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OxcnepumeHT CITACYUAPM HaneneH Ha CHCTEMAaTHYECKOE HCCIEAOBAHHE CIMHOBOMU
CTPYKTYpPbl HYKJIOHa W CIHMHOBOM 3aBHCHMOCTHU CHUJIBHOTO B3aUMOJCHCTBHUSI aHTUBEILECTBA U
BellleCcTBa ¢ Marepuedl npu 3Heprusx no 45 I»B. B pamkax mnepBoro sTtana sKCHEpPUMEHTA
M3yYeHUE CIUHOBBIX CBOWCTB aJpOHOB OyAeT NPOXOJUTh Ha JCHUCTBYIOIIEH YCTaHOBKE
CITACYHAPM Ha nydyke OTpPHULATENIBHO 3apsDKEHHBIX aJpOHOB KaHajla 14 yCKOpUTEIbHOTO
koMmruiekca ¥Y-70. Ha BropoM 3tamne B kanane 24A yCKOpPUTEIbHOTO KoMIuiekca ¥Y-70 mpenmosia-
raerca (OpMUPOBAHKE MOJSPU3OBAHHBIX MTyYKOB MIPOTOHOB U aHTUIIPOTOHOB. [lossipr30BaHHbII
AHTUIPOTOHHBIM ITy4OK, O€3yCIOBHO, CTaHET YHHUKaJIbHBIM IydkoM B Mmupe. Ilnanupyercs
MIPOBECTU U3MEPEHUS OJHOCIMHOBBIX ACUMMETPUI B JECATKAaX PEaKIMil Kak Ha BOJOPOJE, TaK U
Ha paznuuHbix saapax. Ha ycranoBke CITACHAPM B03MOXXHO Takke U3MEpPEHHE IONEPEYHON
MOJISIPU3ALMU TUIIEPOHOB U 3JIEMEHTOB CIIMHOBOM MATpPHULIBI BEKTOPHBIX ME30HOB. JlJI1 n3y4eHus
CIMHOBOM CTPYKTYpbl HYKJIOHAa NIPEAIOJAraercs IPOBECTH HCCIEIOBaHMUs 00pa3oBaHUs
KBapKOHUsSI JUIsl OIPENENIeHUs] BKIIAaJa TIJIFOOHOB B CHOUH IpoTOHa. Hamuuwme IByX THUIOB
HOJIAPU30BAHHBIX IIyYKOB M BOCHMM THUIIOB HENOISAPHM30BaHHBIX mydkos (7°, K*, p, p, d, C) B
KOMOMHAIIMM €  TOJSIPU30BAHHOM  MHUIIGHBIO  PACHIMpSeT  JUarna3oH  HMCCIEeIOBAHUMN
MOJISIPU3AMOHHBIX SIBJICHUN U yCHJIMBAET YHUKAIBHOCTb IIPOEKTA.

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™ — UDOBD, TlporBuno (nanee UDBD) co3nan 3HAYMTENBHBINA 3a4€ IS MPOBEACHUS
uccaenoBanuii mupoBoro 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 UCCIECIO0BAHUE CIMHOBOM CTPYKTYpbl HYKJIOHAa 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
Ha3zaja JUIsl ONMCaHUsl aTOMHBIX CHEKTpoB. Ero mpupona 10 cux mop ocraercs HepasraJjaHHOM
TaiiHOM. [laHHBIA TPOEKT 3aMeTHO MPHUOJM3HUT pa3rajky ATOW TalWHBL, U 3TO OyIeT MPOpPHIB
B (DyHIaMEHTaJIbHBIX HAYYHBIX UCCIIECIOBAHUIX.

UTtoOBl TPOBOAWTH IMOJIIPU3ANMOHHBIC WCCICAOBAHHUS HAIO CO3JaBaTh IyYKH
MOJIAPU30BAHHBIX YAaCTHI[ W/WIM HCIOJNB30BaTh TEXHUKY IMOJSIPU30BAHHBIX MHUIICHEH. B
MOCJICIHUE TObI MPOU3OIIEN 3aMETHBIN MPOTPECC B IKCIIEPUMEHTAILHOM U3yUYE€HUHM CITUHOBBIX
3¢(}eKToB MpH BBICOKUX JHEprusx. [lomaBmnsioniee OOJBIIUHCTBO SKCIEPUMEHTOB OBLIO
MPOBEJICHO B 00acTH HenepTypOaTuBHON KBaHTOBOW XpoMmoauHamuku (KX/I), mpu ymepeHHBIX
MONEPEYHbIX  UMIlyJbcax. llosiBIeHHME SKCHEpUMEHTANbHBIX JAHHBIX  CTUMYJIMPOBAIO
TEOPEeTUYEeCKOe OCMBICIeHHuEe CINUHOBBIX 3(hdexToB. Ilpu 3TOM xXapakTepHbl BBICKA3bIBAHHS
M3BECTHBIX TEOPETUKOB, HANpPUMEp aHrM4aHuHa Jimora Jlugepa: «CnuH B 3KCHEpUMEHTaX
yOuI GoNbIIE TeOpHii, deM Moboii apyroii pusmuecknii mapamerp»l. Mnn amepukanna Jlxermca
boépkena: «Ilonspu3zaliiOHHbBIE J@aHHBIE YacTO OBUIM KJaAOWIIeM MOAHBIX Teopuil. Eciam Obl
TEOPETHKU ObUIM B CHJIAX, B ILENSAX CAMO3AIIUTHI UM CTOWJIO OBl BOOOIIE 3alpeTHTh TaKue
mMepeHns»>. CerofHs HET TEOPHH, PETSHIYIOMEH Ha MOHOE ONMCAHME BCEX HAOII0IaeMBIX
noJIApu3auoHHbIX 3P dexToB. HoBbIe SKCIIEpUMEHTANbHBIE CIIMHOBBIE PE3YyJIbTaThl B OOJIBIIOM
quclie pa3HOOOpa3HBIX peakluid, Kak Ha MONSIPU30BAHHOM AHTHIPOTOHHOM ITyuYkKe, TaK U Ha
MOJIAPU30BAaHHOM MTPOTOHHOM Ty4YKe B 3TOW TpyAHOH obnactu HenepTypbatuBHOi KX 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. I[IpoBeneHBl pacueTl UX NapaMmeTpoB. VHTEHCUBHOCTh
AHTUIIPOTOHHOTO Iyuyka c sHeprued 15 13B moxker nocturare 10° aHTHNPOTOHOB 3a LMK
yckopurens (10'° aHTUIPOTOHOB B CYTKH) IIpU cOpoce Ha NepBUUHYIO MuUlleHb 10'? mpoToHOB U3
VY-70. [Tonsgspu3oBaHHBINA AHTUIIPOTOHHBIN IMyYOK OT pacraga aHTH-IIMOAa THIIEPOHOB, KOTOPBIH
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)



IIy4KOM B MHUpPE. B aHTUIPOTOH-IPOTOHHBIX AHHUTWIALUAX HET OTPAHWYECHHUS HAa KBAaHTOBBIE
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 no3Boaut B skcniepuMenTe Ha ycraHoBke CIIACUAPM pemath MacmitabHble Hay4YHbIE
poOJeMbl, CBSI3aHHbIE CO CIMHOM. bimkaifiero axamora co3/laBaeMOM HOBOM yCTaHOBKH
CITACYHAPM nns paGoThl Ha TOJIIPU30BAaHHBIX Iy4ykax B Mupe HeT. OKuaaeMmblid Mepuoj
coxpaneHus yHukaiabHocTH Komiiekca CITACYHAPM — He MeHee nsATHAALIATH JIET.

[Tonsspu3oBaHHBIE ITyYKH  ABATCS  MOLIHBIM ~ MHCTPYMEHTOM Ui IIPOBEICHUS
CHCTEMAaTUYEeCKHX MOJSPU3ALMOHHBIX UCCIEIOBaHUNA. JTH Hcciea0BaHus OyayT MPOBEJICHBI Ha
AQHTUIIPOTOHHBIX U MPOTOHHBIX MyYKax MpH 3Hepruu 16 ['5B u BeIe, mpu cpeaHe noaspuzanuu
45%. Ilmanupyercsi ompenenuTh OOJBIION HA0Op HEOOXOMMMBIX (U3NYECKUX HAOIIOTACMBIX,
BKJIFOYasi OJHOCIIMHOBBIE aCUMMETPUH B JIECATKAX pEakUuil B 001acTH (parMEeHTAIMU MOJSPU-
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 MATEPHUEH, UTO YKE B TEUEHHE MHOTHX JIET SIBJISIETCS aKTyaJlbHOW Hay4YHOU
3ajaueil. [ u3ydeHHs CHUMHOBOM CTPYKTYpbl HYKJIOHAa OyAyT HpPOBEIEHBI HCCIIEAO0BaHMS
o0pa3oBaHMsl YapMOHHUsI B 00JacTH ()parMEeHTAIMH MOJSPU30BAHHOTO ITyYKa, C aKIIEHTOM Ha
OIpesieJIeHUE BKJIa/1a [VIFOOHOB B CIMH MPOTOHA, YTO IMOMOKET PAa3raJKe «CIMHOBOI'O KPU3UCA»
IIPOTOHA (BCE KBAPKU B NPOTOHE OTBETCTBEHHHI Bcero 3a ~30% crnuHa IpoTOHA), CYLIECTBYIO-
miero yxe 6osee 30 mner.

Hanuuue mnossspu30BaHHBIX KakK IPOTOHOB, TaK M aHTUNPOTOHOB B CP-HelTpanpHOU
pp-cUcTEME IOTEHLUAIBHO 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
M3MepeHuil B OynaymeM moTpedyeT, CKOpee BCero, HEKOTOpOH MOIU(UKAIKA YCTaHOBKH,
B YaCTHOCTH, pacUIMpeHusi €€ aKcelnTaHca Ha 3a/JHI0K0 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 IIPOBOJIUJIOCH, HO €CTh NIEPBBIEC YKA3aHUS HA UX AKTyaJabHOCTh. EIll€ 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)XK€ U3MEPEHHE MONEPEUHON MOISpU3aLUN TUIIEPOHOB U AJIEMEHTOB
CIIMHOBOM MaTpHIIbl MJIOTHOCTH BEKTOPHBIX ME30HOB, YTO SIBIISIETCS OTPOMHBIM NPEUMYIIIECTBOM
npoekta. HakoHell, HaJnure BOCHBMH THUIIOB HEMOJAPM30BaHHBIX myukoB (77, K, p, p, d, C),
B KOMOMHAIIMH C MOJIIPU30BAaHHONW MMILIEHBIO, HA MOPSIOK PAaCHIUPSAIOT AUAINa30H UCCIeI0BaHUMN
MOJIAPU3ALMOHHBIX SBJIEHUN U YCUJIMBAIOT YHUKAJIBHOCTh IIPOEKTA.

[Momstpuzanmonnsiii poekT CIIACUAPM otimuaer T700aibHBINA, CHUCTEMAaTHYECKHUMA
MOJIXO0JT B U3yUYEHUU CUCTEMBI aHTHUIIPOTOH-NIPOTOH (SAPO) U MPOTOH-IPOTOH (s11po). B oTnuuune
0T OOJIBIIMHCTBA MOJIAPU3ALUOHHBIX 3KCIEPUMEHTOB, B IIUPOKOANEPTYPHOM MPELU3MOHHOM
cnektpomerpe CITACHAPM Oyzer peanu3oBaHa IMOJIHAS FEOMETPHUS 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 YACTHIl — MPOAYKTOB PEAKLMM, BBITOJHO OTIMYAET
JAHHBIN MPOEKT OT APYTUX MOJSPU3ALUOHHBIX MTPOEKTOB, CO3/IaHHBIX O] OTPAHUYEHHOE YHCIIO
M3y4daeMbIX peakiuii. i3sMepenne cnmHOBBIX 3PQEKTOB B OOJIBIIOM KHHEMAaTHUYECKOM JTMana3oHe
U CpaBHEHHE CIHHOBBIX AS(PPEKTOB B PA3IUYHBIX PEAKIUAX NPUHIHUIHAIBHO BAXHO IS
PacKpbITUS MEXaHNU3Ma B3aUMOJIEHCTBUS YaCTHULL.

OcHOBOM KOJIJIGKTHBA aBTOPOB JTaHHOTO MPOEKTa SIBJIAETCS J1aOopaTopHs MOJIApU3alU-
OHHBIX JKcriepuMeHTOB MDBD. DTOT KOJUIEKTHB MMeeT OOJIBIION HAy4HBIN 3a/ell 10 MPOEKTY,
KaKk [0 Hay4YHOM 4YacTH, TaKk M IO MOJTOTOBIEHHOMY oOopynoBaHuto. 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 3HAYUTENIbHBbIE MOJIPU3ALUOHHBIE 3(P(EKThl, KOTOpble HE MOTYT ObITh OOBSCHEHBI
CYILLIECTBYIOIIMMH TEOPETUUECKUMHU MOoeNsIMU. 1o pe3ynbpTaTamM 3TUX 3KCHEPUMEHTOB TOJBKO 10
CIMHOBOW TeMaTuke omyOiukoBaHo Ooznee 100 pabor, 3ammuiieHo 6 AOKTopckux u Oojee 10
KaHAMJATCKUX Auccepranuil. Tak:ke 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 HUL «KypuaroBckuit unctuty», a umenno UTO® u [IUAD, Tax
xe, kak u HUAY MUOU, sasnstorcs nonHoueHHbIMU yudacTHuKamu CITACYAPM. Hurtepec
K YYaCTHI0O B OJKCIIEPUMEHTE C TOJSPU30BAaHHBIM IIYYKOM M TOTOBHOCTh Yy4YacTBOBaTb B
sKkcrepuMenTe’ Beickasanu Tpymisl Kaprmosa Yuusepcureta (r. ITpara, Uexus — pyKOBOIHMTENb
M. ®unrep) u Yuusepcurera Tpuecra (Utanust — pykoBoautens @. bpagamante), YHUBepcuTeT
Maitnn, Yuusepcuter bonH, VYuuBepcutrer boxym (Bce ['epmanmsi). KomuuectBo mnoTeH-
LUaIbHBIX TOJb30BaTeNIed MH(PPACTPYKTYypbl JAHHOTO MPOEKTa M €€ pe3ybTaTOB IMPEBBIIIACT
100 uenoBek. Bc€ 3T0 mpUBOAMT K OYEHb BBICOKOM BEPOSTHOCTH YCHEIIHOW peanu3aiuu
COOTBETCTBYIOIIEH MHPPACTPYKTYphl U Hauaia BHIMOJIHEHHS] HAyYHBIX 3a/1a4 [IPOEKTa B TEUECHUE
OJIM>KaUIUX TECSTH JIET.

CymMmapHble pacxo/ibl Ha U3roToBieHne B Poccun HE0OX0IMMOro Hay4HOro obopyaoBa-
Hus s uccnenoparenbckoil yecranoBku CITACUAPM cocrasar 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 oOpa3zom, UTOroBas
CTOMMOCTb TPOEKTa OILIEHHWBAeTCs B 2 MIpH pyOsei. DKcrnepUMEHTalbHbIE HCCIEIOBaHUS C
MOJISIPU30BAaHHBIMU TTyYKaMU Ha HOBOM KaHayie 24A MOTYT OBITh HayaThl yepe3 YeThIpe rojia
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.

10



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 Italy (the
Bradamante’s group) and the Czech Republic (the Finger’s group) sent Letters of Intention to join
this experiment. We are expecting the entry of several German universities and national
laboratories into this project.

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

The total costs for the manufacture in Russia of the necessary scientific equipment for the
research facility SPASCHARM will amount to 1 billion rubles (about 14.5 M Euro). In addition,
another 1 billion rubles will be required to carry out work to create an antiproton (and proton)
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

WccnenoBanusi mociieTHUX HECKOJIbKUX JECSATKOB JIET MOKa3aJId HAJIMYUE 3HAUYUTEIbHBIX
CIUHOBBIX A((PEKTOB B pas3snuyHbIX (U3HYECKUX mporeccax. OmHako HaOI0eHHE OOJBIINX
CMHOBBIX () (EKTOB MOKa HE YJAIOCh OOBSICHUTH B paMKaxX CTaHJApTHOI TEOpUU BO3MYILIECHUI
kBaHTOBOM xpomoauHamuku (KX]I), mpeamonararomnieil KoUTMHEapHYIO KHHEMAaTwKy. B aToi
CBSI3M SIBJIIIOTCSl aKTyaJbHBIMU JaJbHEUIINE CHCTEMaTHYeCKHE SKCIIepUMEHTAlbHbIE HCcie-
JOBaHHUSI B 9TOW 007acTH, MPEANONIAraroniie U3MEPEHHE HECKOJIbKHX 3aBHUCSIIUX OT CIHHA
HaOo1aeMbIX (OJIHOCTIMHOBAasE W JBYXCIIMHOBAs ACUMMETPUHU, TMOJSIPU3AINS TUIIEPOHOB,
9JE€MEHThl CIUHOBOM MAaTpHUIIBl BEKTOPHBIX ME30HOB) B JIECATKAX PAa3IUYHBIX PEaKIUH.
['moGanpHBI aHAMM3 TOJNYYEHHBIX TaKUM O0pa3oM JaHHBIX TIO3BOJUT BBHISBUTH OOIIHE
3aKOHOMEPHOCTH TIOBEJICHUS JAHHBIX, B TOM YHCIIE CPaBHEHUE B3aWMOJICHCTBUN YaCTUIIBI
Y QaHTHYACTHUIIBl C MPOTOHAMU U AAPAMHU, POJb IBETHBIX CHUJI, CIIMHOBYIO CTPYKTypa HYKJIOHA,
3aBHUCHUMOCTH CITUHOBBIX 3(()EKTOB OT M30TONMUYECKOTO CIIMHA U SHEPTUU MydYKa, COPTa KBApKOB,
aTOMHOTO Beca MHILIEHH U MHOXKECTBEHHOCTH 4dYacTull B coObiTuH. Panee mnomoOHbIE
UCCIIEIOBaHMs TAaKOro macitaba He MPOBOAWIMCH. B3auMoneHCTBUS MONSPU30BAHHBIX YaCTHUI]
MPEJICTaBISAIOT CO00M YHHKAJIBHBI HWHCTPYMEHT JUIsl HMCCICAOBAHUS MEXaHW3Ma CHIIBHBIX
B3aMMOJICHCTBHIA B 00JacT KOH(AWHMEHTa, YTO HE YJAeTCs IMOKa CIIeNaTh, U3ydasl COyIapeHUs
HETIOJISIPU30BAHHBIX aJIPOHOB.

Jnst mpoBeneHUsT YKa3aHHBIX BBIIIE HCCIEAOBaHUN TpeOyeTcs SKCIepUMEHTaIbHAas
yCTaHOBKAa MHUPOBOT'O YPOBHS M CO3/IaHUE KaHAJIa MOJISIPU30BAaHHBIX MPOTOHOB M aHTUIIPOTOHOB.

ITpoekTt sxcniepumenta CITACUHAPM Ha co3naBaeMOM HOBOM aJpOHHOM KaHaje 4acTHII
24A yckopuTelbHOro KoMmiuiekca ¥Y-70 HalelleH Ha MCCIIEOBAaHUE CIIMHOBOM 3aBUCUMOCTH
CHJIBHOTO B3aMMOJICHCTBHS aHTHUBEINIECTBA (M BEIIECTBA) C MaTepued W CIUHOBOU CTPYKTYpBI
HykioHa. IIpexnme Bcero, Oyner mpoBefeH OO30pHBINA TMOJSPU3AMOHHBIM JKCIEPUMEHT Ha
AQHTUIIPOTOHHOM U MPOTOHHOM TOJIIPU30BAHHBIX MyYKax Mpu sHepruu 16 ['3B u nmomstpusanuun
1m0 45% ¢ u3MepeHueM OJHOT0 W TOro e OoybIioro Habopa (U3MUECKHX HAOIIOAAaeMBIX
BenWuuH. JlJis M3ydeHHs] CIUHOBOM CTPYKTYphl HYKIJIOHA OYIyT TPOBEIEHBI HCCIIECIOBAHMS
o0Opa3oBaHus YapMOHHS B 001acTu ()parMeHTaIuH MOJIIPU30BAHHOTO Myuyka. byner onpenenena
BEJIMYMHA MOJSPU3ALUA KBAapKOB M TIIIOOHOB 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 YHHKAIBHOM ITy4Ke MOJSPU3OBAHHBIX (AHTH)IPOTOHOB OT
pacnaza (aHTH)IUIIEPOHOB.

B HULI «KypuaroBckuii uactutyt» — UPBD 3aBepiieHsl paboThl MO CO3JaHUI0 ICKU3-
HOTO TMPOEKTa HOBOTO ajapoHHOro KaHana 24A. IlpoexTHple pabOTHI MPOBOIUIMCH COBMECTHO
¢ I'CIIN. K 2015-my romy ObUT MOTyYEH SCKU3HBIN MTPOEKT «TOJOBBI KaHaa» (muymHa 50 METPOB)
— 3TO MPOBOJKA IMy4YKa MPOTOHOB OT €ro BbIBOAA M3 Y-70, 10 NEPBUYHOM MUIIEHH, PACIIOJIO-
KEHHOM TMepe]] CIeUUaTbHbIM paJAUallMOHHO-CTOMKUM MarHuToM. llonHas anuvHa KaHama OT
MEPBUYHON MUIIIEHH U 0 KOHIa kaHana coctaBisieT 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. IHTEHCMBHOCTh aHTUIIPOTOHHOIO ITy4Ka
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 roxay, 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 aHTUMPOTOHOB ObLI mydok Bo ®HAJI mpu 200 I'B.
IlosiBNieHME aHTUIIPOTOHHOTO, BBICOKOMHTEHCUBHOTO, HO HEMOJIIPU30BAaHHOIO ITyYKa C YHEPruen
1o 15 I'3B B npoexkre ®AUP B I'epmanuu mnanupyercs He panee 2030 roxa.

AHTUnpOTOHHBIN mNosgpu3oBaHHblid mydyok HUI[ KU gBUTCS MOLIHBIM MHCTPYMEHTOM
IUISL IPOBE/ICHUSI CHCTEMATUYECKOr0 0030pHOTO MOJIIPU3ALMOHHOTO 3KCIIEPUMEHTa C OTpe/ieie-
HUEM TIOJHOTO Habopa HEOOXOOUMBIX (U3UYECKUX HAOIIOAaeMBIX, TaKHUX KakK CEUYCHHE;
NOJISIpU3aLUs B YIPYIOM aHTUIIPOTOH-TIPOTOHHOM PAcCCesIHUMM Kak B OO0JIACTH KYJIOH-SAEPHOMN
uHTephEepeHH, TaKk U JUPPAKIUOHHOIO KOHYCa; OJHOCIHHHOBBIX 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
u3MepeHust OyayT NMPOBEIEHbI U Ha NOJISPU30BAaHHOM IIPOTOHHOM ITydke. Pe3ynbTaThl 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 NpOBOAWTH B JAMANa3oHe SHEPruil mnossipuzoBanHoro myuka 10+451mB, 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 (JOPM MaTE€pHH, BKIIIOYAsl 3K30TUYECKHE COCTOSIHUA. 3aMETHM, 4TO
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 3K30THUECKUMHU 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
SKCIEpUMEHTalbHas YCTAaHOBKA JIOJDKHA OBbITh, O€3yCIOBHO, OCHAIllEHAa TEXHOJOTHYECKUM
000py/10BaHNEM Ha MUPOBOM YpPOBHE.

B ornnume oT OONBIIMHCTBA BBINOJHEHHBIX PaHEe MOJIIPU3ALMOHHBIX SKCIIEPUMEHTOB,
B CITACUHAPM Oyner peanu3oBaHa 27-T€OMETPHUsS IO a3UMYTaJbHOMY YIUIy, YTO IO3BOJISET
3HAYUTENIBHO YIYYIIUTh TOYHOCTh U3MEPEHHUS CIIMHOBBIX HA0JI0/Ia€MBIX, a [NIABHOE — MHHHUMHU-
3MpOBaTh CUCTEMAaTHYECKUE OMMOKH m3MepeHuid. TenecHsiit yron ycranoBku (46 =~ 200 mpax mo
Beptukaiau u 300 Mpaa 1o ropu30HTaIM B 007aCcTH (pparMEeHTalUU IydKa) MO3BOJISET MPOBECTH
U3MEPEHHS B IIMPOKOM JHaNa30He KHHEMAaTHYECKUX MepeMEHHBIX (P, 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 YCTaHOBKAaxX C MaJbIM TEJIECHBIM YIJIOM PETUCTPALIUH.

K HacrosmeMy BpeMEHH CyIIECTBYET 3HAYUTEIBbHBIA 3a4€ll