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NICA facility at JINR

NICA (Nuclotron-based Ion Collider fAcility)

Stage 1

Stage 2

 Proton and deuteron
f spin structure with
polarized beams

Hot hadronic matter
| in extremal conditions
with heavy-ion beams
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NICA for spin physms

Polarized proton and
deuteron beams:

piplia/s <27 GeV
d'd" 1 /s < 13.5 GeV
ULT |P|>70%

Polarized 3He beams are also
possible
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NICA landscape
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Polarized beams at NICA

d?- was accelerated In 1986 (Synchrophasotron)

and 2002 (Nuclotron). It isquite smple

procedure: thereisjust 1 depolarizing spin
resonance at 5.6 GeV.

p1T- was first obtained only in 2017.

Source of Polarized Ions:

H°t+D* > H" 1t + D"
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Charge-Exchange lonizer
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Atomic Beam Source
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B [ongitudinal polarization in the IP can be

supported at the integer spin-resonances
¢ For protons: Exy=(0.108+0.523-n) [GeV]
¢ For deuterons: Ewin—=(5.62+6.56-n) [GeV/u]

. B Transverse polarization at any energies




Spin Physics Detector project

Mid-2000s 2014 2021 2024 2025 ~2030 ~2035

Idea of the experiment

Letter of Intent

Physics programme update
Foundation of the SPD Collaboration
Conceptual Design Report

w
NICA

Technical Design Report

Start of the detector construction

1-st phase measurements

2-nd phase measurements
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Physics @ SPD

* Gluon polarized PDFs (TMDs and helicity)
* Quark polarized PDFs

e Deuteron tensor PDFs

* Spin effects in hadroproduction

* Polarization of hyperons and charmonia

* Spin correlations
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* Unpolarized physics
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SPD gluon physics programme

Contents lists available at ScienceDirect

Progress in Particle and Nuclear Physics

journal homepage: www.elsevier.com/locate/ppnp

Review

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

1 ~30% ~10-20% Lattice QCD
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K.-F. Liu, NP A928, 99 (2014).
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No chance to disentangle proton spin puzzle without
understanding its 3D structure!
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JAM Collaboration, PRD (20186).
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Proton in 3D: TMDs and GPDs

Wigner Distributions
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Partonic structure of proton

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

Unpolarized gluons in
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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 pbl(GeV/c)?
at \/E =24 GeV and Q% =5 (GeV/c)?
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Deuteron

0(xpp1), vector and tensor angular asymmetries I

Nonbaryonic content of deuteron:
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SPD golden probes

Not only J/y!

i L }-- i
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These golden probes define the layout of the
SPD experimental setup.
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SPD and other polarized pp exps

perturbative QCD
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SPD and others
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SPD setup

Electromagneltic calorimeter Magnet  Range system Vertex detector end-cap A Zero degree calorimeter

Time-of-flight system

Straw fracker gy

Vertex detector

Beam pipe

BBC MCP detector
Range system end-cap
Electromagnetic calorimeter end-cap
lime-of-flight system end-cap

Beam-beam counter

Aerogel Cherenkov defector

100k o< @1LHCD
c
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% 10tk COMPASS DO
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~
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Event size (Bytes)
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T Infrastructure

SPD data flow
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SPD Online filter
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PID capabllities

Barrel Straw tracker
T/Km®m i 0.6 GeV
K/p | 1.1 GeV
End-Cap
/K B 0.45 GeV
K/p 0.85 GeV
TOF
Barrel
o T—
K/p 2.16 GeV
End-Cap
/K 1.67 GeV
K/p ‘ 2.73 GeV
End-Cclzp FARICH *
e ’ —.I 5.5 GeV
P - OO 8.5 Gev
| ] | L ] 1 l L | : I " |
| I | L | 1 | i | T ] : |
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TOF performance

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

3.0 GeV < M,, <3.2 GeV 3.0 GeV < M(u'w) < 3.2 GeV, E, > 0.35 GeV
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Physics performance: accuracies

0.7

0.05 T

sock SPD NICA ol SPD NICA ! s F
! pTp-Jig(1S)+X o p p=Jig(1S}+X ! -
08f | S=24GeV i S=24 GeV - 0l l . ‘
0s5f | NRQCD —— | = ]/llj e i NRQCD —— | B ]/llJ po arization
08 | ICEM -—-—- & | i ICEM ——-- T -
oasf | S i ' ! /. 0.05—
0sf | ! I 4 0084 E — :l ] l
2 oast | - 0 2 i N o 0 D G D S 0 O O O O
?035: ! ? ! e i L O_IIIIIIIIl[[lI“
TE ! i — ‘. ¥
H : 0.02 r :; I :g ; o
! I ' 4 g N ~0.05—
02f | I [Tt —| [ lafi o -
o) | ' B ot it ﬁ | N
- | oM ' |§ l:-'-‘ : It L ' i
wl | B = 5
oost | [y | _J;;.J—.: . N S E i | -
: : , : 1t b : : : ': ': -:—4 Eoooa oo b by bvv s b b by b by gy
0 ittt o - o bl iy . B h— JL T L 0 0.5 1 1.5 2.5 35 4 45 5
-1 08 46 04 02 ¢ 02 04 08 0B 1 4 D8 06 04 02 0 02 04 06 08B 1 P (GeV/c)
XFy XFy T
Different inputs for gluon Sivers function . o . ”
Projected Statistical Uncertainty of AN
05—
, 0.04 , = *  projected stal. uncertainty
< 1827 GeV, L_=1 10" p >3 GeVio 045 D: e _
s B - swtitcel pcertasi . Ay D'Alesio param
- B srstematic uncertsicty 0.3; A2: SIDIS1 param.
P ' 10tal uncesainty =
003 T 1 02!
ozs 01t DO
0.02 ol ————} i ——
0.013 0.1
- -0 2‘— Moy detud lnd imcertainty calcolation wiih
0.0f polarization, azimthal dependence taken care of
and correcbad ohunts
0.005 -0 3-_
= : _ 04!
g 0.8 1 - ’ ‘ |
: 05708 06 -04 02 0 02 0& 06 08 2
X5

prompt-y

Alexey Guskov, Joint Institute for Nuclear Research



SPD setup: 1st phase

Straw tracker Magnet Range system

MicroMegas

Beam pipe

Zero degree calorimeter
Range sysfem end-cap
Beam-beam counter

Straw fracker end-cap

MicroMegas end-cap

First phase

Vs, GeV <94 < 4.5 < 4.5
L. 1030 cm-! s- < 10 <1 < 0.001
Second phase
Vsnn, GeV < 27 < 13.5
L, 1030 cm-1 s- < 100 < 10
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First-phase physies

arXiv:2102.08477 Phys.Part.Nucl. 52 (2021) 6, 1044-1119

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Non-perturbative QCD Perturbative QCD

Spin effects in p-p, d-d elastic scattering \/;
Spin effects in hyperons production

Multiquark correlations
Dibaryon resonances
Physics of light and intermediate nuclei collision
Exclusive reactions

Hypernucei dd - KT K" jan,
Open charm and charmonia near threshold

pp — (6g)" — N N Mesons,
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» Auxiliary measurements for astrophysics
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Detector prototypmg
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SPD experimental hall
ST
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Status of the SPD project

SPD Technical Design Report passed NATURAL
international expertise and published: N SCIENCE -0
Natural Sci. Rev. 1 1 (2024)

https://arxiv.org/abs/2404.08317

Thefirst phase of the SPD project isincluded
Into the JINR’s 7-year plan (2024-2030)

The SPD collaboration currently it consists of 36

Institutes from 15 countries and more than 400
participants

— e U5 00 P e - = - —— =
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Decade 2030+

! A ) '
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DIS: Electron-ion colliders Fixed-target hadron Hadron colliders:
EIC, EicC and JLAb  experiments: LHCspin, DY, etc. ~ NICA SPD
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Summary

» 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/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, and d-d elastic scattering, spin effects Iin 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 t_hngIug)n content of nuclei (RHIC exps, AFTER, LHC-Spin, EIC, JLab
exps, EicC, ...

» More information about the SPD project can be found at http://spd.jinr.ru .
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http://spd.jinr.ru

We walit from theorists:
e new brilllant ideas!

e predictions for SPD kinematics
. polarized p-p collisions, , /s, < 27 GeV

. polarized d-d collisions, 4 /syy < 13.5 GeV

e 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



BACKUP SLIDES
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SPD setup: basic properties

Alexey Guskov, Joint Institute for Nuclear Research

Stage | Stage Il
Maximum luminosity, 10 em 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 %f? at 1 GeV/e, % ~1.7 ~1.0
Photon energy resolution, % SIWVE® 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 kstri?s) ' 150 ns §O‘5{/\7E_ ip' n)—-'l—SO:SOOTs
ECal Smm (7, 1 GeV) 1 ns 5%IVE ® 1%
TOF 10 cm 50 ps -
FARICH <1 ns dB/B <107 10 ns
Straw 150 pm 1 ns 8.5%(dE [dx) 120 ns
SVD MAPS 5 um - -
SVD DSSD 27.4 pm () - -
81.3 um (2)
MCT 150 gm 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%/VE ®30% (n)
| 20%/VE &9% (7)



