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OxcnepumeHT CITACYUAPM HaneneH Ha CHCTEMAaTHYECKOE HCCIEAOBAHHE CIMHOBOMU
CTPYKTYpPbl HYKJIOHA U CIHMHOBOM 3aBHCHMOCTHU CHUJIBHOTO B3aUMOJCHCTBHUSI aHTUBEILECTBA U
BeIllleCTBa ¢ Marepuedl mpu 3Heprusix no 45 IHB. B pamkax mnepBoro stana 3KCHEpPUMEHTA
M3yYeHHE CIUHOBBIX CBOWCTB aapOHOB OyAeT NPOXOAWUTh Ha JACUCTBYIONIEH YCTaHOBKE
CITACYHAPM Ha mnydyke OTpPULATENIBHO 3apsDKEHHBIX aJpOHOB KaHala 14 yCKOPHUTEIBHOIO
komiuiekca ¥Y-70. Ha BropoMm srtamne B kanane 24A yCKOpPUTEIbHOTO KoMIuiekca ¥Y-70 mpenmosia-
raerca (OpMUPOBAHUE TOJSPUIOBAHHBIX MTyYKOB MIPOTOHOB U aHTUIIPOTOHOB. [losipr30BaHHbII
AHTUIPOTOHHBIM Iy4OK, O€3yCIIOBHO, CTaHET YHHMKaJIbHBIM IIyukoM B mupe. Ilmanupyercs
MIPOBECTU U3MEPEHUS OJHOCIMHOBBIX ACUMMETPUI B JECATKAaX PEaKIMil Kak Ha BOJOPOJE, TaK U
Ha paznuuHblXx saapax. Ha ycranoBke CITACHAPM BO3MOXHO Takke U3MEpPEHHE IONEPEYHOMN
MOJISIPU3ALMU TUIIEPOHOB U 3JIEMEHTOB CIIMHOBOM MAaTpHUIbl BEKTOPHBIX ME30HOB. {111 n3ydyeHus
CIMHOBOM CTPYKTYpbl HYKJIOHAa NIPEAIOJAraercs IPOBECTH HCCIEIOBaHMUs 00pa3oBaHUs
KBapKOHUsSl JUIsl OINpENENEeHUsl BKJIAJa IVIFOOHOB B CHOMH IpoTOHAa. Hanmuuwme 1ByX THUIIOB
HOJIAPU30BAHHBIX IIyYKOB M BOCHMM THUIIOB HENOISPHM30BaHHBIX mydkoB (7°, K*, p, p, d, C) B
KOMOMHAIIMM €  TOJSIPU30BAHHOM  MHUIIGHBIO  PACHIMpSeT  JUarna3oH  HMCCIEeIOBAHUMN
MOJISIPU3ALMOHHBIX SIBJICHUN U YCUIIMBAET YHUKAJIbHOCTh MPOEKTA.

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. As part of the first stage of the experiment, the study of the spin
properties of hadrons will take place on a beam of negatively charged hadrons on existing
beamline 14 at the operating SPASCHARM setup at U70 facility. At the second stage, the
formation of polarized beams of protons and antiprotons is assumed in beamline 24A of the U-70
accelerator complex. A polarized antiproton beam will certainly become a unique beam in the
world. It is planned to measure single-spin asymmetries in dozens of reactions, both on hydrogen
and on various nuclei. At the SPASCHARM facility, it is also possible to measure the transverse
polarization of hyperons and elements of the spin density matrix of vector mesons. Spin structure
of the nucleon will be investigated in the study of the quarkonium production to determine the
contribution of gluons to the proton spin. The presence of two types of polarized beams and eight
types of non-polarized beams (z*, 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.

PACS numbers: 41.85.-p, 13.30.-a, 13.88.+e, 13.85.D
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PE3IOME ITPOEKTA

Ha xpymnueitmem B Poccun yckoputensHoM komruiekce Y-70 B HULL «KypuaroBckuit
uactuty™ — UOBD, TlporBuno (manee NDBD) co3nan 3HAUMTENBbHBIN 3a/1€i ISl TPOBEICHUS
uccaenoBanuii mupooro ypoBHs B akcrnepuMente CIIACUHAPM (CllunoBsie ACummerpuu
B oOpazoBanun YAPMownus). Otu uccnenoBanus no3soisat HULl «KypyaToBckuii MHCTUTYT»
3aHSTh JUAUPYIOIIKME B MUPE MTO3UIIUU B 00JIaCTH CIMHOBOM (PU3HKH.

IIpoekT HaleneH Ha UCCIECIOBAHUE CIIMHOBOM CTPYKTYpbl HYKIOHAa M CIMHOBOH
3aBUCUMOCTH CHJIBHOTO B3aWMOJICHCTBUS aHTUBEIIECTBA U BEIIECTBA C MATEPHUEH MpU IHEPTUsX
1m0 45 I'B. CniiH B KBaHTOBOM MEXaHUKE SIBIISIETCS COOCTBEHHBIM YIJIOBHIM MOMEHTOM YaCTHIL
co crnenuuueckuMu CBOWCTBaMU. B oTnuume OT OpOUTAIBLHOTO MOMEHTA, CIIMH HE CBSI3aH
C IEPEMCILIEHHEM YacTHIbI B TPOCTPAHCTBE U SBIsETCA €€ BHYTPEHHEH KBaHTOBOM
XapaKTepUCTUKOM, HamogoOue Maccel win 3apsaa. CrnuH Obul BBeZeH B Hayky moutu 100 ner
Ha3zaj JUIsl ONMCaHUsl aTOMHBIX CHEKTpoB. Ero mpupoga 10 cux mop ocraercs HepasrajaHHON
TaiiHOM. [laHHBIA TPOEKT 3aMeTHO MPUONM3UT PasrajKy ATOW TalWHBL, U 3TO OyIeT HPOPHIB
B (DyHIaMEHTaJIbHBIX HAYYHBIX UCCIIECIOBAHUIX.

UTtoOBl TPOBOAWTH IMOJIIPU3ANMOHHBIC WCCICAOBAHHUS HAIO CO3JaBaTh IyYKH
MOJIAPU30BAHHBIX YAaCTHI[ W/WIM HCIIOJIb30BaTh TEXHUKY IMOJIIPU30BAHHBIX MHUIICHEH. B
MOCJICIHUE TObI MPOU3OIIEN 3aMETHBIN MPOTPECC B IKCIIEPUMEHTATLHOM HU3YyUYE€HUHM CITUHOBBIX
3¢(}eKToB MpH BBICOKUX JHEprusx. [lomaBmnsioniee OOJBIIUHCTBO SKCIEPUMEHTOB OBLIO
MPOBEJICHO B 00acTU HenepTypOaTuBHOM KBaHTOBOW XpoMmoanHamuku (KX/I), mpu ymepeHHBIX
MONEPEYHbIX  UMITyJbcax. [losiBIeHHMe HSKCIEPUMEHTAIbHBIX JAHHBIX  CTUMYJIUPOBAIIO
TEOPEeTUYEeCKOe OCMBICIeHHuEe CINUHOBBIX 3(hdexToB. Ilpu 3TOM xXapakTepHbl BBICKA3bIBAHHS
M3BECTHBIX TEOPETUKOB, HANpPUMEp aHrIM4aHuHa Jimorta Jlugepa: «CnuH B 3KCHEpUMEHTax
yOuI GoNbIIe TeOpHii, eM moboii apyroii pusmuecknii mapamerp»l. Mnn amepukanna Jlxeimca
boépkena: «Ilonspu3zaliiOHHbBIE J@aHHBIE YacTO OBUIM KJaAOWIIeM MOAHBIX Teopuil. Eciam Obl
TEOPETHKU ObUIM B CHJIAX, B ILENSAX CAMO3AIIUTHI UM CTOWJIO OBl BOOOIIE 3alpeTHTh TaKue
m3MepeHns»>. CerofHs HET TEOPHH, PETEHIYIONMEH Ha MOHOE ONMCAHNE BCEX HAOIIOIAeMBIX
noJIApu3auoHHbIX 3P dexToB. HoBbIe SKCIIEpUMEHTANbHBIE CIIMHOBBIE PE3YyJIbTaThl B OOJIBIIOM
quclie pa3HOOOpa3HBIX peakluid, Kak Ha MONSIPU30BAHHOM AHTHIPOTOHHOM ITyuYkKe, TaK U Ha
MOJIIPU30BAaHHOM NPOTOHHOM ITy4YKe B 3TOM TpynHOU obnactu HenepTypOaTuBHOM KXJI kpaiine
BYKHBI JJI Pa3BUTHS TEOPETUUECKUX MOJIXO0B U BO3ZMOXKHOTO CO3/IaHUSI TE€OPUH (MOJENN) NS
OMMCAaHUs BCEX CHUHOBBIX J((PEKTOB B CHIBHBIX B3aUMOJEHCTBUSAX. B kaname 24A
YCKOpUTEIbHOTO KoMmIulekca Y-70 mpexamonaraercss (poOpMHpOBaHUE IMOJSPU30BAHHBIX ITYIKOB
MPOTOHOB H  AHTUNPOTOHOB. [IpoBedeHBl pacueTsl UX NapaMmeTpoB. HHTEHCUBHOCTH
AHTUIIPOTOHHOTO Iyuyka c sHeprued 15 13B moxker nocturare 10° aHTHNPOTOHOB 3a LMK
yckopurens (10'° aHTUIPOTOHOB B CYTKH) IIpH cOpoce Ha NepBUUHYIO MulieHb 10" mpoToHOB U3
VY-70. [Tonsgspu3oBaHHBINA AHTUIIPOTOHHBIN IMyYOK OT pacrhaja aHTH-JIIMOa THIIEPOHOB, KOTOPHIH
MoxkeT ObiTh goctyneH B HUL[ KU — UDBD B 2027 roxy, sButcs, 6€3yCIOBHO, YHHUKAIBHBIM

L Elliot Leader, Spin in Particle Physics, Cambridge U. Press (2001)
2. D. Bjorken, Proc. Adv. Research Workshop on QCD Hadronic Processes, St. Croix, Virgin Islands (1987)



IIly4KOM B MHUpPE. B aHTUIIPOTOH-IPOTOHHBIX AHHUTWIISALUAX HET OTPAHWYCHUS HAa KBAHTOBBIC
yrcaa OOJIBIIMHCTBA POXKIAIOMIMX PE30HAHCOB B OTJIMYME OT KaHala 3JIEKTPOH-TIO3UTPOHHOMN
AHHUTUIISAUHU. VIHTEHCHBHOCTH NOJSPU30BAHHOIO MPOTOHHOIO Iydka ¢ 3Heprue 10+45 3B
OyzeT Ha MopsAJ0K OOJIbIIe, YeM aHTUIIPOTOHHOTO, TIPU TOH )K€ BEJIMYMHE CPEIHEH MOJISPU3ALIHIH.
Bce aTo no3Bomaut B skcniepumente Ha ycraHoBke CITACUAPM pemats MacmrabHble Hay4YHbIE
poOJeMbl, CBSI3aHHbIE CO CIMHOM. bimkaifiero axamora co3/laBaeMOM HOBOM yCTaHOBKH
CITACYHAPM nns paGoThl Ha TOJIIPU30BAaHHBIX IMy4dKax B Mupe HeT. OKuaaeMmblid Mepuoj
coxpaneHus yHukaiabHocTH Komiiekca CITACYHAPM — He MeHee nsATHAALIATH JIET.

[Tonsspu3oBaHHBIE ITyYKH  ABATCS  MOLIHBIM ~ MHCTPYMEHTOM Ui IIPOBEICHUS
CHCTEMAaTUYECKHUX MOJSPU3ALMOHHBIX UCCIEIOBaHUNA. JTH HCCIeI0oBaHUs OyIyT MPOBEACHHI Ha
AQHTUIIPOTOHHBIX U MPOTOHHBIX MyYKax MpH 3Hepruu 16 ['5B u BeIe, mpu cpeaHe noaspuzanuu
45%. Ilmanupyercsi ompenenuTh OOJBIION HA0Op HEOOXOMMMBIX (U3NYECKUX HAOIIOTACMBIX,
BKJIIOYasi OHOCIIMHOBBIE aCUMMETPUU B JIECATKAX peakUuil B 001acTH (parMEeHTAUU MOJISPU-
30BaHHOTI'O Iy4Ka, KaKk Ha BOAOPOJE, TaK U Ha Pa3JIMYHbIX sapax. [JaHHBIX B TaKOM 00beMe HET
HU IIpY KaKoW 3Hepruu. Pe3ynbraTel CpaBHEHHs YKaXXyT Ha OTJIMYUE B3aUMOJCHCTBUS aHTHBE-
LIECTBA U BEILECTBA C MATEPUEH, UTO YXKE B TEUCHHE MHOTMX JIET SBJISIETCS aKTYaJbHOU HAy4HON
3ajaueil. [ u3ydeHHs CHOUHOBOM CTPYKTYyphl HYKJIOHa OyAyT HpPOBEICHBI HCCIIEIOBAaHUS
o0pa3oBaHMsl YapMOHHUsI B 00JacTH ()parMEeHTAIMH MOJSPU30BAHHOTO ITyYKa, C aKIIEHTOM Ha
olpesieJIeHUE BKJIa/la IVIFOOHOB B CIIMH MPOTOHA, YTO IOMOKET Pa3rajKe «CIMHOBOTO KPU3UCa»
IIPOTOHA (BCE KBAPKU B MPOTOHE OTBETCTBEHHHI Bcero 3a ~30% crnuHa IpoTOHA), CYLIECTBYIO-
miero yxe 6osee 30 mner.

Hanuuue mnossspu30BaHHBIX KakK IPOTOHOB, TaK M aHTUNPOTOHOB B CP-HelTpanpHOU
pp-cUcTEME IOTEHLIUAIBHO OTKPBIBAET BO3MOKHOCTH ISl U3YUYEHUSI U CPABHEHUS APYT € APYTOM
CP-conpsk€HHBIX peakuuid. OTO NO3BOJsAET B3MIAHYTh Ha CP-MHBapMaHTHOCTH B HOBOM
pakypce, HEIOCTYIHOM JUIsl CTOJIKHOBEHUM HENOJsIpHU30BaHHbIX dacTull. [IpoBeneHue Takux
U3MepeHuil B OynaymeM ToTpeOyeT, CKOpee BCero, HEKOTOpOH MOIM(UKAIUU YCTAaHOBKH,
B YaCTHOCTH, pacUIMpeHusi €€ aKcelnTaHca Ha 3aJHI0K0 moiycdepy B CUCTEME ILIEHTpa Macc
CTOJIKHOBEHHUS.

JlononHuTenbHble yHHUKaTbHbIE ocoOeHHOcTH skcrepuMeHTa CITACUAPM cBs3aHbl
C BO3MOKHOCTBIO U3MEPEHUSI MHO)KECTBEHHOCTH 3apsKEHHBIX JIpPOHOB B COOBITHH, OIIPECIICHUS
LEHTPAJIBHOCTH COYJApeHUH ajgpoHa ¢ sAapoM. Takux HccIenoBaHMH B MHpE IIOYTH
HE IIPOBOJIMJIOCH, HO €CTh NIEPBBIEC YKA3aHUS HA UX aKTyaJdbHOCThb. Elll€ HOBU3HA IPOEKTa CBA3aHa
C BO3MOXKHOCTBIO PETUCTPUPOBATh HE TOJBKO CTaOWJIbHBIE 1O CHJIBHOMY B3aUMOEHCTBHUIO
YacTHUIIbl, HO U MHOTOYHUCIIEHHbIE PE30HAHCHI, KAaK ME30HHbIE, Tak U OapuoHHbIe. Ha ycTaHOBKe
CITACYAPM BO3MOHO TaK)X€ M3MEPEHHE MONEPEYHOMN MOISPU3ALUN TUIIEPOHOB U AJIEMEHTOB
CIIMHOBOM MaTpHIIbl MJIOTHOCTH BEKTOPHBIX ME30HOB, YTO SIBIISIETCS OTPOMHBIM NPEUMYIIIECTBOM
npoekta. HakoHell, HaJnure BOCBMH THIIOB HEMOJAPM30BaHHBIX myukoB (77, K, p, p, d, C),
B KOMOMHAIIMH C MOJIIPU30BAaHHONW MMILIEHBIO, HA MOPSIOK PAaCHIUPSAIOT AUAINa30H UCCIeI0BaHUMN
MOJIAPU3ALMOHHBIX SBJIEHUN U YCUJIMBAIOT YHUKAJIBHOCTh IIPOEKTA.

[Tomstpuzarmonnsnii npoekT CIIACYUAPM otimuaer T1700ambHBINA, CHUCTEMAaTHYECKUN
MOJIXOJT B U3yUYEHUU CUCTEMBI aHTUIIPOTOH-MIPOTOH (SAPO) U MPOTOH-IPOTOH (s1Apo). B oTnuune
0T OOJIBIIMHCTBA MOJIAPU3ALUOHHBIX 3KCIEPUMEHTOB, B IIUPOKOANEPTYPHOM MPELU3MOHHOM
cnekrpomerpe CITACHAPM Oyzner peanu3oBaHa MOJHAs TEOMETPUS MO a3UMYTAIBHOMY YTy,
YTO IO3BOJIUT UCCIIEOBATh HE OJIMH JIECATOK HOBBIX IPOLIECCOB C MPEAEIBHO HU3KUMU MOTPELL-
HocTsiMU. CodeTaHHe IMPOKOro Habopa MyYKOB U MUIIEHEH C BO3MOXKHOCTHIO OJHOBPEMEHHOMH
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PEruCTpalvy 3apsKEHHBIX U HEWTPAIbHBIX YACTUIl — MPOAYKTOB PEAKIMil, BHIMOJHO OTIMYAET
JaHHBINA MPOEKT OT APYTHX MOJSPU3ALUOHHBIX IPOEKTOB, CO3JaHHBIX 10/l OTPAHUYEHHOE YUCIIO
M3y4daeMbIX peakiuii. i3sMepenne cnmHOBBIX 3PQEKTOB B OOJIBIIOM KHHEMAaTHUYECKOM JTMana3oHe
U CpaBHEHHE CIHHOBBIX AS(PPEKTOB B PA3IUYHBIX PEAKIUAX NPUHIHUIHAIBHO BAXHO IS
PacKpbITUSI MEXaHNU3Ma B3aUMOJIEHCTBHUS YaCTHULL.

OcHOBOM KOJIJIGKTHBA aBTOPOB JTAaHHOTO MPOEKTa SIBISIETCA JIabopaTOpHs MOJISIpU3AlU-
OHHBIX JKcriepuMeHTOB MDBD. DTOT KOJUIEKTHB MMeeT OOJIBIION HAy4HBIN 3a/ell 10 MPOEKTY,
KaK COOCTBEHHO MO Hay4YHOH 4acTH, TaK U 10 MOAr0TOBIEHHOMY 000pyAoBaHuI0. OH 3aHUMaETCs
MOJIAPU3ALMOHHBIMU UCCIeoBaHusIME Oosiee 40 JieT ¥ IpUHKUMAaJ y4acTHe MPaKTUYECKU BO BCEX
KPYIHEHIINX aJpOHHBIX SKCIEPUMEHTAX 10 CIMHOBOW TEMAaTHKE B POCCHMCKHX M 3apyOeKHBIX
LEHTpax. B 4YacTHOCTH, KOJUIEKTHB CBIFpajl PEIIAIOLIYI0 POJb B IOJAIOTOBKE U IIPOBEIECHUU
noJisipu3anoHHbix dkcnepumernToB B ®HAJI (axcniepumentsr E581 u E704) u BHJI (CTAP u
E925). B skcnepumMeHTax, mpoBeeHHBIX B [IpOTBHHO M 3apyOeKHBIX LEHTpax, ObUIM OOHapy-
KEHBbl 3HAYUTENIbHbIE MOJIAPU3ALUOHHBIE 3(PEKThI, KOTOpble HE MOTYT OBbITh OOBSICHEHbI
CYILIECTBYIOIIMUMH TEOPETUUECKUMHU MOeNsIMU. 1o pe3ynbpTaTamM 3TUX 3KCHEPUMEHTOB TOJBKO 10
CIMHOBOW TeMaTuke omyOiukoBaHo Ooznee 100 pabor, 3ammuiieHo 6 AOKTopckux u Oojee 10
KaHAMJATCKUX Auccepranuil. Takke MHOro qpyrux corpyaHukoB MPBD y4acTByIOT B pOEKTE.
Cpenu aBTOpOB JaHHOI'O IIPOEKTa BaXKHOE MECTO 3aHMMAET Ipyla MOJISIPU30BaHHBIX MUIIEHEN
u3 OUSAN (dyO6na), kotopas 40 ner, coBmecTHO ¢ ¢uzukamu u3z UDBI, 3anumaercs nonsipuza-
[IMOHHBIMHU HCCIICIOBAaHMSIMU Ha yCKOpHUTeIbHOM Komruiekce Y-70 B IlporBuno. I'pynma y4eHsix
u3 aByx apyrux uacturytos HULL «KypuaroBckuit unctuty», a umenno UTO® u [IUAD, Tax
xe kak u HUAY MUODU seisarorcs nonHoueHHsiMU yyacTHukamu CITACYHAPM. Hurtepec
K YYaCTHI0O B OJKCIIEPUMEHTE C TOJSPU30BAaHHBIM IIYYKOM M TOTOBHOCTh Yy4YacTBOBaTb B
skcrepuMenTe’ Beickasanu Tpymisl Kapnosa Yausepcurera (r. ITpara, Uexus — pyKOBOIHMTENb
M. ®unrep) u Yuusepcurera Tpuecra (Utanus — pykoBoautens @. bpagamante), YHUBepcUTeT
Maitnn, Yuusepcuter bonH, VYuuBepcutrer boxym (Bce ['epmanmsi). KomuuectBo mnoTeH-
LUalbHBIX TOJb30BaTeNed MHPPACTPYKTYpbl AAHHOTO MPOEKTa M €€ pe3ybTaTOB IMPEBBIIIACT
100 uenoBek. Bc€ 3T0 mpUBOAMT K OYEHb BBICOKOM BEPOSTHOCTHU YCHEIIHOM peanus3anuu
COOTBETCTBYIOIIEH MHPPACTPYKTYphl U Hauaia BHIMOJIHEHHS] HAyYHBIX 3a/1a4 [IPOEKTa B TEUECHUE
OJIM>KaUIUX TECSTH JIET.

CymMmapHble pacxo/ibl Ha U3roToBieHue B Poccun HE0OX0IMMOro Hay4HOro 0bopyaoBa-
Hus 1S uccnenosarenbckoil yecranoBku CITACUAPM cocrtapst 1 mupa py6neit. Kpome toro,
emé 1 mupa py6. morpebyeTcs Uis BBINOJIHEHUS pPAabOT MO CO3AAHUIO AHTHIIPOTOHHOTO
(v mpoTOHHOTO) KaHana 24A Ha yckopurenbHOM Komiuiekce Y-70. Takum obpa3zom, UTOroBas
CTOMMOCTb IPOEKTa OILIEHHWBAeTCs B 2 MIpH pyOsei. DKcrnepUMEHTalbHbIE HCCIEIO0BaHUS C
MOJIAPU30BaHHBIMU ITyYKaMM HAa HOBOM KaHasle 24A MOTyT ObITh HayaTbl Yyepe3 YeThIpe roja
rocJie Hauajia (pMHAHCHPOBAHUS MTPOEKTA.

8 Bkrouast Bo3MOkHOE y4acTue€ B CO3JJTaHNU U U3TOTOBJICHUN YCTAHOBKH.



EXECUTIVE SUMMARY

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

The project is aimed at studying the spin structure of the nucleon and the spin dependence
of the strong interaction of antimatter and matter with matter at energies up to 45 GeV.Spin in
quantum mechanics is an intrinsic angular momentum of elementary particles with specific
properties. Unlike the orbital angular momentum, spin is not associated with a spatial motion of a
particle or its constituents but is an internal quantum characteristic, like a mass or a charge. Spin
was introduced almost 100 years ago in order to describe atomic spectra. Its nature is still an
unsolved mystery. The SPASCHARM project intends to become a breakthrough in the
fundamental science which will bring closer the understanding of the spin mystery.

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

It is proposed to form polarized beams of protons and antiprotons in the beam channel
24A of the accelerator complex U-70. Calculations of their parameters have been carried out. The
intensity of the antiproton beam with energy of 15 GeV can reach 10° antiprotons per accelerator
cycle (10 antiprotons per day) for the 10" primary protons from the U-70 to the primary target.
A polarized antiproton beam from the decay of the anti-lambda hyperons, which can be reached
by NRC Kl in 2027, 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
in contrast to the electron-positron annihilation. 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 over
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 density
matrix of vector mesons, which is a huge advantage of the project. Finally, the presence of eight
types of unpolarized beams (z*, K*, p, p, d, C), in combination with a polarized target, extends
the range of studies of polarization phenomena by an order of magnitude and enhances the
uniqueness of the project. The study of energy dependence of spin effects reveals the dynamics of
interaction. The measurements might be conducted at several energies in order to estimate the
model parameters.

The SPASCHARM polarization project is distinguished by a global, systematic approach
to the study of the antiproton-proton (nuclei) and proton-proton (nuclei) systems. Unlike most
fixed target polarization experiments, in the wide-aperture precision spectrometer SPASCHARM,
the full geometry along the azimuthal angle will be realized, which will allow us to investigate
not one dozen new processes with extremely low errors. The combination of a wide range of
beams and targets with the possibility of simultaneous detection of charged and neutral particles
in final states of reactions, distinguishes this project from other polarization projects created for a
limited number of reactions studied. Measurement of spin effects in a large kinematic range in the
beam fragmentation region and comparison of spin effects in various reactions is of fundamental
importance for revealing the mechanism of particle interaction.
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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)
beamline 24A at the U-70 accelerator complex. Thus, the total cost of the project is estimated at 2
billion rubles (about 29 M Euro). Experimental studies with polarized beams on the new
beamline 24A can be started four years after the start of project funding.
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BBEJAEHHUE

HccnenoBanusi mocieIHUX HECKOJIbKUX JECATKOB JIET MOKa3aIM HAJIMYUE 3HAYUTEIbHBIX
CIUHOBBIX A((PEKTOB B pas3snuyHbIX (U3HYECKUX mporeccax. OmHako HaOI0eHHE OOJBIINX
CHMHOBBIX () (EKTOB MOKa HE YJAIOCh OOBSICHUTH B paMKaxX CTaHJAPTHOI TEOpUU BO3MYILECHUI
kBaHTOBOM xpomoauHamuku (KX]I), mpeamonararomnieil KoUTMHEapHYIO KHHEMAaTwKy. B aToi
CBSI3M SIBJIIIOTCSl aKTyaJbHBIMU JalIbHEHIINE CHCTEMaTHYeCKHE SKCIIEpUMEHTalbHbIE HCce-
JOBaHHUSI B JTOW 007acTH, MPEANOIAralonlie U3MEPEHHE HECKOJIbKHX 3aBUCSIIUX OT CIHHA
HaOo1aeMbIX (OJIHOCTIMHOBAasE W JBYXCIIMHOBAs ACUMMETPUHU, TMOJSIPU3AINS TUIIEPOHOB,
9JE€MEHThl CIUHOBOM MAaTpHUIIbl BEKTOPHBIX ME30HOB) B JIECATKAX PA3JIUYHBIX PEaKIUH.
['mobGanpHBI aHaMM3 TOJMYYEHHBIX TaKUM OOpa3oM JaHHBIX MO3BOJIUT BBISBUTH OOIIUE
3aKOHOMEPHOCTH TIOBEJICHUS JAHHBIX, B TOM YHCIIE CPaBHEHUE B3aWMOJICHCTBUN YaCTUIIBI
Y aHTUYACTHUIIBl C IPOTOHAMU U AAPAMU, POJIb IBETHBIX CHUJI, CIIMHOBYIO CTPYKTypa HYKIJIOHA,
3aBHUCHUMOCTh CIIUHOBBIX 3(()EKTOB OT M30TONMUYECKOTO CIIMHA U SHEPTUU IMydKa, COpTa KBapKOB,
aTOMHOTO Beca MHILIEHH U MHOXKECTBEHHOCTH 4dYacTull B coObiTuH. Panee mnomoOHbIE
UCCIIEIOBaHMs TAaKOro macitaba He MPOBOAMIMCH. B3auMonelcTBUS MOMSPU30BAHHBIX YaCTHUI]
MPEJICTaBISAIOT CO00M YHHKAJIBHBI HWHCTPYMEHT JUIsl HMCCICAOBAHUS MEXaHW3Ma CHIIBHBIX
B3aMMOJICHCTBHIA B 00JacT KOH(AWHMEHTa, YTO HE YJAeTCs MOKa CIIeNaTh, U3ydasl COyIapeHus
HETIOJISIPU30BAHHBIX aJIPOHOB.

s mpoBeneHUsT YKa3aHHBIX BBIIIE HCCIEAOBAHUN TpeOyeTcss HSKCIepUMEHTaIbHAs
yCTaHOBKAa MHUPOBOT'O YPOBHS M CO3/IaHUE KaHAJIa MOJISIPU30BAaHHBIX MPOTOHOB M aHTUIIPOTOHOB.

[Tpoekt sxcniepumenta CITACUHAPM Ha co3naBaeMOM HOBOM aJpOHHOM KaHaje 4acTHIl
24A yckopuTelbHOro KoMmiuiekca ¥Y-70 HalelleH Ha MCCIIEOBAaHUE CIIMHOBOM 3aBUCUMOCTH
CHJIBHOTO B3aMMOJICHCTBHS aHTHUBENIECTBA (M BEIIECTBA) C MaTepuel W CIUHOBOU CTPYKTYpBI
HykioHa. IIpexnme Bcero, Oyner mpoBefeH OO30pHBINA TMOJSPU3AMOHHBIM JKCIEPUMEHT Ha
AQHTUTIPOTOHHOM U MPOTOHHOM TOJIIPU30BAHHBIX MyYKax Mpu sHepruu 16 9B u nmomstpuzanuun
no 45% c u3MepeHHeM OJHOr0 W TOro ke Oospuioro Habopa ¢U3NYECKUX HaOII0JaeMbIX
BenWuuH. JlJis M3ydeHHs] CIUHOBOM CTPYKTYphl HYKIJIOHA OYIyT TPOBEIEHBI HCCIIECIOBAHMS
oOpa3oBaHus YapMOHHS B 00jacTu ¢parMeHTaIH MOJIIpU30BaHHOTO Myuyka. bynet onpenenena
BEJIMYMHA MOJSPU3ALUA KBAapKOB M TIJIIOOHOB B TMONEPEYHO W MPOJOJBHO MOJISIPU30BAHHOM
MPOTOHE W AHTUIIPOTOHE uepe3 oOpa3oBaHME KBAPKOHUS CO CKPBITOM CTPAHHOCTBHIO ((-ME30H
u f2(1520)) u ckpeiThiM o4apoBarueM (yc2 (3555 M»sB) u yc1 (3510 M»aB)). Brnepsoie Takue
u3MepeHus: OyayT MPOBEACHbI HAa YHHUKAIBHOM Iy4YKe TMOJSPU30BAHHBIX (AHTH)IPOTOHOB OT
pacnaza (aHTH)IUIIEPOHOB.

B HULI «KypuaroBckuii uactutyt» — UPBD 3aBepiieHsl paboThl MO CO3JaHUI0 ICKU3-
HOTO TMPOEKTa HOBOTO ajapoHHOro KaHama 24A. IlpoexkTHple pabOTHI MPOBOJUINCH COBMECTHO
¢ I'CIIN. K 2015-my romy ObUT MOTyYEH SCKU3HBIN MTPOEKT «TOJIOBHI KaHama» (mmHa 50 METpOB)
— 3TO MPOBOJKA IMy4YKa MPOTOHOB OT €ro BbIBOAA M3 Y-70, 10 NEPBUYHOM MUIIEHH, PACIIOJIO-
KEHHOHN TMepe]] CIeUUaTbHbIM paAuallMOHHO-CTOMKMM MarHuToMm. llonHas mivHa kaHana oOT
MEePBUYHON MUIIIEHU U 0 KOHIa kaHana cocraBiseT 180 merpoB. B 2016-2019 rogax Owuim
MOATOTOBJIEHBI BCce HEOOXoauMble TexHnueckue 3alaHus Ha CO3/IaHUE Pa3IMYHBIX Y3JI0B KaHala.
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B kanane 24A npeamnonaraercss (OpMHpPOBAHUE TMOJISIPU30BAHHBIX ITYYKOB IPOTOHOB
U aHTUNPOTOHOB. IIpoBeneHbI pacueTsl X napaMeTpoB. HTEHCMBHOCTD aHTUIIPOTOHHOI'O ITyYKa
MOXeT gocturath 10° anTHIpoTOHOB 3a 1HKI yckopurtens (10'° B cyTku) mpu cOpoce Ha nepBuY-
Hyto mumieHb 10" nporoHoB u3 VY-70. Ilonsipu3oBaHHBI aHTUIPOTOHHBIM IyYOK, KOTODPBII
oyzaer nocrynen B HULL KU B 2026 roxy, craner, 6e3yci0BHO, YHUKAIBHBIM ITy4KOM B Mupe. B
npouwioM aHTUnpoTroHHbie myukn Obutn B LIEPH c aHepruedt mopsiaka 1 15B u 3arem
B nabopatopun uMm. @epmu (OHAJI, CIIA) ¢ sueprusmu 813B um 200 I»B. Ilpu stom
€MHCTBEHHBIM IOJISPU30BAHHBIM ITYYKOM aHTUNMPOTOHOB ObLI mydok Bo ®HAJI mpu 200 I'B.
[losiBNieHME aHTUIIPOTOHHOTO, BBICOKOMHTEHCUBHOTO, HO HENOJIIPU30BAaHHOIO IIyYKa C YHEPruen
1o 15 I'3B B npoexkre ®AUP B ['epmanuu mnanupyercs He panee 2030 roxa.

AHTUNpOTOHHBIN mNosigpu3oBaHHblli mydok HUI[ KU sBUTCS MOIIHBIM HMHCTPYMEHTOM
IUISL IPOBE/ICHUSI CHCTEMATUYECKOT0 0030pHOTO MOJISIPU3ALMOHHOTO 3KCIIEPUMEHTA C OTpe/ieie-
HUEM TIOJHOTO Habopa HEOOXOOUMBIX (U3UYECKUX HAOIIOAaeMBIX, TaKHUX KakK CEUYCHHE;
NOJISIpU3aLUs B YIPYIOM aHTUIIPOTOH-TIPOTOHHOM PAcCesIHUMM Kak B OO0JIACTH KYJIOH-SAEPHOMN
UHTephEepeHH, TaKk U JUPPAKIUOHHOINO KOHYCA; OJHOCHMHOBBIX ACUMMETPHH B OOJIBLIOM
qucie peakuuid B 00jgacTu GpparMeHTaluu MoIpU30BaHHOIO Iy4Ka, Kak Ha BOJOPOJAE, Tak U Ha
pasnuyHbIX sAApax U Jp. JlaHHBIX B TakoM oObeMe HEeT HM NpU KaKUX SHeprusax. Takue xe
u3MepeHus OyyT NMPOBENEHBI U Ha MOJSPU30BAaHHOM IIPOTOHHOM ITydKe. Pe3ynbraTel cpaBHEHUS
YKaXyT Ha OTJIMYME B3aUMOJECHCTBHSI aHTUBELIECTBA U BEILIECTBA C MATEPUEH, UTO YK€ B TEUECHUE
MHOTHUX JIET SIBJISIETCA aKTyajJbHOW Hay4yHOW 3anadyeil. MccnenoBanus Ha kaHaie 24A MOXXHO
OyzeT MpOBOAWTH B JAMANa3oHE SHEPruil mnojsipuzoBanHoro myuka 10+4515B, mpu sTom
OINITUMAJIbHAs SHEPTHsl AHTUIPOTOHHOT'O Iy4Ka, YUYUTHIBAsI (POHOBBIE MPOLIECCHI, IOCTUTAETCS PU
15 5B* Tlonspuszanus mydyka MOMOMKET IIPHM IIPOBEAEHHH MapLUUaIbHO-BOJIHOBOIO aHAIM3a
JAHHBIX IPU MOUCKE HOBBIX (hOPM MaTEepHH, BKIIIOYAsl SK30TUYECKUE COCTOSHUSA. 3aMETUM, YTO
B @HTUIIPOTOH-IIPOTOHHBIX B3aUMOACUCTBUSIX HET OTPAaHUYEHUS HA KBAHTOBBIC YMCIIA POXKJIA-
IOLMXCSl COCTOSSHUM M YacCTHII, BKJIHOYas U COCTOSHUSA € DK30TUYECKMMHM KBAaHTOBBIMH UHUCIIAMU,
KOTOpBIE OYIyT POKIATHCS B COMPOBOXKIEHUU C IPYTUMH 3K30TUUECKUMHU YaCTULIAMHU.

B Hacrosimuit MOMEHT B JeicTBylomeM 3kcriepumente mnon Ha3zBanuem CIIACUHAPM
C BKJIaJIoM 1o obopyaoBanuto u droasam ydactBytoT HULL «KypuaTtoBekuit unctutym — DB,
OUAH, «KypuaroBckuit unctutyt — UTO®, «KypuaroBckuilt uncturym» — [IUAD u HUAY
MU®U. Ilpu npuHATHM pemeHus o (UHAHCUPOBAaHUHM PabOT MO CO3JaHUIO KaHana 24A B
skcnepuMeHT Take BouayT MAD CO PAH, mpexnae Bcero ¢ BKIaJOM B CHUH-(QIUONEp, U
3apyOekHble WHCTUTYThI, YK€ IpOSBUBIINE HMHTEpPEC K JaHHOMY mpoekry. Ilpu sTom
SKCHEpUMEHTalbHas YCTAaHOBKA JIOJDKHA OBbITh, O€3yCIOBHO, OCHAIlleHa TEXHOJOTHYECKUM
000py/10BaHNEM Ha MUPOBOM YpPOBHE.

B ornnume oT OONBIIMHCTBA BBINOJHEHHBIX PaHEe MOJIIPU3ALMOHHBIX SKCIIEPUMEHTOB,
B CITACUHAPM Oyner peanu3zoBaHa 27-T€OMETPHUsS IO a3MMYTAIBHOMY YIUIy, YTO IO3BOJISET
3HAYUTENIBHO YIYYIIUTh TOYHOCTh U3MEPEHHUS CIIMHOBBIX HAOJI0/Ia€MBbIX, a [NIABHOE — MHHHUMHU-
3MpOBaTh CUCTEMAaTHYECKUE OMMOKH m3MepeHuid. TenecHsiit yron ycranoBku (46 =~ 200 mpax mo
Beptukaiau u 300 Mpaa o ropu3oHTaIU B 007acTH (pparMEeHTalUU IydKa) MO3BOJISIET MPOBECTH
U3MEPEHHS B IIMPOKOM JHaNa30He KHHEMAaTHYECKUX MepeMEHHBIX (Pr1, XF) U 1aCT BO3MOKHOCTB

4 TIpu SHEprUM NEPBUYHOTO MyYKa MpoToHoB 60 I'3B.
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pa3AeauTh 3aBUCUMOCTH OT 3TUX JBYX IIE€PEMEHHBIX, YTO OOBIYHO HE Y1AeTCsl B SKCIEPUMEHTANb-
HBIX YCTAHOBKAaX C MaJbIM TEJIECHBIM YIJIOM PErHCTPaLUH.

K HacrosmeMy BpeMEHHU CyIIEeCTBYET 3HAYUTEIIBHBIA 3a1ell 110 CO3JAHUI0 YCTaHOBKH
CITACYAPM. IlpoBeneH KOMILJIEKCHBIM 3allyCK M HauyaThl MCCIEJOBaHMUS Ha NEPBOM ouepenu
skcnepumenta CITACYAPM na kanane 14. CoOpaH, ucnbiTaH U yxe paOOTaeT MIUpPOKO-
alepTypHBIN crieKTpoMeTprudeckuii MaruuT. Co3faHa 1 3alyllieHa TPEKOBas CUCTEMa Ha OCHOBE
IIPONOPLMOHANIBHBIX Kamep U ApeioBbix TpyOok. Co3aHbl JBa MHOIOKAaHAJIbHBIX IOPOIOBBIX
YEepeHKOBCKUX JI€TEKTOpa M BeleTcs MX HacTpoiika. OHM cIOCOOHBI OOecredyuTh IepBbIe
U3MEpPEHUsI Ha aHTUIPOTOHHOM ITy4YKe, XOTS M B OTPAaHUYEHHOM TEJIECHOM YIJIE B CPaBHEHHUH C
MOJIHOM MPOEKTHON KoH(pwuryparmei. B cocTaBe yCTaHOBKH HCIOJIB3YETCSl 3JIEKTPOMArHUTHBIN
KaJIOpUMETpP M3 CBUHLIOBOrO CTeKJa. B Hamumuuu mMonynu aapoHHoro kajopumerpa. Co3gaHsl U
HAaCTPOCHBI ITy4KOBas ammaparypa, HacTPauBaeTCs HOBAas PErUCTPUPYIOLIAs JJICKTPOHUKA H
cucrema cbopa nannbix B crangapte EBpoMHUCC.

Opnaxo, 11 IPOBEAEHUS SKCIIEPUMEHTa MUPOBOI'O YPOBHSI 3TOIO COBEPILIEHHO HEJOCTa-
TOYHO. JIJIs1 BBIMOJIHEHUs MPOrpaMMBbl UCCIIEOBaHUI TpebyeTcs caMoe COBpEMEHHOE 000pyI0-
BaHue. B yacTHOCTH, TpeOyeTcs co3AaHue CUCTEMBbl CBEPXIPOBOIAIIMX MAarHUTOB, «CUOUPCKUX
3MeeK», oOecreyuBarollell MOBOPOT MOJSPU3ALMHU IydYKa HAa MMIIEHH, a TaKKe KPUOTEHHOMH
cucTteMbl kaHana 24A. Oto 000opyA0BaHKE Mbl IPUYHUCIIAEM K YCTAaHOBKE, a HE K KaHaily. B ycra-
HOBKE HEOOXOIMMO CO3/laHUE MPEUU3UOHHOIO0 TOHKO-CETMEHTHPOBAHHOIO 3JIEKTPOMArHUTHOIO
KQJIOPUMETPA THIA «LIAIUIBIK» C MEJIKOM SYEUKOH, IMIHMPOKO-alepTypPHOr0 MHOTOKAHAJIBHOIO
yepeHkoBckoro aerekropa tuna RICH, co3nanue cucreMbl MOJIPUMETPOB AJIsi U3MEPEHMS
a0COJIIOTHON BEJIMYMHBI MOJIIPU3ALIMHI ITYUKa, a TAK)KE HEKOTOPOTo APYroro 000py10BaHuUs.
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1 ®dusnueckas nporpamma CITACHAPM

CrinHOBBIe HaONIOJaeMble SBIISIOTCS TEMU NPEUM3MOHHBIMH WHCTPYMEHTaMH, KOTOpbIE
MO3BOJISIIOT TJIyO’ke IOHATh HPUPOAY CHIBHBIX B3auMOJEHcTBUH. W3ydeHue CTPyKTYpbl
CIIEKTPOB M3JIy4€HHUS U IOIJIOILEHHUs aTOMOB IPHUBEJIO OKOJIO CTa JIET Ha3al K HE0OXOAUMOCTH
BBEJICHUS CaMOr0 MOHATUSA ciiuHa yacTtull. Co BpeMEHH NIPOBENECHUS 3HAMEHUTOTO SKCIIEPUMEHTA
HItepna-I'epiaxa ¢ myykomM aToMOB cepeOpa B CHJIBHOM HEOAHOPOAHOM MAarHUTHOM I10JIe
HAYaJIOCh AKCICPHUMEHTAIBHOE HMCCIICJIOBAHNE BIIMSHUS CIIMHA Ha B3auMojeicTBHE yacTull [1].
Pe3ynbpTaThl 3TMX NEPBBIX HMCCIEAOBAHUN OKA3aJIUCh HEOXHUJIAHHBIMM U TIOMOIJIM PAacKpPbITh
[1apalOKCaIbHYI0 KBAHTOBYIO INPUPOAY CIHMHA, IPUHHUMAIOLIETO TOJBKO LENbIE M IOJIYLENbIE
3HAYEHUS.

VuuBepcanbubii kaHan 24A c ycranoBkoil CITACUAPM coszpatorcst it U3y4EeHHS
(yHIaMEHTaJIbHBIX BOIPOCOB CHJIBHBIX B3aMMOAEHUCTBUI M CIIMHOBOHN (PM3MKH, BO B3aMMOJEH-
CTBUAX IOJSAPU30BAHHBIX IIPOTOHOB M AHTUIIPOTOHOB C HYKJIOHAaMU U sAnpamu. M3yuenue
MOJIAPU3ALMOHHBIX SIBJICHUI IIO3BOJIMT PACUIMPUTh HAIIM 3HAHUA O CTPYKType aIpOHOB
U IMHAMHUKE UX B3aUMOJICHUCTBHS, B TOM YHCJIE HA YPOBHE CTPYKTYPHBIX COCTaBISAIOIIUX aJPOHOB
— KBapKoB U I00HOB. Llenbio 6oraroit pusnueckoit nmporpammel sxcnepumenta CITACHAPM
SBJIAETCA PACUIMPEHUE HAIlMX 3HAaHUM B 0O0JACTH CUJIbHBIX B3aUMOJIEHCTBUM, CTPYKTYpBI
aJpOHOB M pOJIM CIMHA B JIMHAMUKE CHJIbHBIX B3aUMOAEUCTBUN. l3MepeHue pa3inyHbIX
CIMHOBBIX HaOo1aeMbIX (acummeTpun An, nossspusanuu Py, nepepgaun cninHa Dnwn, 31€eMeHTOB
CIIMHOBOW MAaTpHLbl IUNIOTHOCTU pik U JPYT'MX) OTKPBIBAET JAONOJHHUTEIbHbIE BO3MOXHOCTH JJIS
CpPaBHEHMsI JaHHBIX HKCIEPUMEHTa M IpeJCcKa3aHuil Mopesnei, 4yro OyJaer crnocoOCTBOBATH,
B KOHEYHOM HUTOTI'€, PEIIEHUI0 0003HAYEHHBIX BBIIIE IPOOIEM.

Teopus Bosmymenuit KXJ[ mnpenckaspiBajla He3HAauMTENbHbIE CHUHOBBIE 3((EKTHI,
nopsiaka 0.1%, BBHIMHpAOIIME C POCTOM SHEPTHH B3amMojeiicTBuii (v/S) M mHomepeunHoro
ummyibca (Pr) [2]. OgHako 3KCIepHUMEHTAlbHBIE MCCICIOBAHUS MOKa3alld, 4YTO 3(PQEKTHl,
HaOIroaeMble B MHKITIO3UBHBIX PEAKLUAX, HE YObIBAIOT 3aMETHBIM OOpa3oM C YBEJIWYEHHEM
\/E H Pr.

Hapsiny ¢ noispu30BaHHBIMM TPOTOHHBIM M AHTUIIPOTOHHBIM IIydKaMH KaHal 24A
MO3BOJIMT BHIBOJMTH HAa YCTAHOBKY HEMOJSAPU30BAHHBIE ITy4KH NHOHOB (7°), kaoHoB (K¥),
IIPOTOHOB M QHTUIIPOTOHOB, 4 TAKXKE YIVIEPOAHBIA M JCHUTPOHHBIN MyykH. B kadecTBe MunieHen
IpeioJiaraeTcs UCIOJIb30BaTh MONEPEYHO U MPOJIOJIBHO MOISPU30BaHHbIE TPOTOHHBIE MUILIEHU
3aMOPOXKEHHOI'O TUIIA, a TAKXKE IIUPOKUI HaOOp HEMOISPU30BaHHBIX MULIIEHEH, BKIIIOUYast 5KHJIKO-
BOZOPOJHYIO U TBEPABIE SIIEPHBIE MUILICHH.

Bce BblleckazaHHOE 03HAYaeT BO3MOYKHOCTD HCCIIEN0BATh C BHICOKOW TOYHOCTBIO CIIMHO-
Bble 3((EeKThl Ul MHOTHX JECATKOB PEAKIMH, C pa3IMYHbIMH HAyaJIbHBIMU U KOHEUHBIMHU
COCTOSIHUSIMU. DTO MO3BOJIUT BBISIBUTH OOIIME 3aKOHOMEPHOCTH aJIpOHHBIX B3aMMOIEHCTBHIM, UTO
BbIroAHO oTinyaet 3kcnepuMeHT CITACHAPM ot npyrux nosisipu3allMOHHBIX AKCIEPUMEHTOB,
/i€ U3y4aeTcs, Kak MpaBuiio, HeOOJIbIIIOE YUCIIO peaKLUi.

B okcnepumente CITACUHAPM Ha kanane 24A Oyner u3ydaTbCs B3aUMOJICHCTBUE
MOJIAPU30BAaHHBIX TMPOTOHHBIX M AHTUIPOTOHHBIX MYYKOB C TMPOTOHHOM JHOO C SIEPHBIMU
MunieHssMi.  MMOynec  MONSpU30BaHHOTO Mydyka MOXKET BapbUpOBAaThCAd B JIMANa30HE
10+45 I'>B/c, a nonepeunas nonspuszanus mydka coctaBut 40+45%. HenonsgpuzoBaHHbIe My4KH
MoryT uMmeTh umiyssc ot 10 mo 50 I'3B/c. Huke npencraBiena ¢usnyeckas mporpamma 3Kcrie-
pumenta CITACYAPM u oxxugaemsbie pe3yJIbTaThl.
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Hayunas nporpamma CITACHAPM BxIIO4aeT HECKOJIBKO CEpUN U3MEPEHUH, KOTOPHIC
HampaBjIeHbl Ha wHccienoBanue (QyHnamentanpHbix npobdiaem KXJI B HemepTypOaTHBHOM
00J1acTH, /i€ MPOSBIAIOTCS TaKUE SIBICHUS KaK KOH(AWHMEHT, CIMsHUE TUOO (parMeHTaIus
KBapKOB B aJJpOHBI U COHTAHHOE HAapYILIEHUE KUPATbHONU CUMMETPUHU.

Hazpanue skcnepumenta CIIACUAPM sBnsieTcss COKpalieHHEM OT KOHEUHOM 1eIu
npoekta,— CnuHoBbie ACummerpuu B poxaeHun YAPMounus. BynyT uaMepensl nonepedHbie
OJTHOCITHHOBBIE aCHMMETPUHU AN B PEaKIMIX WHKIFO3UBHOrO obpaszoBanus ¢, f2(1520), iy, yc1 u
Xc2 Ha TIPOTOHHBIX ¥ AHTUIIPOTOHHBIX MOJISIPU30BAHHBIX ITyYKaX.

Jns u3ydeHus MNONspU3allMd KBApKOB M TJIIOOHOB B 00JACTH OOJBIIMX Xp, OYIyT
M3MEPEHBI IBYXCIHHOBBbIC acuMMeTpun AnN 1 ALL B Tiporieccax oOpazoBaHus yactuil ¢, f2(1520),
JAW, xe1 M yc2 B COYJApPEHHUSAX IOMEPEYHO W TPOJOJIHHO MOJSPU30BAHHOTO IyYKa MPOTOHOB
¢ rmorepeuHo (TPOJI0JILHO) TMOJIIPU30BAHHON MPOTOHHOW MHMIICHBIO. Haiell 1mesnbio sBiseTcs
NoJlyyeHne MHQPOpPMALUU O BKJIaJe KBAPKOB W TJIIOOHOB B CIUH IMPOTOHA M3 aHAIM3a ITHX
MPOLIECCOB. AHAIM3 BBIXOJOB 3TUX YacTHUIl B TeX CIIy4asX, KOTJa CHUHBI MUIICHH U Iy4Ka
HaIpaBJIeHbl B OJHY WJIM B Pa3HbIe CTOPOHBI, TTO3BOJIUT OILICHUTH JOJIIO CIIMHA HYKJIOHA, IEPEHO-
CUMYI0 KBapkamu (MpoOjemMa «CIHMHOBOTO KpPU3HCa», 3aKJIIOYAOIIErocs B TOM, YTO CErOJHS,
cnycts 30 ner mocie mpoBeneHuss nmuoHepckoro skcnepumenta B L[EPH, Bce BanentHbie
1 MOPCKHE KBapKH B IPOTOHE B CyMME OTBETCTBEHHBI Bcero Juiib 3a 30% mpoaoiabHOro cruHa
IIPOTOHA).

HccnenoBanne OTHOLIEHUH BBIXOJOB yc1 M )Yc2 MO3BOJUT INPOBEPUTH HOBYIO TEOPEMY
0 MaclTaOHOW HWHBAPHMAHTHOCTH B BBIXOAAaX OTHX Me30HOB [3], JKCHepuMEHTalIbHOE
MOJITBEPIKACHHE KOTOPO 0OHapykeHO B skcnepumenTax Ha BAK [4, 5].

JlanHble HccrenoBaHusl SIBISIIOTCS HamOomee cioxHbiMU B mporpamme CITACHAPM
Y HaKJIQ/IbIBAIOT JKECTKHE OTpaHUYEHHUs HAa TPeOOBaHUSA K IKCIEPUMEHTAbHON yCTaHOBKE, MPU
3TOM Ha paHHUX 3Tanax OyJyT pelarbcs He MEHEe HHTEPECHBIE 3a/1a4H:

— H3mepeHne 0JHOCIMHOBBIX MOMEPEYHBIX (a3UMYTalIbHBIX) acUMMETpuil AN aJpOHOB,
COCTOSIIUX M3 JEerkux U, d, S KBapKOB, MPH PACCESIHUU MOMEPEYHO MOISIPHU30BAHHOTO MyYKa
Ha HEMOJISIPU30BaHHON MUIIEHH, JTUOO0 HEMOJIIPU30BAHHOIO MyUYKa Ha MONEPEYHO MOJISPHU30-
BaHHOM MuieHH. B KauecTBe perucTpupyemMoil YacTHUIbl MOXXHO HCIOJIb30BaTh JIIOOBIE
gactunbl (co crmHomM J=0, 1/2, 1 ..) u naxke sapa. B kadecTBe MHIICHH MOXKHO
UCIIOJIb30BaTh MPOTOHBI U s/Ipa, YTO MO3BOJISET UCCIEN0BaTh 3aBUCUMOCTh AN OT aTOMHOIO
Beca MUIlIEHHU. Perucrpanus agpoHHBIX PE30HAHCOB, B JIONOJHEHUE K OOBIYHO HU3MEPSEMBIM,
CTaOWIJIBHBIM 10 CUJIBHOMY B3aMMOJICHCTBUIO aJpOHAM, MO3BOJMUT CYIIECTBEHHO PACIIUPUTh
CIMCOK JOCTYIHBIX JUIS M3ydeHUs peakiuil. Panee n3amepenuit AN JUIisi pe30HAHCOB MPAKTHU-
YeCcKH He ObLIO.

— Onmnpenenenre nonepevHbIxX (0 OTHOUIEHUIO K IUIOCKOCTH paccestHus) moisipu3anuii Py
TUIIEPOHOB U AHTUTUIIEPOHOB, OOPa3yIOIIMXCS HEMOJSIPU30BAHHBIMM ITyYKaMH Ha HEMo-
JSIPU30BaHHBIX MUILIEHSX (IPOTOHHOM M sinepHbIX). M3mepenue nosisipuzauuu Py BO3MOXKHO
Onmarosapst HapylIICHHIO YETHOCTH B CJIA0OBIX JIByXYacTUYHBIX pacrnajgaX TUIEpOHOB.
[TapameTpsl  YIVIOBOTO  pacHlpefesieHuss MNpPOAYKTOB pacmaja TUIEPOHOB  CBSI3aHBI
¢ mossApu3anMen pacnangaromiericss yactuubl. CpaBHeHre AN U Pn Ui TUIIEpOHOB (aHTUTH-
MIEPOHOB) OTKPBIBAET JIOTOJHUTENIbHBIE BO3MOKHOCTH JJIsl BbIOOpa (WM TUCKPUMHUHAIIUMN)
KOHKPETHOH MoJenu reHepauuu 3HauuTenbHbIX An U Pn. [lo Hacrosimiero BpemeHu
OJIHOBPEMEHHBIX n3MepeHuit AN u PN 11 3a1aHHOM peakluy IpakTUYeCKU He ObLIO.
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— H3mepenue BEICTPOEHHOCTH (3JIEMEHTOB MATPUILIBI INIOTHOCTH pik) BEKTOPHBIX ME30HOB
(ciur J=1, yetHOCTHh P oTpumaTenpHas), pacnajarolIUMXcs Ha ABE YacTHUIBI, B IIpoleccax
COoyJapeHull HENOoJSIpU30BaHHBIX yacThll. Kak u B cirydyae runepoHoB, /Ul BEKTOPHBIX ME30-
HOB MO>XHO M3MEPHUTb U CPaBHUTh BBICTPOEHHOCTb M AN, UTO paHHEE HUKOIZla HE JeJiajH,
M UYTO IMO3BOJIIET MOJYYMTH JIONOJHUTEIIbHbIE OrPAHUYEHUS HA MEXaHU3M CUJIBHOTO
B3aUMO/JICHCTBUS.

st Bcex Tpex MEepEeUrCIICHHBIX BBILIE CEpU U3MEPEHUN MOTYT IMPOBOJMTBHCA UCCIENO-
BaHUS 3aBHCUMOCTH OT PT, X, HOMepa apa A, JHEprun peakiyH Vs B C.II.M., MHO)KECTBEHHOCTH
BTOpUYHBIX 4YacTul] B coObITUU (Nch), a Takxke oT 1eHTpanbHocTH (CT) coymapeHus MydKOBOM
gactulpl ¢ siapoM. CTonb pa3HOOOpa3HBI HAOOP MOJISIPU3ALMOHHBIX JAaHHBIX T103BOJISET
MOJyYUTh OTPAaHUYCHHS HA BO3MOXHBIH MEXaHHM3M IPOUCXOXKICHHS CIHUHOBBIX 3((HEKTOB B
CWJIbHBIX B3aUMOJICHCTBUSAX. B TaHHOM ciyyae MOYKHO T'OBOPUTH O CUCTEMATUYECKOM IOJXOME
K UCCIICZIOBAaHUIO TPOOJIEM CHJIBHBIX B3aUMOACWCTBUH M CIUHOBON (HU3MKH. XOTS TOYHOCTh
M3MEpEeHUil BO MHOTUX CIy4asX OrpaHUYeHa, TJI00albHBINA aHalu3 BCel JOCTYIHON COBOKYITHO-
CTH JIaHHBIX HAaKJIaJbIBAET CEPhE3HbIC OPAHUYCHUS HAa BO3MOXKHBII MEXaHU3M MPOUCXOKIACHUS
MOJIAPU3ALMOHHBIX SABIEHUH U MO3BOJISET BHIIBUTH HOBBIE 3aKOHOMEPHOCTH.

H3mepeHune pa3iuyuHBIX JIBYXCIIMHOBBIX KOpPPENALUd, B HAaYaJbHOM HW/UIU KOHEYHOM
COCTOSIHUSIX, SIBJSIETCSl Oosiee TpyIHOU 3ajaueii, KoTopas OylIeT pemaThCsi M0 Mepe TOTOBHOCTH
anmnapaTypbl U INpOorpaMMHOI0 oOecredeHus: 3kcrepuMeHTa. Hampumep, BO3MOXKHO HU3MEpEHHE
nepenaun  cnuHa (Dnn)  oT  Hanmeraromero MosiIpU30BAaHHOTO MPOTOHA  (AHTUIPOTOHA)
K oOpasyromemycsi runepony. Erle MHTEpecHO M3MepeHHe IBYXCIHUHOBOW acuMMeTpuu (AnN)
B [IpOLIECCaxX paccesiHUs MOMEPEYHO MOJSPU30BAHHOIO IMyYKa Ha MOMEPEYHO MOJSPU30BAHHOMN
MUIICHH B UHKIIFO3UBHBIX M SKCKIIO3UBHBIX PEAKIUIX.

OxcniepumeHT CITACYAPM 1no3BoJisieT Takke MPOBECTH OAHOBPEMEHHOE H3MEpPEHUE
aHAIM3UPYIOMIMX CIIOCOOHOCTEH myuka Ag, MutiieHd At 1 ko3 dulineHTa CIMHOBON KOPPESIUH
ANN B ympyroM pp-paccesaun. B oOnactu audpakumonHoro konyca 0.075 < —t < 0.6 (I'sB/c)?
npu umnyiabce OonbiieM 12 I'3B/C Her nanHbix ans Ann. Kpome Toro ecte BO3MOXKHOCTH
AKCIIEPUMEHTAJIBLHO TPOBEPUTH OYEBUAHOE PaBEHCTBO Ag 1 Ar.

[TpucyTcTBHE B CTOJKHOBEHUSX MOJSPU30BAHHBIX YACTHIl JIBYX aKCHAJIbHBIX BEKTOPOB
UCXOJHOW MOJIAPU3aLMH, HAXOIALIUXCA MO/ MOJIHBIM KOHTPOJIEM 3KCIEPUMEHTAaTOPOB, CYLIECT-
BEHHO YBEJIMYMBACT YHCIIO BO3MOKHBIX KOPPEJSLMA MEXIy BEKTOpaMH B TOW WM HWHOHN
peaKIy, TeHepUpYyIOIUX HU3MEpUMBbIe CIIMHOBBIE acUMMeTpuH. Cpeau HUX ocoObli MHTEpec
IIPECTABIISAIOT T€, HAIMYUE KOTOPBIX 3alPEIIEHO 3aKOHAMHU COXPAHEHUs, B YACTHOCTH, 3aKOHAMH
COXpaHEHUsl JHUCKPETHBIX CUMMETpui. [IpUMEHHMTENbHO K AHHUTWISLMUA MOJSPU30BAHHBIX
KBAapKOB M aHTUKBAPKOB Takas MpoldiieMa paccMaTpUBaIach B LEJIOM psijie myOnuKamnmii [6, 7, 8,
9, 10, 11, 12]. OOmupHBIA CHHCOK IOTCHIIMATHLHO WHTEPECHBIX OJIHO- H JBYXCITHHOBBIX
acuMMeTpui, Hapymaronux CP/T-uHBapuaHTHOCTb, NIPUBEIEH B padote [7]. MI3BecTHO, OHAKO,
yto 1 CP/T-nHBapuaHTHBIC B3aUMO/JICHCTBHS B HAYAJIbHOM U KOHEYHOM COCTOSTHUU TaKKE MOTYT
UMUTHPOBATh 7-HEu€THbIE APPEKTh. YHHUKAIBHOCTH CUCTEMbI CTAJKUBAIOIIMXCS MOJSPHU-
30BaHHBIX NIPOTOHA M AHTUIIPOTOHA COCTOUT B TOM, YTO OHa SBJIsAETCS UCTUHHO CP-HelTpaibHON
0 BCeM 3apsiiaM (RJIEKTPUYECKUH, OapUOHHBINA, CTPAaHHBIN...). DTO MO3BOJSET MPOBECTH
cpaBHeHHE HAOMIONEHHBIX 3(PexkToB B CP-CONpsKEHHBIX PEAKIUAX U TEM CaMbIM OTICIUTh
peanpHbie HapyeHus: CP/T-WHBapUaHTHOCTH OT (PUKTHBHBIX.
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B ucTMHHO HEWTpaJbHOW NPOTOH-AHTUIPOTOHHOM CHUCTEME CYIIECTBYIOT TaKHe
CIIMHOBBIE ACHMMETPUH, KOTOpbIE HE MOTYT OBITh HMHUTUPOBaHBl CP/T-WHBapHaHTHBIMHU
BSaHMOHeﬁCTBI/IHMH B Ha4aJIJbHOM M KOHEYHOM COCTOSHHUSX. B KauecTBe OIHOTO M3 INPUMCPOB

[6,7] npuseném Aot o< (- [Ep X C;]) , Te P — BEKTOp MMITyJbCa POTOHA, a &, W &, —

BEKTOPHI MOJSpU3AIMKM MPOTOHA W AHTUIIPOTOHA. DTa aCUMMETPHUs MOXKET OBbITh HaOIoJIeHa
B CTOJIKHOBEHUSX MONEPEYHO-TIOISIPU30BAHHBIX YACTHI] C B3aUMHO OPTOTOHAJLHBIMH TOJIIPU3a-
uusaMu. [Ipu cmene 3Haka onHON U3 nossgpusanuii Aot Takxke mMeHseT 3Hak. [IpucyrcTBue Bkiiaga
Aot B ceueHuu pp-peakluu ¢ JeTeKTUPOBAHUEM B KOHEYHOM COCTOSIHUM UCTHHHO HEUTPaJIbHOM
MOJICUCTEMBl B aKCENTaHCe, CUMMETPUYHOM OTHOCUTENbHO Xr=0, ObUIO OBl OJHO3HAYHBIM
ceugerenbcTBOM CP-Hapymenus. K uucity Takux 3KCIIEpUMEHTOB ¢ UCTUHHO HEUTPAIBHBIMU T10
BCEM 3apsiiaM KOHEUYHBIMH COCTOSHUSIMU MOYXHO OTHECTH, B YACTHOCTH, U3MEPECHHS yIPYyToro,
HEYMPYTOTO U MOJHOTO CEUEHUS B PP-B3aUMOJACUCTBUSX WM CCUCHUSI MHKITIO3UBHOTO POXKICHUS
HUCTUHHO HEUTpalbHBIX PE30HAHCOB M YaCTHUIl, HAPUMEP 7’-ME30HOB, B CUMMETPUYHOM IO X¢
aKcernTaHce.

Lenpto wuccnenoBanunii Ha ycraHoBke CIIACUHAPM sBnsiercss pemieHwe 3aaad 1o
WCCJICIOBAaHHUIO CITMHOBBIX CBOWMCTB CHIIBHOT'O BXaMMOJICHCTBHS, KOTOPKIC €Ile HUKTO B MHPE HE
MIBITAJICS BBIIOJIHATH W B OJIMKaifiiee BpeMs He TUTAHUPYET M3-32 CJIOKHOCTU U KOMIUIEKCHOCTH
uccienoBanunii. Hambonee OMM3KUM M JOMOJIHSIOMUM (PU3NICCKYIO MPOTrPaMMy SKCIIEPUMEHTA
CITACYAPM sBisiercst mpoekT cosmaHHod B 2021 romy kosumaboparuu SPD (Spin Physics
Detector) [13, 14, 15] na coopyxaemom yckoputeae NICA B OUSAU. Kpatkuit 0630p
¢busnueckoil mporpamMmsl 3KcriepuMenTa B J[yoHe npuBezaeH B pasaene 5.1.5.

Hwxke B manHOM paszaene mnpuBeleHbl MOApPOOHEE OMHCAHWE OCHOBHBIX H3y4aeMBbIX
(U3HYECKUX TPOIECCOB, MPHUMEPHI PEAKIUi, B TOM YHCJIEC OIEHKH OXXHIAEMOW CTATUCTHKH,
ypoBHS (hOHA B CTATUCTHYECKON TOYHOCTH H3MEPECHUH.

11 HccaenoBanue CIHHOBBIX 3(P(PEKTOB B POKIACHUH KBAPKOHUA

OKCIEpUMEHTBl 10 TIIyOOKOHEYNpPYyroMy PpacCesHUIO HEMOJIIPU30BAHHBIX 3JIEKTPOHOB
Y MIOOHOB Ha HEMNOJSPU30BaHHBIX HYKJIOHaX INPHUBEIN K OTKPBHITUIO KBapkoB B 60-x ronax.
B 1988 roay skcnepument EMC (European Muon Collaboration) B HIEPH mo rmy6okoney-
MIPYrOMY pacCesHUIO TOSIPU30BAHHBIX JIETITOHOB Ha IOJIIPH30BAHHBIX HYKJIOHAX IPEICTABHI
pe3yabTaThl, B KOTOPHIX BKJIAJ CIUHOB KBAPKOB B CIIMH TPOJIOJIHHO-TIOSPU30BAHHOTO IPOTOHA
Man (mpumepHo, cocraBisieT 30%), uro mnpotuBopeumsno pacueram KXJ[. Orta npobnema
MOJTy4YuJia Ha3BaHUE “‘CIIMHOBBIN Kpu3uC HyKJIoHA”. Jlo cux mop sTa mpobiema He pelieHa, U Ha
MHOTMX YCKOPHUTENIIX MHUpa HJeT €e MHTEHCHBHOEe u3ydeHue. Baxuelmed 3amaueil mpoekTa
CITACYAPM sBasieTcst peleHne 3TOro CIMHOBOIO KPU3HCa.

B kBanToBo#t XxpomonuHamuke (KX/I) ects Tpu ¢yHIameHTanbHble GYHKIUM pacrpere-
JeHus Ui npotoHa. Jto ¢yHkius f(X) pacnpeneneHus mapToOHOB MO UMITYJIbCaM, yCPETHEHHAS
no crnuHaMm, (QyHKIUS crnupaibHOCTH ((X) pacrmpenesieHus MapTOHOB IO CHUPATLHOCTIM
B TMIPOJIOJIBHO-TIOJISIPH30BAaHHOM TMPOTOHe U (QyHKIMsA mnonepeunoctd h(X) pacmpenenenus
MAPTOHOB TI0 CIMHAM B TONEPEYHO-TIONSIPU30BAHHOM MpOoTOHE. CIHHOBBIA KPH3HC IMPOTOHA
cBsi3al ¢ pynkimeit g(X). U3ydyenue dpynkumu h(X) Toapko HAYaIOCh.

Pesynbrarel uccnenoBanus GYHKIUH CIHPaTbHOCTH §(X) MOKa3bIBAIOT, YTO TOIBKO 30%
CMHMHA NPOTOHA MEPEHOCATCS BAJICHTHBIMH Y MOPCKUMH KBapKaMU M aHTHKBapKaMU.
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Ocranpubie Hemoctaronue 70% cnuHA MPOTOHA MOTYT OBITH OOBSCHEHBI BKIIAJIOM
TJIFOOHOB W/WIIM OpOUTAIbHBIM MOMEHTOM. BONBIIMHCTBO MOJNSPH3AIMOHHBIX IKCIEPUMEHTOB
B HACTOSIIEE BPEMsI HAIMPABJICHO Ha MOWCK BKJIaJa TIIOOHOB B CIHH HYKJIOHOB. /[0 HegaBHEro
BPEMEHH BCE€ IMOMBITKM OOHAPYKUTh BKJIAJ TIFOOHOB B CIIMH HYKJIOHA JIaBajll OTPUIIATEIBHBIN
pe3yibTar.

DKCHEepUMEHTHI C MOJISIPU30BAaHHBIMU JIENTOHHBIMH MTyYKaMHU, MIPOBEICHHBIE B MOCIEIHEEe
BpEMS B Pa3NIMYHBIX YCKOPHUTENbHBIX LIEHTPAX, MBITATUCh OOHAPYKHUTh MOJSPU3ALMIO [IIFOOHOB
MPU OTHOCUTEJIBHO MaJIbIX 3HAYEHUSX nepeMeHHoN brépkena Xg, 10 0.1+0.15. DkcnepuMeHThl Ha
RHIC (STAR u PHENIX) npeanpuHs/IM MOMBITKY OOHAPYKHTh IOJISPU3AIIMI0 TJIOOHOB IIPU
Masbix (okoso 0.01) u mpomexyrtounbix (10 0.2) 3HAUEHHUSX Xg, TOTJAa KaK HEOOXOIMMO