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NICA Accelerator Complex at JINR, Dubna
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NICA facility at JINR, Dubna
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NICA at JINR, Dubna: 1st Test Run (2025-2026)
12 Feb 2026: 1.76 GeV/n Xe-beams in both NICA Rings!

Stable circular NICA Xe-beams:
• Up Ring: 459 s
• Down Ring: 757 s

NICA now:
2nd Test Run is starting
Colliding beams?
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SPD at NICA Collider

SPD NICA experiment is aimed at studying the properties of strong interactions in thenonperturbative region, at measuring the proton and deuteron spin structures, and atthe development of a three-dimensional picture of the nucleon.SPD NICA is unique in its methodology, breadth of coverage and variety of tasks.

Spin Physics Detector (SPD):
polarized pp- and dd- collisions at high luminosity
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SPD Physics Primary Goals

► Spin Physics Detector (SPD) at NICA (http://spd.jinr.ru):
a universal setup for comprehensive study of
polarized and unpolarized gluon content of proton and deuteron
in polarized and unpolarized high-luminosity pp- and dd- collisions
at the NICA 2nd Stage 8 ≤ √sNN ≤ 27 GeV

► Complementing main probes: charmonia (J/Psi, higher states),
open charm and direct photons in inclusive and semi-inclusive modes

► SPD can reveal significant insights on:
- gluon helicity structure
- unpolarized gluon PDF at high x in proton and deuteron
- gluon transversity in deuteron

► Comprehensive physics program for the initial period
of the Phase-1 SPD data taking
(can be performed even at reduced energy and luminosity)
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Why Nucleon Spin Physics?

Search for New Physics:

► Search for new particles and interactions beyond the Standard Model

► Search for new dynamics within the Standard Model
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Why Nucleon Structure?

- proton mass -> the visible Universe mass

Electroweak Brout-Englert-Higgs boson provides:
u-, d- quark mass in p ~ 15 MeV ≃ 2% of the visible Universe mass

➥ Quark-Gluon dynamics of nucleon structure provides:
~ 98% of the mass of the visible Universe!
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Why Spin?

Spin: pure quantum characteristics

spin: no classical analog

spin observables
-> hadron wave functions
-> process amplitudes

“proton spin crisis” :
quark model -> only ̴ 1/3 of proton spin
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The SPD Experiment Primary Goals
The Spin Physics Detector (SPD) (http://spd.jinr.ru):
A Universal Detector at the NICA Collider

➥ The SPD Primary Goals:
understanding strong interactions using polarized
and unpolarized pp- and dd- collisions √s < 27 GeV at the NICA 2nd Stage

- 3D structure of proton and deutron, in particular, PDF and TMD at large x
A. Arbuzov et al. ,Prog. Part. Nucl.Phys. 119 (2021) 103858 e-Print: 2011.15005 [hep-ex]

➥ In addition, a wide research program for particular and nuclear physics
in the initial 1st Phase of SPD operation is planned

V.V. Abramov et al., Phys. Part. 52 (2021) 1044, e-Print: 2102.08477 [hep-ph]

-------------------
PDF - Parton Distribution Function with longitudinal momentum
TMD - Transverse Momentum Distribution:

parton distribution with transverse momentum

https://arxiv.org/abs/2011.15005
https://arxiv.org/abs/2102.08477
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SPD in World landscape of polarized physics

p↑ p↑-mode ➡︎

⬅ SPD is unique in d↑ d↑-mode!
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The SPD detector at the Phase I
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The SPD detector at the Phase II
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The SPD detector data flow

The SPD setup is a medium scale detector in size,
but a large scale one in data rate!
Comparable in data rate with ATLAS and CMS at LHC

No hardware trigger at the SPD detector to avoid a possible bias:
3 MHz event/s at 1032 cm2/s design luminosity
20 GB/s ➠ 3 103 events/year ➠ 200 PB/year

SPD data rate after online filter
Present SPD Distributed
Prototype Facilities:
• JINR MICC (Tier-1,Tier-2)
• JINR MLIT SPD Cluster
• NRC KI - PNPI, Gatchina
• SSAU, Samara
• SPbSU, St. Peterburg

Currently planning:
• MEPhi, Moscow
• INP IP BAS, Minsk
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SPD: Requested Computing Resources
Considerations of SPD Tier-1
for the SPD 2nd Phase at NRC KI – PNPI, Gatchina
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SPD IT Infrastructure
SPD Data Flow
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The SPD Collaboration: established in July 2021
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The SPD Collaboration: Organization
40 organizations from 15 countries > 400 participants

Signed MoU (18):
NRC “Kurchatov Institute” - PNPI, Gatchina
Alikhanov National Science Laboratory (Yerevan Physics Institute), Yerevan
Samara National Research University, Samara
Peter the Great Saint Petersburg Polytechnic University, St. Petersburg
Saint Petersburg State University, St. Petersburg
Skobeltsyn Institute of Nuclear Physics, Moscow State University, Moscow
Lebedev Institute of Physics RAS, Moscow
Institute for Nuclear Research RAS, Moscow
Institute of Nuclear Physics (INP RK), Almaty
Tomsk State University, Tomsk
National Research Nuclear University MEPhI, Moscow
Belgorod State University, Belgorod
Institute of Nuclear Problems, Belorussian State University, Minsk
Budker Institute of Nuclear Physics RAS, Novosibirsk
Higher Institute of Technologies and Applied Sciences, Havana
Higher School of Economics, Moscow
Stepanov Institute of Physics NAS, Minsk
I-Temba Labs (South Africa)

in signing: Univ. Cairo (Egypt)
New members: Shandong Univ. (China) and USTC (China)

SPD Co-Spokespersons:
A.V. Guskov (JINR) & V.T. Kim (NRC KI - PNPI)

CB Chair: A. Tumasyan (AANL, Yerevan)
Physics Coordinator: A. Datta (JINR)
Technical Coordinator: A. Korzenev (JINR)
Software Coordinator: D. Oleynik (JINR)

SPD Collaboration Meetings:
prior 2023: Dubna
2023: Dubna (April)

Samara (October)
2024: Almaty, Kazakhstan (May)

Dubna (November)
2025: Yerevan, Armenia (May)

Dubna (October)
2026: Tomsk (May)

Dubna (November)
2027: Quingdaio, China (May)



ICPPA-2026, Moscow, 27 - 30 October 2026 Victor T. Kim NRC KI - PNPI, Gatchina 19

The SPD Physics highlights

► Spin Physics Detector (SPD) at NICA (http://spd.jinr.ru):
a universal setup for comprehensive study of
polarized and unpolarized gluon content of proton and deuteron
in polarized and unpolarized high-luminosity pp- and dd- collisions
at the NICA 2nd Stage 8 ≤ √sNN ≤ 27 GeV

► Complementing main probes: charmonia (J/Psi, higher states),
open charm and direct photons in inclusive and semi-inclusive modes

► SPD can reveal significant insights on:
- gluon helicity structure
- unpolarized gluon PDF at high x in proton and deuteron
- gluon transversity in deuteron

► Comprehensive physics program for the initial period
of the Phase-1 SPD data taking
(can be performed even at reduced energy and luminosity)
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SPD Physics:

Phys. Part. Nucl. Vol.52, 2021, 1044

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

ArXiv e-Print: 2011.15005 [hep-ex]

ArXiv e-Print: 2102.08477 [hep-ph]

https://arxiv.org/abs/2011.15005
https://arxiv.org/abs/2102.08477
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PDF kinematic range
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Parton dynamics kinematic range
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SPD Golden Probes for gluons:
charmonia, open charm, direct photons
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Helicity gluon PDF 𝚫g(x): Proton Spin Crisis

J. Ellis, R. Jaffe (1974), M. Ahmed, G. Ross (1976)
A. Efremov, O. Teryaev (1988,1990)
R. Carlitz, J. Collins, A. Mueller (1988)
S. Brodsky, J. Ellis, M. Karliner (1988) ....

EMC, SMC, COMPASS, HERMES
E142,E143,E154, E155
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NNPDF Coll.: NNPDFpol2.0
quark and gluon helicity PDFs of proton at NNLO

Gluon helicity PDF:
still rather high uncertainties!
(right by MHOU)

Hadron collisions have a better
sensitivity to measure it.

⬅ SPD NICA
has a good opportunity!

NNPDF Coll.: NNPDFpol 2.0
J. Cruz-Martinez et al. (2025)

Quark helicity PDF:
few percent level uncertainties
(right by MHOU)

Measured with high precision
at CERN, JLAB, DESY and BNL
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Helicity gluon PDF 𝚫g(x):
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Spin of proton
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SPD: towards 3D-structure of nucleon

A. Efremov, O. Teryaev (1982,1984)A. Bukhvostov, G. Frolov. L. Lipatov (1982,1983,1984)
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TMD: quarks in polarized nucleon
Nucleon (N) with momentum P and spin polarization S=(U,L,T)

New information in quark TMD of nucleon: Φq(x, P, S)

Φq(x, P, S) contains time-even functions:
fq(x, kT) ⬅ unpolarized quarks in unpolarized N ⬅ density
ggL(x, kT) ⬅ L-polarized (chiral) quarks in L-polarized N ⬅ helicity
ggT(x, kT) ⬅ L-polarized (chiral) quarks in T-polarized N ⬅ worm-gear
hqT(x, kT) ⬅ T-polarized quarks in T-polarized N ⬅ pretzelocity

and time-odd functions (spin-orbital correlations):
f⟘gL(x, kT) ⬅ unpolarized quarks in T-polarized N ⬅ Sivers f.
h⟘qT(x, kT) ⬅ T-polarized quarks in unpolarized N ⬅ Boer-Mulders f.

Integrated over kT quark TMDs:
fq(x) = q(x) = qL=+(x) + qL=-(x)
gqL(x) = 𝚫q(x) = qL=+(x) - qL=-(x) ⬅ helicity (chirality)
hqT(x) = 𝛅q(x) = qT=+(x) - qT=-(x) ⬅ transversity
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TMDs: quarks in nucleon
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Gluon TMD with SPD
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Gluon transversity of deuteron

Transversity comes from spin-flip:
𝚫s=2 forbidden for spin-½ nucleon in LO
➥ gluon transversity in nucleon ≈ 0

SPD has a unique opportunity to measure
gluon transversity in deuteron for the first time!

To probe new non-nucleonic degrees of freedom
(multiquark flucton) in deuteron!

Lepton pairs S. Kumano
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The initial 1st Phase SPD Physics

V.V. Abramov et al., Phys. Part. Nucl. 52(2021) 1044, e-Print: 2102.08477 [hep-ph]

Comprehensive and rich physics program
at the initial Phase-1 SPD data taking:

► Spin effects in pp-, pd- and dd- (quasi)elastic scattering
► Spin effects in hyperon production
► Search for exotic states (glueball, penta- and tetra- quarks)
► Multi-quark correlations (fluctons, SRC) in deuteron and light nuclei
► Dibaryon resonances
► Open charm and charmonia production near threshold
► Large-pT hadron production to study diquark structure of proton
► Large-pT hadron production to study multi-parton interactions (MPI)
► Antiproton production measurement for astrophysics and BSM search
► …

https://arxiv.org/abs/2102.08477
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The 1st Phase SPD Physics: exotic states -
pentaquark, dihyperon, tetraquark, etc. production

Diquarks:
– proton production scaling violation

V.K. 1988
– exotic multiquark state production

A. Efremov, V.K. 1987
V. Abramov et al 2021

Diquarks:
tetraquark production a(980)⇒(ud)(u̅d̅)?: ~ up to 10% of large-pT proton production
V.K., A.V. Zelenov 2025

(1985)
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SPD Physics at the Phase-1: antiproton production

ASTROPHYSICS

AMS-02 in International Space Station

AMS-02 search for Dark Matter:
antiproton flux precision ~ 5%

Contemporary high energy physics experiments
antiproton production ~ 25%

Precision antiproton production measurements needed:
energy range 5 GeV < ECM < 100 GeV with precision ~ 5%
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SPD now: main focus

► Load-bearing structure of the Detector & Yoke

► Superconducting magnet (INP, Novosibirsk)

► Engineering infrastructure & communications

► The 1st Phase subdetectors: Trackers, Muon (RS), BBC, ZDC,
part of ECAL -> to manufacture

► The 2nd Phase subdetectors: ToF, FARICH, Vertex detector -> R&D

► DAQ and computing infrastructure

► The 1st Phase Physics program -> Updating

► The SPD Interaction Point at NICA -> BBC and ZDC installation
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SPD: Platform for equipment
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SPD: Thermal analysis

INP BSU, Minsk

MISIS, Moscow
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SPD: load-bearing structure & Muon RS
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SPD R&D: Central Straw-Tracker
Groups: JINR (Dubna), NRC KI - PNPI (Gatchina) and INP RK (Almaty)
R&D: thin straw tubes with ASIC solution
► Straw R&D Test Stand for SPD/SHiP/Dune/DRD1 at SPS and PS (CERN)

for definition of ASIC novel technology requirements
Test Runs with ASIC: VMM3,VMM3a, Tiger
- 2021 (1 Run), 2022 (3 Runs), 2023 (3 Runs), 2024-2026 (6 Runs SPS, 4 Runs PS)
- most of the results included to the SPD TDR
R&D Test Run at SC-1000 (1 GeV) NRC KI - PNPI, Gatchina in Fall 2025

► INP BSU, Minsk: new ASIC solution in progress
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SPD SETUP: Prototyping
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The SPD Experimental Hall
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The SPD Interaction Point (Phase-0):
Beam-Beam Counter (BBC) installation
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SPD Interaction Point (Phase-0):
ZDC prototypes installation

SPD Interaction Point:
► The 1st ZDC prototype is installed already
► The 2st ZDC prototype will be installed soon
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SUMMARY

► Spin Physics Detector (SPD) – a universal detector at NICA Collider:
Detail study of polarized and unpolarized (gluon) structure of proton and deuteron
in polarized pp- и dd- collisions at high luminosity the NICA 2nd Stage 8 ≤ √sNN ≤ 27 GeV

► Complementary probes: quarkonia (J/Psi and higher states), open charm and direct photons
► SPD should improve understanding of 3D-gluon structure:
- polarized gluon distributions
- unpolarized PDF and TMD at large x in proton and deuteron
- gluon transversity of deuteron
- … other spin-related phenomena
► SPD physics program is complementary to studies

at COMPASS++/AMBER, RHIC, AFTER@LHC, LHC-spin, EIC
► Wide physics program at the SPD 1-Phase:
- search for exotic resonances (glueball, penta- and tetra- quarks), …
- multiquarks fluctons, short-range nucleon correlations …

► SPD TDR: http://spd.jinr.ru approved by JINR PAC in June 2024,
published in the new JINR journal Natural Science Review (2024) v.1, p. 1

► SPD Phase-1: included to JINR 7-years plan for 2024-2030

► SPD: got all the approvals, got funding,
construction of the Phase-1 SPD setup configuration is ongoing,
installation started at SPD IP
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SPD: dynamically developing and in a good shape!
Welcome to join for exploring new opportunities!

HADRON SPIN PHYSICS

Hadron Colliders
SPD NICAFixed-Target, DIS

JLAB, LHCspin, DY,...
e-A Colliders
EoI, EicC, ...


