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NICA facility at JINR
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NICA landscape
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NICA landscape

» 13.6.24 - NICA technological launch
el > DBeam circulation - July 2025
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Polarized beams at NICA

Ig(whwp) 1.Intrinsic res. vy, = kp + v, |9)(V_V/Wo) 2.Integer res. vy, = k
dT- was accelerated in 1986 (Synchrophasotron) i
and 2002 (Nuclotron). It is quite simple J 1
procedure: there 1s just 1 depolarizing spin 2 4 6 s _mow 132 &+ ¢ 5 u =
resonance at 5.6 GeV. o | Wo=7310+ £, . GeV
(@) (b)
pT- was first obtained only in 2017. o) o f";uie:fe,”;d ko i) v s Mk
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SPD Physics Program

Contents lists available at ScienceDirect
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SPD and gluon structure of nucleon

Not only J/y!
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Unpolarized production
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To access angular
momenta info about 3D
structure 1s needed!
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Gluon helicity function Ag(x) :

expectations for at NICA energies
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Proton in 3D: TMD PDFs

Nucleon Spin Polarization
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Gluon Sivers function Af\,(x,kr)

p+p Vs=200 GeV
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Gluon-induced TMD effects: expectations for An
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GPDs at SPD

GPDs s not a priority goal at SPD but potentially they
could be accessed:

Exclusive Drell-Yan

do!dQ? ~ 5 pb/(GeV/c)?
at \/_ =24 GeV and Q% =5 (GeV/c)?
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Deuteron

0(xpp1), vector and tensor angular asymmetries I

Nonbaryonic content of deuteron:
|6g) = ¢||NN) + ;| AA) + 5| CC)

. Gd(x) (GRV98, ne=1GeV) —— |
10°¢ GP(x) (GRV9S, pF-1GeV)
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Ratio qeuteronlgroton

G%(x)/2GP(x)
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Spin Physics @ NICA

We plan to study the
contribution of partons
to the nucleon and
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especially their
gluon component!

Gluon TMD PDFs via
asymmetries and angular
modulations in the cross
sections
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SPD and others

per'turbative QCD
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SPD setup

Electromagnetic calorimeter ~ Magnet  Range system Vertex detector end-cap <. Zero degree calorimeter

= | GeV2e?, <x>=016
£ 10 GeV? /et <x > =03

\

Time-of-flight sysfem

-
&}

Straw tracker

©
Vertex detector < 10}~
L
: ke’
Beam pipe !
BBC MCP detector I
Range system end-cap i
Electromagnetic calorimeter end-cap ;
10° 102 10" 1

Time-of-flight system end-cap

Beam-beam counter
Aerogel Cherenkov defecfor

Straw tracker end-cap

1065‘
g 100k
K -
§0 B
80 10*E
= C
. A 4

107 @:ELLE!

_ 1 llllllli 1 Illlllli 1 lllllJli 1 | I
10* 10° 10° 10’
Event size (Bytes)

Alexey Guskov, Joint Institute for Nuclear Research



Physic of the first stage

arXiv:2102.08477

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Non-perturbative QCD Perturbative QCD

» Spin effects in p-p, p-d and d-d elastic scattering \/;
» Spin effects in hyperons production
» Multiquark correlations *
wiq pp — (6g)" — N N Mesons,
» Dibaryon resonances
» Physics of light and intermediate nuclei collision  creating of polarized Upgrade of polarized
> EX clu S iV e react 1 Ons infrastructure infrastructure
. 0 +2 +4 +6 +8 ears
» Hypernucei dd — Kt KT \in, y
» Open charm and charmonia near threshold SPD construction SPD construction
st stage 2nd stage
g 10%¢ of operation of operation
10°: 5 ;
; ————— 102:_ Straw tracker Magnet Range system ) /
10%F g / Microtegas //
% E = i ' & Beam pipe / &
—4nL =10E i ‘
Eﬂ)% =
\5 1 ;_ [ ] SPD range \6’ 15_ rinet
: D mom f
1 0_1 E 8 si:?;q‘l”f;([g] 1 0—1 = D SPD range
- _— Thlsl v.vork - ® pp(pA) —>cCT
10_2_ - lCra|g|e11978
10 (s [GeV] 10 (s [GeV]

» Auxiliary measurements for astrophysics
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SPD setup: basic properties

Alexey Guskov, Joint Institute for Nuclear Research

Stage I Stage II
Maximum luminosity, 10" cm “ s~ up to 0.1 1
Interaction rate, MHz up to 0.4 4
Magnetic field at IP, T up to 1.0 1.0
Track momentum resolution é}fz at 1 GeV/c, % ~1.7 ~1.0
Photon energy resolution, % SIWE®1
D’ — K7 vertex spatial resolution, um 60 for MAPS
80 for DSSD
PID capabilities dE /dx, RS | dE /dx, ECal, RS, TOF, FARICH
Number of channels, 10° 170 294 for MAPS)
210 397 for DSSD
Raw data flow, GB/s up to 1 up to 20
Total weight, t 1236" 1240
Power consumption, kW 77 113 for MAPS
Detector Spatial resolution Time resolution Energy resolution | Signal length 90 for DSSD
RS 3 mm (wires), 1 cm (strips) 150 ns 90%/+/E (p, n) 250--500 ns
ECal 5mm (7, 1 GeV) 1 ns 5%I\E & 1%
TOF 10 cm 50 ps —
FARICH <1ns dB/B <107° 10 ns
Straw 150 um 1 ns 8.5%(dE /dx) 120 ns
SVD MAPS 5 um - _
SVD DSSD 27.4 um (¢) — —
81.3 um (z)
MCT 150 um 10 ns - ~ 300 ns
BBC inner 1.5 mm 50 ps —
BBC outer ~ 10cm 400 ps -
ZDC ~1cm 150 ps at 0.4 GeV | 50%/v/E &30% (n)
20%I\E ®9% ()




Physics performance: gluon probes
(1 year=107 s, 27 GeV )

3.0GeV<M, <32GeV 3.0 GeV <M(u*u) < 3.2 GeV, EY > 0.35 GeV
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Physics performance: accuracies

0.7 T T T T T T T T 0.05 T I T T T T T T T | T
oss | SPD NICA _ | SPD NICA | s F
p Tp-J/p(1S)+X | pTp=J/p(1S)+X ! -
06 S=24 GeV - ! S=24 GeV ! 01— l ° °
055 | NRQCD —— | == ]/llj oA NRQCD —— b - ]/IIJ po arization
o5k ICEM ———- == | ; i ICEM ——-- | -
0.45 | : l ] | i 005
: : 0.03 | | i | -
S o = i > ! ~ :IIIIIIIIIIllll‘
Sz 035 - Sz —
= i % | =’ - 0_1111111111111“
03 | 1 | =4 | | ~
| ooz | | i :
025 ; - C
I ! | S -0.05—
02} R i | -
l— - v | L
0.15 : ] 0.01 : 'h— IE u_ _ |
01 kb : 3 : I} i' : —0.1_—
| i i T T i i | B
0-05‘ Er :: :—: ffﬁ:i |7:: Il: 'l[: |7:E :: : P :IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 . : In vz | IR | L i 0 5 | | N WA ML A P A L 0 0.5 15 25 35 4 45 5
1 08 06 04 -02 0 02 04 06 08 1 4 08 06 04 02 0 02 04 06 08 1 p. (GeVic)
XF‘P xFLlJ T
Different inputs for gluon Sivers function . . : o
Projected Statistical Uncertainty of AN
0.5
. 0.04 . = *  projected stat. uncertainty
| < B {s=27 GeV, L,=11" p >3 GeVic 0.4 h )
0 035: [ ] statistical uncertainty = Ay: D'Alesio param.
0357 systematic uncertainty 03— | —— AB: SIDIS1 param.
E [ ] total uncertainty -
0.03- 0.2F
0.025 0.1 DO
0.021 oF — \
0.015" -0.1F
- -0.2 B More detailed uncertainty calculation with
0.01— | polarization, azimuthal dependence taken care of
- - and corrected counts
0.005[— B =
- N 0.4
%7 08 06 04 02 0 02 04 06 08 N - | | | | | ‘ | | |
i L 08 0e 04 20 0% ¢ 08 0B |
Xg

prompt-y

Alexey Guskov, Joint Institute for Nuclear Research



Impact of SPD measurements to the

world data for Ag(x)

—— DSSVMC

= == DSSVrew .
‘<?]-3 [
0.05F .
Q% = 10GeV?
0.00F
15F ﬁ
1.0} E i e
05F Ag(x)/Ag(x)pssvid >
i
AL for prompt photons AvL for J/i
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SPD experimental hall
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Status of the SPD project

SPD Conceptual Design Report was presented firstly in Jan 2021 and approved
by the JINR PAC for Particle physics after an international expertise in Jan 2022

https://arxiv.org/abs/2102.00442

SPD Technical Design Report was presented firstly in Jan 2023, then was
updated in 2024 and passed international expertise this year.

https://arxiv.org/abs/2404.08317

The first phase of the SPD project is included into the JINR’s 7-year plan
(2024-2030)

The SPD international collaboration established in 2021. Currently 1t
consists of 35 institutes from 15 countries and more than 400 part1c:1pants

Alexey Guskov Joint Institute for Nuclear Research



» The Spin Physics Detector at the NICA collider is a universal facility for

comprehensive study of polarized and unpolarized gluon conty/s < 27 GeVent
of proton and deuteron; in polarized high-luminosity p-p and d-d collisions at ;

» Complementing main probes such as charmonia (J/y and higher states), open
charm and prompt photons will be used for that;

» SPD can contribute significantly to investigation of

O gluon helicity;

O gluon-induced TMD effects (Sivers and Boer-Mulders);

O unpolarized gluon PDFs at high-x in proton and deuteron;
O gluon transversity in deuteron;

O ..

» Comprehensive physics program for the first period of data taking: spin effects in p-
p, p-d and d-d elastic scattering, spin effects in hyperon production, multiquark
correlations, dibaryon resonances, physics of light and intermediate nuclei collisions,
exclusive reactions, hypernuclei, open charm and charmonia near threshold, etc.;

»The SPD gluon physics program is complementaré to the other intentions to
study the gluon content of nuclei (RHIC, AFTER, LHC-Spin, EIC, JLab
experiments, EICC, ...)

» More information including SPD CDR and TDR can be found at http://spd.jinr.ru .
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http://spd.jinr.ru

We wait from theorists:
 new brilliant ideas!

 predictions for SPD kinematics

. polarized p-p collisions, | /s, < 27 GeV

. polarized d-d collisions, /syy < 13.5 GeV

* unpolarized p-p, d-d, and light ions collisions

... from experimentalists:

e joining the SPD project with their experience and enthusiasm

You are welcome!

Alexey Guskov, Joint Institute for Nuclear Research
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... and At NICA energies
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< 08f 25<p,<31GeVic
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