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Yuacrtue corpyaauxkos JIAII OUAN
B MOJISIpU3alMOHHBIX HcciaenoBanusax GDH
u SPASCHARM. IlepcnieKTUBBI COTPYAHUYECTBA

3amaveil MoSIPU3AIMOHHBIX UCCIIEIOBAHUN SIBIISETCS
M3y4YeHHUE 3aBUCUMOCTH B3aUMOJIEUCTBUI OT CIIMHOB y4a-
cTBytomuX gactull. [lonsTHe cruH 6610 BBEACHO B HAYKY
moutu 100 yrleT Ha3aj I ONMMCAaHHUS AaTOMHBIX CIIEKTPOB,
HO €ro MpHUpoJia 10 CUX MOP OCTAETCS Hepa3ralaHHOM Tail-
Ho. [TosBIIeHHE MTONAPU3aLNOHHBIX SKCTIEPIMEHTAIBHBIX
JAHHBIX CTUMYIIMPOBAIO TEOPETHYECKOE OCMBICIICHHE
CIMHOBBIX 3()()EKTOB W TMOCIYXKHIO «HCIBITATCIHHBIM
MOJIMTOHOM» JIJISl TEOPETUYECKUX Mozeliel. B aTom cMbic-
Jie XapaKTepHbl BBICKA3bIBAHUS M3BECTHBIX TEOPETUKOB,
Hanpumep, anrmudanuHa J.Jlugepa: «CnuH B 9KcnepH-
MEHTax yOus 0oJjibllie TCOPHiA, YeM JIF000H apyroi (husu-
geckuil mapamerpy» [1], unu amepukanna J[x. beépkena:
«Ilonspu3alOHHbIC MaHHBIC YacCTO OBLIM KIIAJAO0HIIEM
MOZIHBIX Teopuii. Eciu 661 TeOpeTHky OBIIHN B CHJIAX, B IIe-
JISIX CaMO3aIIUTHI UM CTOMJIO OBI BOOOIIIE 3aIIPETUTH TaKHe

n3MepeHus» [2]. CerogHs HET TEOPHH, MpETEHAYIOIIEH
Ha TOJIHOE OIMCaHME BCEX HAOMNIONAeMBIX MOJSPU3ALIHU-
OHHBIX 3(eKToB B aapoHHOM cekrope. HoBbie skcrie-
pHMEHTAJIbHBIC CIIMHOBBIE PE3YIbTaThl B OOJIBIIOM YHCIIE
Pa3HOOOpa3HbIX peakIMii Ha MOJISIPU30BAHHBIX ITyYKaxX U
MHIICHAX KpalHEe Ba)KHBI I Pa3BUTHS TECOPETHUECKHUX
MIOAXOZIOB ¥ BOBMOXKHOTO CO3/IaHHS TEOPUH (MOIEIH) IS
OIIMCAHUS BCEX CIIMHOBBIX 3((PEKTOB B CHIIBHBIX B3aUMO-
JIEUCTBUSIX.

[NonsipuzanmoHHble HaONONacMble SIBISIIOTCS BaK-
HEWIIMMHU XapaKTePUCTUKAMH B3aUMOJICHCTBHS JJIEMEH-
TapHBIX YaCTHI[ M SIAEPHBIX peakuuii. dopmanbHO H3-
MEpEHHE 3aBUCSIIMX OT CIIMHA MapaMeTpPOB IO3BOJISET
HAJIOXKUTh AOIOJHUTCIBHBIC OI'pPaHUYCHUA Ha HOPEAIo-
JJaraeMbIl MEXaHU3M pEaKLUM, CTPYKTypy H3ydaeMo-
TO0 MHKpPOOOBEKTa M caM XapakTep (yHZaMEHTAIbHOTO

Yu. A. Usov, G. M. Gurevich, V. L. Kashevarov, Yu. N. Uzikov

Participation of DLNP in Polarization Studies GDH
and SPASCHARM. Perspectives for the Collaboration

The object of the polarization studies is dependence of
nuclear interactions on spins of interacting particles. The
concept of spin was introduced almost 100 years ago for the
description of atomic spectra, but its nature still remains an
unresolved mystery. Experimental polarization data stim-
ulated theoretical comprehension of spin phenomena and
served the testing ground for theoretical models. However,
the subject turned out to be so difficult that once the leading
theorist in the field, E. Leader, pronounced in desperation:
“Experiments with spin have killed more theories than any
other physical parameter” [1]. Another famous statement
of this kind was from J. Bjorken: “Polarization data has of-
ten been the graveyard of fashionable theories. If theorists
had their way they might well ban such measurements al-
together out of self-protection” [2]. Today there is no the-
ory which provides a complete and consistent description
of all observed polarization effects in the hadron sector.
Therefore, the systematic experimental study of polariza-
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tion effects in a wide variety of reactions using polarized
beams and polarized targets is of great importance for de-
velopment of a theory for the consistent description of all
observed spin phenomena in strong interactions.

Polarization observables are important characteristics
of elementary particle interactions and nuclear reactions.
Formally, measurement of spin-dependent parameters
imposes additional limitations on the presumed reaction
mechanism, structure of the investigated micro-object, and
character of the fundamental interaction. It should be men-
tioned that modern experiments aimed at the search of CP-
and T-invariance violation effects beyond the Standard
Model, as well as CPT-symmetry violation, are based on
the polarization measurements.

Due to the complexity of polarization experiments,
this area began to extensively develop quite recent-
ly, following the progress of experimental techniques.
Nowadays, almost all modern accelerators of protons, deu-
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B3aHMOﬂ6ﬁCTBHH. Cnez[yeT OTMETUTDH, YTO COBPEMCHHbLIC
9KCTIEPUMEHTHI 110 IOUCKY 3 dexroB Hapymenus CP-un-
BapHaHTHOCTH W T-mHBapHaHTHOCTH BHe CTaHIapTHOMN
Moznend, a Takke CPT-cuMMeTpuu 0CHOBBIBAIOTCS HA TO-
JIIPU3ALMOHHBIX U3MEPEHUSX.

BBuay TpyaHOCTH MOJSPU3ALUMOHHBIX 3KCIIEPUMEH-
TOB 3TO HAIPaBJICHHUE CTAJIO aKTUBHO Pa3BUBATHCS CpPaB-
HUTENBHO HENABHO IO MEPE COBEPLIEHCTBOBAHUS HKCIIE-
pUMEHTANBbHON METOAMKU. B Hacrosiiee Bpemsi MOYTH
BCE COBPEMEHHBIE YCKOPUTENH MPOTOHOB, NEHTPOHOB U
UIEKTPOHOB UMEIOT MOJIIPU30BAHHbIE IYUYKHU U, COOTBET-
CTBEHHO, MPOrPaMMBbl MOJIIPU3ALMOHHBIX HU3MEpPEHUH.
AKTHBHO pa3pabaThIBAOTCS MHIICHA IOJSPHU30BaH-
HBIX IPOTOHOB, AeHTPOHOB, “He i Golee THKEIBIX AIep.
COBEpUICHCTBYIOTCSI UCIOJIb3yEMbIe Ha HAKOMMUTENbHBIX
KOJIbIIaX Ta30BblE MOJIAPU30BAHHBIC MMIIEHU BBICOKOM
TUIOTHOCTH (HAKONHWTENbHbIE stueiikn). Pa3BuBaercst Tex-
HHUKa TPEKOBBIX MPHOOPOB, YTO MO3BOJSIET CTPOHUTH d(-
(exTuBHBIE W OBICTpBIC TONSpPUMETPHl. Bcest ata mHay-
CTpHUs JeTaeT CETOAHS JOCTYIMHBIMH BCE OoJiee CIIOKHBIE
TOJIAPU3ALNOHHBIC U3BMEPCHU .

OFpOMHBIﬁ OG’EGM OKCIICPUMEHTAJIbHBIX JTaHHBIX I10
CEUYECHUSM SJIEPHBIX peaKkLnii, HAKOIUIEHHBIH 3a eCATHIe-
THS UCCIIEOBAHUM, HE SIBIISIETCS], TEM HE MEHEE, UCUEPIIbI-
BaromMM 0e3 yJeTa 3aBHCHMOCTH OT CIIMHOB B3aWMOZECH-
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CTBYIOIIMX 4acTUL. TOJBKO C MOMOLIBIO MOJISPU3AINOH-
HBIX 9KCIIEPUMEHTOB MOXKHO BBIJICTIUTH BCE HE3aBHCUMBIE
AMIUIMTYIbl, XapaKTepU3YIOIIMEe KOHKPETHYIO PEaKLUIo.
[pyrumu cioBamu, TONBKO MOJISIPU3ALMOHHBIE HU3MEpe-
HUA TTO3BOJIAIOT MOJYYUTH IMOJHYIO SKCIICPUMEHTAJIBHYIO
nHGOPMALIHIO O JHOOOM HCCIICAYeMOM (DU3MUYSCKOM IMPO-
ecce.

CoBpeMeHHBI  MOJIAPU3ANMOHHBIA  OKCIIEPUMEHT
IIPEAIoIaraeT HaJM4ue IMOJSIPH30BAHHOTO ITy4Ka, IOJIs-
PHU30BaHHBIX HYKJIOHOB MHIICHHW U TOJSPUMETpa IpO-
IyKTOB peakiuu. B HacTosmee Bpems Takast KoMOUHAIIUS
nMeeTcs B PACHOPSDKCHHH TONBKO Koimrabopammu A2,
BEITIOJTHAIONICH dKCTIepuMeHTH 1o mporpamve GDH Ha
6aze yckopurens MAMI B HMuctutyTe snepHOil ¢u3m-
ku B Maitane (['epmanusi). OTo IemaeT BOSMOXKHON pea-
JM3aUI0 TPOTPAaMMBI «IIOJIHOTO OMBITa» AJIsl OWHApPHBIX
peakuuii. Vinest «monHOTO OmbITa» OBIIa BIIEpBBEIE COp-
MynupoBaHa B Jlaboparopuu snepubix mpoomem OWSN
JI. A.Tly3ukoBeiM, P.M.PeaaunaeiM u . A. CMopoaus-
ckuM [3]. B ciygae ¢oTOpokKIEHHS IICEBIOCKAISIPHBIX
ME30HOB HAa HYKJIOHE IUISi IIOJIHOTO ONHMCAHMS KaXKJO0ro
xaHana peakuuu (n°, 17, T, M, |’ U T. 1.) HEOOXOAMMO H3-
Mepenue anpepeHInaaTbHOT0 CEYeHU W M0 MEHBIIEH
Mepe ceMu (M3 15 BO3MOXKHBIX) HPABIIIBHO TOXOOpaH-
HBIX HE3aBHCHMBIX IOISIPH3ALHUOHHBIX HAOIIONACMBbIX.

terons and electrons produce polarized beams and are used
in polarization experiments. Targets of polarized protons,
deuterons, He, and heavier nuclei are being actively de-
veloped. High-density gas polarized targets (storage cells)
used at the storage rings are being improved. Advanced
track devices are developed which allow building effective
and fast polarimeters. This technical progress makes more
and more intricate polarization measurements accessible
now.

The vast amount of experimental data on nuclear re-
action cross sections accumulated during the decades of
measurements is not exhaustive without consideration
of the dependence on spins of interacting particles. Only
polarization experiments permit selecting all independent
amplitudes that describe a specific reaction. In other words,
only polarization measurements allow obtaining complete
information about any physical process under study.

The modern polarization experiment assumes avail-
ability of a polarized beam, polarized target nucleons,
and a polarimeter of reaction products. At the moment,
this combination is only available to the A2 collabora-
tion that performs experiments under the GDH program
at the MAMI accelerator of the Nuclear Physics Institute
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in Mainz (Germany). This allows implementation of the
“complete experiment” program for binary reactions.
The concept of the “complete experiment” was original-
ly formulated at DLNP by L.D.Puzikov, R.M.Ryndin,
and Ya.A.Smorodinsky [3]. In the case of pseudoscalar
meson photoproduction on the nucleon it is necessary to
measure the differential cross section and at least 7 (out
of 15 possible) properly chosen independent polarization
observables for every reaction channel (no, L, T,
etc.). These measurements should be performed in broad
energy and angle ranges. This extensive and ambitious
program is being implemented by the A2 collaboration
with the use of the Dubna—Mainz proton—deuteron polar-
ized target (Figs.1 and 2). The aim of the program is to
study the internal structure of the nucleon, especially its
spin structure. Moreover, the program includes measure-
ments of nucleon spin polarizabilities in doubly polarized
Compton scattering reactions. These experiments allow
studying the response of the nucleon spin to incoming
polarized photon. In addition, within the framework of a
separate agreement, the DLNP team produces the cryostat
with *He/*He refrigerator for the new polarized target to be
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Puc. 1. [TonspruzoBanHas MUIICHD Ha MyYKe YCKOPUTEIS Fig. 1. Polarized target exposed to the beam of the MAMI-C
MAMI-C B Maiinne accelerator in Mainz
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Puc.2. Jleranu noasipu3oBaHHOW MullieHu, coznannoi B OV, Fig. 2. Details of the polarized target created at JINR,
Maitnre u SIU (Mocksa) Mainz, and INR (Moscow)
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HpI/I 9TOM U3MECPCHUA NOJIKHBI 6BITI) BBIIIOJIHEHBI B HIINU-
POKOM [Hara3oHe SHEPruil u yrioB. Takas maciiraOHas
¥ aMOUITMO3HAas IporpaMMa peain3yeTcsl Kotadoparuei
A2 ¢ UCTIONB30BaHUEM MTPOTOHHO-IEHTPOHHOM MOJIIPU30-
BaHHOHN MumieHu /lyora—Maiinn (puc. 1, 2). Lensio mpo-
TpaMMBI SBJIIETCS UCCIIEIOBaHNE BHYTPEHHEH CTPYKTYPHI
HYKJIOHOB W, B OCOOCHHOCTH, MX CITHHOBOW CTPYKTYpHI.
Kpome Ttoro, mpoBomaTcss M3MEpEHHS CHUHOBBIX ITOJISI-
pu3yemMocTeil HyKJIOHOB B PEaKIUSAX IBAXKIBI ITOJISPH3a-
IIHUOHHOTO KOMIITOHOBCKOTO paccesHus. Takume uzMepe-
HUS TIO3BOJISIIOT M3y4aTh, KaK CIIMH HYKJIOHA pearupyer
Ha HaJICTAIOIIUH MOJIApU30BaHHEIA QoToH. B HacTosmee
Bpemsi corpynnuku JISIT OUSIN B pamkax OTAEIBHOrO
JIOTOBOpA TaKXKe CO3JAI0T KPHOCTAT ¢ pedprmKepaTropoM
pacTBopeHus 3He B *He HoBOI MOJIIPU30BAHHON MUILIEHU
JUIsI COBMECTHBIX JKCIIEPHUMEHTOB Ha yckoputene ELSA
Bonnckoro yausepcutera (I'epmanus).

O6noBnennsii npoexkt SPASCHARM [4, 5] —
«CrnMHOBBIE aCHMMETPUH B 00pa30BaHUM YapMOHUS —
SIBJIIETCS YacThIO CO3[aBa€MOro cOBMeCcTHO Poccuiickoit
®Denepanueit v I'epmanueil pacnpeelIeHHOTO LIEHTpa 10
TAXKCJIBIM NOHAM U aHTUIIPOTOHAM, BKIIHOYAIOIIETO B 0665[
npoektsl FAIR B I'epmannu, NICA B Jlyone m PANDA-
like — sxcnepumenTs! Ha yckoputene Y-70 B [IpoTBuHO.
[Mocnennuii mpoext ycnosHo HazpBaeTcss SPASCHARM-

- .
AT THE LABORATORIES OF JINR

PANDA-like. O HaueneH Ha HCCJIEIOBaHUE CIHHOBOM
CTPYKTYpPbI HYKJIOHA Y CIIMHOBOW 3aBUCUMOCTH CHUJIBHOTO
B3aUMOJICHCTBYSI aHTUBELIECTBA U BEILIECTBA [TPU SHEPTUH
10 50 IB. K 2022 1. npenmnonaraetcs co3aHue mosipu3o-
BaHHBIX IIPOTOHHOTO W AHTUIPOTOHHOTO ITYyYKOB, YTO MO-
3BonuT Ha ycranoBke SPASCHARM pemrars macuirabHbIe
Hay4HbIe POOJIEMBI, CBsI3aHHBIE cO cTMHOM. Kpome moss-
PU30BaHHBIX ITyYKOB JJISI peasn3alliyl IPOCKTa TUIaHUPY-
€TCsI CO3/1aTh MOJSIPU30BAHHYIO TBEPAOTECIHHYIO MHUIICHD
€ 3aMOpPOKeHHBIMH CITHHAMH HYKJIOHOB. [Ipeanonaraercs,
YTO B 3THX paboTax OCHOBHYIO POJIb OyAeT UrpaTh rPyIia
u3 cextopa Hu3KuX temmeparyp JIAIT OVAN, nmeromas
YHUKAQJIBHBIN OIBIT ¥ TOCTHXCHUS B 3TOW 0ONACTH, TOA-
TBEP)KICHUEM YeMy CIY)XaT ICHCTBYIOUINE YCTaHOBKH
mogo6Horo tuma B ['aTuune, [IporeuHo, [Ipare n Maitare.
BesycimoBHO, moTpebyercss Takke aKTHBHOE YydacTHe
COOTBETCTBYIOIMX creunanuctoB u3 UOBD u Hemen-
kux koiuter (Maitan, bonH). Mcmonp3oBaHue B MpOEKTe
SPASCHARM-PANDA-like yxe roToBBIX y3II0B U 00-
IIMX TEXHOJOTUI HW3TOTOBJIEHHS OCHOBHBIX JIETEKTOPOB
OyneT crnocoOCTBOBATh IUIOJOTBOPHOCTH M 3P (PEKTHBHO-
CTH TaKOTO COTpynHHUYecTBa. [IpoekT B HacTosIee BpeMs
paccMmarpuBaeTcsl Kak JOMOJHUTEIbHBIH K YK€ YTBEpXK-
JICHHBIM IIPOEKTaM KJlacca MeracaiieHc, ¢ OOBSIBICHHBIM
pasmepoM Oromkera 4,0 Mapa pyosiel (OKOHYATETBLHOE

used in collaborative experiments at the ELSA accelerator
of Bonn University (Germany).

The updated SPASCHARM project (SPin ASym-
metries in CHARMonium production) [4, 5] is a part of
the Distributed Center on Heavy lons and Antiprotons,
being established together by the Russian Federation and
Germany. This center includes projects FAIR in Germany,
NICA in Dubna, and PANDA-like experiments at the U-70
accelerator in Protvino. The latter project has a tentative
name SPASCHARM-PANDA-like. The project is aimed
at the study of the nucleon spin structure and the spin de-
pendence of the strong interaction of matter and antimatter
at energies up to 50 GeV. By 2022, it is planned to es-
tablish polarized proton and antiproton beams, which will
permit important spin-connected problems to be solved at
the SPASCHARM facility. To implement the project, it is
also planned to produce the Solid Polarized Target with
frozen spins of nucleons. It is expected that the leading
role in this work will be played by the team from DLNP
JINR, Low Temperature Sector, which has unique expe-
rience and achievements in this field (functioning facili-
ties of a similar kind in Gatchina, Protvino, Prague, and
Mainz). Active participation of the experts from IHEP and
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German colleagues will be undoubtedly required. The us-
age of the already manufactured units and general tech-
nologies for fabrication of the main detector will increase
the fruitfulness and efficiency of this cooperation. The
SPASCHARM-PANDA-like mega-science project is now
considered to be a high-priority addition to the already
supported projects, with the declared budget of 4.0 bln
roubles (the final decision on this Project will be made in
May—June 2018).

A specialized team of physicists and theorists is being
organized for the theoretical support of the SPASCHARM
experiment now. This is important for the search for spin
effects in certain kinematic regions, where theoretical
models developed by this team will predict the existence of
such effects, and therefore experiments will not be carried
out blindly. Within this project it is planned to educate par-
ticipating students and thus to get young scientists ready
for investigations in modern elementary particle physics.

This all will permit major spin-connected problems
to be solved at the SPASCHARM-PANDA-like facility.
There is no analogue of this facility for operation with po-
larized beams, and it is expected to remain unique for at
least fifteen years.




peLIeHUE TI0 TOMY TIPOEKTY OyAeT NpH-
HATO B Mae-urone 2018 1).

B mHacrosimiee Bpemsi co3nmaercs
crienualnbHas rpyrmna (GU3UKOB JIs TeO-
PETHYECKOTO COIPOBOXKICHUS IKCTICPH-
menta SPASCHARM. D10 BaxxHO s
TIONCKA CITUHOBBIX A(PQEKTOB B oOImpe-
JICTICHHBIX KMHEMAaTHYECKUX 00JacTsX,
TaKUM 00pa30M, HSKCIIEPUMEHTAIIBHBIC
uccien0BaHusl OyIyT NPOBOJUTHCS HE
«Becienyo». B pamkax maHHOTO TpO-
€KTa IJIaHUpyeTCs 00Y4NTh CTY/IEHTOB,
Y4YacCTBYIOIIUX B PEIICHUH TOCTABJICH-
HBIX 33j1a4, U B pe3y/bTare NOJy4YHTh
MOJIOJIBIX YYEHBIX, TOTOBBIX K HCCIIe-
JIOBAaHMSIM B COBpEMEHHO# (puzmnke aie-
MEHTapHBIX YaCTHII.

Bce 910 M03BONIUT B 9KCIIEPUMEHTE
Ha ycranoBke SPASCHARM-PANDA -
like pemars MacmTaOHBIE Hay4HBIC
npoOJieMbl, CBSI3aHHBIE CO CITMHOM.
Amnasora 3T0il yCTaHOBKH ISl pabOTEHI
Ha TOJSIPU30BAHHBIX Iy4YKax B MUpPE B
HacTosilIee BpeMs HET, a OXKUIAeMbIN
MEepHOJl COXPAaHEHUS YHUKAJIBLHOCTH
9TOW yCTAaHOBKM — HE MEHee ISATHa-
[aTH JIET.
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