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503 m

NICA facility at JINR
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Stage 1 

Hot hadronic matter 
in extremal conditions 
with heavy-ion beams

Stage 2 

Proton and deuteron 
spin structure with 

polarized beams

NICA (Nuclotron-based Ion Collider fAсility) 
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p↑p↑ : s ≤ 27 GeV
d↑d↑ : s ≤ 13.5 GeV
U, L, T   |P|>70%

Polarized proton and 
deuteron beams:

NICA for spin physics
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Polarized 3He beams are also 
possible 

Spin Physics Detector
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NICA landscape
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Polarized beams at NICA
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d↑- was accelerated in 1986 (Synchrophasotron) 
and 2002 (Nuclotron). It is quite simple 
procedure: there is just 1 depolarizing spin 
resonance at 5.6 GeV. 

 p↑- was first obtained only in 2017. 

Source of Polarized Ions: 

 H0 ↑ + D+ → H+ ↑ + D0

D0 ↑ + H+ → D+ ↑ + H0

Transverse polarization at any energies
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Spin Physics Detector project
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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

 Technical Design Report

 Start of the detector construction

1-st phase measurements 

2-nd phase measurements 
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Physics @ SPD
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• Gluon polarized PDFs (TMDs and helicity)  

• Quark polarized PDFs 

• Deuteron tensor PDFs

• Spin effects in hadroproduction 

• Polarization of hyperons and charmonia 

• Spin correlations

• Other spin-dependent phenomena 

• Unpolarized physics
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SPD gluon physics programme
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arXiv:2011.15005

Prog.Part.Nucl.Phys. 119 (2021) 103858
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Proton spin crisis

~10-20%~30% ? ?
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No chance to disentangle proton spin puzzle without 
understanding its 3D structure! 
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 Proton in 3D: TMDs and GPDs 
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TMD PDFs
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Partonic structure of proton
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Spin crisis: 
Gluon helicity

Gluon and quark TMD PDFs:

Unpolarized gluons in 
proton at high x:

Sivers effect
and Collins effect

Spin-dependent fragmentation functions

σ(xF,pT)  ALL(xF,pT) ATT(xF,pT) AN(xF,pT)

arXiv:2011.15005Prog.Part.Nucl.Phys. 119 (2021) 103858
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GPDs at SPD
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GPDs is not a priority goal at SPD but potentially they 
could be accessed:

Exclusive Drell-Yan

dσ/dQ2 ∼ 5 pb/(GeV/c)2

at s = 24 GeV and Q2 = 5 (GeV/c)2
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Gluon transversity

σ(xF,pT), vector and tensor angular asymmetries
-1 +1

0

Unpolarized 
gluons at high x:

Nonbaryonic content of deuteron:
|6q⟩ = c1 |NN⟩ + c2 |ΔΔ⟩ + c3 |CC⟩

Phys.Lett. B783 (2018) 287-293

Sh. Kumano for DY: 
ΔTg(x) = Δg(x)

Tensor PDFs

Deuteron
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Prompt photons

Not only J/ψ!

SPD golden probes

NICA SPD
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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
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Possibility to collide 
polarized deuterons 

is unique!

perturbative QCDnon-perturbative QCD
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SPD and others

Q2 = 1 GeV2/c2, < x > = 0.16

Q2 = 10 GeV2/c2, < x > = 0.3
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SPD golden probes
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SPD setup
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Free-running DAQ
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Online

SPD Online filter 

Offline

Core (data processing, data production)

Tier 0. JINR

Long term 
storage

Computing
facility

Mass 
storage
, Tape

HTC Cluster

Collaborative resources (data analysis, data production)

Tier 2  

Computing 
facility

Transient 
storage

Tier 1. PNPI

Long term 
storage

Computing
facility

Mass 
storage
, Tape

20 GB/s

DAQ

High 
performance 

storage system.

High 
performance 

storage system.

13 MHz
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SPD Home

IT infrastructure
SPD data flow

SPD member

SPD member

SPD member SPD member
SPD member

SPD member

SPD member

free-running
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PID capabilities

19



Alexey Guskov, Joint Institute for Nuclear Research

Detector performance
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Physics performance: gluon probes
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  (1 year=107 s,  27 GeV  )
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J/ψ J/ψ polarization

prompt-γ

D0

Different inputs for gluon Sivers function
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SPD setup: 1st phase

23

p↑p↑ d↑d↑ AA
First phase

√sNN, GeV < 9.4 < 4.5 < 4.5
L, 1030 cm-1 s-1 < 10 < 1 < 0.001

Second phase
√sNN, GeV < 27 < 13.5

L, 1030 cm-1 s-1 < 100 < 10
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s

Non-perturbative QCD Perturbative QCD

First-phase physics
arXiv:2102.08477        Phys.Part.Nucl. 52 (2021) 6, 1044-1119
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➤ 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 
➤ Open charm and charmonia near threshold 

➤ Auxiliary measurements for astrophysics 
➤ …
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Detector prototyping
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Detector prototyping
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SPD experimental hall
2020

2023

2024

27

2025
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Status of the SPD project
SPD Technical Design Report passed 
international expertise and published: 
Natural Sci. Rev. 1 1 (2024)

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

https://arxiv.org/abs/2404.08317

The SPD collaboration currently it consists of 36 
institutes from 15 countries and more than 400 
participants  
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Decade 2030+
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DIS: Electron-ion colliders 
EIC, EicC and JLAb

Fixed-target hadron 
experiments: LHCspin, DY, etc.

Hadron colliders: 
 NICA SPD
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Summary
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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 ; 

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

➤ SPD can contribute significantly to investigation of 

 gluon helicity;  
 gluon-induced TMD effects (Sivers and Boer-Mulders); 
 unpolarized gluon PDFs at high-x in proton and deuteron; 
 gluon transversity in deuteron; 
 … 

➤ Comprehensive physics program for the first period of data taking: spin effects in p-
p, 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 exps, AFTER, LHC-Spin, EIC, JLab 
exps, EicC, …) 

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

s ≤ 27 GeV

http://spd.jinr.ru
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Summary
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• new brilliant ideas! 

• predictions for SPD kinematics  

• polarized p-p collisions,  

• polarized d-d collisions,  

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

spp ≤ 27 GeV

sNN ≤ 13.5 GeV

• joining the SPD project with their experience and enthusiasm  

We wait from theorists:

… from experimentalists:

You are welcome!
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BACKUP SLIDES
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SPD setup: basic properties
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