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OxcnepumeHT CIIACYAPM HaneneH Ha CHCTEMAaTHYeCKOE HCCIEIOBAaHHUE CIMHOBOM
CTPYKTYpBI HyKJIOHA X CIIMHOBOM 3aBUCHUMOCTH CHJIBHOTO B3aHMOJICHCTBHS AHTUBEIIECTBA U BEIECTBA
¢ Matepueil npu sHeprusx a0 45 ['9B. B kanane 24A yckoputensHoro komiiekca ¥Y-70 mpenmona-
raercsi (popMuUpOBaHHE MOJSPU3OBAHHBIX ITyYKOB HPOTOHOB M AHTHUIPOTOHOB. llomnsipu3zoBaHHBIN
AQHTUIIPOTOHHBIM My4YOK, OE3yCIIOBHO, CTAaHET yHUKAJIbHBIM Iy4KOM B Mupe. [Imanupyercs nposectu
M3MEPEeHHs OJJHOCIIMHOBBIX aCUMMETPUN B JIeCSITKaxX peakiuil Kak Ha BOJOPOJE, TaK U Ha pa3IMYHBIX
sapax. Ha ycranoBke CIIACHAPM BO3MOXHO TakXe H3MEpPEHUE MONEPEYHOM MOJspU3aLun
TUIIEPOHOB M JJIEMEHTOB CIIMHOBOM MAaTpUIl BEKTOPHBIX ME30HOB. /I M3ydeHHS CHHHOBOM
CTPYKTYpBI HYKJIOHa OYIyT TPOBEICHBI HCCIeJOBaHMs 0Opa3oBaHUS KBAPKOHHS IS ONPEACICHUS
BKJIaJ]a TJIFOOHOB B CIIMH NpOTOHA. Hanuune AByX THUIIOB MOJISIPU30BaHHBIX ITyYKOB U BOCBMH THIIOB
HEMoJAPU30BaHHEIX mydkoB (m, K, p, p, d, C) B koMOMHALMH C MOJAPU3OBAHHON MHILIEHBIO
paciiupsieT OUamna3oH WCCIEHOBAHWN MOJSAPHU3ALMOHHBIX SBICHUM M YCHINBAET YHUKaIbHOCTH
MIPOEKTa.

Abstract
Abramov V.V. et al. Conceptual Design Project of the SPASCHARM Experiment: NRC «Kurchatov
Institute» — IHEP Preprint 2019—12. — Protvino, 2019. — p. 144, figs.132, tables 17, refs.: 194.

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 unigue 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*, 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.
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Ilamamu npogeccopos
C.b. Hypywesa u FO.M. Kazapunosa
nocssujaemcs

PE3IOME ITPOEKTA

Ha kpymnueiimem B Poccun yckoputenbHoMm komiuiekce Y-70 B HUILL «KypuaToBckmit
uncturyt» — UOBDI, IlporBuno (nanee UOBD) co3nan 3HAUMTENbHBIN 33/ JUIsl TPOBEACHUS
uccnenaoBanuii mupoBoro ypoBHs B 3kcrepuMente CIIACUAPM (CllunoBsie ACummerpuu
B oOpazoBanun YAPMownus). Otu uccnenosanust no3soist HULL «KypuaToBckuil MHCTHTYTY
3aHATH JIUAUPYIONINE B MUPE TIO3UIUH B 00JIaCTH CIIMHOBON (DU3UKH.

IIpoekT HauneneH Ha MCCIEAOBAHUE CIMHOBOM CTPYKTYphl HYKJIOHA M CIUHOBOU
3aBUCHUMOCTH CHJIBHOI'O B3aMMOJEHCTBHUS AHTHUBEILECTBA M BEILECTBA C MATEPUEN IPU DHEPTUAX
1o 45 I'>B. CniuH B KBaHTOBOM MEXaHMKE SIBJISIETCS COOCTBEHHBIM MOMEHTOM HMMITYJIbCA YacTHUI]
co cnenuduuecKUMH cBOiicTBaMU. B oTnmume oT OpOMTaIbHOrO MOMEHTAa MMITYJbCa, CIIUH
HE CBSI3aH C IIEPEMELICHUEM YacTULbl B IPOCTPAHCTBE U SBISIETCA €€ BHYTPEHHEH KBaHTOBOM
XapaKTepUCTHKON, Hamogooue maccel wim 3apsaa. CnuH Obul BBeleH B Hayky moutu 100 mer
HazaJ JJs ONHCaHUs aTOMHBIX cHeKTpoB. Ero mpupona 10 cux mop ocraercs HepasraJlaHHOM
TaifHOM. JlaHHBIA MPOEKT 3aMEeTHO MPHOIM3UT PAa3TaAKy ATOH TallHBI, W 3TO OyJdeT MPOpPHIB
B ()yHJAMEHTAIbHBIX HAYYHBIX HCCIICJOBAHUSX.

3aBUCHMOCTb B3aUMOJICHCTBUI OT CIIMHA COCTAaBJISET CYTh IOJSPU3ALUOHHBIX SIBICHUU.
YroObl NPOBOJUTH MOJISPU3ALMOHHBIE UCCIEIOBAHUS HAJ0 CO3[aBaTh IYyYKH MOJSIPU30BaHHBIX
YacTUI] W/WIM UCHOJIb30BaTh TEXHUKY MOJSAPU30BAaHHBIX MHIIeHEeH. B mocineaHue ropbl
MIPOMU30ILIENT 3aMETHBIH MPOrpecc B SKCIEPUMEHTAIbHOM M3Y4YE€HUU CHUHOBBIX 3((EKTOB NpHU
BBICOKMX 3Heprusix. [logasnstomniee OOJBIIMHCTBO 3KCIEPUMEHTOB ObLIO MPOBEIEHO B 00JIaCTH
HenepTypOaTUBHOM KkBaHTOBOM xpomoguHamuku (KXJ[), mpu yMmepeHHBIX MONEpEeUYHbIX
uMmnynabcax. [losBIeHHME JKCHEPUMEHTAIbHBIX JAHHBIX CTUMYJIUPOBAJIO TEOPETUYECKOE
OCMbICIIEHHE CHUHOBBIX 3(¢ekroB. Ilpu 3ToM XapakTepHbl BbBICKA3bIBAaHUS H3BECTHBIX
TEOPETUKOB, HallpUMep aHrIM4YaHuHa DiumoTa Jlugepa: «CuH B SKCIepUMEHTax yous Oojiblie
TeopHii, yem m000i apyroi ¢usmnueckuil mapamerp». Mnu amepuxanua [[xeiimca brépkena:
«[Tonspu3anioHHbIE NaHHBIE YacTO OBLUIM KiIaJ0MIIEeM MOAHBIX Teopuil. Ecinmu Obl TeopeTuku
ObUIM B CHJIaX, B LEJNAX CAMO3AIIUTHI UM CTOMJIO Obl BOOOIIE 3alpeTUTh TaKUe U3MEPEHHS.
CeronHsi HET TEOpPHUH, NPETEHAYIOLIEH Ha MOJHOE ONKCAaHUE BCEX HAOIIOJAeMbIX MOJISpU3aLU-
OHHBIX 3(]dekxToB. HoBble SKCIIEpUMEHTATIBHBIE CIIMHOBBIE PE3YyNbTAaThl B OOJBIIOM YHCIIE
pa3HOOOpa3HBIX pEaKIMi, KaK Ha TMOJISIPU30BAHHOM AaHTUIIPOTOHHOM IIydyKe, TaK U Ha
MOJIIPU30BAaHHOM ITPOTOHHOM IYYKe B 3TOH TpyaHOU obnactu HenepTtypOaTtuBHOM KX/ kpaiine
BYKHBI JJIS1 Pa3BUTHS TEOPETUUECKUX MOJIXOJ0B U BO3MOXKHOI'O CO3/IaHUS TEOPUH (MOJENN) NI
ONMCaHMS BCEX CIUHOBBIX OH(PQEKTOB B CHIBHBIX B3aUMOJCHCTBUAX. B kaname 24A
YCKOpUTENIBbHOro Komiuiekca Y-70 mpeanosaraercs (OpMHpPOBAHUE IMOJIIPU30BAHHBIX IMYYKOB
IIPOTOHOB M aHTUIPOTOHOB. IIpoBeneHsl pacueTel HMX mHapaMmeTpoB. VHTEHCHUBHOCTH
AHTUIPOTOHHOrO Iyuyka c 3Heprued 15 I3B moxer mocturarte 10° aHTUIPOTOHOB 3a LUK
yckoputens (10'°© aHTUIPOTOHOB B CYTKH) IIpU cOpoce Ha NepBUUHYIO MUlleHb 10" mpoToHOB U3
VY-70. Tlonsspr30BaHHBIA AaHTUIIPOTOHHBIN MYyYOK OT pacraja aHTH-TSIMOa TUIIEPOHOB, KOTOPBIH
MoskeT ObITh octyneH B HULL KU B 2024 roxy, siBUTCS, 6€3yClIOBHO, YHUKAIbHBIM ITyYKOM B
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Mupe. B aHTUNPOTOH-IPOTOHHBIX AHHUTWISILNUAX HET OIPAaHUYEHHs Ha KBAaHTOBBIC YHCIA
OOJIBIIMHCTBA POXKIAIOIINX PE30HAHCOB. IHTEHCHBHOCTD MOJSPU30BAHHOTO MPOTOHHOTO ITyYKa
c areprueii 10+45 I'3B Oyner Ha mopsa0K O0JIbIIe, YeM aHTUITPOTOHHOTO, TIPU TOH K€ BETUYHHE
cpenHeil nongpusauuu. Bee 310 no3Boaut B 3xcnepumMente Ha ycraHoBke CITACHAPM pemars
MacmTaOHble Hay4HbIE MPOOIEMbI, CBSI3aHHbBIE CO CIIMHOM. bimkaiiiiero aHamora co3iaBacMoi
HoBoii ycraHoBku CITACYUAPM s paboThl Ha TOJAPU30BAHHBIX IydKaXx B MHUPE HET.
Oxxunaemblii mepuoja coxpaHeHus yHuKalbHOCTH Komruiekca CIIACUAPM - He wmeHee
IIATHAALATH JIET.

[Tosnsspu3oBaHHBIE IIy4KH  SABSATCS  MOLIHBIM ~ MHCTPYMEHTOM I IPOBEIEHUS
CHCTEMAaTUYECKHX MOJSPU3ALMOHHBIX UCCIEIOBAaHUNA. DTH HCCIEIOBaHUs OyIyT MPOBEACHBI Ha
AHTUIPOTOHHBIX U IPOTOHHBIX ITyyKax npu sHepruu 15 I'3B u Bble, npu cpenHell noaspu3anuu
45%. Ilnanupyercsi onmpenenuTh OOJBIION HA0OpP HEOOXOMUMBIX (U3NYCCKUX HAOIIOJACMBIX,
BKJIIOYast OJHOCIIMHOBBIE aCUMMETPUU B JIECATKAX PEaKUuil B 001acTH (parMEeHTAlUU MOJSPU-
30BaHHOI'O ITy4Ka, KaK Ha BOJAOPOJE, TaK U Ha Pa3JIMUHbIX sapax. [JaHHBIX B TaKOM 00beMe HET
HU IIpY KaKoW 3Hepruu. Pe3ynbraTel CpaBHEHUS YKaXyT Ha OTJIMYME B3aMMOJEHCTBUS aHTHBE-
LIECTBA U BEILIECTBA C MATEPHUEHL, UTO YXKE B TEUCHHE MHOTMX JIET SBJISIETCS aKTyalbHOW Hay4HOH
3ajaueil. J{nsg u3ydeHHs CHUHOBOM CTPYKTYyphl HYKJIOHa OyAyT NpOBEIEHBI HCCIIEI0BaHMS
o0pa3oBaHMsl YapMOHHUsI B 00JacTH ()parMEeHTAllH MOJSPU30BAHHOTO ITyYKa, C aKIIEHTOM Ha
OIpesieNIeHUE BKJIa/a [VIFOOHOB B CIMH MPOTOHA, YTO IMOMOKET PAa3rajKe «CIMHOBOTO KPU3UCA»
IIPOTOHA (BCE KBAPKU B MPOTOHE OTBETCTBEHHBI Bcero 3a ~30% crnuHa IpoTOHA), CYLIECTBYIO-
miero yxxe noutu 30 Jer.

Hanuuue mnossspu30BaHHBIX KakK INPOTOHOB, TaK M aHTUNPOTOHOB B CP-HeilTpanpHOU
pp-cucTeMe NOTEHLUATbHO OTKPBIBAET BO3MOKHOCTH ISl U3YUEHUSI U CPAaBHEHUS APYT C APYTOM
CP-conpsk€HHBIX peakuuid. OTO MO3BOJsAET B3MIsAHYTh Ha CP-MHBapMaHTHOCTH B HOBOM
pakypce, HEIOCTYIHOM JUIsl CTOJKHOBEHUH HENoJspH30BaHHbIX 4dacTull. I[IpoBeneHue Takux
u3MepeHuil B OyaymieM noTpeOyer, CKOpee BCEero, HEKOTOpOHl MOAM(PHUKAIUN YCTaHOBKH,
B YaCTHOCTH, pacHIMpeHusi €€ aKcelnTaHca Ha 3aJHI0K0 Moyycepy B CUCTEME ILIEHTpa Macc
CTOJIKHOBEHHUS.

JlononHuTenbHble yHHMKalbHble ocoOeHHOcTH skcnepuMeHTa CITACUAPM cBs3aHbl
C BO3MOKHOCTBIO U3MEPEHUSI MHOKECTBEHHOCTH 3apsKEHHBIX aJJpOHOB B COOBITHH, OIIPEIEIICHUS
LEHTPAJIBbHOCTU COYAApPEHUN ajpoHa ¢ sAApoM. Takux HccIenoBaHUM B MHpE IIOYTH
HE IIPOBOJIUJIOCH, HO €CTh IIEPBBIEC YKa3aHUs HA UX aKTyalbHOCTh. EIll€ HOBU3HA IPOEKTa CBA3aHa
C BO3MOXKHOCTBIO PETUCTPUPOBATh HE TOJBKO CTAOWIIbHBIE 1O CHJIBHOMY B3aUMOJAECHCTBUIO
YacTHULIbl, HO U MHOTOYHUCIIEHHbIE PE30HAHCHI, KAaK ME30HHBIE, Tak U OapuoHHbIe. Ha ycTaHOBKe
CITACYAPM BO3MOXHO TakX€ U3MEPEHHUE MONEPEUHON MOISpU3alMi TUIIEPOHOB U AJIEMEHTOB
CIIMHOBOM MAaTpHIIbl BEKTOPHBIX ME30HOB, YTO SIBJISIETCS OTPOMHBIM MPEUMYIIECTBOM MPOEKTA.
HakoHen, Hajiuyue BOCAMM THIIOB HEMONSAPH30BaHHEIX myukoB (1, K, p, p, d, C),
B KOMOWHAIIMU C TMOJISIPU30BAHHON MUIIEHbBIO, HA MOPAIOK PACIIMPSIIOT AUANa30H MCCIIEJOBAHUMN
MOJIAPU3ALMOHHBIX ABJICHUN U YCWIMBAIOT YHUKAJIbHOCTb IIPOEKTA.

[Monspuzanuonnsiii npoektr CITACYHAPM otnuuaer rioOanbHbIM, CHCTEMAaTHYEeCKUN
MOJIXOJT B U3yYE€HUHU CUCTEMBbI aHTUIPOTOH-MIPOTOH (SAPO) U MPOTOH-IPOTOH (s11po). B oTnuuune
0T OOJIBIIMHCTBA MOJIIPU3ALUOHHBIX 3KCIEPUMEHTOB, B IIMPOKOANEPTYPHOM MPELU3MOHHOM
cnektpomerpe CITACHAPM Oyner peanu3oBaHa MOJHAS F€OMETPHs MO a3UMYTAJIbHOMY YTy,
YTO MO3BOJIMUT UCCIEAO0BATh HE OJIMH JIECATOK HOBBIX MPOILIECCOB C MPEACIbHO HU3KUMU MOTPEeIll-
HocTsiMU. CodeTaHHe IMPOKOro Habopa MyYKOB U MUIIEHEH C BO3MOXKHOCTHIO OJHOBPEMEHHOMN
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PEruCTpalMM 3apsKEHHBIX M HEWTPAIbHBIX YACTHUIl — MPOAYKTOB PEAKLMi, BHINOJHO OTIMYAET
JaHHBIN MPOEKT OT APYIMX MNOJSPU3ALUOHHBIX IPOEKTOB, CO3JaHHBIX 110/l OTPAHMUYEHHOE YHCIIO
M3y4aeMbIX peakiuii. i3mMepenne cnmHOBBIX 3(P(PEeKTOB B OOIBIIOM KHHEMAaTHIYECKOM JTHANa3oHe
U CpaBHEHHE CIHHOBBIX A3(P(EKTOB B PA3IUYHBIX PEAKUUAX NPUHIUIHAIBHO BAXKHO IS
PacKpbITUS MEXaHNW3Ma B3aUMOJIEHCTBHUS YaCTHLI.

OcCHOBOH KOJIJIGKTHBA aBTOPOB JTaHHOTO MPOEKTa SIBJIAETCS J1adopaTopHs MOJIApU3AlIU-
OHHBIX dKcriepuMeHTOB MDBD. DTOT KOJIIEKTHB MMeeT OOJIBIION HAyYHBIA 3a7€Jl 1O MPOCKTY,
KaK COOCTBEHHO MO Hay4YHOM 4acTH, TaK U M0 MOArOTOBIEHHOMY 00opynoBaHuio. OH 3aHUMaeTCs
MOJIAPU3ALMOHHBIMU UCCleoBaHUsIMH Oosiee 40 JieT ¥ IpUHUMAaJ y4acTHe MPAaKTUYECKU BO BCEX
KPYIMHEHIINX aJpOHHBIX SKCHEPUMEHTAX MO CIHMHOBOW TEMAaTHKE B POCCHIMCKHUX M 3apyOeKHBIX
LEeHTpax. B yacTHOCTH, KOJUIEKTMB CBHIrpajl PEIIAIONIYI0 POJb B IOJAIOTOBKE U IIPOBEIECHUU
noJisipu3annonHbix skcnepumenToB B ®HAJT (axcniepumentsl E581 u E704) u BHJI (CTAP u
E925). B skcnepuMeHTax, MpoBeACHHBIX B [IpOTBHHO M 3apyOeKHBIX LEHTpax, ObUIM OOHApy-
KEHBbl 3HAYUTENIbHBbIE MOJIAPU3ALMOHHBIE A(PQEKThI, KOTOpbIE HE MOTYT OBITh OOBSICHEHBI
CYILLECTBYIOIIUMH TEOPETUUECKUMHU MoAesIMU. [1o pe3ynbTaTam 3THX 3KCIIEPUMEHTOB TOJBKO I10
CHMHOBOM TeMaTuke omyOnukoBaHo Oonee 100 pabor, 3ammuiieHo 6 AOKTopckux u Oojee 10
KaHAMJATCKUX Aucceprauuil. Tak:ke MHOro apyrux corpyaHukoB MPBD yyacTByrOT B mpoekTe.
Cpenu aBTOpOB JAaHHOI'O IIPOEKTa BaXHOE MECTO 3aHMMAET IPYIIaA MOJISIPU30BaHHBIX MUIIEHEN
u3 OUSAN (yb6na), koropas 40 ner, coBmecTHO ¢ pusukamu u3z MOBI, 3anumaercs nonspusza-
[IUOHHBIMHU UCCIICIOBAaHUSIMU Ha ycKopHuTenbHOM Komruiekce Y-70 B [IporBuno. ['pynma ydaeHbIx
u3 aByx npyrux uHcruryros HULL «KypuaroBckuit uncTuTyT, @ itMeHHO UTO® u [TUAD, Tak
xe kak 1 HUAY MUODU sapnsrorcs nonHoueHHbiMU yyacTHUKamu CITACYHAPM. ®uzuku u3
Urtanuu (rpynna bpamamante) u Yexuu (rpynna ®dunrepa) npucnanu [lucema o Hamepenusx
BCTYIUIEHUSI B 3Ty OSKCIEPUMEHTaJIbHYI0 mporpamMMmy. OXKHJaeM BCTYIUICEHUE HECKOJIBKUX
HEMELIKMX YHHBEPCUTETOB M HAIlMOHAJIBHBIX JIAOOpaTopuil B 3TOT mpoekT. KomudecTBo moTeH-
[UAJIbHBIX TOJIb30BaTeNIe MHPPACTPYKTYpPhl JAHHOTO MPOEKTa U €€ Pe3ysbTaTOB IPEBBIIIACT
100 uenoBek. Bc€ 3To mpUBOAUT K OYEHb BBICOKOM BEPOSATHOCTH YCHELIHOW peanu3anuu
COOTBETCTBYIOLIEH MHPPACTPYKTYphl U Hauaia BHIMOJIHEHHS HAyYHBIX 3a/1a4 [IPOEKTa B TEUECHUE
OJIM>KaUIIUX IECSTH JIET.

CymMmapHble pacxo/pl Ha MU3roToBieHne B Poccun Heo0X0IuMOro HaydHoro ooopyioBa-
Hus s uccnenosarenbckoi yecranoBku CITACUAPM cocrasar 1 mupa py6neit. Kpome toro,
emé 1 mupa pyO. moTpedyercs Ui BBINOJIHEHHS pPabOT MO CO3JAHUIO AHTHIIPOTOHHOTO
(v mpoTOHHOTO) KaHana 24A Ha yckoputenbHOM Komiuiekce Y-70. Takum oOpa3zom, UTOroBas
CTOMMOCTb NPOEKTa OILleHMBaeTcs B 2 Mipj pyoOuseit. [Ipu Hauane ¢uHaHCHpOBaHUS B MEPBOM
nosioBuHe 2020 roma Hauyano paboThl € MOJSIPU30BAHHBIMM ITyYyKaMHU Ha HOBOM KaHaile 24A
MoskeT ObITh B 2025 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 KI in 2024, will certainly be a unique beam in the world. In antiproton-proton annihila-
tions there is no restriction on the quantum numbers of the majority of the producing resonances.
The intensity of a polarized proton beam with energies of 10+45 GeV will be an order of
magnitude larger than that of an antiproton beam with the same mean polarization. All this will
allow the SPASCHARM setup to solve large-scale scientific problems related to spin. There is no



closest analogue of the new fixed target SPASCHARM complex being created for operation on
polarized beams. The expected period of preserving the uniqueness of the SPASCHARM
complex is no less than fifteen years.

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

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

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

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



The core of the team of authors of this project is the laboratory of polarization
experiments of IHEP. This team has a large scientific background on the project, both in terms of
the scientific part and the equipment prepared. It has been engaged in polarization studies for
more than 40 years and has been involved practically in all of the largest hadronic experiments on
spin topics in Russian and foreign scientific centers. In particular, the team played a decisive role
in the preparation and conduct of polarization experiments at FNAL (experiments E581 and
E704) and BNL (spin part of STAR and E925). 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 lItaly (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 esti-
mated 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 2025.
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BBEAEHHUE

WccnenoBanust moCieIHUX HECKOJIBKUX JECATKOB JIET MOKa3aJId HAJIMYUE 3HAYUTEIbHBIX
CUHOBBIX A((PEKTOB B pasznuyHbIX (u3mdeckux mporeccax. OmHako HaOMOIeHHE OOJBIINX
CHMHOBBIX () (EKTOB MOKa HE YJAIOCh OOBSICHUTH B paMKaxX CTaHJAPTHON TEOpUU BO3IMYLICHUI
kBaHTOBOM XxpomoauHamuku (KXJI), mpenmonararomeil KOUIMHEApHYIO KHHEMATHKy. B 3Toit
CBSI3M SIBJIIOTCSI aKTyaJdbHBIMU JallbHEHIINE CHCTEMaTHYeCKHE SKCIIEPUMEHTANbHBIE HCCe-
JOBaHHUST B JTOW 007acTH, MPEANONIAraronife W3MEPEHHE HECKOJIbKHUX 3aBHUCSIIUX OT CIHHA
HAOIO1aeMbIX (OJIHOCTIMHOBAasE W JBYXCIIMHOBAs ACUMMETPUHU, IMOJSIPU3AINS TUIIEPOHOB,
9JIEMEHThl CIUHOBOM MAaTpHUIIBl BEKTOPHBIX ME30HOB) B JIECATKAX PAa3JIMYHBIX PEaKIUH.
['mobGanpHBI aHaTM3 TOJNYYEHHBIX TaKUM OOpa30M JAaHHBIX IIO3BOJIUT BBISSBUTH OOIIUE
3aKOHOMEPHOCTH TIOBEJICHUS MJAHHBIX, B TOM YHCIIE CPaBHEHUE B3aWMOJICHCTBUN YaCTUIIBI
Y aHTUYACTHUIIBl C IPOTOHAMHU U SAPAMHU, POJIb LBETHBIX CHUJI, CIIMHOBYIO CTPYKTypa HYKIIOHA,
3aBHUCHUMOCTH CIIUHOBBIX 3((EKTOB OT M30TONMUYECKOTO CIIMHA U SHEPTUU MydKa, COPTa KBapPKOB,
aTOMHOTO Beca MHIIEHH U MHOXKECTBEHHOCTH 4dYacTull B coObiTuu. Panee momoOHbIE
UCCIIEIOBaHMs TAaKOro macirtaba He MPOBOAMIMCH. B3auMoelHCTBUS MOMSPU30BAHHBIX YaCTHUI]
MPEACTABIISIIOT COOOM YHHMKAJIbHBI WHCTPYMEHT JJIS MCCIICIOBAaHUS MEXaHU3Ma CHJIbHBIX
B3aMMOJICHCTBHIA B 00JacTH KOH(AWHMEHTa, YTO HE yJaeTcs MOKa ClIeNaTh, U3ydas coyaapeHus
HETOJISIPU30BAHHBIX aJIPOHOB.

Jns mpoBeneHUsT yKa3aHHBIX BBIIIE HCCIEAOBAHUN TpeOyeTcsl SKCIepUMEHTAIbHAs
yCTaHOBKAa MUPOBOTO YPOBHS M CO3/IaHUE KaHAJIa MOJISIPU30BAaHHBIX MPOTOHOB M aHTUIIPOTOHOB.

[Ipoekt sxcniepumenta CITACUAPM Ha co3gaBaeMOM HOBOM aJpOHHOM KaHajle 4acTHIL
24A yckopuTelbHOro KoMIuiekca Y-70 HallelleH Ha MCCIIEJOBaHUWE CIIMHOBOM 3aBUCHUMOCTH
CIJIBHOTO B3aMMOJICHCTBHS aHTHUBEIECTBA (M BEIIECTBA) C MaTepuell U CHUHOBOW CTPYKTYPHI
HykjoHa. [Ipexmae Bcero, Oymer mpoBefeH OO30pHBIN TMOJSIPU3AIMOHHBIA JKCIEPUMEHT Ha
AQHTUTIPOTOHHOM U MPOTOHHOM TOJIIPU30BAHHBIX My4Kax Mpu sHepruu 16 ['3B u nmonspuzanuun
no 45% c u3MepeHHeM OJHOro W TOro ke Oojbuioro Habopa ¢U3NYECKUX HaOII0JaeMbIX
BenWuuH. JlJIs M3ydeHUs CIUHOBOM CTPYKTYpPhl HYKIIOHA OYIyT MPOBEIEHBI HCCIECIOBAHHS
oOpa3oBaHus YapMOHHS B 001acTu (hparMeHTaIluH MOJIIPU30BAaHHOTO Myyka. byner onpenenena
BEJIMYMHA MOJSAPU3aLUA KBAapKOB M TIIIOOHOB B MONEPEYHO M MPOJOJBHO MOJISPU30BAHHOM
MPOTOHE W AHTUIIPOTOHE uepe3 0Opa3oBaHME KBAPKOHUSI CO CKPBITOM CTPAHHOCTBHIO ((-ME30H
u f2(1520)) u ckpeiThiM o4apoBaHueM (yc2 (3555 M»sB) u ye1 (3510 M»aB)). Bnepsoie Takue
u3MepeHus: OyayT MPOBEACHbI HAa YHHUKAIBHOM Iy4YKe MOJSPU30BAHHBIX (AHTH)IPOTOHOB OT
pacnaza (aHTH)TUIIEPOHOB.

B HUII «KypuaroBckuii unctutyt» — UOBI 3aBepuiensl paboThl 10 CO3AAHUIO 3CKU3-
HOTO TMPOEKTa HOBOTO ajgpoHHOro KaHana 24A. IlpoexkTHple pabOTHI MPOBOIUIUCH COBMECTHO
¢ I'CITN. K 2015-my romy OBLT MOTYYEH ICKU3HBIN MTPOEKT «T0JIOBHI KaHanay (jymnHa 50 MeTpoB)
— 3TO MPOBOJKA My4YKa MPOTOHOB OT €ro BbIBojAa U3 Y-70, 10 MEepBUYHON MUIIEHU, PACIOJIO-
KEHHOM TMepe]] CIeUUaTbHbIM paJAUallMOHHO-CTOMKUM MarHuToM. llonmHas anuHa KaHama OT
MEepPBUYHON MUIIIEHU U 0 KOHIa kaHana cocraBiseT 180 merpoB. B 2016-2019 rogax Obuiu
MOATOTOBJICHBI BCe HEOOX0oauMble TexHuueckue 3aiaHus Ha CO3/IaHNe PA3IMYHBIX Y3JIOB KaHAIA.

11



B kaname 24A mnpeanonaraercss (OpMHpPOBAHUE TMOJISIPU30BAHHBIX ITYYKOB IMPOTOHOB
U aHTUNPOTOHOB. IIpoBeeHb! pacueTsl X napaMeTpoB. IHTEHCUBHOCTH aHTUIIPOTOHHOIO MTyYKa
MOXeT jocTurath 10° aHTHUIpoTOHOB 3a 1HKI yckoputens (10'° B cyTku) npu cOpoce Ha nepBuY-
Hyto muiieHb 10 mporoHoB u3 VY-70. Ilonsipu3oBaHHBI aHTUIPOTOHHBIN IYYOK, KOTOPBII
oyner noctynen B HULL KU B 2022 roxy, cTanet, 6€3yCclI0OBHO, YHUKAJIBLHBIM ITy4KOM B Mupe. B
npouwioM aHTUNpoTroHHble mydku Obutn B LIEPH ¢ aHeprueit mopsiaka 1 15B um 3arem
B nabopatopun um. @epmu (OHAJI, CIIA) ¢ sueprusmu 813B m 200 I3B. Ilpu stom
€AMHCTBEHHBIM IOJISPU30BAHHBIM ITYYKOM aHTUIMPOTOHOB ObLI mydok Bo ®HAJI mpu 200 I'B.
Hauunas ¢ 2026 roga, miuaHupyeTcsl NOSBICHHE AHTUIPOTOHHOI'O, BBICOKOMHTEHCHUBHOI'O, HO
HENOJIIPU30BaHHOIO Iyuka ¢ sHeprueil 1o 15 I'3B B npoexkte ®AMP B I'epmanuu.

AHTUnpoToHHBIN nosigpu3oBaHHblil nmydok HUI[ KU saBuTCA MOLIHBIM MHCTPYMEHTOM
IUISL IPOBE/ICHUSI CHCTEMATUYECKOT0 0030pHOTO MOJSPU3ALMOHHOTO SKCIIEPUMEHTA C OTpe/ieie-
HUEM TIOJHOrO Habopa HEOOXOOMMBIX (HU3MUECKUX HAOII0NaeMBbIX, TaKUX KaK CEYCHHE;
NOJIIpU3aLUsl B YIPYrOM aHTUIIPOTOH-TIPOTOHHOM PAcCesIHUMM Kak B OO0JIACTH KYJIOH-SA€PHOMN
UHTephEepeHH, TaKk U JUPPAKLUOHHOIO KOHYCA; OJHOCHMHOBBIX ACUMMETPHH B OOJIbLIOM
qucie peakuuid B 001acTu pparMeHTaluu MoJIIpU30BAHHOIO MyYKa, Kak Ha BOJOPOAE, Tak U Ha
pasnuyHbIX sAapax U Jp. [laHHBIX B TakoM oObeMe HET HM NpHU KaKUX SHeprusax. Takue xe
u3MepeHus OyayT MPOBEIECHBI U Ha MOJSPU30BAaHHOM IIPOTOHHOM ITydKe. Pe3ynbpTaThl cpaBHEHUS
YKaXyT Ha OTJIMYME B3aUMOJECHCTBUSI aHTUBELIECTBA U BEILIECTBA C MATEPUEH, UTO YK€ B TEUECHUE
MHOTHUX JIET SIBJISIETCS aKTyaJlbHOW HaydyHOHM 3anadeil. MccnenoBanus Ha kaHaie 24A MOXXHO
OyzeT MpOBOAWTH B JAMANa3oHe SHEpruil mnossipuzoBanHoro myuyka 10+451mB, mpu sTom
OINITUMAJIbHAs SHEPTHsl AHTUIPOTOHHOT'O ITyYKa, YUYUTHIBAsI (JOHOBBIE MPOLIECCHI, TOCTUTAETCS TIPU
15 T5B?. Tonspusamms IIydKa IIOMOKET IPU IPOBEIEHUHU INapLUaIbHO-BOJHOBOIO aHAIM3a
JAHHBIX IPU MOUCKE HOBBIX (JOpPM MaTepHH, BKIIOYAsl SK30TUUYECKUE COCTOSHUA. 3aMETUM, YTO
B @HTUIIPOTOH-IIPOTOHHBIX B3aMMOJCHCTBUSIX HET OTPaHMUYEHUS HA KBAHTOBBIE YHCIA POXKIA-
IOLUXCSl COCTOSIHUM M 4YacCTHII, BKJIKOYAs U COCTOSHUSA € DK30TUYECKMMH KBAaHTOBBIMU UHMCIIAMU,
KOTOpBIE OyyT POXKAATHCS B COMPOBOXKIECHUU C IPYTUMH SK30TUUECKUMHU YaCTULIAMHU.

B HacTosmmii MomMeHT B nelcTByromieM skcnepuMmente mnoj HazBanuem CIIACHAPM
C BKJIaJIOM 10 oOopynoBanuio u joAsm ydactsytor HUL[ KU — NOB3, OUSAU, HUL[ KU —
UTO®, HULL KU — [TUAD u HUAY MUDU. [lpu npunstun perieHus o (GUHAHCUPOBAHUU
pabot mo co3xanuio kaHana 24A B skcriepuMeHT Takxke Bouayr MAD CO PAH, nmpexnae Bcero
C BKJIAJIOM B CIIUH-(JIMIIEP, U 3apyOe’KHbIe MHCTUTYTHI, YK€ MPOSIBUBIINE UHTEPEC K JAHHOMY
npoekty. IIpu 3TOM 3KCepUMeHTallbHasi YCTAHOBKAa JOJDKHA ObITh, O€3yCIOBHO, OCHAIllEHa
TEXHOJIOTHYECKUM 000pYZAOBaHHMEM HAa MUPOBOM YPOBHE.

B omiivume oT OONBIIMHCTBA BBINOJHEHHBIX paHee MOJIIPU3ALMOHHBIX SKCIIEPUMEHTOB,
B CITACUHAPM Oyner peanu3zoBaHa 27-T€OMETPHUsS MO a3UMYTaIbHOMY YTJIy, YTO TO3BOJSET
3HAYUTENIBHO YIYUYIIUTh TOYHOCTh U3MEPEHUs CIMHOBBIX HAOJI0JaeMbIX, a [NIaBHOE — MHHHUMHU-
3MPOBaTh CUCTEMATHUYECKUE OMMOKK n3mepenuii. TenecHsiit yron ycranoBku (46 =~ 200 mpan mo
Beptukaiau u 300 Mpaa o ropu3oHTaIM B 007acTH (PparMEeHTAlMH IyYKa) MO3BOJISIET MPOBECTH
U3MEPEHHS B IIMPOKOM JHaINa30He KHHEMAaTHYECKUX NMepeMEHHBIX (P, Xp) U J1aCT BO3MOXKHOCTB
pa3AeauTh 3aBUCUMOCTH OT 3TUX JBYX IEPEMEHHBIX, YTO OOBIYHO HE YJIAETCs B IKCIIEPUMEHTAIb-
HBIX YCTAaHOBKAX C MaJbIM TEJIECHBIM YIJIOM PETHCTPaLUH.

2 IIpu »sHEepruu nepBUYHOro My4ka npoToHoB 60 I'3B.
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K HacTtosmemMy BpeMeHHM CYHIECTBYET 3HAYMTEIBHBIM 3aled 10 CO3JaHUI0 YCTAHOBKH
CITACYAPM. Cobpan, UCHBITaH U YK€ paboTaeT MIUPOKO-alepTYPHbIH CHEKTPOMETPHUYECKHI
MarHuT. Co3/aHbl JBa MHOTOKAaHAJIBbHBIX IOPOTOBBIX YEPEHKOBCKUX IETEKTOpA U BENETCS UX
HacTpoiika. OHHM CIIOCOOHBI O0ECTIEYUTh MEPBBIE M3MEPEHHsI Ha AHTHIIPOTOHHOM ITyYKe, XOTS
U B OTPAaHMYEHHOM TEJIECHOM yIJIE B CPAaBHEHUH C TIOJHOW MPOEKTHOW KOH(UTypaIhen.
3aBepiraercsi Co3jaHre MPEIM3NOHHON TPEKOBOM CHCTEMBI Ha OCHOBE Apei(oBbIX TpyOOK. EcTh
B HAJIMYUU aApOHHBIA KajmopumeTp. Co3maercs IydykoBas amnmnaparypa, HaCcTpauBaeTCsi HOBas
perucTpupyroIias JIEKTPOHUKA U cucTeMa coopa gaHHbIX B ctangapte EBpoMUCC.

Opnaxo, 11 IPOBEAEHUS SKCIIEPUMEHTa MUPOBOIO YPOBHS 3TOI'O COBEPILIEHHO HEJOCTa-
TOYHO. JIJ11 BBIMOJHEHUs] MPOTrPaMMBl MCCIIEIOBaHUI TpedyeTcs camoe cCoOBpeMeHHOoe 000py/I0-
BaHue. B wactHOCTH, TpeOyeTcs CO3/1aHUE CUCTEMBI CBEPXIPOBOISIIMX MAarHUTOB, «CUOMPCKUX
3MeeKk», oOecreyuBaroeldl MOBOPOT MOJSPU3ALMHU IMyYKa HAa MHUIICHH, a TAKXKE KPHUOTEHHOMN
cucTeMbl kaHana 24A. Oto o0opynoBaHUE Mbl IPUYKMCIIAEM K YCTAaHOBKE, a HE K KaHaiy. B ycra-
HOBKE HEO0XOJMMO CO3JlaHHE NPELU3UOHHOTO TOHKO-CErMEHTHUPOBAHHOTO 3JIEKTPOMArHUTHOI'O
KaJIOpUMETPa TUIA «IALUIBIK» C MEJIKON SYEUKOW, IIMPOKO-allepTYpPHOIO MHOTOKaHAJIBHOIO
yepeHKkoBckoro aerekropa tuna RICH, cozmanue cucrembl NOJSIPUMETPOB IS U3MEPEHUS
a0COJIIOTHON BEJIMYMHBI MOJIAPU3ALIMY ITYUKa, & TAK)KE HEKOTOPOro APYroro 000pyJ0BaHUs.
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1 ®usnueckas nporpamma CIIACHAPM

CrinHOBBIE HaOIIOJaeMble SBIISIOTCS TEMU NPEUU3MOHHBIMH WHCTPYMEHTaMHU, KOTOpbIE
MO3BOJISIOT TJIyO)Ke IIOHATh NPUPOAY CHUIIBHBIX B3aUMOAEHCTBUI. V3ydeHue CTPyKTYpbI
CIIEKTPOB M3JIy4€HHs] U IOIJIOILEHHUs aTOMOB IPHUBEJIO OKOJIO CTa JIET Ha3al K HE0OXOAUMOCTH
BBEJICHUS CaMOI'0 NOHATHUSA cnMHA YacTull. Co BpeMEHU MPOBEICHHS 3HAMEHUTOIO SKCIIEPUMEHTA
HItepna-I'epnaxa ¢ myykoM aToMOB cepedpa B CHJIBHOM HEOAHOPOJHOM MAarHUTHOM I10JI€
HAYaJIOCh HKCIEPHUMEHTAIBHOE HMCCIICJIOBAHNE BIMSHUS CIIMHA HA B3auMMojeicTBHE yacTull [1].
Pe3ynbrarhl 3TMX NEpPBBIX HMCCIEAOBAHUN OKAa3aJUCh HEOXHUIAHHBIMM U TIOMOIJIM PAacKpbITh
[1apaJlOKCAIbHYI0 KBAHTOBYIO NPHUPOAY CIHMHA, IPUHHUMAIOLIETO TOJBKO LENbIE U IOJYLENbIE
3HAYEHUS.

VYuuBepcanbubii kaHan 24A c ycranoBkoii CITACUAPM coszpatorcst it M3ydeHHs
(GyHIaMEHTaJIbHBIX BOIPOCOB CHJIBHBIX B3aMMOAEHCTBUM M CIIMHOBOH (DM3MKH, BO B3aMMOJEH-
CTBMSIX HOJSPU30BAaHHBIX MPOTOHOB M AHTUIPOTOHOB C HYKJIOHaMu U sapamu. M3yuenue
MOJISIPU3ALMOHHBIX ABJICHUH IO3BOJIUT pPACIIMPUTh HAIIM 3HAHUA O CTPYKTYpe aJpOHOB
U IMHAMMKE UX B3aUMOJEHUCTBUS, B TOM YHUCIIE HA YPOBHE CTPYKTYPHBIX COCTABIISIOLIUX aPOHOB
— KBapKoB U II00HOB. Llenbto Goratoit ¢pusnyeckoit mporpammel sxkcriepumenta CITACHAPM
ABJIAETCS PACUIMPEHUE HAllUX 3HAaHUM B 00JACTH CUJIBHBIX B3aUMOJEHCTBUM, CTPYKTYpbI
aJpOHOB M pOJIM CIHMHA B JIMHAMUKE CHJIbHBIX B3aUMOJAEUCTBUN. l3MmepeHue paznuyHbIX
CIMHOBBIX HabO0MaeMbIx (acumMmmeTpuu Ay, nossipusanuu Py, nepenaun criuna Dyy, 371€MeHTOB
CIIMHOBOW MaTpPHULbl INIOTHOCTHU pik U APYIMX) OTKPBIBAET JONOJHHUTEIbHBIE BO3MOXHOCTH MJIS
CpPaBHEHMsI JaHHBIX HKCIIEPUMEHTa M IpeJCKa3aHuil Mopesnei, uro OyJner crnocoOCTBOBATH,
B KOHEYHOM HUTOTI'€, PEIIEHUI0 0003HAYEHHBIX BBIIIE TIPOOIEM.

Teopus Bosmymenuit KXJ[ mnpenckaspiBajia He3HAuMTENIbHbIE CHUHOBBIE 3((EKTHI,
mopsinka 0.1%, BBIMHpAIOIEE C POCTOM ODHEPIHH B3amMoneiicTBuil (VS) M IONMEpedHOro
ummnyinbca (Pr) [2]. OmHako SKCIEepUMEHTAbHBIC HCCICIOBAHMS TOKa3aid, 4TO 3(PQEKTHI,
Ha0Jt0/laeMble B MHKIJIIO3UBHBIX PEAKIMAX, HE YOBIBAlOT 3aMETHBIM OOpa3oM C YBEIMUYEHUEM
Vs u pr.

Hapsiny ¢ monspu3oBaHHBIMH HPOTOHHBIM M AHTUIPOTOHHBIM IydyKaMu KaHal 24A
TMO3BONMT BHIBOAWTH HA YCTaHOBKY HENONSPM30BAHHBIE MyYKH MHOHOB (), kaoHoB (K),
IIPOTOHOB U AQHTHUIIPOTOHOB, a TAKXE YIJIEPOAHBIA U NEUTPOHHBIA Nyuykd. B KauecTBe MuILIEHEN
IIPEAIIOIIaracTCs UCIOJb30BaTh MONEPEYHO U MPOAOJIBHO MOJISPU30BAHHBIE TPOTOHHBIE MUILIEHU
3aMOPO’KEHHOT'0 THIIA, a TAKXKe MIUPOKUNA HAOOp HETOJIIPU30BAHHBIX MUIIEHEH, BKIIIOYAst KUIAKO-
BOJIOPOJIHYIO U TBEP/IbIE sII€PHbIE MUIIICHHU.

Bce BbllieckazaHHOE 03HaYaeT BO3MOYKHOCTD UCCIIEI0BATh C BHICOKOW TOUHOCTHIO CITMHO-
Bble 3(QEKThl A MHOTUX JAECATKOB pEaKlIMi, ¢ pa3IMYHbIMM HAYaJIbHBIMU U KOHEYHBIMHU
COCTOSTHUSIMHU. DTO MO3BOJIUT BBISIBUTH OOIIHE 3aKOHOMEPHOCTH aIpOHHBIX B3aUMOJIEHCTBUIL, UYTO
BbIroAHO oTiinyaeT 3kcnepuMeHT CITACHAPM ot npyrux mossipu3alliOHHBIX AKCIEPUMEHTOB,
IJIe U3y4aeTcsi, Kak MpaBUIIo, HEOOIBIIIOE YHCIIO PeaKIuil.

B oskcnepumente CITACYHAPM Ha kananme 24A OyneT u3yuyaThCsl B3aUMOJEHCTBUE
MOJISIPU30BAHHBIX NPOTOHHBIX M AHTUIPOTOHHBIX ITYYKOB C IMPOTOHHOW JIMOO C sAEpHBIMHU
MumieHssMi. MMmmoynasc  MOJNSpU30BaHHOTO My4yka MOXKET BapbUpOBAaThCA B JIMANla30HE
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10+45 I'3B/c, a nonepeunas nomnsipuzanus mnydka coctaBut 40+45%. HenonsipuzoBaHHble My4Ku
MoryT uMeTh umnyisc ot 10 no 60 I'3B/c. Hike npencraBiena ¢usnyeckas mporpaMmma 3Kcrie-
pumenta CITACYHAPM u oxxuaembie pe3yabTaThl.

Hayunas nporpamma CITACHAPM BxitodaeT HECKOJIBKO CEpUil M3MEpEHUll, KOTOpbIE
HampaBlIeHbl Ha wHccinenoBanue (QynnamentanbHbix npobiem KXJI B HemepTypOaTHBHOMN
o0nacTy, e MPOSABIAIOTCS TaKHe SIBICHUA KaK KOH(paWHMEHT, cnusHue JMOo (parMeHTanus
KBapKOB B aJ[pOHBI U CHIOHTAHHOE HapYIIeHHE KUPATbHOU CUMMETPUHU.

Haszpanue »skcnepumenta CIIACYUAPM sBisieTcs COKpallleHHMEM OT KOHEYHOH IesH
npoekta,— CrnuHoBbie ACumMmerpun B poxkaeHuu YAPMonus. Llenpto 3TUX HCCIeI0BaHUM
ABIISICTCS PEIICHUE 3a/1a4, KOTOPHIE €Ille HUKTO B MUPE HE MBITAJICS BBHIIOIHHUTH U B OinKaiiiee
BpEMS HE IJIAHUPYET U3-3a CIO0KHOCTH U KOMIUIEKCHOCTU UCCIIEJOBAHUM.

Byayr usmepeHsl nonepeyHble OJHOCIMHOBBIE aCUMMETPUHM Ay B PEaKLUAX MHKIHO3UB-
Horo obpazoBanus ¢, f2(1520), J/y, yc1 ¥ yco Ha TPOTOHHBIX M AHTUIIPOTOHHBIX MOJIIPH30BAHHBIX
My4YKax.

Jns w3ydeHus MNONSpU3allMd KBApKOB M TIIOOHOB B 00JIACTH OOJBIIUX Xg, OYAYT
HU3MEPEHBI IBYXCITMHOBbIE acummeTpun Ayy B AL B Tiporieccax oOpa3oBanust yactuil ¢, f2(1520),
JW, Xc1 M Y2 B COyIapeHHsSX MOMEPEeYHO U MPOAOIBHO MOJSIPU30BAHHOIO IMy4YKa MPOTOHOB
¢ rmorepeuHo (MPOJI0JLHO) TMOISIPHU30BAHHON MPOTOHHOW MHMICHBIO. Haieil mesnpro sBiseTcs
noJiyueHue MHGOpMaluu O BKJIAJE KBApKOB U TJIOOHOB B CIIMH IPOTOHA W3 aHalIM3a 3THUX
IIpOLECCOB. AHalM3 BBIXOJOB 3TUX YacTHUIl B T€X Cllydasx, KOrJa CIMHbl MUIICHH U Iy4Ka
HaIpaBJIEHbl B OJHY WJIM B Pa3HbI€ CTOPOHBI, IO3BOJUT OLEHUTH JOJI0 CIIMHA HYKJIOHA, IEPEHO-
CUMYI0 KBapKaMu (mpoOiemMa «CIHMHOBOTO KPU3HCAy», 3aKIIOYAIOLIErocs B TOM, YTO CEroJHS,
cnyctss 30 et mocie mpoBeaeHUs HHoHepckoro skcrnepumeHta B L[EPH, Bce BaneHTHBIC
Y MOPCKHE KBapKH B MMPOTOHE B CyMME OTBETCTBEHHBI Bcero Jjuiib 3a 30% mpoJoapHOro CruHa
MIPOTOHA).

HccnenoBanne OTHOLIEHUH BBIXOIOB Yc1 M )Yc2 MO3BOJMUT INPOBEPUTH HOBYIO TEOPEMY
0 MacmTaOHOW  WHBAPHMAHTHOCTH B  BBIXOJAX JTUX Me30HOB [3], oOHapykeHHYIO
B aKcrniepuMenTax Ha BAK [4, 5].

JlanHble HccienoBaHusl SIBISIIOTCS HamOosee ciokHbiMU B nporpamme CITACHAPM
Y HaKJIa/bIBAIOT JKECTKUE OTPaHMYEHHUs HAa TPeOOBaHUS K SKCIEPUMEHTAIbHON yCTaHOBKE, MPHU
3TOM Ha PaHHUX ATanax OyAyT pelaThCcsi He MEHee MHTEPECHBIE 3a/]auu:

— H3mepeHne OJHOCHMHOBBIX MOMEPEYHBIX (a3UMYTAJIbHBIX) aCUMMETpHl Ay apOHOB,
COCTOALINX M3 JIETKUX U, d, S KBapKOB, NPU PacCESHUU MOMNEPEUHO MOJSAPU30BAHHOIO ITyYKa
Ha HENOJSPU30BaHHOIN MUIIEHH, TM0O0 HEMOIIPU30BAHHOTO MyYKa Ha IMONEPEYHO MOJSPU30-
BaHHOM MuieHH. B kauecTBe perucTpupyemMoil 4acTHULbl MOKHO HCIOJIb30BaTh JIHOOBIE
gactunbl (co crmaom J=0, 1/2, 1 ..) u naxke sapa. B kadecTBe MHIICHH MOXKHO
MCIIOJIb30BaTh MPOTOHBI U Spa, YTO MO3BOJSET MCCIEA0BAaTh 3aBUCUMOCTh Ay OT aTOMHOTO
Beca A. wmumieHd. Peructpauus aapoOHHBIX PE30HAHCOB, B JIONOJHEHHE K OOBIUHO
U3MEpSIEMBbIM, CTa0WJIBHBIM 1O CHWJIBHOMY B3aUMOJICHCTBHIO  aJpOHaM, IIO3BOJIUT
CYIIECTBEHHO PACIIMPUTh CIIUCOK JOCTYIHBIX JJIS U3ydeHUs peakiuid. Panee n3mepenuit Ay
JUIS PE30HAHCOB MPAKTHUECKU He OBLIO.

— Ormpenenenue nonepeyHbix (MO OTHOMICHUIO K TUIOCKOCTH PAcCEsHUsl) MOJIIpU3aui
PN TUIIEpOHOB M aHTUTHIIEPOHOB, 0OPA3YIOLIUXCSI HEMOISIPU30BAHHBIMU MTyYKaMH Ha HETO-
JSIPU30BAHHBIX MUILIEHSX (IPOTOHHOM M siiepHbIX). M3Mepenue nonspuzanuu Py BO3MOXHO
Onarojgapss HapyLIEHMIO YETHOCTH B cHaObIX JBYXYaCTUYHBIX pachajax TUIEpPOHOB.
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[TapameTpsl  YIJIOBOTO  pacmlpefesieHuss MpPOAYKTOB pacrhaja TUIEPOHOB  CBSI3aHBI
¢ moJigpu3anmeit pacnanaromeiics yactuibl. CpaBHenue Ay u Py ams runepoHoB (aHTUTH-
MIEPOHOB) OTKPBIBACT JIOTIOJHUTEIBHBIC BO3MOXKHOCTH JUIsl BbIOOpa (WM JUCKPUMHHAIUN)
KOHKPETHOM MoOJle T reHepanuu 3HauutenbHbix Ay u Py, Jlo HacTosimero BpeMeHuU
OJIHOBPEMEHHBIX n3MepeHuit Ay u Py JUTst 3a1aHHOM peakluy MPaKTHYECKU HEe OBLIO.

— H3mepeHne BHICTPOECHHOCTH (3JIEMEHTOB MATPHIIbI TUIOTHOCTH pik) BEKTOPHBIX ME30HOB
(ciun J=1, yetHOCTHh P oTpumarensHas), pacrnajgalonuXcs Ha JBE YacTHIIBI, B IIpoleccax
COoyJapeHull HeMoJSIpU30BaHHBIX yacTHll. Kak u B ciryyae runepoHOB, /Ui BEKTOPHBIX ME30-
HOB MO>XHO M3MEPHUTh U CPaBHUTH BBICTPOEHHOCTb U Ay, UTO paHHEe HUKOIJa He Jelaj,
M YTO TO3BOJISIET TMOJYYUTh JIOMOJHUTEIbHbIE OTPAaHWYEHUS HA MEXAaHU3M CHJIBHOTO
B3aMMOJICHCTBUS.

Jlis Bcex Tpex MEepedyMCICHHBIX BbIIIE CEpUM U3MEPEHUIl MOI'YT MPOBOJIUTHCS MCCIEN0-
BAHHS 3aBHCHMOCTH OT Pr, Xp, HOMepa sIpa A, SHEpruy PeaKiii \'S B C.ILM., MHOKECTBEHHOCTH
BTOpUYHBIX 4YacTHll B coObITHH (Ncn), a Takke or neHtpanbHocTd (Ct) coymapeHus: mydKoBOM
gacTulpl ¢ siapoM. CTonb pa3sHOOOpas3HBI HAO0OP MOJISIPH3AIMOHHBIX JAHHBIX TO3BOJISIET
MOJyYUTh OTPAHWYCHHS HA BO3MOXHBIH MEXaHHM3M IPOUCXOXKIEHHS CIUHOBBIX 3(P(EKTOB B
CWJIbHBIX B3aUMOJIEHCTBUSAX. B JaHHOM ciyyae MOYKHO TOBOPUTH O CUCTEMAaTHYECKOM IOAXOME
K UCCIICZIOBAaHUIO TPOOJIEM CHJIBHBIX B3aUMOACWCTBUI M CIIMHOBOH (HU3UKH. XOTS TOYHOCTh
U3MEpPEHU BO MHOTUX Cy4asiX OrpaHUY€Ha, IJ00albHbIN aHaIu3 BCEH JOCTYITHOM COBOKYITHO-
CTHU JJAHHBIX HAKJIQJbIBACT CEPbE3HbIE OrPAHUYCHUS HAa BO3MOKHBI MEXaHH3M MPOUCXOXKICHHS
HOJISIPU3ALMOHHBIX SIBJIEHUI U MO3BOJISIET BBIIBUTH HOBbIE 3aKOHOMEPHOCTH.

M3mepeHue pasiMyHbIX JBYXCIHMHOBBIX KOppeNisALui, B Ha4aJbHOM H/WIM KOHEYHOM
COCTOSIHUSIX, SIBJISIETCs Oosiee TpyIHOU 3ajaueil, kotopas OyJeT pemaThes 10 Mepe TOTOBHOCTH
anmnapaTypsl U MporpaMMHOro oOecredeHus: 3kcrepuMeHTa. Hampumep, BO3MOXKHO HU3MEpEHUE
nepenaun  cnuHa (Dnny) OT  Haneraromiero MoJSpU30BAHHOTO MPOTOHA  (AHTUIIPOTOHA)
K oOpasyromiemycsi TurepoHy. Ellle WHTepecHO u3MepeHue ABYXCIUHOBON acummeTpun (Ann)
B [IpOLIECCaX pacCesiHUsl MOMEPEYHO MOJSPU30BAHHOIO IMydYKa HA MONEPEYHO MOJSIPU30BAHHOMN
MUILIEHU B UHKJIIO3UBHBIX M 9KCKIIIO3UBHBIX PEaKIHUsX.

OxcnepuMeHT CITACHAPM mno3BonsieT Takke NPOBECTH OJHOBPEMEHHOE H3MEpPEHUE
aHATM3UPYIOIUX crIocoOHOCTeN myuka Ag, MullieHH At 1 K03((UIIEHTa CITMHOBON KOPPEsAILUU
Ann B ympyrom pp-paccestnu. B oGnacti audpakuunonsoro konyca 0.075 < —t < 0.6 (I'sB/c)?
npu uMmmynbce OonpiieM 12 [@B/C Her mannbix s Ayn. Kpome Toro ects BO3MOMKHOCTH
AKCIIEPUMEHTAIILHO MTPOBEPUTH PaBEHCTBO Ag 1 Ar.

[TpucyTcTBHE B CTOJKHOBEHHSX MOJSPU30BAHHBIX YACTHI] JIBYX aKCHAIBHBIX BEKTOPOB
UCXOJHOW MOJIIPU3ALUH, HAXOAAIIMXCS MO/ MOJIHBIM KOHTPOJIEM 3KCIEPUMEHTAaTOPOB, CYIIECT-
BEHHO YBEJIMYMBACT YHCIO BO3MOXKHBIX KOPpENIALMH MEXAy BEKTOpaMH B TOW WM HHOH
peaKIMy, TeHepUPYIOIUX U3MEpUMbIe CIIMHOBBIE acuMMeTpuu. Cpean HHX OCOOBI HMHTepec
NPEJCTABIAIOT T€, HATMYME KOTOPBIX 3alPEIIeHO 3aKOHAMU COXPAHEHHUsI, B YACTHOCTH, 3aKOHAMH
COXpAaHEHMs TUCKPETHBIX CHUMMeTpuil. I[IpUMEHUTENBHO K AHHUTHISLUH TOJIIPU30BAHHBIX
KBAapKOB M aHTUKBAPKOB Takas MpobiieMa paccMaTpuBaiach B LEJIOM psijie myOaukamuii [6, 7, 8,
9, 10, 11, 12]. OOmwuWpHBIA CHHCOK IOTCHIIMATHLHO HWHTEPECHBIX OJIHO- H JBYXCITHHOBBIX
acumMeTpui, Hapymarmux CP/T-uaBapuanTHOCTH, TIpUBEAEH B padote [7]. M3BecTHO, 01HAKO,
gyro 1 CP/T-uHBapraHTHBIE B3aUMOJICHCTBUS B HAYAJIbHOM W KOHEYHOM COCTOSTHHH TaK)KE€ MOTYT
UMHUTHPOBaTh T-HEe4€THBIE S((PEeKThl. YHUKaIBHOCTh CHCTEMBI CTATKUBAIONINXCS TOJSPHU-
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30BaHHBIX MMPOTOHA U AHTUIIPOTOHA COCTOUT B TOM, YTO OHa sIBNsAE€TCS UCTUHHO CP-HeUTpaibHOM
0 BCeM 3apsiiaM (RJIEKTPUUYECKUi, OapUOHHBINA, CTPAaHHBIN...). DTO TO3BOJSET MPOBECTH
cpaBHeHUE HAOMIOACHHBIX Y (hekToB B CP-CONpsHKEHHBIX PEAKIMSIX M TEM CaMbIM OTICIHTH
peanbHble Hapymienus: CP/T-uHBapHaHTHOCTH OT (PUKTHUBHBIX.

B HUCTMHHO HEUTPAJIBHONW IPOTOH-aHTUIIPOTOHHOM CHUCTEME CYIIECTBYIOT TaKHUE
CIMHOBBIE AaCHUMMETPHH, KOTOpble HE MOTYyT ObIThb umuTHpoBaHbl CP/T-uHBapHaHTHBIMU
B3aUMOJICHCTBUSIMHM B HA4aJbHOM M KOHEYHOM COCTOSIHHSAX. B kauecTBe OAHOro M3 MpUMEpPOB

[6,7] npuseném Ao m(ﬁ-[fprb}) , TIle P — BEKTOp HMIIyJbCa IIPOTOHA, a fp u fﬁ —

BEKTOPHI MOJSpU3AINKA MPOTOHA U AHTHIPOTOHA. DTa aCHMMETPHUS MOXKET OBITh HaOII0JeHA
B CTOJIKHOBEHHUSIX MOMNEPEYHO-TIOISPU30BAHHBIX YACTHUIl C B3aUMHO OPTOTOHAJILHBIMH MOJISPU3a-
uusmu. [Ipu cMeHe 3Haka oHOM U3 nojsipuzanuid Act Takke MeHsieT 3Hak. [IpucyrcTBue Bkiiana
Act B ceueHUU pp-peakiuu ¢ IETEeKTUPOBAHUEM B KOHEUHOM COCTOSIHUM MCTUHHO HEUTpaIbHOMI
MOJICUCTEMBI B AaKCENTAaHCE, CHUMMETPHYHOM OTHOCUTEIHbHO Xg=0, ObUIO OBl OJIHO3HAYHBIM
ceunerenscTBOM CP-Hapymenus. K yuciny Takux 3KCepUMEHTOB C UCTUHHO HEUTPaIbHBIMU T10
BCEM 3aps/iaM KOHEYHBIMH COCTOSTHUSIMM MOKHO OTHECTH, B UaCTHOCTH, U3MEPEHUS YIPYroro,
HEYNPYIroro M MOJHOTO CEYEHUs B pP-B3aUMOJCHCTBUSX WIIM CEUCHUS] MHKIIFO3UBHOIO POXKIACHUS
HWCTUHHO HEUTpaJbHBIX PE30HAHCOB M YAaCTHII, HapUMeEp 7’-ME30HOB, B CUMMETPUYHOM 10 X¢
aKcenTaHce.

B nmanHOM pa3zerne mpuBeeHbl MopoOHee onmucaHue GU3HMIECKUX MPOIIECCOB, MPUMEPHI
M3YYaeMBIX pEakIui, OXHujaaeMas CTaTHCTHKAa, YpPOBEHb ()OHA W OIEHKA CTAaTUCTHYCCKOH
TOYHOCTH U3MEPEHUM.

1.1 HccnenoBanue ciuHOBBIX 3Q)(eKTOB B POKICHNH KBAPKOHUS

OKCIIEpUMEHTBl 10 TIIyOOKOHEYNPYTrOMY pPacCesHUIO HEMOJIIPU30BAHHBIX AJIEKTPOHOB
Y MIOOHOB Ha HEMOJSIPU30BAaHHBIX HYKJIOHAX INPHUBEIU K OTKPBITHUIO KBapkoB B 60-x romax.
B 1988 rony skcnepument EMC (European Muon Collaboration) B IIEPH mno rmybokoney-
MPYTOMY PacCesTHHUIO TOSIPU30BAHHBIX JICTITOHOB HA IOJIIPH30BAHHBIX HYKJIOHAX IMPEICTABHI
pe3yabTaThl, B KOTOPHIX BKJIAJ CHMHOB KBAPKOB B CIIMH TPOJIOJIHHO-TIOISPU30BAaHHOTO MPOTOHA
Man (mpumepHo, coctaBiser 30%), uyto mnpotuBopeunsio pacueram KXJ[. Orta mpobnema
MOJTyYHJIa Ha3BaHUE “‘CIIMHOBBIN Kpu3uc HyKIoHA”. Jlo cux mop sTa mpobiema He pelieHa, U Ha
MHOTMX YCKOPHUTENSX MHUpa HJeT €e MHTEHCHBHOEe n3ydeHue. BakHelimel 3amaueil mpoekTa
CITACYAPM sBaseTcs peleHne 3TOro CIMHOBOIO KPU3HCa.

B kBanToBO# XpomonuHamuke (KXJI) ects Tpu ¢yHaameHTalbHble (QYHKIIUM pacrpese-
JeHust Ajst mpotoHa. Dto GpyHkuus f(X) pacnpeneneHus: HapTOHOB O UMITYJIbCAM, YCPEIHEHHAS
no crnuHaMm, QYHKIOUS crnupanbHOCTH ((X) pacrmpenesieHHs MapTOHOB IO CHHPATLHOCTIM
B TIPOJIOJIBHO-TIOJISIPH30BAaHHOM TMPOTOHe U (QyHKIMs mnomnepeunoctd h(X) pacnpenenenus
MApTOHOB TI0 CIIMHAM B TONEPEYHO-TIOISIPU30BAHHOM MpOoTOHE. CIHHOBBIA KPH3HC IMPOTOHA
ces3al ¢ pynkuumeit g(x). U3ydenue pynkumu h(X) Toabko HAYAIOCh.

PesynbraThl uccnenoBanus GYHKIMH CIHPaIbHOCTH §(X) MOKa3bIBAIOT, YTO TOIBKO 30%
CMHMHA MPOTOHA MEPEHOCATCS BAJICHTHBIMU ¥ MOPCKUMH KBapKaMHU M aHTHKBapKaMHU.

Ocranbuble Henocrtatone 70% cnuHa MPOTOHA MOTYT OBITH OOBSCHEHBI BKIIAJOM
[JIIOOHOB M/MIM OpOMTAIbHBIM MOMEHTOM. BOJBIIMHCTBO MOJSPU3ALMOHHBIX IKCIEPUMEHTOB
B HACTOSIIIEE BpeMs HAINPABIICHO Ha IMOWCK BKJIa/Ia TIIFOOHOB B CIIUH HYKJIOHOB. J[o HemaBHEro
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BPEMEHH BCE€ MOMBITKM OOHAPYXHUTh BKJIAJ TJIIOOHOB B CIIMH HYKJIOHA J1aBajl OTPULIATEIbHBIN
pe3ysbTar.

DKCIIEPUMEHTHI € MOJIIPU30BAHHBIMU JICITOHHBIMH ITY4YKaMH, TPOBEACHHBIEC B MOCTIEIHEE
BpeMs B Pa3IMYHBIX YCKOPHUTENBHBIX HEHTPax, MBITAINCH OOHAPYKUTH MOSPU3ALUIO TIIOOHOB
IIPY OTHOCUTENBHO MaJIbIX 3HaUEHUAX nepeMeHHol beépkena Xg, 10 0.1+0.15. OxcnepumMeHTH! Ha
RHIC (STAR u PHENIX) npeanpuHsIM MOMBITKY OOHAPYKUThH IOJISPU3AIMIO TJIOOHOB IIPU
Maibix (okomo 0.01) u mpomexyrounbix (mo 0.2) 3HAYEeHHSX Xg, TOrJa Kak HEOOXOIHUMO
IIPOBECTU U3MEPEHHMSI BO BCEM JIMaIa3oHe, 0OCOOEHHO MpH OONbIINX 3HAYCHUAX Xg.

B skcniepumente COMPASS B pesynbrare rio0ambHOrO (GUTUPOBAHHUS JAHHBIX OBLIO
MOJyYeHO YKa3aHWe, YTO BKIJIAJ TJIIOOHOB B CIUH IPOTOHA BO3MOXKEH INPU 3HAYCHHIX Xg
npumepHo 0.3 (Puc. 1.1) [13].

Jlo mocnenHero BpeMeHU BCE M3MEPEHHUsl IBYXCIIMHOBBIX aCUMMETPUI ObUIM CPaBHHUMBI
C HyJIeM B mpejnenax omubok, u Toiapko B 2017 1. sxcnepument CTAP omy0OnukoBan aaHHBIE,
yKa3bIBaKoIKe Ha HeHyseByto acummerputo (Puc. 1.2) [14].

0.08— ENEEN Di-JetA,,
[ = DSSV 2014
- == == NNPDF Pol 1.1
0.06— [ Scale Uncertainty
a F PDF Uncertainty
<‘ 0.04— [ Rel. Lumi. Uncertainty
5 r
o - 5 001 o
[ ftwith AG>0, MSscheme b e
\ O.Bj_ T frwith AG<0, WS scheme A F ' . .
w E| @  compass, hghp,G<1GeV’, prol o2k Sign(n) = Sign(n,)
<] 0 6L‘ B SMC highp, Q>1GeV* B T ) \ ) ,
""F__ A HERMES nighp,alld .08
E T STAR 2009 Sign(n) # Sign(n,)
04— : 0.06— ptp— Jet+ Jet+ X
+ COMPASS PRELIMINARY -
[ 4 F {s = 200 GeV
ES < 0.04 _
Ozt / | | B8 I - 5
r 4 ‘ = 0.02 R e :
E / g 00 i TR
O e ) o b sk
;:- . E +6.5% scale uncertainty
0.2 e -0.02— from polarization not shown
Cl 1 T N | | | 1 I T | I L L L L
10? 10" 20 30 40 50 60 70
X Di-jet Invariant Mass [GeV/c?]
Puc. 1.1 Pe3ynpTaT rino6aapHOTO Puc. 1.2 V3mepeHne ABYXCIIMHOBOM
aHanu3a gaHHbIX [13] acummetpui B okcriepumerte CTAP [14]

Crnemyer OTMETHTh, YTO BCE WCCIICOBAaHUS SBIISIOTCS MOJEIHHO-3aBUCUMBIMH KAk
C TOUYKH 3pPEHHS BOCCTAHOBJICHHMS MApaMETPOB PEAKIMH, TaK M C TOYKH 3PEHHS OIHMCAHUS
MIPOIIECCOB.

OnHUM Y3 BO3MOXHBIX CIIOCOOOB M3MEpEHMs TMOJSIpU3alMM MapTOHOB (KBapKOB
U [IIIOOHOB B MPOTOHE) SIBISIETCS M3ydeHUe oOpaszoBanus uvactui ¢, f2(1520), a take yc1 (1P)
u y2(1P), xortopele pacmamatorcs Ha J/Ay M QoTOH. XOpOIIO H3BECTHO, YTO OOpa3oBaHUE
KBapKOHHsI BKJIIOYAaeT TPH OCHOBHBIX MNpoOIecca Ha MAapTOHHOM ypoBHe (cM. Puc. 1.3): kBapk-
TIII0OHHOE paccessuue (2), aHHurmwistnus jerkux kBapkoB (D) u rmooH-rmooHHOE crustHue (C)
[15,16]. Tlpm sTomM B paccMaTpuBaeMOW OOJAaCTH SHEPrHil JOMHHUPYIOIIUA BKJIaL IS
MPOTOHHOTO MTy4YKa OYyAeT JaBaTh MPOIECC KBAPK-TITFOOHHOTO PAcCesTHUs, a UIsi aHTUIIPOTOHHOTO
— KBapK-aHTUKBApKOBasi aHHUT TSNS
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Puc. 1.3 Tunmynblie AuarpaMmsl 00pa3oBaHUs KBAPKOHHS

XapakTepHOH 0COOEHHOCTBIO MPOIIECCOB 00Pa30BaHUs KBAPKOHUS SBISICTCS MX BBICOKAS
YyBCTBUTEIBHOCTh K TJIFOOHHOMY COJIEP)KaHHIO B3auMoJiecTBYIOmUX yactuil. OOpazoBaHHE
COCTOSIHMI KBapKOHHSI B CTOJIKHOBCHHSX HYKIIOHOB OCOOCHHO WHTEPECHO, TaK KaK COCTOSHUS
C KBaHTOBBIMHU 4nciamMu /- -, 177, 27 * HecyT MH(POPMALIMIO O MJIOTHOCTH TIIFOOHOB B HYKJIOHAX.
[TomoOHBIE COCTOSIHMSI OTHOCHUTEIBHO JIETKO PETHCTPUPOBATH dYepe3 WX JHJICIITOHHBIE
Y paIuaIlMOHHBIC MOJIBI pacmaja.

W3mepeHne pasHUIBI CeUYCHHUN (IBYXCIHHOBBIX acHMMeTpuil Ay ¥ ALL) [UIS 4acTHIl ¢,
f2(1520), J/w, yc1 ¥ yc2 C UCTIONB30BAHUEM MOJSIPH30BAHHBIX ITyYKa M MHIICHHU SIBISCTCS TECTOM
CIPaBEJIMBOCTH PA3IUYHBIX MOJICICH, HEKOTOpbIe M3 KOTOPBIX MPEACKA3BIBAIOT IPOTHUBO-

MOJIOXKHBIN 3HAK Uit AL JUIS YacTHIl C pa3HbIM CUHOM. [Ipo/onbHas IByXCIIUHOBAs aCUMMET-
1 LUGEH)-1(+-)
(PB-Piff) IFEH+IH-)

pust ompenensieTcss Kak A;; = rae Pg —3HaueHue moispu3alvy Iydka,

P — s¢dexrusras nonspusamms mumenn®, 1(++), 1(+—) — KONIMYECTBO HOPMAIN30BAHHBIX
coObiTHit. Coctosiuusi (++) U (+—) COOTBETCTBYIOT 3HAYCHHSM MOJSAPU3AIIUIN MTydYKa U MHUIICHU
(—<«) u (——>) COOTBETCTBEHHO.

Bonpmas BenmuumHa A OyAeT yka3piBaTh Ha 3HAYUTENBHBIN BKIAn TIOOHOB AG/G(X)
B CIMH MpPOTOHA, HE3aBUCHMO OT TMPEINONIOKeHHH KOHKpeTHoi Moaenu [16]. Kak Obuto
MOKa3aHo, B TOM umcie B [17], yrioBoe pacrnpenesieHiHe KOHEYHbIX (POTOHOB U JICHTOHHBIX Map
00€ecTIeYrBarOT BO3MOYKHOCTh H3MEPEHHSI MOJISIPU3ALNN HAYAIbHBIX KBAPKOB U TITFOOHOB.

Opnoii n3 unenert skcnepuMmenta CIIACYHAPM sBnsiercs ucciaenoBaHuEe CIOUHOBOM
CTPYKTYpBI IPOTOHA M M3yueHHe GYHKIUI crnimpanbHocTH g(X) u TpancBepcanbHocTH N(X) yepes
U3MEPEHUsl Pa3MUYHBIX OJHOCHHMHOBBIX M JIBYXCIMHOBBIX 3(P(QEKTOB B CTOJIKHOBEHHUSX IBYX
anpoHoB. IIporpaMma skcrepuMeHTa BKJIHOYAaeT B ce0s KOMIUIEKCHOE H3Y4YE€HHE MEXaHU3MOB
00pa3oBaHMsl KBapKOHMS B CTOJIKHOBEHMSX HENOJSPU30BAHHBIX M MOJSPU30BAHHBIX aJPOHOB
coaHeprued no 50 1mB, BkiIroyas WCHONB30BaHME ITydKa IOJSAPU30BAHHBIX AHTUIIPOTOHOB.
B03MOXHOCTh HCIIOJIB30BaHMS A3 IMYHBIX THUIIOB ITyYKOB ISl PETHCTPAlMU  PA3TUYHBIX
KBAPKOHHEB TIO3BOJISIET OIPENEIUTh BKJIAJ OCHOBHBIX KaHAJOB OOpa30BaHUS KBapKOHUS
(cm. Puc. 1.3).

Eme oaHMM BaXHBIM MOMEHTOM SBIISETCS TO, YTO NPU DHEPrUSX YCKOPUTEIHHOTO
komriekca Y-70 B cooTrBercTBUM C pacuetamu [18] mccrnemoBanue oOpa3oBaHHsS YapMOHUS

3 HOJ’IS{pI/I3OBaHHBIe MMIICHHU TOJBKO YaCTUYHO COCTOSAT M3 MOJISIPU30BAHHBIX SACP BOAOPOAA, OOBIYHO KOJIHUYECTBO

HENOJISIPU30BAHHBIX TPOTOHOB B MUIICHU, YMEHbIIAONIUX PEAJIbHOC 3HAYCHUEC NOJIsIpU3alluu, B 7-10 pa3 Ooble
4urciia noJiIpu30BaHHbIX.
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NPOKMCXOAUT MMEHHO B TOW OOJNACTH, TI€ MOXKHO OXKHAATh BKJIAJ TJIFOOHHOH KOMIOHCHTBI
(cMm. Puc. 1.4)

LF

Puc. 1.4 CooTBeTcTBHE MEXy PEaIbHO U3MEPsIEeMbIM 3HaUeHHEM nepeMeHHoN DelfHMaHa Xg
U IOJIIMHU UMITYJIbCa, YHOCUMBIMU MTapTOHAMU

CIo)KHOCTh M3MEPEHHI 00pa30BaHUS YAPMOHUS CBs3aHA C JABYMsI OCHOBHBIMH (PaKTO-
pamMu — OJIM30CTHIO IO MAaCCE OCHOBHBIX COCTOSIHUM )¢1 U Y2 M MallbIM ceueHueM. [IpoBenenHoe
MOJICTMPOBaHKe (U3HMUECKUX MporeccoB [16] mokaszano BO3MOXKHOCTh pa3jieieHHs] YKa3aHHBIX
cocrosiHuil (cM. Puc. 1.5) npu BBIMOTHEHUH >KECTKUX TpeOOBaHMI K SKCIIEPUMEHTAIBHONU yCTa-
HOBKE, a MMEHHO: €CJIM pa3pelicHre TPeKoBoi cucrteMbl coctaBur AP/p = 0.004 mpu 10 I'B/c,
a SHEPTeTUYECKOE Pa3pelICHHE IEKTPOMArHUTHOTO KaJopuMeTpa OyaeT HaXOAUThCS Ha YPOBHE
2.5% / VE. XapakTepHCTHKH M pPACIONOXKCHHE NCTEKTOPOB OIPEACISUINC  YKA3aHHBIMH
TpeOOBaHUSMU.
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=] w
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Number of events
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ChiD,Chi1,ChiZ mass GeV

Puc. 1.5 Pasnenenue y; Me3onoB Ha ycranoske CITACHAPM

CnegyeT OTMETUTH, YTO TOMHUMO TOJIPOOHO PACCMOTPEHHBIX HCCIEAOBAHUN BKIIaga
KBapKOB M TJIFOOHOB B CHUH MPOTOHOB W AHTUIIPOTOHOB B POXKIECHUU KBAPKOHUS, OyIyT
UCCIIEIOBAThCSI OJAHOCHUHOBBIE J(PQPEKTHI B POXKIACHUM OSTUX KE YACTHI[ Ha TOMEPEUYHO
MOJIIPU30BAHHOM MHUIIEHH. XOUYETCS OTMETUTh, UYTO ITO OyIyT MEpBbIE M3MEPEHUs CIHUHOBBIX
3¢ dexToB B 00pa3oBaHUN KBAPKOHHS.
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ODHOBPEMEHHO C M3MEPEHHUSIMU CIUHOBBIX A()(PEKTOB OyneT M3MEpPEeHO COOTHOIICHHE
BBIXOZIOB yci/Yc2 Ha HAACKHONH CTAaTUCTHKE C WCIOIb30BAaHHEM IMHOHHOTO, IPOTOHHOTO
Y QaHTUIIPOTOHHOTO TIYYKOB, 4YTO II0O3BOJIMT TIPOBEPHUTH HEJAABHO OOHAPYXEHHBIA APPEKT
MacmTabHOM nHBapuaHTHOCTH [ 3], oOHapykeuusiii Ha BAK [4, 5].

Taxke OymeT MNpeANpHHATA IONBITKA HM3MEPEHHS IBYXCIIMHOBOH acUMMETpUH Ay
B IIpolieccax 0oOpa3oBaHMs IMMap raMMa KBaHTOB (mporecc Jlpemi-SlHa) ¢ 1enblo MOydeHUs
OLICHKH TonepeyHocTH N:(X) KBapKOB B MPOTOHE.

3a 20 gueilt Habopa AAHHBIX HA MPOTOHHOM ITy4Ke ¢ MHTEHCHBHOCTHIO 10 ~107 p/mmkin
MOXKHO 3aperuCcTPHpPOBATh HECKOJIBKO MUJUTHOHOB COOBITUH POXKACHUS (-ME30HA, TaKKe
oxumaercs ~10.000 J/ ¥ u ~1.000 yc1/ yeo HA p-miyuke. [Ipu 3TOM CTaTUCTHYECKHE OIIUOKU O(AN)
B 0Opa3oBanuu J/ ¥ COCTaBAT HECKOIBKO MPOLICHTOB.

1.2 I/I3Mepe1me OTHOCITUHOBBLIX MONEPECYHBIX achMeTpnﬁ AN aJIpOHOB

OObIYHO OCHOBHOM MOTHBAlLMEH HCCIENOBAaHUNA C HCIOJIb30BAHUEM MOJSPU30BAHHOMN
MUIIEHU 7100 Iy4yKa IEKIapUpyeTcsl 3ajadya M3ydeHHUs CTPYKTYypbl HpoToHa. OpHaKo, Kak
MIOKa3bIBaeT MOJEIbHBIN aHAIM3 3TUX U3MEPEHUH, LIeHHas MHpOpMaLus, COAEpKaIlasics B HUX,
CBSI3aHA C JIMHAMUKOW CHJIBHOTO B3aMMOJIEHCTBUSL aJIpOHOB U KBAPKOB B 00JIACTU JAEUCTBUS
KoHpaitHMeHTa. CrnuHOBBIE 3((EKTH TaKke MOTYT OBITh CBSI3aHBI C TakUMHU (yHIAMEH-
TaJlbHBIMU MpOOJEMaMM, KaK CIIOHTAHHOE HapylIEeHUE KHpaIbHOW CHMMETPHUHM, IMOSBIECHUE
Macchl y KBApKOB U aJpOHOB, 00pa3oBaHME B alpOHAX KBA3UYACTHIl — COCTABIISIFOIIMX KBAapKOB
[19]. UccnenoBanue CIUHOBOI CTPYKTYPhI HYKJIOHA, PACCMOTPEHHOM B MPEABIIYIIEM paslele,
SIBJISIETCS] B TO %K€ BpeMs TOJIbKO oHOM U3 1eneit sxcnepumenta CIITACHAPM. [Ipyrum BaKHbIM
HarpaBICHUEM MCCIEeIOBaHUN SIBISETCS W3YYEHUE JWHAMMKHM CHUJIBHBIX B3aHMMOACUCTBUM C
YUYETOM CIIHHA.

Kak yxe Obuto oTMedeHo paHee, Teopus Bo3myuieHuid KX/I npenckasbiBana He3HAYu-
TeJIbHbIE COUHOBBIE 3P PeKThI, mopsaka 0.1%, BeiMHparolue ¢ pocTOM SHEPrUHU B3aUMOAEHCTBUN
U TomepedyHoro ummynbca [2]. OmHako SKCHEpUMEHTANbHBIE HWCCIEIOBAHHUS TOKA3allk, 4YTO
>ddexTrI, HAbTIO[aeMBle B MHKITIO3MBHBIX PEAKIWSAX, He yOBIBAIOT C yBelHYeHHEM \s U Pr.
DKcrepuMEHTAIbHO OOHApYyKEHHbIE MOJIspu3anus /A-TunepoHoB U OAHOCIUHOBAs MONepeyHast
aCUMMETpHs B MHKJIIO3UBHOM 00pa30BaHUM MMMOHOB B 00JIACTH (pparMeHTaLUH MOISIPU30BAHHOTO
MIPOTOHHOTO Iy4YykKa UMEIOT OONbIIMe U NPAKTUYECKH OJMHAKOBBIE IO BEJIMYMHE 3HAUEHUS
aCUMMETPHUU U MOJIIPU3AL[MU B IIMPOKOM JIMalla30He SHEPIUU B 1abopaTopHOi cucteme ot 20 10
20 000 I'»B (sxBuBanent suepruu RHIC B cucreme nieHTpa macc).

OpnHolt M3 OCHOBHBIX (PU3MYECKUX HAOIIOJAEMbIX SIBJISETCS IOINEpeuHas OJHOCIIMHOBAs

ACUMMCTPUs AN, KOTOpas MNponopHuOHalIbHa Pa3sHOCTU CEUYCHUI npu MPOTHUBOIIOJIOKKHBIX
T_,41

o 0O —0
HaIpaBJIEHUAX TONEPEUHON TMOJSIpU3AIMU TTydKa WM MUIIEHH Ay = 7ol WM PasHOCTH
o' +0
JlTeft_G;' ht
v 13
ceuenuit mox yriamu 90° (BineBo) m -90° (BmpaBo) Ay = u—f", OTHOCHUTEIILHO HampasJie-
OleftTOright

HUSI BEKTOpA TOJIIPU3aiy MpoToHa. «ChIpasi» OJHOCITHHOBast acummMeTpust Ay Y ompenensercs

D NT-N*
crenyonmM o0pa3oM depe3 H3MepseMble BeTUUuHBL: ANCY = D2 _ (W-N)

= e P —
P-cosp (NT+NYY ae

NoJsipu3alvs Tydka WIM MHUIICHH, COS@ — CPEOHUM KOCHHYC YIroJl MEXAYy HOPMabIo
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K IIOCKOCTH PAacCesHUs U HATPABICHHEM CIIMHA MydKa MM MUImenn . Beruanna D HasbBaeTcs
(haKTOpOM pazbaBIeHHs B IOIAPH3OBAHHON MuuIcHH . HOPMUPOBAHHBIC HA UHCIO MyYKOBBIX
YACTHIL BBIXObI HAOIOAaEMOTO aJpOHa N IS MOJIspU3aluy MyYKa WM MHUIICHHU, HallPaBJICHHOM
BBEpX WJIM BHU3, OOO3HAYEHBI KaK N u N' coorserctenno. CormacHo kouBeHimu [20],
MOJIOKUTEIBHOM Ay CUMTAETCS B TOM Cllydae, €CJIM BJICBO JICTHT OOJIbIIE apoHOB N Juis Imydka
¢ ToNApH3aIeii BBEpX'.

Kak yxe oTMe4YeHO BbIII€, SKCIIEPUMEHTAIBHO M3MEPEHHbIE 3HAYCHUS acUMMeTpuu Ay
BeAyT ce0sl NPaKTUYECKU OJMHAKOBO B OOJIBIIOM JHana3oHe SHepruil. B kauectse mpumepa Ha
Puc. 1.6 cpaBHHBaIOTCS pe3ynbTaThl 10 Ay I peakuuii p'p— 7 +X, HoNydeHHbIe TIPU Pa3IHy-
HBIX JHEprusix Ha yckopuremsix ZGS (Vs = 4.9 TsB) [21], AGS (Vs = 6.55 IB) [22], FNAL
(s =19.43 IB) [23] u RHIC (\s = 62.4 I'3B) [24]. Jlpyrue pe3yIbTaThl IPEACTABICHBI OOICE
nopoOHO B pazzene 5. O030p JaHHBIX U MX aHAU3 MOXKHO HalTH Takxke B paborax [25, 26, 27].

JlaHHbIll NIpUMeEp MPUBEAEH, MPEXIE BCEro, I TOro, 4TOObI MOKa3aTh — Ha IEPBOE
MECTO B TMOJISIPU3ALMOHHBIX MCCIIEJOBAHUSAX YK€ BBIXOJUT HE JHEPrus, a CHUCTEMAaTHYEeCKOe
HCCIIEIOBAaHNE U AHAJIU3 JAHHBIX OOJIBLIOrO YMCia passinyHbIX peakuuil. Hayunas mpoOnema,
KOTOpas SIBJISETCS LIEIbI0 JaHHOTO MIPOEKTa — HUCCIeI0BaHUEe JUHAMUKU CIIMHOBOTO B3aMMOJEH-
CTBHs, B TOM YHCJIE€ B MPOLIECCE aHHUTWIALMYU C UCIOJIb30BAHUEM aHTHIIPOTOHHOIO Iy4Ka, IPH
POXIEHUH IHPOKOTO KIIAcca YaCTHII, B TOM YHCIIE COJACPIKALIUX S- M C-KBAPKH.
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Puc. 1.6 Ay s peakuuit ptp—z+ +X. Jauusie ZGS [21], AGS [22], FNAL [23], RHIC [24].

KoMmusiiums 3KCrepruMeHTaNbHBIX JaHHBIX U3 MyOauKanuu [ 28]

B npennaraembix Ha ycraHoBke CITACHAPM wuccnenoBaHusix npeajaraercsi oOpaTuth
BHUMAaHME, IPEXKIE BCErO, HA JIBA ACIIECKTA:
— CpaBHeHHUE MONAPU3AUOHHBIX YPPEKTOB MPHU B3aUMOJACHCTBUN YACTHUI] U AaHTUYACTHII
C BEIIECTBOM MPHU OJIHOM U TOI K€ PHEPTHH U B OJTHOM U TOMH K€ KHHEMaTHYeCKON 001acTy.
— MHWccnenoBanne cnuHOBBIX 3()(PEeKTOB g OOJBIIOTO Kilacca peakiuii B IIMPOKOM
KUHEMATHYECKOM 00JIacTH.

* [pu monHOiA (27) reOMETPHH 110 A3MMYTaTEHOMY Yy MPOBOAUTCS (PHTHPOBAHKE IO COSQ.

> daxrop pazbasienus D onpenensercs Kak MOIHOE YHCIO B3aUMOJCHCTBUI B MUIIEHN, OTHECEHHOE K YHCITY
B3aMMO/ICHCTBHI Ha MOJSAPU30BAHHBIX MPOTOHAX. [IpH MCTIOIP30BaHIH MOJIPU30BAHHOTO ITydka D=1.

® Jlnst cpaBHEHMS OJHOCTIMHOBBIX ACHMMETPHI, MOyYCHHBIX B H3MEPEHHSX C TIOJISPU30BAHHEIM ITydKOM 1 Ay,
MOJTYYSHHBIX Ha MOJISIPU30BAHHOM MHIIEHH, HEOOX0IMMO M3MEHHUTH 3HaK Ay JUIs I3MEPEHHUH Ha TOJIIPU30BaHHON
MUILIEHH.
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1.2.1 MH3mepenue oonocnunogvix 3¢hhekmos c ucnonv3zosanuem noaapuU308aHHO20 NYYKa
AHMURPOMOHOE

IIpoekt CITIACUAPM npenocraBisieT yHUKAIbHYIO BO3MOXKHOCTH  HCCIEI0BATH
CMHOBbIE d(PQEKTHI MPU B3aUMOJEHCTBUU AHTHBEIIECTBA C BEIIECTBOM U T€ K€ CIHHOBBIE
3¢deKTsl mpu  B3aMMOJCWUCTBUM BEIIECTBA C BEIIECTBOM M CPaBHUTh PE3YyIbTaThl IO
OJTHOCITUHOBOM aCUMMETPHHU POKICHHS Pa3IMYHBIX YaCTHUI] IPH OJAWHAKOBBIX YCIOBUAX (HEPTHUs
¥ KuHeMaTudeckasi oonacts peakuun). C MomenTa oTkpbITusa antuMatepun B 1930-x ronax ona
Bcerja Obula U OCTAeTCsl MPEMETOM OOJIBIION MPUBIEKATEIBHOCTH, MPEXIE BCETo sl PU3UKOB
u ¢unocodoB. st GU3MKOB aHTUIPOTOHBI MPEACTABISIIOT OCOOBI HWHTEPEC, MOCKOJIBKY OHH
SBIIAIOTCS TApTHEpaMH IPOTOHOB, KOTOpbIE SBISAIOTCA: a) EIUHCTBEHHBIMU aOCOJIIOTHO
CTaOWJIBHBIMH aJIpOHAMH, OOWJIBHBIMH U 3(PQPEKTHBHO «CBOOOJHBIMHUY; 0) 3apsKEHHBIMH,
MO3TOMY HMMH JIETKO MaHMITYJIMPOBAaTh: YCKOPSTh, CO3/1aBaTh IyYKH C U3BECTHBIMH Xapak-
TEPUCTUKAMU U TOMY [OZ06HOE . DTO 03HAYACT, YTO AHTHIIPOTOHBI MOTYT GBITH HCIIOIb30BAHBI
Ul U3y4eHHUs I[polecca aHHUTWISIUM W3 HEUTpalbHO 3apsbkeHHOro (C-HeWTpanbHOro)
COCTOSIHUSI B IIUPOKUI CIIEKTP KOHEYHBIX KBAaHTOBBIX COCTOSIHMNA. C HENOJSPU30BAaHHBIM
MIPOTOHOM U aHTHIIPOTOHOM MCXOJHBIE COCTOSIHUS Tarke sABIsitoTcst CP-nelitpanbabivMu. OgHaKO
CP-napymienue B mporecce aHHUTHIISIIUH TOTEHIIHAbHO MOXeT HapymuTh CP-HelTpansHOCTh
KOHEYHBIX COCTOSIHMM. V3MepeHue momisipu3aliy 4acTUll, TAKUX KaK TMIIEPOHBI, B KOHEUHBIX
COCTOSIHUSIX MOYKET MOMO4Yb MpoBepuTh CP-HelTpanbHOCTh KOHEYHBIX COCTOSHHM, T. €. COXpa-
Henne CP B pp-aHHUTHIISINH.

AHHUTWIALNS TIEPBOHAYAIILHO TMOJIIPH30BAHHBIX MMPOTOHOB M aHTHUIIPOTOHOB IPUBHOCHUT
HOBOE KauyecTBO B wuccienoBanue. CocTosHHME ¢ Tosgpu3anueld OobpIIe HE  SBISIETCS

CP-neiitpanpabiM. Ho, u3meHsist nonsipusaiu o0eux (p U P) 4acTHil, MOXKHO CKOHCTPYHUPOBATh
CP-conpsixennoe cocrostare. CpaBHEHHE XapaKTEPUCTUK KOHEUHBIX COCTOSTHHIA, IPOUCXOISIINX
n3 aByX CP-comnpspkeHHBIX HAaYalbHBIX COCTOSIHUM, TOTEHIMAIBHO MOXKET CIY)KUTh
JoKa3arenbcTBOM HapymeHuss CP B mepBuuHOM mporecce pp-aHHurwisnuu. K coxanenuto,
He3aBUCHMBII oT Mojenu TecT CP-HapyiieHns HEBO3MOXXEH € JABYMs MOJISIPU30BaHHBIMHU
IPOTOHHBIMH  NyYKaMHM H3-32 HEJAOCYHNHOCTH  CTOJIKHOBEHHMsS JBYX IOJIIPU30BAHHBIX
AHTHUTIPOTOHHBIX ITYYKOB.

B Hacrosimiee BpeMs TpPaKTHYECKH JIOOBIE MOJISIPH3AIMOHHBIE OSKCIIEPUMEHTAIbHBIE
JaHHBIE AJIS1 pP-peaKkMii MPeCTaBIAI0T OOJBIION HHTEPEC XOTS OBl TOJNBKO MOTOMY, YTO TAKUX
JAHHBIX OYEeHb MaJlo, @ BO3MOKHOCTh CPaBHEHUS Pe3yJIbTaTOB U3MEPEHUN C JTaHHBIMH Ha I10JIs-
PHU30BAHHBIX MPOTOHAX MpPH TEX K€ CAMBIX YCIOBHUSAX MPEICTABISAETCS OYEHb MEPCIEKTUBHOM.
Panee mogo0HbIe Mccaen0BaHUA Ha MHKIIO3MBHO OOPa30BaHHBIX MHOHAX MPOBOAMUIHMCH TOJIBKO
B okcriepumente E704 mis z-me3onoB [29,30], B KOTOpBIX acHMMETpHUsi 3apsyKCHHBIX MHOHOB
MEHSAJAach Ha IMPOTHBOIOJIOXKHYIO, a aCHMMETpHs 7°-Me30Ha OcCTaBajach OJHOTO 3HAKa, 4YTO
BITOJTHE OOBSICHSETCS KBAapKOBBIM COCTaBOM IOJIIPH30BAHHOTO HYKJIOHA W KHHEMAaTHYECKOH
o0nacTbio M3MepeHHui (00JacTh (parMeHTAlMM MOJISIPU30BAHHOTO TMydKa). Pe3ymbrarhl 3THX
ucclieIoBaHui mpuBeaeHs! Ha Puc. 1.7.

7 o
EZLI/IHCTBGHHLIMI/I HU3BCCTHBIMU YaCTHUILlaMH C HO,Z[O6HLIMI/I CBOUCTBAMU SABJISIFOTCS DJICKTPOHBI (I/I HOBI/ITPOHBI), HO
OHHU HE YYaCTBYIOT B CUJIbHOM BSaHMOHeﬁCTBHH.
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Puc. 1.7 CneBa Ay B p'-B3aUMOIEHCTBHY B pOKIeHHH 3apsokeHHbIX [30] u HelfTpanbHbIX [29] ME30HOB,
CrpaBa — aHaJOTHYHBIN Pe3yJbTaT s PP-B3auMoaeicTus [23, 29]

OxcnepumeHT CITACYAPM naer BO3MOXKHOCTh HE TOJIBKO U3MEPUTH (CpaBHUTH) Ay AJIs
T-ME30HOB C JIy4Illell TOUHOCTHIO U B IIMPOKOM KHHEMaTHYECKOM JHana3oHe, HO U CYIIECTBEHHO
paclpuTh Kiacc peakiuil. OcoOblii MHTEpeC MpU MCCIEJOBAHUU OJHOCIIMHOBON aCUMMETPUU
IPEJCTABISET POXKICHME YACTHULl, COCTOSIIMX M3 TSKENIBIX KBapKoOB, TO €CTh B Ipolecce
AHHUTWJIILUM, KOTJa BTOPUYHBIE YACTHUIIBl JOJDKHBI «3a0bITh» MPO MOJAPU3ALMIO HCXOAHBIX
KBapKoB. C 3TON TOYKM 3pEHMs BaXKHO M3YUYHUTh CIIMHOBBIE CBOMCTBA YaCTHUI, COJEPKAILUX S- U
c-xBapkn®. EcIH B PP-CTOIKHOBEHHMSIX IPH HU3KHX SHEPIHSX B 0OPAa3sOBAHUM SS- W CC-Tap
JOMUHHUPYET (g IPOLECC, TO BaXXHOW 0COOEHHOCTHIO aHTUIIPOTOH-TIPOTOHHBIX PEaKLU SBISETCS
IPSIMOM AOCTYI K ¢g-B3aUMOJECHCTBUSAM.

UccnenoBanue JOOBIX COMHOBHIX d¢dektoB B obOpasoBanun ¢, f:(1520), J/¥
U Y.l y.2-ME30HOB TO3BOJIAT TMOJYYUTh COBEPIICHHO HOBYIO HWH(OPMAIMIO O POJIM CIUHA
B CHJIbHOM B3aMMOJICHCTBHH, OJTHAKO CE€YEHHUE 3TUX IporeccoB Heenuko. Ha Puc. 1.8 mokazan
Pe3yIIBTAT MOJICTHPOBAHHS PETHCTPAIHH = ~THITEPOHA 1 ¢-ME30Ha".
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Puc. 1.8 Oxxumaembie MacCOBBIE CIIEKTPhI 00pa3oBanus & — A 7~ (cjaeBa) u ¢-Me30Ha (Crpasa)

® b- 1 Tem Gotee t-KBapKHM He JOCTYIHBI B SKCIIEPHMEHTAX HA YCKOPHTEIHHOM Komiuiekce Y-70.
% OCHOBHBIE Pe3y/IbTATHl MOJICTHPOBAHKS, BKJIIOUAs MACCOBBIC CIIEKTPhI YACTHIL [T PA3IHUHbIX PEAKIIHil H OICHKA
yuca coObITHH TpuBeeHb! B [Ipuinoxenun b.
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N3yueHne Ha OJHON YCTaHOBKE MHKIIIO3UBHOTO POXKICHHUS (-ME30HA C UCIOJIb30BAHUEM
AQHTUIIPOTOHHOT'O M MPOTOHHOTO MOJIIPU30BAHHBIX MTyYKOB MOMHUMO MCCIIEAOBAHUM MOJSpU3AI-
OHHBIX 3((EKTOB NpeAoCTaBUT HHGOPMALMIO O MEXAHM3ME POXKAECHUS CTPAHHbBIX YaCTHIL.
Crnenyer mOAYEpKHYTh, YTO HEBO3MOXKHO IOJYYUTh YMCTHIM IMyYOK aHTHUIPOTOHOB. B COCTaBe
IIy4yKa BCEI/la MPUCYTCTBYET 3HAUMTENbHAs (PaKLUMsi 7 -ME30HOB (BO MHOIO pa3 Oouiblie, 4eM
aHTUIIPOTOHOB). MccnenoBanus B3aMMOAEHCTBUM C y4acTHEM 7 -ME30HOB JACT JOMOJIHUTEINb-
HYI0 HH(POPMALIHIO O MEXaHU3ME POXKICHHS YApPMOHUS M CTPAHHBIX YaCTHUII.

JlpyruM MHTEPECHBIM HCCIECIOBAHUEM C HCIOJIB30BAHHUEM IMOJSPU30BAHHOTO AHTHIIPO-
TOHHOTO ITyYKa SIBIISIETCS HCCIICOBAaHUE JBYXCIUHOBBIX 3(P(PEKTOB B POKACHUU BEKTOPHBIX
ME30HOB, TJ€ CIEAYyeT OXHIATh IOJIABJICHUE CEUYCHUs OOpa30BaHUS BEKTOPHBIX ME30HOB
C IPOTUBOIIOJIOKHBIMU 3HAYEHUSIMM TOJSIPU3ALUKM B3aUMOJICHCTBYIOIIUX HYKJIOHOB, TO €CTb
Oonbmoe 3HaueHue Ap. Taxke BO3MOXHBIM HAalpaBlIEHUEM HCCIICAOBAHUMN SIBIISETCS MOMCK
IJIFOOHHOM KOMIIOHEHTBI B JIETKMX 3K30TUYECKHX COCTOSHUAX. Takue COCTOSIHUSA HE JIOJIKHbI
YyBCTBOBaTh IONEpeuHble mossipu3anuonHbie 3G dektsl (Ann), HO OBITh YYyBCTBUTEIIBHBI
K IIPOAOJIbHBIM aCUMMETPHUSIM.

Co3ganue TMONAPU30BAHHOTO AHTUIIPOTOHHOTO TIyYKa TaKXKe IO3BOJIUT MPOBOIUTH
MPEUU3NOHHBIE HUCCIEAOBAHUS 10 CHEKTPOCKOMHUH C HCIIOJIB30BAaHHEM MaplHaIbHO-BOJIHOBOTO
aHanu3a. B kauecTBe ammapara aJisi MPOBEICHHS TAaKUX MCCIIEAOBAHHUMA MPEIaraeTcsi HCIOIb30-
BaTh METO/IbI, pa3BuBaeMbIe s okcriepumenta [TAHJIA [31].

Eme ogHUM MHTEpECHBIM HAIPaBICHUEM HCCIEI0BaHMM, IJIe HEIOCPEICTBEHHO CPAaBHU-
BAIOTCS PE3YJIbTAThl B3aUMOAECHCTBUS aHTUIIPOTOHOB C IIPOTOHAMH, SIBJISIETCS U3YUYEHUE YIPYTUX
peakumii. JlaHHasi omuus TaKKe MPEAYCMOTpEHa B NpeaaaraeMoM 3KCIIEpUMEHTE, a ONHCAHUE
10JI0OOHBIX U3MEPEHUH NPUBEIEHO HUXKE B pazzene 2.3.1, MOCBSIEHHOM MOJISPUMETPHH.

Ha ycranoBke CITACHAPM BO3MOXHBI JBE MOJABI pa0OOTHl C IMyYKOM AHTHIIPOTOHOB:
mepBasi  CTaausi DKCIEPUMEHTa NPEAINoaraeT WCIONIb30BaHUE HEMOISIPU30BaHHOTO ITydKa
U MOJISIPU30BAaHHOM MUILIEHH, a BTOpas — MOJIAPU30BAaHHBIN ydoK. Henonspu3zoBaHHbIN oTpULa-
TEJIBHO 3apsKEHHBIN My40K uMeeT cieayromnmii coctan: (7 /K7p"): 97.9/1.8/0.3%.

WHTerpanbHas CTaTUCTUKA JJI MOJSPU30BAHHOIO AHTMIIPOTOHHOIO IyYKa C 3HEpruei
34 I'5B u unTencuBHocThio 80 ThIC. 32 cOpoc 3a 30 gHelt HaOopa npexacrasneHa B Tabom. 1.1.

Tabxn. 1.1 Oxumgaemoe yncio coobTuil Ney U oTHOIIEHUE Y dexTa Kk GoHy S/B ams MecsqHOTO ceaHca
Ha MOJIIPU30BaHHOM aHTUIIPOTOHHOM ITyuke ¢ sHepruer 34 I'3B (3.6-10° B3aumoeiicTBHiN)

Ne | vactuma | Ny S/B | Ne | yacruna | Ngy S/B
1 | = 2.1-10° n 1.6-108

2 |1 2.6:10° 8 |1 1.4-10°

3 |K* 1.7-108 9 [A-»pr |[2.1-107]10
4 | K 2.2-108 10 | A—>fin® |1.1:107|0.13
5 |p 1.6-10° 11| A —pn |42:102]0.14
6 |p 1.8-10° 12 |2 An | 1.0-10° | 10

OTMeTHM, 9TO MHOTHE W3 YaCTHII, MPEACTaBICHHBIX HIKe B Tabm. 1.5 mus cioydas mydka

7, Ha aHTUIIPOTOHHOM ITOJISIPU30BAHHOM ITyYKe TakKe OyIyT UMETh 3HAYMTEIHHYIO CTAaTHCTHKY
1

Nev ~ 10%, mocraTounyro st m3MepeHuss Ay ¢ TOYHOCTBIO 0AN = 2.5/\/NEV, win 0.025%3°.

Y [Ipy vanuamu oHa m3MepsieMast oHOCIIHHOBas acumMmMeTprst A" cBsi3aHa ¢ acHMMeTpHsiME chrHaia Ay 1 GoHa
A8y crenyromm o6pasom: A"y = Ay(1-B/Ngy) + AB(B/Ngy), e B — 4rciio OHOBBIX COOBITHIT IO/ THKOM
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JUTst IIPOLIECCOB ¢ BEICOKHM YPOBHEM (JOHA CTATHCTHYECKAs TOYHOCT OYIET Ha MOPSIOK Xyxe .
Jna xapaktepHoil cratucTuku Ngy = 10® B 3KCHEpUMEHTE C MOJISIPU30BAHHOM MUIIEHBIO
MoJIy4aeM TOYHOCTh 04N = 1.3%1073.

s 6onee Huskoi sHeprun 16 5B, mpu koTopo¥i MIaHUpyeTCs HAYMHATH UCCIICIOBAHUS
Ha TOJIIPU30BAHHOM ITy4Ke, MHTEHCHUBHOCTh JocTuraer mMakcumyma (mo 400 Twic. 3a copoc,
a B Cly4ae ONTUMH3ALMM KaHaja JUld aHTHUIPOTOHHOTO Iydka 10 10° aHTUIPOTOHOB 3a LMK
yckopuresi, wi 10 10'° aHTUIIPOTOHOB 3a CYTKH), IPUTOM BBIXOJIbI YaCTUI[ MEHSIOTCS HE3HAYH-
TenbHO. TakuM 00pa3oMm, Ui aHTUIIPOTOHHOTO MyYKa ¢ 3Heprueit 16 I'B konudecTBo peaknuid,
B KOTOPBIX BO3MOXXHO IIOJY4YE€HHE BBICOKOTOYHBIX JaHHbIX, C¢ J0AN < 2%, CTaHOBUTCSH
3HAYUTEIIbHBIM.

1.2.2 I/Ismepenue AN C UCNROJ1b306AHUEM UHMEHCUGHO20 NDOMOHRIHO020 nNYyYKa

WHTepec K M3MEPEHUI0 MOJSAPU3ALUOHHBIX 3(P(PEKTOB C MCIIOJIb30BAaHUEM I0JIIPU30BaH-
HOTO MPOTOHHOTO IY4Ka 0OBACHIETCS MHOTHMH (hakTopamu :

— CpaBHUTENIbHBIE U3MEPEHMS] C AHTUIPOTOHAMU (CMOTPU MpPEAbIAYIIMHA pa3zen)
MO3BOJISIIOT TOHATH PA3HUILy CIHUHOBBIX A(PQPEKTOB B CHIBHOM B3aUMOJICHCTBUU MEXIY
BEIIECTBOM U aHTUBEILIECTBOM.

— JlocTuraemass HMHTEHCUBHOCTh IOJIIPU30BAHHOIO IIydyKa IPOTOHOB IPEBBIIIAET
MHTEHCHBHOCTh AHTHIPOTOHHOTO IyYKa B JECATKH Pa3’>, COOTBETCTBEHHO, 3HAYMTENHHO
pacuMpsieTcss KMHEMaTHMUYeCKUIl auana3oH M COCTaB HccienyeMmblx peakuuil. [Ipu stom
BO3MOXHO pa3JeuTh 3aBUCUMOCTh 3((EKTOB OT KHHEMAaTHYECKHUX MapaMeTpoB, YTO
HEOOX0AUMO ISl  JMCKPUMHMHALMU MOJEJIed M HEJOCTYIHO s  CYLIECTBYIOIIHUX
HKCIIEPUMEHTOB.

— HccnenoBanusi MOXXKHO IPOBOAMTH B obOnacTu sHepruu nyuka 10+4513B, to ecthb
MIPOBECTH MCCIIEOBAHNE 3aBUCUMOCTH OT YHEPTHH B CUCTEME LIEHTpa Macc.

— FEme no npoBeaeHus U3MepeHH Ha OCHOBE CYIIECTBYIOIIMX JaHHBIX MOXXKHO OBIThH
YBEPEHHbIMH, 4YTO B 00JacTu (parMeHTaluu MOJISPU30BAHHOTO MydKka 3PQeKThl OyayT
3HAYUTEIbHBIMH, IOITOMY OYyJeT JOCTUTHYTa BHICOKAsi OTHOCUTENIbHAsE TOYHOCTh U3MEPEHUH.

— bBynyT npoBouThCS UCCIIEIOBAHUS C PA3IMUHBIMU I€PHBIMU MUILIEHSIMHU.

[Tocneauuii MyHKT NpPEACTAaBISIETCS OCOOCHHO WHTEPECHBIM B CBETE pE3yJIbTAaTOB
skcriepumenta @EHUKC, oOHapyXuBIIEro M3MEHEHHE 3HaKa acUMMETPUU HEUTPOHOB IpHU
nepexo/ie OT MPOTOHOB K 30i0Ty [32]. DTW maHHBIC W NpeIcKa3aHUs CUIBHONH 3aBUCHMOCTH
aCUMMETPUU HYKJIOHOB OT f[pa B paMKaX MOJEIM XPOMOMArHWUTHON MOJSPHU3ALMU KBapKOB
(XTIK) [27, 33] noka3anbl Huxe Ha Puc. 1.9.

pesonanca, a Ngy — HosiHoe 4rcio cobObiTrii. Kak mokasanu uccie1oBanus, aciMMeTpus (poHa BHE THMKa aJpoHa h
6mu3ka K Hyo [10], 9ro u npeamnonaraeTcs qajiee Mpy OLEHKE TOYHOCTH U3MEPEHH CUrHaIa JAy.

" Tounocts M3MEpEHUH OJHOCITMHOBOW acUMMETpUX dAy ISl MATBIX 3HAYeHHA Ay omipeaensseTcs: GopMyIIoi
0Ay = DI[(1-B/Ngy)P cosp\Ngy 1. TIpu amzkom yposse dona B daxrop (1-B)/Ngy = 1, a 115 BBICOKOT0 ypoBHS (hoHa
mopsaKa 0.1. B OombmrHCTBE CJIy9acB B JaHHOM JOKYMCHTE JI1 OHE€HOK TOYHOCTH, MbI IIPEATIOIAaracM, 4To JJIid
MoJIsIpU30BaHHOTO Iydka P = 0.4, s nonspusoBanHoi mumenn P = 0.75, a coso ~1.

2 B nanHOM pasjene He paccMaTpPHBAETCs MOAPOOHO HCCIEI0BAHMS YapMOHHS, ONMCAHHBIE B paszene 1.1.

¥ Pacuer XapaKTepHCTHK MOJISPH30BAHHBIX Iy4KOB MPHBEICH B paszene 2.1.
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Puc. 1.9 3aBucumocts Ay(A) s peakimn p'A— n+X B sxcnepumente ®EHUKC [29]

HabmoaeMast acHMMeTpHs B P'P CTONKHOBEHHsX cocTaBisieT —8%, B p'Al coyaapenmusix
YMEHBIIAETCS 0 Bemuuuie 10 —1.5%, Toraa kak mpu mepexone K PTAU CTONKHOBEHHSAM MEHSET
3HaK u gocturaet +18%. 3aBucumocts An(A) Habmomaetes u st K- u 7'-me3on0B [34].

B 10 xe Bpems mocnemnue pesyinbTaThl dkcnepumenTa CTAP mo u3mepeHuto 3aBucu-
MOCTHM AaCHMMETPUU HHKJIIO3UBHOILO POXKIEHUS 7n°-ME30HOB OT AaTOMHOI'O Beca MULIEHU
TOKa3bIBAIOT OJMHAKOBOE TOBEICHHE aCHMMETpHH B P'p- u P'Au-Bsanmoneiictausix [35]. Tem
WHTEpECHEE IMPOBEPUTH 3aBUCHMOCTH MOJSPU3AMUOHHBIX A(P(HEKTOB B 00pa3oBaHMM Pa3HBIX
YaCTHUI] U PE30HAHCOB OT HOMEPA sJIpa.

Cnenyer oTMeTuTh, uyTo B pamkax monaenu XIIK 3aBuCMMOCTh U BO3ZMOXXHOE M3MEHEHHE
3HaKa MPEeJICKa3bIBATIOCH eme 10 pe3yabTaroB 3kcnepumenta ®EHUKC. Ha Puc. 1.10 mokazansl
pacueTsl B paMKax JaHHON MOJENH JUIsl Ipyroi peakuu (¢ 00pa3oBaHUEM MPOTOHOB), I/I€ TAKXKE
OXHJIAETCs CUIIbHAsI 3aBUCHMOCTh OT aTOMHOTO Beca (A) siipa MUIIICHH.

<f.z o1 pA - pX ® x.=020 45Z o P+Pb=pX O Py=2Gevle
v e \ Vs = 8.77 GeV ® p,=1GeVic
. py=1GeVie O xp=0.536 %
005 005 o°
E o
I\ %@ 4 o] [ ]
i o, P
0 0 [#e oy .
© s
. Vs =8.77 GeV _ /
\ | ]
-0.05 | ‘o’ 005+ S
*o 00000 6 9 ¢¢ ’o..’““ tono®
-0.1 - : —! — ' -0.1 ! 1 | !
0 50 100 150 200 0 02 04 06 038 1
B A X

Puc. 1.10 [penckazannst Ay B paMKax MOJEIH XPOMOMardHMTHOM MOJISAPU3aLMH KBAPKOB

MHoroo0Opasue peaxiuii, KOTOPbIE MOXXHO HCCIIEJOBATh C HCIOJIb30BAHHEM IOJISIPH30-
BAaHHOI'O MPOTOHHOI'O IIy4YKa, MOXXHO MPCACTaBUTh XOTA OBl 110 pe3yiabTaTaM MOACIUPOBAHUA —
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B Tabn. 1.2 mnpuBenaeHa okujaaeMas CTAaTUCTHKA B HEKOTOPBIX PEAKIUSAX 3a OJWH MECSI]
U3MEpPEHUH C MOJIIPU30BaHHBIM ITPOTOHHBIM IIyYKOM Ipu 3Hepruu 45 ['3B.

Tabxa. 1.2 Oxunaemoe yncio coobiTuil Ney U oTHOIIeHHUE dddekTa k hony S/B
JUTSL MECSTYHOTO CeaHca Ha TIPOTOHHOM my4ke (6°10'° B3anMo e TRHIA)

o YacTHIa Nev S/IB | Ne YacTHLA Nev S/B
1| xn* 6.1-10° 17 | p*(770)— w* n° 3.0-102 | 04
2| T 3.6-10° 18 | p(770)— w n° 1.5-10% | 0.31
3| K* 5.5-108 19 | 89(980)— n n° 5.7-10°| 0.8
4 | K- 2.5-108 20 | no>na'n n® 7.8-10°1 4.0
5|p 4.7-10° 21| o(782) > n*n n° | 3.0-107 | 1.4
6|p 2.3-10¢ 22 K+*(892)—> Krn® | 3.4-107 | 0.29
71N 3.5-10° 23 K‘*(892)—> Kz |9.7-10¢ | 0.71
8| n 2.5-10¢ 24 | o(782)— yn° 7.8-10° | 2.5
9 | n%—yy 2.5-10°(91 |25 | A»pm 2.3-107 | 10.0
10 | n—vyy 1.3-102 125 |26 | A>nn° 2.1-107 | 0.67
11 | @(1020)— K* K~ | 3.7-10° | 25 21 | A"—>pmn* 1.0-10° | 0.59
12| 2> An 3.5-107 | 10 28 | 2> A 1.0-10¢ | 17
13 | Ko%— " 7~ 6.7-107 (0.9 |29 | X Ay 3.5-107 | 0.25
14 | p%(770)—> " 3.6-10% | 0.37 | 30 | X°(1385)— A n° 9.8-107 | 0.77
15 K°*(892)—> Krn | 58107 | 0.77 | 31 | ®(782)—> e" e~ 2.0-10° | 4.0
16 K°*(892)—> K nt|3.1:107 | 1.25 | 32 | p%(770)— p* 1.0-105 | 4.0

Jl1s OLeHKH 0°KMJIaeMOr0 Yucia cOOBITUM MCHOJb30BaIKMCh reHeparop yactun PYTHIA
6.2 [36], ¢ yueToM reoMeTpUH U pa3pelicHrs] YCTAHOBKH, MArHUTHOTO TMOJIsI, © OTOOpa COOBITHI
[0 TPUITEPYy Ha OOJbIIME 3HAYCHUS Xp. B KadecTBe MHIICHH B pacyeTax HCIIOJIb30BAIACh
NPOTOHHAsI MUIleHb. [IpyU MCIONIb30BaHUK SACPHBIX (2 HE BOJOPOJHON) MHUIICHEH CTaTUCTHKA
Oyzet 0oJbIe, TOCKOJIBKY CEUYEHHUE IS MTPOIECCOB ¢ OOIBIIUMH MOMIEPEYHBIMI UMITYJIBCAMH Pr
nMmeet A-3aBrcumoctsb Buga AYPT), rae a(pr) > 1 [37].

CratucTudeckass TOYHOCTh HW3MEpeHWH Ay JUId TOJSIPU30BAHHOTO ITydKa COCTaBUT
5AN22.5/[(1—B/NEV)\/NEV], wim B auana3oHe or 3.2:-107° miua z-me3oHoB 1o 3-1073 s
peakuuu p'p —>I€**(892) +X. MHOrue 4acTHUIlbl MOKHO OyIET PEerUCTPUPOBATH MO HECKOIHKUM
KaHamaM pacnana. Takoi 00beM MaHHBIX JaeT BO3MOXXHOCTh PACTpPEACIHTh CTAaTUCTHKY IO
OOJIBIIIOMY YHCITy Y€K C IeNIbI0 MCCIEOBAHUS 3aBUCUMOCTH Ay OT Pr U Xg, TP OTOM Ha
MOPSI0OK YBEITMUUTCSI CTaTUCTUYECKas HEOIpPENeNIeHHOCTh, HO U B 3TOM cily4yae CTaTHCTUKa
Oyzer OoJiee yeM TOCTaTOYHOM JUIs aHAJIN3a JAHHBIX.

Ha Puc. 1.11 B kadecTBe mpumepa MPUBEIACH MACCOBBIM CIEKTp pEaKIUU POXKICHHS
®(782)— y n°3a onuH yac paboTsl yckoputens u copoce 10° mpOTOHOB/IUKIL.

14 o

PacdeThl BBIXOIOB YacTHIL TOJTYYCHBI IJIs TPUTTEPA HA B3aUMOACHUCTBUEC B MUIICHU U, TOTIOJITHUTCIIBHO,
Tp€60BaHI/I$I Cpa6aTLIBaHI/IH AAPOHHOI'0 U 3JICKTPOMAIrHUTHOI'O KAJIOPUMETPOB JIsI TOAABJICHU S COOBITUH ¢ MaJILIMU
PTHAXE.
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Puc. 1.11 DddexruHas Macca IpOIYKTOB pacnaja B poleccax Tima pp— w(782)+X,
rae w(782)— y n°

Camo mo cebe wuccieqoBaHHE TAaKOTO KOJMYECTBA PEAKLUUN SBISETCS YHHKAIbHbBIM,
0COOEHHO C yY4eTOM OXXHJIAEMOM TOYHOCTH M3MepeHuit. Bosmoxknoctu ycranoBku CITACHAPM
MO3BOJIIT MCCIIEAOBATh 3aBUCUMOCTb CIHHOBBIX 3(PPEKTOB OT TaKMX MEPEMEHHBIX KaK IOIe-
peunsIii ummyise (Pr), mepemenHas DeiinMana (Xg), SHEPrUs Peakiun VS B C.ILM., aTOMHBIH Bec
MuIIeHA Az WK TTydka A1, MHOKECTBEHHOCTh BTOPUYHBIX 3apsKEHHBIX 4acTHIl B cOOBITHH (Nep),
a Takke ueHTpambHOCTh (Ct) coymapeHuss MyYKOBOW dYacTHIBI ¢ sapoM. J[Be mociemHwue
BO3MOYKHOCTH MOTYT OBITh pEaM30BaHbI Oarojapsi MCIOJIb30BaHUIO TOJJOCKOIIOB MHOMECTBEH-
HOCTU U BPEMEHH IPOJIETA.

H3mepeHne MHOKECTBEHHOCTH aJ[pOHOB JaeT JOMOJHUTENbHYI0 WH(GOPMAIUIO O JIMHA-
MHUKE CHUJIBHBIX B3aUMOJEHUCTBHI. MHOXECTBEHHOCTh 3apSKEHHBIX aJpPOHOB XapaKTEPHU3YeT
TEMIIEpPaTypy U IUIOTHOCTH COCTOSIHHS, OOpa3yIOUIerocss B MOMEHT B3aMMOJEWUCTBUSA, a TaKke
MpoLecC aJpoHU3alUU U KOoH(aiiHMeHTa KBapkoB. [lepBbie m3mepeHuss Ay IS 3apsXKEHHBIX
nmuoHoB B odkcnepumente BRAHMS wna kommaiinmepe RHIC (BHJI, CIIA) mnokazanu
3HAYUTEIbHYIO 3aBHCUMOCTh ACHMMETPHUH OT MHOXKECTBEHHOCTHM 4YacTWil B coObituu [38].
HccnenoBanue KOppeIsIui CIUHHOBBIX HaOmomaeMbiX (An, PN, pmm, DNN) B MHOKECTBEHHOCTH
Nch OTKpBIBAa€T HOBbIE BO3MOXHOCTH M3YyUEHUS MEXaHHU3Ma MPOUCXO0XKJIEHUS TOJSPU3ALMOHHBIX
SIBJICHUU.

Jlns MHOTHX peakiuii ¢ o0pazoBaHuEM O0ApHOHOB U aHTHOAPHOHOB B KOHEYHOM COCTOSI-
HUU BaXHO HUMETh BO3MOXHOCTh PETUCTpallMd HEUTpoOHOB. Jljis ATOro ycTaHOBKa OyIeT
OCHAII[eHa aJpOHHBIM KaJIOPUMETPOM, KOTOPBIM Tak)Ke BaKeH JJIs opraHu3anuu 3PQGeKTHBHOTO
TPUITEPA U PETUCTPALIUU HEUTPOHOB U K’ -ME30HOB.

B Tab6:x. 1.3 moka3ana oxugaeMasi CTATUCTHKA PETUCTPAIIH THIIEPOHOB.

Tab6mn. 1.3 Oxumaemoe unciio coowituii Ney poskaeHHs THIIEPOHOB 1 oTHOIIeHHE dddekra k houy S/B
JUTSL MECSTIHOTO CeaHca Ha IPOTOHHOM ITyuke (6 10'° B3anumoaeiicTBuiN)
IIPH TPUTTEPE TOIBKO Ha B3aUMOJICHCTBHEC B MHUIIICHU

Ne | gqacruma | Ngy | S/B | Ne wacruna | Nev | S/B
A—pm 69107 10.0| 7| A—»pn* |2.1-10°| 125
A—>nn® [ 63107020 8| A—»fn® | 1.2:10° | 0.13
Tt>nn |2.6108(003| 9| X —dn |44-10°|0.06
Y —nn | 15108003 |10 | E*—fin" | 6.0-10° | 0.14
A*—prt|23-10° 033 |11 | A—pn | 23107 | 0.20
E—An 99107100 |12 | E— An | 2.8-10° | 17

OO AW NP
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Pa3nuna B cratuctuke mo cpaBHeHHIO ¢ Tabma. 1.2 0OBSICHATCS MCTOI30BaHUEM PA3HOTO
Tpurrepa (Ipu PErucTpallid TUIIEPOHOB HCIONB3YETCS TOJBKO TPUITEP HA B3aUMOJCHCTBUE).
Cratuctudeckass TOYHOCTh M3MEPEHUU Ay COCTaBUT 0AN <~ 2.5/[(1—B/NEV)\/NEV]. Ona Oyner
HaxoauThcsi B jguanazoHe ot 2-10* s oOpasoBanus ZE -runepoHa 10 2:-1072 musa
X -anTurunepona. Pa3Ouenue Bceil craTucTHkM 1o 10 sueiikam (1o Pr MEpPEMEHHBIM HIH Xg),
YBEJIMUUT CTAaTHUCTUYECKUE OIIMOKM B KaxaoM OuHe A0 ypoBHsA 6-10™* ans obOpazoBanus
Z-runepona u 61072 m1s X -aHTHTUNIEpOHa.

1.3 H3MepeHue nonepeyHbIX MoJsApu3anuii Py runepoHoB U AHTUTUIIEPOHOB

OxcnepumeHT CITACYHAPM craHeT mepBbIM OSKCIEPUMEHTOM, B KOTOpOM Oyner
BO3MOKHOCTh OJIHOBpeMeHHbIX u3Mmepenuit Ay u Pyn. CpaBHenue Ay u Py ans runeponoB
(aHTUTHUIIEPOHOB) OTKPBIBACT JOMOJHUTEIBHBIE BO3MOKHOCTH IJIsi BbIOOpa (WJIM JTUCKPUMHHA-
MK ) KOHKPETHON MOJIENIM TeHEepaluK 3HAYUTEIIbHBIX Ay U Py.

W3mepenne mossipu3aiii THIICPOHOB BO3MOXKHO 0JIarojapsi HAJIMYUIO CJIadoro pacrajna,
MPOUCXOJSIIET0 C HapylIEHHEM MPOCTPAHCTBEHHOH deTHOcTH. Tak, B cllydyae pacraja
/l-TutiepoHa U3 COCTOSIHUS C nosisipu3anue P, Ha 7°-Me30H U MPOTOH, 3aBUCUMOCThH BEPOSITHOCTH
BBLIETA IIPOTOHA IO YIJIOM 0, K HallpaBJIEHHUIO BEKTOPA MOJIpU3aluy ruepoHa P umeer BUIL:

dN/dQ = (1 + oPep) | 47 = (1 + aPcos6y) | 4x.

rje €, — CIMHUYHBIA BEKTOP B HAIPAaBJICHUU JBMKCHUS IIPOTOHA B CUCTEME IOKOS THUIIEPOHA.
Bextop P HampaBiieH, B CHIy COXPaHEHHUS YETHOCTU B CHJIbHBIX B3aUMOJIEHCTBUSX, BIOJb
BEKTOpa HOpPMaJM N K IUIOCKOCTU PACCESIHHsI, ONMpPEesieMOl HampaBlIeHUEM HMIIyjbca Halle-
TaroIIEero OapuoHa P, M HUMIIyJIbca oOpasyrorierocst rumepoHa Pei N = (Pa X Pc) / | Pa * Pe|-
[Tapamerp acummerpun o = 0.642 + 0.013 Hapymaroero 4eTHOCTh c1aboro pacrnaza, sBIsSeTCs
Mepoii HHTep(epEeHIINU MEXIY S ¥ ) BOTHAMU B KOHEYHOM cocTostHuu [39].

[Tonepeunsle nonsipuzanvu PN THIEPOHOB M AHTUTHMIIEPOHOB MOTYT H3MEpATHCS Ha
J000M M3 MYYKOB, PACCMOTPEHHBIX BBIIIE, HEMOISIPU30BAHHBIX M MOJSPU30BAHHbIX.
B nocnennem ciydae HeoOXxoaumo OyAeT ycpenHsTh Py o AByM mossipu3zanusiM. Takxke MOKHO
MCIOJIb30BaTh HEMOJIIPU30BAHHYIO YacTh Iy4yka, KOTopas OyAeT MPUCYTCTBOBATh U U3MEPSTHCS
npu pabote cuctembl MmeueHus mnyuyka [40]. Oxwupmaemasi CTaTHCTHKA O COOTBETCTBYIOUINMM
peaxiusM UMeeTCsl B MPUBEIEHHBIX BhIIE TaOnumax. JlJis OLEHKH CTaTUCTHYECKOH TOYHOCTH
u3MepeHuss Py THUNEPOHOB MOXHO BOCIOJIB30BaThCsl OAHOM M3  (opMyn oIpeneseHus
nonsapuzanuu — Pn=2/0(Up—Down)/(Up+Down), tne Up u Down o6o3HadaroT HWHTETrpaibl
MOMPABJICHHOTr0 Ha 3P (PEKTUBHOCTH YIIIOBOTO pacipeieieHus: B 00aacTi monoxurenbHbix (Up)
u orpunarenbHsix (Down) snHaueHmii kocuHyca yria 6, MeXIy HOPManbi0 K IIOCKOCTH
paccesiHUsI ¥ HaIlpaBJICHUEM BBIJIETA MPOTOHA B cucTeMe Mokos rurepona [41]. CtaTuctudeckas
TOYHOCTh H3MEpeHusi Py THUIEPOHOB, MO aHAIOTHH C OAyn, OINPENEISIeTCS BBIPAKEHUEM
SPn=2/[(1 —B/Nev) oVNey], tme Ney=Up+Down=S+B — moiHOoe 4HCIO COOBITHIA
C TUTICPOHOM B KOHEYHOM COCTOSIHMM, B — umcio (OHOBBIX COOBITHH IMOJ MUKOM MacChl
PEKOHCTPYyHPOBaHHOTO THUIepoHa. [lapameTp a 17151 OONBIIMHCTBA THIIEPOHOB UMEET 3HAYUTEIb-
HYIO BEIMYUHY, Topsiaka 0.5, 4To MO3BOJISIET MOMYYUTh BEICOKYIO TOUHOCTh U3MepeHuit Py .

B oskcnepumente CITACHAPM BO3MOXXKHO W3MEPEHHE TONSAPHU3ALMM HE TOJIBKO
A-runepoHa, HO M APYTUX THIEPOHOB M AaHTUTUIEPOHOB. I1OCKONBKY paccTosiHuE OT LEHTpa
MUIIEHH J0 TOCeIHEN KaMepbl Mepesl CIEKTPOMETPUUECKUM MarHuTOM COCTaBIIsieT MOYTH 3 M,

30



OOJBIIMHCTBO PACMAJ0B TUIIEPOHOB OYIET MPOUCXOANTH B OCHAIICHHON TPEKOBBIMH JIETEKTO-
paMu 00J1aCTH YCTAaHOBKH, M TIApaMETPBI TPEKOB OT paciiajia THIEPOHOB MOT'YT OBITh H3MEPCHBI.

B Tab6un. 1.4 npeacraBicHbl 3HaYCHHS TTApAMETPOB paciiajia TUIIEPOHOB (o U ¢T), Te T —
BpEMsI KHU3HHU, C — CKOPOCTh CBETA, & TAKXKE CPEIHEE PACCTOSIHUE MPOJIeTa TMIIEPOHA JI0 pacraia
npu 3Hepruu runepona 10 I'B (L) [39].

Tabmn. 1.4 CoiicTBa pacrnasia TUIIEpOHOB

KBapxoBbIii
Mopa pacnajna CcOCTaB BR % o CT, CM L, cm
>t —pn° uus 51.57 +£0.30 —0.980 +0.016 | 2.404 20.21
Xr—nm uus 48.31 +0.30 0.068 +£0.013 | 2.404 20.21
> —>nm dds 99.848 +0.005 | —0.068 +0.008 | 4.434 37.03
20— Ay uds 100 2.22x107° | 1.86x10°®
A—>pm uds 63.9 £0.5 0.642 +£0.013 | 7.89 70.7
A —nn uds 35.8 +0.5 0.650 +0.040 | 7.89 70.7
20— A uss 99.524 +0.012 | —0.406 +0.013 | 8.71 66.2
= —o>An dss 99.887 +£0.035 | —0.458 +0.012 | 4.91 37.1
Q — AK |sss 67.8 0.7 0.0180 +0.0024 | 2.461 14.71
Q —E°m | SSS 23.6 0.7 0.090 +0.14 | 2.461 14,71
Q — = n® |sSs 8.6 £0.4 0.050 +0.21 | 2.461 14.71

C yuerom craructuku rtuneporoB (Ta6m. 1.1-Ta6xn. 1.3) u mnapamerpoB pacrana
(Tabn. 1.4) craTucTuyeckas TOYHOCTD JUIs OOJBINIMHCTBA peakiuii OyaeT He xyxe 0.5%, a mis
peakuuu K p — 2°X ona cocraBut 8%. Ha Puc. 1.12 npencraBieHsl npeacKka3anus Mosipu3aium
AaHTU-JIAMO/Ia TUIIEPOHOB B PA-B3aMMOJCHCTBHM B paMKax MOJCIH XPOMOMAarHUTHOHN
MOJISAPU3AIINU KBApKOB [25-27].

= 0.4 7z 0.4 —
= =¥ Vs = 6.98 GeV pA 5> AX
03+ . e%% e . 03 .o ve ® p+Se, x; =0.30
. [ ] .
02F o ot 0.2Fe ;
e o pA 5 AX e
01k ¢ py=1GeVie 0.1+°
[ ]
0 . or .
o° e ) !
01k 2 e 0.1 Fo 0
[o) s B
o X, = 0.30 o) -
'0.2 B O_@O : X: =0.55 -0'2 i OO O O @ O © o] p+Na, Xp= 0.55
- I 1 I 1 1 _0_3 L L 1
03050 100 150 200 0 1 2 3 4
A pp GeV/e

Puc. 1.12 [peackazanus moysipu3anuy aHTH-JIIMO/1a THIIEPOHOB B PA-B3aMO/ICHCTBIN
B paMKax MOJIEJI XPOMOMarHUTHOH MOJISIPU3allii KBapKOB

OxcnepuMeHT CITACYAPM mno3BossieT ImpOBECTM HM3MEPEHHE NapaMeTpoB IEperadu
ciiHa (mapameTpoB Bongenmreitna) B peakuun p'+p—A1+X. Brepesle npenocTasisercs
BO3MO>XHOCTh MU3MEPUTh B 3TOM peakiiK cpa3y MATh MapaMeTpoB Mepeayu CIuHa, a UMeHHo D,
R, A, R"u A", tne D — o1t KOMIIOHEHTHl HOPMAaJIbHOW TOJNSPHU3AIMK TydYKa, TepeJaHHON
HOpMAaJIbHOW KOMIIOHEHTe nojsipu3auuu A; R — 107 monepeyHoil KOMIOHEHTHI MOJISPU3ALUT
ny4yKa, fepegaBaeMas IMONEpPeyHOH KOMIIOHeHTe mnossipu3aiuu A; A — 1oas NpoaoJIbHON
NOJIIpU3aLMU TyYKa, IeperaBaeMas IONepedyHoOl KoMIloHeHTe nosspusanuu A; R' — noms
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MIONEPEYHON KOMIIOHEHThl NOJSpU3aLUU IydKa, IeperaBaeMas NPOJOJIbHONM KOMIIOHEHTE
nosigspusanuu A, 1 A" — 10511 NPOJOJIBHOM MOJspU3alMM IIydKa, MEepeAaHHas MPOJOJIbHON
KOMIIOHEHTE MOJISIpU3aLun A",

14 I/I3Mepe}me 3JIEMEHTOB MaTpPUIbI IVIOTHOCTH Pjk BEKTOPHBIX ME30HOB

Kak u B ciiyuae THIIEPOHOB, JJIsl BEKTOPHBIX ME30HOB MOXXHO W3MEPHUTh M CPAaBHUTH
BBICTPOECHHOCTh M An. DJIEMEHTBI MATPHIIBI IUIOTHOCTH pjk BEKTOPHBIX ME30HOB MOTYT H3Me-
PATBCS HA THOOOM W3 MYyYKOB, PACCMOTPECHHBIX BBIIIE, HEMOISPU3OBAHHBIX U MOJISPHU30BAHHBIX.
Ecimu omHOocimHOBBIE 3(DEKThI CBS3aHBI C MOISPHU3ANMCH KBAPKOB M aHTUKBAPKOB JI0 Mpoliecca
WX aJpOHMU3aIlUU, TO MBI JOJDKHBI HAONIOAATH HE TOJIBKO TOJSPHU3AIMI0 TUIEPOHOB, HO W
MOJISIPU3AIIMIO BEKTOPHBIX ME30HOB [42]. BBICTpOCHHOCTH BEKTOPHBIX Me30HOB (V) omuchIBaeTcs
AJIEMEHTAMHU Py CIIMHOBOW MATPHIIBI IUIOTHOCTH p, Tie M u M' 0003HAYalOT CIIMHOBBIC
KOMIIOHEHTHI BJIOJIb OCH KBAaHTOBAHHSI.

JluaroHaNbHbIC JIEMEHTBI P11, Poo U P-1-1 JUISI MATPULIBI C SAMHUYHBIM CJICIIOM SIBIISTFOTCS
OTHOCHUTEJIbHBIMU MHTECHCUBHOCTSIMU KOMIIOHEHT CITMHA ME30Ha M MpHHATH 3HaueHus 1, 0, u —1
COOTBETCTBEHHO, KOTOpBIC IOJDKHBI OBITH PAaBHBI Y3 IJIS Clydash HEMOJSIPU30BAHHBIX YACTHII.
[TockonbKy BEKTOpPHBIE ME30HBI OOBIYHO PACIaaloTCs CHIIBHBIM 00pa3oM Ha JiBa IICEBJIOCKA-
JSIPHBIX ME30HA, TPYIHO M3MEPHUTh BCE AJIEMEHTHI MAaTpPUIbl p. HO HEKOTOpBIE U3 HUX MOTYT
OBITh JICTKO OIPEICTICHBI U3 U3MEPEHUH YIVIOBBIX paclpeaciieHui MpoAyKTOB pacrana. MoKHO
1oKa3aTh, YTO B CHCTEME IOKOS BEKTOPHOro Me3oHa V, mis pacnaga V — h: + ha, toe h: u hy
SIBJSIFOTCS TICEBAOCKAISIPHBIME Me30HaMH, yrioBoe pacnpeaenenue W(0,¢) = dN/dQ nponykros
pacnaza umeer suz []:

W(6,0) = 0.75{c0526 poo + Sin20 (p1: + p-i-1) 12 — sin26 (cOs ¢ Re pio — sing 1M pio)/N2
+5in26 (COS pRe p-10 + sinplm p-10)/N2 — sin20[(cos(2p)Re pi-1 — sin(2p)Im pr-)]}x.

3nech 6 sIBIISETCS MOJSIPHBIM YITIOM MEXY HAlpaBlICHUEM JBHKEHUs Ni ¥ OCbIO KBaHTO-
BaHMS, ¢ €CTh A3UMYTAJIBHBIA yroy. IHTerpupys no yriy ¢, noiaydaem

W(6) = 0.75[(1 - poo) + (3 poo - 1) cOS26].
AHaJOTMYHO, UHTErpUpPYs MO YTy 6, MbI IOTy4aem
W(p) = 0.5[1 — 2cos(2¢)Re p:-: + 2sin(2¢) Im pi-i]/x.

OTKIJIOHEHHUE poo OT 3 TPUBOJUT K HEPABHOMEPHOMY PaCIIPEICIICHUIO TIPOJIYKTOB pacraja
o cost. Usmepsist W(6), MOKHO OTIpeieNuTh poo. JIpyrue 3JeMEHThI, pro ¥ pi-1, MOTYT H3y4aThCs
nytem usmepenust W(6,¢). B psijie ciydaeB Takue W3MEPEHHUs yKe ObUIH BBIMOJHEHBI TS aIpOH-
aJIPOHHBIX COYyIAapeHHMIA, HapuMep B paboTax [44, 45, 46, 47, 48].

B oTauune OT MOJSpU3AIMH THIIEPOHOB, IMapaMeTp BBHICTPOESHHOCTH CITMHA BEKTOPHBIX
ME30HOB, poo, HE CBSI3aH C HAIPaBICHHEM IIJIOCKOCTH PEAKIMH, TaK KaK OH 3aBHCHUT TOJBKO OT
c0s?6. TIooToMy, HEBO3MOXKHO H3MEPHTh 3HAK IOJSPH3AIIH KBApKa MOCPEICTBOM OIIPEICITCHHS
napamMeTpa BBICTPOCHHOCTH CITMHA BEKTOPHBIX Me30HOB. C Jpyrod CTOPOHBI, HE BO3HHMKAET
HEOOXOJUMOCTH OTPEACIATh HANPaBJICHUE TUIOCKOCTH PEAKIMU JUISI U3MEPEHUS Poo, KOTOpAs

15 - _ > - - - i - -
BriOpana cneyromas cucteMa KOOpAMHAT 1l = P; X P / | pi” pf| — HOpMaJIbHasl KOMIIOHEHTa, k= p;/ | Di |—
- — e -
IIpoA0JbHAsA KOMIIOHCHTA, S =N X ki nonepeyHasd OOKOBas KOMIIOHCHTA, TAC P — HUMIIYJbC MNOJPHU30BAHHOTO
y4Ka, a Pr — UMITYJIbC A-THIEPOHA.
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NpsSIMO CBsI3aHA C BEJTMYMHOW IMOJIIPU3AIMKA KBapKa BJOJb HANPABICHHUS HOPMAIH K TUIOCKOCTH
peakiuu [47].

Jlpyrasi BO3BMOKHOCTh M3MEPEHHUS TMOJSIPU3AIIMHA BEKTOPHBIX ME30HOB PEAJTM3yeTCs] B UX
pacnagax Ha napy epmuoH-anTudepmuon [49]. Tak, HapuMep, A7 U3MEPEHHSI MOJIIPU3ALUN
J/w-Me30Ha UCTIONb3yeTCsl aHAJIM3 YITIOBOW 3aBHCHMOCTH €ro paclaja Ha u'y~ B CHHPAIBHOM
0asuce, B KOTOPOM OCh KBAaHTOBaHHs HAIpPABJICHA BJIOJIb HAINIPABIICHHS JBU)KCHUS BEKTOPHOTO
Me30Ha B JabopaTopHOW cucrteMe. Mbl ompeaensieM OF Kak yroid MEKAY HMITYJIbCOM
B cucTeMe TOKost J/yy ¥ OChbl0 KBaHTOBaHHs. HOpMHUpOBaHHOE YIJIOBOE pacrpeneneHue u
ormcsiBaeTcs BripaxkerneM | (cos 6%) = 1.5 (1 + & cos? %) / (a + 3).

[TapameTp monsipu3anMu ¢ CBS3aH C CCUYCHUSAMH OOpa3oBaHUs MOIEPedHO (oT)
U TIPOJIOJIBHO (o0) HOJISIPU30BAHHOTO BEKTOPHOTO Me30Ha COOTHOILICHHEM
o= (or — 20.) | (o7 + 201). 1)1 HENOISIPU30BaHHBIX BEKTOPHBIX ME30HOB MbI UMeeM o = (), Torma
Kak a = +1 wim —1 g 100% nonepeyHoi Wiy nNpooJabHOM MOISpU3alii COOTBETCTBEHHO.

Jlnst psiia BEKTOPHBIX ME30HOB (p, @, ¢ u J/y) B skcriepumente CITACUAPM B0o3MOXHO
OTHOBPEMEHHOE HW3MEPECHHE DJJIEMEHTAa MATPHIBl IUIOTHOCTH poo B MOJE pacmaga Ha
TMICEB/IOCKAIIIPHBIC ME30HBI U MapaMeTpa 0. B MOJIaX WX pachalioB Ha i’y u e€'e”. iMeetcs Takxke
BO3MOYKHOCTh H3MEPEHHUsl JUIsl ITHX BEKTOPHBIX ME30HOB OJHOCIIMHOBOW acuMmerpuu Ay
C MCIIOJIb30BAaHUEM TIOJISIPU30BAHHON MUIIICHH JINOO TOISIPU30BAHHOTO ITYUKa.

OnHOBpeMEHHOE M3MEpEHHE Ha OJHOM YCTaHOBKE Cpa3zy TPEeX Pa3IMYHBIX HapaMeTpOB
MOJISIPU3ALIMU  BEKTOPHBIX ME30HOB SIBJISIETCS OOJIBIIMM TPEUMYIIECTBOM IpeaaraeMoi
MIPOTpaMMBbl UCCIIEIOBaHMM, MTOCKOJIBKY MO3BOJISIET CIENaTh 00Jiee 3HAUMMYIO TUCKPUMUHAIHIO
ANbTCPHATUBHBIX MOJICTICH TMPOUCXOXKICHUS TOJApu3alMoHHbIX dddexroB. B  Tabm. 1.2
u Tabn. 1.5 npuBeneHnl 24 pasnuuHbie PEAKIMA C BEKTOPHBIMH ME30HAMH B KOHEYHOM
cOCTOSIHUU. [JI1 HUX MOTYT OBITh M3MEPEHBI HE TOJIBKO 3JIEMEHTBI MATPHIIBI IFIOTHOCTH pijk, HO
U OJTHOCTIMHOBBIE acuMMmeTpun Ay. Panee cronp MacmTaOHBIX HMCCIEAOBAHUNM CIHUHOBBIX
3¢ (}HeKTOoB /Ui BEKTOPHBIX ME30HOB HE TJIAHUPOBAJIOCH.

15 I/I3Mepe1me OAHOCIIMHOBBIX aCHMMeTpHﬁ Ha MyYKe OTPUHATEC/IbHBIX YaCTHUI

CucreMaTH4eCcKOe HCCIIEeIOBaHUE CHUHOBBIX J>(PGEKTOB HAYHETCS elle JO0 CO3JaHus
KaHana 24A TONAPU30BAaHHBIX YaCTUI[ — C HKCIOJB30BAHUEM MHIOTHON BEPCHM YCTaHOBKH
Y TIONISIPU30BAaHHONM MHUIIIEHH. B STOM cllyuae OCHOBHBIE HU3MEpPEHHUs OYIyT MPOBOIUTHCS
B 00nacTu ¢parMeHTAllMM HEMOJSIPU30BAHHOTO Nyuyka Ha kaHaine 14. V3mepeHus Ha cyliect-
ByIOIIIeM KaHalie 14 MOXXHO MPOBOJIUTH C WCIOJIH30BAaHUEM ITyYKa OTPHUIIATSIBHBIX YaCTHI]
Y C BBIBEJICHHBIM METOJIOM KaHAJIIMPOBAHHUS MPOTOHHBIM TydkoMm. [Iporpamma wu3MmepeHUi
HE TIPeIyCMaTPUBACT MCIOIh30BAHUE MPOTOHHOTO MydYKa, TaK KaK OJHOCITMHOBBIC aCHMMETPUU
B 00J1acTH ero (hparMeHTaIlUH JOJKHBI OBITh COBMECTHMBI C HYJIEM.

[lepBrie wu3MepeHus, TpoBelcHHbIe Ha ycraHoBke I[IPO3A, nanu HeoXuIaHHBIN
pe3yNbTaT: acCHMMETPHUS HHKIIO3UBHO POXKIEHHBIX YACTHI[ Jake B JITOW 00JIacTM MOXKET
JOCTHraTh CYIIECTBEHHBIX BEIMYMH BOJIU3HU rpaHullbl (hazoBoro oobema (cm. Puc. 1.13).
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Puc. 1.13 3aBucumocts An(pr) aust peakuun 7 dr—7’X npu sHepruu mydka 40 I'3B B obnactu

¢dparmentanuu 7 -my4uka [50] (3HaueHue Xg nexut B uHTEepBase 0.7< X <1.0)

JleranpHble WCCNENOBaHUS OyAyT TPOBOAMTHBCS JJIsi OONBIIOTO YWCIA YaCTHIL
C MCII0JIb30BaHUEM TOATOTABINBAEMOT0 00OPY10BaHUS.

1.5.1 Hccneoosanue uHKI103UBHBIX PEAKUUIL, 6KIOUAA NYYOK AHMUNPOMOHOG

HccnenoBanusi MHKIIO3UBHBIX TIpOIeCCOB Ha KaHaie 14 OyayT NpOBOIUTHCS
C UCNOJIb30BAaHUEM IIyyKa OTPUUATENIbHBIX YacTUL C OJHepruedl 28 wm 34 B,
Henomnsipu3oBaHHbIH OTPULIATEIILHO 3aPSKCHHBIN My40K UMeeT cleaytomuid cocras: (7 /K7/p) —
97.9/1.8/0.3%. Tun my4KoBO#l YaCTHIIbI ONPEACISACTCS yYKOBBIMH TOPOTOBBIMH YEPCHKOBCKUMH
cuetunkamu (cM. pasmen 3.1).MuTerpaibpHas cTaTHCTHKA 3a Mecsll pabOThl M BEIMYHHA
KOMOMHATOPHOTO JOHA JIUIS pa3IMYHBIX MHKIIO3UBHBIX peakiui moka3ansl B Taoum. 1.5.

Tab6n. 1.5 Oxunaemoe unciio codbituii Ney u otHOLIeHHE 3¢ dekra k pony S/B
JUI MECSIYHOTO ceaHca Ha 7 - imyuke (6-10'° B3aumozeiicTBuii) npu snepruu 34 I'>B

Ne | wacruna Ney S/B Ne | yacruma Nev S/B
1 | o 4.2-10° 20 | n—on'n 5.3-10° | 5.0
2 | 8.7-10° 21 | o(782) » " n® |3.5:-107 | 4.0
3 | KY 6.7-108 22 | o(782)— y n° 3.8-107 | 0.5
4 | K 9.0-108 23 | 0(1020)— K" K~ 4.3-10° | 3.3
5 |p 9.2-107 24 | p*(770)— n* n° 2.9-10* | 0.17
6 |p 2.6-108 25 | p(770)—> w n° 7.5-10% | 0.33
7 |n 3.2-108 26 | K%— n° n° 1.7-107 | 0.29
g8 |f 8.0-107 27 | a0 (980)— n n° 1.8-107 | 0.11
9 | KL 1.0-108 28 | A>pm 1.4-10° | 10
10 | m—7yy 43-10° |10 |29 |A—pn 1.1-10° | 20
11 | 1 —yy 42-108 120 |30 | A—>nn° 1.8-10° | 0.33
12 | N> 83:10° |20 |31 |A—dAn® 7.7-105 | 2.2
13 | KS— ' 1.3:107 |33 |32 |A"—>pn' 9.3-10° | 0.5
14 | p°(770)—> ' 42-10* |04 |33 | A —>pm 2.5-10” | 0.18
15 | KO*(892)—» K*n~ | 1.1-10* | 1.7 |34 |E—>Amn 1.9-10° | 10
16 | K*(892)—» K 7t [4.3:107 |05 |35 |E— An 1.6-10° | 10
17 | K*(892)— K*n® | 1.9-107 | 0.38 | 36 | 2°—> Ay 1.2-10¢ | 2.0
18 | K*(892)—» K n® |3.8-107 | 0.77 | 37 | 2°(1385)— A n° 3.9-10° | 5.0
19 | ®(782)— e" e 1.7-10° | 2.0 |38 | p%(770)— p" p~ 9.7-10* | 1.4

16
DHeprusi BTOPUYHBIX YaCTHIl 3aBUCUT OT SHEPrUU YCKopeHHoro B Y-70 myuka (50 nnu 60 I'3B cooTBeTCTBEHHO).
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VYKazaHbl TUI PETUCTPUPYEMOI YaCTUIIBI U MPOAYKTHI €€ pacnana. [[ns HEeKOTOphIX U3
peaKkLuil MpenoIaraeTcs UCIoIb30BaTh HECKOJIBKO MO/ paciiajia YacTHUI] U PE30HAHCOB.

Jns peakuuid Ha MOJSPU3OBAHHON MHILIEHH, MpeAcTaBiIeHHbIX B Tabin. 1.5, mpu HU3KOM
ypoBHE (OHA UMEEM MPUOIUKEHHO 0AN <~ 13/VNgy. Juis xapaktepHoii cratuctuku Ngy = 108
noiryqaeM TouHOCTh 0AN = 1.3x1073. Ecnu pa3genuts Bcro craTucTuky Ha 100 stueex, mo mepe-
MEHHBIM Pr U Xg, TO 3TO YBEJIMYUT XaPAKTEPHYIO OLIMOKY B OTAEIbHOM TOouke 10 ypoBHS 1.3%.
B cnyyae menbmiei craructuku (mopsiaka 10°) wHTEerpanbHas TOYHOCTH coctaBUT 1.3%. [lns
psama peakiuii ¢ BBHICOKHM ypoBHeM ¢ona (S/B<0.3) ToyHOCTH M3MepeHHil OyaeT HECKOJBKO
xyxe. OTMETUM, YTO Uil MHOTMX M3 mepedncieHHbIXx B Tabm. 1.5 aapoHOB opHOCIMHOBAs
acUMMETpHUsI HHUKorga He wusMmepsiacb. B Ilpunoxkenun b HuKe NpUBENEHBI CTAaTUCTHKA
¥ MacCOBBIE CIEKTPHI C HCIIOJIb30BAaHHEM OTPHUIATENbHBIX KaoOHOB (cM. pasaen 6.4). IIpumech
K™-Me30HOB B HENOJISIPpU30BAHHOM IIydke cocTaBisieT Bcero 1.8%, 4To mnpuBOAMT K
3HAYUTEIHHOMY CHIDKEHHIO YUCIIa COOBITHIH 110 CPAaBHEHHUIO C 77 -ITyYKOM, OJIHAKO 3TH U3MEPEHUS
MO3BOJIIT MapajuieIbHO C HAOOPOM JAaHHBIX Ha 7 -MIy4Ke MOJNYYHUTh YHUKAIbHBIE JAaHHBIE MO
paHee HEeHCCIeIOBaHHBIM PEAKIUAM, C yYKOM, COJIEPKaIlM CTPaHHBIN KBapK.

1.5.2 Hecceneodosanue IKCKAI03UBHBIX KAHAL06

Kommuiekc u3MepeHuil, ONMCaHHBIX BbIIIE (OJHOCIHHOBBIE IPOLECCHl, B KOTOPBIX
M3MepsIeTCs NOJspU3alus JIMIIb OAHOM U3 YacTHIl, yYacTBYIOIIMX B PEAKIMHU, B HAUYAIbHOM JINOO
B KOHEYHOM COCTOSIHMH), BKJIFOYAE€T HE TOJBKO MHKIIIO3MBHBIC, HO M 3KCKJIIO3UBHBIC MPOLIECCHI.
B nociegnem citydae npeanonaraercs UCIoab30BaTh JONOJIHUTEIBHO BETO CUCTEMY IOJISIPU30-
BaHHOW MHUIIEHU. OTO MO3BOJUT 3HAUUTENBHO CHHU3UTh YPOBEHb (POHA B IKCKIHO3UBHBIX
Ipoueccax.

3HAaYNTENbHBIN BKIIAJ B UCCIIEAOBAHNE CITMHOBBIX 3((EKTOB B IKCKIIO3UBHBIX 3aPsI0BO-
OOMEHHBIX peaklusax ObLI MOJIy4YeH B cepuu 3KcriepuMeHToB B IIpoTBuHO Ha ycraHoBke [TPO3A
npu sHepruu myuka 40 9B [51, 52, 53, 54, 55, 56, 57]. BoabIIMHCTBO MaHHBIX B APYTHX
IKCIIEPUMEHTaX OBUIO MOJYYEHO MPU YMEPEHHBIX 3Heprusx mydka (mo 12 I'B), Huxke sHepruii
YCKOpUTENBHOTO KomIuiekca UPBO.

Hccnenoanus Ha yctaHoBKe CITACYUAPM 1no3BosT CyIECTBEHHO MOBBICUTH TOYHOCTD
u3MepeHui. OTMEeTUM, YTO B ME3OHHBIX Ny4YKax HaOIOAAI0TCsS HEHYJEBBIE MOJIAPU3ALMOHHBIE
3pdexTsl B 00MacTH (parMeHTalMM HEMOJSAPU30BAaHHOIO IyykKa, YTO HE HUMeEeT IoKa
Teopernyeckoro ooObsicHeHusi. Ha ycranoBke [TPO3A B 80-x romax m3mepsuch aCHMMETPUU
B SKCKJIFO3MBHOM 00pa30BaHMM B peakuuu 7w P — AN mpu sHeprum 40 [5B. OG30p aHHBIX
UCCIIeIOBAaHUM MpHUBEIeH HIKE B paznene 5.1.2. 31ech 0TMETUM TOJIBKO JIBE peakiuy, a UMEHHO:
7p'—> w(782)n (cm. Puc.1.14) u zp'— 7/ (958)n (cm. Puc. 1.15), B KOTOPBIX MOJYYEHBI
yKa3zaHus Ha 60ib1ne 3G(EeKThl U OCIMIIISIUN aCUMMETPHH.

Craructika B peakuuu n’pT—)co( 782)n (33 ThICSIUM MONE3HBIX COOBITHIA HAa TIONSPU30BaH-
HOW MuIIeHn) Oblla HaOpaHa B TPEX CeaHCaX C TEJEeCHBIM YITIOM 3JIEKTPOMArHUTHOTO Kalopu-
METpa, COCTABIIAIOLIUM ITOJIOBUHY OT TEJIECHOTO yria kajopuMmerpa ycraHoBku CITACHAPM. 3a
TpU ceaHca pabOThl, C y4eTOM JABYX MOJ pacnaga — Ha w7’ U 7w’ — MOXHO Halbpatb
cratuctuky B 20 pa3 Oonbmie. Torjga, Hampumep, B MEPBbIX YEThIpEX TOYKaX OIIMOKa
acuMMeTpuu OyneT okoio 2% Bmecto ceroausauHux 10%.
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Puc. 1.14 Acimmerpust B peakiuul z p'— w(782)n Puc. 1.15 AcummeTpus B peakiuu = p'— 7/ (958)n
nipu sueprun 40 I'3B [55], korma w(782) -me30H npu sHeprin 40 ToB [131], korza 0 (958)-mes0H
PETHCTPUPOBAIICS B MOJIE pacraia Ha 7° U Y PErUCTPUPOBAIICS B MOJIE PacIiajia Ha J(Ba y-KBaHTa

CrartucTika B peakiuu n‘pT—)r/(958)n (11 ThICSY MOJE3HBIX COOBITHI HA IMOJISAPU30BAH-
HOM MuIleHH) OblIa Takke HaOpaHa B TpEX CeaHCax C TEJIECHBIM YIJIOM 3JIEKTPOMArHUTHOTO
KaJIOpUMETpPa, COCTABJISIOUIETO TIOJOBUHY OT TEJIECHOIO yrjia KaloOpUMeTpa YCTaHOBKH
CITACYAPM, u B AByX ceaHcax C TeseCHbIM yrioMm, cpaBHUMBIM co CITACYAPM. 3a tpu
ceaHca paboThl, C yU€TOM JIBYX JOMOJIHUTEIbHBIX MOJI paclajia Ha 7' 7] U T'7T ), MOXKHO HabpaTh
cTaTuCTUKY npumepHo B 20 pa3 Oombmie. Torma, Hampumep, B MEPBBIX TPeX TOYKaX OMIMOKa
acuMMeTpuu Oyzaer cocTtaBisiTh 3—4% BmecTo ceroansimHux 13—17%. Pe3ynpTaTsl B peakuuu
np—> f:(1270)n npexncraBiaeHsl Hwke Ha Puc.5.4. 3a Tpu ceanca pabOThI, C y4ETOM
JOTIOTHUTEIBHON MOJIBI pacriaja Ha 7’7, MO)KHO HaOpaTh CTaTHCTUKY JBa pa3a Oosbmie. Torma
CyMMapHas omuOKa aCUMMETpPUU 110 BCEM ceaHcaM OyJieT MoYTH B ABa pa3a MeHblue. Mccneno-
BaHusa Ha ycraHoBke CIIACYAPM mno3BOJST CyLIECTBEHHO NMOBBICUTH TOYHOCTh HW3MEPEHUH.
OTMeTuM, 4TO BCE M3MEPEHUS B HKCKIIIO3UBHBIX KaHajlaxX MPEIoaraeTcs MpoBOJIUTh OJHOBpE-
MEHHO C HCCIEOBAHUSAMU MHKIIIO3UBHBIX IMPOLIECCOB, TO €CTh HE TPe