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SPD: kak Bpamaercs IpoToH?

Hecmotpst Ha TO, 4TO IPOTOH OBLT OTKPHIT OoJIee CTO-
JIeTHS Ha3a/l ¥ KaKEeTCsl HaM XOPOIIO U3YUYEHHBIM, CII0KHO
MIPEJCTaBUTh JPYToil OOBEKT (PU3MKH YaCTHI, KOTOPBIH
IIPU KaXYILEHcs: MPOCTOTE TauT B ce0e CTOJBKO 3arajiok.
U xotst HoGeneBckast peMuts 3a OIpeie]ICHIE 3apsiI0BOTO
paaunyca npoToHa ObLia BpyueHa emie B 1961 1., 3araaka
MIPOTOHHOTO PaZlyca JI0 CHX ITOP BOJHYET YMbI yUCHBIX.
MEI uMeeM I0Ka JUIlb OYEHL 00lee MOHMMAaHHUE TOTO,
Kak Macca IPOTOHA CKJIaJBIBACTCSl U3 MacC KBapKOB, K-
HETUYECKOH SHEPTUH YIbTPApPENIITUBUCTCKOTO JBIKCHUS
KBapKOB M IIIOOHOB, a TAK)KE U3 YHEPIHH MX B3aHUMOJCH-
ctBusL. « CTUHOBBIN KpU3KCy paspasmics eme B 1987 r. mo-
CJIC OTKPBITHUA HE3HAYUTCIBbHOCTHU BKJIa/la CIIMHA KBApPKOB
B CIHMH NPOTOHA, HO HaM JI0 CHUX MOp HE BITOJHE SICHO, KaK
CIIMH MMPOTOHA CKJIAABIBACTCA U3 CIIMHOB COCTABJIAIOMINX
€ro KBapKoB M TJIFOOHOB U NX OPOUTAIIBLHBIX MOMEHTOB.

Jlnist u3y4yeHust CTPYKTYphbl CIIMHA MIPOTOHA, a 3a0HO
U ACUTpOHA — MPOCTEiIIen SAepHOM CUCTEMBI — IJIAaHU-
pyercs co3math ycTaHoBKy Spin Physics Detector (SPD)
B OJIHOM U3 JBYX TOYEK IIEPECEUCHUS IIyUKOB KOJLIaiize-
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pa NICA. OcnoBHas 3aga4a nmpoekra SPD — usmepenue
CIHMH-3aBUCUMBIX (DYHKIMH MApTOHHBIX paclpe/eNeHni,
B TOM YHCJIE€ U TeX, KOTOPbIE YUUTHIBAIOT MOIEPEIHOEC
nBwkenne napronoB B Hykione (TMD PDF). Ocoboe
BHUMaHHE Oy/IeT y/leJeHO HauMeHee M3Y4YEeHHBIM IIIFOOH-
HbIM PpacrpeACICHUAM. I[J'IH 30HAWPOBAHUA TJIFOOHHOI'O
COZIEPXKMMOTO TIPOTOHA M JICHTpOHa OyayT HCIIONb30Ba-
HBI TPU JIOMOJHAIOIIUX JIPYT Opyra Ipolecca: poKIeHUe
YapMOHHEB, pokaeHHe D-Me30HOB M pOXKJICHNE MPSIMBIX
(hOTOHOB B CTOJIKHOBEHHSAX TTOJISIPU30BAHHBIX ITy4KOB ITPO-
TOHOB, a TaKXe JEMTPOHOB ¢ YHEPrUel B CUCTEME LIEHTpa
macc 1o 27 I'»B. Otnenphas mporpamma Obla pa3pabo-
TaHa JIsl nepBoi (pasbl SKCHEPUMEHTA, I7ie, KaK Mpeo-
JaraeTcsi, SHEPrHs U CBETUMOCTh KoJutaiiiepa OyayT HH-
)K€ 3arUIlaHMpOBaHHBIX. B ¢dopmupoBannn Qusnueckoit
MIPOrpaMMbl IKCIIEPUMEHTA IPHHSUIA Y4acTHE YYeHbIe
BEIYIIMX MHUPOBBIX Hay4yHbIX IIeHTpoB Poccun, EBpomsl,
CHIA, SInonunn u Kuras.

[Ipoextupyemas ycranoBka SPD mpencrasmser co-
6011 KJTacCHYeCKUi IETEKTOP AT KOJITaiIepHBIX 3KCIepu-

SPD: How Does the Proton Get Its Spin?

Despite the fact that the proton was discovered more
than a century ago and seems well studied to us, it is diffi-
cult to imagine another object of particle physics that, de-
spite its apparent simplicity, conceals so many mysteries.
Although the Nobel Prize for measuring the proton charge
radius was awarded back in 1961, the mystery of the pro-
ton radius still excites the minds of scientists. So far, we
have only a very general understanding of how the mass of
a proton is comprised of the masses of quarks, the kinetic
energy of the ultrarelativistic movement of quarks and glu-
ons, as well as the energy of their interaction. The proton
spin crisis broke out back in 1987 when it was discovered
that the contribution of the spin of quarks to the spin of a
proton is insignificant. But it is still not entirely clear to us
how the spin of a proton is built up from the spins of its
quark and gluon constituents and their orbital momenta.

The Spin Physics Detector (SPD) for studying the
spin structure of the proton and also of the deuteron, the
simplest nuclear system, is planned to be constructed and
placed in one of the two beam collision points of the NICA

EI

collider. The SPD project focuses on measuring spin-de-
pendent parton distribution functions, including those that
take into account the transverse movement of partons in
the nucleon (TMD PDF). The least studied gluon distribu-
tions will be given particular attention. To probe the glu-
on content of proton and deuteron, three complementary
processes will be used: charmonium production, D-meson
production, and prompt photon production in collisions
of polarized protons and deuterons with a centre-of-mass
energy of up to 27 GeV. A separate programme was de-
veloped for the first stage of the experiment, where it is
assumed that the energy and luminosity of the collider will
be lower than planned. Scientists from the world’s leading
scientific centres of Russia, Europe, the USA, Japan and
China took part in the development of the physics pro-
gramme of the experiment.

The SPD facility under design is a classic detector
for collider experiments made up of the silicon vertex de-
tector, the tracking system placed within the field of the
superconducting solenoid, the electromagnetic calorime-
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MEHTOB, BKJIIOYAIONTAH B ce0s KPEMHUEBBIN BEpPITMHHBIN
JIETEKTOP, TPEKOBYIO CHCTEMY B II0JIE CBEPXITPOBOASIIETO
COJIGHOM/1A, DJIEKTPOMArHUTHBIN KaJIOpUMETP W MIOOH-
HYIO cHcTeMy. BpeMsmponeTHblii AeTeKTop U AETEKTOp Ha
OCHOBE a’porelisi OylyT HCIOJIB30BaThCs sl HACHTH(DH-
KaI[iM BTOPUYHBIX YacTHI. /IJIsi KOHTPOJSI CBETUMOCTH U
JOKAJIBHON MOJSAPUMETPHH TIPEIIONaracTcsi OCHACTHTh
SPD mnapoil AeTEeKTOpPOB ITyYKOBBIX CTOJIKHOBEHHUH U Ka-
JIOpUMETPOB HyseBoro yria. Cucrema coopa naHHBIX Oy-
JIeT paccuuTaHa Ha MOTOK MH(OpPMALUK C JIeTeKTopa 10
20 I'6/c. Ans oTOOpa MHTEPECYIOMUX COOBITHI Mpe/yIara-
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eTcs MCI0Nb30BaTh MPOTPAMMHBIN TPUITEP, B TOM YHCIIE
OCHOBAHHBIH M Ha METOJaX MAIIMHHOTO OOy9IeHMsL.
MexyHapoHas Koyutadopanus, c)opMHUpOBaBILIasi-
cs1 BOKpYT mpoekra SPD, mpencraBuiia cHayana KOHIIET-
TyaJIbHbIl TIPOEKT YCTAHOBKH, KOTOPBIA IPOLIEN MEXK-
TYHapOIHYIO 3KcIepTu3y u Opu1 omo00peH IIporpammmo-
KOHCYJIBTaTUBHBIM KOMUTETOM MO (pU3MKE YACTHII, a 3a-
TeM, B Hauasie 2023 I, — nepByro BEPCUI0 TEXHUYECKOTO
npoekta SPD. Co3nanue nepBoit ¢aser merekropa SPD
6puT0 BKITIOYEHO B TuiaH pa3Butua OUSN Ha Tekymryro
ceMWIETKy. B pamMkax MOATOTOBKM TEXHHYECKOTO MPOCK-

I. 1. Anexcee (JISIT OUSIN) u Pexam H6parum Caiten
(Kampckuii yauBepcutet, ErumeT) ¢ mpoToTHIIOM MOIYJIS
MIOOHHOW CHCTEMEHI B TeCTOBOH 30He SPD

ter, and the muon system. The time-of-flight system and
the acrogel detector will be used for identifying secondary
particles. A pair of beam-beam counters and zero-degree
calorimeters will be responsible for the local polarimetry
and luminosity control. The DAQ system will be designed
to receive 20 GB/s information flow from the detector.

&l

G. Alekseev (DLNP JINR) and Reham Ibrahim Sayed (Cairo
University, Egypt) with a prototype module of the muon system
in the SPD test zone

A programme trigger, including one based on machine
learning, will be used for selecting signal events.

At first, the international SPD collaboration present-
ed the SPD CDR, which passed the international exam-
ination and was approved by the Programme Advisory
Committee for Particle Physics. Then, in early 2023, the
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Ta OBUTM CO3/1aHBI M NMPOTECTHPOBAHBI MIPOTOTHUIIBI 0OJIb-
IIMHCTBA JIETEKTOPHBIX U HHMPACTPYKTYPHBIX MOACUCTEM
ycraHoBKU. Taroke Oblila cO3/1aHa M OCHAILIEHA TECTOBAas
30Ha SPD Ha BBIBEJICHHBIX Iy4YKax HYKJIOTpoHa. B Ha-
cTosiIIee BpeMs UAET aKTHBHAs padoTa Hax OOHOBICHHOM
BepcHel TEXHHUYECKOTO IPOEeKTa AJIsl MPEACTAaBICHUS Ha
staBapckoit ceccun ITIKK mo ¢umsmke wactwm. A mapadi-
JIETPHO C 3THM YK€ TOTOBUTCS JOKYMEHTALUS JJISI CO3-
nmaaug B MHcTHTyTe simepHOil ¢msukm mMm. [.U. Bymkepa
(HoBocuOmMpCK) cBEPXIPOBOASAIIETO CONICHONAA C MHIYK-
e mons Ha ocu go 1 T

B HacTosmee Bpems xomnaboparms SPD nacuuthiBa-
et mout 300 yyacTHHKOB U3 Oonee yeM 30 WHCTHTYTOB
Poccun, crpan EBpombl, A3sun, Abpuku u AMEpHUKH, U

HWHTEpeC K COTPYAHUYIECTBY MPOAOKaeT pacTu. B 2023 1.
K KOoJuTabopaluu TMpUCOeANHUINCh HWHCTUTYT sizep-
HOM m3mku Pecmybmmku Kaszaxcran m Tomckmit rocy-
JIapCTBEHHBbIN yHUBEPCHUTET. PaccMmarpuBaroTCsi 3asBKHU
WuctutyTa sineproit ¢pusukn uM. I. . Byakepa n Bricmreit
IIKOJTBI SKOHOMUKH. [Ipomenmras B /lyOHe B Hauane ceH-
Ts10ps koH(pepenmus DSPIN-2023, mocesimernas 90-ie-
THIO BBIAaromerocst Teopetnka A.B. Edpemosa, BHecrre-
TO 3HAUMMBbIH BKJIaJ B IOHMMaHHUE CITHHOBOH CTPYKTYpPbI
HYKJIOHa, TOKa3ajla, 4TO MHTepec K (PM3MKE CIHHA HE
ocmabeBaeT. A 3To 3HaUUT, 4TO MpoekT SPD nmeeT peains-
HBII LIaHC AaTh UCUEPIIBIBAIOLINI OTBET HA BOIPOC — KaK
BpaIaeTcst MPOTOH.

collaboration presented the first draft of the SPD TDR.
The construction of the SPD first stage was included in
the current Seven-Year Plan for the Development of JINR.
As part of the TDR preparation, prototypes of most of the
detector and infrastructure subsystems of the facility were
produced and tested. The SPD test zone at extracted beams
from the Nuclotron was also constructed and equipped.
Currently, the team is actively working on an updated ver-
sion of the TDR, which will be presented at the January
session of the PAC for Particle Physics. At the same time,
documentation is already being prepared for the construc-
tion of a superconducting solenoid with up to 1 T field at
axis at the Budker Institute of Nuclear Physics, SB RAS
(Novosibirsk).

At present, the SPD collaboration is made up of almost
300 participants from more than 30 institutes of Russia,
Europe, Asia, Africa and America, and interest in cooper-
ation continues to grow. In 2023, the Institute of Nuclear
Physics of the Republic of Kazakhstan and Tomsk State

HPICKyCCI/IH Ha MMOJISIX COBCLIAaHUA
kosaboparuu SPD

Backstage discussion during the SPD
collaboration meeting

University joined the collaboration. Applications from the
Budker Institute of Nuclear Physics of SB RAS and the
Higher School of Economics are being considered. In ear-
ly September, a workshop on High Energy Spin Physics,
DSPIN-23, was held in Dubna. It was dedicated to the
90th anniversary of the birth of the outstanding theorist
A.Efremov, who greatly contributed to the understanding
of the nucleon spin structure. The workshop showed that
there is a growing interest in spin physics, which means
that the SPD project has a real chance to give a comprehen-
sive answer to the question of how the proton gets its spin.




	AT THE LABORATORIES OF JINR
	A. V. Guskov SPD: How Does the Proton Get Its Spin?
	I. Maldonado Students from Mexico at JINR
	V. I. Bodnarchuk, V. V. Sadilov Mechanical Neutron Beam Filter
	SESSION OF THE JINR SCIENTIFIC COUNCIL
	SHORT BIOGRAPHIES
	JINR DIRECTORATE’S INFORMATION
	JUBILEES
	AWARDS
	SCIENTIFIC COOPERATION
	CONFERENCES. MEETINGS
	SCHOOLS. SEMINARS

