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Purpose of SPD

Contribute to the world effort in understanding the
strong interaction using unpolarized and polarized pp
pd and dd collisions at +/s <27 GeV.

Origin of the hadron mass: the Higgs mechanism
accounts for some percent of the hadron mass:

gluon dynamics

Multiquark states
Structure of the nucleon
(charge, magnetic, spin
distributions) and of light
nuclei

Open questions in light
nuclei structure - spin
observables
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SPD and the World Facilities prT ()
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Kinematical range
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Beam energies:

pTPT(Vspe ) = 12 + = 27 GeV (5 + 212.6 GeV of proton kinetic energy),
dtdt(VsnN) = 4 + 213.8 GeV (2 + 25.9 GeV/u of ion kinetic energy).
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Gluon probes at spd
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Gluon physics at SPD

arXiv:2011.15005 Prog.Part. Nucl.Phys. 119 (2021) 103858

On the physics potential to study the gluon content of proton and deuteron at
NICA SPD

A. Arbuzov?, A. Bacchetta®®, M. Butenschoen?, FE.G. Celiberto®®, U. D’ Alesio®!, M. Deka?, I. Denisenko?,
M. G. Echevarria®, A. Efremov? N.Ya. Ivanov®", A. Guskov®!, A. Karpishkov’?, Ya. Klopot®¥, B. A. Kniehl,
A. Kotzinian™™, S. Kumano®, J.P. Lansberg®, Keh-Fei Liu?, E Murgiaf, M. Nefedov!, B. Parsamyana’l’m,

C. Pisano®f, M. Radici¢, A. Rymbekova?, V. Saleevi?, A. Shipilovaj’a, Qin-Tao Song9, O. Teryaev?

Contact: Alexey.Guskov(@cern.ch
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Physics of the first stage of SPD
« Study of the NN interaction: spin amplitudes of NN elastic

scattering
* Di-quarks dynamics
« Vector meson production (strange, charm...) :
spin-isospin effects, backward emission...

 Deuteron wave function at short distances

Non-perturbative QCD turbative QCD
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Investigating (unexplained) spin effects

Hyperon polarization Large angle pp scattering
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J/¥ production

M.P. Rekalo, E.T.-G.. New J. Phys., 4,68(2002).

- S SRR 1) Hard process at parton level
10°E SPD region 2) Formation of cC pairs
- e (not pre-existing in the proton)
e .- . . . .
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R. Vogt. Phys. Rept., 310, 197 (1999).
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arXiv:2102.08477 Physics of Elementary Particles and Nuclei

Prepared for Physics of Elementary Particles and Atomic Nuclei. Theory

Possible studies at the first stage of the NICA collider operation
with polarized and unpolarized proton and deuteron beams

V. V Abramov!, A. Aleshko?, V.A. Baskov®, E. Boos?,
V. Bunichev?, 0.D. Dalkarov®, R. El- Kholy4 A. Galoy an5 AV Guskov®,
V.T. Kim™®, E. Kokoulina®®, LA. Koop 0112 BF Kostenk013
A.D. Kovalenko® VP Ladygin®,A. B. Larionov'¥5 | A.I Lvov® , AL Milstein ' Ly
V.A. Nikitin®, N. N. Nikolaey'626 , A.S. Po o'vlo, V.V. Polyanskz{;
J.-M. chhard17 S. G. Salnikov'?, AA. .S'lw,'vrv,nl8 P.Yu. Shatunov Oﬁ
Yu.M. Shatunov'®t 0.V, Sel ugin**, M. Strikman'®, E. Tomasz-Gustafsson 29
V.V. Uzhinsky'®, Yu. N. Uzikov®21%2 ¥, Qzan Wang?3, Qzang Zhao?*¥%, A.V. Zelenov”

Contact: Yuri Uzikov; Uzikov(@jinr.ru
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SPD detector
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Physics performance: gluon probes

3.0 GeV<M,, <3.2GeV

3.0 GeV <M(u*n) <3.2 GeV, EY > 0.35 GeV
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Conceptual design of the Spin Physics Detector
arXiv:2102.00442

The SPD collaboration

Contact: Alexey.Guskov(@cern.ch




Conclusions

* SPD (Spin Physics Detector) at the JINR-NICA collider - a
multipurpose 4r detector for QCD studies with polarized
proton and deuteron beams at Vs up to 27 GeV.

* SPD - a facility for comprehensive study of gluon content in
proton and deuteron at large x

e SPD - unique facility for polarized deuteron collisions
* Astrong tradition for polarized beams and targets exists at

JINR-DUBNA, where unique polarized proton, neutron
and deuteron beams are available in the GeV range.

SPD is open for new ideas and collaborators
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Gluon probes at spd

not only J/y!
Sharp signal Model-dependent
Relatively large cross probability for
section ¢ - [cc]

Challenging experimental
requirements
Model-dependent
fragmentation functions

Largest cross section

Strong background

Almost no fragmentation :
especially at low pt
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World facilities for polarized gluon physics

Experimental SPD RHIC EIC AFTER | LHCspin
facility @NICA @LHC
Scientific center JINR BNL BNL CERN CERN
Operation mode collider collider collider fixed fixed
target target

Colliding particles pl-p! pl-pt | et-pl,d"*He! | p-pld' p-p!
& polarization

pT-d, p-dT
Center-of-mass <27 (p-p) | 63,200, | 20-140 (ep) 115 115
energy +/syn, GeV | <13.5 (d-d) 500

<19 (p-d)
Max. luminosity, ~1 (p-p) 2 1000 up to 4.7
10> cm™2 57! ~0.1 (d-d) ~10 (p-p)
Physics run >2025 running >2030 >2025 >2025
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RATES for the main probes

027Gevs | O135Gev> | N27Gev> | N135Gev

Probe nb (xBF) | nb (xBF) | 10° 10°
Prompt-y (pr > 3 GeV/c) 35 2 35 0.2
J/y 200 60

—utu” 12 3.6 12 0.36
v(2S) 25 5

—Jlyn nT s putu T 0.5 0.1 0.5 0.01

—utu” 0.2 0.04 0.2 0.004
Xet ¥ X2 200

— Yl /w—yutu” 2.4 2.4
up 400

— pp 0.6 0.6
Open charm: DD pairs 14000 1300
Single D-mesons

D" K 2nt (D" —=K"217) | 520 48 520 4.8

Dkt @ oKktn) 360 33 360 3.3
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