHcCax C TEJIECHBIM YTIJIOM, CPAaBHHUMBIM C JETEKTOPOM
CITACUAPM. 3a Tpu ceanca pabOThl, C Y4ETOM ABYX AOMONHHTEIBHBIX MO PACTIaa HA 7 77 1]
M 7T 7y, MOXHO HabpaTh CTATHCTHKY mpuMepHo B 20 pa3 6onpime. Torna, HanmpuMep, B MEPBBIX
TpeX TOYKax omudKa acuMMeTpuu OyaeT coctaBiaTh 3-4% Bmecto ceroansimuaux 13-17%.
Pesynbratel B peakuuu 7p—> fp(1270)n npencraBnenst Hwke Ha Puc. 5.4. 3a Tpu ceamnca
paboTHI, C yU4ETOM JOMOMHUTENBHON MOJIBI PAcTaja Ha 77 /77, MOXKHO HabpaTh CTATHCTHKY Golee
yeM B 2 paza Oosbie. Torna cymMmapHasi OIImoKa aCMMMETPUM TI0 BCEM CeaHcaM OYJET MOYTH B
nBa pasza Mesblle. HMccnenoBanuss Ha ycraHoBke CIIACUAPM mo3BosisIT CyHIECTBEHHO
MOBBICUTh TOYHOCTHh M3MepeHui. OTMETHM, YTO BCE H3MEPEHHsS B SKCKIIO3MBHBIX KaHajax
IIPEIoIaracTcs MPOBOAUTH OJHOBPEMEHHO C HCCIICJOBAHMSIMM HMHKIIIO3UBHBIX IPOLIECCOB, TO
€CTb He TpeOyeTcsl IOMOIHUTEIBHOTO YCKOPUTEIBHOTO BPEMEHH.

1.6  Pe3ioMe H nepcrneKTUBBI

Hanuune MHTEHCUBHBIX MOJIIPU30BAHHBIX MTyYKOB MPOTOHOB U aHTUIPOTOHOB Ha KaHAJe
24A B I'HI| N®BD HUIL «KypyaTOBCKMII HHCTHTYT» MO3BOJIUT OCYIIECTBUTH OYEHBH OOTATYIO
nporpaMMy (U3MYECKUX HCCIEAOBaHUN CIMHOBBIX sBIEHUI B obOnactu sHepruii 10 — 60 I'B.
Bosmoxnoctu ycranoBku CIIACYAPM u 4yBCTBUTENBHOCTh K pPa3IUYHBIM (U3UUECKUM
KaHajaM OBLIM OIIGHEHBI IyTeM MOJIETUPOBAHMS COOBITHUH, C ydeToM (HU3UYEcKOro (HoHa.
Hapsny ¢ nonsipu30BaHHBIMH ITyYKaMU Ha YCTAHOBKY MOT'YT OBbITh Bbl€/IEHbI HEMOISIPU30BAHHBIC
Mydkd THOHOB (7°), kaoHoB (K©), NPOTOHOB M aHTUNPOTOHOB, a TAKKE YIIEPONHBIA H
JNEUTpOHHBIM nyuku. Hannuume nonsipu30BaHHOM MMINIEHHM M Pa3IMYHBIX IYYKOB IIO3BOJIUT
UCCIIEIOBaTh OJJHOCIIMHOBBIE U JIBYXCHUHOBBIE 3()(EeKThI B MPUMEPHO CTa PA3TUYHBIX PEAKIIMIX
U TIOJIYYUTh YHUKAJIBHBIE NaHHbIE. Bce 3T M3MEpeHus IMO3BOJAT AOCTUYb 3HAYUTEIBHOIO
mporpecca B HallleM IOHMMAHHWH KBAHTOBOM XPOMOJMHAMUKHM WU IMPHUPOIBI MOSPU3ALHOHHBIX
ABJICHUM.
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2 Co31aHue My4YKOB NMOJSAPU3OBAHHBIX IPOTOHOB M AHTHUIIPOTOHOB

Co3naHue Ha yCKOpUTEIBHOM Komiuiekce Y-70 kaHanma 9acTul], (OPMHPYIOLIETO s
skcniepuMmenTa CITACHAPM nydku mosisipy30BaHHBIX MPOTOHOB M aHTUIPOTOHOB OT pacmaja
A(A)-runepoHoB, TO3BOJUT CYHIECTBEHHO PACHIMPUTh INpoBoauMylo B M®DBD mnporpamMmy
UCCIICIOBAaHUM MOJIIPU3ALMOHHBIX SBICHUH B aJpOHHBIX peakuusx. Ilpu stom, Hapsangy c
Iy4YKaMH TOJIAPU30BAHHBIX YacCTHILI, Pa3padaThIBa€Mblii KaHal MOXKET ObITh MCIIOJIb30BaH JUIs
IOJYy4YEeHUs1 IyYKOB BTOPUYHBIX aJpPOHOB OOOMX 3HAKOB 3apsAja, IIy4KOB 3JIEKTPOHOB B
nuarnasoHe uMmnyinbcoB oT 10 mo 45 I'B/c, a Takke mydka NepBUYHBIX MPOTOHOB MOHM)KEHHOU
MHTEHCUBHOCTH € UMITYJIbcoM 70 60 I'3B/c.

OnTuMuzanuss OCHOBHBIX  IApaMeTPOB  MArHUTOONTHUYECKONM  CHUCTEMbl  KaHasa
MOJISIPU30BAHHBIX TPOTOHOB U AHTUIPOTOHOB TMPOBOAMIACH B paMKax, OTrPaHUYCHHBIX
JTOCTYMHOCTBIO TUIOIIa/Iel JKCHepUMEHTANbHON 0a3bl yckoputens Y-70 s pa3MerieHus
camoro kanHama u yctaHoBku CIIACUHAPM, a Takxke HEOOXOAMMOCTBIO OO0ECIEeYUTh
OJIHOBPEMEHHYIO padoTy C OJHOW MHIICHBIO IBYX KaHaJOB 4yacTHIl. OCHOBHBIE PE3YNIbTAThI
pacdera KaHaja MoJsIpU30BaHHBIX YaCTHII IIpeIcTaBleHbl B padote [58]. Bece npencraBieHHbie B
JTAHHOM ITPOEKTE Pe3yIbTaThl pacueTa KaHaja 24A B34Tbl U3 1TaHHOU pabOThI.

2.1  Kanaj nojsipu30BaHHBIX MPOTOHOB H AHTHIIPOTOHOB

[Inanupyemoe MOBBIIEHUE WHTEHCUBHOCTH YCKOPEHHOTO MPOTOHHOro myd4ka 1o (2-
3)><1O13 MPOTOHOB 32 IMKJI OTKPHIBAET HOBBIE BO3MOXKHOCTH JUISI MPOBEACHUS (DU3MIECKHUX
UCCJIEIOBaHUM Ha ycKopuTelbHOM Komiuiekce Y-70 MDPBD. B To xe Bpems, mnepcrekTuBa
paboThl C IPOTOHHBIM MYYKOM OoJiee BBHICOKOW MHTEHCHUBHOCTH OIpEAEseT HEe0OXOIUMOCTh
3HAYUTEIBHOW MEPECTPOMKHN CYIIECTBYIOIIEH B HACTOSIIEE BPEMSI CUCTEMbI KaHAJIOB YacTull. B
HKCIEPUMEHTANIbHOM 30He yckoputens Y-70 Ha IUIOMAAiX, OCBOOOXKIAIOIUXCA IOCIe
3aBEpLICHMS psAAa SKCIIEPUMEHTOB, INIAHUPYETCS CO3JaTh JBA HOBBIX KaHaJla 4acTULl HA OCHOBE
MEIJIEHHOTO BBIBOJIa YCKOPEHHOIO IPOTOHHOro Imiyuka ¢ dHeprued 50-60 I2B n
MHTEHCHBHOCTBIO BBIBOZA 10 ~2x10™ MIPOTOHOB 32 UK.

Co3manne ATHX KaHaIoB, pabOTAIOIMUX OJHOBPEMEHHO C OJHOW BHEIIHEW MHUIICHH,
MO3BOJIUT CYIIECTBEHHO YIIYYIIUTh 3(PPEKTUBHOCTH HCIOIB30BaHUS YCKOpeHHOro B Y-70
MPOTOHHOTO IMyYKa, MOBBICUTh HHTEHCUBHOCTh U KAUYECTBO BBIBOJUMBIX Ha IKCIIEPUMEHTAIbHBIC
YCTaHOBKH MyYKOB BTOPHYHBIX YACTHII M, YTO TAK)KE HEMAJTOBaXXHO, OTKA3aThCsl OT BHYTPEHHHUX
MUIIICHEH, OJKCIUTyaTallusi KOTOPHIX TPHUBOJUT K MEPEOOIyYeHUIO MAarHUTHOW CHCTEMBI
yckoputenst. JlBa HOBBIX KaHajla, MOJNY4YUBIIMX oOo3HaueHus 24A u 24B (Puc. 2.1),
MpeIHA3HAYAIOTCS I OO0ECIeYCHHs] ITyYKaMH YacTHI[ ASKCIIEPUMEHTAIBHBIX YCTAaHOBOK
CITACYAPM u BEC cooTBETCTBEHHO.

VYcranoBka CITACYHAPM, mpencraBieHHas B HACTOSIIEM JOKYMEHTE, CO3/1ae€TCs JIs
HpOBe)IeHI/ISI CUCTCMATHUYCCKHUX I/ICCJ'Ie)IOBaHI/II\/II HOJ'I?IpI/I?;aHI/IOHHBIX SIBJ'IeHI/Iﬁ B 3KCKJIFOBUBHBIX N
WHKITIO3UBHBIX aJPOHHBIX PEAKIMAX B 00JacTH dHEpruil yckopurteiabHoro komrekca MDBI.
[TporpaMmoii (hH3HUECKUX HUCCIEIOBAHUI B 3TOM JKCIIEPUMEHTE TUIAHUPYETCS] MCIOJIB30BaHUE
LEJIOTO PAZA MYYKOB PA3JIMYHOrO COPTA, B MIEPBYIO OYEPEAD ITYYKOB NOJISIPU30BAHHBIX IIPOTOHOB
)41 aHTI/IHpOTOHOB, HY‘IKOB ITIOJIOXKUTCIIBHO H OTpI/II_IaTeJIBHO 3ap}I)KCHHBIX IIMOHOB, a TaKXC¢C
IYYKOB JJIGKTPOHOB, HEOOXOMUMBIX Ui KAJIMOPOBKM ammaparypbl 3KCIEPHUMEHTAIbHON
YCTaHOBKH.
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SPASCHARM, Stage 1 Area

m insaiinis Sy 1657 T > T

Puc. 2.1 Cxema pa3memnenns kaHaioB 24 A u 24B B sxcnepumenrtansHoM 3aine 1bB yckopurens Y-70

Mertoa mosrydeHHs Ha YCKOPUTEISX MTyYKOB MOJISIPHU30BAHHBIX IIPOTOHOB (aHTHUIIPOTOHOB)
ot pacnanos A(A)-runepoHoB, 6bLT Hpemioken B pabore [59]. OH 6GbLT BIEpBbIE YCIIEHIHO
peanuzoBan Ha 800 [B-nom yckoputene ®HAJI mis co3gaHusi MOJISPU30BAHHBIX ITYYKOB
MPOTOHOB W AHTHIPOTOHOB ¢ mmiyinbcoM 185 I'aB/c [60]. ITo3mHee mydoK MOISPU30BAHHBIX
npoTOHOB ¢ UMy IbcoM 40 I'3B/c Obu1 monmy4en Ha 70 I'9B-HOM yckoputene UPBD [61].

Virtual ﬂ Cxema mONy4YeHHS MOJSIPUIOBAHHBIX
Source p MPOTOHOB ToOKa3aHa Ha Puc. 2.2. B
CHCTEME MOKOS /-runepona,

POXIEHHOTO B MHIIEHU TMEPBUYHBIM
MPOTOHHBIM TyYKOM, CYHUTAIOCH, YTO
IIPOTOH W3 HAPYLIAIOLIETO YETHOCTH
pacrnaga A—pr MPOJI0JIHHO
MOJISIPU30BaH co CpenHen
cnimpaigbHOCcThIO  0=0.642+0.13 [62]
10 JaHHBIM JKCIepuMEHTOB 1960-
Sweeping Decay 1970 ronos. Bee paf‘{eTLI MIPOBEICHBI
Magnet Region WMEHHO JJs JTOW BEIUYHMHBI 0.

Primary

Protons

Crnenyer MNOTYEPKHYThb, YTO HOBBIE

u3Mepenus: skcnepumenta BES-I1I
Puc. 2.2. Cxema MoirydeHus MydKa MOISIPU30BaHHBIX

Jajii  Apyroc€ 3Ha4YCHUE, a HWMCHHO:
IMPOTOHOB U3 pacriagoB A-FI/IHepOHOB

a.=0.750+0.009+ 0.004 [63].

B naGopatopHoil cuctemMe HPOTOHBI UMEIOT KOMIIOHEHTY IMONEepEedHOM MOoJIspHU3alny,
KoTopasi TeM Oouibliie, yeM OoJbllie yrojl BbUIeTa INPOTOHOB OT pacraja Mo OTHOUIEHHIO K
TPAeKTOPHUSAM POJUTENIbCKUX TMIIEPOHOB. B npyrux TepMuHax, nonepeyHasl HOJsSpU3alus dTHX
MPOTOHOB KOPPEIUPYET C KOOPAWMHATOW TMepecedeHus] NPOJOHKEHHS HX TpPaeKTOpUidl ¢
MJIOCKOCTHIO BUPTYaAJIbHOTO MCTOYHMKA, MPOXOJAIICH dYepe3 LEeHTp MulleHu KaHana. CpemHss
norepeyHas MoJSIpU3aIysl o0 BCeMy aHCaMOIII0 MPOTOHOB OT pacrnaja /-TUIEepPOHOB, OUYEBUIHO,
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paBHa Hym0. OIHAKO MOXHO TOJIYYUTh BBIOOPKM C HEHYJICBOW MOIMEPEYHOU MOsIpU3aIiuei
nyTéM COPTUPOBKM MX TPACKTOPUHM MO YIUIy BbUIETa WM, YTO TO K€ CaMoOe, MO0 KOOpJMHATe
MEPECEUYCHMSI C TUIOCKOCThIO BUPTYAITBHOTO HCTOUYHUKA. COPTUPOBKA OOBIYHO OCYIIECTBIISICTCS B
OJIHOM U3 IUIOCKOCTEH, Hampumep, B BEpPTUKAIbHOWU, BAOJb ocu Y. C TOUKM 3peHus
MUHUMU3AIUN CTATHCTUYECKUX OIIMOOK M3MEpPEHHUs CIUHOBBIX AaCHMMETPHH, ONTUMAIbHBIMU

2
SABJISIIOTCS. BBIOOPKM C MakCUMallbHbIM 3HadeHueM npousseaenus FOM =1x&0, rme | —

MHTEHCUBHOCTH BBIOOPKH, a cfyz — cpeiHee MO BBHIOOPKE 3HAUEHHE BEPTUKAIBHOM MOJISPU3ALIUY.

B peanbHBIX TeOMeTpUSX KaHAJIOB WHTCHCHBHOCTH OINTHUMAJbHBIX BBIOOPOK OJHOTO 3HAKa
HOJISIPU3ALUMHN COCTABIISET, KaK MPABHIIO, TIPUMEPHO 1/3 OT MOJIHOM WHTEHCUBHOCTH TP CpeIHEH

MOJISIpU3ALUU ff ~ +40% . Ocraromascst mpuMepHo 1/3 MOTHONW MHTEHCUBHOCTH MPUXOAUTCS HA

HENOJISIPU30BAHHYIO «IIEHTPAIbHYIO» YacTh My4Ka. Takum o0pa3oM, TaBHas 3aqada pa3paboTKu
ONTUKM KaHala COCTOMT B OOECIEYCHHWH JOCTaBKH C(HOPMHPOBAHHOTO IIyYKa IPOTOHOB
(aHTI/IHpOTOHOB17) OT pacriaja TUIEepOHOB (AaHTUTUIIEPOHOB) 3aJIAaHHOTO WMMITYJIbCA Ha MUIIEHBb
9KCIICPUMCHTA, IO BO3BMOKHOCTHU, C MUHHUMAJIbHBIMU IMMOTCPAMU MHTCHCUBHOCTH W IOJJIAPU3AINN
U C TIPEIOCTABICHUEM BO3MOXKHOCTH COPTHUPOBKH W/WIH OTOOpA TPACKTOPUN MYyIKOBBIX YACTHI]
IO MOJISIPU3ALINY.

B nanHoM paznene mpuBeNeHBI pe3ynbTaThl Pa3pabOTKH MAarHUTOONTHYECKON CHCTEMBI
KaHama 24A, ONTUMHM3UPOBAHHOW [UIsi TOJNYYEHHUS MYYKOB [MOJIAPU3OBAHHBIX YAaCTHII,
OPUBOJATCS  XapakTepucTuku  Qopmupyembix Ha ycraHoBKy CIIACYHAPM  myukos.
PaccmoTpeHuio XapakTepUCTHUK KaHajla TMPEAIIeCTBYeT ONHCAHWE MHIIEHHOW CTaHIINU,
obecrieunBaroIieil OTHOBpEMEHHYIO paboTy kaHaioB 24A u 24B ¢ ognoit munieHu.

2.1.1 Muwennaa cmanyusa kananoe 24A u 24B

Mumennas cranuus (Puc.  2.3) xananoB 24A u 24B Oynmer ocHaimieHa TpeMms
JUMOJBHBIMA MarHuTamMi, OOeCHeuMBaIOIIMMU OJIHOBPEMEHHYIO paboTy 3THX KaHaJIOB C
MUIIEHbIO, Ha KOTOpYyIO OyJeT cOpachlBaTbCcsi MEMJEHHO BBIBEIEHHBIM U3 YCKOPUTENS
IIPOTOHHBIN MMy4oK. BriepBbie moj00HbBIE CUCTEMBI OTOOpPA BTOPUYHBIX YACTHI] OJHOBPEMEHHO B
JIBa WIX TPH KaHaJla ObUIH IPUMEHEHBI B DKCIIEpUMEHTANBHBIX 30HaX yckopurens SPS B CERN
[64]. Marautet MT1 u MT2 npenna3HaueHbl Uil HABEJCHUS MEPBUYHOTO MPOTOHHOTO IMy4Ka
MO/ OTIPEICTICHHBIM YTJIOM (@ B IIeHTp MarHuTa MT3, KOTOphbIii, B CBOIO 04Yepe/lb, 00eCTIeYHBAET
0T60p B KaHaibl 24A u 24B 3apsyKeHHBIX BTOPHUHBIX YaCTHUL, POXKACHHBIX B MUIIEHHU KaHama T.

B kauectBe marautoB MT1 m MT2 mmanupyercss MCHOIB30BaTh IUIOIBHBIE MATHUTHI
tuna CII-129 u CH-718, BXOJ/SIIIIE B HOMEHKJIATYpPY OOOPYIOBaHUS SKCIEPUMEHTAIHHOTO
KoMmIulekca yckoputena Y-70. B aToMm ciydyae MakCUMaibHbBIA yroj HaBEICHHS MPOTOHHOTO
Iy4yKa HA MHUIIEHb Qnq,, ONpeaensemMslii napamerpamu mMarauta CII-7, pasen 27 mpan. Ilox
TUM JK€ YIJIOM HaBeJIEHHUs «CMOTpAT» B LeHTp marHuta MT3 kanansl 24A u 24B, uto
MO3BOJISIET MAaKCUMAJIBHO MPUOIU3UTh K MUIIEHU KBAJPYIOJIbHBIE JIMH3bI, BXOJAIINE B COCTAB
TOJIOBHBIX OOBEKTUBOB 000X KAHAJIOB, COXPaHss IPU 3TOM BO3MOKHOCTh OTOOpa HEUTPaJIbHBIX
BTOPUYHBIX YaCTHI] B 00a KaHaJa.

17 N

Cxema MOJYYCHUS NOJISIPU30BAHHBIX ITYYKOB aHTUIIPOTOHOB U3 pacClialoB A -TUIIEPOHOB a0bCOIFOTHO HACHTUYHA
C TOH JIHIIb pamnueﬁ, 4YTO 3HAK KOppeauun nonepeqﬁoﬁ MnoJsApu3alru € MOJIOKEHUEM TPACKTOPUU B IJIOCKOCTHU
BUPTYAJIbHOI'O UCTOYHUKA HpOTHBOHOHO)KHLIﬁ.

18 IMapamerpsr marautoB CII-129: mmmna L = 4 M, monesnast ameprypa LIxB = 330x100 Mm%, MaKCHMAIIBHOE [OJIE
Bomax = 1.8 T; maraura CII-7: mmna L = 6 m, LB = 500x200 Mm%, Bmax = 1.8 T.
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MT1 MT2

T | | | | | |
-15 -10 -5 0 5 10 15 m

Puc. 2.3 Cxema muiiennoii cranuuu kananos 24A u 24B. T — mumiens kanana, MT1+MT3 —
JUIONIbHBIE MarHUTBI, MC — MarHUTBI-KOpPPEKTOphI, DUMP — cTanbHO HOTIOTUTENb JUIMHON 5 M.
[TpuBeneHHBII HAa CXeMe MUIIEHHOH CTaHIMY BAPHAHT HAaBEICHHS IIPOTOHHOTO ITyYKa Ha MUILICHb

COOTBETCTBYET OTOOPY HEUTPAIbHBIX BTOPUYHBIX YaCTHII B KaHaT 24A U TIOJOXKUTENHHO (OTPHUIIATEIHHO)
3apsDKEHHBIX YacThll B KaHan 24B. [IyHKTUPHBIMU JIMHASMH TTOKa3aHbl TPAEKTOPUH BTOPHYHBIX
3apsHKCHHBIX YacTHIl, OTOMpaeMbIX ¢ kaHan 24B ¢ HeHyIeBbIMU yIiTaMy POKACHHS B MUILICHH.

SABnsisick (PYHKIIMOHATBHBIM JJIEMEHTOM MHIIECHHOW CcTaHIMU KaHainoB 24A u 24B,
marauT MT3 B TO ke BpeMs HCIONb3YeTCs IS OYMCTKH OT 3apsDKEHHBIX BTOPHUYHBIX YaCTHI]
HampaBlieHus1 kaHana 24A npu (GopMHUPOBAaHHHM B HEM IYYKOB IMOJISIPU30BAHHBIX MPOTOHOB U
aHTHOPOTOHOB OT pacnana A(A)-THHepoHOB, a Takke Iy4KOB >JIEKTPOHOB. B CBA3U ¢ 3TUM
OCHOBHBIE TapaMeTphl, MOJIOKEHHbIE B OCHOBY mpoekTa marHuta MT3 (mmmHa L = 2.6 M,
MakcuMaibHoOe 1Tosie Bmax = 1.9 T, pasmep paboueit obmactu LI (rop.)xB (BepT.)=140x56MMm),
SBJISIIOTCS.  KOMITPOMHCCOM JIOCTaTOYHO TPOTHUBOPEUMBBIX TPEOOBaHUN K €ro JJIMHE MpHU
MaKCHMaJlbHO BHICOKOM 3HaYE€HUH MarHUTHOTO TMOJIS.

[Tockonpky MT3 pacnonoxkeH HEMOCPEICTBEHHO IOCJE MHILIEHH KaHala, Ha KOTOPYIO
MPEANOoJaraeTcsi HaBOAUTh BBICOKOMHTEHCHUBHBIM TNPOTOHHBIA MY4YOK, €ro KOHCTPYKIIUS
ompezensercs HEOOXOAMMOCTBIO  JOINTOBPEMEHHOW  pabOThl B YCJIOBHSIX  BBICOKHX
paZualMOHHBIX HArpy30K, MPUBOASIIMX K Pa3pyLICHUIO H3O0JSAIUU OOMOTOK BO30YXKICHUS.
N3BecTHBIMU BapHaHTaMU PELICHUS STON MPOOJIEMBI SIBISIETCS HCIOJIB30BAHUE 3HAYUTEIIHHO
Oojiee CTOHMKOW K BO3JCHCTBHIO pamuanuu acooremeHTHOW mwiu MgO usomsimum o6mMoTok [65,
66]. BBUIYy CIIO)KHOCTH M OTHOCHUTEIFHO BBHICOKOW CTOMMOCTH M3TOTOBJICHHS TAKUX OOMOTOK B
HaIlleM clly4yae €MHUYHOTO MPOU3BOJICTBA MPEANOUTEHHE ObLIO OT/IaHO KOMIIOHOBKE MarHuTa
BBIHECEHHON BBEpPX OT IUIOCKOCTH Ty4Ka OOMOTKON B030yxkaeHus [67], H3roTOBIECHHOMN
METO/JIOM BaKyyMHOH MPOMUTKU S3MOKCHUAHBIM KOoMIayHAoM. [lomepeuHoe cedeHue MarHura
MT3 B BeIOpaHHOM KOMIIOHOBKE TOKa3aHo Ha Puc. 2.4.

Kak cnenyer wu3 pacyeToB MOUIHOCTH [103bl, MPOBEACHHBIX C HCIOIb30BAHUEM
nporpammbl MARS [68], pecypc o6MoTku marHuTa (Bpemsi Habopa 103l 10 MI'p) cocraBnser
~300 cyrok. B pacderax MOIIHOCTH J03bI M MapameTpoB (GOPMHUPYEMBIX MYYKOB YACTHUIL
MpeAnojarajioch, 4ro ajlOMHHHEBas MuIlleHb kaHana T amuuHodt 0.4 M u BeIcoTOM 3.0 MM
pa3MeleHa BIUIOTHYIO K BXojgHOMY Topity Marauta MT3. [llupuna mumenn coctasiser ~100
MM, YTO TO3BOJIIET HE NEepeMellaTb MHIIEHb B TOPU3OHTAIBHON IUIOCKOCTH NPU U3MEHEHUU
yIJla HaBEJICHHWs] TPOTOHHOTO My4YKa B npenaenax +27 mpaj.
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110

Puc. 2.4 IlonepeuHoe ceuenust Mmarauta MT3 (Bce pa3mepsl IpUBEACHBI B CM)

JlononmHHUTEeNbHAS 3allMTa B BUAE OCTOHA, 3AIOJHSIONIIETO MPOCTPAHCTBO BHYTPHU sipMa
MarHuTa OT HMJKHEro MoJitoca 10 OOMOTKHM M CTaJIbHBIX IUIACTHH, 3aTCHSIOIIMX BBICTYMHAIOIIUE
yacTu 0OMOTOK, MOBBIIIAeT ee pecypc A0 2600 CyTOK Npu MHTEHCUBHOCTH MEPBUYHOIO Iy4YKa
2x10" mpot./1uK, 9TO pemmaeT OCHOBHYIO IPOGIIeMy SKCILTYaTAIMH STOr0 MATHATA B YCIOBHSIX
BBICOKMX PaJUaIllMOHHBIX HArPy30K.

[MpuBenennass Ha Puc. 2.3 cUMMeTpWYHas OTHOCHUTEIBHO HAIPABICHHS HCXOTHOTO
IPOTOHHOTO ITyYKa CXeMa MHIICHHOW CTaHIIMU CO3MAeT SKBHBAJIEHTHBIC YCIOBUS s 0TOOpa
BTOPUYHBIX (HEHTPaAIbHBIX U 3apsDKEHHBIX ) YaCTHIL B HAPABJIEHUU 000uX KaHanoB. [Ipu sTom:

e 11pu 0TOOPE MO HATIPABJICHUIO OJTHOTO W3 KaHAJIOB ITyYKa HEHTPAIBHBIX BTOPHYHBIX YaCTHUIT
(¢ = £@max), BO BTOPOM KaHaie MOXET OBITH MOJYYEH MYYOK MOJOKHTEIBHBIX HWIIU
OTPHILIATENIBHO 3aPsDKEHHBIX BTOPUYHBIX YaCTHIl B TMara3oHe UMIyabcoB oT 16 [3B/c no
28 I»B/c ¢ HyneBbIM yIJIOM pOXACHUS B MHUIIeHH. HukHsS rpaHuma auana3zoHa
UMITYJIBCOB YaCTHI], OTOMpPAEMbIX BO BTOPOI KaHaJI, OMPEACIISIeTCS U3 YCIOBHUS TallleHUs B
MOTJIOTHTENIE HETPOB3aMMO/ICHCTBOBABIIETO B MHIIEHH ITPOTOHHOTO ITy4yka (KOTOPBIN
Hociie OTKJIOHEeHHs B MarauTe MT3 He JOJDKeH MonaiaTh B MHTEPBAT YITIOB Ppqx T AQ),
TOT/1a KaK BEPXHsS TPaHUIA — MAKCUMAaJIbHBIM UHTETPajioM MarHuTHOTro nosist MT3;

e [IpM HABEICHHWHU IPOTOHHOTO ITyYKa Ha MUILIEHD C YIIIOM |@| < @4, B KaHaisl 24A u 24B
OynyT oTOMpaThCs 3apsKEHHbIE BTOPUYHBIE YAaCTHIIBI C PA3HBIMM 3HaKaMu 3apsana. Cssb
MEXJy UMITyJIbCAMH 3TUX ITYYKOB IIPH HYJIEBOM YIJIE POXKIECHUS B MUIICHU ONpeAeseTcs
BeIpaXKeHHEM Dy (Pmax — @) + P1(Pmax + @) =0, B KOTOpOM p; U P, CUHTAIOTCS
anreOpandeckUMy BEJTMYMHAMM, T.€. OTPULATENIHOE 3HAYEHHE MMITYJIbCa COOTBETCTBYET
OTPULIATENIBHO 3apsHDKeHHBIM dYacTulaM. Kak W B TpeapLaylieM ciy4ae, TramieHue
HEMpPOB3aUMOJICHCTBOBABILIET0 B~ MHIIEHM  IPOTOHHOIO  IyykKa  HAKJIAJbIBaeT
CYIIECTBEHHBIC OrpaHMYEHHUS Ha OTOOp B KaHAJIbl 3apsKEHHBIX BTOPHYHBIX YaCTHIl C
HYJICBBIM YTJIOM POXICHUS B MUIieHu [69].
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[IpumeneHne B cOCTaBe MUILIEHHOW CTaHUMH MarHUTOB-KOppekTopoB MC mo3BosseT
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 Onmuueckas cxema KaHaua nOaApuU308aHHbIX NPOMOHOE (AHMUNPONIOHOB)

Paszpaborannas 0Ga3zoBas onTHYECcKas CXeMa KaHayla TOJSPU30BAHHBIX NPOTOHOB 24A
(Puc. 2.5), cocrosmias H3 JABYX 3€pKaIbHO-CUMMETPUYHBIX YacTed, pPa3/eleHHBIX
MPOMEKYTOUHBIMH U300paxeHus MU ((hOKycaMu) IMydka B OOEUX MOMEPEYHBIX IUIOCKOCTSIX B
cepeiMHEe KaHalla, YIOBJIETBOPSET OCHOBHBIM TPeOOBaHUSAM, OOYCIOBIECHHBIM OCOOCHHOCTSIMU
co3nanus Takoro kanana [70]. OHa y4WThIBaeT TakKe sl OTPaHUYCHUHN, HAKIAIbIBAEMBIMU
IUTAHUPYEMBIM pa3MEIICHUEM ITOTO KaHalla Ha TUIOIIASX CYIIECTBYIOMICH dKCIIEPUMEHTAIBHOM
0a3bpl YCKOPHUTEIBHOTO  KoMmIuiekca Y-70, OCBOOOAMBIIMXCS TOCJE 3aBEpIICHUS IPYTrUX
IKCIIEPUMEHTOB.

xmm M3 Ml Q13 Q8-10
o
100 T I Texp
100 |
c1

Y, mm MC2 MC3 M4

| - T ' T \ ' T ' l ' l

0 20 40 60 80 100 m 120

Puc. 2.5 ba3oBas ontiyeckast cxema kanana 24A, npenHasHadeHHas 4711 GOPMHUPOBaHUS ITyYKOB TOJIIPU30BAHHBIX
IPOTOHOB M AHTHIIPOTOHOB OT pacmasa A(A)-runepoHos. Q— KBaAPYNONbHBIE JTUH3BI, M — IMMONbHbIE MATHUTHI, 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 FOPU30HTAIBHOM [IOCKOCTU st Ap/p = 5%

[Tornomenue HEMPOB3aUMOIEHCTBOBABIINX B MUIIEHH [IEPBUYHBIX IPOTOHOB U POKIACHHBIX
B MMILIEHU 3apsHKEHHBIX YaCTHUL OCYLIECTBIIIETCA B MIPEeIax MUILIEHHONW cTaHIMU KaHana (Puc.
2.3), a HEUTpaJbHBIX YacCTUIl (B OCHOBHOM HEHTPOHOB) - BO BTOPOM TOTJIOTHTEINE,
pPacnoIoKEHHOM Mexay MarHuTaMu M1 n M2 Ha pacctossHuM 6 M OT ieHTpa Marauta M1, yrou
MIOBOPOTA Iy4Ka B KOTOPOM coOcTaBisieT 52 mpaxa. TesecHbI yroa IMONaJarolldX B KaHAI
HEUTpaJIbHBIX YacTHIl orpaHuurBaercs kosmumaropamu Cl u C2 Takum obpaszoMm (+2.8 Mpan u
+3.2 MpaJl COOTBETCTBEHHO), YTOOBI NMPEIOTBPATUTh BO3MOKHOCTh B3aUMOJICHCTBUSI HEUTPOHOB
CO CTEHKaMH BaKyyMHBIX Kamep B KBaJpynoibHBIX JuH3aX Q1+Q3 u B maruute M1, cTpemsch
UCKJIIOYUTh TEM CAMbIM OJIMH U3 UCTOYHHUKOB ()OHA B MyUYKE MOJISIPU30BAHHBIX YACTHII, TIIABHBIM
00pa3oM aHTUIIPOTOHOB.

Maruutsl M1+M4 OTKJIOHSIIOT Tpaccy KaHajla B OJIHY CTOPOHY Ha oOmmuii yroa 147 mpan.
Jnis  anHanu3a Mydka IO UMIYJIbCaM HCHOJB3YETCS IMPOMEXKYTOUHOE H300paKeHHe B
TOPU30HTAIBHOM IUIOCKOCTH, JUCIEPCHsI B KOTOPOM co3aaercsa marHutamMu M1 u M2 u 3arem
KOMIICHCUpPYETCsl uepe3 KBaapymnoibHble NuH3bI Q4+Q7 marmutamu M3 u M4, a Tpebyemblit
pa3bpoc mydka 1mo umiyiabcam Ap/p ompenensercs packpbiTeM kKoiutmMatopa C3. Yuactku
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KaHajga 0 W mocie MarHuToB M3 u M4 miaHupyercss HCHOJIb30BaTh I Pa3MENICHUS
I[GTCKTOpOB CHUCTCMBI I/I3MepeHI/I$I I/IMHyHLCB, qacTHui.

BepTtukanibHas MIOCKOCTh ONTHYECKOM CXEMbl KaHajla WMEET E€AMHUYHYK) MATpPHILY
npeoOpa3oBaHMsl TApaMeTPOB TPACKTOPUM YaCTUI[ OT MHUIICHM KaHaja JI0 MHUIIEHU
OKCMIEPUMEHTAIBLHOW yCTAHOBKM, YTO oOecredynBaeT B JMHEHHOM TPHOIMKEHUU 10
MIOIIEPEYHBIM TapaMETPaAM TPACKTOPUN COXPAHEHUE MOJIAPU3ALUHA IPOTOHOB Afy = 0 s Bcex

peKUMOB  paboThl KaHaia. Hanuume Koppensuuu Mexay KOOpAMHATOM 4YacTULIBI B
BEPTUKAIBHON IUIOCKOCTH Y U COOTBETCTBYIOLIEH KOMIIOHEHTOW BEKTOpa MOJISIpU3aLUU §y B

MIPOMEKYTOUHOM U300paKCHUH qulca19 MIPEANOJIaraeTcsi UCIOJIb30BaTh VISl OpraHU3aINH 3]1eCh
CHUCTEMbl MEUEHUs TMOJSPU3ALUM YACTUIl WIM JJIs BBIICICHUS C MOMOIUIbI0 KosutmMaropa C4
yacTM TMydka C HEHYJIEeBOM cpeaHell mosspusanued wactul. Bo BTopom  ciyuae
Koppektupyromuii MmaruuT MC2 ucnonb3yercs A CMEIIeHUs Mydka Ha koimumatope C4, a
koppektupyomue MmarauTel MC3 u MC4 — st BbIBeICHUSI BBIICJIEHHOM YacTH IydKa Ha OCh
9KCIEPUMEHTAIbHON YCTaHOBKH (pa3a. 2.1.4).

Jns  co3maHMs  KaHaia  IOJSIPU30BAaHHBIX — YacTHI] IUIAHUPYETCS  MCIOJIb30BaTh
CTaHJapTHOE MarHUTOONTHYECKOE 000pYI0BaHUE FKCIIEPUMEHTAILHOTO KOMIUIEKCa YCKOPUTEs
V-70: xBampynonpubie juH3bl THOAa 20K200 mmmHOM 2 M ¢ MakCHUMaJbHBIM T'PAJIUEHTOM
MarauTHOTO 1oy 13 Tin/m B aneprype auamerpom 20 cM u OTKJIOHstoIMEe MarHuThl Trma CI1-
7A u CII-12A pnuHOM 6 M U 3 M, COOTBETCTBEHHO, ¢ MaKCUMaIbHBIM TtosieM 1.8 Ti B paboueit
obmactu  500x200 MM (TOpU3OHTAIBXBEPTUKANb), a TaKKe KOJJIUMATOPhl YacTUIl C
MaKCUMaJIbHBIM PACKPBITHEM £75 MM.

MakcuManbHbIE  UMIYJIbC (QOPMHUPYEMOrOo Iydyka MpPH HCIOJIB30BAaHUU 0a30BOMU
ontudeckoil cxemsl (Puc. 2.5) cocraBmser 45 I'3B/c. MoaudunupoBannas ontudeckas cxema
KaHaja (C BKJIIOYEHHBIMH IO JAYyOJIETHOM CcXeMme IEepBbIM U TMOCIEIHUM OOBEKTUBAMU)
obecreunBaeT TPAHCIIOPTUPOBKY MYYKOB YaCTUIl ¢ UMIylIbcoM 110 60 I'»B/c, urto mo3Bosser
JOCTaBIATh K 3KkcnepuMeHTanbHON yctaHOBKE CITACYAPM nepBuUYHBINA NPOTOHHBIM ITy4OK
MOHWKEHHOW WHTEHCHBHOCTH, BBIBEACHHBIN U3 ycKopuTens Y-70 ¢ NOMOILIBIO H30THYTOIO
kpucramia [71].

Jlpyrue XapakTepHCTUKU KaHaja, BKJIIOYash MUHMMAaJIbHBIM M MakCHUMaJbHBIH pa3dpoc
Iy4Ka 110 UMITYJIbCaM, CYILECTBEHHO 3aBUCAT OT pa3MepoB 3((HEKTUBHOIO UCTOUHUKA IPOTOHOB,
KOTOphIE B CBOIO Ouepelp SBISAIOTCS (QYHKIMEH wuMIlylbca dYacTull. Tak, MHUHUMAalbHBIN
(MakcHUMalbHBIN) pa3dpoc Mmydka Mo UMITyJIbcaM B KaHaie usMmensercs ot +£4.5% (+11.0%) mis
mydka ¢ umnyiabcoM 15 I'B/c o £3.0% (£9.5%) nns myuka ¢ ummyascom 45 [HB/c.

Kak crmexyer u3 onmcanusi munieHHoW craHimn (pa3a. 2.1.1), kanan 24A moxer OBITh
UCIIOJIb30BaH TakXke JJs (POPMUPOBAHMS M TPAHCIIOPTUPOBKU K KCIIEPUMEHTAILHOM YCTaHOBKE
IYyYKOB BTOPUYHBIX YACTHIl OOOMX 3HAKOB 3apsjaa. B sToM ciydae BBHIY CYIIECTBEHHO
MEHBIIUX pPa3MEepOB MCTOYHHMKA YACTHIl, HE 3aBUCIIIUX OT MMITyJIbca (OPMHUPYEMOro MyuKa,
MUHHUMAaJIbHBIN pa3dpoc Mmydka 1o UMITyJIbcaM B KaHaie cocTaBisieT +1.2%.

Y TlomuMo kuHeMaTHKM pacmajga /-THIEPOHOB CTENeHb KOPPEIAIHH 3aBHCHT TAKKe OT Pa3MepOB MHIICHH,
pa30bpoca 1o UMITyJIbCaM 3aXBaTHIBAEMOT0 B KaHAJI IPOTOHHOTO ITydYKa M CTPYKTYPBI Ha4aIbHON JacTu KaHana [ Puc.
2.5]. 3axBaT B KaHaJ IPOTOHOB, 00Pa30BABLIMXCS OT paciazia /-runepoHoB Ha BeIxoae n3 Maruura MT3, 3ameTHO
CHIKAEeT BEIMINHY K03(h(UIMeHTa KOPPENAUN B INIOCKOCTH JEHCTBHS OYMINAIOIIETO MarHuTa (B HAaIlIEM CIIydac B
TOPU30HTAIIBHOM).
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2.1.3 Ilapamempubl nyuka npomoHnoe 8 RPOMeHCymouHOM U300padrceHuu

Pasmepbl myd4ka B TNPOMEKYTOYHOM HM300pP@KEHHH BEPTUKAIBHOM  IUIOCKOCTH
OTIPE/IENIAOTCS pasMepamMu 3P (GEKTUBHOTO HCTOYHHKA MPOTOHOB U KOA(DOUIIMEHTOM MATPHIIBI
npeobpasoBanust (y/y,) OT MHUIIEHH KaHajla O OTOTO0 CCUCHMs KaHajga, KOTOPBIA B
paccMaTpUBacMO CXEMe MOJKET BapbUPOBATHCA B JOCTATOYHO IIMPOKUX IMpeAeiaax ¢
COXpaHEHHEM €IMHMYHOCTH TOJIHOW MaTPHIIbl IPe0oOpa3oBaHust KaHaa. DTO MMO3BOJISIET KMETH B
IPOMEKYTOYHOM H300paKeHUM HEU3MEHHbIE pa3Mephl IydKa B BEPTHKAIBHOM IIOCKOCTH TIPH
(OPMHPOBAHUH IYYKOB MOJIAPU30BAHHBIX MPOTOHOB C Pa3HBIMHU IEHTPAIBHBIMH HUMITYJIbCAMHU
(Taba. 2.1).

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

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

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

HEHTPaJIbHOTO UMITYJIbCA ITyYKa 1.4 2.0 24
Pa3mep nmyuka NpOTOHOB B BEPTUKAJIBLHON

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

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

CBs3b MCKAY KOOpAHHATaMu IIPOTOHOB B BepTHKaHBHOﬁ IUIOCKOCTU U CPCIAHUMHU I10
KaXaomMy 6I/IHy TUCTOTpaMMbl  3HAUCHUSAMU KOMIIOHCHTBI ny BCKTOpa MOJIApU3alHU,

UCTIONBb3yeMasl I MEUEHUs TIOJSIPU3aIK OTJENbHBIX YacTHUIl, TpeAcTaBieHa Ha Puc. 2.6 mis
nyyka ¢ ummyiascoMm 45 ImB/c. KoapduuueHnt koppensuuu Mexay 3TUMH BeIUYHMHAMU
cocrasiser 0.83 st myuka ¢ op/Po= 1.2% u 0.78 st nyuka ¢ op/po=4.2%. IlpuBeneHHbIC
3/1eCh U Jajiee pe3ynbTaThl MOACIUPOBAHUS I1APAMETPOB IIydKa MOJIYYEHBI C HCIIOJIIb30BAaHUEM
nporpammbl DECAY TURTLE [72], moauduumpoBaHHO# 115 pacyéTOB XapaKTEPUCTHK ITyYKOB
TOJIAPU30BAHHBIX TIPOTOHOB (AHTHIPOTOHOB) OT pacnana A(A)-runepoHos.
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Puc. 2.6 Css3sb MEXKAY BEPTUKAJIbHBIMH KOOPAWHATAMU NPOTOHOB U CPCAHUMU 3HAYCHUSIMU fy KOMITIOHCHTHI

BEKTOPA MOJISIPU3ALNHU B IPOMEXYTOYHOM N300paKEHHUH /ISl ITy4Ka ¢ UMITyJibcoM 45 I'hB/c
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2.1.4 Ilapamempobl nyuka noasapu308aHHbIX RPOMOHOE HA MUULEHU YCHAHO0EKU

Pe3ynbTathl pacyera mapamMeTpoB IydKka MOJIIPU30BaHHBIX ITPOTOHOB B KOHIIE KaHaja (Ha
MHUIIICHH YKCIIEPUMEHTAIbHOW YCTAHOBKH) JUISA TPEX 3HAYCHHWH IEHTPAJIBLHOTO0 MMITYJIbCa IMyYKa
npuBeneHsl B Tabm. 2.2,

Tabn. 2.2 [lapameTps! my4Ka MOJISIPU30BAaHHBIX IPOTOHOB B KOHIIE KaHAJIA.

p, 13B/c 15 30 45

0p/Po,% 2.0 4.5 1.4 4.4 1.2 4.2
Ty X Gy, MM 17x14 | 19x16 | 14x10 | 17x11 | 11x87 | 16x9.0
Oy X 0y, MpaJ 1.4x1.5 1.3x1.5 1.5x1.8 1.3x1.8 1.4x1.7 1.3x1.7
Lay 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 mpuBeneHsl npoduiv mydyka Ha MUIIEHH 3KCIEPUMEHTAIBHON yCTaHOBKHU
CIUTOLIHOM JIMHUEH A1 MydKa ¢ uMIryascoM 45 I'aB/c (op/po= 1.2%) 1 myHKTHPHOI TMHMEH 1715
nyuka ¢ uMmnyiabcom 15 IBB/C (0p/po=4.5%). VIHTEeHCHBHOCTb Iy4Ka IIOJSPH30BAHHBIX
MPOTOHOB HAa MUIIEHH SKCIIEPUMEHTAILHON YCTAaHOBKM KaK (DYHKIIHS [IEHTPAIBHOIO MMITYJbCa
Iy4Ka mpuBeacHa Ha Puc. 2.8 mis MakcuMaibHOTO pasdpoca Ap/p, IPOIyCKaeMOro KaHajloM.
Tam >ke NPUBOJUTCS 3aBMCHMMOCTh OT MMIIYJbCa Iy4YKa WHTEHCUBHOCTH 7T'-ME30HOB OT
pacnano KO-Me30HOB, SBISIOIMXCA OCHOBHBIM HCTOYHHKOM (DOHA B MYUKE IOJIAPH30BAHHBIX
MIPOTOHOB NMPH ycIoBUH YPPEKTUBHON OUMCTKU HAMPABIICHUS KaHalla OT POXKIEHHBIX B MHUILIEHU
KaHajga 7*-ME30HOB M TPOTOHOB, KOTOpas NpH (HOPMUPOBAHMHU TIOJSIPU3OBAHHBIX IYYKOB C
umnynascoMm =30 ['B/c obecrieunBaeTcst TONBKO MPH OMM3KUX K MAKCUMYMY PEXKHMaxX MarHuTa
MT3, BXopsiiero B cCOCTaB MHUILIEHHOUW cTaHIIMK KaHanoB yactuil 24A u 24B (pasn. 2.1.1). D10
COOTBETCTBYeT OTOOpPY B KaHan 24B BTOPHUYHBIX YAaCTUI[ C HMIIYJIbCOM, OJNM3KUM K
MakcUMaJbHOMY 3HaueHuto 28 I'3B/c mpu HyneBoM yrie ux poxaeHus B MuiieHu. Ilpu sTom
oTOOp B KaHasl 24B BTOpHUYHBIX YaCTUI C HEHYJIEBBIM YIJIOM POXKJIEHUS B MUILIEHHU TO3BOJISET
3aMETHO PacUIMPUTh AUANAa30H UMIYIbCOB (POPMHUPYEMBIX B 3TOM KaHaJIe ITyYKOB.
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Puc. 2.7 IIpoduny my4ka Ha MHILIEHH SKCIIEPUMEHTAIBHOH ycTaHOBKH U1 P = 45 ['3B/c u o,/po= 1.2% (cruomnas
naus) 1 st P=15 IB/c u 0,/po=4.5% (yHKTHpHAS THHS)
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B cuny emMHMYHOCTM TIOJIHOM MaTpHUIlbl TpeoOpa3oBaHMsI KaHalla B BEPTHKAIbHOMN
IUIOCKOCTH  KOPpPETSusl MEXIy KOOpAMHATAMHU YacTUILl U §y COCTaBIISIIOIIEH BEKTOpa

noJyisipu3anuy, mnpucymas 3G(EeKTUBHOMY HCTOYHUKY IPOTOHOB, HMEET MECTO TaKXe B
BBIBEJICHHOM Ha MHUIIEHb JKCIIEPUMEHTAJIbHOM YCTAaHOBKM NPOTOHHOM Iyuke. lIpu stom
CpelHsii MO TYy4YKy I[ONEepeuHas Mojsipu3alus MNPOTOHOB paBHa Hymto. s medeHus
MOJIIPU3ALUHU OTAEIbHBIX YaCTUIl MOXKET ObITh MCIOJB30BaHA CBSI3b MEXKAY BETMYMHAMU Y U fy

B IIPOMEKYTOUYHOM u3o0pakerun (Puc. 2.6).

-t
o

10

Particle flux per g™ pot

10°L—
10

p, GeV/c

Puc. 2.8 VIHTEHCHBHOCTB ITydKa MOJNAPU3OBAHHBIX IIPOTOHOB U (POHOBBIX Tt -ME30HOB B KOHIIE KaHANA TIPH
MaKCHUMallbHOM Ap/p, paccunTaHHas Ha 10™ majarommx Ha MHIIEHb KaHAA IpOTOHOB ¢ 3Heprueit 60 [B.
[ TpuxoBoii nUHUEH JaHa CyMMapHasi HHTEHCUBHOCTh IIPOTOHOB JJIS IBYX MHTEPBAJIOB C MIPOTHUBOIOIOKHBIM
3HAYCHHUEM U CPEIHEH Mmospru3anuei §y =40%.

[IpocrefimuM crmocoOOM TMOJIyY€HHsST Ha MHILEHU HKCHEPUMEHTaIbHONW YCTaHOBKH
MOJIAPU30BAHHOTO Ty4Ka C 33JaHHBIM HaIlpaBJICHHWEM BEKTOpa MOJIAPU3ALNHU, SBISETCS
BBIJIEJICHHE YacTU Iy4yka C OTIMYHOW OT HyNs CpeaHed noJspusanueil BepTUKaIbHBIM
KOJUIMMATOpPOM, DAacIlOIOKEHHBIM B IPOMEXYTOUYHOM H300pakeHuu. B paccmarpuBaemMom
KaHaJle ¢ 3TOU LEeNbI0 My4OK B MPOMEXYTOUHOM HM300paKEHUU CMEIAeTCs KOPPEKTUPYIOIIUM
MarautoM MC2 1o BepTHKalIM B Ty WIH JAPYryl0 CTOPOHY MNapajUIeIbHO OCH KaHajua Iepen
kosmumaropoM C4 ¢ (UKCHpPOBAaHHBIM 33JaHHBIM pacKpbITHEM IIeK. Takoil BapuaHT, He
TpeOYIOLM MepeMeIeHus] MEeK KOJUIMMaTopa, MO3BOJIAeT ObICTpo (B mpenene, OT LUKIa K
UKy  YCKOPHUTENSl)  OCYIIECTBISATH  peBEpCc  MOJspU3allu  Iydyka Ha  MHILIEHU
OKCIIEPUMEHTAJIbHOW  YCTAaHOBKHM, COXpaHsAs TpU OTOM  OKCIUTyaTallMOHHBIH  pecypc
HCIIOJIb3yeMoro KojumuMaropa. [lapamerpsl mpoToHHOrO mydka C ummyinbeoM 45 I'3B/c u op/po=
1.2% na MMIIEHH 3KCIIEPUMEHTAIbHOW YCTaHOBKU NPH PACKPBITHH KoyunMartopa C4, paBHOM
+15 MM, mpuBeneHsl B Tabm. 2.3 ans pspa pexxuMoB KoppekTupyromiero marauta MC2 c
MI0JIO’KUTEIBHON MO PHOCTHIO BKJIFOUEHUS.

B »TOoM pexume paboThl KaHala pa3Mep Iydka Ha MHULIEHH HKCIEPUMEHTaIbHON
YCTAQHOBKH B BEPTHKAJIBLHOM MIOCKOCTH YMEHBIIAETCS JI0 0y, ~ 3.2 MM IIPH HEU3MEHHBIX JPYTHX
napamerpax Imyd4ka, npuBeneHHbIX B Tabm. 2.2. Ilpu cMeHe MOJISPHOCTH KOPPEKTUPYIOIEro

marauta MC2 cpenHue KOOpAWHATa Yy W Yrol MajeHus Mydka Yy’ Ha MHUIICHH B BEPTHKAIbLHON
IJIOCKOCTH, a TakKxke éy KOMIIOHEHTa BEKTOpa TMOJSpU3ALMK  MEHSIOT 3HAK Ha

MIPOTUBOIOJI0KHBIH.
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Ta6n. 2.3 Ilapamerpsl NOIIPU30BAHHOTO IIPOTOHHOTO Iy4Ka C uMITyiabcoM 45 I'aB/c u op/pe= 1.2% Ha mumeHu
9KCIIEPUMEHTAILHOM YCTaHOBKM Kak (YHKIUsS peXuma Koppektupytomero maranta MC2 mnpu packpbITHH
koimmmMaTopa C4, paBHOM +15 mm.

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

Tunuunoe pacnpeneneHue MOJSIPU3ALNUN é"y JUId BBIOpaHHBIX OOpa3lOB C HEHYJIEBOU

noysipuzanued npuBeAeHo Ha Puc. 2.9. Jlnsg BbIBe[AeHUS BBIACICHHBIX IMMOOYEPETHO YacTe

My4YKa Ha OChb SKCIIEPUMEHTAIbHON YCTAaHOBKH HCIONB3YIOTCS KOppeKTHpyromue Marautsl MC3
u MC4.
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Puc. 2.9 Ilomspu3zamus MpOTOHHOTO MyYKa ¢ UMITyJIbcoM 45 ['3B/c Ha MUIIIeHH YCTaHOBKYU IS
pexumoB koppekTopa MC2, paBubix +0.12 TrnxwMm (cneBa) u -0.12 Taxwm (cmpaBa) npu C4=+15 mm

2.1.5 Ilapamempul nyuxka nonapu306annvlx AHMURPONOHOG

[TapameTpsl 3¢ dexTruBHOTO 5 , ,
— a
WCTOYHUKA aHTUIIPOTOHOB OT pacnaga /- » 10 7
o
THUIICPOHOB, a, CJIICAOBATCIbHO, n —
S
napameTpsl dbopmMupyemMoro 3
x
AQHTUIIPOTOHHOTO  Mydka  (pa3Mmepsl, 2108
pPacxoauMOCTh, pazdpoc MO HMITyJIbCaMm, 2
KOppeiraausa MCXKOY KOoopaAnHaTaMH g
o o
qacCTHuIj n COOTBCTCTBYIOIIEU
o 5
KOMIIOHEHTOH BEKTOpa IIOJIIpU3allid B 10
IIPOMEKYTOUYHOM M300paKeHUH )
MOJIHOCTBIO HJACHTHUYHBI TPUBCACHHBIM
BBIIIE IApaMeTpaM HPOTOHHOIO IyuyKa ol il
(Tabn. 2.1 u Tabn. 2.2, Puc. 2.6). Ilpu 10 15 20 25 30
p, GeV/c
9TOM HMHTCHCUBHOCTD my4kKa
Puc. 2.10 VIHTCHCHBHOCTH IIyYKa MOJSIPH30BAHHBIX
AHTUIIPOTOHOB B KOHIle KaHanma (Puc. z
AHTHUIIPOTOHOB U (POHOBBIX 7T -ME30HOB B KOHIIC KaHANA IIPU
2.10) OnpeaesAcTCA CYIIECTBEHHO  yakcumansuoMm Ap/p, paccumrannas ua 10" magaromux na

MEHBIIAM  CEUECHHEM  POXKICHHS |-  MHIIEHb POTOHOB C dHepruek 60 I'9B
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TUIIEPOHOB IO CpaBHEHMIO C /-runepoHamu. Tak, MakcUMalbHas HHTEHCUBHOCTb
AHTUIIPOTOHHOTO ITy4Ka npu umnyisce ~15 ['B/c, npumepro B 20 pa3 MeHbIIIE HHTEHCUBHOCTH
IPOTOHHOIO IIydyka C TEM JK€ LEHTPalIbHbIM MMIyJbCcOM. C TMOBBIIIEHHEM HMIYJbCA
dopMHpyeMOro nmyuyka pa3HUIA B MHTEHCHUBHOCTSX HPOTOHHOI'O M AHTHIIPOTOHHOIO ITyYKOB
JpaMaTUYeCKU BO3PACTAET.

Urto kacaercs (OHOBBIX YCIOBHM, TO B Iy4YKE aHTHIPOTOHOB ¢ mMIylbcoM <15 I@B/c
TIOMHMO 7T~ -ME30HOB OT pacnanoB K2-Me30HOB NPHUCYTCTBYET Takke 3HAYUTEIHLHOE KOJIHYECTBO
ATHUX YaCTHUI OT pacnanoB /A-runepoHoB. TakuM 00pa3oM, ONTUMAIBHBIM IO UHTEHCUBHOCTH U
(OHOBBIM YCIIOBUSIM SIBJII€TCSI IYYOK IOJISIPU30BAHHBIX AHTUIPOTOHOB C ILIEHTPAJIbHBIM
umnynscom 16 IB/c, mpu KOoTOpoM, COrjacCHO MPOBEAEHHBIM pacdyeTaM, YUCIO T -ME30HOB
pUOIU3UTENBHO B 3 pa3a BbIllIE HHTEHCUBHOCTU aHTUIIPOTOHHOTO ITy4Ka, COCTAaBIISIOIIEH 4x10°
gactun Ha 10" magarommx Ha MMIIEHb KaHATA MPOTOHOB ¢ sHeprueil 60 I'B. Brigencuue
AHTUIPOTOHOB IpU TakoOM YpoBHE (OHA BIIOJHE B IpeAeiaaX BO3MOMXHOCTEH IIyYKOBBIX
YEPEHKOBCKUX CUYETUMKOB. [IpocTpaHCTBEHHbIE paclpeneaeHusl aHTUIPOTOHHOTO IIyyka C
umnynbcoMm 16 IBB/c Ha sKcrepuMEHTaNbHOW MHUIICHW JUII MaKCHUMAJIBHOW TPOITYCKHOM
crocoOHOCTH Ap/po ONM3KM K TAaKOBBIM JJIsi NPOTOHHOrO Iy4yka ¢ ummyiscoMm 15 IaB/c,
MpeACTaBICHHBIM Ha Puc. 2.7.

VHTeHCUBHOCTE  (OPMUPYEMOIO IOJIIPU30BAHHOIO IydKa AHTHIIPOTOHOB (Kak U
(OHOBBIX 7T~ -M€30HOB OT pacHanoB KC-Me30HOB) CYLIECTBEHHBIM 00PAa30M 3aBMCUT OT JJIUHBI
marauta MT3. OpHako NOBBIIEHHME HWHTEHCHBHOCTH AHTUIIPOTOHHOIO IIyyKa 3a CYeT
yMeHbllleHus: JIMHbL MT3 cBs3aHO € yXyJIIEHHMEM OYUCTKU KaHaia 24A OT 3apspKEHHBIX
BTOPUYHBIX YacTUI NMPU (HOPMUPOBAHUM MYUYKOB MOJSPU30BAHHBIX YACTHUI] ¢ MUMITyIbcoM >30
[3B/c, a Takke ¢ MPONOPHMOHAIBLHBIM YMEHBIIEHHEM MaKCHUMaJIbHOTO MMITYJIbCa BTOPHUYHBIX
YacTull, 0TOMpaeMbIX B kKaHai 24B.

ITosToMy OBLT paccMOTpEH BapUaHT MCIIOJIb30BaHUS OMOJHUTEILHON MHUILIEHH, KOTOpast
Ha BpeMsl MPUOPUTETHOW paboThl KaHanma 24A ¢ aHTUNPOTOHHBIM IYYKOM BBOJUTCS B 3a30p
marauta MT3 Ge3 uzmeHenus ero napamerpoB. OCHOBHas MHILIEHb KaHanoB 24A u 24B npu
STOM BBIBOJUTCS M3 Iy4YKa, YTO 3aMETHO YXYJALIAET YCJIOBHUS AJi1 0TOOpa BTOPUYHBIX YaCTHUI] B
kaHan 24B. Ha Puc. 2.11 noka3aHbl 3aBUCMMOCTH MHTEHCHBHOCTH aHTHUIPOTOHHOTO ITy4Ka U
(OHOB Ha MUILIEHH SKCIEPUMEHTa OT IOJIOKEHHMsI MUIIEHU KaHajla OTHOCUTEIbHO MepeIHEero
kpast Marauta MT3 s myuka 16 ['9B/c u MmakcuManbHOW niepenaBaeMoi BeauuuHbl Ap/po.

Ecnu uneHTp JOMONHUTENBHOM MHUIIEHHM pacnosokuth B Touke +0.7 M B MT3 mpu
3HaYEHUH MarHUTHOIO Mouisi okojio Makcumyma (1.9 Ti), TO MHTEHCUBHOCTb AHTHUIPOTOHOB
BO3pacraer B 2.5 paza (1o 10° 3a IIUKIT) TIpH yBenudeHuu ¢GoHa B 3.5 pasza. Peskoe yBenudyeHue
¢boHA OT BTOPUUHBIX T -ME30HOB, OOpPA3yIOIIMUXCS HEMOCPEJICTBEHHO B MHUIIEHHU, JeJIaeT
HEBO3MOXXHBIM €€ IepeMelieHne Tiayosxe BHyTpb Maruuta MT3.

Eme ogHuM BapuaHTOM IOBBILEHUS WHTEHCUBHOCTH AHTUIIPOTOHHOIO IIy4Ka,
TPeOYIOLIUM JTOTIOJIHUTENFHON TIATEbHONW MPOpabOTKH, SIBISETCS MCIIOIb30BaHUE B KaYeCTBE
MT3 cBepxmpoBoasiiero Mariuta maimHod 1 m ¢ monem 4.5-5.0 Tn. Kak mnoxa3biBaiOT
pe3yNbTaThl pPacyeToB, WHTEHCHUBHOCTb AHTUIIPOTOHHOIO Iydyka ¢ uMmyiascom 16 [mB/c
yBenuuuBaercss B 3.5 pasza mpu 6.5-KpaTHOM BO3pacTaHUMM MHTEHCHBHOCTH T~ -ME30HOB OT
pacnanoB K2-Me30HOB, IPH 3TOM He YXYAUIAIOTCS BO3MOKHOCTH OTOOpA ¢ MULIEHH BTOPMYHBIX
YacTUI] BO BTOPOH KaHaJ, TaKXe Kak M (POHOBBIC YCIOBHUS IS MOJSPU30BAHHOI'O MPOTOHHOTO
mydka ¢ umnyiabcom >30 IB/c.

48



(ee]

_________________________________________________

—k
o

I R .

10 7 fpreeeeeee

Particle flux per 10" pot

10 8o I
i

-0.4 0 0.4 0.8 1.2 1.6
Position of the target center, m

1

Puc. 2.11 3aBHCHMOCTH HHTCHCHBHOCTH aHTUIIPOTOHHOTO ITy4dKa U (JOHOBBIX 7T~ -ME30HOB OT IIOJIOKCHUS] MUILICHA
OTHOCHTEIILHO TiepeHero kpas Marauta MT3 g mydka ¢ ummynbcoM 16 ['3B/c ¢ MakcumanbHO# mepenaBaeMoit
BeNM4nHOHN Ap /Py (OCHOBHOE MOJIOKEHNE MUILICHH COOTBETCTBYET KoopauHare -0.2 m)

2.1.6 Bauanue O0emekmopos cucmemvl Me4deHUA U UOCHMUPUKAUUU Yacmuy HA
napamempul hopmupyemuvix nyuKoe uacmuy

Cucrema MeYeHMsI 4YacTULl INPOEKTHUPYEMOIO KaHajla IOJISIPU30BAHHBIX IPOTOHOB U
AQHTUIPOTOHOB (CM. mo3:xe paszznen 0 HacTOSALIEro JOKyMEHTa) MpeAHa3HaueHa JUIl M3MEPEHUs
MMITyJIbCa OTJEJIBHBIX YaCTHI] B ITYUKE, a TAK)KE ONPECIICHUS BEPTUKAIBHBIX KOOPINHAT YaCTHUL]
B TPOMEXYTOYHOM HM300paKEHUH, UTO TO3BOJSIET <«IIPUIIUCBIBATH» KAXKAOMY HPOTOHY
(aHTUIIPOTOHY) cpeAHee s JAHHOM KOOpAMHATHI 3HAaYEHHE fy KOMIIOHEHTBI BEKTOpa

nonspuzanuu (Puc.  2.6). B 1o xe Bpems, mpenoctaBiss MHQOPMALMIO O MOJOXKEHUU HU
pasmepax Iydka 4acTHILl, CUCTeMa MedeHUus OyaeT 3(h(eKTUBHO HCIIONIb30BaThCs TAKXKE U MPU
HacTpOMKe KaHala.

[Ipeuiaraemast cucreMa MEUEHHUsS] YaCTHI[ BKJIIOUAET B ceOs ceMb JABYXKOOPIMHATHBIX
TOJIOCKOTIOB, TPH M3 KOTOPBIX, PAcIOJIOKEHHbIE MEXKAY KBaApymoibHbIMH JuH3aMu QS5 u Q6
(Puc. 2.5), mpemHa3HAueHBl JUISI W3MEPEHHUS KOOPJMHAT 4YacTUI[ B MPOMEKYTOYHOM
n3zo0paxeHuu. OcTajgbHbIE YETHIPE TOAOCKOIIA PACIOJIaratoTCsl MOMAPHO A0 U MOCJIe MarHUTOB
M3 u M4, oGecnieunBasi u3mMepeHne UMMyiIbcoB yacTull. CymMmmapHas TOJIIMHA CHUHTHILIATOpA
0 MYYKY B KaXKJOM T'OJJOCKOIIE€ COCTaBIISIET 8 MM.

Kpome cuctembl MeUeHHUsl YacTUIl BO BTOPOH YacTH KaHaja B KBaJAPYMOJBHBIX JHMH3AX
Q6+-Q7 m Q9+Q10 mpexamosnaraeTcss pa3MECTHTh JBa 6-METPOBBIX MOPOTOBBIX YEPEHKOBCKHX
cYeTUrKa sl uACHTUUKAIMY YacThIl. B cioydae mpoToHHOTO mydka ¢ ummnyiascom 40-45 [B/c
YEepEeHKOBCKHE CUETYMKU Oyay paboTaTh Ha BO3AyXe IpH aTMoc(epHOM AaBIIEHWH, TOTJA Kak
JUTs Tydka ¢ uMmynbcoMm 15 ['B/c (aHTUIIPOTOHBI U MPOTOHBI) MPEANOIATaeTCsl UCIOJIb30BATh
¢dpeon R-22 (CHCIF,) Taxxe npu aTMOCepHOM JTaBJICHHH.

BnusiHue Ha KOHEUHBIE MapaMeTpbl (OPMHUPYEMBIX IYYKOB MEPEUHCICHHBIX BbIIIE
JIETEKTOPOB, a TaK)Ke HEOOXOAMMBIX IS MX pa3MelleHHs He BaKyyMHPOBAHHBIX y4YacTKOB
KaHaJla, OILCHMBAJIHNCH IOCPEICTBOM pacyeTa MOIJIOMEHHSI W MHOTOKPaTHOTO paccesHus B
BEIIIECTBE MOHOMMITYJIbCHOTO ITyYKa C HYJEBBIMU pa3MepaMu M PaCXOJMMOCTHIO (O-ITyuKa) Jis
IBYX pEXUMOB paboTel kaHana (Tabm.  2.4). CpaBHeHHE TIOJYYCHHBIX pE3YyIbTaTOB C
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pacueTHbIMU TapaMeTpaMH Iy4yKOB, NpuBedeHHbIMU B Tabn. 2.2, CBUIETENBCTBYET O
HE3HAYMUTEJIbHOM YBEIIMYEHUU Pa3MepoB Imydka ¢ ummyiabcoM 45 IBB/c u 10+12% yBenuuenuun
pa3MepoB Imyuka ¢ ummyiabcoMm 15 IB/c mpu morepe umnTeHcuBHOcTH Tyuka 14% u 17%
COOTBETCTBEHHO.

Tabn. 2.4 ITapameTpsl HCXOIHOTO O-ITy4YKa HA MUIIEHU SKCIIEPUMEHTAIBHON YCTaHOBKH.

LlenTpanpHblii ©MITYIBC my4Ka (p), [9B/c 15 45
Pasmeprl yuka (o, X 0y,), MM 9.3x7.6 2.7x 1.6
Pacxonumocts nyuka (0,7 X 0,/), Mpaj 0.53 x 0.57 0.14 x0.24
ITorepu vactui, % 17 14

2.2  CucremMa MeyeHHs MOJISIPU3ALMHI My4YKa

CucremMa MeEYEHHUsS 4YacTUI[ TPOCKTHPYEMOrO KaHaja TOJSIPU30BAHHBIX IPOTOHOB |
AHTUIPOTOHOB MPEAHA3HAUCHA [Tl U3MEPEHUS UMITYJIbCAa OTJCIBHBIX YaCTHIl B TIYUKE, & TAKKE
OTIpEe/ICNICHUs] BEPTUKAIBHBIX KOOPJIWHAT 4YAaCTHII B IPOMEKYTOYHOM H300paKCHHUH, YTO
MO3BOJISICT ~ IPUIUCHIBATEY KAXKIAOMY TIPOTOHY (QHTHUIIPOTOHY) CpeaHee I JaHHOH
KOOpAUHATHI 3HayeHUe Py KOMIOHEHTHI BEKTOpa Mojspu3auuu. Jlias 3Toro B MpoMeXyTOYHOM
doxkyce kanana (Puc. 2.5), rae hopmupyercs HHBEPTUPOBAHHOE M YBEIHMUEHHOE M300paKeHHE
BUPTYaJIbHOI'O HCTOYHHMKA W3 IUIOCKOCTH TepBUYHON wmwumeHu (Puc. 2.2), u3mepsercs
BEPTUKAJIBHOE CMCUICHHE Y TPAaCKTOPUU OT OCHU IyYyKa W 3aTeM HCIIOJIB3YIOTCS pPacuETHBIC

sasucumoct &, (Y) Tuma noxasamHoil Ha Puc. 2.6. Kpome TOro, ¢ MOMOIIBIO TOZOCKONOB

CHUCTEMBl MEYEHHs, MU3MEPSAIOIUX IMPOXOKICHUE TPACKTOPUS B TOPU3OHTAIBHOM IIJIOCKOCTH,
OTIpeNieNIeTCsl UMITYJIbC KaXA0H My4YKOBOM YacTHIBI C TOYHOCThIO OKojlo +1%. Kak Oblio
oTMedeHOo B pazzene 2.1.2 m mpownutiocTpupoBaHo Ha Puc. 2.6, xopormiee 3HaHHE WMITYJIbCa
BOXHO TaKkKe M Ul yMeHbIIeHHs d(p¢dekra «pa3MbIBaHHs» 3aBUCHUMOCTei Puc. 2.6 m3-3a
pa3zbpoca o uMIysiabcam U, TEM CaMbIM, JJis 00Jiee aKKypaTHOTO BOCCTAHOBJICHUS MOJISIPU3ALIAN
&y U1 KaXKJI0M TPACKTOPHH.

Mertoauka  co3gaHMsl  CHCTEMBl  MEUEHHUS  IOJSAPU30BAHHOIO  IPOTOHHOIO
(aHTUIPOTOHHOT0) MyyKa OblIa pa3paboTaHa M yCIEUIHO UCIIONIb30BaNack B skcnepumente E704
[60] npy akTUBHOM y4yacTHH YYaCTHHUKOB mpoekTta. [lomoOHas cucTeMa TakkKe YCIHEUIHO
ucnonsizyetrcst B askcriepumernte ®OJC B IlporBuHo [61]. OgHako cieayeT OTMETUTH, YTO
O’KpjJaemMasi ”HTeHCUBHOCTh Iy4ukoB B skcriepumente CITACUAPM Oyner Boiie. Kpome toro,
npennonaraercs, uro B skcrnepumente CIITACYHAPM cnuHoBble 3pexThl OyAyT H3ydaThes C
6omnee BbIcOKOM TouHOCTHIO (3kcmepuMeHTHl POJIC u E-704 MOXHO OTHECTH K paspsany
nouckoBbiX, a CITACUAPM craBuT 3a7auy NpelU3MOHHOTO UCCIIEJOBAHUS), TO3TOMY TOYHOCTh
3HAHUS XapaKTePUCTUK ITy4Ka JOJDKHA OBbITH BBIIIE.

JleTeKTOphl CUCTEMBI MEUEHUS OYAYT TaKKe MCKIIOYUTEIbHO MOJIE3HBI I HACTPOMKH U
ONTHUMM3AMM pPEeKHMMa KaHaja IIyTeM M3MEPEHHs TaKUX XapaKTEepUCTUK IIydykKa Kak
UHTEHCUBHOCTb, MPO(QWIN, MPOCTPAHCTBEHHbIE W YIJIOBBIE PACXOJMMOCTH, SMHUTTAHC IyyKa,
uMmnyiascHas — aucrepcus. OnTuManbHas HacTpoiKa KaHala IMpeanoyiaraer JOCTHXKEHUE
XOPOILEro COracus U3MEPEHHBIX U PACUETHBIX TapaMeTpPOB.
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2.2.1 Cxema pazmeuwieHus 0emeKmopos mMe4eHus

OcCHOBHBIE ~ JICTEKTOPHI ~ CHCTEMbl  MEUEHHS  pPa3MEMIAIOTCI B OKPECTHOCTSX
IPOMEXYTOYHOTO (hoKyca, HaXoAAIIerocs Ha paccTosHuu 60.5 M OT epBUYHON MUIIEHHU U 59.4
M OT MHIIICHH dKCIepuMenTa. CXxeMa pasMEICHHs ) CHCTEMbI MEUCHHS oKa3aHa Ha Puc. 2.12 u
BKIIIoUaer B cebsd 4 cuérumka monuHoro moroka S1-S4, 3 romockoma POL1-POL3  mus
BOCCTAHOBJICHHSI MIPOEKIIMHU TPAEKTOPUU B BEPTUKAIBHOM IUIOCKOCTH M 6 rogockornoB MOMI1-
MOMG6 ny1st u3MepeHus: UMIYJIbCa MMyYKOBOM YaCTHUIIBI 110 €€ OTKJIOHGHUIO MarHutamu M3 u M4
B TOPU30HTAJILHOM MJIOCKOCTH.

ma

Polarization Momentum

Puc. 2.12 Cxema pa3MelleHus IeTEeKTOPOB MEUCHHS My4Ka. IMIyJIbC YacTHIIBI U3MEPSIETCSI B TOPU30HTATBHON
IUTOCKOCTH C IOMOIIBIO UMITYJIECHBIX TogockormoB MOM1-MOMG6 u marautos M3 + M4. Tlonsapu3anus 9acTHIIEI
OTpeIeTIIeTCS yTEM U3MEPEHUsI €€ UMITYJIbCa U BEPTUKAIBHOM Y KOOPIMHATHI MOJSIPH3AIIUMOHHBIMH TOIOCKOTIAMH
POL1-POL3. S1-S4 — cuMHTWILTSIIMOHHBIE CUETYMKH TIOJIHOTO TMOTOKA. [IpoMeKyTOUHBIN (OKYC 110 BEPTUKAIH IS
[ECHTPAJIBHOTO UMITYJIbCa HAXOAMUTCS B IFIOCKOCTH pa3MelneHus rogockorna POL2.

BepTukanbHas KOMIIOHEHTA MOJSPU3ALMU Cy BOCCTAHABIUBAETCS 10 ATUM U3MEPEHUSIM B
peKUMe peabHOI0 BPEMEHHU Ha OCHOBE 3apaHee MOJrOTOBICHHBIX U COXPAaHEHHBIX B TAOJUYHOM
BUJIC 3aBUCUMOCTEH, 0100HBIX MOKa3aHHBIM Ha Puc. 2.6, U1 HECKOJIBKUX 3HAUEHUH UMITYJIbca
B npejenax akcenrtaHca kanana. Jlerekropel POL2 1 MOM2 pa3menieHbsl B MPOMEXKYTOUHBIX
¢dokycax cBoux Iockocreidf, a mapsl POL1, POL3 u MOM1l, MOM3 - cumMmeTpu4yHo
OTHOCHUTENBHO (PoKycoB Ha paccrosHuu 2.2 M. Paccrosiame B mapax rojockonoB MOM3-
MOM4 1 MOMS5-MOM®6, u3MepsIoIux UMITYIIEC TT0 OTKIOHEHHIO TPASKTOPH B MarHuTax M3-
M4, coctaBnser 4.4 M. Yroia OTKJIOHEHHMsS B 3THX MarHuTax AJs IEHTPAJIbHOTO HUMITYJIbCa
cocraBisieT 73.5 mMpas.

MarnutHas ontuka kaHana 24A (Puc. 2.5) mo3Bosisier n3MmeHeHueM Ko3dduimenra
YBEJIMYEHUS JepKaTh pa3Mephl Mydyka B MPOMEKYTOYHOM H300paKE€HHM M €ro MMIYJIbCHYIO
JUCIIEpCHIo ¢1a00 3aBUCAIIMMU OT LIEHTPAJIbHOTO UMITyJIbCca B inana3zoHe ot ~15 no 45 I'3B/c.

['aGaputHble pa3mepbl aKTUBHOM 30HBI Ka)KJOM IJIOCKOCTHU OMNPENENSIIOTCS pa3MepaMu
nydka B paiioHe pa3MmelieHHus SToW IutockocTH. [lomepeuHbie pa3Mepbl Iydka B 00EHX
TUTOCKOCTSIX B CEYCHHSX Pa3MEIICHUsSI TOAOCKOIIOB CUCTEMBbI Me4YeHHsl He mpeBbimaioT 170-180
MM. Pe3ynbTaThl MOJENMPOBAaHUS TOKa3bIBAIOT, YTO MpPHU TaKuUX pasMepax HeoOXoaumas
TOYHOCTb M3MepeHus nomsapusanun Ady ~+5% pocrturaercd mpu NPOCTPAHCTBEHHOH IIMPHHE
cerMeHTOB TogockornmoB POL1-POL3 4-5 mMm. [l JOCTHOKEHHS TOYHOCTH H3MEpPEHUS
noJyisipu3aluu Ha ypoBHe 1-2% HE0O0XOJUMO YMEHBIIUTH pa3Mep (IIUPHUHY) CETMEHTOB, IO
KpaiiHeir mepe, 10 3 MM. TOYHOCTH HM3MEpeHHs UMIyibca AP/P TMpH TakoH Ke NIMPHHE
CEeTMEHTOB UMIMYJIbCHBIX Tof0ckonoB MOMI-MOM6 cocraBut ~+(0.6-1)%. Takum oOpazom,

%0 Kpome CHCTeMbl MEUEHHS YACTHI[ BO BTODOH 4acTH KaHAua MPEAHONAraeTcs pasMEeCTHTh 1BA 6-METPOBBIX
MOPOTOBBIX YEPEHKOBCKUX CUETUHKA Ul MACHTH(UKAIMU YacTHL. B ciryyae mpoTOHHOrO mydka ¢ uMiysscom 40-
45 I'B/c yepeHkoBckHe cyeTYHKH Oyy paboTaTh Ha BO3AyXe NPU aTMOC(HEPHOM JaBICHUH, TOra KaK JUIsl IyYKa C
umIyabcoM 15 I'aB/c (aHTHIIPOTOHBI M IPOTOHBI) MPEIIOIAraeTcs MCob3oBath Gppeon R-22 (CHCIF,) taxxke npu
aTMOC(EepHOM JTaBJICHHH.
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UCXOMs W3 MPHUBEJCHHBIX BHIINIE Pa3MEpPOB IyYKa B MPOMEKYTOYHOM H300paKCHUH, KaXKIIbIA
OTJENbHBIN TO0CKON OyAeT cocTosTh U3 40-60 CerMeHToB.

Tpebyemoe OBICTPOACHCTBHE JETEKTOPOB W  JJIEKTPOHUKH CHUCTEMBI  MEUYCHUS
6
OTIpeICIIIeTCS MHTCHCHBHOCTBRIO MTydYKa, KOTOpast OKuaaeTcsi Ha ypoBHe 10 ~10° wactui/cekynmy
(mmuTensHOCTD UKIA 10 cek., NIMTETHHOCTh TUIATO BBIBOAA — 2-3 CEK.).

2.2.2 Ju3aitn 2000cK0n08 cucmembl MeueHus

B HacTosiee BpeMsi paccMaTpUBAIOTCSI HECKOJIBKO MOAXO0/I0B K AM3aHY M KOHCTPYKIIUH
CHMHTWUISIIUOHHBIX TOJOCKOIIOB CHCTEMBl MEUYEHHsS U BBIOOpa (oToneTeKTopoB. OgHHM U3
BapUaHTOB SIBJISIETCS, TaK Ha3bIBaeMasl, «IPEOCUIKOBAsi CTPYKTYpa», KOTOpas MCIOJIb30BaIach B
skcniepumenTe ['EPA [73] B UD®BD u 3arem B E581/E704 [60] B ®epmunabd. Takas cTpykTypa ¢
IBYMsI psilaMH IEPEKPBIBAIOIINUXCS CIIMHTUIUIATOPOB Moka3zaHa Ha Puc. 2.13.

B «rpebenikoBoil cTpykType» MepeKpbIBalOIINecs IpYr ¢ APYrOM CIUHTHIUISIIMOHHBIE
MAJOYKU BBICTPOEHBI B JIBAa PANla B JABYX MapajlIeNbHBIX MIOCKOCTSIX. KaXkIplil CHUHTHILIATOP
OJTHOTO Psijia IePEKPBIBACTCA C ABYMS OJMDKaWIIMMU APYToro psiia Ha oAHy TpeTh. [Ipoxomsimas
YJacTuIla MOXeET Iepecedb JIM00 OAWH, MO0 J1Ba CHUHTWIUIATOpPA B ABYX psAnax. B pesymbrate
IIPOXOXKACHUS YaCTHUIbl 00pa3yloTCs TPU THIA CETMEHTOB: 1) cpabaThiBaHME OJHOTO KaHaia B
JTF000M M3 IBYX PSIZIOB, 2) COBMAJAIOIINE CUTHAIIBI C JIEBBIM CHUHTHIUISITOPOM JIPYTOTO psifa u 3)
C MPaBbIM CHMHTUIUIITOPOM APYTOro psaa.

|—‘,—H—.i—il-._._][.l|...|| B INE W
l_i_ll_i_ll_i_]l lelizllull‘tSI

Segment 1 i i il i i '1:1'1515151?1"151?252'2'2:2 2iziaininisis

Number  1:2:304151617819011:2:5 4/5/6:7:8190}1:2:314/5:8:718:9:01

Puc. 2.13 CtpykTypa «rpebenkoBoroy rogocKona MeUeHs ITy4YKa C MepeKPHIBAIOIIIMUCS CHUHTIUIITOPAMH.
Yka3zaHHas Ha 3TOM PHCYHKE CTPYKTYpa OTHOCHUTCS K MOJIIPH3AIIMOHHOMY T'OJTOCKOIY, H3MEPSIOMIEMYy KOOPINHATEI
BJIOJIb BEPTHKAIbHOM ocH Y. HauMeHbIue siueiiku, BO3HUKAIOIINE BCIIEICTBUE EPEKPHITHS CHUHTHILISITOPOB U3
Pa3HBIX PsIIOB, 00pa3yroT cerMeHThl. M3 31 cermeHTa TOJIBKO 27 NEHTPAIbHBIX CETMEHTOB UCIIOIB3YIOTCS
IPOLIECCOPAMHU J1JIsl BOCCTAHOBJIEHMS MOJIAPU3ALINA &y

I'pebemikoBas cTpyKTypa MMeEeT CIEAYIOIUEe AOCTOMHCTBA B CPAaBHEHHH C OOBIYHOM
OJTHOCTIOMHON CTPYKTYpPOH HENMEPEKPHIBAIOIIUXCS CIIAHTUIUIAIIMOHHBIX MAJIOYEK:

- NpU 33JaHHBIX IPOCTPAHCTBEHHOM pA3PEIICHUH U MEPEKPHIBAEMON ILIOIIAIN
TpeOyeT BIBOe MeHbIIe (HOTOJETEKTOPOB M, COOTBETCTBEHHO, KAHATIOB IEKTPOHUKH;

- OTCYTCTBYET IIeJlb MEXAY CerMeHTaMH, CHWXaromas 3(QQPEeKTUBHOCTD
pEruCTpalvy 3apsHKEHHBIX YACTHIL.

K mHemoctatkam e MOXKHO OTHECTH HECKOJIBKO OoJliee CIOXHBIA alrOpUTM
BOCCTAHOBJICHHSI «MCTUHHBIX» CHUTHAJIOB U TPEKOB, OCOOCHHO MPHU BHICOKOW HHTEHCHUBHOCTH U
MOBBIIIIEHHOM YPOBHE CIIy4alWHBIX COBIaJeHUN. Take KOTMYEeCTBO BEIIECTBA HA MYTH My4YKa B
«rpebemKoBOM) TOJIOCKOIe Ooibllie, B cpeaHeM, Ha 67% Tpu TOW Ke TOJIIMHE MAIOYEeK
CIMHTUJUISATOPA, YTO U B OJTHOCTIOMHOM rogockone’!

AnpTepHaTUBHAS KOHCTPYKIIHMSI TOJOCKOTA CHUCTEMBI MEUEHHs TpelcTaBiieHa Ha Puc.
2.14. B »>TOoM BapuaHTE BCE CETMEHTHI CHUHTUIUISTOpPA PACIONAraloTCs B OJHOM TUIOCKOCTH, H

2 U, cnenoBaTenbHO, nmpu Toi ke 3(P(OEKTHBHOCTH PETUCTPAIIUU ISl YACTHII, TIEPECEKAIOIINX TOJIBKO
OJIVH CJION «TPEOEIIKOBOTOY» TOJOCKOTIA.
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MMeEEeTCsl B3aMMHO-OJJHO3HAUYHOE COOTBETCTBHE CpadOTaBIIETro KaHajaa OJHOMY U TOJIBKO OJHOMY
IPOCTPAaHCTBEHHOMY MHTEpPBATy MPOXOXKIEHUsS YacTHlbl. TpanenueBuaHas ¢popmMa CETMEHTOB
BbIOpaHa JJ1s1 KOMIIEHCauu Hed(h(hEKTUBHOCTH Ha KPasiX CETMEHTOB U B 3a30pax MEXKy HUMH.

B kadecTtBe OCHOBHBIX (POTOJETEKTOPOB JJISi CUCTEMbl MEUCHHUSI BapUaHTE MPEIaraeTcs
UCIIOJIb30BaTh KPEMHHUEBbIE ()OTOYMHOKHUTEITN (SiPMZZ), pa3MELIEHHBIE C IBYX CTOPOH MaJO4YeK
rogockornoB. SIPM — 310 MaccuB (OTOYYBCTBHUTENBHBIX KPEMHHEBBIX SUECK Ha OOMICH
noaoxkke. B otnnune ot naBuHHBIX PoTonnonoB (APD), paboTaronux B NpornopuruoHaIbLHOM
pexume, Kaxknas sdeiika SiPM  pabortaer B OrpaHMYE€HHOM TIedrepoBckoM pexume. Ilo
cpaBHeHuto ¢ APD, SiPM oGnagaet psiioM MpeuMyliecTB: pabOTarOT MPU HU3KOM ITOPOTOBOM
HanpsbkeHuu (~50 B), He cTpagaroT paykryanuei JaBUHbI, HE UMEIOT POOJIEM ¢ HaBOJKaMH (He
TpeOyeTcs SKpaHUPOBAHUA).

|

3 MM c0P0N0N0000AEEGBED o

IEATATATATATI

a)

SiPM Sensl
MicroF C-30050-SMT

B EEDOODEEE6EBOEB o
3000000 REEEE °

............. [X6005060600008666
L IT

Puc. 2.14. BapuaHT KOHCTPYKIUH OTHOCIOWHOTO I'OI0CKOIIa CUCTEMbI MEUYEHUS. a) BuJl ¢ TOpiia Ha CerMeHTBI
cipHTIIDIATOpa. TpanenuesunHas GopMa Mo3BOIET YIIyduTh 3Q)EKTUBHOCTS PETHCTPAIH HA TPAHUIIC
cerMeHTOB. 0) Kpemenne poToneTeKTopoB (KpeMHHEBBIX (DOTOYMHOXHTENIEH) K CErMEHTaM CIIUHTWLIATOPA. B)
OOuIwii BUA TBYXKOOPIUHATHOTO TOAOCKOTIA.

Ha Ttexymuii MOMEHT OCHOBHBIMU CEPUHHBIMHU IPOU3BOJAUTENSMHU JAHHBIX H3IEJINN
apistoTes: Hamamatsu (Snonus), Zecotek (Cunramyp, corpyanuuator ¢ OUSN), Excelitas
(CIIA, corpynuuuator ¢ MUOW/Ilynscap), SensL (Mpnanaus) um ap. Y Kaxzaoro
MPOU3BOJUTENS JaHHOe u3nenue mmeer (upmenHoe HazBanue: MPPC (Hamamatsu), SiPM
(SensL), Si®DY (MUDU), MI'JIOJ (OUAN) u T.n. (Bcero okono 15 mHammeHoBanwmii). Ha
PBIHKE MPUCYTCTBYIOT pa3inyHbie BuAbl SIPM, ckoHCTpyrpoBaHHbBIE TIOJT pa3HbIE 3aJauH.

g rogockomna TpedyeTrcss MakcumainbHas 3QdexktuBHoCcTh peructpauuu (PDE), Ho He
TpeOyeTcsl 3HAYMTEIbHBIM JUHAMUYECKUH [Mana3oH, I[O3TOMY Mbl MOJOMpAIM MOJEIU C

2 JIJ1s KpaTKOCTH 3716Ch UCTIONB3YeTCs Ha3BaHUE MPUOOPA, TPUHATOE Y UPJIAHICKOTO MPOU3BOAUTEIS
«SensLy.
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o6ompmuMu stuerikamu (ot 50 mo 100 umz), HU3KOW BEJTUYMHOM COMPOTUBIICHHS PE3UCTOpPA H
XOpOLIEH ONTUYECKON U30IALUEH MEXIY SUYECHKaAMHU.

HawnyuymmMu xapakTepucTUKaMH Ui Hamero Jerekropa obmamator m3aenus S13360-
3050PE ¢upmer Hamamatsu, HO OHH OTJIMYAIOTCSI BBHICOKOHM I[eHOW. bimkalmmMm aHaJIoroM co
CXOXUMHU Xapaktepuctukamu sBisitorcsi MicroFC-30050-SMT ¢upmbr SensL: Ha Texymmii
MOMEHT X II€Ha C YYETOM JI0CTaBKHU Ha 36% HUXKe.

Ha Puc. 2.15 mpencraBieH pabounii 4epTex paMbl JUIsl IPOTOTUIIA TOAOCKONA CUCTEMBI
MeueHus. Pama npenHazHadyeHa /Ui KperwleHUus MajiodyeKk CHUHTUIUIITOPA B JBYX IUIOCKOCTSIX U
mwiar ¢ (QOoToAeTeKTOpaMU IO OJHOM C Kakaoro Topua cuuHTwUiATOpa. I[Ipeamomnaraercs
HCIIOIb30BaHue  (HOTOAETEKTOpoB SiPM ¢ akTHBHOH 06IacTei0 3x3 MM® M raGapHTHBIM
pa3MepoM 4 MM.
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— 'wim. [Ma coal Menwme
ol | B s Mol dmsl [ {pomoimun eodockona
Faao0s. |Gt AH] i - i 1 12
o A CBopovesid veomex
T oming. Aucm | Auemod 1
ALk amig. PECY THY WRE3 KO
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Puc. 2.15 Pama qBYXKOOpIMHATHOTO TOOCKOMNA HA 32 KaHATa MO KaXI0W KOOpAWHATE

Ha Puc. 2.16 nmokaszana paspaboranHHas ans paborel ¢ SiPM muara ycunurtenei-
TUCKPUMHHATOPOB, KyJa  HEMOCPEACTBEHHO OBLIM  CMOHTHPOBAHBI  (hOTOJIETEKTOPHI.
CUMHTWIIALMOHHBIE cYeTYMKH TTpon3BoacTBa UDBO ceuennem 3x4 MM 1 mmnHOoM 20 cM ObLIH
00epHYTBHI B CBETOOTpPaXKAIOIMUKA MaTepuan (Maijap) M yCTaHOBJIEHBI Ha pamy rogockomna. C
WCIIOJIb30BAaHUEM JaHHOW TIIaThl OBUTM TPOBEACHBI HMCHBITAHHMS MPOTOTHIIA TOIOCKOMAa Ha
CBETOJIMOTHOM CHUTHAJIC U HAa aTMOC(EPHBIX MIOOHAX.

[TonHas MIMTENBPHOCTh CHTHANA CO CTAaHAAPTHOTO BbIXOAa cocTamisier okoio 300 Hc,
CBETOBBIXO/J] ¢ 0IHOH Mano4ku ~90 HoTOINEKTPOHOB HA MUHUMAIBHO-UOHU3UPYIOIIYIO YACTHILY
(MIP).. Ilpu paboTe ¢ MOIAPU30BAHHBIM MPOTOHHBIM ITYYKOM MaKCHMAJIbHOM WHTEHCHUBHOCTH
(o 107) B KaHaye 24A Takas IIUTENbHOCTh MPUBEAET K HAJIOKEHUIO CUTHAJA U HEKOPPEKTHOM
pabote 3eKTpoHHKH Togockomna. Vcmonp3oBanue fast Beixomga SiPM ¢ mosHOM AIHTEIBHOCTHIO
He Oonee 20 HC B ATUX YCIOBHSAX 00Jiee MPEANOYTHTEIIBHO, XOTS aMIUIUTYAa CUTHAIA TIPH STOM
Ha TOPSIIOK MEHBIIIE.
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Puc. 2.16 DnextpoHHas miara ¢ (GOTOAETEKTOPAaMHU, YCHIUTENSIMH, TUcCKpuMuHaTtopamu u LVDS-nepenaTunkamu

Herexropsl cuctembl Meuenus mnossipuzauun CIIACYHAPM Oyayr pacnosnoXeHbl B
rOJIOBHOM 4YacTH KaHaia 24 Ha pacctosHuu ~60 MeTpoB 10 ycTaHoBKM. OpraHuzanus
CUMTBIBAHUS JIAaHHBIX C HUX IO TPAJUIIMOHHON TPUITEPHOM cxeme ¢ oOIel Ha BCIO YCTAaHOBKY
OJIOKMPOBKOW CHJIBHO YBEIMYWIO OBl «MEpPTBOE BpeMs» CHUCTeMbl cOopa gaHHbIX. Jlins
IIPEIOTBPALCHUS] TAaKOM CHUTyallUM [UIsl JETEKTOPOB CHUCTEMBl MEYEHMs IOJIApU3aLUU
IpeaycMOTpEHa JIEKTPOHKKa, paboTaromias B 6ectpurrepHom pexxume. Ha Puc. 2.17 nokasana
apXUTEKTypa IUIaThl JUIsl CUUTBIBAHUS TI'OJOCKOIIOB cCHCTeMbl MeueHus. llnata mpenmnomnaraer
CUNTHIBAHHE JAHHBIX 0€3 «MEPTBOTO BPEMEHH» IPH MHTEHCHBHOCTSX 10 10 4acTHIl 3a LUK,
XPaHEHUs TaHHBIX OAHOIr0 cOpoca YCKOPUTENsSl BMECTE C METKAMHU BPEMEHH C TUCKPETHOCTBIO 6
HC ¥ Ilepeadyy ux B 00LIyro cructeMy cOopa naHHbIX no cetu Ethernet 100 Mowur.

__________________________________ -
: READOUT BOARD |
I |
: FPGA MCU :
e — | F Ve ) o _ !
i Discriminator | : T z DMa (1 SDRAM |
baard —— = DA e | '
................................. o " Event Feques] |
I Detection I
I Logical | (== 5 g 3
. | Block Etharnat 1 — i
' = | TcrIP j Daa
| o Time e { Server |
. I | Sta =4 | e -
Trigger | Q| | Countor Frosorl] L ' |
(for testing) | | Ir — e —
............................. /| |

Puc. 2.17 Briok-cxema perucTpUpyoIIei IeKTPOHUKH CUCTEMbBI MEUEHHS TTOJISIPU3aIMU ISl pabOThI B
GecTpUTTepHOM pEXUME.

[Tockonbky OECTPUTTEPHBIH METOJ B PETUCTPUPYIOMIEH JIIEKTPOHHKE MOIapa3yMeBaeT
BBICOKOCKOPOCTHOM cOOp M XpaHeHHe OONbIIOro o0beMa JaHHBIX, TO HEOOXOIUMO MPUMEHSTH
JBYXYPOBHEBYIO apXHTEKTypy. OYHKIHS perucTpanud CcOOBITHH W  TpeaBapUTEeIIbHON
Oydepmzanuu naHHBIX ObLIa BO3MOKeHa Ha MuKpocxemy I[IJIMC, B KOTOpO#l BO3MOXKHO
pean30BaTh MapauieIbHYI0 00paObO0TKy MaHHBIX ¢ MAKCUMAIFHO BO3MOXKHOTO YHCIIa KaHAJIOB.
Bonee memnennbpie QYHKIIMU 3aMucy U XpaHeHUs JaHHbIX B O3Y ¢ ux nocnenyomei oTimpaBKon
Ha CEpBEp BHINIONHSIET MUKPOKOHTposuiep. Takas peanuzamus cOopa JaHHBIX BO3MOXKHA
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WCKIIFOYMTENIEHO B BUAY HIHUKIMYHONW pabOTHI yckopuTens Y-70, 3aKIIOYaroneiicss B HATWMYUU
BPEMEHHBIX IMPOMEKYTKOB B HECKOJIBKO CEKyHJ| 0€3 Iydka, B TO BpeMs KaK UIUTEIBbHOCTH
00JIy4eHMs] MUILIEHU COCTABJISIET [1apy CEKYHI.

Takoil Au3aiiH NOAPAa3yMEBAET MPOCTOTY PAa3BOAKH M M3TOTOBJICHUS OCHOBHOMW IUIATHI U
JTa€T BO3MOXXHOCTH OCYILECTBIICHHS MTO3TAITHOTO MPOSKTUPOBAHMS IPOTPAMMHOTO 00ECTICYCHUS
U HE3aBUCHUMOW OTJIAJIKU M TECTHPOBAHHUS JBYX OCHOBHBIX Y3JIOB — MHUKPOKOHTpOJUIEpa U
[TJINC. OCHOBHBIMH DJIEMEHTAaMH CXEMBbI SIBIsIeTCS MHUKpOKOHTposuiep STM32F745 dupmsl
STM u mukpocxema FPGA Spartan-6 ¢upmer XilinX. JlaHHBIH MHKPOKOHTpPOJIJIEP MOMHMO
BbIcOKOTIpom3BoauTenbHOrO siapa ARM Cortex-M7 umeer B CBOEM COCTaBe MHOXKECTBO
nepudepuiiHbIX MOJIYJIEH, B TOM uKcie KonTpoiuiep namstu FMC, koutpoiutep Ethernet u DMA
KOHTPOJUIEP, KOTOpBIE HCHOJB3YIOTCS B JAHHOM pa3paboTke. Kpome TOro makcumanbHas
takToBass uactota STM32F745 cocraBmser 216 MHz. Ilomumo MHKPOKOHTpoJUiepa Ha
OCHOBHOHM IIIaTe pacmonokeHa Mukpocxema SDRAM mamsatu, KOHTpoJuiep (U3HYECKOTO
ypoBusi RMII Ethernet u nmpyrue smemenThl (€EProm-mamsiTh, ONEPALMOHHBIC YCHIUTEIH),
MO3BOJIAIOIIME B OyaylieM MNpH HEOOXOAMMOCTH BHEAPUTH B MPOTOTUIl HOBBIE (DYHKIHUU.
[IpenycmoTrpena rubkas cuctema BbIOOpa BHEIIHETO MCTOYHHKA MUTAHUS 4Yepe3 pa3HbIe THIIbI
pa3beMoB, a Takxke uepe3 Ethernet pasbem o crangapry passive POE.

Kak yxe ormewanoch paHee, YCKOpPUTEIbHBIM KomIuiekc Y-70 paboTaeT LMKIMYHO:
copoc myuka — 2-3 cek, may3a — /-8 cek. Takum oOpa3om, oOmIMI aarOPUTM pPabOTHI
OecTpurrepHoi cucTeMbl cOOpa JaHHBIX C F'OJIOCKOINA CBOAUTCS K IIONIEPEMEHHOMY BBIIIOJIHEHUIO
JIByX IPOLIECCOB: Ipolecca HENPEpbIBHON perucTpanuu coObITHI BO BpeMmsi cOpoca mydka U
mpolecca Mo «BbIYUTHIBAHUIO» HAKOIUIEHHBIX JAHHBIX U3 MaMSITH U TEpeJayd UX B CETh BO
Bpems may3el. Ha Puc. 2.18 mpenctaBneHa QyHKIMOHAIbHAs CXeMa B3aUMOACHCTBUS ABYX
y3JI0B IPOTOTHUINA ¢ BHYTPEHHUMH JITOPUTMaMH pabOThl KaXJA0T0 M3 HUX. MUKPOKOHTPOJLIEP
STM32F7451GT6  BbmodHseT posib “MocTa” MEXIy TpeMs nepupepuifHbIMU OJOKaMu:
mukpocxemoir FPGA, SDRAM mnamsateio u cetbto Ethernet. AnroputM paboThl KOHTposIepa
CBOJIUTCS K ITOIIEPEMEHHOMY BXOJy B OJIMH U3 JIBYX PEKUMOB: HEMPEPHIBHBIN PEKUM MOTYUEHHS
nauHbix oT FPGA u ux 3anmucu Bo BHemHIOKO SDRAM namate U pexxuM nepeiadd JaHHBIX U3
namatu B ceTb Ethernet mo mpotoxonry TCP/UDP. Ilepexon B TpeOyeMblil pekuM peryIupyeTcs
BHEIIHUM CHHXPOCHUTHAJIOM (U3UYECKOM YCTAaHOBKM YCKOPUTENs, KOTOpBIM Ompenesser
BPEMEHHOW MHTepBal JJs cOOpa JaHHBIX.

FPGA MK
Brok ° C6op gaHHbIX
&L pervctpauym s «3anpog»
e § COBLITUS Ha o DMA
[ © kaHane 1 ) 6uino ol =T SDRAM
IT! = LL «Myyex» FMC
T I 3 cobbiTne o
x ®© I Bnok — a (cbpoHT)
N g o0 o
) peructpauuu =
27 cobbITUS Ha 5
a kaHane 32 (e0] OTFIpaBKa AaHHbIX
hmplzgszx 7T % FMC
B. o
Briok | | «[Maysa» O | mac Fast
Taiimepa- =
cyeTymka (cnan) Ethernet
Cbpoc
LI'MKn AsTOMaT Peructpauug
COCTOSIHWIA Maysa
—

Puc. 2.18 OOmuit anropuT™ B3auMoACHCTBUS ABYX IUIAT IPOTOTHIIA
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[Tpototun romockomna cucrembl MedeHuss ¢ SIPM B kadectBe QoTomeTeKTOpa U
OCCTPUITEPHON  PErHCTPUPYIOUIEH  ANEKTPOHUKOM i1 paboThl € MaKCUMAaJIbHOUN
MHTEHCUBHOCTBHIO TMOJIIPU30BAHHOIO MyYKa MOKa3aJl BHICOKOE KauecTBO pabOThl HA YCTaHOBKE

CIIACYAPM c nnTencuBHOCTHI0 3x10° 32 kst YCKOpI/ITeJ'Iﬂzg.

2.3  H3mepeHHe MoJsipU3anuy Ny4YKOB

MedeHrne TpaeKTOpWid TYYKOBBIX YaCTUI[ JJIS ONpPEIeNCHHs WX a0COJTIOTHOM
NOJISIPU3AlMU TIPEACTaBIsieT co0Oi BIIONIHE aKKypaTHBIM M HaIE&KHBIA METOJ, TOCKOJIbKY OH
OCHOBAaH Ha XOPOIIO M3BECTHBIX pacmajiax /-TUMEPOHOB M JMHAMHUKE JIBUKCHHUsS ClMHA-1/2 B
MarHutHoM Tione. Bce pesynapraThl skcnepumentoB E704 [60] m ®OJC [61] ocHOBaHBI,
(DAKTHUECKH, HCKIIOUUTEIBHO Ha TAKOM TOAX0e",

Tem He menee, E704 cioxHOCTh reOMEeTpUN KaHajla U KOHPUIYpallud MarHUTHOTO TOJIS
B €r0 ONTHYECKHUX 3JIEMEHTaX, NOTEHI[MAIIbHOE MIPUCYTCTBUE OMIMOOK B aJIrOpuTMax MEUYEHHUsS B
peaJIbHOM BpPEMEHH, HEONpeAeNEHHOCTU B /-CIEKTpax U T.J. AENAIOT KpalHEe jKelaTelbHbIM
HE3aBUCHMOE TIOATBEPXKICHHE aOCONIOTHON TONSApU3AlMKM  IYYKOB, TaKkKe Kak U, IO
BO3MOXXHOCTH, €€ MOHHMTOPHUpPOBaHHME Ha MpEeaMeT HecTaOMIbHOCTeH BO BpemeHHu. [loaTomy,
Hapsay c paspaborkoit cuctembl Medenus, mpoekt CIIACYAPM Bxmrouaer B cebs
JOTIOJTHUTEIIbHYI0O HE3aBUCUMYIO TMOJSPUMETPUI0 HA OCHOBE (DU3MUYECKUX TPOIIECCOB
B3aMMOJICHCTBHS (aHTH)IPOTOHOB C BEILIECTBOM.

WHTepec npeAcTaBiIsIOT MPOLECCHl C JAOCTaTOYHO OOJIBIIMM CEYEHHEM U M3BECTHOHM U3
HE3aBUCUMBIX 1/13MepeHI/H7125 HEHYJIEBOW CIIMHOBOM acuMMeTpuu. B Hacrosiee BpeMs OCHOBHBIM
CI0CcOOOM HM3MepeHus MOJIIPU3aLUU MTyYKa SIBISETCS U3MEPEHNE aCUMMETPUU B 00J1aCTH KYJIOH-
a1epHoi nHTeppepeHnu. JlaHHbI MeTo1 akTUBHO ucnoiab3yercs Ha yckoputene RHIC B BHJI
[74]. B npakThueckoM IJIaHE pPacCMATPUBAIOTCS TOJSAPUMETPHl HAa OCHOBE YIPYroro pp-
paccessHUsl U MHKITIO3UBHOTO 00pa30BaHUs 3apsKEHHBIX MHOHOB C M3BECTHOW acuMmeTpuei Ay.
CrnenyeTr OTMETUTB, YTO HEBO3MOKHO HAWTH yKa3aHHBIE BBILIE MPOLIECCH C U3MEPEHHBIMU PAHEE
UM HAACKHO IPEACKA3bIBAEMBIMU TEOPETUYECKU CIIMHOBBIMU ACHUMMETPHUAMHU U BCETO
JOCTYITHOTO ~ Jiara3oHa HMIYJAbCOB BO B3aUMOJCWCTBUSX MpPOTOHOB MU, TeM Oolee,
aHTUIIPOTOHOB. IloguepkHEM, OJHAKO, YTO TJIaBHOM 3aJa4ell HE3aBUCUMOM IOJISIPUMETPUU
ABJISIETCSl TPOBEPKA IIPABUIBHOCTH OIPEACIICHUs IOJIAPU3ALMM METOJOM MEUYEHHUs WU, €CIIH
HE00XO0IMMO, KOPPEKIIHUs ero mpoueayp 1 airoputMmoB. M eciu MedeHne paboTaeT KOPPEKTHO
IIpU HEKOTOPBIX UMIYJbCaX, €CTh OCHOBAHMS MoJjlaraTb, YTO OHO OynaeT paboTaTh CTOJIb Ke
KOPPEKTHO U mnpu Apyrux. CTOMT NOTYEPKHYTh TAKKE€, YTO JUII HEKOTOPBIX IPOILIECCOB C
IPOCTOI KMHEMAaTUKOM, HAallpUMep, IJIsl YIIPYroro paccesHusi, OJHOCIUHOBAas acUMMeTpus Ay,
U3MEPEHHAs Ha IOJIIPU30BAHHOM IPOTOHHOW MUIIEHU C HEMOJIIPU30BAHHBIM ITyYKOM MOXKET
OBITH 3aTE€M HCIIOJIb30BaHA [T U3MEPEHUS MOJSIPU3AIMH TyYKa TOTO K€ COCTaBa U YHEPTUU.

2 YHTeHCHBHOCTD Iy4yKa Ha KaHaine 14.

? B skcnepuMente E704 [60] Gblia IPeANpHHATA TAKKE HOMBITKA U3MEPHTH MONSAPU3ALIMIO IPOTOHHOTO U
AHTUIPOTOHHOTO TMYYKOB ABYMS APYTUMH MeTOAaMH. Pe3ynbTaThl 3THX W3MEpPeHHH OBLIM HaWeHbBI
BITOJIHE COBMECTHMBIMH ¢ Me4eHneM. OJHaKO, OHU yCTYIald MEYCHHIO TI0 BEIMYMHE CTATUCTHYECKUX U
CHUCTEMAaTUYECKUX OLTHOOK.

% Ynn n3 HaREKHOM TEOpHUHU.
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2.3.1 Ilonapumemp na ocnose ynpyzo2o pacceaHus

B03MOXHOCTE HCIIOJIB30BAHUS PE3YIBTATOB U3MEPEHUH HA NOJAPU3OBAHHON NTPOTOHHOU
MUIICHH I IOJISIPUMETPUM IIydKa CYIIECTBYeT B IIOAXOAE, OCHOBAHHOM Ha YIPYIOM
paccesHUM (aHTH)IIPOTOHOB B CHUJY JKECTKOW KMHEMAaTHYECKOM CBSA3M PACCESHHBIX 4acTUIl B
NEPeAHIO U 3aJHIOK nosycdepsl, a Ui aHTUIPOTOHOB — M B cuily CP-HHBapUaHTHOCTH
CUJIIBHBIX M DJJEKTPOMAarHUTHBIX B3aMMOJECHCTBUN. lcronb3oBaHue YIPYyroro paccesHus
MO3BOJIIET CO3/1aTh TaK HA3bIBAEMbId aOCONIOTHBIN MONSIpuMeTp. [ MaBHOW OCOOEHHOCTHIO
TAKOTO TOJIIPUMETPA SBJISIETCS U3MEPEHUE Ha MEPBOM 3Talle aHATM3UPYIOLIEH CIOCOOHOCTH MTpU
PACCESHUM HEMOJSIPU30BAHHOrO IyYKA HA IOJSPH3OBAHHON MHMIICHH> ¥ HCIIOIb30BAHHE
IIOJIyYEHHOI'0 pe3yjbTaTa JJIsl TOM )K€ CaMOM JHEPruu IydKa M TOW K€ CaMOMl yCTaHOBKH UL
U3MEPEHUsl MOJAPU3ALMU IydyKa I[P HU3MEPEHUsX Ha HENOoJIIpU30BaHHON (BOJOPOIHOMN)
MHIITCHH .

B ynpyrom pp-paccesiHus MOKHO BBIIEIMTH JIB€ KHHEMAaTHYeCKHUE O00JacTH ¢ OOJIBIINM
CEYCHHMEM M H3BECTHOM OJHO-CIIMHOBOU aCHMMeTpI/IeI?I28 An:  005acTh  KYJOH-SA€pHOM
unrepdepenrmn (KAT) npu 0.002 < —t < 0.05 (I'9B/c)?, rae t — 4X-MepHBIH KBajpaT mepeiadn
UMIyJbCa, KOTOpas C YyBEJIWYEHHEM IEepelayd MMIyJlbca IEPEXOAUT B  00JaCTh
1 paKIHOHHOro paccesaus mpu —t >0.04—0.05 (I'B/c)?.

KoMOWHUpOBaHHBIN  MONSIPUMETP  JUIS  YIOPYroro  paccesHus,  IMOKPHIBAIOIINN
KHHeMaTu4yeckuid nuamazon —t ot ~0.002 go ~0.3 (FaB/c)z, CXEeMaTUYeCKU Moka3zaH Ha Puc.
2.19.

Puc. 2.19 Cxema komOuHupoBanHoro noysipumerpa. G - GEM nerexTopsr; H — CUMHTHIUISIIMOHHBIE TOIOCKOMB; S
— CUMHTHIUIAHOHHBIE CYETYUKA

HOHHpI/IMCTp COCTOHUT H3 Ha60pa TPUTTCPHBIX CUETYUKOB S U TPCKOBBIX ACTCKTOPOB Ha

2
ocHoBe GEM-gerekTopos ° u CIIMHTHINISIINOHHBIX FOJIOCKOHOBgO. Ilepennee muedo,

%6 BenmurHa MOJISPH3AIIH MALICHH H3BECTHA C XOPOIIIEil TOYHOCTBIO (Ha ypoBHe 1-2%).

%" [pu M3MepEHHSIX TIONSPU3AIIAN TIPH HEKOTOPBIX 3HAYCHHSX YHEPIHH IIy9Ka MOJKHO HCIIOb30BaTh TAKKE
W3BECTHBIC 3HAYCHUS aHATM3UPYIOIIEH CITOCOOHOCTH.

® Kortopas coBmajzaer ¢ momepedHoil mousipusarmeii P paccesHHOro HyKIOHA B YIPYTHX CTOJNKHOBEHHSIX
HETOJISIPU30BAaHHBIX HYKJIOHOB. [103TOMY JUIsi TakMX MPOIECCOB 4YacTO TOBOPAT O mojsipu3anudd P BMecTo
acummeTpuu Ay.

% Gaseous Electron Multipliers
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IpeHa3HaYeHHOE Ul PETUCTPalMK IMYYKOBBIX (aHTH)IPOTOHOB, PACCESHHBIX HA MaJble YIJIbI,

IpeJcTaBiIsieT coO00M MarHUTHBIN CIIEKTPOMETP C 27-aKCENTaHCOM IO a3UMYTY, KOTOPbIH Oyner

3aJIENCTBOBAH BO BCEM KHHEMATUYECKOM JHMalla3oHE.

JIBa mieda cimeBa W copaBa C

a3uMyTaJdbHbIM akcenTancoM ~(15-17)% ot nonHoro yria 2z npeaHa3HavyeHbl JUIsl perucTpanuu
NPOTOHOB oOTHauu B audpakmuoHHOW oOmactu. [lapamMeTpbl TOIOCKONOB TMOJISPUMETPa

npuBeneHsl B Tabm. 2.5.

Ta6n. 2.5 IlapaMeTpsl FOIOCKONOB MOMSAPHMETPA YIPYTOTO PACCESHHS

% | Paccrosnue or | I'abaputHbie Pa3mep anemenra KonuuecTso
5 LIEHTpa MUIIIEHU | pa3Mephl NIMPUHAXTONIUHAXITHHA (MM) | 9JIEMEHTOB
%é( (M) TOZI0CKOIIOB
° (Mm)
[MTyuxoBsie rogockors (I1I7)
X xY X Y X Y Y
H1 -4.25 54 x 54 6 x 3 x 54 6 x 3 x 54 13 13 26
H2 -0.25 54 x 54 6 x3x54 6 x3x54 13 13 26
[epenuuit nerextop (I11)
X x Y X Y X Y Y
H3 0.25 62 x 70 6 x 3 x 62 6x3x70 15 17 32
H4 4.25 190 x 110 6 x 3 x190 6 x3x 110 47 27 74
H5 5.75 238 x 126 6 x 3 x 238 6 x3x126 59 31 90
H6 9.75 358 x 158 6 x 3 x 358 6 x 3 x 158 99 39 138
Hetexrop otaauu (10O)
Z x Y z Y z Y Y
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 x230 73 57 130
H9 0.1 246 x 118 6 x 3 x 246 6x3x118 61 29 90
H10 0.3 294 x 222 6 x 3 x 294 6 x 3 x222 73 57 130
Cymma 31eMeHTOB = koiudecTBo POV = 826
I ' A o5 N3mepenns Ay (wmm  nomspuszamust  P) B
Py ° ’ TG PaKIIUOHHON obnactu pp-paccestHus npu
¥
1 } * 0.04 <-1<0.525 (5B/c)? pnst nmmymbsea 45 THB/c Gbum
-1 J_10 TpoBeneHbl  corpyanudectBom  ['EPA [75] Ha
1 < yckoputelnbHOM KoMmiuiekce Y-70 U®DBI. Pesynbrarsl
5 1 e W3MEpeHull U3 JaHHOU cTaThu NpuBeAeHbl Ha Puc. 2.20.
= OnHOBpEMEHHO c U3MEpEeHUEM MOJIIPU3ALUU
1 |_ 4o  COTPYHHMYECTBOM I'EPA 6bu1u mosyueHbsl UM JaHHBIE T10
o S ; maddepentmansaeiM cedenusm do/dt  ympyroro pp —
(Gevic)? paccesHUsI ¢ TOYHOCThIO 1-4 % B HHTEpecyroleM Hac

Puc. 2.20 IMonsipusarys B ypyrom pp-
paccestHuy nipu uMnynbce 45 I'3B/c

uHtepBaie mno -t [76]. DOTm pe3ynbTarhl COBMECTHO

%0 BMeCTO CHMHTHILISIIHOHHBIX TOI0CKOIIOB MOTYT HCIIONB30BAThCS TPEKOBBIE ETEKTOPHI HA OCHOBE ApeiihoBBIX
TpyOOK.
3 [TpuBeneHs! pa3Mephl IETEKTOPOB s n3Mepenus mpu 45 I'9B, nipu 16 I'HB, TpebyeTcst yBenmnIuTh pa3Mepsl
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TMO3BOJISIOT OMpEeTuTh (akTop KadectBa mudpakimonHoro momspumerpa FoM*=P% dofdt
(uem Oousbmie 3HaueHue FOM, Tem mydmne mossipumetp). PesynbraTel BeramciaeHus Qaxropa

KauecTBa mpuBexeHsl B Ta6un. 2.6. B nambonee nurepectom murepsane 0-075<—1<0.225
T 3B/c)2 c 3aMeTHOM cpeaneit acummerpueir Ay = (2.37+0.12)%, usmepennoit ¢ ~5%-Hoii
OTHOCHTEJILHOM OMIMOKOM, qudhepeHIaIbHOe CCUeHHE XOPOIIO OMUChIBacTes Gopmyoit [77]:

_ apht
do/dt = ae , Tie a=(84.8%3.5) m6/(I'dB/c) n b=(11.42+0.35) ([3B/c)™.

Tabn. 2.6 [onspuzanys, KHHEMaTHYECKHE napamerpbl U GpoH audpakIHOHHBIX COOBITHI

-1, (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 noyusgpumerpa FOM pacrer ¢ ymeHblieHrneM
KBaJpaTa 4-X MEpPHOro IepelaHHOro uMmmyibca —t Omaromaps pocty aupdepeHIuarIbHOro
ceueHusa. OTO cpa3y HaBOAUT HA MbICIb 00 M3yYEeHHMHM BO3MOXXHOCTH HCIOJIb30BaHUS
OJIHOBPEMEHHO C AU(PPAKIIMOHHBIM MOJSIPUMETPOM U TMOJSIpUMETpa B 00JACTH KYJIOH-SI€PHOU
untepdepenun (KAN). [ongpuzanus B ynpyrom pp- paccessuuu B obsactu KAW He usmepena
npu umnynbce 45 [5B/c. Ognako Takue m3mepenust Obuty poBeneHsl Ha RHIC mpu sHeprusix B
C.IL.M. \/S=6,8, 7,7, 13,7, 21,7 I3B [18, 19, 20]. HaiinenHsle myTeM NOATOHKH IMapaMETpPhl
NPUBEJCHHBIX CIHUH — (IMIMOBBIX aMIUIUTYA Re I's 1 IM I's OblIM MHTEPHIOIUPOBAHbI K HaIleh
sueprum V$=9,3 5B M [0 9TMM mapaMeTpaM BHIYHCICHA aHATH3MUPYIOUAs CIOCOOHOCTD TPH
umnynsce 45 I'B/c. YuurteiBas orpaHu4eHHbIE BO3MOXKHOCTH AU(PAKIIMOHHOTO MOJIIpUMETpPa
(ero Henb3d HCHOJB30BAaTh NPSIMO IPU H3MEHEHHWH HUMIYyJbca MOJSPU30BAHHOIO Iy4Ka),
MpEJICTaBIsIeTCs  11€JIeCO00pa3HBIM UCIIOJIb30BaHNE TapauieIbHO € JUGPAKIUOHHBIM H
UHTEP(PEPEHIIMOHHOTO MosipuMeTpa. J[Ba monsipumerpa MOTryT paboTaTh NapauieaIbHO TOJIBKO
Ha KUAKOBOAOpoaHOM MutieHu (JKBM).

Kunemarnueckuii quanazon KAT B ynpyrom paccessHuM IpOTOHOB HaXOAUTCS B 00JIACTH
oueHp Manbix mepenad ummyisca: 0.002<-t<0.05 (IB/c)’. IIpHBICKAaTENBHOCTh HTOTO
npoliecca sl MOJIAPUMETPUM COCTOUT B clienyrolieM. Bo-TiepBbIX, CIMHOBBIE aCUMMETPUU B
3TOM IpOIecce JOCTATOYHO XOPOLIO H3Y4eHBl TeopeTuuecku [78, 79], uro mno3Bojser
UCIIOJIb30BaTh TAKOW MOJIIPUMETP U MPHU PHEPTUSAX MydKa, IJIe HET U3MEPEeHHBIX AaHHBIX. U, BO-
BTOPBIX, aCUMMETpHUsi Ay JOBOJIBHO cl1ab0 3aBUCUT OT 3Hepruu. CpaBHUTENBHO HEIaBHO OHA
Obl1a xopomo m3MepeHa Ha yckopurene RHIC B BHJI mis HecKombKHX 3HAYCHHH WUMITYJIbCa
nyuka [80, 81, 82], B ToM umciIe M B HECKOJBKHX TOYKAaX paboOYero WMHTEpBaja UMITYJILCOB
CITACYHAPM. MakcumanpHoro 3HaueHust ~(4-4.5)% acummerpus Ay pocturaer npu —t =

%2 Figure of Merit
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0.003 (I'3B/c)%, a cpeaHee 3HaueHMe, B3BELICHHOE ¢ ceueHHeM Ha maTepaie 0.002 < —t <0.05
T 3B/c)2, MO3KET ObITh KOHCEPBATUBHO OLIEHEHO PaBHBIM ~3%. CeueHue yrnpyroro paccesHuii B
ToM ke t-uHTepBane cocrapuser ~2.75 MmO.

2.3.1.1 A6contomuulii nonspumemp Ha OCHOBe YNPYy2o2o PaccesHus.

Hcnonp30BaHue MNOISIpUMETpPa HA OCHOBE YIPYTOrO paccestHUsl IO3BOJIAET CO31aTh
a0COJIIOTHBIA TOJIIPUMETP Kak JJisi MPOTOHHOTO, TaK M JUIsl aHTUIIPOTOHHOTO My4yka. Meton
OCHOBaH Ha TOM, YTO aHAJIM3UPYIONIAs CIIOCOOHOCTh YIPYroro paccesiHUsl He 3aBUCUT OT TOTO,
MOJIIPU30BAaH MYYOK WJIM MUIICHb. TakuMm oOpa3om, ISl JFOOOW SHEPrud MOKHO CHadvasa
U3MEPUTh AHATU3UPYIOUIYI0 CIIOCOOHOCTh C HCIIOJIb30BAHMEM IMOJIIPU30BAHHOW MUIIEHHU U
HEMNOJISPU30BAHHOTO MTyYKa.

[Monapuzauusa wmumeHn cocrtaBiaser 75-90% (B 3aBUCUMOCTH OT HCHOJIb3YEeMOIO
BEIIECTBA), @ TOYHOCTh W3MEPEHHS MOJSIpU3AlUA MHUIIEHH cocTaBiseT 2-3%, 4Tro majio 1o
CPaBHEHUIO C 0’KMJIA€MOM TOUHOCTHIO U3MEPEHHUS MOJISIPU3ALIUN TTyUKa.

Hwuxe Oyner npuBeneHa oneHKa BpeMEeHH, HEOOXOAUMOT0 JIJIsi U3MEPEHUS TOJIIpU3aIlun
IyyKa, Kak C HCIIOJIb30BAaHMEM aOCOIIOTHOIO TOJSPUMETpPa, TaK M C HCIOJIb30BAaHUEM
CYIIECTBYIOIINX JAHHBIX 110 U3MEPEHUIO aHATH3UPYIONIEH CITOCOOHOCTH.

2.3.1.2 Oyenxa spemenu 05 usmeperus NOIAPUAYUU NYYKA NOAAPUZ0BAHHBIX NPOMOHO8

OneHka HEOOXOAMMOIO BPEMEHHU Ui M3MEPEHUs MOJSpU3allud B pp-pacCesHUU IpU
ummynbce 45 [9B/c B umntepsane —t=[0,040-0.475] (I3B/c)* mpoBeseHa B IIPEIIIONOKCHUN
uaeansHoi padoTsl (3ddekruBHOCTE 100%) MONspUMeTpa B 3TOM HHTEpBase O t. CBETUMOCTH
L=ul Nppx, tne v=0.1 — ckBaXXHOCTh ITy4YKa, OmpeeisieMas Kak KOJIHYECTBO IIUKJIOB B CEKYH/TY,
|- MHTEHCUBHOCTbH IyYKa B IIUKJIE, Na=6-10% — umcio ABoraapo, p — IJIOTHOCTh MHILIEHH, X —
tonmmuHa muieHu. OleHka TpoBeAeHa i =10’ p/umcn33, IJIOTHOCTH KHJIKOBOJOPOTHON
mutenu p=0,07 r/CM3, u juirHe MumieHH X = 50 cM. CBETHMOCTE COCTABUT 2,1-1030 cmZcex ™.

O6mee oxumaemoe komuuectBo coObituii N(to)=L dofdt(ty) AtA@/p npu cpemnem
3HaueHuu to= 0,22 (F:aB/c)2 s unrepBana At=0,03(IB/c)2, ¢ a3uMyTalbHBIM aKCEeNTaHCOM
A@/p=0,17 (mpu UCIOJB30BAHUHM JBYX ILICYEBOTO CIEKTpOMeTpa), Aud(hepeHIHaTbHbIM
ceuernneM dofdt(t)(0,22) = (8,32640,073) MG/(I'3B/c)® 3a ommu uyac paGOTBI YCKOPUTENS
cocrasut 2,1-10%°-8,326-1027-0,03-0,17-3,6:10%= 3,21-10° nporonos/uac.

OcHOBHOM BKJaJ B OWIMOKY H3MEpPEHHUs MOJSIpU3allUd JaeT OIIMOKa H3MEPEHHOM
BEJIMUYMHBI aHanmusupymomei crnocoonoctu (10%). [Ipum u3MepeHnuu mnonsipuzaluyd IMydka C
ToyHOCThIO 14% (Ta e camas omubOka 10% mnpu U3MEpPEeHUH MOJSIPU3ALUM  ITyYKa)
Ae=0,1-¢=0,1-Pg-Ay. Tlpn 3mauenumsx Pg =0,4, Ay = 0,022 nomyuaem A¢=0,88-107 w,
COOTBETCTBEHHO, HEOOXOAMMAsl CTATUCTHKA COCTABIISET N=1/(Ag)2 = 1.29:10° co6bituii. C
y4eTOM MOJYYEHHOH BBIIIE CKOPOCTH HAOOpa CTAaTUCTHKU HAaXOIUM TpeOyemoe Bpems s
Habopa Takoi cTaTUCTUKH T=5-6 qacos®*, IIpy 5TOM TOYHOCTP B H3MEPEHUU CPEIHEU
NOJIIPU3ALMU ITydyKa OKAaXKeTCsl, KaK Mbl OTMETWIH Bblle, 14%. MOXXHO, ¢ HCIOJIB30BaHUEM
UMEIOUINXCA JaHHBIX, JAOCTHYb TOYHOCTh B M3MEpeHHM mnoispuzauuu B 11%, ecim ceipyro
aCUMMETpHUIO HM3MEPUM C TOYHOCThIO 5%. OpHako mpu 3TOM BpeMs HaOopa CTATUCTHKU

%3 PacueTHasi HHTEHCHBHOCTh MOXKET ZOCTHraTh 1.5-10 IPOTOHOB 3a LHKJI, [IPH 9TOM JBE TPETH ITydYKa HMEIOT
CPEIHIOI0 ToJIspu3anuio okono 40%.

% Ipu rcrop30BaHNY B pacdeTax MUIICHH JTHHON 20 oM 1 uaTeHcHBHOCTH | -10° MPOTOHOB 3a LUK BpeMst
cocrasur 110-120 gacos.

61



yBenuuuTcs B 4 pasza (TO €CTh COCTaBUT NIPUMEPHO OJHU CYTKH). AHAJIOTUYHOE BpEMs
MIOJTy4aeTCsl MPH MCIIOJIb30BAHUU JAHHBIX B 00J1aCTH KYJIOH-SA€pHON HHTEp(EepeHInH.

BaxxHo, 4TO mNpM HCHOJB30BAaHUM M3BECTHBIX YK€ JAHHBIX TOYHOCTh HW3MEPECHHS
NOJIAPU3alMU OIpaHUYE€Ha TOYHOCTBIO CYHIECTBYIOLIMX M3MEpEeHUU. B Takoil cuTyauuu Tem
Oosiee HampamuBaeTcs MPOBECTH AOCONIOTHOE 3HAYCHHE MOJAPU3AINHU, TO €CTh H3MEPUTh
3HaYeHHe aHaIM3Mupyome crnocoOHoctn Ay mpu TpeOyemoil sHepruu. s wu3MepeHus
AHAIM3UPYIOHIEH CIIOCOOHOCTH € TOYHOCTBIO 5% Tpelyercss MeHee CyToK. Takum oOpa3om, mpu
MHTCHCUBHOCTH Iydka 10’ NPOTOHOB 33 LMK, MOXHO JOCTHYb TOYHOCTH H3MEPECHHS
MOJIIPU3ALUU POTOHOB 7% 32 HECKOJIBKO CYTOK.

2.3.1.3 Oyenxa 6pemenu O U3MepeHUss NOAAPUAYUU NYUKA  NOJAPUZOBAHHBIX
AHMUnpoOmoHo8

[IpenmyiiecTBO HCIIOIB30BaHMs YIPYTOro pPacCestHUs Ul U3MEpeHHus aOCOIIOTHOIO
3HAUEHUS IMOJISIPU3ALMN ITyYKa 3aKJIFOYaeTCsl B TOM, YTO JIaHHBIM METOJ] MOKHO HCII0JIb30BaTh
TaKKE M Ui U3MEPEHMs IMOJIApU3alMU I1ydyKa aHTUIPOTOHOB, JJISl KOTOPBIX HET HUKAKHX
OKCIEPUMEHTAIBHBIX JaHHBIX. OneHKa HeoOXOaUMOro TpeOOBaHMS Ui My4YKa aHTUIPOTOHOB
npuBeneHa B padbote [83], ucxons U3 MPEaIoNoKeHHs, YTO aOCOJIIOTHBIC BEIHMYMHBI JTAHHBIX
3¢ ¢dexToB A8 MPOTOHOB M AHTUIIPOTOHOB JOJDKHBI cOBHajxaTh. llpu oleHke BpeMeHH
UCIOJIb30BAIMCH J1aHHbIE PaboThl [84], B COOTBETCTBUM C KOTOPOH yNnpyrue ceyeHusi IpOTOH-
IOPOTOHHBIX U AHTUIIPOTOH-IPOTOHHBIX B3aMMOJAEHCTBHM cOBHatalOT M paBHbl npu 16 1B
do/dt=(3.77+0.16)10-27 mb/(I'sB/c)? mpu t=0.3 (I'3B/c)°.

JUia u3MepeHus: aHaIu3upyIoUIeil CIOCOOHOCTH YIPYroro paccesHus aHTUIIPOTOHOB Ha
IPOTOHAX HpH 3Hepruu nydka 16 I'3B ¢ ucnonb3oBaHHeM CYIIECTBYIOLIEH MOJISPU30BAaHHON
muiend (cM. paszaen 3.3) mocrarouHo 50-60 vacoB. B maHHBIX pacueTax Opajiach MHHUMAJIbHO
BO3MOJKHAasi MHTEHCHBHOCTH ITy4Ka IOJIIPU30BAaHHBIX AHTUIIPOTOHOB (6-104 3a LUKJI), 4TOOBI
IIy4OK IOJHOCTHIO IMOMNAAal B anepTypy MNOJISPU30BAHHOM MUIIEHU. [l HENMOCpEeICTBEHHOIO
WU3MEpPEHUS MOJIIPU3aLMU IydKa C OTHOCUTENBbHOM TO4YHOCThIO 10% ¢ uncnosnp30BaHnEM
KHUJIKOBOJIOPOJTHOW MUILIEHH TaKOIo ke pa3mepa HeoOxoaumo eme npumepHo 300 yvacos. [Ipu
WCIIOJIb30BAaHUU JKHJIKOBONOPOAHONW MuiIeHH amuHod 50 cM u nmamerpom 10 cM MOXKHO
WCIIOJIH30BaTh BCIO MHTEHCHUBHOCTD ITyUYKa MOJISPU30BAHHBIX aHTUIIPOTOHOB (TIPUMEPHO 3.6-105)
BpeMsl U3MEpEeHUs yMeHbIlaeTcs B 15 pa3 u cocrapinser 20 yacos.

2.3.1.4 Bozmooicnocmo 8bloeneHus ynpy2o2o PP-pacceanus

Jlnsi IpOBEpKH BO3MOXKHOCTH BBIICICHUSI YIIPYTOro PP paccesHus ObUIO TPOBENEHO
MojenupoBaHre MetogoM MoHTe-Kapno, 9ToOBl OIEHWUTh YpOBEHb (OHA M BO3MOXKHOCTH
BBIJICJICHUS] CUTHAJIA C UCTIOJIb30BAaHUEM PeaIbHOM anmaparypsl U pa3dpoca mydka.

[Tpu MonenmupoBaHWH UCIIONB30BATHCH MapaMeTpsl IMydka (pa3Mep Iydka Ha MUIICHH,
YIIJI0BOM pa30poc, MMIYIbCHBIN pa3dopoc Mydka B COOTBETCTBUU ¢ pazjenom 2.1.4 u Tabn. 2.2
quist sHepruu 15 I'3B. [Ipu 3ToM yuuTHIBanoCh, YTO UMITYJIBC MTyYKOBOTO IMPOTOHA U3MEPSETCS C
TOYHOCTBhIO 1% (uMIynbcHBIN pa3bpoc mydka coctaBnsieT 2%). Ha Puc. 2.21 moxazaHsl
YIJIOBBIE pacHpezeNieHusi MPOTOHOB OTJAuu M paccestHus Ui BYX JHeprui, a Ha Puc. 2.22
JByMEpHbIE paclpeseleHnuss KOOpAMHAT TNPOTOHOB B  IJIOCKOCTAX  COOTBETCTBYIOLIMX
JIETEKTOPOB.
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Theta for elastic rec proton

a1 Theta for elastic scat proton

Entries. 10000 ha11

Mean 1417 Entries. 10000
RMS 0.07869 4500 Mean 0.005988
RMS 0.003417
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Puc. 2.21 VYrnoBsle pacupeneneHns IPOTOHOB OTAAYH (CJIEBa) U paCCESTHUS CIIpaBa s dHepTuit 45 (cuHuil) u 16
I'>B

X AVSY scatp YvsZ rec. el. p
i s
E Entries 712656
F Mean x 5261
E Mean y 0.1255
200 RMS x 28.46
E RMS y 156.9
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Puc. 2.22 PaCHpeZ[CJ'ICHI/IC PpacCesHHbIX MPOTOHOB Ha INIOCKOCTH I'’I€ HAXOAUTCH ACTCKTOP paCCCAIHHBIX IPOTOHOB
(cneBa) 1 MIPOTOHOB OTAA4YU HA IUIOCKOCTHU I'’I€ HAXOAUTCA ACTCKTOP OTAAYUN (cnpaBa) AT YIIpYTHUX COOBITHH

Jl711 BOCCTaHOBIIEHUS MCIONB3YETCs YCTaHOBKA, MpenacTaBieHHas Ha Puc. 2.19 (MoxHO
MCIIOJIb30BATh YaCTh YCTaHOBKHU). PacueTsl MpOBOIUINCH TSI IETEKTOPOB «IPEOEIIKOBOT0» THIIA
(cM. xak mpumep Puc. 2.13) ¢ pazmepoM CHUHTHIUISILIMOHHOTO 3JeMeHTa 6 MM (TO €CcTh mar 2
MM).

TpeboBasioch monanaHue OOEMX YaCTHII B JETEKTOP M HAXOAWIOCh IPOM3BEICHUE
TAHTCHCOB YTJIOB JIJII YACTHI[ OTJAAYu U paccesHus. 110 peKOHCTPYHPOBAHHBIM KOOpIMHATAM
MOCTPOCHBI JIBYMEpPHBIE pacupenerneHus s ynpyrux (Puc.
2.24) poreccos.

2.23) n nudppaxnuonHsix (Puc.

tg1*tg2 dph re

g1 ¥t
1

Entries
Mean x
Mean y
RMS x
RMS y

164612
0.0001319
0.1119
0.09906
0.01749

1'5Aq), ad?

Puc. 2.23 IIpou3BeaeHUsI TAHTEHCOB OT PAa3HHUIIBI A3UMYTAIBHBIX YTJI0B (TOJIBKO ISl YIIPYTHX MPOILECCOB C YIETOM
pasmepoB nerektopoB H3 u HS)
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te1*tg, tg1~tg2 dph re
1

34178
0.002153
0.07323
0.8391
0.08015

1.5

) 2
Ao, rad
Puc. 2.24 To ke, 4TO ¥ Ha TIPEABITYIIEM PUCYHKE, HO TOIBKO VI AU(PAKIIOHHBIX IPOIIECCOB

Hcnonb3ys nuHGOpMAIHIO 00 3TUX PACIPEICICHHISIX U BBIOPAB CICTYIOUINE PEACIbI s
-2<Ap<0.2 u 0.09<tg1-tg2<0.14, momy4aem OLCHKY UIsl OTHOIIEHHS curHaia K ¢pony S/(S+B)=
0.995. Ha Puc. 2.25 moka3aHbl pacrpelesieHHs [0 MMIYJIbCY YacTHIl JUIS OTOOpaHHBIX
COOBITHI.

El. sca. Pmom El. rec. Pmom
v w— ]
E — [Emmes 157364 10 Entries 157364
7 Mean 15.94 Mean 0.2888
- RMS 03281

RMS 0.1585
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Puc. 2.25 Pacnpenenenue mo UMIyJIbCy pacCeTHHBIX YacTHI] (CJI€Ba) M YaCTHIl OTJA4YH (CIpaBa) I YIPYTHX
(cuHMIT) 1 MUPPaKIUOHHBIX ITPOILIECCOB

2.3.2 Homlpumempuﬂ HA OCHO6€ UHKIIIO3UBHBIX 3APANHCEHHDbIX NUOHO8
H3MepeHHe CIITMHOBBIX aCI/IMMeTpI/Iﬁ B HWHKJIFO3MBHBIX TIPOLIECCAX B HIMPOKOM CIICKTPEC

SHEPruil Npu Jsor ~5 10 200 I'>B Haxommioch B ¢dokyce 1enoro psga SKCHEPUMEHTOB B
T€YEHHE HECKOJbKUX TMOCJIETHUX JecsATHieTud. Bompekun paHHUM MpeacKa3zaHUsSM
neprypbatuBHoit KX]JI, acummeTpust Ay B pOKICHMM 3apsDKEHHBIX ITHOHOB BIEpE] OKa3alach
Oonpmioit, 1o ~40%, u ocTaércs TakoBOM BO BCEM JHMANa30HE MOCTUTHYTBIX JHEPrHil. DTO
noapoOHo obcyxaaercs Takxke B pazaenax 1.2.2 u 5.1.3 u mwmoctpupyercs Ha Puc. 1.6, rae
MOKa3aHa MOJ0OpKa pe3yJbTaTOB HECKOJIBKHUX 3KCIEpUMEHTOB. VIMEHHO 3Ty 0COOEHHOCTh
OJIHOCIIMHOBOM aCUMMETpPHH IpeAsaraercs ucnoib3osats B npoekte CITACHAPM.

[TogoOHoe xe moBeneHue Ay HaOIIOIATOCHh TAKKE M B TpOIleccax pr—mOX. Onuako,
abCOIIOTHBIE BEMMYMHBI Ay JUISl MHKJTIO3UBHBIX 77 MPEBBINAIOT 3HaueHus Ay s z° Gosiee, uem
B n1Ba pasza. Kpome Ttoro, mia sHeprernyeckoro auamnazoHa CIIACUAPM ~10-45 I'3B Ha
HACTOALIMN MOMEHT I10 3apsKEHHBIM TMOHAM HAKOILIEHO OO0JIbIle JAaHHBIX M JIy4lleil TOYHOCTH,
4eM 10 HeHTpabHBIM. BBIIO HaliIGHO TakXke, 9TO acuMMeTpusi Ay B TIpolieccax pTA—>7riX Ha
spax yriiepojaa MpakTHYeCKH HE OTIWYAETCS OT pr—>7r0X [22], 1, kKak MHHEMYM, 10 MEIH HE
POCMATPHUBAETCS HUKAKOW 3aBUCHMOCTH OT sIJICpHOTO cocTaBa MmutieHu [85, 86, 87].
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Hcxons w3 aToro, mpemiaraeTcsi HCHOJIb30BaTh CYUIECTBYIOIIUN pe3ynbTaT Majs
U3MEpeHUsl nojsApu3auuu mydka. ONTHUMaJbHBIM IPEACTABIAETCS HCIHOJIb30BAaTh JaHHbIC
skcniepumenTa E925 mpu 22 3B, Tak kak pe3ynbTaTbl JAHHOTO SKCIIEPUMEHTA IOJIYYEHBI C
Hauy4duen TOYHOCTBIO . N3mepenue OAHOCHMHOBBIX acUMMeETpuUi, BKIouyas Ay B
MHKJTIO3UBHOM POXKJICHUU JETKUX ME30HOB, SIBJISIETCS BaKHEUIIEH COCTAaBIAIONIECH (HU3HUECKON
nporpammbl CITACUAPM. DTo0 03HayaeT, 4YTO BCE HEOOXOIUMBIE JAaHHBIC IS MOJISPUMETPUN
Ha WHKIIO3WBHBIX MMHOHAX MOTYT OBITH MonydeHbl B camoM crnekrpomerpe CITIACUHAPM, u
HUKAaKOe Jpyroe JAOIMOJIHUTEIbHOE 000pyAoBaHHE He MoTpedyercs. JleTekTop ycTaHOBKHU
CITACYHAPM mnpencraBisieT coOOW MIMPOKOANEPTYPHBIA CIEKTPOMETP IS 3apsHKCHHBIX U
HEUTpabHBIX YaCTUIl C XOpOIIEeH HICHTU(UKAIMEH, UMEIOINI 27-aKCenTaHC MO0 a3uMyTy, B
KMHEMAaTUYeCKOM JMana3oH MO MepeyHoMy uMmiyiabcy Pr<2.5 IaB/c m 0<Xg<l (merambHoOe
onucanue cocrana aeTekTopoB CITACHAPM copepxutcs B pazjeie 3).

[IpuBeeHHbIE HUKE OLIEHKH MOJTY4YE€Hbl HMEHHO Ha OCHOBE PE3YJIbTaTOB AKCIIEPUMEHTA
E925. B Tabn. 2.7 u Tabn. 2.8 npuBeaeHBI OIEHKH JIJII CKOPOCTH Habopa CTaTHCTHKU U BPEMEH
9KCIIO3UIINU, HEOOXOAUMBIE JUISl U3MEPEHUs MOJSPU3AIMH IPOTOHHOTO MyYKa C UMITYJIbCOM 22
[B/c co cratuctuueckumu ommubkamu AP/P24% (AP/P210% nus P~40%).

Tabn. 2.7 CxopocTh HaOOpa CTaTHCTHKH U OLCHKU BPEMEHH Ul U3MEPEHUs! MOJSIPU3ALUU MPOTOHHOTO IMyYKa B
pTpoaX

peakuuu Ha >KMJIKOBOAOPOJHON MumieHu JiuHo# 20 cM. pyrue aeranu B TekcTe. [lokazaHbl TOIbKO
CTaTUCTHYCCKHE OMUOKH 1151 Ay U3 pabOThI [22]36.
[Tapamerp nis 0.55<x_<0.6 0.6 <x_ <0.65 0.65<x_ <07
peakiuu
< P, > =0.7 IB/c < P, > =0.7 IaB/c < p; > =0.8I3B/c
pTp—orzX
An, % 15.7+1.5 23.7+£2.0 29.1+£2.9
Heo6xommumoe Nevents ~5.5 x 10* ~2.5 % 10 ~1.6 x 10°
Ceuenue o, uo ~15 ~7 ~4
Nevents/HHKH ~127 ~60 ~34
Bpems nuzmepenuit ~10.8 gac. ~10.4 gac. ~11.8 gac.
Tabn. 2.8 To xke camoe, uro u B Tabm. 2.7, HO AN peakuuu P TConx HA MUIICHU U3 rpaduTa TOMMUHON 4

cum. TToKa3aHbl TOJIBKO CTATHCTHYECKUE OmMOKHU uist Ay u3 paboTs [22].

[Mapametp st 0.55<x. <0.6 0.6 <x_ <065 0.65<x_<0.7
peakinuu

(p,)=0.7 IB/c (p,)=0.7 IsB/c (p,)=08T5B/c
pTC—ozX
An, % 125+ 1.1 22.8+1.5 302+24
Heo6x0mMoe Neyents ~8.7 x 10" ~2.6 x 10" ~1.5 x 10"
Ceuenue o, n6 ~110 ~50 ~30
Neven[s/HHKH ~48 ~22 ~13
Bpemst uzmepenuit ~4.5 gac. ~3 yac. ~3 yac.

% Jlpyrum apryMeHTOM SIBIISIETCS GIM30CTh SHEPIHH (M BOOBIIE BO3MOKHOCT POBECTH H3MEPEHHS TIPH STOM ke

SHEPTHH).

% OmrbKa HOPMHUPOBKH TOJSAPH3ALMH TTY4Ka B 00SHX TaGIMIAX HE BKIIOUCHA.




NHTEeHCUBHOCTh  MOJSPU30BAHHOTO Iydka B JTHX OLEHKax [penoiaraiach
KOHCEpPBAaTUBHO PaBHOMU 108 IIPOTOHOB 3a LIMKJI YCKOPUTENSI C UHTEPBAIOM MEXIY LMKIaMH 9
cek (Ha MopsI0K HUKE pacyeTHOW MHTCHCHUBHOCTH). M3MepeHHbIe 3HaueHHs: AN MHKITIO3UBHOTO
poxienust 7 -Me30HoB B p T p (Ta6n. 2.7) u p T C(Tabn. 2.8) CTONKHOBEHMSX B3STHI M3

pabothl [22]. OueHKH CEYeHHI G CAeNaHbl TaKXKe MO M3MEPEHHSAM [22], HOpMHUPOBAHHBIM Ha
naHHbIe myonukanuu [88].

Pesynbratel mpencTtaBieHbl IS TPEX KUHEMATHYECKHX Auama3oHoB. OobecriedcHue
cTaTucTUYecKkor ommuOku B 4% TpeOyercss Ui KaXJOro Juama3oHa  pa3MepoM
AX: xAp; =0.05x0.1 I'3B/c. Mcnonb3oBaHnue AaHHBIX IUId 7 -ME30HOB JacT emé HEKOTOpOoe

yIAy4IIeHUE TOYHOCTH, XOTSI HHKIIIO3UBHOE CEYCHHE POKICHUS OTPHULIATEIILHBIX THOHOB B pp H
PA peakIusax 3aMETHO HIIKE, YeM HOJIOXKHUTEIbHBIX [22].

Takum 00pa3oMm, OLEHKH CBHJIETENBCTBYIOT, YTO 3a HECKOJBKO YacOB AKCIO3ULIUU
MOJISIPU3ALHUS IPOTOHHOTO ITyYKa MOKET OBITh M3MEPEHa CO CTATUCTHYECKOW TOYHOCTHIO ~3-5%.
M3MepeHuss MOTyT ObITh BBINOJIHEHB! KaK ¢ KPMOT'€HHON >KHUIKOBOAOPOAHOM MUILIEHBIO, TaK U C
6oJiee IPOCTHIMU B OOPALIEHUH SA€PHBIMH MUIIECHSMHU.

TouHOCTh MMEIOIIUXCA K HACTOSIILEMY BPEMEHH SKCIIEPUMEHTAIbHBIX JaHHBIX U1 Ay B
UHKJTIO3UBHOM POXKJAECHUM 3apsDKEHHBIX IHMOHOB BIIOJIHE JOCTAaTOYHA JUIS MCIIOJIb30BAaHUS B
HENSAX MPOBEPKH (PYHKIIMOHUPOBAHHS CUCTEMbl MEUCHHUsI. BHE COMHEHUS, TOYHOCTh 3HaHUS Ay
JUIsT VHKJIIO3UBHBIX IMOHOB OyJeT yiaydlleHa B TPOLECCE pealu3alid [porpamMMbl
CITIACYHAPM. Crnenyer Takke OTMETUTb, YTO JaHHBIE HM3MEPEHUS MOXHO TOJTBEPIUTH
U3MEpPEHUEM OJHOCIIMHOBON aCUMMETPUU OTPHULATEIbHBIX TMOHOB.

CrouT OTMETHTH, 4YTO B TOAXOAE, OCHOBAaHHOM Ha WHKIIO3MBHBIX IHOHAaX, B
skcniepumente CIIACYHAPM npakThdecku HET BO3MOXHOCTH BBIIOJHUTH HEOOXOJIUMbIE
JIOTIOJTHUTEIIbHBIE U3MEPEHUs acCUMMEeTpuu Ay Ha MOJIIPU30BaHHON MPOTOHHOM MUIIEHU C TEM,
4TOOBI 3aT€M MCIOJB30BaTh UX PE3YJbTaThl I MOJIIPUMETPUU (aHTH)IPOTOHHOTO IMydYKa TOH
e sHepruu. Jns 3Tol Leau mpUIUIoch Obl clenaTh U3MEPEHUs Ha MOJSIPU30BAHHON MUIIEHU
JUISL pOKJCHUS TIMOHOB B «3a/IHIOIO» Mosycepy Mo OTHOLIEHHUIO K HalpasiieHuto mydka. Ho B
npoekte yctaHoBkH CITACHAPM He mpenmnonaraercss HaJu4uue «3aJHETO» CHEKTpOMeETpa Ul
3apsKEHHBIX yacTHll. [lornonHeHne ke €€ TaKuM CIIEKTPOMETPOM IpEACTaBIsieT cO0OW OYeHb
CephE3HYIO U JOPOTOCTOSIIYI0 MOAU(DUKALIMIO B IIEIOM BCETrO SKCIIEPUMEHTA.

2.3.3 Ionapumempus na ocnose 3¢ppexma Ilpumaxosa

Eme oaHuM BO3MOMHBIM CIIOCOOOM HW3MEPEHUs MOJIIPU3AlUU ITYYKOB MOXKET OBITh
meton Ha ocHoBe 3¢ dekra [Ipumakosa. [Iponecc [IpumakoBa 611 BBeieH B HayKy B 1951 roay
[89], roe BriepBEIe OBLTO MOKA3aHO, YTO MIMPHUHA PATUAIMOHHOTO paclaaa apoOHHOTO Pe30HaHca
CBsI3aHA C CEYCHHMEM O0pa3oBaHMs TOrO pE30HAHCa aJPOHAMHU B KYJIOHOBCKOM Ioiie sjpa. B
nonsipumerpe [IpHMaKoBa HCIIONB3YeTCs IMCCOIMALHS MPOTOHA B Tapy pr B KyIOHOBCKOM
noJjie SEpHON MHUIIEHH ¢ OOJibIION BenuuuHOW 3apsana Z: pZ— pyZ — pnOZ, rae y —
BUPTYalbHBIH (OTOH. DTa peakius cBsizaHa ¢  (HOTOPOKICHHEM 7-Me30Ha Ha MIPOTOHHOM
MUIIEHU TPU HU3KUX DPHEPrusiX (U3MepeHHas acuMMeTpust coctaBuia ~90% B 06macTH sHEpruit
500-800 M»5B). Takum o00pa3oM, NOISIPU3ALUI0 TPOTOHHOIO IIy4Ka MOXKHO H3MEPHTb,
WCTIONB3YS. M3BECTHYIO ACHMMETPHIO HH3KODHEPTETHYHOTO (DOTOPOXKJICHHS 7 -ME3OHOB KaK
AHATU3UPYIOIIYIO CTIOCOOHOCTh PEAKIIHH.

66



Kak Oputo BmepBble moka3zano [IpumakoBeiM u  coaBropamu [90], mmpuHa
paIuaoHHOTO Paciaaa aApPOHHBIX PE30HAHCOB MOXKET OBITh CBSI3aHA C CEYEHUEM 00pa30BaHUS
pe30HaHca MPU B3aUMOJICHUCTBUU aJIPOHOB B KyJIOHOBCKOM moute siaep [91,92]. O6mas dhopmyna
JUISL 3TOW CBsI3W, BKJIIOYAsi CIIMHOBBIE HaOIromaemble, Obula onrcana Maproiucom U Tomacom
[93]. CoBpemennsiii ananu3 nporecca [Ipumakosa npencrasieH B padore [94].

Koria KOHEYHOE COCTOSIHHE pm° JBIDKETCS MOYTH BIIEPEd, TO €CTh ¢ OYeHb MAIBIM
UMITYJIbCOM, II€pEJaHHbIM OT MPOTOHA SIPY, B PEAKLMUU JOMHHUPYET OJHO(DOTOHHBIH OOMEH.
®delfHMaHOBCKas uarpaMma i "peakiuu’ BKII0YaeT aMIUTUTYy "BUPTyalbHbIH GOTOH" + p
— 710 + p ¥ IS OYeHb MaJIbIX IePeIaHHBIX MMITYIbCOB B Tporecce IIpimakosa, ckaxem |K?| ~
10 (IMB/c)?, rae k - 4-uMImynbe BUPTYaabHOTo (GOTOHA, BUPTYANbHbIA (POTOH HAXOIMTCS OUTH
Ha MacCOBOH MOBEpPXHOCTH. TakuM o0pa3oM, ¢ OYEHb XOPOIIEH TOYHOCTHIO ANIPOKCHUMALUU
MOYKHO paccMaTpUBaTh aMILTUTYAY C BUPTYaIbHBIM (POTOHOM, KaK (PU3NUYECKYIO aMILTUTYAY IS
HACTOSIIEro mporecca poToodpazoBaHus, KOTOPBIH W3ydalcs MPU HU3KUX U CPETHUX SHEPTHIX
[95].

3amedaTesbHOM OCOOEHHOCTBIO JIaHHOW peakluM SBISETCA TO, YTO AaXe IPHU OYCHb
BBICOKMX PHEPrUsAX HAyaJIbHOTO MPOTOHA, SHEPTUs B C.L.M. Ui peakuuu (HoTooOpa3oBaHUs C
BUPTYaJIbHBIM (POTOHOM Majyia. Takxke HKCHEPUMEHTAJIbHO YCTAHOBJIEHO, YTO aHAIU3UPYHOILas
CIOCOOHOCTh peakiuu (oTooOpa3oBaHUS TPH ITUX JHEPrusx Benuka u gocturaet -90%
[95].Mnes ucnonb3oBanus 3¢h¢exra [IpuMakoBa Uisi U3MEpPEHHs MOJSPH3ALUU TTPOTOHHOTO
ny4ka Obl1a npempioxena Jpiisom Aunepsyaom [96].

DKcIeprMEeHTaIbHbIE BO3MOKHOCTH IOJIXOa OBLIM BIEPBBIC MPOJAEMOHCTPHPOBAHBI B
1989 r. Bo ®HAJI (CIIA), rae Oblma W3MEpeHa aHAIM3UPYIOMIAs CIIOCOOHOCTh PEaKIUU
[IpumakoBa Ha MPOTOHHOM Iyuyke ¢ UMIyiabcoM 185 I'»B/c u m3BecTHOW moispu3anued u
MOKa3aHO, 4YTO OHA HAXOMUTCS B COOTBETCTBHH C TEOPETHUSCKUMH OXuaaHusimu [97].
Ananusupytomas crnoco6Hocth T(0) KorepeHTHOro KyjaoHOBckoro mpouecca -0.57+0.12
(cratuctuueckas) +£0.19 (ommbka HOpMUPOBKHU HU3-3a (akTOpa pa30aBieHUs) B AUANIA30HE MACC
m°p cucrempr 1.36-1.56 TaB/c® u O, = 60° — 120°. Amanusupyiomas CrocoGHOCTE
$hoT00GpazoBaHMs T, YCPEAHEHHAS 110 TOH e KHHeMaTHUecKoil obmactn cocrasiser -0.65 +
0.04.

Jnst u3MepeHus NOJsIpU3aii Ipy ucnoib3oBanuu ¢ dekra I[IpumakoBa muaHupyeTcs
UCIMOJIb30BaTh MPEIM3HOHHBIH TOHKO CETMEHTUPOBAHHBIM KaJIOPUMETP THIA «IIAIUIBIKY,
BXOJSIIIMH B COCTAaB SKCIHEPUMEHTAJIbHON ycTaHOBKM. [y ompeneneHHs BO3MOXKHOCTH U
BpPEMEHU M3MepEeHHs OyAeT IPOBEIEHO JOMOJHUTEIBHOE UCCIIEIOBAHUE.

2.3.4 Pe3tome no uzmepeHuro ROAAPUIAUUU RYUKA

IIpu co3gaHuu myyka MOJIIPU30BAHHBIX (AaHTH)IPOTOHOB 3HAHUE MOJSAPU3ALUN ydKa
MOXKHO TIOJYYHUTh HE TOJBKO HCHOJb3ys pacyeThl W CHCTEMY MEUYEHHs, HO U TPOBEIs
JIOTIONIHUTENIbHBIE M3MepeHus. lcnonp3oBaHue yHpyrux IpoLECCOB MJIs  ONPEEIICHUs
abCOJIIOTHOTO 3HAYEHUs MOJSAPU3ALMH MO3BOJSAET MPOBOIUTH M3MEPEHUsS MOJSIPU3ALMH MTy4YKa
(aHTH)OpOTOHOB Il JOOOW oSHepruu dactull. [IpoBelneHHBIE pacyeTbl IOKa3bIBAIOT
BO3MOXXHOCTh W3MEPEHHsI TakoW MOJspU3allMyd 3a JOCTATOYHO Majoe BpeMs Il IPOTOHOB
(Heckompko YacoB) W mpuMmepHo 200 dYacoB Il U3MEpPEHHUS TOJMSPU3ANMHM  ITydKa

7
aHTI/IHpOTOHOB3 .

37300 4acoB ¢ y4eTOM BpeMEHH, HCOOXOMMMOTO ISl H3MEPEHHS AHAIH3HPYIOIICH CIIOCOGHOCTH
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Vcnonb3oBaHne M3BECTHBIX JAHHBIX 0 OJHOCIHMHOBOM AaCUMMETPUM POXKIAECHUS
3apsKEHHBIX TMOHOB TO3BOJIIET U3MEPUTH MOJIIPU3ALUIO ITydKa ¢ 3Hepruei 22 I'B (ucnonb3ys
U3BECTHBIE JaHHbIEe 3kcnepumeHTa E925) 3a Heckonbko (5-10) wacos. Jlannas mpouemypa
MO3BOJISIET TPOBECTH «KATHMOPOBKY» CHUCTEMbl MEUEHHs IIy4Ka, KoTopas OyAeT peaabHO
MCIIOJIb30BAThCS AJIs ONpEAEICHUS MOISIpU3ALIUH.

Cnenyer OTMETHTh, YTO MOJSpUMETp Ha oOcHoBe mponecca IlpumakoBa (c
aHanmu3upyomen cnocodHocTeio B 90%)  sBisiercsi, 0e3yclIOBHO, YHMKaJIbHBIM IPUOOpPOM B
CpPaBHEHMM C JPYIMMHU IUIAHUPYEMBIMH HOJSPUMETpaMHM, B KOTOPBIX aHAJIM3UPYHOLIAs
CHOCOOHOCTh rOpa3io MEHbIIE.

2.4  Cucrema MarHuToB «3Mmeiika» (Spin flipper) nis moBopora noJsisipuzanuu

CucrtemMa MOBOPOTHBIX MAarHUTOB «3MeHKa» JOJKHA COCTOATh U3 MAarHUTOB, KOTOpbIE
HO3BOJIAT HM3MEHUTh OPUEHTALMIO BEKTOpa MOJSAPU3ALMM IYYKOBBIX YacTUl (IPOTOHOB HIIU
AQHTUIIPOTOHOB) OT OJJHOTO HANpPABJIECHUS K IpyroMy. JTa cucTeMa He J0JKHA BHOCUTh HUKAKHX
IPOCTPAHCTBEHHBIX WJIM YIJIOBBIX HUCKaXEHUH B ONTHYECKUE MapaMeTphl yuka. Bee cmemenus
Y OTKJIOHEHMSI TPACKTOPUH Iy4Ka JOJKHBI KOMIIEHCUPOBAThCSl BHYTPU 3TOM CUCTEMBI MarHUTOB.
«3meiikay OymeT pacroyiaraThCsi BONIM3M KOHEYHOTO (poKyca KaHajla MOJIIPH30BAHHBIX YaCTHUI]
24A, HETIOCPEACTBEHHO MEPEe MUIICHBIO AKCIIEPUMEHTA.

Cnenyer OTMETUTh, YTO B OTJIMYME OT KaHaja I[OJIIPU30BAHHBIX IPOTOHOB U
anTunpoToHoB B @epmunade B 80-90-x rogax mponuioro Beka (3xcnepumenTsl E-581 u E-704) B
KaHasie 24A aHanu3 Mydyka MO MMITYJbCY OyleT BECTUCh B TOPU30HTAIBHOW IIOCKOCTH, a IO
HOJISIPU3ALUU B BEPTUKAIBHON IUIOCKOCTH. MaTpulia nepejaun eIMHUYHas U B FTOPU30HTAIbHOH,
U B BEPTHKAJIbHOW MIIOCKOCTH.

Cuctema «3Melika» kaHana 24A OyneT UCIONIb30BaThCs IS ABYX LeNeit:

1) mepHoOAMYECKOr0 WM3MEHEHHs HAMpaBJICHHs BEKTOpa IMOJSIpPH3alMH [ydKa Ha
IPOTHBOIOJIOXKHOE HANpaBl€HUE JJIs yMEHBIIEHUS CHUCTEMaTHMYECKUX OIINOOK
DKCIEPUMEHTA U

2) TIOBOpPOTA HAaNpaBJICHHs CIUHA OT BEPTUKAIBLHOTO HampaBieHus (HanparieHue N),
KOTOpoe OyneT METUTbCA CTaHIMell MeuyeHHus, K MPOJOJIbHOMY HaIlpaBJICHUIO
(nanpaBnenue L), 4ro HEOOXOAMMO AJIs Pa3IUYHBIX SKCIIEPUMEHTOB.

IIpennonaraercs pabotate Ha KaHane 24A ¢ PHEprusMu nyuyka B quanazone 10-45 IB.
Ecnu monst B MmarHuTax <«3MeWKW» OyAyT NEepHeHIUKYJSpHBI K HalpaBICHUIO Iy4yKa, TO
IPEUMYIIECTBOM TaKOW CUCTEMBI OyJEeT TO, YTO JUISl JAHHOTO YyIJia MPEIecCuu CIIMHA BEeIUYHHA
I10JIs1 IOYTHU HE 3aBUCUT OT UMITYJIbCA YACTULIBI B HAILIEM JMAINAa30HE DHEPTUH MyYKa.

Hwmxe cymmupoBaHbl TpeOOBaHUS K «3MEUKE».

24.1 Tpebosanusa Kk cucmeme nogopoma cnuHa

— Ilpeanonaraercs, 4TO0 Ha BXOJ€ B «3MEHKY» IYYOK COCTOMT H3 TpEX YacTeu: C
nonsipusanueit P(+),P(0) u P(-) (B ckoOkax yka3aHbl HalpaBJICHUs MOJSPU3AIUI BBEPX
10 BEPTUKAJIH, YCIOBHO HYJEBas MOJSAPU3ALM U BHU3 0 BEPTUKAIU COOTBETCTBEHHO).
Heo6xoanMo ocymiecTBUTh MOBOPOT mosisipu3anunii Ha 180 rpaxycoB BOKPYT OCH IydKa.
Ha3zosewm 310 peBepcoM nossipu3aui.
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— Ilomepeunyro Ha BXO€ MOJSPU3ALMIO CHENATh HAa BBIXOJE <« 3MEUKH» MPOAOILHOM,
HAIpPAaBJICHHOM B OJJHOM Cllydae BJ0JIb, B IPYTOM IIPOTHB HAIMPABIICHUS UMITYJIbCA ITYYKa.

— [Ilpu omepanmsx, yka3aHHBIX B MyHKTax | ¥ 2, mapaMmeTpsl Iy4ka, a HIMEHHO, pa3Mephl,
YIIJIOBBIE PACXOJMMOCTH, TAK)Ke KaK OCh ITy4YKa He JOJKHBI MeHAThes. [Ipu 3Tom nomycka
Ha U3MEHEHUs MOTYT ObITh HIXKE 10%.

—  Jenomnsipusytoniuii 3pPexT ot «3MerKu» noikeH ObITh Ha Bbixozae Huxe 10%.

— Bpewms peBepca MarHUTHOTO MOJS «3MEHKW» HE JOJDKHO NPHUBOIUTH K TOTEPE BPEMEHH
Ha nyudke Bbiue 10%. Hanpumep, eciu Mbl coBepIIaeM peBEpC MOJSIPU3ALNU KaX bl
Yac, TO peBepc MOJIs TOJHKEH 3aBEPIINTHCS MEHBIIE YeM 32 6 MUHYT.

— Ha SKCIICPUMCHTAJIbHYIO YCTAHOBKY B OH-JIaliH PEKUME NOJIKHA ITOCTYIIATh I/IH(l)OpMaI_[I/IH
0 COCTOSIHUM «3MEHKH» B ,I[aHHBIﬁ MOMCHT B CCaHCC.

—  «3MmelKay AO0JDKHA pa3MECTUTHCA Ha AJIMHE HE 0osee BOCBMH MCTPOB HAa KaHAJIC.

— TpeboBanusi K BHYTPCHHHM pa3MepaM ONPEICISIFOTCS pa3MEepOM ITydKa Ha BBIXOJAC U3
nocleAHe JUH3BI (mepea «3MEWKOi»), KOTOpble COBMANAIOT JUIS AHTUIIPOTOHOB C
sHeprueit 14 I'5B u npotonoB ¢ sHeprueit 40 5B (MakcumanbHbIi 3axBar) - 120 MM 110
ropu3oHTany u 160 MM 1o BepTHUKaIU 110 OCHOBAHUIO.

2.4.2 [IlIpoekm cucmemovl nosopoma chuna 011 Kanana 24

IIpoekTt cucteMbl NOBOpOTa clMHA JUIsl KaHana 24 noarorosieH rpynmnoit U@ CO PAH
non pykoBoactBom HO.M. IllarynoBa. OcHOBHBIE HAEH U TapaMeTpbl JaHHOW CHUCTEMBI
npejcTaBieHbl B pabore [98]. Kak ykazano B TpeOOBaHUAX K CHCTEME MOBOPOTA CIMHA, 3a71a4a
CIUH-(IIUIIIepa YMETh HE TOJBKO MEPEeBOPAYMBATH CIIMH HYKJIOHA HAa MPOTHUBOIOJIOXKHBIN, HO
TaK)K€ MEHSTh TMOMNEPEUHYIO MOJSAPHU3alUI0 Ha MPOAoJibHYI0. OOImit MeToa s MOA0OHBIX
CUCTEM, OCHOBAHHBIN Ha UCIIOJIH30BAaHUH T'eIMKOUIATLHBIX MATHUTOB, OBLT YCIIETHO PUMEHEH
na yckoputene RHIC [99]. [Tpocreiitias 3Melika COCTOUT U3 JIBYX T'eIUKOMIATBHBIX MAarHUTOB C
MIPOTUBOIIOJIOKHBIM HAITPABJICHUEM BpAIEHUS U YETHIPEX KOPPEKTUPYIoNUX MarauToB. Ha Puc.
2.26 moka3aH IpOoeKT 0OMOTKH TeJIMKOUIaTbHOTO MAarHUTA.

00MOTKA MATHHTA

k!l & &

Puc. 2.26 HpOGKT ,Z[H3aI>'IHa sApMa u 00MOTKH OJHOTO I'€JIMKONJAaJIbHOI'O MarHura (Ha JAHHOM PHUCYHKE OChb Z
COOTBETCTBYCT BECPTUKAJIbHOMY HaHpaBJ’ICHI/IIO)
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MarsuTHO€e noJie IByX I'€JIMKOUJAIbHBIX MarHUTOB U ONTHUMaJbHAs TPACKTOPHS YacCTHUIL
npencTaBieHsl Ha Puc. 2.27. Jlns KOppeKuu TPaeKTOPUH YaCTHUI] HEOOXOAMMO HCIOJIb30BaTh
KOPPEKTHPYIOIIHE MAarHUTHI (OTMEYECHBI CHHUMH IPSMOYTOJIbHUKaMu Ha Puc. 2.27). Yka3zaHHas
TPaeKTOpHs MOKa3aHa JUIsl €AMHUYHON MaTPULIBI CUCTEMBI.

Bx, By
[ 5] 4
°©__©° =
>(UJ
orbit (cm)

L

0 100 200 300 400 500 600

z (cm)

z (cm)

Puc. 2.27 MaraurtHoe 1ojie AByX TeIMKOWAATBHBIX MAarHUTOB M TPACKTOPHS YaCTHIl BHYTPH 3MEHKH NpH
eIMHUIHON MaTpHuIle

Pacyersl moka3piBalOT, 4TO Kak MUHHUMYM 97% moispuzanuu COXpaHsSeTcs A BCEX
komrnoHeHT. Ha Puc. 2.28 nmoka3aHbl CHMHOBBIE TPAEKTOPHH AJI BEPTUKAIBLHOW M MPOJOIBHON
KOMIOHEHT. O011Iue CBOWCTBa CUCTEMBI:

— TEJIMKOUIAIbHBIA MAarHUT: MAKCUMAJIBHOE 10JI€ Bmax = 47 KGS; nmimnHa A=2.5 m:
Koppektupytoriue numnonbHbie MarauThl; mHa | =30 cm; mone B= 23 kGs.

OOw1ast ;yIHA cUCTeMBI — 6.5 M, CIMHOBas MPO3pavyHOCTh — 97%.

OxoHuarenbHast pa3paboTKa ONTUYECKOM CHCTEMBI MOXKET OBbITh BBINOJIHEHA B
HoBocuobupcke, nsrorosinenne B HUL[ «KypuaroBckuit unctutyr» — UOBD wim B OUAN

(Hy6Ha).
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Puc. 2.28 CnuHOBBIE TPaGKTOPHH /TSI ONIEPEYHOIt (CieBa) M IPOAOJILHOH (CrIpaBa) MOJspU3anui
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3 JIkcnepuMeHTaNbHasA yectaHoBka CITACYHAPM

DKcliepuMeHTallbHasl yCTaHOBKA JIOJDKHA oOecreynTh TpeOOBaHMsA, HEOOXOAMMBIE IS
u3Mepenus usznueckux 3¢ ¢pexro. Huke nepeuncieHHble OCHOBHbIE TPEOOBaHMS, UCXOIS U3
KOTOPBIX OIpeeNIeTcsi cocTaB 000pyJOBAHUS:

- Perucrpanus BTOpMYHBIX 3apsHKEHHBIX YacTHll B Auanazone ot 500 MsB go 50
['5B B 607b110M TEIECHOM YTJI€ U B TIOJIHOM a3UMYTaJIbHOM YTJIE.

— Peructpanuss ramma-kBantoB B auanasoHe ot 200 MsB go 50 I»B (c
BO3MOXKHOCTBIO TI€PECTPOHKM DHEPreTHMYECKOW INKadbl HPU HEOOXOJUMOCTH) B OOJBIIOM
TEJIECHOM YTJIE ¥ B ITOJTHOM a3UMYTaJIbHOM YTJIE.

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

- B03M0OXKHOCTB perucTpanuu pacragoB BTOPUUHBIX YACTHULL, BKJIIOYasi TUIICPOHBI.

- Bricokoe KOOpAMHAaTHOE pa3pelieHHe ITYYKOBBIX YaCTHIl, MPEXIe BCEro s
UCCJIEIOBaHMSl YIIPYTUX IPOLIECCOB.

Kpowme Toro, 1uid ucciegoBaHus YapMOHUS HEOOXOJUMO UMETh!

- WNmnynbcHoe paspemenue Ha yposue 0.4% mpu 10 I'3B/C.

— DHEPreTHYECKOE Pa3PELICHHE EKTPOMArHHTHOTO Kanopumerpa 3%/ E.

[MpuHnunuansHass cxemMa yCTaHOBKHM mpuBeneHa Ha Puc. 3.1. DkcnepumeHTanbHas
YCTaHOBKA COCTOUT U3 CJIEIYIOIINUX OCHOBHBIX Y3JIOB:

— [lyukoBasi anmaparypa, MO3BOJISIONIAs PETUCTPUPOBATH 10 10" wacrun 3a cbpoc
YCKOPHTEJNSI, Ui ONPEACTICHUs KOOPAWHAT ITYYKOBBIX YacTHI[ M HMX COpT (HE IOKa3zaHa Ha
JTAHHOM PHCYHKE).

- XKunkoBomoponHas (TOKa3aHa HAa PUCYHKE), TOJSIPU3OBAHHAS | SACPHBIC
MUIIIECHH.

- CriekTpoMeTp 3apsHKEHHBIX YacTHIl, COCTOSAIIMA U3 CHEKTPOMETPUYECKOTO
marauta M3 1, nerekropoB GEM, nponopunonansusix (PC) u npeiidossix (DT u DC) kamep,

- Cucrema wuaeHTH(UKALUU COpPTa 4YacTUL, COCTOALIas M3 JEeTEeKTopa KOJIel]
yepenkoBckoro m3nydenus (RICH), mroonnoro nerexkropa (MuonDet) u Bpems-IIpOJIETHBIX
nerektopoB (TOF), mocnenHue Takke MOTYT HCIOJNB30BaThCsl B KauyecTBE JIETEKTOpa
MHOXECTBEHHOCTH.

— OnexrpomarautHoro (ECAL) u anponnoro (HCAL) kanopumerpa.

Crnemyer orMeTHTh, uTO Ha Puc. 3.1. mpuBeaeH MakCUMaIbHBIN HaOOp 000pYIOBaHHMS,
KOTOpBIM  OyleT HCHONB30BaThCAd TMPH HCCIEAOBAHWM OJHOCIHUHOBBIX aCUMMETPHUH U
NOJIIPU3allUU TUIIEPOHOB. B 3TOM citydae, He TpeOyeTcsi BBICOKOTO UMIYJIBCHOTO pa3perieHus,
HO HEoOXOAMMO HAaxOJUTh BEpIIMHY pacraja THUIEPOHOB. YKa3aHHbIE PpACCTOSHUSA
COOTBETCTBYIOT paloTe C *KHMJIKOBOJOPOJHON MM sSACPHBIMU MulleHsMH. [Ipu ncnonbzoBaHun
HOJISIPU30BAHHBIX MUIIEHEH paccTOsSHUE OT IIeHTpa MHUIICHU 0 IMEpBOro JAeTeKkTopa Oyner
COCTaBJIATH MO KpaiitHe Mepe 70 cM u3-3a MarHUTa MOJSPU30BAaHHON MHILIEHH, TAKUM 00pa3oMm,
KOJIMYECTBO TPEKOBBIX JIETEKTOPOB TaKkKe MPUAETCS COKPATUTD.

[Ipn u3mMepeHMH 4YapMOHMSI MHOTHE JAETEKTOpbl OyAyT yOpaHbl, 4TOOBI YMEHBIIUTH
KOJINYECTBO BELIECTBA U, TEM CaMBbIM, YIY4IIUTh UMIYJIbCHOE pa3pelIeHHE.

Hmwxe B 1aHHOM pasjene MNpHUBEIEHbl XapaKTEPUCTHUKH OCHOBHBIX JI€TEKTOPOB

skcnepuMeHTanbHol yctaHoBku CITACYHAPM.
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3.1  DkcnepuMeHTaJbHasl yCTAHOBKA NMPHU padoTe Ha kaHaJie 14

Ha mnepBoM »Jrame wuccieqoBaHUl OSKCIEpUMEHTAIbHAs YCTAaHOBKA BBOAMUTCS C
OTPaHUYEHHBIM KOJMYECTBOM JieTeKTopoB. Ha Puc. 3.2 mpuBezneHa cxema 3KcreprUMEHTAIbHON
YCTaHOBKHM Ha MOMEHT KOMILIEKCHOTO 3amycka B ¢espaiue 2018 T.

Cxema ycranoBku CITACUAPM (merekrophl TMOKa3aHl HE B MacHiTade)

Spectrometer Magnet

PWC1-3 ECAL
A
Target Magnet "- Bti l
HO .
Target I'\
Guard System

DTS0-3

108 oan DTS4-5

Puc. 3.2 Cxema ycranoBku CITACUAPM, netektops! moka3aHsl He B Maciirade (merexropsr 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 craHiuu UTOOD-
[MUA®.

3.2  IlyuykoBas anmapartypa

ITyukoBasi anmaparypa mnpejacTaBiseT co0oil Habop NETEeKTOPOB 3apsKEHHBIX YacTHll,
PAcIONIOKEHHBIX MO0 OCH ITyYKa B 30HE KaHalla 10 MUILIEHH YCTaHOBKH, a TaKXKe CYETYMK YACTHIL,
KOTOpBbIE HE MPOB3aMMOJIEHCTBOBAIM C BEIIECTBOM MHILIEHHU, PACIOJIOKEHHBIH IMOCIE BCEX
TPEKOBBIX JETEKTOPOB YCTAaHOBKM TakXke MO ocu nyuyka. OHa mpelHa3HaueHa Kak s
BbIPa0OTKH MEPBUYHOTO TPUITEPA, TaK U JUISl ONpPEENICHUs] TUIIA YaCTULBI U €€ KOOPAUHATHI Ha
MUIIIEHU YCTAaHOBKH MPH 00pabOTKe TaHHBIX.

B kauecTBe OETEKTOPOB, BBIPAOATHIBAIOIIMX TPHUITEP, MOTYT OBITH MCIOJIb30BAHBI Kak
OTJeNIbHBIE CUMHTHUIALIMOHHBIE CUETYMKHU, MEPEKPHIBAIONINE MOJHYIO alepTypy Mydka, Tak U
T'OJIOCKOIBI CUCTEMBI MEUSHHS MOJISIPU3ALIMY ITyUKa, ONMcaHHbIe B pasjene 0.

B cnyyae uCnosnb30BaHUS MYYKOBBIX CUETYUMKOB JOJDKEH MPUMEHSATHCS OBbICTPBIN
cuuaTHUIATOp (Hampumep, Pilot U) ¢ ¢dpontom BeicBeunBanusi menee 0,5 Hc. B kadectBe
(OTOITEKTPOHHBIX YMHOKHUTENEH ISl 3TUX CUETYMKOB MOXKHO Hcmonb3oBaTh @Y XP2020,
uMermmi nepenHuid  GpoHT Hapactanus ummyinbca <0,5 HC Tpu oOmEH UTMTEIBHOCTH
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:
TpH 3arpyske mydkoM B 2-10° qacThIl B CeKyHIy 9HCIO CTydaifHBIX COBIAICHMIT HE IIPEBBIIIACT
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3%. CuyéTuuk HempoB3aMMOJAEUCTBOBABUIMX YACTHUI] BKIIIOYAETCS B AHTHUCOBNAACHUS IS
BBIJICJIEHUS COOBITHI C B3aUMOCHCTBUEM ITyYKa B MHUILICHH.

Kpome cucteMbl MeueHusl YacTHlLl, BO BTOPOH YaCTH KaHaJla MPEAIIONAracTcsl pa3MeCTUTh
JBa 6-METPOBBIX IIOPOTOBBIX JETEKTOpAa YEPEHKOBCKOTO M3JIyYEHHUS, KOTOPBIE I103BOJISIOT
UICHTU(PHUIMPOBATH YACTHIIBI 77- U K-ME30HBI U (aHTH ))IPOTOHBI B JiHana3oHe uMnyinbcoB 10 + 50
IB/c. B cydae npoTtorHoro nmyuka ¢ umnysbcom 40-45 [B/c atu cueTunku Oymy paboTtaTs Ha
BO3JyXe NpU aTMOC(EepHOM JaBIICHUHU, TOrJa Kak i Iydyka ¢ wumiyiabcom 15 IbB/c
(aHTHUIPOTOHBI U MPOTOHBI) MpeanoaaracTcs ucmoib3oBath Gppeon R-22 (CHCIF,) takxke mpu
atMocdepHoMm naBiiennn. CBet peructpupyercs Goroymaoxurensmu OIY-XP1020.

Jlig onpeneneHusi KOOPAUHAT YaCTHUIIbI HA MULIEHU MpeJlaracTcs UCIoIb30BaTh YEThIPE
JIBYXKOOPJIMHATHBIE CTaHIMK NponopuuoHaibHbix kamep UTOD-ITHUAD [100] ¢ pasmepamu
yyBcTBUTENBHOM oOnactu 200x200 MM® M IIarOM CHIHAJIbHBIX IIPOBOJIOYEK | MM, HaJEXKHO
paborarorue ¢ 3PPEeKTUBHOCTRIO BhIMe 99% mpu 3arpy3kax o 4-10° wacrun B CEKYH]TY.
Kaxxasiit Monyne kamep (Puc. 3.3) Bkiarouaer B ce0s ABE TUIOCKOCTH CUTHAIBHBIX MPOBOJIOYEK 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 BBINIOJIHEHBI U3 XOJIOAHOKaTaHOUW (poibru u3 crutaBa Ab2 tommmHoi 40 MKM. 3a30p
MEXJly CUTHAJbHOM IUIOCKOCTbIO U BBICOKOBOJIBTHBIMU JJIEKTPOJAMU COCTABIIET 3 MM.
Bricokoe HampskeHue 1MoAaeTcss Ha KaTOAHbIE IIIOCKOCTH HE3aBUCUMO /ISl KaXKJI0M MOJIOBUHKU
KaMephbl. ['a30BbIii 00beM KaMepsl — OOLIHii 111 00erX MOJOBUHOK W OTPaHHYEH MaislapOBBIMU
okHamu | u 8 Tomuuuoi 50 MxM. IIpoayB kamep oCylIeCTBIIIETCS Fa30BOM CMECHIO, COCTOSIIEH
u3 74.85% Ar, 25% wuzobyrana, 0.15% CF3Br. Cymmapsblii ra3oBbslii 00beM
IPONOPLHUOHATIBHBIX KaMep YCTAHOBKU HEBEJIMK U COCTaBisieT okojio 10 J1, Tak yTo MpH pacxojie
ra3oBoii cmecu 0.2 1/MHH BpeMs IOJrOTOBKH Kamep K pabote coctaBiseT §8-10 yacos, a 01HOTO
O6autoHa Haubosiee pacxoJyeMoro rasa — aproHa — xparaeT Ha 30 CYTOK HEHpepbIBHOI'O
HOJ/IepP)KaHUS YKA3aHHOT'O PEeXUMA.

®0000ccccccccccsccccccecccccnetceee

b E U
1 2 3 8
Puc. 3.3 YcrpoiicTBO AByXKOOpAMHATHBIX MPONOPIHMOHATILHBIX KaMep ¢ maroM 1 MM (He B MaciuTabe): 3,6 —
IJIOCKOCTH CUTHAJIBHBIX MPOBOJIOYEK, 2,4,5,7 — BBICOKOBOJILTHBIE AJIEKTPOIbL, 1,8 — MaiinapoBble OKHa,
OTPaHUYMBAIONINE Ta30BBIH 00BEM

Jlyis peructpanuu CUTHANIOB CpabaThIBaHHUS MPOBOJIOYEK HCIOIB3YIOTCS CIelUaIbHbIC
IJIaThl 3JIEKTPOHUKH, PACIOJIOKEHHbIE HEMOCPEACTBEHHO Ha paMKax MOAYJEH Kamep — Mo
4yeTblpe Ha OauH Moaynb. Kaxmas toara BkimoudaeT B ceOs 100 kaHamoB ycunmutened u
JTUCKPUMHUHATOPOB, a TaKXke IUPPOBYIO YaCTh, KOTOpas 00ECIeUynBaeT KOJUPOBAHUE HOMEPOB

cpaboTaBIIMX TPOBOJIOYEK, (OPMHPOBAHHWE M TIEpenady MaKeTOB JaHHBIX MO HHTepdeicy
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USB2.0. [Ipegycmotpeno takxe dhopmupoBanue ObicTporo curHana «MJIM Bcex cpaboraBmmx
KaHAJIOB», KOTOPBI MOXKET OBITh MCIIOJIb30BaH I BEIPAOOTKH TPHUITEpPA.

Ha Puc. 3.4 mpuBeneHbl TUITUYHBIE KPUBbIE 3aBUCUMOCTU 3((HEKTUBHOCTH KaMephbl OT
HANpsOKCHUST Ha BBICOKOBOJBTHOM 3JIEKTPOJAE MPH pPa3IUYHBIX IOPOTrax JUCKPUMHUHAIIHH.
Xapakrepnoe miaro cocrasiuser 150-200 B, agdexTuBHOCT Ha T1aTO — 6071€ee 99%.
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Puc. 3.4 3aBucumocTs 3(h()eKTHBHOCTH IPONOPINOHAIBHOI KaMephl OT HANpPsDKEHUS HA TIOTEHINAIBHBIX
IUIOCKOCTSIX TIPH PA3IIMYHBIX TOPOTaX IUCKPUMHUHALAN

Jlyis  ©ojiee TOYHOrO ONpEACIICHUS KOOPAMHATHI YaCTUIbI BOJIM3U MHMIINEHH MOXKET
UCTIOJIB30BAThCS CIMHTWLISIIMOHHBIA BOJIOKOHHBIA TOJOCKOI, COCTOSIIUN U3 JIBYX OJUHAKOBO
YCTPOCHHBIX M PACMHOJOXKEHHBIX ONU3KO Jpyr K JpYyry B3aUMHO MEPIEeHIUKYISIPHBIX
ockocTel. Pabouas 06MacTh rOJOCKONa cocTaBiseT 42x42 mM>. B KaXI0M M3 IIJIOCKOCTEH
CIUHTILIAIMOHHBIC BoiokHa SCSF-38 gupmer Kuraray muamerpom 0.5 MM 00pa3yroT Kaccery
13 96 KOJIOHOK, PacIoIoKeHHBIX ¢ mrarom (.44 mm, kak oka3ano Ha Puc. 3.5. Kaxnmas kononka
UMECT IIAThb BOJIOKOH B HaHpaBHCHI/II/I JABWKCHUSA 4YaCTHUII. COCGI[HI/IG KOJIOHKHN CJICTKa
MEPEKPHIBAIOTCS, TEM CAMBIM YCTPAHSIOTCA «MEPTBBIEY» 30HBI U3-32 HATMYHS HEUYBCTBUTEIBHBIX
000JI04€K BOJIOKOH U MOBBIMIAeTCs 3P PeKTUBHOCTh peructpanuu. benas BoaHO-AMCIIEPCHOHHAS
Kpacka, ucmoib3yemas sl (UKCallid BOJOKOH B KacceTe, YMEHBIIAeT pacHpoCTpaHEHHE
CIUHTHIISIIMOHHOTO CBETA B MOMEPEYHOM HapaBICHUH.
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Puc. 3.5 Cxemarndeckoe u300pakeHHE YaCTH CHUHTHUIAIUOHHON BOJOKOHHOM KacCeThl (a) M PacioIOKCHUE
BOJIOKOH Ha (ortokatoze 16-anognoro ®OY Hamamatsu R7600-200-M16 (6)

75



JUis TpaHCHOPTUPOBKHM CLMHTWIISLMOHHOIO CBeTa K (POTOJAETEKTOpaM HCHOJb3YIOTCS
BOJIOKHA-CBETOBOJIbl TOI'O K€ JAMAMETpa, IPUKIEEHHBIE ONTUYECKUM DSIOKCUAHBIM KIEEM K
TOpLAM CHUHTWULSIIMOHHBIX BOJIOKOH C OJHOW CTOPOHBI KacCEThl, HE Hapyllas I€OMETPHI0
yknaaku. [IpoTHBOIIONOXKHAS CTOPOHA KAacCeThl OTIOJMPOBAHA U COCTHIKOBAHA C 3€pKajbHOU
MOBEPXHOCTBIO, YTO IMO3BOJISIET YBEIMYUTH CBeTOcOOp. CBeTOBOMBI MMEOT JuMHY ~20 cm. Mx
CcBOOO/IHBIE KOHIIBI BKJIEEHBI B OTBEPCTHS KBAJAPATHBIX IJIACTUH U3 YEPHOTO IJIACTHUKA IPyNIaMu
10 5 BOJIOKOH, COOTBETCTBYIOIMX OJIHOW KOJIOHKE KacCeThl, OTHOJIMPOBAHBI U 3a()UKCUPOBAHBI
Ha (oTokarogax 16-aHOAHBIX (HOTORIEKTPOHHBIX yMHOXHTenerd Hamamatsu R7600-200-M16,
KaKk II0Ka3aHo Ha Puc. 3.5(0). B kaxaol TIUIOCKOCTH HCHONb3YeTCS IO IIeCTh
doroymuoxurenend. Tunuunelii cBeToBbIX0A — 10+12 QOTOINEKTPOHOB HA KaHAJ. AHAJIOTOBBIC
CHUTHAQJIBI C aHOJOB IpPeoOpa3yroTcs B HHU(POBBIE C MOMOILIBIO TUCKPUMUHATOPOB C HHU3KUM
noporoM M mapadasHeiMH Beixomamu B cranaapre LVDS mns mepenaum k cucreme cOopa
NaHHBIX.  JIMCKpUMUHATOPBI ~ pacCIOJIOKEHBl B HEMOCPEACTBEHHOW  ONM30CTH  OT
(OTO3EKTPOHHBIX YMHOKHUTEIEH.

D¢ (heKTUBHOCTh PEruCcTpPaLUU TOJOCKOIIOM OJMHOYHBIX YacTHI[ IO BCEM KaHajaM B
cpennem nocturaet 99% npu muoxkectBeHnoctd 1.1 [101]. BpemenHoe pa3spelieHue rogockomna
cocraBiseT ~0.80 HC. B HacTosiee BpeMs M3rOTOBIEH OJUH IOJOCKOI pazMepoM 48x48 MM,
KOTOpBIM HCHOJIB3YETCSl Ha KaHaie 14 u mpeamnosaraercss MCHOJIb30BaTh Ha KaHaie 24 mpu
pabore ¢ y3kuMm (10 5 cm) myukom. Ha Puc. 3.6 mokasaner (ororpadusi BOJIOKOHHOTO
rOJIOCKONa B 30HE DSKCIEpPUMEHTAJIbHOM (cneBa) M 16-KaHaIbHOrO JAMCKpPUMHHATOpA C

peryinMpyeMbIM IOPOTrOM BOJIOKOHHOT'O T'O10CKOIA.

Puc. 3.6 ®otorpadus BOIOKOHHOTO TOI0CKOIA B 30HE IKCIIEPUMEHTAIBHOM (clieBa) U 16-KaHAIBHOTO
JUCKPHUMHUHATOPA C PErYJIMPYEMBIM OPOrOM BOJIOKOHHOTO TOJIOCKOMA

BonokonHBIi rojiockon ycrnemHo orpadoTan B ceance 2018 r. Ha Puc. 3.7 moka3zansr
npodgwin Tydka (ciaeBa) W 3aBUCUMOCTh A(PPEKTUBHOCTH BOJOKOHHOTO TOJOCKOMA OT
KOOPJAWHATEHI.

K mydkoBoii ammaparype TakKe OTHOCHUTCS BETO-CHCTEMa, KOTOpas SIBIISETCS YaCThIO
KOMIUIGKCA IIONEPEeUHO-IIONSPU30BaHHON Mumenn (cM paszen 3.3)%%. ®ororpaguu  Bero-
cuctembl npezactabineHsl Ha Puc. 3.8. OHa mpeacraBisieT coO0i TETEKTOp 3apsHKEHHBIX YaCTHIL
U Y-KBaHTOB, POXKIAIOMIUXCS B MOJISIPU30BAaHHOW MHIIEHH B pe3yjbTaTe B3aUMOJCHCTBUS C

s HpI/I HCII0JIb30BaHNH )I(H,HKO-BOI[OPOZ[HOﬁ MHUIICHU MOXET UCIIOJIB30BATHCA Apyrasa BETO-CUCTEMA
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NPOTOHAMH IMyYKa M BBUICTAIONIMX W3 HEE 1moja OONBIIMMH yriamMu B Ja0OpaTOpHOM cucTteme
koopauHat (0,25 < 0 < 7-0,25), He momanas B OTKPBHITHIN TEJIECHBIH YIOJ, OINpeIeNsieMbli
anepTypoi 3KCIIePUMEHTALHON YCTAHOBKH.

Prafile for Hodo 4 Plane X
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Puc. 3.7 Ilpodmnm myduxa (ciieBa) ¥ 3aBUCHMOCTD 3(PPEKTHBHOCTH BOJIOKOHHOTO TOJTOCKOIA OT KOOPAWHATHI

. JleTeKTop COCTOUT M3 JABYX OJMHAKOBBIX MOJIYJEH, KX/l U3 KOTOPBIX MEPEKPhIBAET
a3UMyTaJIbHBIH yron Ap=n. Moayaun MOTryT NepeMellaThCsi B TOPU30HTANIbHOMN IUIOCKOCTH B
IPOTUBOIOJIOXKHBIX HANpaBICHUSAX MEPIEHAUKYISIPHO OCU IydKa, 4YTO IO3BOJIAET BBIBOJUTH
BETO-CUCTEMY U3 MPOCTPAHCTBA MEXIY IMOJIOCAMH MarHUTa Ha BpPeMsl HAaKauKW MOJIIpU3aLUU
MHUIIIEHH U BO3BpalllaTh B pabouee MOJ0KEHUE MOCIIE €€ OKOHYaHUS.

B pabGoueMm mOJIO)KEHUH CHUCTEMBI DPACCTOSIHME OT OCH IydKka J0 €€ BHYTpEHHEH
noBepxHocTu coctaisier 50 MM mo ropuszoHTanu u 40 MM no BepTukanu. g peructpauuu
3apsHKEHHBIX YaCTHL[ MCIIOJIB3YETCSl MEPBBIA CIOW JIETEKTOpPa, COCTOSALIMM M3 CHUHTWILIATOpA
(monuctupon) TonmuHoN 10 MM. HeTbIpe IIaCTUHBI CUMHTHIUIATOPA OKPYXKAlOT MUIIEHb. [{nnHa
wiacTiH coctaBisgeT 400 MM. CBeT M3 KaKIOW MJIACTUHBI COOMPAETCs CIEKTPOCMEIAIOIIMMHU
ONTHYECKUMHU BosIokHaMu JuamerpoM 1 MM tuna BCF-91AMC, nposioskeHHBIMU B UMEIOIINXCS
B IUIACTHHAX KaHaBKax. [Iydyku BOJIOKOH BBIBOAAT cBeT Ha paccrosiHue 400 MM 3a rabapuThbl
MarHuTa, MEepHeHIUKYJISpHO K HaNpaBJIEHUIO IIydykKa, T[J€ MarHuTHOEe TMoJje ciadoe.
[TpoTHBOMOIOKHBIE TOPIBI BOJOKOH C KaXAOW IJIACTHHBI cOOpaHbl Ha (OTOKATOAAX IBYX
(OTOTEKTPOHHBIX yMHOXHTeNeH @DODY-84-3, curHAIBI OT KOTOPBIX HCIOJB3YIOTCS B
COBIMAJICHUSX JJIS NTOJIaBIEHU IIyMOB. [laibHelIas CTpyKTypa BETO-CUCTEMBI B HalPaBICHUIX,
NEepIEHINKYISPHBIX IyYKy, TMpeJICTaBlIseT COOON ueperoBaHME YEThIpeX CJIOEB CBHUHIA
TOJIIIMHOW 7 MM U YeThIpeX CJI0E€B CUMHTHIUILSIIMOHHBIX IJIACTUH TOJIIMHONH 5 MM co cOopoMm
CUTHAJIOB TaKX€ IIOCPEACTBOM CHEKTPOCMELIAIOIIMX BOJIOKOH. OJTa 4acTb JETEKTOpa
PEruCTPUPYET Y-KBAHTHI.
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Puc. 3.8 dororpadus BeTo-cHCTEMBI BOKPYT MOJISIPH30BAaHHOW IIPOTOHHOH MHUIIIEHU

B kaxmom Moayne CHrHaJlI OT Y-KBaHTOB perucrpupyercs asyms POV-84-3 B
coBnajieHusAX. Takum o0pa3oM, BETO-CHUCTEMA PETUCTPUPYET 3apsSKEHHBIC YACTULIBI B YETHIPEX U
HEHTpalbHBIC B JBYX HWHTEpPBalax IO a3uMyTalbHOMY yriy ¢. CymMmapHasi TONIUHA COOpKH
cocraBisger 60 mm. KonuuectBo BemectBa B cOopke paBHO 5Xo. Ha Puc. 3.9 mpexacraien
aAMIUTUTYAHBIM CHEKTP CUTHAJIOB OT KOCMHYECKHUX YacTUI[ B OAHOM M3 KAaHAJIOB PErUCTpaluu
BETO-CHCTEMBI.
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Puc. 3.9 AMHJIPITyI[HBIfI CIICKTP CUI'HAJIOB OT KOCMHWYCCKUX YAaCTUIL] B OAHOM U3 KaHAJIOB PETrUCTpaliuu BETO-
CUCTEMBI

[Tpu u3MepeHus: SKCKIIO3UBHBIX peakiuil (cM. pasaen 1.5.2) BeTo-cucreMa MOXET ObITh
UCTIONIb30BaHa ISl (DOPMHUpOBAHHS TPHUITEpa MEPBOTO YpOBHA. [lmaHupyeTcss opraHu3oBaTh
HECKOJIbKO THIIOB TPUTTEPOB JJISl KCKIIIO3UBHBIX MpOIeccoB. Jljis BBIIEICHHS TPOIECCOB, B
KOTOPBIX B KOHEYHOM COCTOSSHUM HWMEIOTCS TOJIBKO HEHTpajbHBIC YACTHIBI, B TPHUITEpE B
AHTHUCOBITAJICHUSAX OYIyT HCIONB30BAThCSI CHTHAIBI KaK C BETO-CHCTEMBI, TaKk H C
JIOTIOJTHATEIBHOTO  COMHTHJUIAIIMOHHOTO  CYETYMKA, PACIIOJIOKCHHOTO 33 MHIICHBIO U
PETHCTPUPYIOMIETO COOBITHS, B KOTOPBIX B TEJICCHBIH YroJl YCTAHOBKH BBLIETACT XOTS OBI OJTHA
3apshDKeHHAas yacThia. J{s SKCKIFO3UBHBIX MPOIECCOB € 3apsDKEHHBIMH YacTUIIAMU B KOHEYHOM
COCTOSTHUM, MOMAJAIOIIUMU B TEJIECHBI Yrol yCTaHOBKH, B TpUITepe OYyAyT MCIOIB30BaThHCS
TOJIEKO CUTHAJIBI C BETO-CUCTEMBI.
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3.3  Muiuenu

Jlnst m3MepeHusi OJHOCIHMHOBBIX IOTEPEYHBIX acuMMeTpuil Ay Ha Bojgoponae Oyxaer
UCIIOJIb30BaHa JKUIKOBOIOPOIHAS MUIIEeHb. J{1s n3Mepenus: Ay Ha siipax OyIyT MCIOIb30BaHBI
OOBIYHBIE SIIEPHBIC MUIICHU — OT O€pUIUINS A0 CBUHIIA. DTH K€ MUILIEHH MOTYT UCIOJIb30BAThCS
JUISL UCCIIEI0BAHUS TIOJSPU3ALIMY TUIIEPOHOB U BHICTPOEHHOCTH BEKTOPHBIX ME30HOB.

BonoponHble MMIIEHHM, KOTOpbIE HCHOJB30BAIUCH U OyOyT HCHOJB30BaHbI B
JKCIepuMeHTax Ha yckopurtelbHOM Komiuiekce HUIL «KypuatoBckuit unctutyr» - UOBI,
cojiepkaT B paboueil YacTd HeOOJbLIME KOJIMYECTBA JKHIKOrO Bojxopona (10 4 JHTPOB).
[TosToMy 1emeco00pa3sHO MNPUMEHATh HE MHUIIEHM KJIACCHYECKOro THUIMA C PEe3epPBHBIM
BOJIOPOJIHBIM 0akOM OO0NBIIOr0 00bEMa, a MHUILEHH C 3aMKHYTBIM BOJOPOJIHBIM IIHKJIOM, YTO
3HAYUTEIBHO YMEHBIIACT O0OIee KOJIMYECTBO HCIIOJIBb3YEMOTO Bojopona. llpu »sTom
noBbImaeTcs Oe3omacHOCTh pabdoT, OTmagaeT HEOOXOAMMOCTh BO MHOTHX JIOPOTOCTOSIITHX
cHUCTeMax BOJOpPOJHOW O€30macHOCTH M 3aMETHO ympomaercss pabora ¢ (usnyeckon
annaparypoil BOKpYyr MHILEHHU. /[Js1 OCylecTBIEHUsT B MMILEHU 3aMKHYTOIO IIMKJIa BOAOpOJa
IPUMEHSIOT MEXaHWYECKUH KPUOTEHEPAaTOp WM OXW)KEHHE BOJOPOAA MKHUIKUM TEIIHEM.
BonopoaHele MUIIEHH € KUIKUM IEIMEM XOTs U MEHEE SKOHOMMYHBI, HO JIEr4e B U3TOTOBJICHUH,
Ipoulie U Haaé&XHee B DKCIUIyaTallMd, YeM MULICHM ¢ KpHOreHepaTopamu. B 3aBHCHMOCTH OT
KOHCTPYKIMU B TaKMX MUIICHAX JJIS OXKI)KEHHS BOJOPOJa MOTYT HCIIOJIBb30BaThCs TEIUIOTA
UCHIApEHUs KMJIKOTO TeJIMsl, XOJI0/ MapoB Iejiis WIH, YTO SKOHOMUYECKHU NPEANOUYTUTENbHEE, U
TO U JpYyToe€.

B HUII «KypuaroBckuii unctuTyT» - MBI pazpaboTtana xuIK0BOIOPOAHAS] MUILIEHB,
B KOTOpPOH OXM)KEHHE BOJOPOAA NPOU3BOAUTCSA MOTOKOM YKMIKOIO el C MCIOJIb30BaHUEM
TEIUIOThl UCHApEHUs >KUIKOIO TelMsl, U XOJIOAA NapoB IPU MHUHUMAJIBHOM YHUCIE CTYIEHEH
TEII000MEHA MEXY TeJIMEM U BOJOPOIOM.

MuieHb BKIO4aeT B cebst paboumii 0O0BEM, HAXOIAIMIMHCS Ha MYYKE YacTHIl U
3al0JHEHHBIN JKUAKUM BOJOPOJOM, KOHAEHCATOp, B KOTOPOM OKMXKAE€TCs BOAOPOL U
TpYOOIIPOBOJ JKUJIKOIO TEIHs, 3aKaHYMBAIOIIUIICS CTHIKOBOYHBIM Y3JI0M. DTH YacTH MUIIEHH
OKpPYKEHbI TEINION30JIALIMEN U 3aKII0YEHBI B BAKYYMHBIN KOXKYX

Ha Bpems paboTbl MuUIIEHb NPUCOETUHSETCS K cocyAy Jlptoapa ¢ >KMIKHM TelueM.
brnoyHas KOHCTpyKLMS MHIIEHH TO3BOJIIET 03 0coOBbIX Mpo0sieM MEHSATh KOH(UTyparuio
pabouero o6béMa NPUMEHUTENIBHO K 33J]auaM KOHKPETHOTO (PM3UYECKOro SKCIEPUMEHTA.

OcHOBHBIE TapaMETPhI CYIIECTBYIOLIEN MUILIECHU:

1.Inmuna pabodero o6véma — 500mm, nuametp — 100 mm.

2. Bpems BbIxo/1a MUILIEHH Ha pabounii pexum — 3 yaca.

3. Pacxop sxunkoro remust B pabouem pexxume — 0,7 n/gac.

Hcnonp3oBaHne CHCTEMBI OXJTAXICHHA HAa OCHOBC XHJAKOIO I'c€jiid OIpaBAaHO C€HIE U
HEO00XO0IUMOCTBIO 00eCTIeYUTh pabOTOCIOCOOHOCTD MOISPHU30BAHHBIX MUIIEHEN (OMHUCaHbl HUXKE
B JIaHHOM pa3Jielie) U CUCTEMBI TIOBOPOTa ciuHa (pasnen 2.4).

Jlist SKCIIEpUMEHTAIBHOTO M3MepeHus (pakTopa pa3daBiIeHHs, KOTOPBINA 3aBUCUT OT THUIIA
peaKknMy, MHIIEHH W KHHEMaTHUYeCKHX IepEeMEHHBIX, TpeOyIoTCS H3MEpEeHHs Ha YHUCTOM
BOJIOPOJIE, 3aJIUTOM B 000JI0UKYy MHuIIeHU. TpeOyroTcs Takke U3MEpEeHHUs] CEYCHUH Ha JIETKUX
sapax (C, Al) anst ygera 3aBUCHMOCTH CE€UYEHHUI 00pa30BaHUs YaCTHI[ OT AaTOMHOTO Beca MHIIICHU
MIPHU BBIUUCIIEHUHU (haKkTOpa pa3OoaBIcCHUSI.
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3.3.1 Ilonapuzoseannasa muuwienv 011 uU3MePEeHUA OOHOCHUHOBLIX ACUMMEMPUIL U
08YXCHUHOBBIX HONEPEUHBIX ACUMMEMPUTL

Jns  u3MepeHHsT OAHOCIMHOBBIX TMOMEPEYHBIX AacUMMETpUil Ha KaHaine 14 wu
JIBYXCIIUHOBBIX TONEPEYHBIX acuMMeTpuii Any Ha KaHaie 24 B YCTaHOBKE IUJIaHHPYETCS
UCIIOJIb30BaHUE CYIICCTBYIONIEH Ha KaHaje 14 V-70 mornepeyHo-moasspu3oBanHoM MuineHu [51].

[TonspuzoBannas wmwumeHb it dkcnepuMenta CIIACYUAPM  daBnsieTcss MUILIEHBIO
3aMOPOKEHHOTO THMAa. Takue MUIIEHH HUMEIT psi NPEeUMYIIeCTB Iepe]] MHUILICHSIMH C
HEIPEPBIBHON TMHAMMYECKOM HAKauyKOW Iosipu3anuu saep. XoTs Ui HaKauKu IMOJSApU3alun
JUIS. MUIIIEHEH 000MX THIIOB MCIIOJIb3YIOTCS OOJbIIME MarHUTHbIE 1MoJis (B HamieM cirydae 2.4 Ti)
C BBICOKOW OJHOPOIHOCTHIO IIOJIS AB/B~10* Bo BCeMm paboueM oObeME€ MHHH, B Cllydae
«3aMOPOKEHHBIX» MUIICHEH AJIs yAep)KaHUs IMOJISIPU3ALUNA MOXXHO HCIOJIb30BATh JOCTATOYHO
cmabeie (> 0.25 Tn) mons ¢ HEBBICOKOW HEOJHOPOAHOCTHIO (0Koso 1%). DTO mo3BOIIsAET
o0ecreynTh OOJBIION TEIECHBIH Yyroda ycTaHoBKH. OOpaTHOW CTOPOHOW Menand sIBISETCS
HE00X0UMOCTh 00€CIIeYeHHsI CBEPXHU3KOM TeMIepaTypbl B KPUOCTAaTe MUIIEHHU, YTOOBI BpeMs
peaKcanyuy TOJISPHU3ANMHA JTOCTHTAI0 HecKoibko coT (mo 2000) wacoB. PabGouee BemiecTBO
MUILIEHN B BUJC MIAPUKOB AMAMETPOM 0 2 MM C KOX(pQHUIMEHTOB 3amoiHeHus okoio 60%
3aKJI0YaeTcss B TE(IIOHOBYIO aMIyily. AMITyjJa MOMENIAeTcsi B KPHOCTAT, CIIOCOOHBIH
o0ecreunTh TemIepaTrypy HecKoJbKo AecsaTkoB MK B pexume 3aMopo3ku. JloCTHkeHHe Takoi
HU3KOW TeMIepaTypbl 00ECIeunBaeTCsl PACTBOPEHUEM *He B *He nmpu oMoLIH TOMONHATEIbHOI
otkauku. OAHON U3 TPYAHOCTEH PabOTHI ¢ TAKOW MHIIEHBIO SBISETCS TO, YTO TeNUN HaXOIUTCS
B CBEPXTEKY4YEM COCTOSHUU, MOITOMY TpeOyeTcs BbICOUaiIliee KAayeCTBO H3TOTOBICHHUS U
cOOpKU JAeTajel KpuocTara.

Jia  Hakauku mossipu3anuu - ucnonbdyercst  reHeparop  OIIP  (OnexkTpoHHBIM
[Tapamerpuueckuit Peszonanc) c¢ wactoroit 70 I'Tm. M3mepeHue BenMUMHBI TMOJSIPU3ANUN
U3MEpPSETCs] METOIOM SIEPHO-MAarHUTHOTO PE30HAHCA IIPHU 110JI€ HAaKauKU.

OcCHOBHBIE TapaMeTphl IEUCTBYIOIIEH MOISIPU30BAHHON MUILICHU:

— xumudeckuit coctaB — npomanauon (CsHgO,) nmm nenranon (CsH;20);

— nnuHa coctasiseT 20 cm, nuametp paBeH 20 MM;

— nomspuzauus 90% s nponanauona u 75% 1 NeHTaHona,

— XUMHYECKHH QakTop pa3daBieHUs (OTHOLIEHME YHUCJIa BCEX HYKJIOHOB K YHCIY

MOJISIPU30BAaHHBIX MTPOTOHOB) 9.5 11t nponananona u 8,4 171 NEHTaHOIA,

KOJIMYECTBO BEIECTBA B MHIICHH cocTaBiser 13.2 r/cm’, uto cootBeTcTBYET 15.2%
JUIMHBI B3aUMOJIEHCTBUSA JUIs1 MPOTOHOB ¢ 3Hepruei 60 =B u 10% m1s m —Me30HO0B ¢
sHeprueit 34 I'3B;

— MHIIEHb MO3BOJIAET HCIIOJIb30BAaTh B KayecTBE pabOuero BeElIeCTBa TaKKe aMMHAK,

JEUTEPUI U )KUIKUN BOAOPO.

JlaHHas MUILIEHb NPOIIIa TITYOOKYI0 MOJEPHU3AIUIO /Uil pabOThl B MarHUTHOM 1oJie 2.4
Tn (mpu HaKayke MOJIApU3alUMKU) U yCIEeUTHO oTpadoTana B TecTtoBoM ceance 2018 1. co cpenneit
nossipu3arueit 70%. ®dotorpadus mumreHn npeacrasieHa Ha Puc. 3.8 BMecTe ¢ oxpaHHOU
CUCTEMOH BHYTPU Mar”Hura. Ha6op CTaTUCTUKH IIPU OJHOM 3HAKC IMOJIApU3aAlMU ITPOHUCXOIUT
0OBIYHO pa3 3a IBOE CYTOK, BpeMsl HaKauKy MOJISpU3aIMK 3aHUMAET HECKOJIBKO YacoB.
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3.3.1.1 Macnum cywecmsyroweii noaapuz08anHol MulleHu

Jnst ycremHod Hakaukd (MOJTy4eHUs: TpeOyeMoW MoyspH3alid [0 BCeMy OOBbeMy
MUILIEHH) HEOOXOAMMO, YTOOBI OJHOPOJHOCTH MArHUTHOTO MOJS BHYTpU pabouero oObema
mumenn cocraBmsuia +1.5x10™ wm menbie. JlanHoe ycinoBue TpeOyeT BBICOKOTO KadecTBa
paboT Mo MpPOU3BOJCTBY M HACTpoMKe MmuineHu. J[jig nocTikeHus: TpeOdyemMoil OJIHOPOHOCTH
OB MpoBe/ieH MK HeOOXOIUMBIX pabOT ¢ MarHWTOM MOJIApU30BaHHOW MunieHu. Ecnu npu
MEPBBIX U3MEPEHUSX OAHOPOJHOCTh MArHUTHOIO TOJISI COCTaBJIsJIa JI0 (4.28i0.08)><10‘4 (pm
9TOM MaKCHMAaJIbHBIA pa30poc ObLI 2.5><10'3), YTO HE€ IMO3BOJSJIO HaKayaTh MOJSPU3ALUIO
MUIIEHH BO BCeM OOBEME, TO MO pe3yibTaTaMm IMPOBEACHHBIX pabdOT YyAaloCh JI0BECTH
OJIHOPOJIHOCTH TMOJS /0 (1.22i0.07)X10'4. [Ip 3TOM MakCUMaJBHBIH pa3dpoc COCTaBISET
7.8x10™. B pesy:nbTate B MOCIHCIHEM CEAHCE HA MWIICHH 03 YCHIMH M 33 KOPOTKOE BPEMs
yAQJIOCh TOJIYYUTh Mojsipu3anuio Beime 70% Mpu TEOPETHYECKOM MakcuMmyMe okosio 75%, a
CpeIHsIs OJIIPU3aIus P Habope TaHHBIX cocTaBuia 65%.

Ha Puc. 3.10 mpuBeneHa kapTa moJjsi B MarHuTe MOJSIPU30BAHHON MHILIEHU J0 Hadajia
paboT MO oONTHUMM3AIMK MarHuTa (cieBa), MPOMEXKYTOUYHOE 3HaueHue (B cepeauHe) u
OKOHYATEJIbHBIN pe3ynbTar (crpana).

CymectBytomuii  MarHuT JIuHO3aBp, KOTOPBIA HUCHONB3YeTCS JUIsl  MOMEPEYHO-
MOJIIPU30BAaHHONW MUIIEHU, UMEET TEJECHBIM yron packpbiTuss +250 Mpaa mo BepTHUKaIH, YTO
MO3BOJISIET TPOBOJIUTH U3MEPEHUSI B IIMPOKOM KMHEMATHYECKOM JIMara3oHe.

21-24.03.2016: Balore shimming 23-31.03.2017: Configuration left alier the Fall-2016 run 07.04.2017: Magnet state before the work on target polarization

-1

B(r=0.9 cm,p.2)/<B> - 1

B(r=1.0 cm,p,z)/<B> -
B(r=0.9 cm,p,2)/<B>

21-24.03.2016: Botore shimming

¢ fad

Yooy % P
? rad

Puc. 3.10 Pe3ynbrarhl U3MEpEHUs MOJIsl MArHUTA MOJSIPH30BAaHHON MUIIIEHH B Havajle U3MepeHuil (cieBa), nocie
pabots! B Havaie 2017 r. (B IIeHTpe) U B HacTOsIIee BpeMsI (CIpaBa)

3.3.2 Cywecmeyrouiaa noNApuU306aAHHAA MUUWIEHb ONA UIMEPEHUA OBYXCHUHOBbIX
nPOOOILHBIX ACUMMEMPUTL

Jlia u3MepeHus BYXCIHUHOBBIX MPOJOJBHBIX aCUMMETpUNl AL B YCTaHOBKE BO3MOYKHO
UCIIOJIb30BAHUE TMPOOJILHO-TIONSApU30BaHHOW MuieHn. Kpuocrat stoir mumenu [102] Obut
usrorosieH B 1990 rony B pamkax nossipuzanuonHoro skcrepumenta E704 so ®HAJI (CLLIA).
On nHaxomutcs B OUSM. dortorpadum KoMIuiekca MPOJOJbHO TMOJISIPU30BAHHON MHUIIEHU
npuBeneHsl Ha Puc. 3.11.
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Puc. 3.11 ®otorpadun KoMIuieKkca IpoJOIbHON TONIIPU30BaHHON MUILIEHN CBEPXY U COOKY

B OUSIUN ectp Takke M CBEPXIPOBOAALIMIA COJNCHOWA, W3TOTOBIEHHBIM MO 00pasiy
(dpaHLy3ckoro cBepxmpoojsiiero coineHouga s mumenun E704. Kpuocrar Bmecre co
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CBEPXIPOBOSIIUM COJICHOMJAOM MOXKET OBbITh TpaHcmoptupoBaH B MPBD um ucmons3oBan B
skcniepumenTe CITACHAPM Ha xanane 24A.

DTO MUIIEHb TaKXK€ 3aMOPOKEHHOI'0 THUIIA, B KPUOCTATE KOTOPOM JIsi MOJIyUYECHHS
HH3KOMN TeMIIepaTypsl HCIIOIb3yeTcst MeTox pactBoperns He® B He®. PaGouas temmeparypa npu
UCIOJIb30BaHWU JaHHON muiieHu Obuta 60 MK. OCHOBHBIE MPUHIUIBI PaObOTBI MUIICHH U €€
XapaKTepUCTUKU COBMAJAIOT C IONEPEYHO-MOJAPU30BAHHON MHUIICHBbIO 33 HCKIIOYEHHEM
HAIpPAaBJIEHUS MAaTHUTHOTO TIOJISL.

OcHoBHbIE TapaMeTPbl MOIIPU30BAHHON MUILICHU:

— xummyeckuii cocraB — nmenranon (CsHi0),

— JumHa pabodero oo0bema MuIeHu cocraister 20 cM, a tuamerp paseH 30 M,

— MOJIApU3alUs MUILIEHU MOXKET JocTUrath 75%,

— XuMHYeCcKui (akTop pa3baBieHUs (OTHOUICHHE YHCIAa BCEX HYKIOHOB K YHCITY
MOJIAPU30BAHHBIX MPOTOHOB) 7.3 i MEHTaHOJA.

CBepXIpOBOASIINNA COJICHOU] UMEET TMOJIHYIO JUIMHY 86 CM M BHYTpeHHHUH auametp 9.4
cM. B E704 on ucnonb3oBan 1.5 1 xkuakoro renus B yac. MakcumalibHOE 1osie npu Toke 185A
cocraBisuio B E704 6.5 Tn. Onnako B xoxe Habopa craructukd B E704 mMarHuTHOE moje
cocraBisio 2.5 Tn, 9ro ObUIO [OOCTATOYHO JJIsI HYXKJ SKcrepuMeHTa. OXHOPOIHOCTH
MarHUTHOTO TOJISl BHYTpU pabouero o0bemMa MHILEHU COCTaBIISIIO +5-10™. TlonHblil TenecHblit
YroJI pacKpbITUs cocTaisut 130 Mpaj Mo OTHOIIEHUIO K OCH ITyYKa.

3.3.3 Hosasa nonapu3zosanHas Muuiensv 0711 UIMEPEHUA NONEPEUHBIX U HPOOOIbHBIX
acummempuii

Jlns u3MepeHus IByXCIMHOBBIX MPOJIOJIBHBIX aCUMMETpUi A B 3KCIIEpUMEHTaIbHON
ycranoBke CITACYAPM miaHupyeTcsl MCIOJIB30BaHUE MPOAOJIBHO-TIOSIPU30BAHHON MUIIEHH.
Jly1st 5TOM LieNn JIydIne BCEro Co34aTh HOBYIO MOJIIPU30BAHHYIO MUILIEHb 3aMOPOKEHHOT'O TUIIA C
UCIIOJIb30BAaHUEM DE3YJIbTATOB IMOCIEAHUX YCIEIIHbIX pa3paboTok B 3Toi obnactu. ['maBHOe
OTJINYME HOBOW MMILIEHHM — 3TO peaan3anysi, BO3MOXKHOCTH HCIIOJIIB30BaHUs XOJIOJHOTO 3KpaHa
KpHUOCTaTa TMOJIIPU30BAHHOW MHILIEHH JUISl OXJIAKICHUS MOJSPU3YIOULIEH M YyIEp:KUBAIOIIEH
noJsipu3anuio MumieHu karymek. Ha Puc. 3.12 moka3zaH THNMHYHBINA TOPU30HTAIBHBIA KPHOCTAT
NOJIIPU30BAaHHON «3aMOpPOKEHHON» MHMILEHHU, pa3paboranHbii B OUSAM, ¢ obGo3HaueHHbIMU
PaCIIOJIOKEHUSMH IOJAPU3YIOLIEH U YAEPKUBAIOIIEH CBEPXIIPOBOIAINX KATYIIEK.

B sTOoM ciydae oTmagaer HEOOXOAMMOCTh BO BHELIHEM OTAEIBHOM IOJISPU3YIOLIEM
MarHure, a JETEKTUPYIOLas CUCTEMA 3KCIEPHMEHTAIbHON YCTAHOBKHM MOJKET PACIIONIAraThbCs
MaKCHUMaJIbHO OJM3KO OT pabouero BeniecTBa MuIleHH. bonbuire HapaOOTKU B 3TOH 00JaCTH K
HACTOSIIEMY BPEMEHH €CTh Yy CIICIHAIIMCTOB U3 yHUBepcuTeToB bonna m Maitnna [103,104].
Jpyroit 0cOOEHHOCTHIO TaKO MUIIEHH SIBIISETCS BOZMOXKHOCTh CO3[IaHUS KaK MPOJIOJIbHOM, Tak
U IBYX NONEPEYHBIX (BEpTUKATIbHAS U TOPU3OHTANIbHAS) OIS PU3AIIHIA.

Ha »>TOM Xe pucCyHKe NOKa3aHO TakK€ M YCTPOMCTBO JJIi HAMOTKM TAKHUX KaTyIIeK,
co3laHHOE€ B yHuBepcurere Tr. Maiinn. Hanuume pa3paboTok W JAONTOBPEMEHHOE
corpyauudectso OSSN ¢ aTuM u IpyruMu HEMEUKUMH YHUBEPCUTETAMM JEJIAI0T BO3MOXKHBIM
pearn3annio MHOTMX IPUHLIUIIMAIBHO HOBBIX BO3MOXKHOCTEHN B MOJISIPU30BAaHHON MUILIEHHU.
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Longitudinal (Solenoid)

- 7 . {
A\ =
Internal New Coil with 10 layer (2.5Tesla) in
. . Mai echanical kshop.
Holding Field (1.2K, 0.6T) ainz mechanical workshop

Puc. 3.12 Kpuoctat monsipu30BaHHON MUIICHH C TTOJSPH3YIONIEH 1 YICPKUBAIOLICH MOAPU3ALINI0
CBEPXIPOBOJISIINMH KaTyILIKaMH

Eme oaHoii mpuBiIeKaTeapHON Y€pPTOM TaKOM MUILEHHU SIBJIETCS BO3MOYKHOCThH CO3/IaHUS
B TOM K€ KpHUOCTaTe M MOJApU30BaHHON MumeHu-cuuHTHiuiaropa — “ACTIVE-TARGET”
[105]. Takue MUIIEHU-CHUHTHUIATOPBI YPE3BbIYAMHO MOJIC3HBI JJIsI M3MEPEHHS Psijia PEaKIIHid,
TaK Kak TO3BOJIAIOT  CYIIECTBEHHO  YIYYIIMTh TOYHOCTh  OIpPENETICHHUS  BEPIIHHBI
B3aMMOJIcicTBUs. B HacTosimiee BpeMs Toa00HAs MUIICHb-CIUHTILIIATOP ObUIa YCIEIIHO
pazpaboTaHa W HCIOJIb30BaHA B JKcmepuMeHTe Ha yckopurene “MAMI C” B Maiinne ¢
yuactueM coTpyaaukoB OUSAN. OObpMHO Takas MUIIEHb YCTAaHABIMBACTCS Ha CIICIHATBHOU
BctaBke-mtanre (Cryostat-Insert, Puc. 3.13, Puc. 3.14), koTopast BBOAUTCS B KpUOCTAT MUIIICHU
pH HEOOXOTMMOCTH.

l% i
= '
i

MuweHb
(T=45 mK)

Mnara AeTeKTopoB
(T=4K)

Puc. 3.13 OcHOBHbIE BHYTpPEHHHE Y3IIbl, CO3JJAHHON COBMECTHBIMU ycuiusamu (Maiini- bonH-boxym-OMSIN)
MUIIEHU-CIUHTHILIATOPA

B mHacrosiee BpeMsi BBINIOJHEH MEPBbIA B MHUPE YCHEHIHBIA 3KCIEPUMEHT C 3TOU
aKTUBHOW moJisipu3oBanHON wmuiieHp0 [106]. Beicokast 3¢ (GeKTHBHOCTP W HHU3KHHA IOPOT
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perucTpalii MPOTOHOB OTAAYM B TAaKOM MHUIIEHUM OTKPHIBAIOT HOBBIE BO3MOXKHOCTH B
UCCJIEJOBAaHUM CIIMHOBOM CTPYKTYpPBI IPOTOHA U MOJYYEHUHU MOJEIBHO HE3aBUCHUMBIX JIaHHBIX.
[Tonsspu3anust IpOTOHOB ATOW MULIEHU-CLUUHTUILIATOpA cocTaBuia ~ 65%, BpeMs oAepKaHus
nosisipuzanuu npu temmeparype 45 MK B marautHom nosie 0,4 T oxonio 100 yacoB. Ha myuke
MOJISIPU30BAHHBIX ME4YeHBIX (OTOHOB yckopureast MAMI  u3MmepeHsl mMoaspU3aLMOHHBIE
HAOMIONAEMBIE B PEAKIUAX (OTOPOKICHHS T M ' ME3OHOB, a TAKKE ACHMMETPHS CCUCHHS
KOMIITOHOBCKOTO pAacCesiHUsA, IO3BOJISIOIIAs H3BJIEYb MOJICIBHO HE3aBUCHUMBIE JaHHBIE O
CIMHOBOM NOJISIPU3YEMOCTH ITPOTOHA.

-

*He-*He-Mixture

Light Guide Tube, Vacuum Inside

Cryostat insert

Outer Vacuum Seal
Detector Board

g

Inner Vacuum Seal Target Head

et

1500

+ Length of tube increased to 1.5m
Operation of
in the cryostat for high conductive materials
+ Outer /inner vacuum seal
because of thermal contraction

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

Puc. 3.14 IMonspu3oBaHHass MAIIEHb-CIIMHTIILIATOP (MaiiHir)

be3yciioBHO, HOBasi MUIIIEHb MTO3BOJIIET JOOUTHCS TaK)Ke€ MAaKCUMAJIbHOM aBTOMaTHU3alluu
YCTaHOBKH M JIUCTAHIIMOHHOTO KOHTPOJISI OCHOBHBIX MIapAMETPOB, YTO YPE3BBIYANHO BAKHO IS
MOBBILICHUS] HAAEKHOCTH W 3KOHOMHYHOCTH HKCIEPUMEHTaIbHOW yCTaHOBKU. PaboThl mo
CO3JaHMIO CHCTEMbl M3MepeHus noispusanuu wmuiieHn (SIMP) MoryT ObITh BBINOJIHEHBI
cnenuanucrtamu u3 OUAN n ynusepcutera boxyma, KOTopble UMEIOT K HAacTOSIIEMY BpEMEHHU
MHPOBBIE pa3paboTKu B 3To# obxactu [107, 108].

Kpome kpuocrtara mNOJSApU30BAaHHONH MHILIEHH, HEOOXOAUMO CO34aTh CIELUATbHYIO
TFepMETUYHYI0 HAaCOCHYyIO rpymnmy ans uupkymsiuun He-3 u otkauku He-4, paspaborats u
co3narb coorBercTBytomme cucreMmbl AAMP u nakauku (CBY). [Inga ymnpaBieHHs W KOHTPOJIS
OCHOBHBIX MapaMeTpoB M mnpoueccoB [IM, HeoOXOqUM TUCTAaHIMOHHBIA NYyIbT U
COOTBETCTBYIOILIEE CIEHATM3UPOBAHHOE IPOrpaMMHOE 00ecTIedeHHE /IS BCEX CHCTEM.

B kauectBe pabouero BemiecTBa MpeArojaraeTcsi MCHOIb30BaTh OyTaHON Kak
IPOTOHHBIN, TaK M JEUTPOHHBIM (C HCHOJB30BaHHMEM B KaueCcTBE XMMHUYECKOTrO pajuKala
“Trityl”) BapuanTsl. B 3TOM ciTydae MOXXHO OXKHATh MOJy4eHHS MPeAenbHOH momspusamun: Py
~90%, P4 ~80%, ¢ 10CTaTO4YHO GOJBIINM BPEMEHEM pelaKcalluy NOJSpU3aIig.

IIpennonaraercs, 4ro B paboTax MO CO3JAHHUIO TOJSIPHU30BAHHOM «3aMOPOKEHHOM»
MUILIEHH OCHOBHYIO poib Oyner urpars rpynmna JISIIT OUSU, umeromas yHUKaTbHBIA OIIBIT,
JOCTIHDKEHUS U pa3paboTku B 3Toi obmactu (Puc. 3.15) [109, 110,108], moaTBepaeHUEM UeMy
CIIy’KaT JeMCTBYIOIIME YCTaHOBKHM Mojo0Horo tuna B ['atumne, IIporBuno, IIpare n Maiinue.
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besycnoBHo, noTpedyercst Takke aKTMBHOE U IOJHOLIEHHOE ydacTHe B paboTax MO CO3AaHUIO
NOJIIPU30BAHHON «3aMOPOYKEHHOW» MHUILIEHU JUISI 3TOr0 SKCIIEPUMEHTA COOTBETCTBYIOIIMX
cnenuanuctos U3 MOBD, u HeMenKUX KOJIJIET U3 HayuyHbIX HeHTpoB (Maiinu, bonn, boxym).

Planned
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Puc. 3.15 Kapra neficTBYIOMNX U TNIAHAPYEMBIX MTOJISIPH30BaHHBIX MUIIICHEH, CO3aHHbBIX cOTpynHuKamu JIATT
ounsiun

3.4  MarHuTHbIii CHEKTPOMETP

Oduznyeckas mporpamma 3KcmepuMeHTta (paszmen 1) mpemycMmarpuBaeT pPErHCTPAIUIO
3apsHKEHHBIX YACTHUI M U3MEPEHUE UX MMIYJbca. TpekoBas cucTeMa JOJKHA YAOBIETBOPSTH
TPEM OCHOBHBIM TPeOOBAHHSIM:

— HUMETb OOJILIION aKCENTaHC;

— TIO3BOJISITH BOCCTAHABIIMBATH PAcMaIbl TUTIEPOHOB U

— MpU OPEU3UOHHBIX U3MEPEHUSIX YapMOHHUS UMETh pazpelnieHre Ha ypoBHe 0.4% mpu

10 I'»B.

HUcxonst w3 »>Tux ycioBwWii, OblJa TOATOTOBJIEHA CXEMa, BKIIOYAONIAS IIHPOKO-
anepTypHBIM MarHUT U CUCTEMY TPEKOBBIX JETEKTOPOB.

3.4.1 Cnexmpomempuueckuit maznum

Crnekrpomerpudeckuii MarHuT u3rotrosiieH B UIDOBS. OcHoBHON 0COOEHHOCTHIO MAarHUTa
SIBIISIETCSl OOJbIIAsl arepTypa, MO3BOJIAIONIAs MPOBOIUTH UCCIICAOBAHUS B OOJBIIOM TEICCHOM
yIjie, TakuM o00pa3oM, 00ecreuuTh OOJBIIYI0 amnepTypy JKCHEPUMEHTAIbHON YCTaHOBKH B
neiaoM. @ororpadusi CIEKTPOMETPUIECKOTO MarHuTa Ha kaHane 14 mpuBeneHa Ha Puc. 3.16.
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Ameprypa (OKHO) MarHMTa uMeeT pasmepst 2300x1000 MM°, TONIMHA OGPATHOTO
MarHUTONpoBoaa cocrasisier 850 MM, OAHAKO HM3-3a HEOTHOPOAHOCTH IOJISl peajibHasi pabouas
mupuHa MarHura cocrasisgerT 1400 mMM. [[1s SKpaHMpPOBKM pPAaCCESHHOIO IOJS YCTaHOBJIEHBI
MarHuTHble 3kpanbl TonuHou 100 MM, Ha pacctosHun 800 MM OT LIEHTpa MarHuTa, HEMHOTO
YMEHBILIAIOLIUE ANEPTYPY, OHAKO, IPAKTUUECKHU HE NCKAXKAIOIINE AaKCENITAHC YCTAHOBKHU.

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

Jljis OLIEHKM XapaKTEepUCTUK AKCIEPUMEHTAIbHON YCTAHOBKM ObUIN MPOBEIECHBI PacyeThl
marauTHOTO Toist. Ha Puc. 3.17 moka3ana Harpy3o4Hasi KpuBasi, T.€. 3aBHCHUMOCTb MHIYKIIUU

MAaravMTHOTO IIOJIA B HCHTPE MAarnura OT HpHJ’IO)KGHHOﬁ Harpy3kum — 3HAQUCHUA TOKa B KaKIAOM
BUTKEC.

12+

Model M4

10+

By [kGs|
o

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

Puc. 3.17 Harpy3o4Has KpuBast 1yl MOJCIH CIIEKTPOMETPHUECKOro Maruuta M3 1
B Tab6n. 3.1 mpuBeneHsI pe3yibTaThl pacyeToB ISl TOKa 2.5 KA/BUTOK (IIpemonaraercs,

YTO OCHOBHBIE (PU3MYECKHE H3MEpEHUs OyIyT MPOBOAUTHCS NPU JaHHOM 3HAUEHUU IOJIA);
3HAYEHUs1 KOOPAMHAT JaHbl B MIUNIMMETPAaxX, HHTETpajIbHOE noje — B Tir'M.
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Ta6n. 3.1 MnTerpanpHoe ojie B MarHuTe npu toke 1=2.5 kA/BuTok

o o o
Yy -

L 147493 1.40385 1.19856 0.89180 0.57204
T 1.49826 1.42978 1.22662 0.91376 0.58583
1.56563 1.50726 1.31544 0.98377 0.62758
1.67228 1.63846 1.48690 1.11726 0.69716
LT 1.80469 1.81748 1.80361 1.34885 0.79707
1.86657 193767  2.25813 1.72721 0.93284

Ha Puc. 3.18 u Puc. 3.19 nokasansl rpaduueckue MpeacTaBICHHUs JaHHBIX PacueTOB
JUI TPEX 3HaYEHUH ToKa.

Mé: 1=1.5 kA/um

7 2 2
X, [em] X, [em] X, [em]

Puc. 3.18 M30muHUM HHTETPAILHOTO TIOJISI B Y€TBEPTOH YacTu padboueii oomactu 700x500 Mm% 1=1.5,20u25
KA/BUTOK

WuTerpan nons B neHTpe MarHurta coctaBuT 1.5 Tin-Mm, ogHako nose HeonHOpPoaHO. Bo
BpeMs McciefloBaHU Ha kaHane 14 mone marHuTa OyneT Hibke (OIpenenseTcss MOIIHOCTBIO
HUCTOYHUKA).

S %

Puc. 3.19 HnrerpansHoe noje Kak GyHKIMS nonepeyHbix koopauHat (X,Y) B paboueit oomactu. | =1.5,2.0u 2.5
KA/BUTOK

B pamkax moarotoBku ¢usuueckoro obopymoBanus s skcnepumenta CITACHAPM
HEOOXOIMMO TPOBECTH HW3MEPEHUE TOomorpauu MarHUTHOTO TMOJI IIHPOKO-alepTypHOTO
creKkTpoMeTpuueckoro mMaruuta M31. OTo mimaHupyercsd cienarh NpU MOMOILIM CHCTEMBI Ha
OCHOBE HardyukoB Xoiima ¢ TouyHOCThIO 0,1%. TexHudeckue crnenmupuKauy Ha TOATOTOBKY
CHCTEMBI JUTsl TPOBEICHUSI U3MEPEHUN CIICTYIOIIHE: IIar u3MepeHus mo ocsim X, Y, Z B paboueM
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ooweme ¢ pazmepamu 2000x1000x7000 mmMm, coctaBnsietr 40 mm. Ha Puc. 3.20 nmoka3ana cucrema
HU3MCPCHUSA MATrHUTHOIO ITOJIsI, CMOHTHPOBAHHASA HA CIICKTPOMETPUUCCKOM MArHuTe.

Puc. 3.20 Cucrema u3MepeHHss MarHUTHOTO TIOJIsI, CMOHTHPOBaHHAs! Ha CIIEKTPOMETPUYECKOM MarHuTe

Jliisa oTBOJA Temuia, BBLAENSEMOro Mpu paboTe MarHuTa, 4epe3 0OMOTKY IMpPOKauKlBaeTCs
oOecconeHHasi XolonHas Bojga moj AasineHueM 11 armocdep. Jlannas cucrema He TpeOyeT
CEpbE3HOM JOMOIHUTENBHON MPOopadoTKu. B TO ke Bpems mpu co3qaHuM YCTAaHOBKH HA KaHaje
24 1Ig OOCTIDKEHHS HOMHHAIBHBIX 3HAUEHHH MArHUTHOTO IO HEOOXOOMMO CO3IaHHUE
CIIECIIUAJTM3UPOBAHHOTO UCTOYHHUKA.

3.4.2 Tpekosaa cucmema

TpexoBble JETEKTOpPHl SKCIEPUMEHTa BBIOMPAIUCh C Yy4ETOM TpeOOBaHMM 1O
pa3peleHUIO U I0JKHBI MMETh MUHMMAJIBHOE KOJIMYECTBO BEILIECTBA U XOPOILIEE KOOPIANHATHOE
paspemieHre. Majoe KOJMYEeCTBO BeEIlecTBAa TpeOyeTcs, MPEkIEe BCEro, MpU HCCIEAOBAHUU
yapMOHHMS. B 3THX wHccrenoBaHUsAX NPENoJaraeTcs HCIOJIb30BAaTh JETEKTOPbl Ha OCHOBE
lazoBoro oamekrponHoro ycunenus (I'DY-GEM) wu cranmum JIeTeKTOPOB HAa OCHOBE
TOHKOCTEHHBIX TpyOOK. B Tabi. 3.2 IpHBEIEHBI CIHCOK, MOIOKEHHE . W Pa3Mephl TPEKOBBIX
JIETEKTOPOB, KUPHBIM IIPU(TOM OTMEUEHBl JIETEKTOPBI, KOTOpbIE Ipeanojaraercs
UCIOJIb30BaTh MPU MCCIIEOBAHUU YaPMOHUS, BBIOOP ATHUX JETEKTOPOB OMpPENENAeTCs JTydLINM
KOOPJMHATHBIM Pa3pEIICHUEM.

KoopannaTHoe paspelieHre JByX HEOOXOIUMBIX JETEKTOPOB 0 CIIEKTPOMETPUUYECKOTO
MarHuta JOJHKHO cocTaBisaTh 60-70 mukpoH. Takumu Xxapakrepuctukamu obnagaror GEM-
nerektopel (Gas Electron Multiplier) ¢ BpemennbsiM paspemenueM 10 He. ITnanupyercs
UCIIOJIb30BATh JIBYXIUIOCKOCTHBIE JIETEKTOPHI C TpeMs creneHsmu ycuienus (triple-GEM).
TpekoBas cucTema BKITIOYaeT jJBa jgetekTopa tuna GEM, pacmonokeHHBIX KaKk MOXHO OJIMKe K
mutneHu. Jlerekropsl GEM urparot BaxkHyI0 poJib B BEPIIMHHOM JIETEKTOPE, HEOOXOAUMOM ISt
perucTpanuu pe3oHaHcoB W runepoHoB. GEMI1 nomkeH uMmeTh pasmep 20x20cm?, GEM?2

30x30cm®.

% TMonoxeHne IeTEKTOPOB MPEACTABICHO MPH HCCIIEI0BAHNN OXHOCIHHOBBIX ACHMMETPHIA C HCIIONB30BAHHEM
BOJIOPOJHOW WJIW SI/IEPHBIX MUILIEHEH.
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Tabn. 3.2 Cucok M XapaKTepUCTHKU TPEKOBBIX NETEKTOPOB. JKUPHBIM IIPU(PTOM OTMEUEHBI IETEKTOPBI, KOTOPHIS
IPeIIoJIaraeTcsl HCIoJIb30BaTh IPU UCCICAOBAaHUN YaPMOHHS, 3€ICHBIM [IBETOM OTMEUCHBI IETEKTOPHI,
yCTaHOBJICHHBIC Ha KaHaje 14 u nporecTupoBaHHbIe B ceancax 2018-2019 rr.

Nms nerexktopa | Pacctosinue | Kommnosuius [lar Pazmep Yuciao
OT MUILICHH | Kamep IPOBOJIOK KaMephl,
[M] (muamerp Y[cem] xX[em] | Kananos
TpYOOK)
[Mm]

GEM1 0,35 | X,Y crpun 0.4 20 x 20 1000
PC1 0,55 XY 1 20 x 20 400
PC2 0,63 X, Y 1 20 x 20 400
PC3 0,71 XY 1 20 x 20 400
GEM2 0,85 XY ctpun 0.4 30 x30 1500
DT1 1,00 UV, XY 15 32x32 384
DT2 1,67 X, Y, UV 30 72 x 96 336
DC1 3,00 X 17 80 x 120 140
DT3 5,29 X,Y,U 30 120 x 168 432
DC2 5,70 XY, UV 17 160 x 240 560
DT4 8,07 X,Y,U 30 192 x 240 672
DT5 9,77 X,Y,U 30 192 x 240 672

Hrtoro xananos: 2500 ALIT ayist GEM-netexTopos,
2496 BUII s kamep Ha OCHOBE OpeiipOBBIX TPYOOK U
1200 perucTpoB At IPONOPLUUOHATBHBIX KaMep.

B U®BD ocBoeHa texHomoruss u3roromieHus aerekropoB GEM w3 marepmanos,
noarotaBiauBaeMbix B [IEPH. M3rorosnens aBa mporotuna GEM-netekropa pazmepamu 10x10
cm? (cm. Puc.  3.21). IIpoBeneHsl MCHBITaHUS ITUX JeTeKTOpoB. Jlerekropet GEM mmerot
IPOCTPAHCTBEHHOE paspelieHre okojao 70 MUKPOH M paboTaloT MpH 3arpys3Kax 1o 10° MM ¢,
TO €CTh paboTalT B MHTEHCHUBHBIX Mydkax 0Oe3 wmcronb3oBanus beam-killer.Camu merextopsr

MOJIHOCTBIO YAOBJICTBOPAIOT Tpe6OBaHI/I$IM OKCIICPUMCHTA.

Puc. 3.21 ®otorpaduu asyx nporotunoB GEM nerextopo st ycranoBku CITACHAPM.

0 Havano JIeTEKTOpa
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[To pe3ynbTaTaM HCCIEAOBAaHUM XapakTEPUCTUK JeTekTopoB [DY  mpusnano
nenecooOpa3HbIM  co3ZaHue JAByX JAerekropoB. IIpeamomaraercs, uTto paspaboTka u
M3TOTOBJICHHE HA/IETEKTOPHOH 3JEKTPOHUKH OyzeT BoimosHeHo B MUDU unu OUSIN.

Mexnay asymsi aerekropamu GEM1 u GEM2 pacnonokeHsl Tpu NpONOpIHOHAIBHBIC
kamepbl PC1-PC3 ¢ mpocrpancTBeHHbIM pazpemeaneM 300 MUKpOH. DTH Kamepsl paboTaroT
5(p(PEKTHBHO B MydYKaxX 4acTHLl C MHTEHCHBHOCTBIO g0 4 10° wactui B cexymmy. Takue xe
KaMephl MPE/III0IaraeTcs UCIOJIb30BaTh B KAYECTBE MyYKOBBIX IETEKTOPOB (cM. pazzaen 3.1).

3a nmerektopom GEM2 pacnonoxena nperidoas cranmuss DT1, cocrosimas u3 nByx
JIBYXCIIOMHBIX KaMep ¢ AuamMeTpoM Tpyoku 15 mm [111] u paGoueit o6macTsio 48 x 48 cM?. Osma
M3 3THUX KaMep NOBEpHyTa Ha yroi 45° orHOCHTEIBHO Beprukanmu. Kaxnapiii cioit (X u Y)
COCTOUT |3 TpeX psnoB npeidoBbix Tpyook (AT), ckineeHHBIX MexITy cOOOH, CpeaHHM s
CABUHYT Ha MOJIIAra OTHOCUTENbHO KpaiHux. TpyOku “miaoTHO” ymakoBaHbl B 3 cios (Tak ke
KaK ¥ B «OOJNBIIMX» KaMepax), B KaXJIOM clioe Mo 16 TpyOOK, paccTOsiHHE MEXAY JIOObIMH
COCETHUMU CUTHAJIbHBIMU TpoBosiokaMu 15.5 mm (Puc. 3.22, nesas manens). Illar mexny AT
coctaBisger 15,5 MM. DTO paccTOsSHUE OINpeneseTcss TOUYHBIMU IOBEPXHOCTSIMHM TOPLIEBBIX
AIIEMEHTOB. /{7151 TOJKITFOUEHHsS] BHICOKOTO HAIPSDKEHHSI M YCHIIMTENCH HWCIOIh30BaHBI TUIATHI
MIACCUBHOM AIIEKTPOHHUKH OT Kamep u3 30-mm TpyOok (Puc. 3.22, mpaBas maHenb), COeTMHEHHE
TPyOOK C IUTaTaMH BBITIOIHEHO ITPH MMOMOIIHY TPOBOAHHUKOB.

15.5

15.5

40.3

@ - MeCTO CKICHKH

Puc. 3.22 Cxema pacrosioxeHus Tpy0ook (JieBast maHenb) u (HOTO KaMepsl Mepe] YCTAHOBKOW Ha IITATHOE MECTO
(TpaBast maHesb)

KomnuectBo IT B cioe kpatHO 8-MH, 4TO ONpPEAENAETCS MOIYJIbHOCTBIO 3IEKTPOHUKHU.
Sti kameps! umeror beam-killer pasmepom 3x3 cm® u paGoTaroT 3(p(EKTHBHO B MHTECHCHBHEIX
My4YKaxX YacTHII.

B mHacrosimee BpemMs Kamepa IOATOTOBIIEHA M CMOHTHPOBaHa B 30HE
9KCHEPUMEHTAIBHON YCTAaHOBKH.

Ha Puc. 3.23 nmpuBeneHbl CUETHBIE XapaKTEPUCTHUKH KaMmepbl. VI3MepeHHBbIC CUETHBHIE
XapaKTEPUCTUKH ITOKA3bIBAIOT XOPOIIYI0 pab0TOCIIOCOOHOCTh KaMEpBHI.
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Puc. 3.23 CuerHble XapaKTepUCTHKH BCeX TPyOOK(TIpaBasi MaHelb) M yCpeJHEHHAs! XapaKTepUCTUKA BCEH KaMephl
(J1eBast maHep)

Cranmus DT2 coctout u3 JIByX OJMHAKOBBIX KaMep, OJHA U3 KOTOPHIX TMOBEpHYTa Ha
yroma 15° orHOCHTETBHO BEPTUKAIU. DTU KaMmepbl, KaKk M BCE oOcCTajbHble Kamepsl DT 3a
MarHUuTOM, H3TOTOBJICHBI W3 MaiIapoBBIX Jped(oBbIX TpyOok ¢ amamerpom 30 mm [112].
Kaxnmas kamepa cocrout u3 tpex psuoB ApeiidoBbix Tpyook (T), ckiieeHHBIX MexITy cOo00i,
CPEIHMH PsIJl CABUHYT Ha IOJIIIara OTHOCUTEIbHO KpaifHUX.

TexHonorus M3roToBICHUS AaHHBIX Kamep Oblia co3naHa B UDBD, nosyueH naTteHT Ha
nose3nyto Mojaenb [113].Bbuto 3aBepiieHO M3rOTOBJCHHE CTaHIUE apeddoBsix Tpybok DT2-
DT5 u BeimonHen MoHTax Ha kanane. Ha Puc. 3.24 mpuBenens! ¢oTtorpaduu ycTaHOBKH C
pa3MeIeHHBIMI Ha Hell cTaHIusIMA IperoBbix kamep. Kamepbl Ha ocHOBe npei(hoBBIX TPyOOK
paboraror Ha craHmapTHOW rasoBoii cmecu 93% Ar, 7% CO; um Bce XapaKTEPUCTHKH
COOTBETCTBYIOT IPOCKTHBIM.

NlIl!llmﬂUmmlWﬂuumnwmnuw |
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Puc. 3.24 YerBeprast cTaHIMs Kamep Ha pabo4eM MECTEe C yCTaHOBJICHHBIM Iepel Hel TPUITEpHBIM CUETYMKOM Ha
B3aMMOJIEHICTBHE, CIIPaBa — TPEThs CTAHIIMS, PACHIOJI0KEHHAS Cpa3y MOCIe MarHUTA.

Mar mexny AT cocrasnser 30,035 MM u ompexnensiercss rpedeHKaMM HAa TPAHUTHOM
crone npu ckierike kamepsl. KommuectBo JIT B cimoe kpaTHO 8-MH, 4TO Ompezensercs
MOZYJIFHOCTBIO 2JIEKTPOHHKHA. DTH KaMepbl UMEIOT 30HY HEUyBCTBUTEIBHOCTH Iyuka (beam-
Killer) u paGotatoT >GQGeKTHBHO B HWHTEHCHBHBIX myukax uactul. Cranimum DT3-DT5
PacIIOIOKEHBI 32 MATHUTOM M H3MEPSIOT KOOPIMHATHI (BOCCTaHABIMBAIOT TPEKH) YaCTHUI] B TPEX
miockocTsix — B X,Y,U. Kamepa U moBepryra Ha 15° orHOCHTENBHO BepTuKanu. [Ipumepbl
pacrpeiesieHnii cpaboTaBIIMX APePOBBIX TPYOOK Ha MydKe moka3zansl Ha Puc. 3.25.
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Puc. 3.25 IIpodunu mydka B AByX CTAHLUSX JETEKTOPA (CKPHH-ILIOT MPOrpaMMbl 00PaOOTKH JaHHBIX «B JIMHHUIOY)

Ha Puc. 3.26 mokazano paspemieHue kamep (P2=143 MKM), 49TO COOTBETCTBYET
TpeOOBaHUSIM SKCIIEPUMEHTA IO TOYHOCTH.

hres
Entries 12809
-0.01344

0.2141

1057 34

1323+ 19.8

0.0009992 + 0.0018702
0.1425 + 0.0021
1863+ 7.1

-0.05752 + 0.00678
0.35% 0.00

1500 —

1000 —

500 —

Residuals, mm

Puc. 3.26 Pa3HocTh MeX/y BOCCTAHOBJICHHOW KOOPAMHATOW TpeKa U KOOPIUHATOMN B JaHHO MOAMIOCKOCTH

Eme oxHMMU TpEeKOBBIMM JETEKTOpaMH, KOTOpBIE NIPEUIaraeTcss HCIOJIb30BaTh B
JKCIepUMeHTe, sBItOTCS ApeiigoBbie kamepsl [TUAD-UTO®. IlogpoOHoe omucaHue 3TUX
kamep npusezieHo B pabore [100]. M3 BO3MOXHBIX KOHCTPYKIMH JaHHBIX OPeH(OBBIX KaMmep
Obl1a BBIOpaHa Ta, KOTOpas OOecneuyMBaeT MUHUMAJIbHOE KOJIMYECTBO BEIIECTBA Ha ITYTH
pEerucTpUpyeMBbIX TMPOAYKTOB peaklMM, a HMMEHHO — IIPOBOJIOYHAsl JpeidoBas Kamepa C
reKcaroHanbHOM cTpykTypoil. KoHurypamus noutu npaBMIIbHBIX IIECTUTPAHHBIX Apen(OBBIX
s4yeek niunoctpupyercs Puc. 3.27.

OTKpBITBIMH  KPYXXKaMH HM300paXeHbl MOTEHIMAJIbHBIE MPOBOJIOYKH AuameTpoMm 100
MkM. IIpoBonouku B cnosx 3,4,6,7,9,10 Haxonmarcs 1OJ BBICOKMM MOJOXKHUTEIbHBIM
NOTEHIMAJIOM, O0pa3ys MOYTH UMIMHIPUYECKH CHMMETPUYHOE JpeiioBoe Mosie BOKPYT
3a3€MJIEHHBIX CHUTHAJIBHBIX IMPOBOJIOYEK (M300pa)K€Hbl YEPHBIMH TOYKAMHU B CIOsAX 5 U 8).
JnameTp curHasbHBIX NpoBosoYeK 25 MkM. [loTeHnnanbHbIe TIockocTH 2 U 11 nMeroT HyneBon
MOTEHIMAN U CITYKAT JJI1 CAMMETPHU3ALMH TOJIS STYEEK C BHEIIHEW CTOPOHBI. [IeCTBUTENBHO, MO
OTHOLICHUIO K BEpXHEMY (IO PUCYHKY) pSAy S4Y€eK MPOBOJOYKU IUIOCKOCTH 2 3a/1al0T MOYTH
TaKyl0 k€ KOH(QUIypaluio MOTEHIMaja, KaK M CUTHAJIbHBIE NMPOBOJIOUKM Iiockoctu §. Illar
AyeeK CTPYKTypbl 17 mm. CABHUI sf4Ye€eK B JBYX CUTHAJIBHBIX IUIOCKOCTSIX Ha IOJIOBUHY Iara
103BoJIsIeT 3(P(PEKTUBHO OINPENENATh, C KAKOH CTOPOHBI OT CUTHAJBLHOW MPOBOJOYKHU IMPOIIEI
TPEK PETUCTPUPYEMOM YACTHIIBI
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Puc. 3.27 Yacte nepuoauyeckoi CTpyKTypbl NpOBOJIOYHBIX IperdoBbix kamep DIIEKYP (ue B macmrabe):
2,3,4,6,7,9,10,11 — mI0CKOCTH MOTCHIIHAILHBIX ITPOBOJIOYCK, 5,8 — MIIOCKOCTH CUTHAIBHBIX IPOBOJIOUEK, 1,12 —
MaiiapoBbIiC OKHA, OTPAHUYMBAIOIIUE Fa30BbIi 00BEM

l'a3oBbIii 00BEM Kamep OrpaHWyeH MainmapoBsiMu okHamu 1, 12 (Puc. 3.27) ¢
repMeTu3alyei no anoMuHueBol pame. Pabouas razoBas cMmech conepkut 70% aprona u 30%
yraekucioro rasa. [Ipegycmorpena BO3MOKHOCTh noamenuBanus 10 3% ¢peona-14 (CF4) nns
OUHIICHHSI SJIEMEHTOB BHYTPEHHETO 00beMa.

Ha Puc. 3.28 mnpuBenena 3aBUCUMOCTh 3(G(EKTUBHOCTH KaMepbl OT BBICOKOTO
HANpPSDKEHUS, TOJaHHOTO Ha MOTEHLHUAJIbHBbIE MPOBOJIOYKH T€KCAarOHaJbHOW CTPYKTYPBI, IS
ra3oBoii cmecu 65% Ar u 35% CO,. U3 pucyHka BHIHO, YTO B JHana3oHe pabounx moporos 15-
20 mB mupuna miaro 3¢dexruBaoctr cocrapisier 200—300 B. IIpu mpoayse kamepsl pabodeit
ra3oBOil CMEChbI0O HAaNpsDKEHUs, TPU KOTOPBIX JIOCTUTAeTcss Takas ke d3(PQPeKTHBHOCTS,
yMeHbIlatTcs Npuodau3nuTenbHo Ha 50 B.
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F v [lopor 50 mB
50—
TTTETR I PN TR I T T TN I TSN AT IE T

g i

Puc. 3.28. 3aBucumocts 3hexTHBHOCTH ApeiihOoBOM KaMephl OT MUTAIOIIETO HANPSHKEHUS TP PA3TMYHBIX
Moporax AUCKPUMHHAIINT

-q

Hanpsikenue, kB

Puc. 3.29 moxasbiBaeT 3aBHCHUMOCTh KOOPIMHATHON TOYHOCTU APEH(OBBIX Kamep OT
TaHTeHca Yyria HakioHa Tpeka. [Ipm paGouem Hampsikennu 3.2 kKB HeompeneneHHOCTb
BOCCTAHOBJICHHSI KOOPJMHAT COCTaBIsieT MpuOmu3uTenbHo 200 MKM Ui TEPIIeHIUKYISIPHBIX
tpekoB. Ee yBennuenne 10 350 MKM Ul TPEKOB, HAKIOHEHHBIX Ha 17°, BIIOIHE yIOBIETBOPSET
TpeOOBaHUIM
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JpeiidoBbie KaMephbl YCTAHOBKH MMEIOT Ta30BbIi 00beM okoiio 650 1. Jyist mpuBeneHus
KaMmep B pabodee COCTOSTHUE TpeOyeTcs pacXo] ra30BOi CMECH OKOJIO 5 JI/MUH B TEUEHHUE CYTOK.

TouHocTb, MKM
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Puc. 3.29 3aBucHMOCTb TOUHOCTH ApeH(OBEIX KaMep OT TaHTeHCa yIila HaKJIOHA TPeKa MPU pa3IndHbIX
HaNpsDKEHUSIX Ha TTOTEHIIMAIBHBIX IIPOBOJIOYKAX U (PUKCHPOBAHHOM ITOPOTe AUCKPUMUHAINK. YTOJI OTCUUTHIBACTCS
OT HOpMAaJIH K INIOCKOCTH KaMephl B INIOCKOCTH, EPIIEHANKYIISIPHOI HalpaBICHUIO TPOBOJIOYEK.

3.5  DJekTpoMarHMTHBII KajopuMeTp

OnHUM UX OCHOBHBIX JE€TEKTOPOB YCTAHOBKH SIBJISIETCS AJIEKTPOMATHUTHBINA KAJIOPUMET]P
(OMK), H3rOTOBIICHHBIN MO TEXHOJOTUN «IIAILIBIKY» C TOHKOW CErMEHTalueld U 00Jaaaromui
BBICOKHM pa3penicHrueM U d3PPEKTUBHOCTHIO. TEXHOIOTHS U3TOTOBJICHUS JIETEKTOPA IMMOJTHOCTHIO
oTrpaboraHa npu nonaroroBke 3kcrnepumeHta [TAHJIA. 3a ocHoBy OyayT B3sThl pe3yjbTarhl,
MOJIyYeHHBbIE TPH MOATOTOBKE NpoekTa l[lepeaHero 3aeKTpOMarHUTHOTO KaJlOpUMETpa THUIa
mranuisik [114].

Mopynbe mnepeaHero 3J1€KTPOMArHUTHOIO KaJlOpUMETpa UMEET COHIABUY-CTPYKTYpy. B
KKJIOM MOAYJE «IIallibika» Haxoautcs 380 CI0eB CBMHILIOBOIO MOMIOTUTENS TOMmKUHON 300
MUKPOH M CHUHTWUIAITOpa TOonmumHOM 1,5 mwm. IlonHas nnuHa akTHBHOM 30HBI MOZYJS
coctapusier 700 MM miu 20 paavanMoOHHBIX AIUH. YeTbIpe sueiiku KaJopuMeTpa MEXaHUYECKU
00BEeTMHEHBI B OJIMH MOAYJb. YepTerk Moy st KaiopuMmeTpa npeacrasieH Ha Puc. 3.30.

(R}

44 ‘ (1.5+0.3)x3B0=684 72 50 207
796

1033

Puc. 3.30 Ueprex cynepMoyisi KATOPUMETPa

Peructpamusi cBera B «IIIallUIBIKE» OCYIIECTBIIAETCS  4Yepe3  CHEKTPOCMEIIArolne
ONTHYECKHE BOJIOKHA, TMPOXOMAIIUE dYepe3 sUelKy KallopuMeTpa M TNepelaroniie CBeT Ha
dorogerekTop Ha Topue. IlIacTUHBI CHUHTWILISTOpAa HMMEIOT HAa0Op OTBEPCTHHl IS

MNPOTATrMBaHHA OITHUYCCKUX BOJOKOH MW IIMHBI I TOYHOI'0 IIO3WMIMOHHWPOBAHHA IIJIACTHUH
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OTHOCHUTEIIbHO ApYT napyra. [lonepeunsie pa3Mepbl MOYJIs, COCTOSALIETO U3 YEThIPEX ONTUYECKU

M30JUPOBAHHBIX KaHayoB, 110 X110 mm ? (cm Puc. 3.31). Bech aerektop Oyaer coctosth u3 40
ctpok u 60 cronbios (pasmep (Y,X)=220x330 CMZ) , T.€. B obmelt cioxuoctu 2400 siaeex uiu

600 moyei.

Puc. 3.31 YacTtp MOIyms KaIOpUMETpa B pa3pese

Perucrpanus cBeta Oyzaer ocymectBiaTbes POV Xamamany R7899. [lannblii obpazer
ObUT BBIOpaH M3 HECKOJBKUX MccienyeMblx oOpasuoB. Ha Puc. 3.32 nokazana JuHEHHOCTH
pEerucTpalnyy CBETOBOTO CUTHANA, MOJTY4YEeHHAas ¢ TOMOILBIO CUTHAJA OT CBETOAMO/IOB.

y =946,95x +2

: R? =O.9M
Hoe0a-64
A /

ADC integral [counts]
;
B
]

0,001 0,01 0,1 1 10 100
light filter transpamcy [%]

Puc. 3.32 [IpoBepka mmHEHHOCTH POTOYMHOXKUTEIS

Kak mokaspIBalOT MpOBEIEHHBIE HA TMYYKe TECThl MPOTOTUIA, 33 CYET TOHKOU
CETMEHTAIlMU DJHEPreTUYECKOe pa3pelIeHHe KallopUMeTpa COOTBETCTBYET TPEOOBAaHUSM K
JIETEKTOPY U COCTaBIISIET 3%/NE, 49T0 MO3BOIUT OOECICUHTh HALESKHOE (B COBOKYITHOCTH C
MarHUTHBIM CIIEKTPOMETPOM M aIPOHHBIM KAIOPUMETPOM) pa3ziejiCHUE SJICKTPOHOB M aJIPOHOB.

96



Ha Puc. 3.33 mokazaHbl pe3ysibTaThl M3MEPEHUsI SHEPTETHUYECKOTO pa3pelieHus MPOTOTHUIIA

3JIEKTPOMArHUTHOTO KaJIOPHMETPA.

= L X'/ndf 2563 ( / 5

) F P1 3151 % 0.4289

= P2 1.374 % 0.1147
3 \

, .
| \*\*\#ﬂ

1

0 5 10 15 20

E [GeV]

Puc. 3.33 Pe3ynpraTsl n3MepeHus npoToTuna kagopuMerpa B UDPBD

0
Pesynbrar peructpanuu m -Me30Ha MpU HU3KUX SHEPrusxX mokaszan Ha Puc. 3.34.
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Puc. 3.34 MaccoBslii criekTp n°-Me30HOB ¢ sHepruei ot 1 1o 2 I'3B (metekrop pacrnonaraics Ha pacctosHuu 1,5 M
OT MUILEHH)

CTaOWIBHOCTh DSHEPreTHYEeCKOW IIKalbl KaJlOpUMETpa MOXKET KOHTPOJIUPOBATHCS
MOHUTOPHOW CHCTEMOW Ha OCHOBe cBeToanoaoB Ha ypoBHe 0.1%. Byner wucmomb3oBaThes
KaJTMOpOBKa JETEeKTOpa in-situ, B TOM 4YHUCJIE Ha MIOOHAX, HACHTU(DUIHPYEMBIX MIOOHHBIM
netekTopoM. HaganpHas kKaauOpoBKa M OTUMHU3AIMS SHEPTETHYECKOW MIKAIbI KaXKIOW SYCHKH
KajopuMeTpa OyneT MPOBOAUTHCS Ha aTMOC(EpPHBIX MIOOHAX M BBIBEJIEHHOM JJIEKTPOHHOM

My4Ke.
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Moaynu KamopuMeTpa MOJHOCTHIO H3TOTABJIMBAIOTCA HAa YYacTKE CHMHTHUILISITOPOB
N®BD oT nuThs MOJ JABJICHUEM IUTACTUH CHUHTHILUIATOPA 10 COOPKH MOIYJSI W TOJHPOBKH
IIy4YKa ONTHYECKHUX BOJOKOH.

3.6  AJIpoHHBIH KaJTOPUMETP

3a DJIEKTPOMAarHUTHBIM KaJIOPUMETPOM  MPEAIOJAraeTcsi PacHoJIOKUTh  aTPOHHBIN
kanopumetp (AK), HeoOXonuMBIii A1t BRIpaOOTKH TPHUITEpa Ha aIpOHBI C OOJIBIIUMH XF, & TAKKE
JUISL pa3leieHus] DJJICKTPOHOB, aJPOHOB W MIOOHOB (IIpM COBMECTHOM HCITOJIb30BAaHUHU C
MarHuTHBIM criekTpoMerpoMm, DMK u MrooHHBIM netektopoM). Eme ogHa BakHas (QyHKIUS
aJ[pOHHOTO KaJOpHUMETpa CBs3aHAa C HMJACHTHU(PUKAUECH W M3MEPEHUEM JHEPrUu HEHTPOHOB,
AHTUHEUTPOHOB U KOL-MCSOHOB.

Monyne anponnoro kajmopumerpa (Puc. 3.35) mnpencraBnser co0oil caHIBUY
CBUHEI-CUMHTHJUISATOP, OTHOIIEHUE TOJIIUH KOTOPhIX 4:1 ObUIO BBHIOpAaHO HCXOAS U3
YCJIOBUM KOMIICHCAILIMH, TOJIIMHA JETEKTOpa COCTAaBISIET 6,5 SACPHBIX JJIMH, MOMEPEUYHbIC
paszmepnl Mmoayns 100x100 MMz, mnnHa 120 cMm, Bec 120 xT.

Puc. 3.35 Cxematuueckoe n300paskeHHe MOl aAPOHHOTO KaJOpUMETpa: 1. CHUHTHIUISAIIMOHHbIC TACTUHBI, 2 —
CBHHIIOBBIH MOTIIOTHTEND; 3- criektpocmectutens (WLS); 4 — poToyMHOKHUTEITH

ITonpo6HOE onucanue KagopuMeTpa npuseaeHo B padore [115]. TonmmHa naccuBHOTO
ciost paBHa 16 MM, ToimuHa cuuHTHLUIATOpa 4 MM. Kommencanus e/h=1 nocturaercs npu
HEOOJIBIIOM BpPEMEHM HWHTETpUpOBaHUs curHana (mopsaka S50 Hc) ¢ Kajdopumerpa
M3mepeHHass ¢ TOMOULIBIO PaAMOAKTUBHOTO HMCTOYHMKA HEOJHOPOAHOCTHh IUIACTUHBI Ha
MOMEHT WU3TOTOBJICHUS Obuta He Xyke +2%. Jlas KOHTPOJS aJApOHHOTO KaJopuMeTpa
MCIIONB3YIOTCS  PAAMOAKTHBHBIE HMCTOYHMKM HA OCHOBE ' Pu, BHEIPEHHBIE B
HEOPTaHUYECKUU CHUHTUIIISTOP YAlO;:Ce. CaeToBOI HCTOYHUK KpPETUTCS
HEMOCPEICTBEHHO Ha CBETOYYBCTBUTEIBHYIO IMOBEPXHOCTH (hoTONpHEeMHHKA. B kauecTBe
doTonpueMHUKa HCHOIL3YIOTCA (poToymMmHON)UTETH DOV §4-3.

CurHanel OT CBETOBBIX MCTOYHUKOB PETUCTPUPYIOTCS MEXKIY LUKIAMH YCKOPUTEIIS.
Tpurrepom CcIyXHUT CyMMa CHUTHajJOB CO BCeX MOAYIeH (MCHOJB3YIOTCS BBIXOJBl C
nocienHux auHonoB ®DVY). KpoMe 3T0r0, apOHHBIN KaJIOPUMETP UMEET OOLIYI0 CUCTEMY
MOHUTOPUPOBAHUS Ha CBETOJMONAX, CBET OT KOTOPBIX pa3BOAUTCS BOJOKOHHBIMHU
CBETOBOJIAMU HA Ka)KJIbI MOJYJIb.

Paspeurenne kamopumerpa cocrapisier 57%/VE, orHomenne curuana e/p=1.01+0.03..
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B mnacrosmee Bpemsi umeercss okojo 256 monyned aapoHHOro kajgopumerpa. s
sKcriepuMenTa HeoOxomumo 400 momynell. Boemnue rabapuThl KalopuMeTpa COCTaBAT
250x190cm>.

[Ipennonaraercd MoAepHU3aLUMsA AJpPOHHBIX MOJYJIEM Ha OCHOBE COBpPEMEHHOMU
TEXHOJIOTMH CBETOCOOpa MNpH TOMOIIM ONTHYECKHX BOJIOKOH. OTO IMO3BOJIUT Ha MOPSIOK
YBEJIMYUTH KOJUYECTBO COOMPAEMOrO CBETAa, YAYYIIMTh pa3pelieHHe M TOPOT PEerucTpaluu
aJIpOHOB KaJIOPUMETPOM.

3.7 CucremMa nieHTUPUKATMHA BTOPUIHBIX YACTHII

OcHoBHbIe 331a4H cucTeMbl uaeHTuukanun ycranopku CITACHAPM:

— WJeHTU(UKaLuUs 3apsDKEHHBIX aJpoHOB (m- U K- ME30HOB U IPOTOHOB) OyAeT
OCYILIECTBIISATHCS JETEKTOPAMHU KOJIEll YEPEHKOBCKOTO M3Iy4YeHHs (B Juamna3oHe OT 2
10 12-15 I'sB) u nerekropom Bpemenu mnpodeta (10 2 I'3B),

— UACHTUUKAIMS SIIEKTPOHOB OyIeT OCYIIECTBIATECA C IIOMOLIBIO  aJPOHHOIO
KaJlopuMeTpa (B COYETAHUHU C JIEKTPOMATHUTHBIM),

— UACHTU(UKALMS MIOOHOB Oy/I€T BBIIOJHATHCSI MIOOHHBIM JIETEKTOPOM.

3.7.1 Jlemexkmop Koiey 4epeHK06CKO20 U3JiyueHuUs

JlaHHbIN neTeKkTop OyAeT SBISATHCS OCHOBHBIM JIETEKTOPOM IJisi pasfeneHus n- u K-
ME30HOB. 3a OCHOBY IIpeljiaraercsi B3sATh JETEKTOp, pa3padaTbiBaeMblil Ui IKCHEPUMEHTA
[TAHJIA, Tak kaKk Auana3oH SHEPTUil pErUCTPUPYEMbIX YacTHUIl MPUMEPHO coBmaaaet (mo 12-15
[=B).

B kauectBe nerekropa npeanaraercs GOKyCHUPYIOIMIMHA JETEKTOP Ha OCHOBE HECKOJIBKUX
CJIOEB adporelis. DTOT METOJ| OB BIIEpBBIE MpeiokeH B cepenune 90-x ronos [116]. IMpuamumn
dokycupoBaHHs ¥ TPUHIUNHAIBHAS CXeMa JeTeKTopa moka3aHsl Ha Puc. 3.36. B nmerekrope
IpeyiaraeTcsi HCIOJIb30BaTh HECKOJBKO CIIOEB a’poreiss € pasInyHbIM KO3PPUIMEHTOM
IIPETOMIICHUS.

n<n

mirrors

/\

Puc. 3.36 I[Npunuun ¢pokycupoBanus (ClieBa) U NPUHIMIIHAIBHAS CXeMa AETEKTOpa Ha OCHOBE a3poress
[IpennaraeMplii 1eTEKTOp MOJKEH pasznenarh i U K-me3onsl go sneprum 10-12 I'B ¢

s pexTuBHOCTHIO, OmH3KoH K 100% (cm. Puc. 3.37).
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Puc. 3.37 MoaenupoBanue pa3aeiacHus ME30HOB U 3PPEKTUBHOCTh UX perucTpaiuu s aerekropa [TAHJ/IA

3.7.2 JlemeKkmopsl MHOXMCECMEEHHOCMU U 8DEMEHU RPOlema

I[CTGKTOp MHO>XCCTBCHHOCTH U BPEMCHU IIPOJICTA COCTOUT U3 TPEX I'OJOCKOIIOB. BpeMﬂ-

npoJicTHad CHUCTCMa OYCHb BaXHaA JId HI[GHTH(bHKaHI/IH MCIJICHHBIX YaCTUIl — IIPOAYKTOB

pacniazia pe30HAHCOB,

cnekTpomerpa (B ameptype 400x300 Mpanz). Ha Puc.
MO/JICJIMPOBAHMS YYBCTBUTEIIHOCTH MJICHTU(UKALIMU YACTUL] OT pa3pelleH sl JeTEKTOPOB.

OHH cOCTOAT M3 CUMHTWUISILIMOHHBIX BEPTHKAIBHBIX II0OJOC LIMPUHOW 5 CM Kaxzaas U3
cuuHTHIIIsITOpa BC408, uTo mo3Bossier noctnys paspemenns 150 nkc B IEeHTpe cUéTUnKa.
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Puc. 3.38 Pacipenenenue o kagpary macchl M? (I'3B/c%) B 3aBHCHMOCTH OT HMITyIIbCA YACTHIIBI TIPH PACCTOSHUM

7.6 M OT MUIIIEHH

I'ogockon TO® HI1 wumeer TONLMHY IUIACTUH MO MOydky | cwm.
CUUHTUJUISITOpA paBHa 50 cM.
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lomockon TO® H2 pacnonoxkeH mocie CHEKTPOMETPHUYECKOIO MarHuTa W HMEET
cuétunku JumHON 100 cM M oOmwMM umciaoM 46 mT, 9TO o0ecreunBaeT eMy pabodyro 00JIacTh
1x2.3 M°.

[TepBble 1Ba rogocKona HYXHBI, IPEXIAE BCEro, KaK JETEKTOPbl MHOKECTBEHHOCTH.

I'ogockon TO® H3 pacrnosiokeH mepes JIEKTPOMarHUTHBIM KaJOPUMETPOM, AOKEH
uMeTh TomuHy miactuH 30 MM (mnu 20 MM) Tipu ux obmeM kKoiaudectBe S0 mT. mpu pasmepe
paboueit ob6nactu 1.8x2.5 M 1 pacCTOAHUU A0 LIEHTpAa MUIIEHU OKoyio 12 M. TpeTuid romockon
(H3) mpenmosaraercss MCHoib30BaTh A HMISHTHU(UKAMU YacTHUIl MO BPEMEHU IpoJieTa U
JOJKeH MMETh HaWJTy4lllee pa3pelieHue Mo KBaJpaTy Macchl 3apsKEHHOM YacTUIIBI, TOCKOJIBKY
0a3a mpoJiera JUisi HeTO MaKCUMaJlbHA.

3.7.3 Muwonnstit 0emexmop

MIOOHHBIN JETEKTOp MNMPEAHA3HAYCH JI PETUCTpalid M UACHTU(GUKAIMK OIUHOYHBIX
MIOOHOB M MIOOHHBIX Tap, 00pa3yloIMUXCsl PU pacraje BEKTOPHBIX ME30HOB (po, ®, ¢, J/y).
JlaHHBII 1ETEKTOP SABISAETCS HEOOXOAMMBIM MPU UCCIICIOBAHUN COCTOSIHUN YapMOHHS.

st UICHTH(PUKAITIH MIOOHOB
MIPEANOIaraeTcs HCII0JIb30BaTh 4acTh LY
CYLIECTBYIOIIETO  MIOOHHOTO  CIIEKTPOMETpa
Helitpunnoro Jlerekropa NDBO-OUAN.
MIOOHHBIN  JAETEKTOp COCTOMT U3  6-TH

TOPOUJAIBHBIX JUCKOB JuaMeTpoM 4 M U
TONIIAHON 22 M KaXablli. BHemHwuii Bun

410 cm

nucka mokasaH Ha Puc. 3.39. Jluck coctout u3s
JIBYX  IIONYKOJIELl,  HMMEET  LEHTPaJIbHOE
orBepcTe  nuamerpom 36 cm.  Bcero

HCIOJIB3YCTCS HIECTh CTAJIbHBIX HOFHOTHTCHCﬁ,

KOTOPBIC O6’LCI[I/IHGHBI IoImapHoO H" O6p&3y}0T
TPU OAUHAKOBBIX OJI0Ka.
Ilocne kaxkmoro OJ10Ka paciojiaracTcs

cTaHuus apeioBbIXx TpyOoKk. Paszmep kaxkaoi

Puc. 3.39 BHewmHwuil BUA MarHuTa MarHUTHOIO
CTaHIMM 3 M IO TOPU3OHTANU U Ha 2.4 M IO

CIIEKTpOMETpA YCTaHOBKU «HenTpuHHBIN
BepTUKanu. OCHOBHBIE 3JEMEHTBHI CTaHUUMU —  [lerekrop UPBD-OMSN»

npeiidoBbie TPYOKH aTFOMHHHUEBBIE THAMETPOM

30 mMm [117]. Kaxkmast kKamepa COCTOUT MX TpeX clioeB. Bee cion u Bce kKamepsl OIMHAKOBBIC.
BMmecte ¢ aIpoHHBIM KaJOpPUMETPOM MIOOHHBINA JETEKTOp obecreunBaeT HEOOXOAMMOe

pa3zeneHue MIOOHOB U aJIpOHOB.

3.8  Tpurrep, cucteMa cOopa JaHHBIX U PErHCTPUPYIOLIAS JIEKTPOHUKA

3.8.1 Tpuczep

B nacrosmiee Bpemst B akcniepumente CITACHAPM Ha xaHase 14 OCHOBHBIM TpPUTTEPOM
SBIISIETCS. TPHUTTEP Ha B3aUMOJCHCTBUE, KOTOPBIA (pOopMUpYyETCS W3 CHUTHAIOB C ITyYKOBOTO
teneckona (S1-S3) B aHTHCOBHNAneHWHM ¢ CUTHANOM cyeTdunka BK oT mydkoBoi dYacTuilhl,
npouie/eit yepes MulieHb 0e3 B3aumoseicteust (cMm. Puc. 3.40).
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[ EMC |- |rreeememmammnnnnns |:| ..............................

Tpurrep

Puc. 3.40 Cxema Tpurrepa ycTaHOBKU

B nacrosmee Bpems cuctema cbopa maHHbix CITACUAPM peann3oBaHa Ha OCHOBE
MojyJie 35ekTpoHukH B cranaapte EBpoMUCC u mo3BoisieT perucTpupoBaTh 10 75 ThICSY
coOBITHIA 32 cOpOC ¢ pacTsHKKOM 3 cekyHbl. [Ipy BEpOsITHOCTH B3aUMOJEUCTBUS C MHUILIEHBIO B
10% »TO0 MO3BOJNSET pabOTaTh ¢ MHTEHCHUBHOCTHIO Tyuka 10 750 Thicsu yacTuil 3a cOpoc ¢
MaKCUMaIbHOU () PEKTUBHOCTHIO perucTpanui. MHTEHCHBHOCTD ITyYKa OTPHUIATEIBHBIX YaCTHUI
Ha kaHane 14 cocraBmsier 600-700 Thic. yacTuil 3a LMK yckopuTens. Takum oOpazoMm, Ha
nepsBoM 3tane padbotsl 3xcniepuMenta CIITACHAPM moryT peructpupoBaThecsl IPAaKTUYECKU BCE
coObiTrst. JIaHHBI TpUITEp TaKXKe MO3BOJSIET 03 MOAU(UKANNK CHCTEMBI cOOpa TaHHBIX
MOJIHOCTHIO MIPUHUMATH BCE COOBITHUS MPHU paboTe ¢ MYyYKOM MOJSIPU30BAHHBIX AHTHIIPOTOHOB .
IIpu BemmonHeHnuun yactu nporpammbel CITACHAPM ¢ nosisspu3oBaHHBIM MPOTOHHBIM ITYYKOM,
MHTEHCHBHOCTh KOTOPOro Moxker mocturate 107 3a cGpoc, MPEAYCMOTPEHO HCIOJIb30BaHUE
JOTIOTHUTEIILHOTO TpUrTepa ¢ 6ojiee BHICOKUM KO3 UIIMEHTOM MOJaBIeHHS. AJNbTepHATHUBOU
ABIIIETCS. 3aMEHa 3JIEKTPOHUKU cOopa JaHHBIX Ha 0o0Jiee BHICOKOCKOPOCTHYIO 3JIEKTPOHUKY C
MOCJIEI0BATEIbHBIMU TUTA0OUTHBIMH IIIMHAMH.

[Ipu pabGore Ha kaHanme 24 C NYyYKOM MOJIIPU3OBAHHBIX IPOTOHOB OKUJAETCS
WHTeHCHBHOCTh 0 10° wacTwip 3a IMKI yckopuTens'~. B 9TOM clydae KOJIHYECTBO
B3aNMOJICHCTBHI ¢ JKHIKOBOIOPOIHON I MOJSPH30BAHHON MHIIeHsMH Oyaer gocturats 10° 3a
LIUKJI YCKOPUTEIIS, a IpH paboTe ¢ sAepHBIMU MUIICHSIMH MOXKET IPEBbIIATh JaHHOE 3HAYCHHE B
HOJTOpa-ABa pa3a. YToObl UCMOIB30BaTh MyYOK C BBHICOKOM MHTEHCHMBHOCTBIO IPEIINOJaraercs
paboTa B pa3IUUHbIX Mozax’>,

[Ipenmnonaraembie MOJIbI paOOTHI:

- Jns  uccnenoBaHus CHOMHOBBIX 3(G(GEKTOB B POXKIECHUM KBAapKOHUS, TJe
HEo0X0/lMMa MakCHUMaJbHO BO3MOKHASI MHTEHCUBHOCTh Iy4Ka, MPEAINOJIAraeTcsi UCIOIb30BaTh
TPUTTEp Ha JIBa MIOOHA.

— Jns uccrnenoBaHUsl MHKIIO3MBHBIX PEAKIMHA YacTUIl, pacHaJalolIuXcs Ha JBE
3apshKEHHBIE, MPENOoiaraeTcsi HUCHOJib30BaTh T'OJOCKONBI MHOMKECTBEHHOCTH. OTH  XKe
JIETEKTOPHI TPEIIOIIAraeTCsl UCIIOIb30BaTh P HEOOXOAUMOCTH BBIICITUTH COOBITUS C OOJIBIIION
MHOECTBEHHOCTBIO.

— Yto6s! BEIOpaTh (000raTUTh COOBITHS) C OONBIIMMU MUMITYIhCAMH (B TOM YHCIIE
MOTMIEPEYHBIMH) TAKXKE IPEJIOoaracTcs HCIOJb30BaTh T'OJOCKONBI MHOXECTBEHHOCTH W/WIN

4 IIpu >TOM AOMyIICHBI [Ba TPEANOJIOKCHHS, YTO TPUITEP HA TUI ITyYKOBOW YAaCTHIBI MO3BOJSICT paboTaTh C
o0mIeld WHTCHCUBHOCTBIO IIyYKa [0 2:10° wacrun/umkn u [Iy4OK AaHTUIIPOTOHOB HE ONTHUMHU3UPOBAH O]
MaKCUMAaJIbHYIO0 MHTEHCHBHOCTD.

%2 JlaHHast HHTEHCHBHOCTD OrPAHMYMBACTCS TPEOOBAHMSIMH PAIHALHOHHON OE30MACHOCTH K KaHAITY

* To co3nanmst OBICTPOM DIIEKTPOHUKH.
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NPOTIOPIIMOHATIBHBIE KaMepbl. [ BbIIENEeHUsT COOBITHH ¢ TpeOyeMBIMH KHHEMATHYCCKHMU
napamMeTpamMH MOTYT UCIOJIb30BATHCS POTrPaMMHUpPYEMbIe JIOTHUECKre MaTpulibl Ha ocHoBe GPU
(rpadmyeckue nporueccopsl). Takue nmporeccopsl mpous3BoaaT, Hanpumep, AMD,NVIDIA.

Tpu mepedynciaeHHBIX BbIIIE MOJBI pabOTHl MOTYT OBITH JIOTMOJHEHHUEM TpUITEpa Ha
B3aMMOJICHCTBHE, TOT/Ia KaKk NpPU HCCIEIOBAaHUHM YIPYTHX peakuuid (M T[pu H3MEpEeHUuu
NOJISIPU3AIlMU HAa OCHOBE YIPYTUX PEaKInii) HEOOXOIUM OTACIbHBIN JOMOTHUTEIBHBIN TPUTTED.
DTO CBS3aHO C TEM, YTO PACCESIHHASI YaCTHIIA BBUICTACT T10J] MAIBIMH YTJIAMHU U MCIIOJIb30BaHUEC
TpUITEpa Ha B3aMMOJICHCTBHE HEBO3MOXKHO. KMHemaThka M ammapaTypa ONMUCAaHBI B pasJiele
noaspumerpun (2.3.1, 2.3.1.4). Tpurrep Ha ympyroe paccesHue IOJKEH OyaeT oToOpaTrh
COOBITHS C KOPPEJALUSAMHI MO YTy BbIJIETAa PAaCCESHHOM YacTHIbI U YacTUIbl oTaaun. OOree
9HCIIO YIPYTHX COOBITHII 3a LMKJ YCKOPHTENS COCTABHT mpuMepHo 10° coGbITHIA, HO camu
TOOCKOITBI JIOJDKHBI paboTaTh pH HHTEHCHBHOCTH 10 107 wacTuit 3a ik yekopurenst. Tak kak
NETeKTOp Ui YIPYroro paccesHUs TpeACTaBIsieT co0old HaboOp CHUHTHTHILISIIMOHHBIX
JICTEKTOPOB CO CUMTHIBAHHEM Ha OCHOBE SIPM, TO TEXHOJIOTHs BHIOOpA TPHUITEPAa MOXKET OBITh
MOCTPOEHA aHAJIOTMYHO CUCTEME MeueHHs mydka (2.2.2).

3.8.2 Cucmema coopa oannuvix

Ha ycranoBke co3maHa ceTeBasi cucteMa cOopa JaHHBIX C COBPEMEHHOW CTPYKTYpOM Ha
OCHOBE YHHBEPCAIbHOU JOKAIbHON BBIYUCIUTEIBHON CETH M KOMITbIOTEpaX OO0Iero Ha3HAYCHUS
(Puc. 3.41). Ta e ceTb HCHOJIB3YeTCS I KOHMUTYPUPOBAHHS W MOHUTOPUPOBAHHS
9JIEeKTPOHUKH, YTO YIPOLIAET YIpPABIEHHWE YCTAaHOBKOM M 3aKIaAbIBaeT MPAKTUYECKU
HEOrpaHMYEHHBIH NOTEHIIMAI MOAEpHU3aLMH JII000H U3 e€ yacTell He3aBUCUMO OT APYTHUX.

Cepsep
DAQ

Caa ] ApxuB
PervcTpupyloLyas anexTpoHmka BA=. wvenneHHoro
KOHTPONA
10G

Noruka

Obpaborka
(oHnawH)

KanopumeTp CeTs Ethernet

Apefigosbie kamepb | | EM-5

MNponopynoHansHLe
Kamepei
lopocxons, BeTo, L | EM-5 / BNeKTPOHHbIf
My4YKOEbLIE MOHUTOPSI
C L VPN I;I KypHan
’Wm‘aam}ﬂ_‘
c Y70
OkenepT

Puc. 3.41 Cetb cuctemsl cOopa JaHHBIX YCTAaHOBKH

JexypHbld
CMEHbI

Cuctema cOopa JaHHBIX HE UMEET TNPUBA3KH K TPUITEPY, IOITOMY MOXKET
UCIIOJIb30BaThCSl OAHOBPEMEHHO B JIBYX PEXHMAax: TPUITEPHOM (JUIsI OCHOBHBIX JETEKTOPOB
YCTAaHOBKM) M  OecTpurrepHoM (A7s TOJOCKONMOB cucTeMbl MeueHus). Ilo mepe
COBEpPILEHCTBOBAHUS PETHCTPUPYIOLIECH 3JEKTPOHUKH MPUHIMITHAIBEHO BO3MOKEH MepeBO]l BCei
YCTaHOBKH Ha pabOTy B OECTPUTTEPHOM peXHMME. DTO MO3BOJSIET pa3MeliaTh PETUCTPUPYIOLIYIO
ANIEKTPOHUKY OJIMKE K DJIEMEHTaM YCTaHOBKH, HCIOJB30BaTh €ANHYIO CETh Ul cOOopa MaHHBIX,
yIpaBJICHUS W KOHTPOJS, a B JaJbHEHIIEM [aeT BO3MOXHOCTH JIETKO MOJEPHH3HPOBATH
cucTeMy, KOMOMHHPYSI B €INHON CETH IEKTPOHUKY PAa3IMYHBIX POU3BOIUTEIICH.

[lepenaromumu y3namMu ceTd cOOpa JaHHBIX MOTYT OBITH JIIOOBIE PETUCTPUPYIOIIHE
MOJYJIM WJIM KOHIEHTpaTopbl AaHHBIX ¢ Ethernet-untepgeiicom. s G0IBIIMHCTBA IETEKTOPOB
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y3JIaMH SIBIITIOTCSL MHTEJICKTYyalbHbIe KOHTposutepbl EM-5 [118] xop3uH ¢ perucrpupyromici
anektponukoir “EBpoMMCC” [119], HO mo Mepe COBEpLIICHCTBOBAaHHS M OOHOBJICHHUS
AIIEKTPOHUKH MU MOTYT CTaTh Kak peructpupyoomue Mmonynu ¢ Ethernet-unrepdeiicom, Tak u
cneuu(UYHbIe U1 OTACIBHBIX IETEKTOPOB KOHIIEHTPATOPHI IaHHBIX.

[Tpunumaromuii y3en ceTH MpeAcTaBisieT co0oil cepBep, MOJIKIIOYEHHBIH K CETEBOMY
koMmmyTaTopy 4epe3 Ethernet-mopt 10 I'6ut/c. [Ipyn He0OXOAUMOCTH, KOJIMYECTBO Y3JIOB ITpHUEMa
MOKET OBITh YBEJIMYEHO, B TOM 4YHCIIE /Js HUCIHOJB30BAaHUS PA3JIMYHBIX CXEM TOpSYETro
pe3epBUPOBaHUS (APXUTEKTYPON CUCTEMbI KOJIMYECTBO Y3JIOB IIPHEMa HE OTPaHUUYEHO).

Jns mepenauu JaHHBIX UCIOJNB3yeTcsl cTaHaapTHbid npoTokon TCP. Ha kaxmom y3ie
nepefayn 3amylieHa MporpaMMa, KOTopasi aBTOHOMHO TII€pelaeT cojaepkumoe Oydepa ¢
HAaKOIUICHHBIMM JIaHHBIMH Ha Yy3el npuema. lcnonap3oBaHue TpPaHCIOPTHOTO CETEBOTO
IIPOTOKOJIA CO BCTPOEHHBIM AJTOPUTMOM IPENOTBPALLEHUS MEPETPY30K MO3BOJIMIO OTKA3aThCs
OT TPAJUIMOHHOM CXEMBbI [10CJIEJOBATEILHOTO BHIUUTHIBAHUS JAHHBIX U3 KOHTPOJIJIEPOB KOP3UH
¢ anexkTpoHukoi (pull): KOHTpoOJIEpsl OTHPABISAIOT JAAHHBIE B XPAHWIIUIIE CAMOCTOSITEIBHO U
napajuieIbHO IpYT Apyry (push).

[Ipu monyyenun push-zampoca oT y3Ja nepenayd Ha Yy3je IpueMa 3ammycKaercs
OTJICIbHBIN MPOLIECC, BHIMOIHSIIOUINI 3allMCh HAKOIUIEHHOHN 3a cOpPOC MOPLMU JaHHBIX C 3TOTO
y31a B (ai B pacrpeneleHHONW WIN JIOKaTbHOU (aiioBoii cucteme. COBpEMEHHBIE KECTKUE
JMICKH JOCTaTOYHO TPOM3BOIUTEIBHBI JUIS 3alMCH BCeW HMCXOMHON (“Chipoii”) mHpopMarmm,
MOCTYIAKMIEH OT peructpupyromieii snekrpoHuku ycraHoBku CITACYHAPM. Tak maccuB u3
yetbipex SATA-muckoB obecrieunBaeT ckopocTh 3amucu 250 Mbaiit/c, uro Ha aBa MOpsIKa
MPEBOCXOIUT OXHJAAeMbIi MOTOK JaHHbIX. CoXpaHeHHe JaHHBIX B HCXOAHOM (opmare
UCKJIIOYAeT  BO3MOYKHOCTh  TIOTEpPU  PE3yNbTaTOB  pabOThl  YCTAaHOBKHM  BCJIEJCTBHE
AITOPUTMUYECKHUX OIMMOOK Ui cO0EB B Mporpammax 00paboTKH.

Jlis HapamuBaHHs TPOU3BOJUTENILHOCTH CHCTEMBI B HeEe MOTYT OBITh J00aBIEHBI
JIOTIOJIHUTEIIbHBIE Y3JIbl IIPHEMa, B TOM YHUCJE C MCIOJb30BAHUEM PA3IHUYHBIX CXEM TOpSYEro
pe3epBUPOBAHNS; APXUTEKTYPOI CUCTEMBI KOJJMYECTBO Y3JIOB IIpHE€Ma HE OIPaHUYEHO.

3.8.3  Pecucmpupyrowas 3n1ekmpoHuxa

Paboraromass B Hacrosimee Bpems B skcnepumente CITACHAPM peructpupyromas
anextponuka (BUII, ALII, peructpsl, cuetunku) B ctangapre EBPOMUCC pa3spabortana u
npousBeieHa B oTesieHun dekTporuku UDBI. [Iporokon nepenayn mo3BoseT NepeiaBaTh 1Mo
muHe 16-OuTHBIE JaHHBIE OJHOBPEMEHHO ¢ anapecHoi mHpopmanuei 3a mukia 100-200 HC B
3aBHCUMOCTH OT THIIa MOJYJIS.

Wudopmarms ¢ kaaopumeTpoB peructpupyetcs 3apsaoBbivu AIIT (Moxyns EM-6) 12
out ¢ ayBctBuTenbHOCTHIO 250 fC Ha oTcueTr M BpemeHeM mpeoOpasoBanus <5 Mkc. OOiee
KOJINYECTBO KaHAJIOB AJIEKTPOMArHUTHOTO U aipoHHOT0 KajopumeTpos - 3000.

JUist cUnTHIBaHUS JAETEKTOPOB TPEKOBOM M BPEMS-IIPOJIETHOW CHUCTEMBI pa3padoTaHbl U
npousBenensl moxaynu BIIIT (EM-3) na 6a3ze 3akaznoit mukpocxembl HPTDC, mo3Bossroreit
U3MEPATh BpeMs C TOYHOCTBIO 10 25 Hc Ha otcuer. 3500 xanano BIIII pacmpenenens! mo
HECKOJIbKUM KapKacaMm JUIsl YMEHbIICHHUS BpEMEHH Mepeaayu.

I'ogockomnbl MHOKECTBEHHOCTH, MYyYKOBbIE M CUCTEMbl MEUEHHsS] OYAYT CUMTHIBATHCS
peructpamu (EM-4) ¢ rmyOuno#i 10 2-5 MKC (B 3aBHCHMOCTH OT BBIOOpa Imara 1o BpeMeHH 2-5
HC), YTO MO3BOJIUT HE 3a00TUTHCSI TOYHOM NOJ00pe KaOENbHBIX 3aJIepKEK AJISI CUTHAJIOB C ATUX
JETEKTOPOB.
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Jljis yMeHbIIeHUs] BpEMEHHN CUMTHIBAHUS TAHHBIX U MEPEXoy K OECTpUITEpHON cucTeMe
coopa HmaHHBIX B OyaylieM TIUIaHUPYETCS 3aMeHa MOAynbHOU snekTpoHukn MUCC c¢
napajuieIbHOW IIMHON Ha AIEKTpOHUKY Ha ocHoBe XTCA cranmapTa ¢ mocieAoBaTeIbHBIMU
rUrabUTHHIMA ~ JIMHUSIMM ~ TI€pEaud  JIaHHBIX. OJTO  MO3BOJUT  PETUCTPUPOBATH  BCE
B3aMMOJICHCTBHS JTake Mpu pPaboTe ¢ BBHICOKOMHTECHCHBHBIM IMOJIIPU30BAHHBIM IPOTOHHBIM
IIY4KOM J10 107 3a copoc. IIpu co3zganuu NTaHHON SIEKTPOHUKHU IMPEAINOIAaraeTcsl UCIONIb30BaTh

44
onbIT corpyaanyectBa [TAHJIA 1 BO3MOXXHOCTH HEMEIIKMX YYaCTHUKOB ITPOEKTA .

3.9  Cucrema MeJIEHHOT0 KOHTPOJIS y3JI0B YCTAHOBKH
Cucrema wmemienHoro koHtposis CIIACHAPM npencraBisier co0oil  KOMILIEKC
IPOTPAMMHBIX H allllapaTHBIX CPEICTB, KOTOPbIE BHIMOIHSAIOT CIEAYIONINE (DyHKINU:

e KoHTponbs U AOCTYN K YIPaBICHUIO MTAPAMETPAMHU JETEKTOPOB U APYTHX MOJACUCTEM IIPH
paboTe 1 HaCTPOHKE FKCIIEPUMEHTAIBLHON YCTAHOBKH.

e (CBoeBpeMeHHOE OOHapy>KEHHE HEHCIPABHOCTEW B pabOTe YCTAHOBKH M CUTHATU3AIUS
00 aBapUIHBIX CUTYyaLIUSIX.

¢  MOHUTOPHUHT apaMeTPOB OKPYKAIOIICH CPeIbl.

e ApXUBUpPOBaHHE MMapaMEeTPOB PabOTHI YCTAaHOBKH B 0a3e JaHHBIX JJISI TOCIEIAYIOLIETO
UCIIONB30BAaHUSl TPU aHAIM3€ JIaHHBIX OKCIHEPUMEHTa C Ielbl0  KOPPEKIHH
XapaKTEPUCTHK JIE€TEKTOPOB.

Apxurektypa cuctemsl ynpasienus CIIACYAPM npencrasnena Ha Puc. 3.42.

YpoeeHb ynpasneHus YposeHo KoHmpons YpoeeHxb ycmpolicme

Cucmema cBopa daHHeIX:
Kongruzypuposarue/
Temnepamypa,/Toru

nompebnerua modynei

odHenaamHeId

KOMTsomep
Mukpo-

K0l
modyau MemouHURY nUManus
cucmemel cBopa darHEIX

> Mukpo-

>
KOHMPONNEPHsIE
razosas cmecs modynu

MPEKOSLIX KAMED

Mukpo-
KOHMpP

odHonaamueil
HOMMBIOMED >

adnonaamHsill
KOMILIOMED

odHonagmHeil

Modyas Yeunumenu cuzHanos
MPEKOELIX KAMED

C55:
Mpaduseckuld
urmepelic.
basa darHeix. | ]

Asgpulinas

» Murpo-
>
KOHMPONNEpHsie
Konwmpone u ynpasneHue modynu
KanopuMempa

Ethernet

CUZHENUSAUUA. Mukpo-
Komneomep o

modyau MorumopHan cucmema
Kanopumempa

» Murpo-
KormponnepHsil

Mazarnumei: modyne
Temnepamypa oBmomor

odHonaamHeld BraxtHocmes/Tox mozHuma
KOMIBROMED Mungo-
KORMpOAAEpHeIE
odHonagmHeil
KOMILOMED

Modyau
Puc. 3.42 ApxutekTypa cucTeMbl ynpapieHus dkcrepumenTanbHoil ycranosku CITACYAPM: Control System
Studio.

Mpoyue cucmembl

B Mukpo-
KOHMPONNEPHsIE
modynu

CAN bus

Meodbus RTU/

4 Yuusepcutetsl bonna, Mailinna 1 MrioHXeHa BBIpa3WJIM 3aWHTEPECOBAHHOCTh B TIOJTOTOBKE armapaTypbl
SKCIEPUMEHTA IS pabOTHI Ha IyYKE aHTHIIPOTOHOB
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Jlnst obecriedeHns: COBMECTHMOCTH B YIPABICHHH PA3JIMYHBIX TOJCHCTEM YCTaHOBKH
npumeHnsiercs nporpammHas cpera EPICS (Experimental Physics and Industrial Control System).
B nmpusenennoit apxurexrype EPICS ucnonb3yercst Ha AByX ypOBHSIX — ypOBHE YIIpaBIICHUS H
YPOBHE KOHTPOJISI — U ONPECIAeT MPOTOKOJI OOMEHA TaHHBIMU MEXly HUMH 1o cetu Ethernet.
Ha ypoBHe ycTpoiicTB pabOTarOT CHEeHalbHO Pa3padOTaHHbIE MHUKPOKOHTPOJUICPHBIE MOIYIIH,
KOTOPBIE OCYIIECTBIISIFOT HENOCPEICTBEHHOE N3MEPEHHUE U YIIPABICHUE MTaPAMETPOB JIETEKTOPOB.
OOMeH JaHHBIMH MEXKAY MHUKPOKOHTPOJUIEPHBIMH MOJYJISIMH M YPOBHEM KOHTPOJIS
onpenensercs nporokoaamu Modbus RTU u CANbus.

VYpoBeHb KOHTpOJS 00pa3yroT OJHOIUIATHBIE KOMIbIOTEphl Raspberry Pi, urpatomiue
pOJIb TPUEMO-TIEPEIATIMKOB JAHHBIX MEXKIY YPOBHEM YCTPOWCTB M YpOBHEM ympamieHus. Ha
OJTHOIIJIATHBIX KOMITbIOTEpAX 3ammyckaroTcs npriokerus Input/Output controller (I0C), kotopeie
SBIITIOTCS. 9acThiO mporpammuoro obecrneuenus EPICS u obecneunBarOT ¢ OIHOW CTOPOHBI
uHTep(deiic K TaHHBIM C YCTAHOBKH OT MHUKPOKOHTPOJUICPHBIX MOJYJICH COTJIACHO MPOTOKOJIAM
BBIOpaHHBIX TOJEBBIX LIMH, a C JIPyrod - obpabarbiBaroT 3ampockl mo mpoTtokoiay EPICS or
ypoBH# yrpasieHus. Jis moaaepkku Gpusnueckux ypoBHe nepenaun nanusix Modbus u CAN
quts Raspberry Pi usrorosnens! ananteps csizu (Puc. 3.43).

Puc. 3.43 Ananrep muH 111 Modbus RTU u CAN

YpoBeHb YNpaBICHHS CIYXHUT JJIsl BU3YAJTU3allMH M apXUBHPOBAHUS JaHHBIX. Ha aToM
YpOBHE HCIOJB30BaH Mporpammubiii komiuieke Control System Studio (CSS), ¢ momoripio
KOTOPOT'0 pean30BaHbl KIMEHT, (GopMHUpYIOUIHM 3ampocsl K npuiokeHusm 10C, o6paboTunk
aBapUHBIX CUTYyallMil M apXUBaToOp JaHHBIX. B KauecTBe XpaHWIWINA JaHHBIX BbIOpaHa Oaza
naHHbIX PostgreSQL.

B Hacrosmuit MOMEHT pa3paboTaHbl cieIyIole MUKPOKOHTPOJIIEPHBIE MOYIIN:

1) Me3onunnsie miatel  (Puc. 3.44) ocymectBistor KoH(purypanuto [IJINC,
koHpurypanuo MukpocxeM HPTDC u uyTeHHE MaTYMKOB TOKA B MOIYJSX PETUCTPUPYIOMICH
anexTponuku EBpoMUCC.

2) Ilepexonusie matel (Puc. 3.44) cimyXar Ui TECTUPOBAHMS M YCTAHOBKHM MTOPOTOBBIX
HaNpsHKEHUH yCUIIUTeNell CUTHAJIOB TPEKOBOM CUCTEMBI.

3) Moaynb MOHUTOPUPOBAHUS MMapaMeTpoB MarHuTa MuineHu «/luno3aBp» (Puc. 3.45)
CIY’)KUT JUJIsl U3MEpPEHHsI TOKAa MarHuTa, OTCIEXKHBAHUSA TEMIIEpPaTypbl BOJIBI B OXJIaXIAIOLINX
KOHTYpaxX, MOHHUTOPHMPOBAaHUS IapaMeTPOB OKpYXKaWoLIEH cpeasl (TemmepaTypbl BO3IyXa,
BJIQYKHOCTH, aTMOC(EPHOTO JaBICHUS).
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4) MUcrounmkn mnutanus (Puc. 3.46) ¢ MUKPOKOHTPOJUICPHBIM YIIpaBJICHUEM
IpeIHa3HaueHbl Ul [HUTAaHUS MOAYJIEW perucrpupyromei snexktpoHukun EspoMUCC,
MOHUTOPHPOBAHUS TEMIEpATypbl, HANPSDKEHUH NHTaHUS W TOKOB IOTPEOJCHHMS Kapkaca
MOJYJIEH.

[ FeN
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Benercst pa3zpaboTka MHKPOKOHTPOJUICPHBIX MOAYJICH JUIsI MEUICHHOTO KOHTPOJIS
JIpYrux JETEKTOPOB M MOJCHCTEM ycTaHOBKH. ['padmueckuil muTepdeiic, co3nanusii B CSS,
npezncrasieH Ha Puc. 3.47 u Bko4yaeT B ce0sl HECKOJBKO BKJIAIOK, OTHOCSIIMXCS K pa3HbIM
nojcucreMaM ycTaHoBKH. CucremMa MEIJICHHOTO KOHTPOJISI MCIOJB3YeTCsl B TEUYEHHE Tpex
CEaHCOB YCKOPHUTEIHHOTO KOMILJIEKca MpH HacTpoiike U pabote ycranoBku CITACHAPM.

CHUcTeMa MeaNeHHOro KOHTpona yctaHoBku CMACHAPM

EuroNIP ‘HVADC H Temp. Magnet ” Panel TDC 1 ” Panel TDC 2 |DH’|D H\'.as ‘

WcTou ki nvTatna EapoHMT (CANbus)
HaXMUTE CEDYIO KHONKY A71A BRI EHS BCEX HCTOMHWKE.
*TeMNEPaTYPa MSMEDAETCA BHYTRH KOPIYCA HCTOMHIKE HTAHA

O K3 UC
120 Om Ha CAN whrie

on/off 3 State Volt+5.0 Volt-5.2 Volt+3.3 Curr+5.0 Curr5.2 Curr+3.3 Temp Crate

@ onfoff EuroNIP &6 EM4,EMI
] on/off EuroNIP#13 EmM3
@ on/off EuroNIP#14 EM6
) onfoff EurcNIP#12 EM3

£uroniP [[HvADC | Temp. Magnet | PanelToc 1 |paneltoc2 [ ino [[cas |

Cncrema MelJIeHHOTo KOHTPOJIfA YcTaHoBKM CMTACYAPM

Kpeitr #1 (0), nesan crofxa

panel TDC 2

TPall | treshall=

X122 _Tp1 | treshi=
X132 _1p2 | tresh2=
X113 _1P3 | tresh3=p
— P4 | tresha=p
X134 _1p5 | tresh5=p
Y111 _1pg | treshe=p
Y121 _1p7 | tresh7=
¥131 _1P8 | treshs=

Ampl. number
1.8

panel TDC 4 ]

TPall |treshall o
V123 _TP1 |treshi=
Y133 _Tp2 |tresh2=
UL1L1 _TP3 | tresh3=
—  _TP4 | tresh4=
U132 _TP5 | tresh5=

U123 _TP7 | tresh7=
U133 _TPB

b

P

P

UL13 TP | tresh6= [o
treshB= Ig

Ampl. number
1.8

panel TDC 6 ]

TPall | treshall o

V121 Tp1 | treshi=
V131 _1P2 | tresh2=
V112 _1P3 | tresh3= o
—  TP4 | tresha= o
V133 7ps | tresh5= o
X011 _TP6 | treshé=|o
X021 _Ip7 | tresh7=
%031 _IP8 | treshg8=

Ampl. number
1.8

panel TDC 34 ]

TPall | treshall o

X023 Tp1 | bresh1= E

Y032 _TP8 tresha:ﬁ

Ampl. number
1.8

panel TDC 24 ]

TPall | treshall fo

¥02.4 Jp1 | treshi=
Y034 _1P2 | tresh2=
U011 _TP3 | tresh3= o
—  TP4 | tresha=fo
U032 _TPs5 | treshS=|o
U013 _Tpg | treshe= o
U0.23 _TP7 | tresh7=
U033 _IP8 | treshB=

Ampl. number
1.8

Pressto LVDS drivers OFF | Press to LVDS drivers OFF | Press to LVDS drivers OFF | Press to LVDS drivers OFF | Press to LVDS drivers OFF
BUn3 BUM4 BUN S
BUM1 BUM2 U U U
panel TDC 1 ) panel TDC 3 ] panel TDC 5 ’ panel TDC 25 ] panel TDC 23 ’

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

X111 _TPY | tesh1= Y112 TP |tresh1= UL14 _Tp1 | tresh1= X042 _Tp1 | tresh1= Y013 _Tp1 | tresh1=

X121 TP2 tresh2= ¥1.22 TP2 |tresh2= Ul.24 _Tp2 | tresh2= %022 _TP2 | tresh Y023 _IP2 | tresh2=
X131 _1P3 | tresh3= V132 _TP3 | tresh3= U134 _TP3 | tresh3=o X03.2 _TP3 | tresh Y033 _Tpi | tresh3=[o
X112 _TP4 | treshd= Y113 14 | treshd= V111 P4 | tresh4=|o X0.1.3 P4 | tresh. Y014 P4 | tresha=|o
X123 _Ip5 | treshs= U121 _TPs |treshs= V122 Ips | tresh5=fo X0.2.4 _Tp5 | tresh U021 _Ips5 | treshs5=fo

X133 _TP6 | tresh6= UL31 TP | tresh6= V132 _Tpg | tresh6= X03.4 _Tp6 | tresh U031 _Tp6 | treshG=

X114 _TPT | tresh7= Ul12 _TPZ | tresh7= V113 _IP7 | tresh7= ¥0.1.1 _TP7 | tresh V012 _TP7 | tresh7=
X124 _TpR | treshB= U122 _1pR | treshB= V123 _IpR | treshB=o Y0.2.1 _1PR | tresh8=p U0.2.2 _TPR | tresh8=fo

Ampl. number Ampl. number Ampl. number Ampl. number Ampl. number
1.8 1.8 1.8 1.8 1.8
Press to LVDS drivers OFF Press to LVDS drivers OFF | Press 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 Muwenn "AnHosasp”
BME280 AM2303
ToK (c wyHTa), A _ OTH. BRaXHOCTb, % 30,5 251
TemnepaTtypa BoAbl Ha BXxo4e, C 19,5 Temn. okpy». Bo3ayxa, C 19,7 19,7
Ko/1-B0 [1aTYMKOB Ha 06MOTKaX, WT. 23 ATM. 1aB/IEHUE, MM PT.CT. 743,0

3uHauenun TeMnepaTtypbl B o6MoTKax, C

Puc. 3.47 Dnementsl rpaduueckoro unrepdeiica cucremsl ynpasnenus CITACHAPM
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3.10 Ilaker mporpamMm AJisl aHAJIN3a JAHHBIX «B JUHUIO» U «BHE JIMHHN

OmnbIT yyacTus BO MHOTMX COBPEMEHHBIX JKCIIEPUMEHTaX B (PM3MKE BBICOKHX SHEPTHM
TOBOPUT O TOM, YTO Pa3BUTHE IMPOIPAMMHOI0 OOECIeYeHHs IOJDKHO HWATH B Mapaliesb ¢
pa3sBUTHEM ammapaTypbl, A0 TOTO KakK YCTaHOBKa OyaeT moctpoeHa. Ha Tekymmid MOMEHT
CYIIECTBYET JOBOJIBHO OOJBIIOE KOJMYECTBO KAYECTBEHHBIX MPOrpaMM B 00IacTH (U3HUKU
9JIeMEHTapHBIX 4YacTUll. YTOoObBI W3 H3TOr0 IMOJYYUTh MAKCUMYM TOJb3bl  HECKOJIBKO
skcrepuMeHToB B MAUP paspabateiBator mporpammuyio cpexay FairRoot [120], kortopas
MPEIOCTABIISET STUM SKCIIEPUMEHTaM BCIO 0a30BYI0 (PYHKIIMOHATBHOCTh ISl MOJEIUPOBAHUS,
cOopa IaHHBIX U aHaJIHN3a, a TAKXKE MPOrpaMMbl CTOPOHHHUX pa3paboTUYUKOB B (GOpME «BHEIIHUX
nakeToB». Hama rpymnma, SBISSACH AKTUBHBIM YYAaCTHHKOM pa3pabdOTKH MPOrPaMMHOTO
oOecnieuenus nns skcrepumenta [TAHJIA B @ANP, Takxke B3sula 32 OCHOBY IPOIPaMMHYIO
cpeny FairRoot.

3.10.1 Cmpyxkmypa npozpammnozo obecneuenusn

«BHemnHue makeTh» — 3TO HAOOpP MPOrpaMM OT CTOPOHHHUX Pa3pabOTUYMKOB, KOTOPHIE
HeoOXoauMbl Juist  3amycka FairRoot. OnHu  pacmpocTpaHsiOTCS OJHUM  HAOOpOM ¢
(UKCUPOBAHHBIMH BEPCUSIMH JIJISI COBMECTHUMOCTH. [loajepka U pa3BUTHE KaKJOrO IaKera
OCYIIECTBIIACTCS €ro pa3paboTUYMKaMHU, OJHAKO B3aMMOJICHCTBHE M BKJIaj coobinectBa FairRoot
HE UCKITI0YeHO. llepeuncinuM oCHOBHBIE TPOrPaMMBI U3 HUX

IMporpamma ROOT [121], paspabGorannas B I[EPHe ¢usuueckum coobiiecTBOM
IOPEJOCTABIIIET OTPOMHOE  YHCIO HMHCTPYMEHTOB M IMIMPOKYI  (YHKIMOHAJIBHOCTD,
cnenu(UYecKylo M TOJE3HYI0 UIS cooOIIecTBa (U3WKKA BBICOKHX JHEPruil. DTO OCHOBHOM
IaKeT, KOTOPBIA MMOBCEMECTHO Hcmoyb3yercsi B FairRoot (otkyma ero Ha3Banue). OCHOBHbIC
(YHKIMOHATBHOCTH, BaXKHBIE [UIs cpeabl FairRoot, Brito9aroT:

e CINT — unTepnperaTop Makpo C HHTEPAKTUBHOU O0OJIOYKON;

e rpaduueckuit uaTepdeiic monpzorarens (GUI) mns uccnenosanus oobexroB (Objects),
IUIE  OTOOpa)KEHHS TIOJIb30BAaTENIbCKUX OOBEKTOB WJIM JUIS  B3aMMOJCHCTBHS C
0TOOpakaeMbIM COJICPIKUMBIM, a TaKkXke BU3yanu3atop coobiTuii (Event display);

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

e uHTepdeiic k 6a3aM JaHHBIX;

e mapauiensHbie Beruucienus (PROOF);

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

e OMHUCaHHE, YIPABICHUE U BU3yaJIH3alisi FTEOMETPUH U MaTepPHAaJIOB;

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

® HHCTPYMEHTHI MyJIbTUBapUanTHOro ananm3a (TMVA)

Bupryanmsnoe Monte-Kapno (VMC) u  BupryanpHas reomerpuueckas MOIETb
OPUMEHSIOTCS JUIsl TOTO, YTOOBI UMETh JIOCTYI K Pa3jIMYHBIM TPAHCIOPTHBIM MakeraM MoHTe-
Kapno u ux ommcanusiM reoMeTpuil M3 ofHOro uHTEepdeiica. B stom ciayuae, reomerpuio
HE00X0/IMMO ONHUCaTh TOJIBKO pa3, a MOJIb30BATEIb UMEET BO3MOXKHOCTh BBIOUPATh «HA JIETYY,
KaKyl0 MOJIelb HCIOJb30BaTh MPH MOJCIUPOBAHUM, TO €CTh 0e3 mnepekoMnwsinuu. B
HacTOSIIUA MOMeHT peanusoBanbl uHTepdeticsl s GEANT3, GEANT4 u ROOT (FLUKA
OoJIbIIe HE TIOIICP)KUBACTCS ).
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[Tporpammbr GEANT ommchIBaIOT MpoIecchl MPOXOKIACHUSI YaCTHI[ 4Yepe3 BEIIECTBO.
GEANT3 [122] nanucan Ha s3pike FORTRAN 1 ero mocnenuss Bepcust 3.21 matupyercs 1994
rogoM. GEANT4 [123] Obu1 pa3pabotan Ha ocHOBe (usndeckoit moaeaun GEANT3, ogHako Obut
NOJHOCTBIO peann3oBaH Ha s3bike C++ 1t TOro, 4YTOOBI MCMOJNB30BaTh OOBEKTHO-
OpUEHTHPOBaHHBIH moaxon. Ero TtpancmopTHei kojJ ObLT OOHOBJIEH, 4YTOOBI ClENaTh
dbuznueckue mporecchl 0oliee peaTuCTUYHBIMH, OJHAKO PE3yJbTaThl O00OWX BEPCHUU BIIOIHE
COTIOCTaBUMBI.

bubmmoreka PYTHIA [124] — 5T0 reHepaTop 4acTHI[ BBICOKOH 3HEPTUH, BKIFOYAIOIIHI
Mozenu pacraga. OHa MOJEIHPYET CTOJIKHOBEHMSI YaCTHUIl, TAKUX KaK AJIEKTPOHBI, IPOTOHBI U
apyrue, apyr ¢ apyrom. Cpeaw MpovyMx B Hee BKIIOUEHBI TaKUE IMPOLECCHI U (pU3HUECKuX
peakuii Kak >KeCTKHE W MSTKUE B3aWMOJCUCTBHUS, MAPTOHHBIC pACHpeeNiCHUs W MapTOHHBIC
JUBHU, pparMeHTAlUN U paca/bl.

[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 BhI3BaHa HHTEepakTUBHO U3 ROOT, rae MoxHO
HANPSIMYIO aHAIM3UPOBATH €€ BbIBOA UK nepeaats ero B GEANT nns nanpHeiiiei paboThl.

Hrak, mnporpammuas cpema FairRoot — 510 Owmbnmoreka kimaccoB Ha C++,
NPEOCTABISIONIAs] YIPABICHUE IMOTOKAaMHU JAHHBIX, Pa3JIMYHBIMU IapaMeTpaMu, a TaKxKe
uHTep(EHChl I pa3jMYHbIX HWHCTPYMEHTOB JUJISI MOJCIMPOBAHUS W PEKOHCTPYKIIMH W3
«BHEIIHUX MakeToBy». CxeMmaTHuyeckas CTpYyKTypa ee mpezacraBieHa na 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 ucnons3yer ¢opmat ¢ailyioB JaHHBIX
(.root), cuctemy BeTBieHUs maHHBIX (Kimacc TBranch), nenmouku daiios (TChain), koHTelHEpPHI
nauueix (TClonesArray), ommcanue W ymparieHue reomerpueit (TGeoManager u T.1.) u
OnoyHas CTPyKTypa Tak HasbiBaeMbIx <«3amad» (TTask). Cuctema CIpoeKTHpOBaHA TaKUM
00pa3oM, 4TOOBI JF0ObIe AEWCTBUS MOKHO OBUIO BBHIONHATH U3 KoMaHaHoU cTpokun ROOT nim
BBITIOJIHSASL ~ CTIICIMANIbHBIE  yNpaBISIIONIMEe (ailyiel — Makpochl, HamucanHple Ha CH++
untepnperarope  ROOT (CINT). Bech kom st MOJCIUPOBaHHS MM cOOpa JTaHHBIX
CKOMITMJIMPOBAH B JMHAMUYECKHAE OMOIMOTEKH U «I00t» — €IMHCTBEHHBIH WCIOTHIEMbIH (aii.
ROOT wmakpochl HCHONB3YIOTCS Ui KOH(DUIYpUpOBaHUs, YIpaBICHUS M 3aIlycka
MOJIeTTMpOBaHUs (M OHJIAWH CUMTHIBaHUS) coObITUN, MoHTe-Kapio TpaccupoBKku yacTHIl dyepes
BEIIECTBO, OMHUCAHUS JIETEKTOPOB, PEKOHCTPYKIMM M aHaju3a JaHHBIX. B TakoM momaxome
M3MEHEHHE HACTPOEK, MapaMeTPOB WM Jake MEePEeKOMIIOHOBKA KOHPUTYpaluu 00OpYyTOBaHUS
BCETO JEeTeKTOopa He MoTpeOyeT KOMIWISAIUN WM WCIOJIB30BAHUS JIPYTOTO si3bIka Kpome C++
JUTSL peIakTUPOBaHUs Makpoca. bojee Toro, abCoMOTHO TOT e MaKpOC MOXET OBITh BBITIOJTHEH
Ha 01000 MammHe Oe3 W3MeHeHWH (HampuMep, Ha TIepCOHAIBHOM KOMITBIOTEpE, Ha
pacnpeielieHHON BBIYUCITUTENbHON (epMme min naxe Ha Grid).

3amyck MoxenupoBanus (¢ momomipto VMC) sBisiercs BHYTpPEHHEW 4YacThIO
nporpaMMHOit cpeabl (cM. Puc. 3.48.). JleTeKTOphl YCTAaHOBKHU OMNpeAeNieHbl Kak COBOKYITHOCTh
WX TEOMETPUYECKOT0 OMHUCAHUA U UX (DYHKIIMOHATBLHOCTh KaK aKTUBHBIX 3JIeMeHTOB. JlocTym k
BHITIOTHEHUIO BO BpeMsi MIAaroB TpaccupoBku MoHTte-Kapio ¢ momomipio BbIOpaHHOTO
TPAHCIOPTHOTI'O MMaKeTa MPEI0CTaBIIsIeTCss 0a30BbIM KJIacCOM JeTekTopa u3 FairRoot.
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Puc. 3.48. Cxemarudeckas CTpyKTypa nmporpaMmmHoi cpebl skcriepumenTa CITACHAPM: BHU3Y — OMOIHOTEKH
CTOPOHHUX Pa3pabOTUHKOB, B IIEHTpe — cpeaa FairRoot, ceepxy — koHKpeTHas peanusanusa SpascharmRoot

BeImonHeHne MPOIECCOB B CHCTEME OpPraHM30BaHO dYepe3  «3aJadu», KOTOPhIE
HacnenoBanbl oT kimacca TT1ask makera ROOT. Takoit moaxon oOecrednBacT BBICOKYIO
MO)Iy.]'IBHOCTB HOCKOHBKy «3agavun» MOFYT }1063BJ’IHTBCH, YJIaJ'IFITBCH NN 3aMCHSTBHCA HpHMO B
MaKpocax, MpeNoCTaBiss OJOYHYIO CTPYKTYpPY («KOHCTPYKTOp») sl Tojb3oBarened. Ha
ypoBHe cpejibl FairRoOt mporcXxoauT opraHu3aiist TOCTaBKU BXOIHBIX/BBIXOJHBIX KOHTEHHEPOB
JIAHHBIX, COCJAMHEHUS ¢ 0a30H JaHHBIX APAMETPOB, & TAKXKE BBHIIIOJHCHUE «3a/1a4iy» B IUKJIC 110
COOBITUSIM. MOXKHO XpaHHUTh BpPEMCHHBIC JaHHBbIC, OOIIME IS «3aJau» TOJBKO B MaMSTH,
COXpaHssi MECTO Ha )KeCTKOM Jucke. [IpumepHas auarpamma paboThl «3a1a4y» Mmoka3zaHa Ha Puc.
3.49. Tlpu wWHUIMATH3AMH «3aj1ada» TOJIydaeT yKa3aTeId Ha KOHTEHWHEpHl JaHHBIX |
napaMeTpoB. Bo Bpems BEITIOJTHEHHS MPOTpaMMHasl cpeia 3a0upaeT pearbHble KOHTCHHEPHI 110
9TUM yKazaTelnsM. «3ajadi» MOTYT TPYIIHPOBATHCS B POJUTEIBCKUE «3aTaumy», CO37aBast
HEPAPXHIO BBITIOJHEHUS, YTO OCOOCHHO ITOJIE3HO IS TPEOCTABICHHS [IEMOYEK M0 YMOTIAHHIO
JUIS MacCOBOTO IPOW3BOJICTBA JaHHBIX. Ha pUCYHKEe MOKa3aHO B3aUMOJCHCTBUE «3alaumy» C
daitnamu U3 MonenupoBaHus. PaboTa ¢ peaJibHBIMU JaHHBIMH OPTaHWU30BaHA AHAJOTHYHBIM
o0pa3oM, Ha cxeMme HaJo 3aMeHHTh (hailinbl MoHTe-Kapio Ha COOTBETCTBYIOIIUE C pealbHBIMU
NaHHbIMH. HermocpecTBEHHO BBITIOIHEHUE 3a/1a4d OCYIICCTBISCT KOHKPETHBINA peali30BaHHBIM
00BEKT Kj1acca, HaclieqoBanHoro or FairTask.
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Puc. 3.49 Cxemartuyeckoe IpeacTaBIeHHe CXeMBI IporeccoB B FairTask, a Takxe Mmexannszma o0OpaIeHus K
napaMeTpam U JaHHbIM. JaHHbIE U apaMeTphl CBsI3aHbl Yepe3 YHUKAIbHBIH uneHtudukarop “RuniD”.

baza nannbix nepuoza seinosnHenust (RTDB) ynpasisier BBOIOM-BBIBOJAOM [IaPAMETPOB U
UX pacmpenerneHueM Mmexnay «3anadamu». @opmar daiitno ROOT mo3Bosnsier XxpaHuTh Ooliee
CIIOXKHBIE CTPYKTYpbI, HEXEIH TMPOCThIE YHUCIAa W CTPOKHU, HAMpUMEpP TUCTOTPAMMBI MU
mMareMaThueckue (QyHKUuuH. OOBIYHO TreoMeTpusi IeJTMKOM, HCIIOJB30BaBIIAsACA  MpPU
MojenrpoBaHuu, XxpaHutcs B RTDB. DTo mo3BonseT Mpu MOAETHMPOBAHUHM 3aHUMATHCS
HACTpOIiKoil 0e3 TreHepupoBaHUS HOBBIX JaHHbIX MonHTe-Kapno. B ciydae »xe paboTsl ¢
OKCIIEPUMEHTAJIbHBIMU JaHHBIMH HCTOJB30BaTh AaHHble RTDB s pa3iaudHbIX MPUBS30K.
Kpome »3tOro, takoil mojaxoj Mo3BOJSIET ObITh YBEPEHHBIM, YTO MOJEIMPOBAHHWE U AaHAJIMU3
AKCIIEPUMEHTAIbHBIX IaHHBIX POU3BOAATCS B OAHON T€OMETPHUU.

B o6mem ciydae, nmporpaMMHOe OOecCeueHHE JOJDKHO IO3BOJIATH MPOMOJECINPOBATH
BECh OKCIEPHUMEHT LEJIUKOM [uId TOro, 4ToObl pa3zpaboTaTh Hambosee MOAXOondlIee
o0OpyJOBaHUE JETEKTOpa, a TaKKe BCE HEOOXOAUMBIE AITOPUTMbI JJS PEKOHCTPYKLIHHU
DKCIIEPUMEHTATbHBIX JaHHBIX. V3MepeHus 3aTeM JOJDKHBI ObITh CPaBHEHBI C pe3ylbTaTaMu
MOJICIUPOBAHMS, YTOOBI KaK MOYKHO TIIAaTelbHEE MU3YyYUTh (PU3HUECKYIO MOJIENb, SBISIOIIYIOCS
[ETBI0 JKCIEPUMEHTA. Takoe MporpaMMHOE OOECTIeYeHHe — OOJBIIOW M CIIOXKHBIM ITPOEKT,
OJIHAKO €ro MOXHO pa3OuTh Ha HECKOJIbKO OCHOBHBIX JTaloOB, KOTOPbHIE BBIMOIHSIIOTCS
nocieoBarenbHO. Puc. 3.50 wumrocTpupyeT MmocieIoBaTeIbHYIO IETOYKY TaKUX 000OIIeHHBIX
stanoB. OOpaboTKa JaHHBIX MOJEIHUPOBAHMUS U PEAIbHBIX OSKCHEPUMEHTAIbHBIX JaHHBIX
(HauMHaeTCcst COOTBETCTBEHHO clieBa U crpaBa Ha Puc. 3.50) cxoauTcs Ha sTarne, rjie HaunHaeTcs
WHAWBUAYallbHAS PEKOHCTPYKIIHS OTKIUKA OT/IEIBHBIX JIETEKTOPOB.

C onnoit 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
onu(poBaHHbIE JaHHbIE, creluUUYEecKre A KaKIOro JeTeKTopa. Takue JaHHbIE COJepKaT
UCKQXEHUSI U W3MEHEHHUs CUTHAJOB, THUIHYHBIE ISl KaKJIOTO NETEKTOpa M OHHM IMOXO0XH (U
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NpEeICTaBJICHBI B TOM e caMoM (popMaTe) Ha JaHHbIE H3MEPEHU B peabHOM dKcnepumente. C
JPYroil CTOPOHBI, SKCIEPUMEHTAIbHBIE JaHHbIE TaKKe HEOOXOJUMO IOATOTOBHUTH JJSI TOTO,
YTOOBI MX MOXKHO OBbLII0 00padaThIBaTh B paMKax TOH K€ IETOYKH 00padOTKH.

[TpousBomuTcs KaMOpOBKa W MpeoOpa3oBaHWE W3 BHYTPEHHETO (peajn30BaHHOTO B
JKeJe3e) MPeACTaBICHHUs B IPOTPaMMHOE, HallpuMep, HyMepanus KaHaloB, CUCTEMa KOOpIUHAT
U npouce. B omnmceiBaeMoii 1ENOYKe 3TANOB PEKOHCTPYKIMS JAHHBIX MPOHMCXOHMT MOIIAroBO
Uit 00oux HaOOpoB NMaHHBIX. CHayalla MPOUCXOAUT PEKOHCTPYKIUS OTKJIMKA JJISi OTACITBHBIX
JIETEKTOPOB, 3aTE€M IPOU3BOISITCS TI00ABHBIC NEHCTBHS, TaKHE KaK PEKOHCTPYKIHS 00pa3oB
JUIE  TpeKa 3apsDKEHHOM YacTWIbl, (UTHPOBAHWE TPEKOB, (UTHUPOBAHHWE JIMBHEH B
AIIEKTPOMArHUTHOM KaJOpUMETpE U T.II., a 3aTeM UAeHTUUKaIus yactull. Ha mocneanem srarne
y’K€ BO3MOKHO MPOBECTH (PM3UUYECKHI aHAIM3 KaHIUIATOB B YaCTHIIBI, KOTOPbIE MPEACTABIISIOT
co00if HaOOpBI W3 BEPIIMHBI POXKACHUS M YEThIpeX-UMITyJbca. OTMETHUM, YTO AITOPUTM
(U3NIECKOro aHANM3a CHIIBHO 3aBHCUT OT M3y4aeMOTr0 KaHaia WA PEaKInH.

OundpoBka,
SNeKTPOHMEKS,
Wymbi P

FreHepaTop TpaccupoBKa
YacTru (Geant3/4)

Tpekwu,
duneTp
KanemaHa

MoenTndmkaumn DUINYECKHiA
YacTvL aHanui

PeKOHCTPYKLMA
XuToB

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

Habop u nopsaok «3amauy» cocTaBisieT CTPYKTYpy 3adaHus Juisl BbinoiaHeHus. Ha Puc.
3.51 mokazan nmpuMep TOro, KaK «3a/laum» COCTUHSIIOTCS JAPYT C JPYroM B clydyae KaJOpHUMeTpa
(ECAL) wu cranmmii apeitgoBeix TpyOook (FTS) BMecTe ¢ TPEKHMHIOM, PEKOHCTPYKIIUCH
KJacTepoB, uaeHTH(ukanuei vactun. CHayana 3amyckaercss MonTte-Kapio moznenupoBaHue
YacTUI] U TPAacCCHUpPOBKA HX Yepe3 BELIECTBO KaXKAOr0 [ETEKTOpa, KOTOPOE MOXKET ObITh
aKTUBHBIM (M IPOM3BOJIUTH JAHHBIE) WM NMAacCUBHBIM. UYTOOBI MPOMOJENUpPOBATH MOBEICHUE
JIETEKTOPOB HMEIOTCS Ppa3iMuHble «3aadl» OT OBbICTPBIX («HJI€AIBHBIX») AJITOPUTMOB IO
JIeTaJbHBIX ONHMCAHUN BCEX MPUHLUMIOB paboThl mpubopa. OTMETHM, YTO Hampumep s
TPEKHHTa, HE 3aBUCUMO OT IyTH, IO KOTOPOMY MPOWCXOIUT BHIOJHEHHWE IICTIOYKH, BCET/Ia
UMEIOTCS JaHHbIE B OIpeleNeHHOM oOgHOM ¢opmare. Takas ke MOIyJdbHas KOHIICTIIIUS
NpUMEHNMA TaK)Ke U JUIT HACHTU(OUKAINN YaCTHII, PEKOHCTPYKITUH AJIEKTPOMArHUTHBIX JIUBHEH
U T.OI., JaBas BO3MOXXHOCTh MOJH30BATENIO BHIOMPATh CBOM COOCTBEHHBIC KPHUTEPHU IS
ONTUMAJILHOTO (C TOYKM 3pEHHUs JeTalM3aluHi, CKOPOCTU WM TMPOCTOTHI paboThl) Habopa
000pyIOBaHUS.

PazpabGotanHblie OJ0KM MO3BOJISIOT IPOBOJUTH MOJETUPOBAHHUE JAHHBIX U MX AHAIN3 «B
JUHUIO» U «BHE JUHMMW». IIporpamma oOpaOOTKM IaHHBIX «B JHMHHUIO» HCIOJNb3YeTCS IS
aHaJM3a JTAaHHBIX HETIOCPEJICTBEHHO BO BpEMs MpHEMa H, TPEX/E BCETro, TPeOyeTCs Ui OIEHKH
Ka4yecTBa MOCTYMAIONINX JaHHBIX U, TIPH HEOOXOTUMOCTH, MPUHATHS PEIICHUN 10 M3MEHEHUIO
(PEMOHTY) PETHCTPUPYIOIEH JIEKTPOHUKH M SJIEKTPOHUKHA CUCTEMBI COOpa JaHHBIX.
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Puc. 3.51. ITocnenoBaTe bHOCTh BHITOJIHEHHS «3a1a4y» B cpee SpascharmRoot Ha nmpumepe nerekropa
uaeHtuunupyomero yactuip (kanopumerp win ECAL) u TpekoBoro JerexTopa (CHcTeMa CTaHIui AperhoBbIX
Tpy6ok win FTS) npu MmoaenupoBanuu (MOIyIbHASE APXUTEKTYPa MPOTrPAMMHOM CPEJIbl TO3BOJISCT MOKIF0YATh
KOMIIOHEHTBI, HEOOXOIUMBIE JIIT KOHKPETHOTO CIIydast)

3.10.2 Ilakem npozpamm 014 ananu3a OAHHBIX «8 TUHUIO)

B mporpamme onnailH 00paOOTKM  pealn30BaHbl  CIEAYIOIIUE  KOMIIOHEHTHI:
npeoOpa3oBaHue JaHHBIX, MOCTYMAIOIUX W3 MOAYJeH peructpupyromeit snexkrponuku (BLIL,
AILIII, peructpoB) cucteMbl cOopa maHHBIX M3 chiporo (opmarta B Gopmar ROOT-mepeBbes;
JIOKaJIbHAsE PEKOHCTPYKIIMS XUTOB B IJIOCKOCTSX KaMmep AJI MOCTPOECHUS TPEKOB 3apsHKEHHBIX
JacCTHUL, KJIAaCTCPOB B 3JICKTPOMArHUTHOM KAJIOPUMCTPEC, XUTOB B CHUHTUJUIALIMOHHBIX ITYYKOBBIX
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TOI0CKOMAax; YIPOLICHHBIN alrOPUTM ITOCTPOCHHUS TPEKOB IO Kamepam; KOOpJHMHAT ITydKa Ha
MUIIICHH 3KcriepuMeHTa. [lapamnensHo paboTe cucTeMbl cOopa NaHHBIX, Ha cepBepe padoTaroT
IpOIeCcChl MPOrpaMMbl OHJIaH 00paOOTKM JaHHBIX, BhIMoMHEHHbIE B BHAe ROOT-makpocos.
[IpeobpazoBanue ¢aiinoB ¢ manHeiMH B cbipoM ¢opmare B ROOT nepeBbs mpoMCXOIUT B
IPOMEXYTKE MEXIy cOpOCaMu YCKOPHUTENs, M MOJydYeHHbIE (ailiibl 3anuchiBalOTCsA Ha nuck. Ha
Puc. 3.52 nokasana 6;10K-cxema pabOThl TpOrpaMMbl 00pPaOOTKH OHJIAMH.

Event Builder

A

TCP

* dat

* root

A

Storage

* root

* root

SpascharmRoot

Puc. 3.52. biiok-cxema nporpaMmsl 00paboTky oHnaiiH skcnepumenta CITACHAPM.

@aiinbl, conmepxkamue naHHble B Buae ROOT nepeBbeB dMTAIOTCS MPOrpamMMOit
BU3YyaIM3allil U KOHTPOJIS KadecTBa JNaHHBIX. OHAa MOXKET CUUTHIBATH JAHHBIC B «PEATHHOM
BpPEMEHU», TO €CTh B Ipollecce Habopa AaHHBIX — (aili 3a ¢ailyioM B MPOMEKYTKAX MEXIY
cOpocaMH YCKOpUTENs, a Takke B MOJE IMaKeTHOM o00pabOTKHM, KOTJa CUUTHIBAIOTCS U3
OTIpeICIEHHOW TUPEKTOPUHU Cpa3y MHOXKECTBO .r0Ot-(haiiyioB, HaKOIUJIEHHBIX paHee. OCHOBHas
[eNb TPOTpaMMbl BH3yalU3allMd — OTOOpa)XCHHWE MPEACTABICHUN, MMEIOIINX OTHOIICHHE K
Ka4yecTBY HaOMpaeMbIX JaHHBIX B BHUJE IHcTOrpaMM. Elo mosb3yercs mepcoHan CMEH Ha ceaHce
no Habopy nmaHHbIX ¢ yctaHOBKH CIIACUAPM. Tlporpamma Bu3yanu3anuu uMmeeT mHTepderc
MOJIb30BaTes, ToKa3aHHbId Ha Pruc. 3.53. Bepxuss manens naTepdeiica pa3dnuTa Ha BKIAIKH C
HepapXHUECKOl CTPYKTYpOU JUIsi HABUTaIlUH 110 AETEKTOpaM YCTaHOBKH (BEpXHMM psijl BKIA/I0K),
TUTIaM 0TOOpakaeMoit nHdopmaruu (BpemeHa, mpodrim, 3 PeKTUBHOCTH, MHOXECTBEHHOCTH 1
T.I1.), a TaKXke IS HaBUTAIMU 1O DJIEMEHTaM AETEKTOPOB (TIOCKOCTSM TOIOCKOIIOB, CIOSIM
KaMmep W T.I.). B CTpoke COCTOSHUS MPUBOIUTCS CIy:KeOHass MHQpOpMAIUs, Takas KaK YUCIO
CUMTaHHBIX (aitnoB, uuciao coObITHil. [IporpamMma KOHTpONIS KadecTBa JaHHBIX TaKkKe
npenctanisier coboit ROOT makpoc, ucnons3yromuii rpagudeckyro 6ubnuorexky nakera ROOT.
[TosTomy Hanx rucrorpaMMamu, OTOOpakaeMbIMH B OKHE mporpammbl (B Canvas) MOXXHO
BBIMOJHATh BCE CTAaHIApTHbIE ACWCTBUS, KOTOPHIE MOKHO BBINOJHATH C TUCTOTpaMMaMU B
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uHTepakTuBHOM ceccun ROOT — MmaHuMmynmupoBaTh CTaTHCTHKOH, HW3MEHATH IPEICIbI,
¢uTHpOBATH pacpeeICHHUS.

TEwe gowrn yiow

e | S T gt | Poses| Esinces | Layes ety | 1 S Lo | ot

Puc. 3.53. UnTepdeiic mporpaMMbl BU3yaTU3aliy U KOHTPOJISI KAYSCTBA B MIJIOTHOW BEPCHUH YCTAHOBKH
CITACYHAPM.

[TonroroBneHHsle B paboTe «B JMHUIO» (hailibl MOTYT MCIIOJIB30BaThCs M B JaJIbHEHIIeM
aHaju3e, TeM He MEHee, CYIIECTBYET BEPOATHOCTh TOTO, UTO MPH paboTe «B JIMHUIO» HEKOTOPbIE
UCXO/IHBIC (ailbl HE OyIyT MpOaHATM3UPOBAHBI, TAK Ka OEpyTCs MOCIEIHUE MOCTYNUBIINE B
JAHHBIA MOMEHT (DaJIbI.

3.10.3 Ilaxkem npocpamm 015 ananu3a OAHHBIX «BHE TUHUUY) U MOOEAUPOBAHUA

[Tpu paboTe «BHE JTMHUWY BEIETCS aHAJHM3 MO BCEM 3aIaHHBIM (DailsioM (0OBIYHO ATO BCS
JTUPEKTOpPHUS OJHOTO TumNa AaHHbIX). [Ipym aHanmu3e Ha TEpPBOM dSTame MPOBOIUTCS CIHSHUE
JAHHBIX C PA3JMYHBIX IMOTOKOB C MOMOIIBIO MOCTPOUTENS COOBITHIA (event-builder)45. JlanHbII
MPOrpaMMHBIM MOyl HAXOAUT COOTBETCTBHE MEXKIY 3alMCaHHBIMU QailnaMu (MIOTOKaMH)
JaHHBIX C Pa3MUYHBIX JETEKTOPOB M HAXOAHUT COOTBETCTBHE MEXIY COOBITHSIMH BHYTPHU
Kax10ro notoka. Ha Beixone ¢popmupyercst 0JHO cOOBITHE CO BCEX MOTOKOB JaHHbIX. [Ipu sTOM
MIPOMCXOTUT MPOBEPKa KadecTBa JIaHHBIX, B TOM YHCIIE B CIIy4ae TOTEpPH BaXHON WH(pOpMaIuu
npu mnepefade JaHHBIX. [lo AaHHBIM MPOBEJEHHOTO Ce€aHca C KOMIUIEKCHBIM 3allyCKOM
YCTAaHOBKM KOJMYECTBO OIIMOOK Majo (JI0JM MPOLEHTa), TaK YTO MPAKTUYECKU BCS MPUHATAS
uH(popMalus (C TOUKH 3pEHUs KauecTBa IaHHBIX ) UCIOIb3YETCs Ul aHAIN3a TaHHBIX.

[IporpaMMHBIi TakeT Ui MOJETUPOBAaHMS B HACTOALIMM MOMEHT ONMCHIBAET
«UJCATbHYIO» PpEANTbHYI0 TEeOMETPHUI0 YCTaHOBKU. IjieanbHOCTh Ha JaHHBIA MOMEHT
3aKJII0YAeTCs B MJICATbHOM IOCTUPOBKE M HJealbHOU A(PPEKTUBHOCTH AETEKTOpPOB. JlaHHBIN
HakeT MOJETUPOBAHMS MCIONB3YETCS I OTIAAKH aJTOPUTMOB M OLEHKH 3PPEKTHUBHOCTU
yctaHoBku. [locie onpenenenus peaibHON reoMeTpun U YPPEKTUBHOCTH YCTAaHOBKH (Ha OCHOBE
aHaJIM3a JKCIIEPUMEHTAJIbHBIX JIAaHHBIX) BCE HEOOXOAMMbIE JaHHblE OyAyT BHECEHBI B
IPOrpaMMHOE OITUCAHHE YCTAHOBKH.

JI1st BOCCTAHOBJICHUSI TPEKOB 3apsDKEHHBIX YACTHI[ B TPEKOBOW CHCTEME BBIOpaH Takon
METOJl TIOMCKa Tpeka Kak mpeobdpazoBanue Xada. DTOT METOJ] HCMHOIB3YeT MapaMeTpUIecKoe
onucanue Tpeka. Kaxxaas Touka B IpOCTpaHCTBE MapaMeTPOB OMHUCHIBAET TPEK B KOOPIUHATHOM
npoctpanctBe. IloMck KaHIUAATOB B TPEK COOTBETCTBYET HAXOXKACHUIO JIOKAJIBHBIX

4 MoxHO TIPOBOAUTH aHAJIN3 OTACIIBHO U1 KaXXA0I'0 KOHKPETHO 3aJaHHOTI'O ITOTOKA.
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MakCHUMyMOB B npocTpaHcTBe Xada. [I[pumeHeHne meTona B ABYMEpPHOM cllydae MOKa3aHO Ha
Puc. 3.54.
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MoxogHoe z [MpocTpaHcTeo g
NpoCTPaHCTRO napameTpoe

Puc. 3.54 WUmnroctpaliinst OCHOBHOTO MPUHITHIA TpeoOpa3oBaHus Xada it 0JHOTO TpeKa

Jns KaxaoM KpacHOM TOYKM B HCXOJHOM IPOCTPAHCTBE IIOCTPOEHA IMpsmas B
MIPOCTPAHCTBE IMApaMETPOB, a MX IEepecedeHue XapakTepusyer Tpek. Mcxons u3 reomerpuu
ycranoBku CITACUYAPM, MOXHO BBIIENIUTH JABE 00JIacTM — A0 M MOCHe MarHuTa. Tpeku
3apsOKCHHBIX YaCTHIl M3rH0ArOTCsS B OOJACTH JUIOJBHOIO IOJIS MarHuTa B IUIOCKOCTH X-Z.
CrieoBaTeIbHO, MOYKHO alllPOKCUMHUPOBATH 3TH JBE 00JIACTH MPOCSKIIMKA TPEKOB B IJIOCKOCTH X-
Z IpSIMbIMHU JIMHUASIMU B COOTBETCTBHUH C YpaBHEHHEM Xnit = (Zo — Znit) X tan0x + Xo, re 0 — yrou
ME¥K]ly pacCMaTpUBAEMOM MPSIMOM U OCBIO Z B 3TOM IJIOCKOCTH, Xp — TOUYKA NIEPECEUYEHUS C Zg , a
Xhit ¥ Zhjt — KOOPAMHATHI XUTa B IPEH(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 KaKk B IUVIOCKOCTU Y-Z HE MPOUCXOAUT OTKJIOHEHHS B MAarHUTHOM IIOJI€, TO MPSMOM
annpoKCUMUPYETCs BCs 00J1aCTh U HAXOAUTCS KOMIIOHEHTA Py.

Ha BTOopoM »3Tame mnpoBOAWTCS YTOYHEHHE IMApPAMETPOB TPEKa C MCIOJIb30BAHUEM
¢unbrpa Kanmana. Ha 3ToMm 3Tame yxe yuuThIBaeTcs peajbHOE (WIM pacuyeTHOE) MarHuTHOE
1oJie, BKJIFOYasi HEHYJIeBble KOMIIOHEHTHI TOJIs TI0 ocsM Y 1 Z.

B nanpHelmeM yxe HCHOJb3YIOTCS BOCCTAHOBJIEHHBIE KMHEMATHYECKHE MapameTphbl
TPEKOB JIJIs1 BOCCTAHOBJICHHS] BTOPUYHBIX YaCTHI] U MIOJTYyYEHUS aCUMMETPHUH.

JlaHHBIN METOJ TIO3BOJISIET BOCCTAHABIUBATh TPEKH C BBICOKON 3(hPeKkTUBHOCTHIO (Oomee
98% A1 OMMHOYHBIX TPEKOB, Oomee 85% M1 MHOTOYaCTHYHBIX CO6LITHﬁ46).

*® TTnst 100% sdppexTHBHOCTH Kamep
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4 ILnan-rpaguk peaju3anmuu ¥ OLEHKA CTOMMOCTH IPOEKTA

OcHOBHBIE pacxonbl TpPeOYIOTCS Ha CO3JAaHME KaHajda MOJSIPU30BAHHBIX YACTHIl H
MOJECPHU3ALMI0  SKCIEPUMEHTAJIbHOW  YCTAHOBKM  JUIsl  NPOBEIECHUS  IPELU3UOHHBIX
UCCIIEIOBAaHUM C MCII0JIb30BaHUEM TOJISIPU30BAHHOTO MTyUKa.

BbimonHensl  paboThl MO  pacyeTy W OCKHU3HOMY IIPOEKTUPOBAaHMIO  KaHaia
HOJISIPU30BaHHbIX YacTull. /I BBINOJHEHHS PabOT MO CO3JaHHUIO (aHTH)IPOTOHHOIO KaHaja
24A na yckoputeabHOM KoMiuiekce Y-70 morpedyercs 1 miupa. pyo.

JJis BBIMOTHEHHSI HAMEYEHHOM SKCIIEPUMEHTAIBLHOW IPOrpaMMbl HEOOXOMMO CO3IaHHE
CHCTEMBl CBEPXIPOBOJAIINX MAarHUTOB «CHOUPCKHX 3MEEK», CIHHOBBIX pPOTAaTOpPOB, U
KPHOTeHHOM cucTteMbl K HUM (200 mMutH. py0.), KOTOpBhIe MOTYT OBITh pa3paboTaHbl M CO3/aHBI B
UA® CO PAH (HoBocubupck). I[Ipenu3noHHBI 3JI€KTPOMAarHUTHBIN KaJOpUMETp THUIIA
«wanueik» (150 miuH. py06.), oTHAS TEXHOJIOTHs KOToporo pa3zpaborana B UDBD (co3mansl u
0o(opMIIEHBI /1Ba ONBITHO-IIPOMBIIIIEHHBIX 00pa3iia), MO3BOJIUT PETUCTPUPOBATH BCE JOCTYITHBIE
[I0 Macce HOBbIE COCTOSIHUS MaTe€pHH, pacrajarolliyecsi, B TOM 4ucie, Ha (oToHbl. JleTekrop
KOJIEL] YePEHKOBCKOro u3inydeHus (250 miH. py0.) o oOpasiy Takoro ke JI€TeKTOpa B MPOEKTe
[TAH/JIA 1o3BONUT WACHTU(UIMPOBATH BCE 3apsDKEHHBIE aJPOHBI BO BCEM JIOCTYITHOM
HHEPreTUUECKOM HMHTEpBaJle, YTO HEOOXOAUMO ISl CIIMHOBOT'O MCCIIEOBAHMSI LIEJIOTr0 CIIEKTpa
pa3HooOpa3HBIX PE30HAHCOB M OOHApyKeHUs HOBBIX. CHCTEMa MONSAPUMETPOB IS H3MEPEHHUS
a0COMIOTHON BelnMuuHbI nosigpuzanuu nydka (100 muH. py6.) pa3pabarbiBaeTCsi U MOXKET ObITh
coznana B MUD®BD coBmectHo ¢ MUDU. CtoumMOoCTh MNOJISAPU30BAHHOW MHIIEHH HOBOTO
IOKOJIEHUSI ¢ BO3MOXKHOCTBIO MOJIy4aTh, KaK MONEPEUHYI0, TaK U MPOJOJIbHYIO IMOJIAPU3ALHUIO,
coctaBisger 250 MiH. py0., OJHAKO 3HAYUTENBHBIA BKJIAJ MOXKET ObITh BHECEH HEMELUKHMH
YYaCTHUKAMHU MPOEKTA.

CymmapHble pacxoabl Ha U3roTtoBleHHe B Poccum HEOOXOAMMOTO HAay4dHOTO
obopynoBanus coctaBsaT | mupa. pyoseit. Takum oOpa3om, UTOroBas CTOMMOCTH MPOEKTA
OIleHHMBAETCS B 2 MIpJL. pyoIeii’ .

[Ipu Hayane ¢uHaHCcHpoBaHUS B nepBoil nmosnoBuHe 2020 rona miaH-TpaduK CO3AAHUS
OCHOBHBIX MO3UIMI KaHama 24A W SKCHEPUMEHTANIbHON YCTAaHOBKM HAa HEM BBITJISIUT
CJIEAYIOIIUM 00pa3oM:

- 3aBepIleHre paboyero NpoeKkTa Ha KaHal U 30HY YCTAaHOBKU — 2020-2021 rr.;
- U3TOTOBJICHHUE IEKTPOMArHUTHOTO KaJIOpUMETpa TUMa «manuislk» - 2021-2024 rr.;
- U3TOTOBJIEHHE MAarHUTOB «3MEeWKa» U KpHOTeHHOro obopynoBanus — 2021-2023 rr.;
- U3TOTOBJIEHUE JIETEKTOPA KOJIEIl YePEHKOBCKOTO U3ITyUYEHUs — 2022-2025 1r.;
- co37aHue KaHaia 24A v pa3MelieHre YCTaHOBKY Ha 3ToM KaHaie — 2023-2024 rr.;
- CO3/IaHUE CUCTEM U3MEPECHUS TOJIAPU3AINH - 2022-2024 rr.

IlepBbIii TPOOHBII ceaHC ¢ MOISIPU30BAHHBIM ITYYKOM IIaHupyeTcst Ha 2025 ro.

*" B 5Ty cyMMy He BXOHT CTOMMOCTh HOBOH TIOJISPH30BAHHOM MHIIEHH ¥ YIEKTPOHHKH B cTanaapre XTCA, Tak kaK
CTETICHb YYaCTHUs HEMEIKIX apTHEPOB B TaHHBI MOMEHT HEM3BECTHA
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3ak/IroueHue

[Monspuzanuonusiii npoekt CIIACUAPM otriauvaer rinoOanbHbIM, CHCTEMAaTHUYECKHI
MOJXOJl B U3YYEHUU CUCTEMbI aHTUIPOTOH-IIPOTOH (SIPO) U MPOTOH-IPOTOH (SIPO), BKIIIOUAs
MPOBEJICHNE 0030pHOrO MOJIAPU3ALMOHHOIO 3KCIEPUMEHTa M OJHOBPEMEHHOE HCCIIECOBaHUE
JNECSATKOB pEaKIHl M HECKONbKUX (DU3MUYECKUX HaOII0JaeMblX, 3aBUCSAIIMX OT MHOTHX
nepeMeHHbIX. byer onpeneneHna nosispusanys IIIOOHOB B MPOTOHE (aHTUIIPOTOHE) B 00JIACTH
uX (hparMeHTaIuu U3 KCCIIEeIOBaHUS 00pa3oBaHus dyapMoHus. Okuaaemas BBICOKAsh TOYHOCTh
U3MEpPEHUI, MUHUMAIBHBIE CHCTEMAaTUYECKHE OIMMOKH B COYETAHWHM C IIMPOKUM HAOOpOM
My4YKOB, MUILIEHEH, BTOPUYHBIX 3aPSKEHHBIX M HEUTPAIbHBIX YACTHUIl BBITOJHO OTJIMYAET 3TOT
MPOEKT OT JPYTUX MOJSIPU3ALUOHHBIX TPOSKTOB.

[Tonsipu3oBaHHbIE AHTUIPOTOHHBIA M  TPOTOHHBIM MMYYKH SIBISETCA TOUCTHHE
YHHUKAJIbHBIMU MHCTPYMEHTAMHU B 3THX UCCIICIOBAHUSIX.

Boigenum ocHoBHbIe TpeumyiiectBa npoekra CIITACHAPM:

— OOmmpHass  Qu3uyeckas mporpaMMa H  CHCTEMAaTHYCCKOE  HMCCIICJOBAHHC
MOJISAPU3AIMOHHBIX SIBIICHUH (THIIAa Iepruoauueckoi tadmumsl wid PDG).

— Pa3zHooOpazue  My4KoB: MOJISIPU30BAHHBIE ~ MPOTOHBI M AHTUIPOTOHBI,
HeIoJIAPU30BaHHbIe ydyku 7, K-, p, d, C.

— Perucrtpanus u uaeHTUPUKANNS HEUTPAIGHBIX U 3apSDKEHHBIX BTOPHYHBIX YACTHII,
BKJTIOYAs 7, °, 5, K pi, d u pe30HaHCHI.

— MHccnenoBanue 1ecATKOB peakifii OJJHOBPEMEHHO.

— IlonepeyHo- 1 MPOI0ABHO- MOJSIPUIOBAHHBIE U SIIEPHBIE MUILICHH.

— HccnenoBanue pa3nmuyHbIX CIMHOBBIX HaOmomaeMbix: Ay, Py, Ann, AL, Dan, piks - - -

— HWccnenoBanue mnonsipu3alioOHHBIX A((EKTOB B 3aBUCUMOCTH OT Pa3IHUYHBIX
epeMeHHBIX: V'S, Pr, Xp, ATOMHOTO HOMEpPa, MHOXKECTBEHHOCTH, PEAKIIHH. . .

— IlonHbIN a3uMyTaNbHBIN yroJ, MO3BOJSIONIMA MHUHHUMH3UPOBATH CHCTEMATHYECKHE
OIITNOKH.

— Cnus-Qraunmnep, MO3BOJIAIOMIUNA TMOTYyYUTh KaK MOMEPEUYHYI0, TaK M MPOJIOJIBHYIO
MONISIPU3AIMI0O U MEHSATh WX HAIpaBJICHHWE, YTO TAaKXE€ BAXKHO /IS YMEHbBILIECHUS
CHUCTEMAaTUYECKHUX OIIMOOK.

— beicTpast cuctema c6opa JaHHBIX.
HrtoroBasi crouMocTh MpoekTa (KaHal + dKCTIEpUMEHTAIbHAS YyCTAaHOBKA) OI[EHUBACTCS B
2 mupa. pyonei. Co3naHue Takoro KaHajlla M IKCHEPUMEHTAIbHOW YCTAaHOBKH, MOJydyeHUE

IIYYKOB IMOJISPU30BAHHBIX YACTHUIL[ IPHUBJIEYET K UCCIEIOBAHUSIM HAa YCKOPUTEIBHOM KOMIUIEKCE
YYEHBIX U3 Pa3JIMYHBIX CTPaH, Mpexae Bcero, u3 I'epmannn, Yexun n Uranun.

Paboma svinonnena npu gpunancosoii noooepacke PODU 6 pamxax npoexma Ne 18-02-00006.
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3) Ipunoxkenue A. CoBpeMeHHOEe COCTOSIHHE MWCCJIEIOBAHUI B
JTAHHOW 00J1aCcTH

DKCIepUMEHTAIbHBIE U TEOPETHYECKUE HCCIICAOBAaHUS B OOJIACTH CIMHOBOW (DU3UKU B
nporeccax o0pa3oBaHHs M B3aUMOJICHCTBHSA aJpOHOB C aIpoHamH, (POTOHAMH U JIEITOHAMHU
BEIYTCs YK€ HECKOJBKO ACCATHUIICTHM, C MOMEHTA IOSABJICHUS NEPBBIX YCKOPHUTENIEH YaCTHULL.
CoBepIIEHCTBOBAaHUE YCKOPUTENEH U ACTEKTOPOB YaCTHUL, CO3JaHUE IIyYKOB IOJISIPU30BAHHBIX
YacTHULl U Pa3BUTHE TEXHOJOTUM IMOJSPU30BAHHBIX MMILEHEH IO3BOJIWIIO IOJYYUTh OIPOMHBIN
MacCUB IOJIAPU3ALMOHHBIX JaHHBIX. B crMHOBON (hr3MKe NMpH BBICOKMX 3HEPTUSX MPOBOAATCS
NPEUU3NOHHBIE U3MEPEHHUs, KOTOPbIE MO3BOJISIOT BBIIBUTh OCOOEHHOCTH JMHAMMKM CHUIIbHBIX
B3aUMOJICHCTBUI M TPOHHUKHYTH TIy0Ke B CTPYKTYpY aapoHOB. (DEeHOMEHOJOTHS CHHUHOBBIX
SBIICHUH OKa3aJlaCh YAHMBHUTEIBHO OOTaToOd W TPYAHO OOBACHUMON C (yHIAaMEHTaIbHBIX
IIO3ULIMKA KBAaHTOBOM XpoMmoauHaMuku — KX/1.

[losiBiieHHE TOUHBIX JAaHHBIX CTUMYJIMPOBAJIO OYpHOE pa3BUTHE TEOPETUUECKUX MOJIETIEH,
O0BACHAIOIUX HAOII01aeMble SIBJICHUS.

5.1  Pe3yabTarhl NOJSAPU3ALNOHHBIX IKCIIEPUMEHTOB

[lepBble monsipU3allMOHHBIE SKCHEPUMEHTHl MPOBOIWINCH JI YHOPYIMX WU 3apsiioBO-
OOMEHHBIX pEaKIMi, TOCKOJIbKY MPU HU3KUX SHEPrUsX CEUEHMS TaKUX PEaKUHUN U CIIHUHOBBIC
s dexTs Benmuku. C pOCTOM SHEPrHU YCKOPUTEIEH YBETUUNBACTCS CPEIHSSI MHOKECTBEHHOCTh
B COOBITHH, & CHMHOBBIE 3(PPEKThl B KOHKPETHBIX OMHAPHBIX MPOILIECCaX U UX CEUEHUs! OBICTPO
yObIBatoT. TUMUYHBIMU TPUMEpPAMH MOTYT CIIYXKHUTh CEYCHHE Ipolecca Nnepe3apsaiku 7 p—n,
KOTOpPOE T13/[aeT KaK S, ¥ CedeHne mporecca 7 p—pP, KOTOPOE MafaeT KaK s?, yKa3bIBas Ha TO,
YTO MPH BBICOKUX JHEPTHSIX B TAKUX MPOILIECCaX MPOUCXOIUT 0OMEH pepxeoHoM [126].

Jlnst aHanmu3a JaHHBIX IPU BBICOKUX 3HEPTUsX ObLT MPEAI0kKeH UHKIIO3UBHBIN MMOAX0/, B
KOTOPOM PETHCTPHUPYETCS JHUIIb OJHA WM HECKOJIBKO M3 00pa3oBaBIIUXCs dacTull [127]. Dot
METO/] OKa3aJicsd OY€Hb yJOOHBIM JUIsl UCCIIEI0BAHUS TIONEPEUHBIX OJTHOCTIMHOBBIX aCUMMETPUI
(An) ampoHOB, monepevHbIX mouispusaiyii (PN) TUIEPOHOB M 3JIEMEHTOB CIIMHOBOW MAaTPHIIBI
IUTIOTHOCTH (pik) BEKTOPHBIX ME30HOB. B CHIy OrpaHMYCHHOCTH MH(GOPMAIMH B WHKJIFO3MBHBIX
npolieccax B MOCIeAHee BpeMsl IPOBEACHbI U3MEPEHNUs, B KOTOPIX MCIONb3yeTcs HH(pOpMaIus
0 MHOKECTBEHHOCTH 3apsDKEHHBIX YAaCTHUIl U LIEHTPAJIBHOCTH coynapeHuil. [lonmydyeHHble naHHbIE
MOKa3aJld 3aBUCUMOCTh MOJISIPU3AUOHHBIX 3(P(PEKTOB OT ITUX JOMOJHUTEIbHBIX MEPEMEHHBIX.
Jng W3ydeHMs] CIIMHOBOM CTPYKTYpbl aJpOHOB 4YacTO MCHOJIBb3YIOTCS TMOJIY-WHKIIO3UBHBIE
HEYIPYTHUe MPOIECCHl, B KOTOPHIX TOMUMO aJpOHa PETUCTPUPYETCS PACCESBIIMICS JIENTOH.

5.1.1 Ilonapuzayus é ynpyzux peakyusax

Ha Puc. 5.1 moka3aHo ceyeHHEe YyIpyroro mpoTOH-IPOTOHHOTO paccesHus NMpH SHEPrUu
11.75 I»B mns coynmapenuii ¢ mapamienbHbIMH (11) ¥ aHTHMapaienbHbIMU (1)) cnuHAMU
[IPOTOHOB B 3aBHCHMOCTH OT Oe3pa3MepHOil mepeMeHHOH p’t = B2P%61(S)/38.3 [128]. Tam xe
CIUTONTHBIMHU KBaJIpaTaMH MOKa3aHO CEYCHHE MPH ropasio Oosiee BEICOKOW sHepruu mpu S = 2800
B2 nonmygenHoe B CERN ISR. B nudpakinuonHo#t 001acTH, COOTBETCTBYIOMIEH MaJIbIM yTiIamM
paccesiHMsl, CEYeHHE OJIMHAKOBO B PA3IMYHBIX CIIUHOBBIX COCTOSIHUSAX M MPH PA3HBIX YHEPrHsX.
B oGmacti mpoMeXyTOUHBIX 3HAYCHUN P2 mMeercs c1abasi 3aBHCHMOCTB OT crinHa. [ToBeaeHue
ceducHHUs B 061aCTH GOIBIIMX 3HaYeHHi P% okasamoch HeoxnzaHHbIM. Korga crimHbl MIPOTOHOB
napajuieJbHbl, CEYEHUE MMEET TOT K€ HAKIJIOH, YTO W I COYJapeHUN HEeNOoJISIpU30BaHHBIX
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MIPOTOHOB, MPH TOpa3ao 0oJjiee BHICOKMX 3HEPTHUSX, AJI HETIOSIPU30BaHHBIX MPOTOHOB. OIHAKO,
JUIS aHTUTIAPAJICNIbHBIX CIMHOB, HAKJIOH cedeHusi Oojiee KpyToi. B To Bpems mpenmosnaraid,
9TO CITHHOBBIE (P (PEKTHI TOIKHBI BEIMEPETh TPH BEICOKHX SHEPIHsX i GobImmx P,
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Puc. 5.1 CeueHue npoTOH-IIPOTOHHOTO YIIPYTOTo Puc. 5.2 Ornomenne YHPYTHX2 CeUCHHIT 611/61) B
paccestHus B 3aBUCMMOCTH OT CKEHJIMHTOBOM 3aBucuMocTH ot pP% [129 ]

nepeMeHHOM pzt = ﬂZPZthot(S)/S&B [128].

S. Brodsky Ha3Bai 3TOT pe3ysbTaT «OJHOM M3 Hepa3raJaHHbIX TallH aJIpOHHOW (GHU3UKK»
[130]. OxmHako, BO3HUK BOMPOC: HE MPOSBIACTCS JH 3aBUCHMOCTh OT CITMHA TOJBKO B 00JACTH
yri10B paccesHus Bomu3u 90° B ¢.I1.M., TJle BaKHA UAEHTUYHOCTH TPOTOHOB? UTOOBI OTBETUTH HA
ATOT BomNpoc, Ha yckopurene ZGS ObLT MOCTaBIeH BTOPOH IKCIIEPHMEHT, B KOTOPOM MEHSUIHCH
sHeprust u P?, a yron paccesust ocraBaicst pasiM 90°. Ha Puc. 5.2 mokasaHo OTHOIICHHE
YIOPYTUX CEYeHHil 611/61; B 3aBUCHMOCTH OT P% [129], napsiny ¢ nanueivMu [128] u3 Puc. 5.1,
CyutecTByeT GOJbIIAS PA3HHIA CEUCHMII B OONACTH MambIX P%, COOTBETCTBYIONIMX MAlbIM
sHeprusim. OgHako, mpu P% >1.5 (F:)B/c)2 JBa HaOOpa JaHHBIX MPAKTUYECKU COBMAJAIOT U HE
3aBHCAT OT HampaBieHms crmHa. Ilpm P4 >3.7 (I9B/c)’ 3aBHCHMOCTE OT CIMHA CHOBA
CTaHOBUTbCS CHIIBHOM. DTH TaHHBIE YOEXKAa0T, 4TO OOJIbIINE CIUHOBBIE 3()(PEKTHI HE CBA3aHBI C
MIEHTUYHOCTBIO MPOTOHOB TIpu yrie paccesus 90° 1 BOZHHKAIOT B IIPOLECCE KECTKOIO
paccesirns B 06acty Gompiux P4 [130]. DTi yAMBHTEIbHBIE PE3yNbTAThl HE TONTYHHIN MOKA
JIOCTAaTOYHO YOCIUTEIHHOTO TEOPETHUECKOTO OOBSICHEHUSI.

5.1.2 Honapusauyus u acummempus 6 3apad080-00MeHHbIX PEAKYUAX

3HauUMTENbHBIN BKJIAJ B UCCIIEJOBAHUE CIIMHOBBIX 3()()EKTOB B SKCKIIFO3UBHBIX 3aps10BO-
O0OMEHHBIX peakiusax ObUI MOIY4YeH B cepuu dKcrepuMeHToB B [IpoTBuHO Ha yctanoBke [TPO3A
npu sHepruu nmydka 40 B [51-57]. BoJbIIMHCTBO JAaHHBIX B JAPYrHX SKCIEPHUMEHTaX OBLIO

MOJIy4eHO IpU YMEPEHHBIX JHEPrusx mnydka no 12 [3B, Huke 3HEpruil yCKOPHUTEIBHOIO
komiuiekca UDBO.

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

_ 0 o
peakuuu 7 +p "5 2%+ npu umnyibce 40 ['B/c [53]. UnaTepec k 3Toi peakiuu 00yCIIOBIICH
TEM, YTO B MOJEIH TONIOCOB Peike 3Ta peakiusi HAeT yepe3 OOMEH OJHHUM p -TOJIOCOM, H

121



noJisipu3anus, Kak nHTepepeHInoHHbIN 3G (EKT, T0JDKHA OTCYTCTBOBATh.

[TepBrie ke dKCIIepuMeHTaIbHbIe JaHHbIe TpU 5 U 12 ['9B/c moka3anu Hanuaue 00IbIIUX
MOJIAPU3AUOHHBIX 2(PQeKToB. ITOT (aKT 3acTaBUI TEOPETUKOB IEPECMOTPETh HCXOIHbBIE
NPENNOChUIKM  MoJenu Pemke, BBECTH JOMOJHUTEIbHBIC TIONIOCA, YydecThb AhdexTs
nepepaccestHus U T. A. OJHaKO 3TH ONbITHI IPOBOAMIUCH IpU HU3KHUX (< 12 I'3B) sneprusx, u
JUTSL CTPOTOM TPOBEPKU Mojenu Perke HyXHBI ObUTM JaHHBIC TIPH 0OJiee BBHICOKMX JHEPIHSIX.
OTUM MOTHUBUPOBAJIACH MTOCTAHOBKA SKCIEPUMEHTA MO U3MEPEHUIO MOJSPHU3aALMA HEUTpOHA HA
yckoputelibHOM Komiuiekce Y-70. Jannsie no nossipusanuu npu 40 ['3B npencrasiens: Ha Puc.
5.3 u ObpUIM TMpeIMEeTOM MHOTOYHUCIECHHBIX o0cyxaeHuil. IlpuBnekanuch pa3nuyHbIe
Moaudukanuu monenu Pemxke. Jluausa Ha Puc. 5.3 mpencraBnser pacuersl monenu Pemxke ¢
yaeroM oazepoHna [131]. ABropsl padoTsl [131] nmpeacka3siBarOT pocT aOCOIOTHON BEITUYUHBI
nossipusaruu npu —t > 0.7 IsB% ¢ YBEJIMUYECHUEM DHEPIUM Iydka. Mzmepenue nonsipusanuu npu
HeckonbkuXx sHeprusix Ha ycraHoBke CITACYAPM mno3Boimio Obl MPOBEpUTH CMEHY 3HaKa
noJsipu3anuu B oonactu suepruit Y-70.

P%

30 40 GeV/c

T T3NSY 79 M 13 15 N9 1Gee)

-30F

-50F

Puc. 5.3 Monenb onnepona [131] B mprMeHEHHH K ONMCAHUIO MOJSIPU3ALIUH B PEaKUU TT p(T)—) 7°n npu

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

Ha ycranoBke IIPO3A B 80-x romax Hu3MepsuINChb aCUMMETPUU B DKCKIIO3UBHOM
00pa30BaHUM HEKOTOPHIX PE30HAHCOB, TAKUX KakK 7 (- w(782)n, 7r'p¢—) 17(958)n, 7fp¢—)
2(1270) n npu sueprum 40 B [55,132].

[IpakTueckn BO BCEX HCCIAEAOBAHUSAX OBLIM OOHApyKeHbl Oosbimue 3(PdeKTs, Ha
ypoBHe 20-40%. Pe3ynpTaThl B peakuuu 7z'p?—) ®(782)n mpencraBneHsl Ha Puc. 1.14.
Pesynbrartel mo peaknuu 7z (- 7/(958)n npeacraBiaeHsl Ha Puc.  1.15, a pesymbrarel 10
peaKkuuu z7p T f2(1270)n npencrasnens! Ha Puc. 5.4.

OTmeTnM, YTO B ME30HHBIX ITydKax HAONIOMAIOTCS HEHYJEBBIE IOJSIPU3AIIOHHBIC
3 dexT gaxke B o0MacTH (parMeHTAIlMU HEMOJIIPU30BAHHOTO IydKa, YTO HE WUMEET IOKa
yJIOBJIETBOPUTEIBHOTO  TEOPETUYECKOTO  OOBSICHEHUS.  3HAUUTENbHBIE  OJHOCIIMHOBBIC
aCUMMETpUH, HAONI0JIaeMble B COYJapEHUSX ME30HOB C IOJISPHU30BAHHBIMU MPOTOHAMH, HE
TOJILKO B 00J1aCTH (pparMeHTanuy NpoToHa, HO U B 00JIACTH (pparMeHTallud ME30HA, MOT'YT OBITh
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CBSI3aHHBIMU C HECUMMETPUYHOCTHIO HAYAJIBHBIX U KOHEUHBIX COCTOSIHMHA: ME30H COCTOMUT W3
KBapKa U aHTUKBApKa, a HYKJIOH U3 TPEX KBAPKOB.

€. (GeV/e)

Puc. 5.4. AcuMMeTpus B peakiuu 77 p (. 2(1270 n mpwm sueprum 40 5B [132], korna f,(1270)-me30H
PErHCTPHPOBAICSA B MOJE PACTANA HA BA 7 -ME30HA

5.1.3 Oomnocnunosas acummempus AN 6 UHKIIO3UBHBIX PEAKUUAX

Janable mo AN B HMHKIIO3UBHBIX PEAKIUSAX MOMY4YeHbl A 24 peakuuil B aApoOH-
aIPOHHBIX COYIAPEHHSIX U 6 PEAKIMil B JIENTOH-aAPOHHBIX COyAapeHusx. Jluana3on suepruii \'s
peakuii B c.m.M. MeHsicst ot 4.9 no 500 I'3B. Bo Bcem numamasone sHepruii HaOIoganach
3HAYNTE/bHAS ACHMMETPHs Ay, KOTOPask MOYKET MEHSTHCS B 3aBHCHMOCTH OT VS, Pr, IEPEMEHHO
QeifHMaHa Xg, aTOMHOTO Beca MHIIEHH A, a Takxe, OT LEHTpalbHOCTU coynapeHuit Cr u
MHOKeCTBeHHOCTU 4acTull N¢n B coObituu. [loBenmenune Ay HECKOJIBKO OTIMYAETCS B TPeEX
00JacTsIX Mo SHEPTUU Vs < 5 THB, 5<Vs <70 I'3B, u npu \s > 70 I'B. [Ipu umnynece 11.75
I'3B/c (Vs =4.89 I'5B) Gbiin BHITONHEHB! TOAPOOHBIC H3MepeHus An(Pr, Xp) IS 06pa3oBaHus 7,
K*, p, p, B IPOTOH-TIPOTOHHEIX coyaapenusx [133]. Pesymbratsl ams peaxumit p'p— 7 +X,
noka3zanbl Ha Puc. 5.5 u Puc. 5.6 u uMeroT HEMOHOTOHHYIO 3aBHCUMOCTh An(PT), C KI3MEHEHUEM
3Haka mpu pr ~ 0.6 I'B/c [25].

0.5

< LW [12] p"=2.0 GeV/c < - W [12) p"=3.0 GeVic
" [ A [12]p™=4.0 GeV/c " [ A [12]p™=4.0 GeVic
Z ¥ [12] p"=5.0 GeV/c l = - ¥ [12] p™=5.0 GeVic
" 04 5 [12]p™=6.0 GeVic T O [12] p™=6.0 GeVic

FO [12] p"=7.0 GeVic | ’ B 0O [12] p™=7.0 GeVic

[ A [12] p™=7.5 GeVic 5 [ l A [12) p™=T5 GeVic

03 -0 [12]p"=8.0 GeVic b 03 - TIr. ¢ [12]p™=8.0 GeVic

[ [12] p™=8.5 GeVic [ “, I ¢ [12] p™=8.5 GeVic

F* [12] p™=9.0 GeV/c * [12] p"=9.0 GeVlic

01

v | et
o1 - +0+1 | 01

gt LR A A v Y v G i T g . L
= 0.2 0.4 0.6 0.8 1 1.2 o0 0.2 0.4 0.6 0.8 1 1.2

pr (GeVic) pr (GeVic)

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

YHCJIOM DKCKJIFO3UBHBIX KaHAJIOB, JAIOLIUX BKJIAJ B MHKIIO3UBHYIO peakU10. BO3MOXKHO Takxke,
YTO IIPU MAJIBIX PT U Vs KBAapKOBBIE CTETIEHU CBOOOIBI €€ HE SBISIOTCS OMPEACIISIOIIUMU IS
An. Emé onHa M3 rumore3 COCTOMT B YBEJIMUYEHUHM paauyca JIEHCTBUS ILBETHBIX cuUi I ¢

YMEHBIIICHHEM P, B CHITY COOTHOIICHHS HeompeaeneHHocteit opror > h/2 [27].
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[Ipu 6osee BHICOKUX SHEPTUsX, 5 <\'s< 70 T'3B, nmeer MecTo npUOIMKEHHBIN CKEHITMHT
(He3aBuCUMOCTb Ay OT SHEPTUM) JUISl 3TUX JIBYX PEAKIHIL.

[Moapo6Hoe uccnenoBanue 3aBUCUMOCTH An(PT, Xk, A) OT KHHEMAaTHUYSCKUX MEPEMEHHBIX
M aTOMHOIO Beca A MulieHH BblloJHEHO Ha ycraHoBke ®OOJC-2 npu sHepruum
noJisipu30BaHHOro npotoHHoro mydka 40 I'3B [134, 85, 86, 87]. M3mepenust ObUTH TIPOBEICHBI
Ha TIPOTOHHOM, YIIEPOAHONW U MEIHON MUIIEHSX, JUIS MPOIIECCOB MHKIIO3UBHOTO 00Opa30BaHUs
., K*, p U p, npy HECKOIBKNX YIax POKICHHS aIpOHOB.

Pesynbrarer [85,86] mokaszamsl Ha Puc. 5.7. 3aBucumoctr Ay OoT A oOKkazamach
He3HaunTenbHoU. [loaTromy Ha Puc. 5.7 moka3aHbl ycpeaHEHHbIE Pe3yabTaThl Ha YIJIEPOIHOMN U
MEAHOW MHUIIEHAX. 3ameTHass acummeTpus Ay Habmonaercs B o0iacTd  (QparMeHTalnuu
TIOJISIPU30BAHHBIX MPOTOHOB (X£>0.35) mst Tex aapoHoB (77, K*, P), B cOCTaB KOTOPHIX BXOJISAT
BAJICHTHBIC KBapKU M3 MPOTOHA. [IJi aaqpoHOB, CoeprKaIlux TobKo Mopckue kBapku (K™ u p),
An = 0 BO Bceil ucClIeIOBaHHONW KMHEMAaTHYEeCKOW 00JacTH, 0OHAPY>KEHbI OCHIILIIAIUUA Ay, KaK
(QYHKIHE KHHEMATHYECKHX IEPEMCHHBIX, I Peakiuuu p'p— P+X, IpudueM 3HAYUTEIbHAS
aCMMMETpUsl HaOI0JaeTcss TOJMBKO B 00JACTH TOJSPHBIX YIJIOB B C.IL.M. CTaJIKMBAIOIIUXCS
HyKJI0HOB MeHee 70°. B Mozenu XpoMOMarauTHo# mnossipusanuu kBapkos (XITK) ocrpuuisiigust
Ay cBsizaHa ¢ mpeneccueil cnuHa kBapka B 9 PexTuBHOM 1[BeTHOM ToJie [27]. 3aBucumocts Ay,
s peakuun p'p— 7 +X, oT momsipHoro yrma 6°™ B C.ILM., HMeeT, MOPOroBbIi XapakTep, ¢
nioporom BOsM3HK yria 73° [26].
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= 0.4 PORELAT VIS Tt' FODS-2, 40 GeVie 4?', Vl:';msuz‘ -m (.\ re 3 P
2
sl s 0.4 . T 02
. K .
0.2 %4 - P T -
! -
‘..‘-. 0.2 i 0 JassametTI® e
- ~
0 ;‘-.":' 11 ':-‘ T= - te "
0 ronts ~ o .
0.2 Ty 0.2
- O, o« 854" pCCu) 0.2 | ™ O =860 pClan) - B Oy~ 87.9% pCCu)
0.4 | ® Ocn = 480% pC(Cu) . O, =484 pCCu) 0.4 | ® Ocn = 49.6% pCiCuy
------------------- -0.4
0 1 2 3 4 0 1 2 3 4 0 1 2 3 4
P GeV/e Py GeVie Py GeVie
0.4 1 S~ < =~
< FODS.2, 40 GeVie ’.‘., eV - 1 FODS-2, 40 GeVie
0.2 " P
. i - 0.5 0.5
0 | Gy T R - l ! !
-
% - . | [
1 LN L, | L b -
-0.4 . - -
' 0.5 o
0.6 | ™ Oy = 8547 pCCw) 1 ® 051 a Bers ™ 860, pC(Cw) b € Oy = 879% pCCu) &
e O, =480 pC(Cu) ® O, » 4547 pCCu) ® O, = 49.6°% pC(Cu)
085 i b3 3 a 1o i 2 3 a shg T - S
P GeV/e P GeV/e Py GeV/ie

Puc. 5.7 3aBucumocts Ay(Pr) AN HPOIECCOB HHK/IIO3UBHOIO 00pa3oBaHus 7, 7, P u p B P'A coynapeHusx, npu
JBYX yTJax poKACHUS afpoHOB U mMITynsce 40 [3B/c

BechbMa HEOKHIaHHBIMH OKa3aliCh JaHHbIE Mo Ay st peakimit p'p— n+X, p'Al—n
+X 1 p'Au— n +X, nomydennsie npu sueprun Vs=200 I'5B B sxcnepumente PHENIX [135].
PesynbraThl paccMoTpensl Bbile B pasaene 1.2.2 u mokasansl Ha Puc. 1.9, B 3aBUCHMMOCTH OT
atomHoro Beca A. Acummetpusi An(A) I MHKITFO3MBHOTO TIpoliecca moka3zana Ha Puc. 1.9
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Kpyxkoukami. OHa MEHSeT 3HAK M PACTET 110 BENMYMHE B TPU pasa NpH Iepexoje oT P'+p K
p'+AU coynapeHHsIM.

Korna naknaapiBatoTcs JOMOTHUTEIbHBIE TPEOOBAHUS PETUCTPALIMU 3aPSHKEHHBIX YacTHUII
cuetunkamu BBC, pacnonoxxeHHbIMH B 00JIacTH ()parMeHTaly CTAJKUBAIOLIMXCS YACTHIL
(BBC-tag, kBagpartsi), T0 An(A) ocTaeTcsi OTpULIATEIbHON 1 HEOOJBIIOH 1o BenuuuHe. Eciu sxe
OoTOMpaTh TOJBKO COOBITHS, B KOTOphIXx HeT curHanoB B BBC cuerunkax (BBC-veto,
TpEeyroyibHUKU), TO An(A) caBuraercs BBepX. J1Jisi MHKIIIO3UBHOM peakiuu 3To nosenenue Ay(4)
MOKHO OOBACHUTH Iperieccuel crnuHa KBapka u jeiictBuem cuibl LltepHa-I'epnaxa B
HEOJIHOPOJHOM KPYTOBOM IONEPEYHOM XpoMmMoMarHUTHOM moje [27]. Ilockonmbky 3ddext
HaOmogaeTcss B obnmactu mManbix Pt = 0.3 I™B/c u 6oapmux A, TO CyIIECTBEHHBIM IS €O
OO0BSICHEHUS SBISETCS TaKXKe CHIIbHOE yBEIMYEHHE MOIMEPEeYHOro pajguyca LBETHOTO MOJIs MPU
Manbix Pr. OT6op coObiTui ¢ momolnisio cueTunkoB BBC cmemaer cpeaHio IEHTPaIbHOCTh
coyAapeHus, 4YTO M NPUBOAUT K COOTBETCTBYIOUIMM HU3MEHEeHUsAM i An(A4). Baxho
MIPOJIOJDKHUTH HCCIICIOBAaHUE ITOTO A (eKTa P APYruX SHEPTUAX U HA IPYTHUX MUIICHSIX, B TOM
YHClie OT HEHTPAJIbHOCTH.

[Ipenckazanus MoJeM XPOMOMArHUTHOW mosisspu3anuu kBapkoB - XIIK [27] moka3aHsr
Ha Puc. 1.9 cuneil crmomnoil nuuueil. ToHkue nuHUKM 0003HAYAIOT OJHO CTaHAAPTHOE
OTKJIOHEHHWE JJI 3TUX pacyeToB mo Mojaenu. Mojenb [27] mpelnckasbpiBaeT JOMOJTHUTEIbHBIC
MuHUMYMBI An(A4) ipu A=3 u A=86.

Eme onHo HabirofeHue, HE MOJTYYMBINEE MOKA SICHOTO OOBSCHEHHS, 3TO 3aBUCHMOCTh
An(Xe,Nen) amst peakmun p'p— 7~ +X B sxciepumente BRAHMS npu suepriu Vs=200 I'sB [32].
Oxkasasock, 9To AN(XE,Nep) yBeIHuuBaeTCs 0 aOCOMIOTHON BETHYHHE, €CIIH OTOMPATh COOBITHS
C MHOXECTBEHHOCTBIO N¢p BbITe cpenHeii. Takue naHHble Toka3zaHbl Ha Puc. 5.8 cromraeiMu
Kpyx)odkamu. Ecin e BBIOMpAIOTCsI COOBITHS, B KOTOPBIX MHOKECTBEHHOCTh HIDKE CPETHEH, TO
cootBeTcTBeHHO M AN(XF,Nch) CTaHOBHUTBHCSI MeHbIIe 110 abCoMrOTHON Benmmunue. Momens XITK
Ka4eCTBEHHO 00bsICHACT 3TH HaHHbIe 0 An(XF,Ncn) yernenueM 3¢ GpeKTUBHOTO I[BETHOTO MOJIS B
001acTH B3aUMOEHUCTBUS NPU TpeOOBaHUU O0JIee BEICOKOW MHOKECTBEHHOCTH, TOCKOJIBKY MOJIE
co3/aeTcs IBMXKYIIUMUCS KBapkaMmu-criektatopamu [27]. Uem Gomnbie yactul, Ney, B COOBITHH,
TeM OO0JIbIlIEe OKUAETCS KBAPKOB-CIIEKTATOPOB.

BRAHMS Pradiminary
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E x* n' « Low Muit.
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Puc. 5.8 3aBucumocts Ay(Xg) mmst peaximu p'p— 7 +X B skcniepumente BRAHMS [30]
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Jlunepom B 00JIaCTH TMPOBENEHHUS SKCIEPUMEHTOB MO HHKIIO3MBHOMY OOpa30BaHUIO
YaCTHUI] ME30OHHBIMHU ITyYKaM{ Ha TOJISIPU30BAHHON MPOIIaH-AHOJIOBOW MUIIEHU 3aMOPOKEHHOTO
tuna ssisercs KosuiektuB sKkcnepumenta [IPO3A B I'HI M®BD HUIl «Kypuarosckuii
uHcTUTYT» uMeHu A.A. JlorynoBa. OpgHa W3 Takux peaklMH MpeAcTaBiieHa B pasnene 1.5 u
nokasana Ha Puc. 1.13 ans peakuuu nepesapaaxu 7 dt—° X npu sHepruu myuka 40 I'>B [50].

OCOOEHHOCTh ATHX PEaKiMii B TOM, YTO OTJIMYHAs OT HyJsi acuMMeTpust An(Pr) TOSBIIsSETCS B
o0acTi (pparMeHTalMU 7 My4YKa, KOTOPBIA HE MOJIIPU30BaH, TOCKOJIBKY CIIUH 77 PaBeH HYJIIO.

Bo3moskHo, 3HaunTenbHas An(Pr) BO3HHMKAeT W3-3a CHIIbHOW aCUMMETPHH HAa4YaabHOTO
COCTOSIHMS, TJ€ KBapK W AaHTUKBapK MHOHAa HaJETalOT Ha TPU BaJCHTHBIX KBapkKa
NOJIIpU30BaHHOTO HyKJIOHA. [loxokast cuTyanus HaOmomaeTcss W JJisi OMHAPHBIX pEaKIui,
paccMOTpeHHBIX Bbllie. OOMEHHOE B3aUMOJICHCTBUE TaKKE MOXKET UrPaTh 3HAYUTEIBHYIO POJIb
B MMPOUCXOXKJIECHUU OJHOCITMHOBOM aCUMMETPUH.

5.1.4 [Ilonepeunas nonapuzayus P\ cuneponoe 6 UHKII03UGHBIX PeaAKUUAX

OObHapykeHue 3HaYUTEIbHON MMONepeyHOoN MOJIIpU3aluu /-TUIIEPOHOB B MHKIIFO3UBHBIX
peaKkusx SBUIOCH CIOPIPU30M, IMOCKOJIbKY TEOpHUS MpeJCcKa3blBajia BBHIMHUPAHHE CIIMHOBBIX
3¢ ()eKTOB Mpu BHICOKUX SHEPTUAX U OOJBIIUX MOMEPEUYHBIX UMITYNbcax [2]. B nanpHelimem 3tu
UCCIIeIOBaHMs OBUIM IPOJOJDKEHBI, TIiIaBHBIM oOpasom B Fermilab (CIIA). Bombias
noJisipu3anusl HaOMoAanach MPaKTUYECKH IS BCEX TMIIEPOHOB M AHTUTUIIEPOHOB B LIMPOKOM
UHTEpBAJIC SHEPTUil W IS pa3HbIX MydyKoB. V3MepeHHs Ha MPOTOHHOW M SIEPHBIX MHIICHIX
MOKa3aJii HE3HAYMTENIbHYI0 3aBHCHMOCTh Py OoT aromHoro Beca mwumeHu A. I[lomspuzarnms
THIIEPOHOB B COYJApEHMSIX WICHTHYHBIX HEMOJNSPU30BaHHBIX aJpOHOB, HAlpUMep B Pp-
COyJapeHHUsIX, SBISICTCS HeYeTHOW (yHKuuel mepeMeHHOU Xg: Pn(-Xg,p1)=-Pn(XF,pT), OTKYIdQ
cienyer Pn(0,p1)=0. TIpuOamKeHHO 3TO COOTHOIICHHE BBIMOJHIETCS W B PA-COyIapeHHsX.
0030p JaHHBIX 110 MOJAPU3AIMN THIIEPOHOB MOKHO HaiTu B [136,137,138].

Ha Puc. 5.9 nokazana momsipusanus B peakuuu pPBe—A+X npu sneprusx myuka 400
B [139,140] u 800 I'»B [141]. KpuBsie Ha Puc. 5.9 moka3siBatoT (UT COOTBETCTBYIOIIMX
TaHHBIX U3 o030pa [138]. [lonapuzanus B peakiuu pBe—A+X orpunarensHas, a €€ BeTUYHHA
pacTeT ¢ yBeNTUYEHHUEM Xg U P1. 3aBUCUMOCTD OT SHEPTUU My4yKa HE3HAUUTEIbHAs.

0.2
[20] 800 GeVie
[22] 400 GeVic

A [23] 400 GeVic

0.05 | | pBe — A+ X

Polarization
Polarization
o
=
o

e 01
01 ¢ A

0.08

L]

02 } 1

-0.08 4

8 -0.1
0.25 | T «.,]I
0.15
03} [12] 800 GeVie

& [11] 400 GeVie ¢ 02

[10) 400 GeVie 0.5 PA— T +X

o 01 02 03 04 05 06 07 05 09 1 0 01 02 03 04 05 06 07 08 09 1

X Xp

Puc. 5.9 Py B peakuuun pBe—A4+X Puc. 5.10 Py B peakumn pA—Z+X

126



—
-

Ha Puc. 5.10 nmokazana Py B peakiiuu pBe— Z™+X nipu aHeprusix nyuka 400 I'3B [142] u
800 I'B [143] u ¢ur [138]. Xorsa 3Hak Py B peakumm pBe— Z+X Toxke OTpUIIATENBHBIN,
MakcuMalibHasi BeauunHa Py BIBoe MeHble, U jocTuraercs ona mnpu Xg = 0.5, B otinuune ot A
TUIIEpOHa, Ul KOTOoporo MakcumyM Py Haxoautcs BOmm3u Xg=1. Iloxokee mnoBexneHue
HaOmoaeTcss U A peakuuu pBe— Z0+X npu sHepruu nyudka 400 3B [144]. B pamkax
mogenu XIIK [27] takoe moBemenue Pn(Xg) oOBsCHSETCA Mpereccueidl cruHa S-KBapka B
3¢ (PeKTUBHOM KPYroBOM IONEPEYHOM XPOMOMArHUTHOM I10JI€ MPH OJTHOBPEMEHHOM JEWCTBUU
cunel tepna-I'epnaxa.

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

BosnbmmacTBO M3Mepenuit Py B peakiuun pA—A +X ObUIM BBINIOJHEHBI TPU BBICOKOU
sueprun, Vs > 27 5B, 1 moKasamd COBMECTHMYIO C HYyJIEM MONSPH3ALHI0. EIHHCTBEHHBIH
skcniepuMeHT E766, B KOTOpOM HaOJIOJIaIach 3HAYUTENIbHAs moJisipu3anusi /A, ObUT BBITOJIHEH
npu \s = 7.31 T3B [151]. Pesynbratsr E766 nokasanst Ha Puc. 5.12 CIUIOUIHBIME KPY»KOYKAMIL.
CrutomHast kpuBast Ha Puc. 5.12 - pacuerst mo mogemn XITIK [152]. 3aBucumocts Py oT V'S
MMEET PE30HAHCHBIM Xapakrep. IIpoBepka 3THX [aHHBIX SABJSIETCS AKTyaJIbHOW 3ajaded u
obseryaercs TeM 00CTOSTENLCTBOM, UTO UMITYJIbC IPOTOHHOTO My4YKa JOJKeH ObITh 27 I'3B, uro
Oynet noctynHo g ycranoBku CITACHAPM.
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Puc. 5.11 Py B peaktmu pA—X"+X Puc. 5.12 Py B peakunu pPA—A"+X

OueHnb OonpItast nossipusanus (01HaKo, ¢ OOIBIIMMH OIIMOKAMU) U3MEPEHA I PeaKuu
K*p—A +X B muanmazone nMIymnbcoB mydka ot 8.2 1o 70 I'3B/c [153,154,155,156]. Pe3ynsTaTsl
nokasanbl Ha Puc. 5.13, Hapsiny ¢ pacueramu [138]. [Tomyuenue 6oee TOYHBIX JaHHBIX 110 ATOU
pEaKLMM SIBISETCS aKTyaJIbHOM 3a7a4ei.

Pesynerarel usmepenust Py B peakimn pp—A +X mokazanel Ha Puc. 5.14 [157].
OCOOCHHOCTBIO ITHX PE3Y/IbTATOB SBISIETCSA yKa3aHue Ha ocuwumnuio Pn(Xg), uro Oyaer
MHTEPECHO NPOBEPUTH U MCCIIEN0BATh HA AHTUIIPOTOHHOM ITyuke skcniepumenta CITACHAPM.
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5.2  Teoperuueckue MO/ieJIM, ONUCHIBAIOIIHNE OHOCTHHOBDIE SIBJIEHUS

B HacrosimeMm pasziene paccMaTpUBAIOTCA pa3iMuYHbIE MOJENIH, IPEIOKEHHbIE IS
O00BSCHEHUS! OJHOCHMHOBBIX MOJSPU3AIMOHHBIX JaHHBIX. VCTOpUYECKH MEpBBIMU MOMAEISMHU,
OpEeUIOKEHHBIMA i1 OOBSICHEHUS  OONBIIMX  MOJAPU3AUMOHHBIX  3(h(]exToB  BO
B3aMMOJICHCTBUSIX aapOHOB, ObUIM MOJETH, HCIOJNb3YIOIIKE MOIYKIACCUUYECKUE MEXaHH3MBL
OnMH M3 OAXO0I0B OCHOBAaH Ha MojenH momocoB Pemke [158, 159, 160]. O630p atux Mozmenei
MOXHO Haiitu B pabore [161].

Hpyras rpynna Mojened mnpeamnonaraeT — (akTOpU3alUilo NepTypOaTUBHBIX U
HenepTypOaTuBHBIX (akTopoB. JKecTkoe paccessHHe MapTOHOB (KBapKOB U TJIHOOHOB)
OTHUCBHIBACTCS B TaKWX MOJENAX B pamkax Teopun Bo3mymieHuit KXJI. Msrkue mporeccs (¢
HEOOJBIION TMepefaueil UMITyNIbca) YYUTBHIBAIOTCS, HAPUMEp, Yepe3 BBEACHHUE CTPYKTYPHBIX
byHkuii u  GyHKIUE ¢GparMeHTalMM TApTOHOB B  aJPOHBI, KOTOpPbIE HAXOIATCS U3
DKCMIEPUMEHTa M YYUTHIBAIOT MPEJCKA3bIBAEMYI0 M3 TEOPHUU HBOIIOLHUI0 ATHX (GYHKIHUH MpU
M3MEHEHUU NEPETAHHOT0 UMITYJIbCA.

5.2.1 Mexanuszmot Cusepca u Konnunsa

B  Hacrosmee Bpems ~ HauOojee  IIMPOKO  OOCYXJIAaeMbIMH  MEXaHM3MaMH,
MPEJIOKEHHBIMU I OOBSICHEHHUS! pacCMaTPUBAEMBIX MOJIAPU3AMOHHBIX 3((HEKTOB, SBISIOTCS
mexanm3mbl CuBepca [162] m Kommmuza  [163]. B ocHOBe OTHUX TOIXOJIOB JIEKHUT
MPEIOJIOKEHNE O CYIIECTBOBAHUU 3aBUCSIIMX OT CIMHA U MONEPEYHOro MMIMyibca (YHKIUN
pacnpenenenuss kBapkoB (TMD) [162] B moNsApu30BaHHOM MPOTOHE, JHOO0 (QyHKIHI
(dparMeHTaIMK TOJSIPU30BaHHBIX KBApKOB B aapoHbl [163]. B kaxkmoir W3 3TUX Mojenei
MoJIpa3yMeBaeTcs Hajluuue KOPpEeslUM MEXAYy HalpaBleHUEM CIHHA W MONEPEYHBIM
umiyiabcoM. COBpeMEHHOE COCTOSIHUE MOjIesiel 00CyKaaeTcs, Harpumep, B pabote [164].

[Ipenckazanuss B pamkax Mmojaenu CuBepca mokazanel Ha Puc. 5.15 ans gaHHBIX
skcriepuMenTa BRAHMS 1o MHKITIO3MBHOMY POKIECHHIO T TIPH DHEPTHH \s=200 I'>B [165].
3amTpUXOBaHHbIE TOJOCH MOKAa3bIBAIOT «IIOJIOCY CTAaTUCTHYECKOM HEONpeneNeHHOCTH» MpU
BapHalllK apaMeTPOB MOJEIHU, UCMOBb3YEMBIX JUTsl U3BNeueHus ¢yHkuun CuBepca, U3 JaHHBIX
M0 TJIIYOOKOHEYNPYTHM TOJYWHKITIO3UBHBIM Tporieccam [166]. Jlamasie STAR s 7 pu
SHEpPruu \s=200 5B [167] moka3ausi Ha Puc. 5.16.
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5.2.2 BKnao evicuiux meucmoeé

Hlpyroii MexaHW3M TeHepaluud OJHOCIHHMHOBBIX aCHUMMETpUN ObLT  MPEANoKeH
EdpemoBeim 1 Tepsieoim B 1982 1. [169]. B HemM paccmarpuBaeTcs, B paMKax KOJUIMHEApHOU
KMHEMAaTUKH, BKJIAJ TBHUCT-3, yuuThIBarOmMA 3((eKTsl KBapK-TIIIOOHHBIX Koppensuuii. B
JabHEHIIEM 5TOM IIOXO0/1 Pa3BUBAJICS TAK)KE B IPyrux paborax, Hampumep B [170].

OCOOEHHOCTBIO YKa3aHHBIX BBIIIE MEXaHU3MOB SIBJISIETCS 3aBUCHUMOCTH OT HONEPEYHOTO
umIyiabca Buaa Ay ~1/pr, 4To XapakTepHO JUIsl BKJIAJI0B BBICIINX TBUCTOB. DKCIICPUMCHTAIBHBIC
JAHHBIC TPU JOCTUTHYTHIX HA CETOMHSIIHUMN JCHb MOMEPEYHBIX UMIYIhCaX HE YKAa3bIBAIOT Ha
3HAYUTENbHOE yMeHbIIeHHEe An(PT) IPU YBEITUYEHHUH Pr.

5.2.3 bepaunckasa mooenb 8pawiaoumuxca K6apKkos

Mozens Bpalarouxcs BaJCHTHBIX KBapKOB B IMOJIIpU30BaHHOM IpoToHe (bepinuHckas
monenb) [171. 172] Owima mpemioxkeHa Ui OOBSICHCHUS TPOMCXOXKICHUS OJHOCITUHOBOMN
aCMMMETpUU B 00pa30BaHUM MMHUOHOB W TMOJsIpH3anuu /-runepoHoB. OpOuTaIbHOE BpalleHHe
KBapKOB IIPOUCXOJUT BOKPYT OCH TOJISIPH3AIUHU IIPOTOHOB, IPUYeM U- U (-KBapKu BPaIalOTCs B
MIPOTUBOIMOJIOKHBIX HAMpPaBIEHUSAX, YTO CBSI3aHO C WX MOJsSpU3aledl W BOJHOBOW (hyHKIUEH
npoToHa. BzaumoseiicTBie NpOUCXOAUT BOIM3U (PPOHTAIBHON MOBEPXHOCTH CTATKUBAIOIIUXCS
aJPOHOB, TaK YTO 00pPa30BaABIIMIICS MHMOH TPUOOPETACT JOMOTHUTEIbHBINA MOMEPEYHBIN UMITYIIBC
Ipy pPEKOMOMHAIMM C MOPCKHM AaHTHKBApKOM U3 MHUIIEHH. Mojenb JaeT KauyeCTBEHHOE
ONMCAHWE OJHOCIMHOBOM aCUMMETPUH, OJIHAKO HHUYEro HE TOBOPUT O MOJSPU3ALUU
AQHTUTUIIEPOHOB.

Ha Puc. 5.19 nokazanel manHbie dkcriepumentoB E704 [23,173] u E925 [22] npwm
sHeprusx 200 m 22 I'»B, xoTopble cpaBHUBAKOTCA C ABYMsl BapHaHTAMM IapamMeTpU3aLUN
nauueix E704. Tlpenckazanuss mozenn it An(Xg) u Pn(XF) B peaxiun pr(A) — 4 X
CpaBHMBAIOTCS ¢ TaHHbIMU Ha Puc. 5.20 [174,175].
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5.2.4

prl"aﬂ HHTCPCCHasA BO3MOXHOCTH pacCMaTpuBa€TCd B MCXAaHHM3MC, OCHOBAaHHOM Ha

Mooenv uncmanmonnou cuokocmu

KBapK-KBapKOBOM B3aWMOJICHCTBUM, WHIYIIMPOBAHHOM OOJIBIIMM aHOMAaJIbHBIM KBapKOBBIM
XPOMOMAarHuTHEIM MOMeHTOM [176]. OueHku, caenaHHbIe HA OCHOBE MOJCIM WHCTAHTOHHOW
)KuakocTy i Bakyyma KXJI, moka3sIBaloT BO3MOYKHOCTh T€HEpaIlUK OOJIBIION OJTHOCITHHOBOM
ACUMMETPUU Ha KBAapKOBOM ypoBHE. JlaHHBI MEXaHW3M MOXKET ObITh OTBETCTBEHHBIM 3a TE
OOJBIIME OJHOCIIMHOBBIE ACHMMETPUH, KOTOpBhIC HAOMIOMAIOTCS B peakIusx oOpa3oBaHUS
aJIpOHOB U BBICOKMX 3Heprusix. Ha Puc. 5.21 nmokazansl 3aBucumoctd acummetpun Ay(Q;) ot
IIepEeaHHOTO0 MMIIYJIbCa, IIPH Pa3sHbIX 3HAYEHHUSX Mapamerpa UH(PaKpacHOro oOpezaHus My U
JMHAMUYECKOM Macchl KBapKa Mg COOTBETCTBEHHO. AcMMMeTpusi MoxkeT pocturatb 50%, a
3aBUCUMOCTbH OT MEePEJaHHOTO UMITYJIbCa UMEET HHTEPECHBIE 0COOCHHOCTH.

0&

. 06
N AN
e . 05 + PRty T
My e T
N T
04 o4 |\ ,/'/ . el T
N - =
Do - !
03 03 —|- / e
02+ 0z,
|
v TTra g'?@iﬁv a1 4 m=0.35 GeV
) o 8 - - rrq=0.25'39\.f
) m =04 GeV m =035 GeV — — mE0ATGsV m = 0.75 GeV
7 1 5 3 10 0 1 T !

q, Ge\

2

|

10

4 [
g, Gev
Puc. 5.21 A\(Q) a5 paccessHUs KBapKOB, IIPH Pa3HBIX MapameTpax My HHdpakpacHoro oopesaHus (ciesa) u
pa3HBIX TUHAMHYECKUX Maccax KBapka (crpasa) i3 mojenu [176]

5.25

Eme oauH wMexaHusM MArkod (HemepTypOaTHBHOMN)

Kupanonaa modenv punompayuu cnunogvix cocmoanuii

reHepanul  OJHOCIMHOBOU
ACHMMETPUU OCHOBAH Ha KUPAJIHHOH KBAapKOBOW MOJIENH, B KOTOPOH NMPHHATH BO BHUMAaHHUE
W KapTMHA I[pulenpHoro mnapamerpa [177]. B
bunbTpanus KOTOpas
00ycJIOBJI€Ha YHMTApHOCTbIO B S-kaHaie. OHa CBS3bIBAET MOJIAPU3ALMIO C acUMMETpHUeil B
MOJIOKEHUN KBapKa B MPOCTPAHCTBE MPHULENBHBIX MapaMeTpoB. Mojenb NpeacKa3blBaeT A
OJTHOCITMHOBOM aCHMMETPHH JTMHEHHBIN POCT B 3aBUCUMOCTH OT Xg U BBIXOJ] Ha IU1aTo mpu pr > 1
I™B/c [178]. Ha Puc. 5.22
[179,180], xoTopbie cpaBHUBAIOTCS € TpeICKa3aHusIMu Mo ienu [178].

(dakTopsl,
paccMaTpuBaeMoOil  MOAEIM  MPOUCXOJIUT

TaKue Kak YHUTapHOCTH

CIIMHOBBIX ~ COCTOSIHHH,

IIOKa3aHbl IpPEIBAPUTENIbHBIE NaHHble 3KcrnepumeHTa STAR

o I S B S R PR S T ST I T T S S IR S N
3 4 5 6 7 B ] 10
pr. GeVic

Puc. 5.22 3aBucumocts Ay(Xg) ams p'p — 7°X, u3 [178]. Yron usomsiuu muona 70 Mpa, Vs = 500 T'5B u 0.32 < X
< 0.40. Jauusie STAR u3 [179, 180]
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ABTOpBI TOTYEPKUBAIOT, YTO COIVIACUE JAHHBIX M PAaCUETOB MMEET MOKa KaueCTBEHHBIN
xapakrep. [ KonMn4ecTBEHHOTro aHanu3a HeoOX0IuMO UMETh naHHble pu Xg > 0.4. ABTOpHI
npesckaspBaioT, uto Ay = 0 ams p'p — pX B o6nacTi GparMeHTaLHH MydKa, OJHAKO Ay He
paBHA HyJIO sl mporecca oOpa3oBaHus HeiTpoHa B dkcmepumente PHENIX [32,34].
[Tonsipusanusi TUNEpoHOB MokKazaHa Ha Puc. 5.23 B 3aBUCHMOCTH Xg M PT COOTBETCTBEHHO.
CIUIOIIHBIMY JIMHUSIMH TTIOKa3aHbl pacyeThl 10 Mojenu (uipTpanuu cnnHa [181].
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Puc. 5.23 Py(Xg) (cesa) u Py(pr) (cripaBa) amst peaximn pp(A) — A'X, CIUTomHbIe TMHUH — MPeICcKa3aH s 110
Mozenu ¢punbTpaiuu cnnHa [181]

5.2.6 Bpawenue napmonoe 6 cmpykmype cocmagisaouezo KeapKka

B npyrux paborax TpommnHa u TropuHa Takke paccMaTpuBaeTCsl MEXaHU3M, B KOTOPOM
MPEANOJaraeTcsi BO3HUKHOBEHUE OJHOCIMHOBOM aCMMMETPUU U MOJSPU3ALUU THIIEPOHOB 3a
CYET BpaIllleHUs KBapK-aHTUKBAPKOBOTO OOJaka BHYTPH BAJIEHTHOT'O COCTABJISIONIETO KBapKa
[182,183,184]. OcHoBHast pojb B MEXaHW3ME BO3HHKHOBEHHUS TOJISPH3AMA THIIEPOHOB
NPUHAIISKAT OPOWTATBPHOMY MOMEHTY M TOJISIPU3alldH Tapbl SS -KBAPKOB, BXOMSIIMX B
CTPYKTYpy cocTaBisitoniero kpapka. OOpazoBaHHe THIIEPOHOB MPOMCXOJIUT B JBe cTaauu. Ha
MEepBOM CTAaguU TPOUCXOTUT TEPEKPHITUE W B3aUMOJICHCTBUE MepudepuyecKkux 00IaKoB
COCTABJISIFOLMX KBAapKOB, YTO MNPUBOAUT K TOSIBICHUIO MAaCCHUBHOIO CTPAHHOTO KBapka H
reHepanuu cpenHero mojis. Ha BTopoit cragmm mporecca pabOTarOT JBa KOHKYPHPYIOIIMX
MEeXaHHM3Ma: MPOUCXOAUT PEKOMOWHAIUS COCTABISIONINX KBAPKOB C MAaCCUBHBIM BUPTYaIbHBIM
CTpPaHHBIM KBapKOM (MSTKOE B3aUMOJIEHCTBHE) C OOpa3oBaHHWEM THIIEPOHA; JTUOO paccesHue
COCTABJISIFOIIETO KBapKa B CPEAHEM T0JIE (B3aUMOJICHCTBUE C OOJIBINON Mepeaadeil monepeuyHoro
UMITYJIbCa), €ro BO30YXKJEHHWE U TIOSIBJICHHE CTPAHHOTO KBapka B pe3ysibTaTe pacrmajia
BO30Y)XJICHHOTO KBapka. 3aTeéM MPOUCXOAUT (parMeHTalHsl CTPAHHOTO KBapKa B THIIEPOH.
CpaBHeHUe TpeCcCKa3aHuil MOJENH U JaHHBIX JUIs uMiryibca mydka 400 I'5B/c, B 3aBucuMocT
OT Xg U PT COOTBETCTBEHHO, MOKa3aHo Ha Puc. 5.24 [183].

Mopenb npeacka3bpiBaeT OTPULATENbHBIA 3HAK MOJApU3ali A U €€ 3aBUCUMOCTb OT Xf.
3aBUCHUMOCTh aHAJIOTHYHA MTOJIy4aeMOM B MOJICITH XPOMOMArHUTHOM MOJISIPU3ALIMU KBApKOB [27].
B o0oux crnyudasx wuMeeT MecTo paccesHue B I(P(EKTUBHOM TMOjJe€ W OOHApYy>KUBAETCS
3aBUCUMOCTh TIOJIIPU3AIMH OT Xp, KOTOpasi OMHUCHIBACTCS TPUTOHOMETPHUUYECKON (YHKIIUCH.
Mopenb npencka3biBaeT TakKe CKEWJIMHT MoJsipu3aiuu 4 B 3aBUCUMOCTH OT Xg. [Ipenckazanuii
TOJISIPU3AITUY JJIS IPYTUX TUIIEPOHOB HE TIPUBOIUTCH.

B pamkax »9TOW MoOmenm TakKe JIeJaeTCs TOMBITKA OOBSICHEHUS CKEWJIMHTa
OJTHOCITUHOBO#M acummerpuu [185].
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Puc. 5.24 Py(xe) ast pp — A'X (ciesa) u Py(pr) anst pp(A) — A'X (cipasa) u3 paGotsi [183]

5.2.7 Mooenv xpomomacHUmMHOU CIPYHDL

Mognens PrickuHa (Ha3pIBaeMast TAK)KE MOJIEIBIO XPOMOMAarHUTHOM CTPYHBI) OTJIMYAETCS
IPOCTOTON M HATJSITHOCTBIO MEXaHHW3Ma IOJISIPU3AIMOHHBIX SIBICHUH W BO3MOXKHOCTBIO €ro
NpUMEHEHHs B  KauecTBe OOBSCHEHHS MONSPU3ALMU  TUIEPOHOB B COYAAPCHHAX
HETIOJISIPU30BAHHBIX YacTUI W OJHOCIIMHOBOW AaCHMMETPHH aJPOHOB, B COYIAAPEHHSX
NOJISIPU30BAaHHOM M Henosspu30BaHHOM yacTunl [186, 187, 188].

Bonbmme HabmomaeMble nospusamuonnsie dpdextsl 8 AT + B — C + X cs3anbl,
BUJIUMO, ¢ OonbiiuMu pacctosHusiMA (I > 1/0r ) u Moryt nath MHQOpPMAIHMIO 0 MEXaHH3Max
aJIpOHU3AIN U KOH(]alHMeHTa. B Moienn cTpaHHBI KBapK CO CTMHOM BBEpPX Yallle BBIJIETACT
BIIPABO, Y€M BJIEBO. TaKoOM pe3ysabpTaT IOJIy4aeTCsl, €CJIA IPUHATh BO BHUMAHUE B3aUMO/ICH CTBHE
I[BETOBOTO MAarHUTHOTO MOMEHTa KBapKa C XPOMOMArHUTHBIM IIOJIEM, BO3HUKAIOIIMM IIOCIIE
coynapeHusi, Ha ctaauu agponusanuu [186]. I[locne coynapenus u oOMeHa BETHBIM TJIFOOHOM
(IBETOBOM Tepe3apsIku) MEXAY CTaJIKUBAIOIIMMUCS aJpOHAMHM HaTATHUBaeTCs TpyoOka
I[BETOBOr0 TMOTOKa (cTpyHa). OOBIYHO paccMaTpUBAETCS TOJBKO IOTOK HANpsKEeHHOCTH
XPOMOJJIEKTPUYECKOTO TI0JIs, HO TaKoe pelleHne HeycToiiunBo. Kak mokaszaHo B padotax [189],
BOKPYT TpPYOKHM BO3HHMKA€T XPOMOMArHHTHOE T1ojieé (KaKk BOKPYT IPOBOJHUKA C TOKOM).
CxemaTtnueckoe uzobpaxenue TpyOku 1BeToBoro notoka (KXJ[ cTpyHbl) MeXIy KBapKoM H
AHTHKBapKOM IOKa3aHo Ha Puc. 5.25.

D

A,
LA

Puc. 5.25 Cxematnueckas kKapTHHA TPYOKU IIBETOBOTO MOTOKA MEXTy KBAPKOM U aHTUKBapKoM. [IpoobpHEIe
JIMHUU TIOKA3bIBAOT HATIPABJICHUE XPOMOAJICKTPUIECKOTO MMoJIst E, a KpyroBbie HammpaBieHHEe XPOMOMATrHUTHOTO
nois B
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[Tone B3auMOJEHCTBYET ¢ XPOMOMArHUTHBIM MOMEHTOM A BBUICTAIOIIETO W3 00JIaCTH
B3aUMOJICHCTBHUA KBapka. I[lOoCKOJIbKY HampaBiieHHE TPYOKHM OJM3KO K HalpaBJICHUIO
CTAJIKUBAIONIMXCS YacTHUI], TO HEOJHOPOTHOE XPOMOMArHHUTHOE II0JIEe COOOIIAaeT KBAapKy CO
CIITHOM BBEPX JIOTIOJIHUTEIBLHBIN TIONIEPEYHBIN UMITYJIbC (T, HAIIPABJICHHBINM BIIPABO, a KBAPKY CO
cnuHOM BHHU3 — BieBo [186]. IlogpazymeBaeTcsi, YTO CHIIBL, JEHCTBYIOIIHE CO CTOPOHBI
HEOJHOPOJAHOTO XPOMOMArHMTHOTO TMOJsl (aHANOTWYHBIE cujaM B dkcrepumeHte lllrepna-
I'epnaxa [1]), cMemaroT crnekTpsl HaOJIOJAEMBIX aJpPOHOB BJIEBO WJIM BIPABO [0 IIKAJe
NOMEPEYHbIX HMMITyJbcOoB. DopmMa M MarHuTylda CaMHX pPacOpeleNieHHd MNP 3TOM He
u3MeHSI0TCs. [10CKOJIBKY OOBIYHO 3aBHCUMOCTH CIIEKTPOB OT [Pt OJM3Ka K 3KCIIOHCHIIUAIBHOM,
CIABUI JaXX¢ Ha HEOONBIIYI0 BEIUYMHY OCT NPUBOIUT K 3HAYUTEILHOMY H3MEHEHUIO
COOTBETCTBYIOWIETO  TU(GPEPEHIIMATBLHOIO  CEYCHHs TpU  (PUKCUPOBAHHOM  3HAYCHUU
MOTIEPEYHOT0 UMITYJIBCA, YTO M MIPUBOAUT K HAOIFOIaEMOMN OJHOCIIMHOBOW aCHMMETPHH.

CpaBuenue paHHbix okcrnepumenta E704 [23,190] ¢ mnpenckazaHusMu MOZENU
XPOMOMarHuTHOHM CTpYHBI pescTaBieHo Ha Puc. 5.26.

< [ 1 202 T
B e U S S C .. . b)
N . = pp— :“'4.! ; 3 [+ [ ST ; PR §oczooiziiiid frnmeiennas
0.2 bbb . y L : e
r E : ; ‘o - O SO ST S
oL «ee®™o 02 Fe “pp-max -
[ 0 ffp-drax | 0.4 L.nRoIEEX LY 1 Y
_0-2'|||I|||I|||I||.I||| Coo o b Bwwn bw v by un
0] 0.2 04 06 08 1 0 0.2 04 06 08 1
Xe Xr

=02 [ i O8I
- ® - pp=m+X »
=0.4 @ et EI -

0] 0.5 1 1.5
P,, GeV/c pr.GeVie

Puc. 5.26 CpaBuenue nauubix E704 s p'p (uepHsie kpyxoukn) [23] u p'p (oTkpeiThie Kpyxouxu) [190], u3
paGots [188]

5.2.8 Mooenv xpomomacHumHOIl nOAAPU3AUUU KBADKOB

IToxoxue OCHOBaHUS JIETIU B OCHOBY MOJENM XPOMOMATrHUTHOM IOJISIPU3ALUU KBAapKOB
(XTIK). Ha pannom ortame w™ozaens XIIK wmoxer paccmarpuBaThesi Kak 00oOmIeHHE
SMIIUPUUYECKUX 3aKOHOMEPHOCTEH, HaWIEHHBIX B XOJ€ TIJI00AJbHOrO aHaiu3a JIaHHBIX.
MexaHn3M, MONOXKEHHBI B OCHOBY MOJEIIH, ABJIACTCS HA CETOAHSAIIHUN ACHb JIMIIb OJHUM M3
BO3MO’KHBIX, HApSAy C APYTHMH BapHaHTAMH F€HEPALUH MOJISAPU3ALMOHHBIX SIBICHHM.
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OCHOBHBIE TTOJIOKEHUS MOJIETTH U3JI0KEHBI B [27] . OTAenbHbIe peaKIlMi PacCCMOTPEHHI B
paborax [26,152,191,192 ,193 ,194 195]. Mogens XIIK O6a3upyeTcss Ha CICIYIOIINX
MOJIOKEHUSX

- [Tocne mnepBOoHAuadbHOW I[BETOBOM MeEpe3apsiKU BO3HHUKACT IPOJOJIBHOE
XpomosnekTpuueckoe noine E* u kpyrosoe nonepeunoe xpomomarautHoe noie B,

- OnnocnimHoBasi ~ acumMmeTrpusi  oOycioBneHa — cuioit  IllTepna-I'epnaxa,
NEeICTBYIONIEH Ha KBapK B HEOJHOPOIHOM MONEPEYHOM KPYrOBOM XPOMOMArHUTHOM IIOJIE.

- [Ipeueccuss cnuHa KBapka B I[BETOBOM IIOJI€ M3MEHSET KOMIIOHEHTHI CHJIbI
[ITepna-I'epnaxa.

— JuarpaMMbl MOTOKa KBAapKOB M IMpaBUJia MOJACYETa KBAPKOB OIMKCHIBAIOT BKJIAJ]
KBapKOB M aHTHUKBAPKOB B 3 (GEKTUBHOE IIBETOBOE IoJyie. BKIaabl KBapKOB U aHTUKBAPKOB —
JuHEiHbIe QYHKIMM WX YHCENT C BECaMH, OMpeaessseMbIMH 11BeTOBbIME (hakropamu Cpg(QQ) u
Cr(gq) nns kBapK-KBapKOBOM M KBapK-aHTHKBAPKOBO# MMap COOTBETCTBEHHO.

DddexTUBHOE KPYroBoe MONEpPEeYHOE XpoMOMarHutHoe mnone B? remepupyercs
PEISITUBUCTCKUMH ~ KBapKaMHU-CIIEKTATOPaMH, KOTOpBIE JIETAT B TPSIMOM H  OOpaTHOM
HAMpaBJICHUSAX B C.IL.M. CTAIKHBAOIUXCA HYKIOHOB (cM. Puc. 5.27). IlpoOHblii kBapk u3
HaOmoaemMoro  aapoHa  oTkioHsercss cunoii  Illrepna-I'eppaxa B HEOAHOPOAHOM
XPOMOMArHUTHOM II0JI€ BJIEBO WJIM BIPABO B 3aBUCUMOCTU OT HANpaBlEHHUsS €ro CruHa (BBEpX
Wi BHU3). B3auMopelicTBUe XPOMOMArHMTHOTO JUIOJBHOTO MOMEHTAa COCTaBISIOLIETO
po6HOro KBapka ¢ noiem B? mpuBoaut k Ha6II01aEMBIM OTHOCIIMHOBLIM acUMMETpusM [27].

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

Target fragmentation Beam fragmentation .
& region reggion Spin DN quark

Puc. 5.27 Mexanu3M XpOMOMAarHuTHO# MOJISIpU3aliiy KBapKoB (MUKpockonuueckuii annapar llrepua-I'epiaxa).
KBapk-npoGHUK OTKJIOHSAETCS BJIEBO MIIM BIIPABO B HEOJHOPOAHOM Toye B

B monenu XIIK cnmHoBble 3(h(eKThl BO3HUKAIOT OJaroaapsi MEXaHU3My, aHaJIOTHUYHOMY
3sHaMeHuTOMY ombITy IllTepHa-I'epnaxa [1], TOIbKO HAa MUKPOCKOIMMYECKOM I[BETHOM moie B2,
BO3HHUKAIOIIIEM Ha KOPOTKOE BpeMs B IPOIECCe B3auMOJIEUCTBUSA apoHOB. [lapameTpsl Moaenu
OIICHUBAJUCh TO TJOOATBHOMY aHajdu3y TMOJIIPU3AIMOHHBIX JaHHBIX s 81 pa3nudHon
WHKJTFO3UBHON PEaKIUK ¢ OOIIMM YHCIIOM dKCIIEpUMEHTAIBHBIX Touek 3670 [27, 33].

Hwxe npencrasiiens! pe3yabratsl u3MepeHnid Ay u pacuetsl o mozaenu XIIK. /lanHbie
qurst 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 [85]) moka3ansl Ha Puc. 5.28. DHeprernueckas 3aBUCHMOCTb
JAHHBIX XOPOIIO OMHCHIBAETCS COOTBETCTBYIOMUMHU KpuBbIMU Mojenu XIIK. Jlanubie amns
peakiuu p'p(A)— 7 +X [23, 24, 85] mokazaus! Ha Puc. 5.29. 3nak Ay Ha Puc. 5.28 u Puc.
5.29 ompenensercss 3HaKOM MOJISIPU3AIMH BAJICHTHBIX U- U 0- KBApKOB B MOJIIPU30BAHHOM BBEPX
npotoHe. Moaens XIIK 1o3BoisieT AKCTPanojupoBaTh OJHOCIHHOBYIO aCHMMETPHIO,
TOJISIPU3AIMIO THITEPOHOB IO TAKAM TEPEMEHHBIM, KaK Pr, Xg, \'S, aTOMHEIHA Bec MumeHn (A) u
LEHTPaJIbHOCTb.
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Puc. 5.28 Ay(Xg) ans peaxumu p'p(A)— 7" +X. Puc. 5.29 Ay(Xe)mrs peakumn p'p(A)— 7 +X

5.3  Pe3oMe u nepcneKTHBBI

MHuorooOpa3ue MONSIpPU3aIMMOHHBIX JaHHBIX W MOJENEH, MPEeUIOKEHHBIX IS HX
00BsiICHEHUS, TpEOYeT NMPOBEACHUS MPELIM3UOHHBIX CUCTEMATUUYECKUX UCCIEAOBAHUN OOJIBIIOrO
yyclla MNPOLECCOB M IIOOATBHOTO aHaiu3a BCEH COBOKYNHOCTH JAaHHBIX JJIs BBISCHEHUS
MeXaHU3Ma MPOUCXOKICHUS CIIMHOBBIX SBJICHUH. B naHHOM pasnene ObUIM IEpPEYHCICHbBI
TOJIKO HEKOTOPBIE U3 CYLLECTBYIOIIUX MoAenel. Pan Moaenen, Hanpumep, JIyHackas, ocranuch
BHE paMoK onucaHuid. CreayeT MOAYEepKHYThb, YTO OOJBIIMHCTBO MOJEJIEH He NMpeTeH]yeT Ha
ry100anbHbIM aHau3, KpOME TOr0, MHOTHE MOJENH paboTaroT (WM TOYHEE cKa3aTh MOT'YT OBITh
MCIIOJIb30BaHBI JIsl paCU€TOB) B OTPAaHUYEHHON KHHEMAaTHYECKOM 00acTu.

BakHBIM MOMEHTOM C TOYKHM 3pPEHHUS CYIIECTBYIOUIMX 3KCIEPHUMEHTAJIbHBIX JIaHHBIX
SBJISIETCS OIPAaHMYEHHOCTh HaOopa CYIIECTBYIOIIMX JaHHBIX, MPEXIE BCEro IO COPTY
BTOPUYHBIX YaCTUL[ WU IO KHUHEMaTudeckol obOsiactu. B OONBIIMHCTBE 3KCHEPUMEHTOB
U3MEPEHUs] MPOBOJWINCH B y3KOM TEJIECHOM YIJIe, YTO HE IO03BOJIAET IPOBECTU pa3feiIcHHE
3aBHCHMOCTH > (eKTa OT TPeX KHHEMATHUECKHX IEPEMEHHEIX (Pr, Xg, \S).

Takum oOpa3om, ocraercs HEOOXOTUMBIM IPOBECTU CUCTEMATUYECKOE MCCIIETOBaHUE
CIIUHOBBIX 3(PPEKTOB, JKenaTeabHO Ha OJTHOM (PU3NUYECKON YCTAaHOBKE U B OJIMHAKOBBIX YCIOBHSIX
Habopa 7 MakKCHMajbHO OOJIBIIOTO Kjacca peakuuid U B IIHPOKOM KHHEMAaTHYEeCKOM
JUana3oHe.
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6 IIpuioxkenue b. Pe3yabrarbl MOAeJIMPOBAHUA

B namHom IIpuioxeHWUM TPHUBEACHBI HEKOTOPHIC JOIMOJHUTEIBHBIE PE3YNIbTATHI
MoJIepoBaHus (u3nueckux mporeccoB. CreqyeT OTMETUTh, TO NPUBEACHHbBIC PE3YJIbTAaThl
MOJIy4eHBI METOJI0M «ObicTporo» MoHnTte-Kapiio, To ectbh 60e3 pealbHOTO ONUCaHUs AETEKTOPOB U
0e3 ucnonab3oBanus mojHOro Monte-Kapno ¢ ucnonszoBannemM GEANT u HacTpoeHHBIX B
cpene CITACYHAPM-pyT aiaropuTMOB pPEKOHCTPYKLUMH. B HacTosiiee Bpemsi HayaTo IOJIHOE
peabHOE MOJEIMPOBAHUE ISl SKCIIEPUMEHTA Ha KaHane 14.

6.1 MO)ICJII/IPOBaHHe AJIA MyYKa aHTHIIPOTOHOB

Ha Puc. 6.1 moka3aHbl MaccoBbI€ CIICKTPBI JUIS YeThIpeX peakiuid Tuma p p—h +X: rae
h=A—px* (@); h=A—7iz°®); h=4 —pz (c); h=2— 4z (d).

x 10
:\trim zmﬁ 80000 B :-.. - mggi‘:
10000 B mﬂ 0.321I:IIEI—1I1):: peon o
8000 L ( a) 60000 -
6000 - 40000
4000 ©)
2000 B 20000 o
0 L , | |
1 1.25 1.5 1.75 2 1 1.5 2 2.5 3
mass P— + pi+, GeV, AntiLambda mass P— + pi—, GeV, AntiDelta——
E‘tﬁu ‘Slgzg 1500 B E’!tﬁu Hg
6000 - RS oeEor 1250 R osroo
1000 o
4000 - (b) 750 - (d)
2000 B 500 =
250 - M
0 | 1 A 0 | | _oﬂJ 1
1 1.5 2 2.5 3 1 1.1 1.2 1.3 1.4 1.5
mass AntiNeutron + pi0, GeV, ALambda(1118) mass Lam + pi— = Xi—, Ge¥

Puc. 6.1 DddexrupHas Macca MpoayKTOB pacniana B npouecce p p—h +X: h=A— =" (a); h=A—i 7 (b);
h=A"—>pzn (c); h=E"— Az (d)

6.2  MogenupoBanue peakuuii p'p —h +X u pp! —h +X

WNuterpanbHas cTaTUCTHKA JUIA  CIOydash B3aUMOACHMCTBUN  HENOJSIPU30BAHHOTO
MPOTOHHOTO My4YKa C MOJSIPU30BaHHON MuUIeHbIo npH SHepruu 60 5B nmokazana B Tabn. 1.2.
Uucno B3aMMOAECHCTBUI B MUILEHH PaBHO 6:10"°. Ha Puc. 6.2 mokasaHo pacupeneneHue 1o
3¢ hexTUBHON Macce MPOIYyKTOB paciiaia HaOIi0JaeMbIX YaCTHI] B Iporieccax tuma pp—h +X:

Yncno coGwithit Ha Puc. 6.2 cooTBerctByer 6-107 B3ammomeicTBHi, wik 30 MHH.
paGOThI YCTAHOBKM Ha MPOTOHHOM TTyuke ¢ sueprueii 60 5B i muTencHBHOCTHIO 2% 10%/c6poc.
B ceance miurenpHOCThIO 30 cyTok craTrctuka Oyaet B 1000 pa3 6ombine (cMm. Tadm. 1.2).

137



500 — :Ilh' m:;
0.8801
400 a | RWS 0.4208E-01
300 - 1
200 - !
00 | [f
0 1 | 1 1
0 0.5 1 1.5 2
mass K+ pi0, GeV, Ke+(892)+
200 e 27683
RS o
150 '
100 »
50 =
0 L ! M

1.5 2
mass (K- pi0), GeV, Ke—(892)

Puc. 6.2 DdexTuBHas Macca IPoyKTOB pacnaja B npoeccax muna pp—h +X: rae h=K""(892)— K* n°
(BBepxy)  h=K (892)— K 7° (BHu3y)

6.3 MopneaupoBaHue 6apHOHOB M AaHTHOAPHOHOB B mpoiecce pp—h +X

MopenupoBaHie MPOBEICHO C TPUITEPOM HA B3aMMOJCUCTBHE. PacmpeneneHue 1o
3¢ deKTUBHON Macce MPOAYKTOB pacrana s OapUOHOB M COOTBETCTBYIOIIUX aHTHOAPHOHOB
nokaszano Ha Puc. 6.3.

x102
1200 - E:‘n':“’ ‘531533‘;% Eutres 1725981
1000 RMS 0.8399€-02 60000 - Mie oresstor
800
400 20000 |
200
0 L ! 0 1 1
1 1.5 2 2.5 3 1 15 2 25 3
mass n + pi+, GeV, Sigma+(1189) mass n + pi—, GeV, Sigmo—
v 26424 e el
2000 e 2| 3000 S s
1500 2000
1000
1000
500
0 | | L 0 | |
1 1.5 2 2.5 3 1.5 2 2.5 3
mass nz + pi—, GeV, AntiSigma—(1189) mass nz + pi+, CeV, AntiSigma+ i
Puc. 6.3 DddexTHBHAsS Macca MPOAYKTOB pacniajia B nponecce Pp—h +X:rme h=2"—nz" @); h=2 —ijin

(b); h=2">nm (¢);

h=X"—idinx (d)

UYucno cobwithii Ha Puc. 6.3 cooTBercTBYET 3 wacam paOOTHl YCTAHOBKH Ha MPOTOHHOM

mydke ¢ 3Heprueit 60 ['9B 1 ”HTEHCUBHOCTHIO 2X106/C6p0C.
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6.4  MoaeanpoBaHie HHK/JIK3UBHBIX POLECCOB HA MMy4YKe NHOHOB

Ha Puc. 6.4 mokasansl, A5 IpuMepa, MacCOBBIE CIIEKTPHI JJIS YETHIPEX peakiuil Tuma
7 p—h +X, rne h=2"—yy (a); h=p—py (b); h=K’%s— 7" 7z~ (¢); h=p"(770)— = = (d).
[ToMrMO TIMKOB COOTBETCTBYIONIMX YacTuil Ha Puc. 6.4 BuueH Takke KOMOMHATOPHBIN (OH.
Yncio coGbiThii Ha Prc. 6.4 cootBercTByeT 6° 10 B3anMOIeiiCTBHIT, 4TO BO3MOXKHO HAbpaTh 3a
30 MuH. pabOTHI YCTAHOBKH Ha T - myuke. B ceance mmrenbHOCTHIO 30 CyTOK CTaTHCTHKA OYyIET
B 1000 pa3 GonbIre.

x 102
El il 12713313 [ . 329
4000 n u::: 0.1351 8000 = :::-:- ‘23:;?:
RMS O4TTIE-O2 RS 23388
3000 - (a) 60000
2000 4000 |+ (c)
1000 2000
0 : 0 1 |
0 0.1 0.2 0.3 0 0.5 1 1.5 >
12000 mass gamma +gamma =Pi0=-3‘?¢"" — <000 mass pi+ + pi—, GeV, KUE -
10000~ R e el
4000 - RMS  0.8323E-01
8000
6000 3000
4000 2000
2000 1000 |
0 L ! 0 ] ] ]
04 0.5 0.6 0.7 0 0.5 1 15 2

mass gamma+gamma =eta, GeV mass pi+ + pi—, GaV, rhol(770)

Puc. 6.4. DdpdexTuBHas Macca NpoAyKTOB pacmana B mpouecce 7 P—h +X, rae h=r"—yy (a); h=p—yy (b);
h=K’%— 7" =~ (c); h=p"(770)— =" 7~ (d)

6.5  MoneaupoBanue ausi peakuuii K'p'—h +X npu sneprun 34 I'B
WHuTerpanbHasi cTaTUCTUKA A7 B3auMoJieHcTBUS nmydka K ¢ moasipu30BaHHONW MMILIEHBIO

npu >Hepruu 34 B nokaszana B Tabmn. 6.1.

Tabn. 6.1 Oxumaemoe uunciio codbituiit Ney 1 otHOIIeHHE 3ddekTa k pony S/B mis mecsunoro ceanca Ha K -
9 o .
myuke (1.1-10° B3auMoeicTByiA).

Ne | yactmua Ney S/B | Ne | yactmnua Ney S/B
1 | 6.7-10° 13 [ p(770)>w n® | 7.5-107 | 0.26
2 | 8.9-10° 14 | n'> vy 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' | 1.3-10” | 0.8
5 |p 6.8-10’ 17 | R (892)> K * | 6.6:107 | 1.2
6 |p 3.7-10’ 18 | K(892) > K n° | 3.4-10” | 0.45
7 |n 6.2:10’ 19 |Z>AT 2.5-10° | 50.0
8 | m’>yy 4210° (7.7 |20 [A>pTC 1.8-10° | 50.0
9 | n>wy 2510 | 1.25 [ 21 [A>pn’ 2.9:10° | 12.5
10 | K%> ' 2.210" |40 |22 |[A>nTd 4.0-10° | 1.7
11 | p%770)> 't | 6.810" [ 037 |23 | s> nmC 3.1-10° | 0.2
12 | K%> 4.210°(09 |24
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Ha Puc. 6.5 mokaszanbl MacCOBBIE CITEKTPHI IS 4eThIpeX peaknuii Tuma K p—h +X: rue
h=A—px @); h=A—px* (b); h=4—nz’(c); h=2"—nx (d). C yuerom mpumecu K —
ME30HOB B Ty4YKe yKa3aHHAas CTATUCTHKAa COOTBETCTBYeT 28 dYacaM pa0OThl YCTaHOBKH Ha
oTpulatesbHOM Iyuke ¢ sHeprueit 34 [5B. B ceance mnurtenbHOCThIO 30 CYyTOK CTaTHCTHKA
Oyzer B 26 pa3 6osbiie (Tabm. 6.1).

40000 F Ly @] 1500 N =
M mels| 1250 B D
30000 - 1000
20000 - (a) 750
500
10000 250
0 e o |
1 1.25 1.5 1.75 2 1 1.5 2 2.5 3
mass p + pi— = Lambda0, GeV, narrow mass Neutron + pi0), GeV, Lambda{1118)
5000 Eies 13201 Eies 143345
e o E'E'l:l: 6000 vy mmisl—‘g?
4000 B
3000 (b) 4000 F
2000 (d)
1000 2000
0 T e 0 | )
1 1.25 1.5 1.75 2 1 1.5 2 2.5 3
mass P— + pi+, GeY, AntiLambda mass n + pi—, GeV, Sigma—

Puc. 6.5 DddextuBHas macca npoaykTos pacnaaa 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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