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Abstract—The SPASCHARM expen saimedata ic study of the nucleon spin structure and the
spin dependence of the strong interaction of antimatter and matter with matter at enengies up 10 45 GéV. As
part of the first stage of the experiment, the study of the spin properties of hadrons will take place in a beam
of negatively charged hadrons on existing beamline 14 at the operating SPASCHARM setup at the U70 facil-
ity. At the second stage, the production of polarized beams of protons and antiprotons is envisaged in beam-
line 244 of the U-70 accelerator facility. A polarized antiproton beam will centainly become a unique beam
in the world. It is planned to measure single-spin asymmetries in dazens of reactions, both on hydrogen and
on various nuclei. At the SPASCHARM facility, it 1s also possible 10 measure the transverse polarization of
hyperons and elements of the spin density matrix of vector mesons. The spin structure of the nucleon will be
investigated in the study of quarkonium production to determine the contribution of gluons to the proton
spin. The presence n[twot)mnlpulam:d bea:mand :lgm types of nonpolarized beams (x*, K*, p, 7, d,
C), in comby T the range of studies of polarization phenomena and
enhances the umqumm af the project.

DOL: 10.1134/51063779623010021
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OU3NYECKAA TNTPOTPAMMA SKCMEPUMEHTA
CIMACYAPM

OaHO-CNMHOBbIE aCUMMETPUK: CUCTEMATUYECKOE UCCIeS0BaHKeE
MHKO3MBHbIX, 3KCK/THO3UBHbBIX M YNIPYrUX peakumi B pOXAEHUM YacTul,
COCTOSALLMX U3 JIETKUX KBApKOB (U, d, S)

Monapusauus (BbICTPOGHHOCTb) B NPOLLECCAX POXAEHUS TMNEPOHOB U
BEKTOPHbIX ME30HOB

NiByxcnuHoBas acUMMeTpUA A\ B POXAEHMM YAPMOHUS LIS U3YYeHus
BK/1aJa IMOHOB B CNH npoToHa A G/G(x) npu BoNbWKX X

M3yyeHne 3aBMCUMOCTM OT KMHeMaTUueckux napametpoB (0<xg <1, 0< pr<2.5,
12<Egeam <50 GeV), copta yacTuL, nyyka, MHOXeCTBEHHOCTH, aTOMHOI0
HOMepa C BbICOKOW TOYHOCTbIO Bnaronaps NoSHOMY a3UMYTanbHOMY Yriy U
bonbLion aneptype

H. KO3JIEHKO, 3MMHAA CECCMA YC 00B3, 28.12.2023 CnacYapm 2023



[TPOTOH

* B HauBHOW KBAapKOBOW MOAENM NPOTOH
COCTOMT M3 TpeX KBapKoB - 2 U KBapKa
(3apsp = +2/5)n 1 d kBapk (3apaa = -
1/3)

*  0xXunpanochb, YTO CMMH NPOTOHA
onpeaenseTcs CyMMOW CMUHOB KBApKOB

AY = 0.30 + 0.01 £ 0.02

—-—A2+AG+<L

Orbital Angular Momenta
Little known (DVCS)

H. KO3NEHKO, 3MMHAS CECCMA YC 00B3, 28.12.2023 CnacYapm 2023




NOHATWE OIHOCMMHOBOW ACUMMETPUN

[TonepeyHas N/1I0CKOCTb
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Y

BTODMLIHbIE YaCTULbl UMEKT
d3MMYTd/IbHYH0O CUMMETPUIO

y
S
vl

H. KO3NEHKO, 3MMHAA CECCUA YC 00B3, 28.12.2023
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[TosBngeTca
a3UMYTaNbHAA aCUMMETPUS
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OAHOCTTMHOBAA ACUMMETPUA MHKNO3UBHOTO POXAEHWA MAOHOB

Anf :
0.4:- AT .§ 0.4¢ ’f{ 04L * { 0.4:-
0.2} ® 0.2} B 0.2} oo? 0.2 o?
| SR '!.’.5-,5.--- | i . AT o ih ............ of.---&i ............
0.2} b o2} “% -0.2} i 02} A
0.4} ANL 0.4} BNL 0.4} Fermil & -0.4fL RHI s
0'45 154.9 GeV us (S=6.6 GeV % 04 {gangl.?leeV % 0‘4E(§=62(?4 GeV
B 2 T 2Tt X F 2 vt B 1 vt o T 2 YR ¥ ok
ACMMMETPUS UHKITHO3MBHOTO
. 06pa30BaHMs 3apSKEHHBIX NMOHOB
=40 |-
: NPaKTUYECKM He 3aBUCUT OT IHeprun
20 - o
§ +- ........ il Acummetpus B 0bnact GparMeHTaLmm
20 | | ] HenonsgpU30BaHHOMW YaCTULLbl BOU3H

p, GeVie rpaHuLbl Ha3oBoro 0bbemMa HeHyneBas
pd; - t°X at x>0.7 (40 M3B)
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MHTepeC K  WUCCNEOOBAHMKO  CMIMHOBOM  3aBUCMMOCTM  CMJIBHOTO
B3aMMOOENCTBMA  (BA3aH C  BO3MOXHOCTbID  WU3YYEHUA  AUHAMUKH
B3auMOAENCTBUS M CITMHOBOU CTPYKTYpPbl a4pOHOB 4epe3 B3auMOLenCTBUSA
NapTOHOB, UMELOLLMX HEHYNIEBOW CMUH.

Pa3BuBaeTcq TeopeTMyeckoe OCMbICIeHUe CMUHOBBLIX 3p@ekToB. OAHAKO
CEerofiHa  HeTr Teopuu, TNpeTeHAyLWEen Ha TMONHOe OnNuCaHWe BCex
HabNOAEHHBIX NOASPU3ALMOHHBIX 3DPEKTOB.

HoBble 3KCnepuMeHTasbHble Pe3ynbTaThl B 3TOW TPYAHOW A1 TEOPETMKOB
obnactm HeneptypbatueHon KX BaXHbl [ANS pa3BUTUS TEOPETUYECKMX
Noax040B M BO3MOXHOIO CO34aHMA Teopuu (MOAenu) Ang ONMUCAHMUA BCEX
CMUHOBBIX 3P (EKTOB.

H. KO3JIEHKO, 3MMHAA CECCMA YC 00B3, 28.12.2023



3KCMNEPUMEHT CMACYAPM CEMYAC

Spectrometer Magnet

Target Magnet

-y s -
BEAM
- DTS4-5

DTS0-1 DTS3

[lyyok oTpuuatensHbix yactu, pi/K/pbar=98%, 1.75%,0.15%,
E=26,5 3B MuteHcusHocTb: up to 10°
[yyok npotoHos, E=50 3B, MuTeHcuBHOCTL A0 3x10°

H. KO3NEHKO, 3MMHAA CECCMA YC 0®B3, 28.12.2023 CnacYapm 2023



OTBETCTBEHHOCTb NAA®

[ponopunoHanbHble kamepbl 200x200 mm (OTL, AHapees B.) - 3 (XY) kamepbl.
Lpendosbie kamepsbl (OMK, Ko3znos B.C., TapakaHos B.U., [TonyuuHa E.M.)

X - 31 kamepbl 1632x2448 mm?

Y-1«kamepa 1670x2510 mm?
Yuactue B 06paboTke AaHHbIX, aHANW3 AAHHbLIX MO NOAAPU3ALUM A-TUNEPOHA.

YuactHuku ot OOBS MUAD:
JIMO - Ko3nenko H.I'., HosuHckuin [1.B., 'pnanes A.b., Temupbynatos B.C.
OMK - TapakaHos B.U., Ko3nos B.C..
OT[ - Anppees B.A.



[TPOMN. KAMEPbI IMA® HA YCTAHOBKE CHNACYAPM




JOPEKTUBHOCTb PABOTbHI MPOMN. KAMEP
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PABOTA T1POI. KAMEP B CEAHCE
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YUCTA 30HA 119 PABOTbI C IPEM®DOBbIMY
KAMEPAMM

H. KO3MEHKO, 3UMHSS CECCHS YC 00B3, 28.12.2023 Cnactapm 2023
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PABOTA C IPEM®DOBbIMU KAMEPAMY
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PABOTA C IPEM®DOBbIMU KAMEPAMY
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PABOTAC [1

PEN®

H. KO3NEHKO, 3MMHAS CECCMA YC 00B3, 28.12.2023
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PABOTA C IPEM®OBbIMU KAMEPAMM
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[MEPBASI OBPABOTKA OAHHbIX MO O6PA30BAHMIO K-
ME30HOB B m-A B3AMMOIENCTBUM.

110]
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PekoHcTpynposaHa 6onee 100 000 K (wumpuHa © okono 12 MeV/c?) u bonee
20 000 A-runepoHoB (lwuprHa © okono 4 MeV/c?)
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CMEKTPbI A*h HA ALLPAX
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A-3ABUCMMOCTb OTHOLLUEHWW CEYEHMA
MHKJTKO3UBHOTO POXAEHNA B PEAKLUUN 1°-A -> Ks+X

< [ y2/ndf | 17273
= | po 0.07781+ 0.005187 |
v pl 0.7745 + 0.01903
oc
1
C u W
| 102

Atomic number

0.2<x<08un0.0<p,<1.2(MB/c)



3ABUCUMOCTb CTENEHW o OT X¢ B CPABHEHWUW C
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[IpoBOANTCS aHANKU3 HAOPAHHbIX
LLAHHbIX MO M3MEPEHUIO MONSPU3aLIUHK
/A\-rMunepoHOB ¥ CNUHOBOA
BbICTDOEHHOCTH BEKTOPHbIX (P and K¥)
Me30HO0B

[IpoBoanTCS Heobxoaumoe ans
Nony4yeHns pesynbrata

MO/ e/IMPOBaHNE PEKOHCTPYKLIUMU
3(QEKTMBHOCTM OT yrna pacnaga ans
peanbHOW YCTaHOBKM

H. KO3JIEHKO, 3MMHAA CECCMA YC 00B3, 28.12.2023
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3AKJTIOYEHUE

B skcnepumente CIMTACYAPM Hauato cucteMatuyeckoe uccienoBaHue CHOBbIX
3(Q(MEeKTOB, B TOM YMCNe NPU B3aUMOLENCTBUU C AAPAMM.

[leTekTOpbI YCTAHOBKM paboTaeT C BbICOKOM 3(EKTUBHOCTbIO U CTabUIbHOCTBIO, YTO
No3BO/ISET C HEOOXO0AMMOMN TOYHOCTbIO PErUCTPUPOBATL BEKTOPHbIE Me30HbI U /\-
r’MNEepoHbl

OxupatoTcs 3HauYuTeNbHble IOPEKTbl B NONAPU3ALIMM TUNEPOHOB M 3aBUCUMOCTD
nonapu3aLMmu 0T aTOMHOTO BECa MULLIEHM

[lonyyeH nepBbin pe3ynbTat no A-3aBUCUMOCTU UHKITHO3UBHOTO poxaeHus K-
Me30Ha, B bimxalilee BpeMs NAaHUPYETCS NOAYYUTb NepBble pe3ynbTaThl M0
nonapusaumu A\-runepoHoB

B 6nmxanimx ceaHcax nnaHUpyeTcs MCCnenoBaTh 3aBUCUMOCTb nonsipuaaumum A-
MNEPOHOB M BbICTPOEHHOCTM BEKTOPHbIX ME30HOB HA Pa3HbIX fapax

[lonapusoBaHHaA MULeHb - u3rotosnenune nnanupyerca B 2024-2026 (~18mnH.p)

H. KO3JIEHKO, 3MMHAA CECCMA YC 00B3, 28.12.2023 CnacYapm 2023 24
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ocuMnnaLMn MONAPM3ALNN
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BOLOPOAHAA MULLUEHDb B UT3O,
[MITAHWUPYETCA EE NEPEMELLEHWUE B MAAD




[MPOBOLAWM MPOBEPKY MPOI1. KAMEP HA MMN-KAHAJIE
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BACKUP



MU3mepeHue ofHOCNMHOBOM acummeTpun do/dd = Og(1 + Pg Ay cos())

A :ij—Gi meas — _ D ,(NT—Nl)
N 1l N P-cosp (NT+NLY

M3mepeHne ABYXCMUHOBOM aCUMMETPUK
A =—1  UGH-IG0)
(Pp-PSHt) (I(+H)+I(+-))

M3mepeHne nonspusauum (no yrioBbiM pacnpefeneHnsm npoayKTos
pacnaga) dN/dQ = (1 + aPe,) / 41 = (1 + aPcosB,) / 4.

BbICTPOEHHOCTb BEKTOPHbLIX ME30HOB (aHANOTr NONAPM3ALIUM TUMIEPOHOB -
Npu OTCYTCTBUM BbICTPOEHHOCTW BCE AMArOHaNbHbIe 3N1eMeHTbl CNMUHOBOK
MaTpuLbl NNOTHOCTU paBHbl 1/3)
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"Expem:ments with spin have killed more theories than
W
any other single physical parameter

Elliot Leader, Spin in Particle Physics, Cambridge U. Press (2001)

{’Pofzrisation data has o@ten been the grz\/eyzrd o-p
@3sh£ona’b!e theories. I‘p theorists had their way they

might well \éan such medsurements aftoge'ther out o-p sef-p"
protection.

). D. Bjorken, Proc. Adv. Research Workshop on QCD Hadronic Processes,
St. Croix, Virgin Islands (1987).
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ACUMMETPUA B OBJIACTW KYNOH-ALEPHON
MHTEPOEPEHLINW

Vs=200 GeV

004'_ -- Iy =0 (x¥ndl = 2.073)

——— Stat. Error
0.05- Stat.+Syst. Error

— best fitted r, (*/ndl = 0.78/3)

z I .
< : ¢” | @ | .
0.02; E T o /
o.mf'r [ A
0TUORE GO GO0 owe
1 [(GeV/c)) [ A T T
STAR PLB 719 62 (2013) S .

O Fit to the data with hadronic spin-flip (rs-fit)

mes relative amplitude between hadronic

rs=Rer, +ilmry =——12— "o, g " .
5 5 5 ~J-_tlm¢+ spin-flip (®s) and non-flip (®+) helicity amplitudes

O No significant Hadronic spin-flip required in the fit
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ACMMMETPKA YIIPYTOTO NPOTOH-MPOTOHHOIO
PACCEAHWUA

- 24 GeV CERN | ks RS R N | ST npo S
= 28 GeV AGS - -
3 @24 Gev AGS ] | 6|~ pP+P - pP+pP
| 5 _i\ @ 902, 2GS 1979
T ; 4 ¢ 11.75 GeVic
2 ] - ZGS 1978
' s3- %
1T E % %2 I ‘\\ {/
An L#kﬂ \l b- ‘E - ﬁ =
| QO 3
ol | Fﬁ ——————— ol E \ z? } .
— u \ / 3
Hi :_IJI <5 and hi g_l 1 E o .00 “",;.—W "'i’i
gk i I ® ML
B 1 I 1 I 1 l 1 I 1 | 1 ]
1 2 9 3 4 5 6
-2 1 - “ (Gerc)
2 . 4. 6 8
P (Gevrc)

H. KO3NEHKO, 3MMHAA CECCMA YC 0®B3, 28.12.2023 34



[MONAPU3ALNA B 3APA00BO-ObMEHHbIX PEAKLMAX

1978: U3yyeHne nonsgpu3aumoHHbIX 3QPEKTOB B IKCKNO3UBHbIX
3apsa0B0-00MeHHbIX peakuusax npu 40 3B obHapyxuno 6onblune
3HAYeHNUs NoNApuU3aLUm (aCUMMETPUM) U OCLUANALMM B POXIOEHMM

HeiiTpanbHbix Me3oHoB (T, B4, BY'(958), KX
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ACUMMETPUS POXOEHNS HEUTPOHOB B PP-

B3AMMOIENCTBUAX

ZDC trigger
Forward asymmetry
A, =-0.061+0.010(stat)+0.004(syst)

neutron
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ZDC®BBC trigger
Forward asymmetry
A, = —0.075+0.004(stat)+0.004(syst)
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| Ay Vs, pT for leading neutron associated with charged particles ll
= *— \s =200 GeV
< 01 Scaling uncertainties, 11 and 22%
E for 200 and 500 GeV, not included | _, \'S = 500 GeV
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NONAPUSALUMA A-TUTTIEPOHOB
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V. MOCHALOV, SPIN-2012, IHEP SPIN PROGRAM
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OAHOCHWUHOBbIE ACUMMETPUN HA ALLPAX

A

™
0.4
CFQ model, Py 108 Gal e, Xpel 54, 1z =200 GoV
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MONAPU3ALUNA A-TUTTEPOHOB HA ALPAX

[penckazannus SPIN-11 Proceedings, pp.21-26

Px P,
0.2 0.3 =
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A 04005 1 15 2 25
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HERMES Data

Blue- FNAL pA data, Red - BNL pp data
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[TPOEKT JKCHNEPUMEHTA CHACHAPM C
[MOJIAPU30BAHHBIMM TTYHYKAMU

J{Jl}llilil_l-LI_‘

Primary target

UIDEDIDIED./

‘ , SPASCHARM, Stage 1 Area [~

—
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Abstract—The SPASCHARM expen saimedata ic study of the nucleon spin structure and the
spin dependence of the strong interaction of antimatter and matter with matter at enengies up 10 45 GéV. As
part of the first stage of the experiment, the study of the spin properties of hadrons will take place in a beam
of negatively charged hadrons on existing beamline 14 at the operating SPASCHARM setup at the U70 facil-
ity. At the second stage, the production of polarired beams of protons and antiprotons is envisaged in beam-
line 244 of the U-70 accelerator facility. A polarized antiproton beam will centainly become a unique beam
in the world. It is planned to measure single-spin asymmetries in dazens of reactions, both on hydrogen and
on various nuclei. At the SPASCHARM facility, it 1s also possible 10 measure the transverse polarization of
hyperons and elements of the spin density matrix of vector mesons. The spin structure of the nucleon will be
investigated in the study of quarkonium production to determine the contribution of gluons to the proton
spin. The presence n[twot)mnlpulam:d bea:mand :lgm types of nonpolarized beams (=*, K*, p, 7, d,
C), in comby T the range of studies of polarization phenomena and
enhances the umqumm af the project.
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MO HCAL ECAL DTS D74 DC2 D73 DT2 D12 DM DT TGT

TOF3/ RCH/ TOF2/ MS/ /GEM2/ /PC2 GEM1
oc-x,/ PG/ PO/ |TOF



[TPEUMYLLECTBA JKCIEPMMEHTA CNACHAPM

OnHOBpEMEHHbIe UCCNeN0BaHUS HECKONbKUX HAB0aaeMbIX

Pa3Ho0bpa3ue nyykoB: NOASPM30BAHHbIE MYYKU NPOTOHOB U
aHTUNPOTOHOB, HEMONSPU30BaHHbIe T, K, p, aHTH-p, d, C.

[TonepeyHo 1 NpoL0NbHO NOAAPU3OBAHHDIE U AAEPHBIE MULLEHM.

MHOXeCTBO U3yyaeMbIX NOASPU3ALMOHHBIX BENUUH: Ay, Py, Ann,
Aii, Daw, PIK, ..
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XAPAKTEPUCTUKW MONAPU30BAHHDBIX MYYKOB
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[MPEACKA3ARMA ACUMMETPUN NMPOTOHOB

AN AI.\' [b}
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OTHOLUEHME INNEKTPUYECKOTO A MATHUTHOTO
POPM-OAKTOPOB NMPOTOHA
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