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Spin Physic Detector @ NICA
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Partonic structure of proton
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Spin crisis
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Spin balance

1 ~30%
J=ZAY + AG +|L, + L,
2 ~10-20%

Lattice QCD
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Proton in 3D: TMD PDFs

Nucleon Spin Polarization
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TMD effects: Sivers effect

Probabilities to meet in a transversely polarized proton a parton moving to
the left and to the right with respect to the (S, p) plane are different!

d quark

02| A | y A(k)—do(—k)
.| E704 | The Sievers effect is usually observed
o ] together with the Collins effect, an
08 ) asymmetry arising from the
 xxE fragmentation of the final state.

Alexey Guskov, Joint Institute for Nuclear Research



Deuteron

Deuteron is not just
proton + neutron!
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Spin Physics @ NICA

we plan to study how the
proton and deuteron
spin/!
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SPD and gluon structure of nucleon

Not only J/y!
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SPD gluon program

JPPNP: 103858 Model 3G pp. 1-43 (col. fig: NIL)
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SPD and others
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SPD setup
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Physic of the first stage

arXiv:2102.08477
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Non-perturbative QCD Perturbative QCD

» Spin effects in p-p, p-d and d-d elastic scattering \/;
» Spin effects in hyperons production
» Multiquark correlations *
wHq pp — (6q)" — N N Mesons,
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» Auxiliary measurements for astrophysics
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Present status of the 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, 1s updated in
2024 and should pass via the international expertise this year.

https://arxiv.org/abs/2404.08317
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» The Spin Physics Detector at the NICA collider is a universal facility for comprehensive
study of polarized and unpolarized gluon content of proton and deuteron; in polarized

high-luminosity p-p and d-d collisions at \/E <27 GeV;

» Complementing main probes such as charmonia (J/1{ and higher states), open charm and
prompt photons will be used for that;

» SPD can contribute significantly to investigation of

O gluon helicity;

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

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

OOOO

» 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 complementary to the other intentions to study
the gluon content of nuclei (RHIC, AFTER, LHC-Spin, EIC, JLab experiments) and
mesons (AMBER, EIC);

» More information including SPD CDR and TDR could be found at http://spd.jinr.ru .
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Physics performance: gluon probes
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Gluon-induced TMD effects: expectations for An

Sivers effect contribution
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Physics performance: accuracies
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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 ép}’— 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 upto 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) 250500 ns
ECal 5 mm (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 ()
MCT 150 um 10 ns — ~ 300 ns
BBC inner 1.5 mm 50 ps -
BBC outer ~ 10 cm 400 ps —
ZDC ~1cm 150 ps at 0.4 GeV | 50%/v/E @ 30% (n)
20%//E ©9% ()
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impact of SPD measurements to the

world data for Ag(x)
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