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NICA Collider @JINR, Dubna   
  

Dubna (left bank) JINR
Dubna

Right bank

NICA

VOLGA river
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NICA Accelerator Complex @JINR, Dubna   
  
heavy ions (up to Au) ÖsNN = 4 - 11 GeV @luminosity L ~ 1027 cm-2 c-1 

polarized p↑ (d↑) & unpolarized p(d) ÖsNN = 8(4) - 26(13) GeV @luminosity L ~ 1032 cm-2 c1 
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NICA Accelerator Complex @JINR, Dubna
  

  

Alexey Guskov, Joint Institute for Nuclear Research

NICA complex 

22
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SPD at NICA Collider (JINR, Dubna)   
  NICA: 
Nuclotron-based Ion Collider fAcility
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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 √s ≤ 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 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 Higgs boson provides: 
                           quark mass ~ ten MeV ≃ 2% of the visible Universe mass

➥  quark-gluon dynamics of nucleon structure provides: 
                                                    ~ 98% of the mass of the visible Universe! 
       

- nucleon size: 
                    quark model ➥
                    huge neutron EDM exceeding 10^12 observed value
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Why Spin? 

Spin: pure quantum characteristics 

  
  spin: no classical analog 

spin observables 
                             ➥ hadron wave functions
                            ➥ process amplitudes 

“proton spin crisis”: 
present quark-gluon dynamics ➥ only 1/3 of proton spin
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Why NICA? 

Strong interactions: 
asymptotic freedom at high energies 

  
  

Many dynamic effects 
                            ➥ subtle at super high energies

NICA energies 
                       ➥ seem optimal for SPD goals 
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Spin: challenging delicate properties 
  

  

07.03.2023 В. Моɱалов, Семинар ОФВЭ ПИЯФ 4V. Mochalov (NRC KI - IHEP) 
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SPD Experiment Main Goals
  

Spin Physics Detector (SPD)   (http://spd.jinr.ru): 
A Universal Detector at NICA Collider

➥  SPD Main Goals: 
understanding strong interactions using polarized

      and unpolarized pp- and dd- collisions √s < 27 GeV
 

- 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, wide research program for particular and nuclear physics 
     in the initial 1st Stage of SPD operation is planned

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

-------------------
       TMD - 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 
  

  

10 100 s

2810

2910

3010

3110

3210

3310-1 s
-2

L,
 c

m

1

PHENIX & STAR 
(RHIC, BNL) 

p↑− p↑

ANKE 
(COSY, Julich) 

p↑− p↑

SPD (NICA, JINR) 
p↑− p↑

SPASCHARM 
(U-70, Protvino) 

p↑− p↑

AFTER & LHCspin 
 (LHC, CERN) 

p − p↑

E704 
(Fermilab) 
p↑− p↑

SATURNE II 
Saclay 
p↑− p↑

SPD - VS OTHERS

12

, GeV

In the  mode we are 
unique

d↑d↑

In the  mode: p↑p↑

10 100 s

2810

2910

3010

3110

3210

3310-1 s
-2

L,
 c

m

1

PHENIX & STAR 
(RHIC, BNL) 

p↑− p↑

ANKE 
(COSY, Julich) 

p↑− p↑

SPD (NICA, JINR) 
p↑− p↑

SPASCHARM 
(U-70, Protvino) 

p↑− p↑

AFTER & LHCspin 
 (LHC, CERN) 

p − p↑

E704 
(Fermilab) 
p↑− p↑

SATURNE II 
Saclay 
p↑− p↑

SPD - VS OTHERS

12

, GeV

In the  mode we are 
unique

d↑d↑

In the  mode: p↑p↑

p↑ p↑-mode ➡ 

⬅ SPD is unique in d↑ d↑-mode! 



ICPPA2024,  Moscow, 22 October 2024    Victor Kim (NRC KI - PNPI)   «SPD at NICA: Status and Outlooks» 14

JOINT INSTITUTE FOR NUCLEAR RESEARCH

June 4, 2021

Conceptual design of the Spin Physics Detector

Version 1.1

The SPD collaboration*

*Contact person: A. Guskov (JINR), Alexey.Guskov@cern.ch

ar
X

iv
:2

10
2.

00
44

2v
2 

 [h
ep

-e
x]

  2
 Ju

n 
20

21

SPD detector at the Stage I 
  

  

SPD Stage I : Detector

Figure 4: SPD detector in Stage I

Trackers:charged track and momentum, limited PID

Range System:rough hadronic calorimeter,

muon/hadron separation

Possible light ion
collisions alongside
pp, dd

Up to
p
s = 10 GeV and

reduced luminosity

Solenoidal field B ⇠ 1 T

BBC and ZDC for online
polarimetry

Micromegas central
tracker

Straw Tracker
� ⇠ 150 µm,
�( dEdx ) = 8.5%

Amaresh Datta (On behalf of the SPD Collaboration)Spin Physics Detector : An Overview December 02, 2022 5 / 30
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SPD detector at the Stage II 
  

  

SPD Stage II : Detector

Figure 6: SPD detector in stage II

Improved vertex detector for short lived particle decays

TOF+AGel for better PID

ECAL for �, e± identification

Event rate at peak
luminosity and energy
⇠ 3 MHz

Silicon vertex detector :
MAPS/DSSD

Time of flight (TOF) for
PID (�t ⇠ 50 ps), ⇡/K
separation upto 1.5
GeV/c

Electromagnetic
calorimeter (ECAL)
( �EE = 5%p

E
+ 1%)

Aerogel counter in
endcaps, extends ⇡/K
separation upto 2.5
GeV/c

Amaresh Datta (On behalf of the SPD Collaboration)Spin Physics Detector : An Overview December 02, 2022 7 / 30
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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

124

Event size (Bytes)
410 510 610 710

)
-1

L1
 T

rig
ge

r R
at

e 
(s

310

410

510

610

COMPASS

CMS

ATLAS

ALICE

LHCb
KTeV

D0
CDF

OPAL BaBar
H1

BELLE I

SPD

Figure 8.1: Expected event size and event rate of the SPD setup after the online filter compared with
other experiments [468].

2 Online filter

The SPD online filter facility will be a high-throughput system which will include heterogeneous com-
puting platforms similar to many high performance computing clusters. The computing nodes will be
equipped with hardware acceleration. The software framework will provide the necessary abstraction so
that common code can deliver the selected functionality on different platforms.

The main goal of the online filter is a fast reconstruction of the SPD events and suppression of the
background ones at least by a factor of 50. This requires fast tracking and fast clustering in the electro-
magnetic calorimeter, followed by reconstruction of event from a sequence of time slices and an event
selection (software trigger). Several consecutive time slices shall be considered, tracker data unpacked
and given for a fast tracking. The result of the fast track reconstruction is the number of tracks, an es-
timate of their momentum and an estimate of primary vertex (to distinguish between tracks belonging
to different collisions). Using this outcome, the online filter should combine information from the time
slices into events and add a trigger mark. The events shall be separated in several data streams using the
trigger mark and an individual prescale factor for each stream is applied.

One of the most important aspects of this chain is the recognition of particle tracks. Traditional tracking
algorithms, such as the combinatorial Kalman filter, are inherently sequential, which makes them rather
slow and hard to parallelized on modern high-performance architectures (graphics processors). As a
result, they do not scale well with the expected increase in the detector occupancy during the SPD data
taking. This is especially important for the online event filter, which should be able to cope with the
extremely high data rates and to fulfill the significant data reduction based on partial event reconstruction
‘on the fly’. The parallel resources like multicore CPU and GPU farms will likely be used as a computing
platform, which requires the algorithms, capable of the effective parallelization, to be developed, as well
as the overall cluster simulation and optimization.

Machine learning algorithms are well suited for multi-track recognition problems because of their abil-

after online filter

SPD data rate after online  filter 

Considerations 
of SPD Tier-1 at PNPI
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SPD: Requested Computing Resources   
  

Requested computing 
resources

Considerations of SPD Tier-1 
for the SPD 2nd Stage at NRC KI – PNPI, Gatchina
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SPD project timeline 
 

  
2007  Idea of SPD project is included to NICA activities at JINR

         
      2014   SPD Letter of Intent is approved by JINR PAC

      2016, 2018  SPD-oriented workshops in Prague

      2019   SPD project is approved by JINR PAC (up to 2022) 
                 The 1st SPD proto-Collaboration meeting

      2020   Completion of SPD Conceptual Design Report (CDR) 
                            http://arxiv.org/abs/2102.00442 

      2021   SPD Collaboration is established
                 Two SPD-physics papers were published
                 
      2024   SPD Technical Design Report (TDR): http://spd.jinr.ru 
                 approved by JINR PAC June 2024

                 the SPD 1st Stage: included to the JINR 7-year Plan 2024-2030 
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SPD Collaboration: established in July 2021 
  

  

Сессия Ученого Совета ОФВЭ НИЦ КИ - ПИЯФ, 22 декабря 2022       В.Т. Ким      «Статус эксперимента SPD» 11
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SPD Collaboration: established in July 2021

The NICA-SPD Collaboration, July 2021

Armenia
Belarus
Chile
China
Cuba
Czechia
Egypt
France
Italy
Poland
Russia
Serbia
South Africa
Ukraine 33 laboratories and individual contributors from 14 countries 

Hadron21, 28-7-
2021 Egle Tomasi-Gustafsson 3

∽ 300 participants
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SPD Collaboration: Organization 
  

  
35 organizations from 15 countries        > 400 participants

Alexey Guskov, Joint Institute for Nuclear Research

SPD collaboration

44

35 institutes from 
15 states, ~300 

members

Signed MoU (12+3):
A.I. Alikhanyan National Science Laboratory (Yerevan Physics Institute), Yerevan  
NRC “Kurchatov Institute” - PNPI, Gatchina  
Samara National Research University (Samara University), Samara 
Saint Petersburg Polytechnic University  St. Petersburg 
Saint Petersburg State University, St. Petersburg 
Skobeltsyn Institute of Nuclear Physics, Moscow State University, Moscow 
Tomsk State University, Tomsk 
Belgorod State University, Belgorod 
Lebedev Physical Institute of RAS, Moscow 
Institute for Nuclear Research of the RAS, Moscow 
National Research Nuclear University MEPhI, Moscow 
Institute of Nuclear Physics (INP RK), Almaty 
NRC “Kurchatov Institute”, Moscow (NRC KI) 
Higher Institute of Technologies and Applied Sciences, Havana 
Institute for Nuclear Problems of BSU, Minsk

http://spd.jinr.ru/

Signed MoU (16):
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 School of Economics, Moscow
Higher Institute of Technologies and Applied Sciences, Havana
   in signing: I-Temba Labs (South Africa), Univ. Cairo (Egypt) 

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

CB Chair: A. Tumasyan (ANSL, Yerevan)

SPD Collaboration Meetings:

2023:    Dubna (April)
             Samara (October)
2024:    Almaty (May)
              Dubna (November) 
 2025:    Yerevan (April?)
              Dubna (October?) 
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SPD Collaboration Meeting: Almaty, 2024 May 2024 
  

  

SPD Collaboration Meeting 
at Kazakh-British Technical University (KBTU), Almaty, 20 - 24 May 2024  
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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 √s ≤ 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 data taking
     (can be performed even at reduced energy and luminosity)
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SPD Physics: 
  

  

V.V.Abramov1, A. Aleshko 2, V.A. Baskov3, E. Boos 2, V. Bunichev2,
O.D. Dalkarov 3, R. El-Kholy 4, A. Galoyan 5, A. V.Guskov6, V. T. Kim7, 8,
E. Kokoulina 5, 9, I. A. Koop 10, 11, 12, B. F. Kostenko 13, A. D.Kovalenko 5,
V. P. Ladygin 5, A. B. Larionov14, 15, A. I. L’vov 3, A. I.Milstein 10, 11,
V.A.Nikitin 5, N.N.Nikolaev 16, 26, A. S. Popov10, V.V. Polyanskiy 3,
J.-M.Richard 17, S.G. Salnikov10, A.A. Shavrin 7, 18, P. Yu. Shatunov10, 11,
Yu.M.Shatunov10, 11, O.V. Selyugin14, M.Strikman19,
E. Tomasi-Gustafsson 20, V.V. Uzhinsky 13, Yu.N.Uzikov6, 21, 22, ⋆,
Qian Wang23, Qiang Zhao 24, 25, A. V.Zelenov7

1 NRC “Kurchatov Institute” - IHEP, Protvino, Russia
2 Skobeltsyn Institute of Nuclear Physics, MSU, Moscow
3 P.N. Lebedev Physical Instituteof RAS, Moscow
4 Astronomy Department, Faculty of Science, Cairo University, Giza, Egypt
5 VBLHEP, Joint Institute for Nuclear Research, Dubna
6 DLNP, Joint Institute for Nuclear Research, Dubna
7 NRC “Kurchatov Institute” - PNPI, Gatchina, Russia
8 Peter the Great St. Petersburg Polytechnic University, St. Petersburg, Russia
9 Sukhoi State Technical University of Gomel, Gomel, Belarus
10 Budker Institute of Nuclear Physics of SB RAS, Novosibirsk, Russia
11 Novosibirsk State University, Novosibirsk, Russia
12 Novosibirsk State Technical University, Novosibirsk, Russia
13 LIT, Joint Institute for Nuclear Research, Dubna
14 BLTP, Joint Institute for Nuclear Research, Dubna
15 Institut für Theoretische Physik, Justus-Liebig-Universität,
Giessen, Germany
16 L. D. Landau Institute for Theoretical Physicsof RAS, Chernogolovka, Russia
17 Université de Lyon, Institut de Physique des 2 Infinis de Lyon,
UCBL–IN2P3-CNRS, Villeurbanne, France
18 St. Petersburg State University, St. Petersburg, Russia
19 Pennsylvania State University, USA
20 DPhN, IRFU, CEA, Université Paris-Saclay, Gif-sur-Yvette, France
21 Dubna State University, Dubna, Russia
22 Department of Physics, MSU, Moscow
23 Guangdong Provincial Key Laboratory of Nuclear Science, Institute of Quantum
Matter, South China Normal University, Guangzhou, People’s Republic of China
24 Institute of High Energy Physics, Chinese Academy of Sciences, Beijing, People’s
Republic of China
25 University of Chinese Academy of Sciences, Beijing, People’s Republic of China
26 Moscow Institute of Physics and Technology (National Research
University), Dolgoprudny, Russia
⋆ E-mail: uzikov@jinr.ru

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


ICPPA2024,  Moscow, 22 October 2024    Victor Kim (NRC KI - PNPI)   «SPD at NICA: Status and Outlooks» 24

JOINT INSTITUTE FOR NUCLEAR RESEARCH

June 4, 2021

Conceptual design of the Spin Physics Detector

Version 1.1

The SPD collaboration*

*Contact person: A. Guskov (JINR), Alexey.Guskov@cern.ch

ar
X

iv
:2

10
2.

00
44

2v
2 

 [h
ep

-e
x]

  2
 Ju

n 
20

21

PDF kinematic range 
  

  

CINEMATIC RANGE

18
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Dynamics kinematic range 
  

  

Physic case

g

g c

c
−D

+D

d

d

SIDIS

σ ∼ α2αs

σ ∼ α2
s

Hadroproduction

We cannot compete with SIDIS experiments in the study of the quark content of the nucleon

NICA SPD
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Gluon probes at SPD: charmonia, open charm, direct photons   
  

  

PROMPT PHOTON PUZZLE

20

WA70 pp
UA6 pp
E706 pp / 530
E706 pp / 800
UA6 pp

_

R110 pp
R806 pp
AFS pp
PHENIX preliminary pp
D0 pp

_

CDF pp→γX √s=1.8 TeV
_

4

3

0

2

1

Da
ta

 / 
Th

eo
ry

0.01 0.1 xT

INCNLO or JETPHOX
M=μ=MF=pt/2

CTEQ6M Λ=326 MeV
frag BFG II

xT = 2pT

s

GLUON PROBES AT SPD

g

q

q

q

γ

g

g c

c
−D

+D

d

d

g

g

c
c

g

ψJ/

J/ψ

ψ(2S)

Open charm

Prompt photons

16

not only J/ψ! σ = PDF1 ⊗ PDF2 ⊗ ̂σ12
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Helicity gluon PDF 𝚫g(x): Spin Crisis  
  

  

GLUON HELICITY FUNCTION ∆g(x) : SPIN CRISIS 

~25%

?
?

∆g(x) : ΔG = ∫
1

0
Δg(x)dx

22



ICPPA2024,  Moscow, 22 October 2024    Victor Kim (NRC KI - PNPI)   «SPD at NICA: Status and Outlooks» 28

JOINT INSTITUTE FOR NUCLEAR RESEARCH

June 4, 2021

Conceptual design of the Spin Physics Detector

Version 1.1

The SPD collaboration*

*Contact person: A. Guskov (JINR), Alexey.Guskov@cern.ch

ar
X

iv
:2

10
2.

00
44

2v
2 

 [h
ep

-e
x]

  2
 Ju

n 
20

21

NNPDF Coll.: quark and gluon helicity PDFs of proton 
  

  

Quark and Gluon Helicity Distributions from
NNPDF E. Nocera et. Al.  Nucl.Phys. B887 (2014) 276-308

For example: 

Up and down quark helicity
distributions are known. Still
large uncertainties for gluon
and anti-quarks. 

RHIC: evidence for non-zero 
gluon spin contribution!

Exploring Proton Structure with Drell-Yan 14

Gluon helicity PDF:
still rather high uncertainties!

Hadron collisions have a better
sensitivity to measure it.

⬅  SPD has a good opportunity!

NNPDF Coll.: 
E. Nocera et al. (2014)

Quark helicity PDF:
few percent level uncertainties

It is measured with 
high precision in DIS
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Helicity gluon PDF 𝚫g(x): 
  

  

GLUON HELICITY FUNCTION ∆g(x)

∫ d
x

 ∆
g

(x
)

0
.0

0
1

0
.0

5
∫ dx ∆g(x)
1

0.05

Q
2
 = 10 GeV

2

NEW FIT

DSSV*

DSSV

90% C.L. region

90% C.L. region

-0.5

0

0.5

1

-0.2 -0.1 -0 0.1 0.2 0.3

accessible with SPD

-0.4

-0.3

-0.2

-0.1

 0

 0.1

 0.2

 0.3

 0.4

 0.001  0.003  0.01  0.03  0.1  0.3  0.5  1
x

and 1-m contours

and 68% C.L. contours

NNPDFpol1.1

MC-replicas
MC-average

DSSV14

x6g(x,Q2=10 GeV2)

SPD could help to reduce uncertainty of 
ΔG at large x

EIC

SPD

24

Phys.Rev.D 100 (2019) 11, 114027

Phys.Rev.Lett. 113 (2014) 1, 012001

ALL = σ++ − σ+−

σ++ + σ+−

Aγ
LL ≈ Δg(x1)

g(x1)
⊗ A1p(x2) ⊗ ̂agq(q̄)→γq(q̄)

LL + (1 ↔ 2) .Acc̄
LL ≈ Δg(x1)

g(x1)
⊗ Δg(x2)

g(x2)
⊗ ̂agg→cc̄X

LL
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Spin of proton 
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SPD: towards 3D-structure of nucleon
  

  

3D STRUCTURE OF THE PROTON

13

Z

P

xP

z

z

xb

yb

b⊥

Z

P

xP

z

z

Z

P

xP

z

z

xk

yk

⊥k

Collinear 
approximation

Generalized Parton 
Distributions

Transverse Momentum 
Dependent PDFs

(common PDF)

GPDs
TMD PDFs

3D structure of 
nucleon

connection to 
orbital moment
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Parton Distribution Functions (PDFs): 1D ➡ 3D 
  

Parton 1D-distribitions:
Integrated over kT PDF: f(x; logQ2)        ⬅  modulo logQ2 - DGLAP evolution  

Extension to parton 3D-distribitions:

►  Generalized parton distributions (GPDs): G(x, b, n; logQ2)
                                                               b - impact parameter, n – unit vector  

►  Unintegrated over kT PDF: Φ(x, kT, n; logQ2) (two theory approaches):
                                                                
       ➥ Unintegrated collinear PDF (uPDF)
          
       ➥ Transverse momentum distribution (TMD)
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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 
  

  
TMD PDFS

14
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Gluon TMD with SPD 
  

  

GLUON PDFs

Unpolarized gluons at high x 
in proton and deuteron Gluon helicity Gluon Boer-Mulders 

function

Gluon Sivers function Gluon transversity in 
deuteron

15

arXiv:2011.15005
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Gluon transversity of deuteron 
  

  

GLUON TRANSVERSITY ∆gT(x) IN DEUTERON

Transversity function is 
related to spin-flip amplitude 
but Δs=2 is impossible in 
LO for spin-1/2 hadron.

But it nonzero gluon transversity is 
possible already in LO in deuteron due to 
non-nucleonic gluon component! It could 
be accessed via double transverse spin 
asymmetry!

33

Sh. Kumano for DY: 
ΔTg(x) = Δg(x)

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 in deuteron!

GLUON TRANSVERSITY ∆gT(x) IN DEUTERON

Transversity function is 
related to spin-flip amplitude 
but Δs=2 is impossible in 
LO for spin-1/2 hadron.

But it nonzero gluon transversity is 
possible already in LO in deuteron due to 
non-nucleonic gluon component! It could 
be accessed via double transverse spin 
asymmetry!

33

Sh. Kumano for DY: 
ΔTg(x) = Δg(x)

Lepton pairs       S. Kumano 
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Gluon TMD effects: gluon Sivers function  
  

  

GLUON-INDUCED TMD EFFECTS : GLUON SIVERS FUNCTION (x,kT)Δg
N

Sivers effect: left-right asymmetry of 
unpolarized kT distribution in 
transversely polarized nucleon

 AN

Sivers effect

Collins effect

- due to fragmentation of polarized quark 26

1) Collinear factorization + three-
parton correlations in twist-3 

2) TMD factorization 

Different <kT> for quarks 
and gluons?

GLUON-INDUCED TMD EFFECTS : GLUON SIVERS FUNCTION (x,kT)Δg
N

Sivers effect: left-right asymmetry of 
unpolarized kT distribution in 
transversely polarized nucleon

 AN

Sivers effect

Collins effect

- due to fragmentation of polarized quark 26

1) Collinear factorization + three-
parton correlations in twist-3 

2) TMD factorization 

Different <kT> for quarks 
and gluons?

GLUON-INDUCED TMD EFFECTS : GLUON SIVERS FUNCTION (x,kT)Δg
N

Sivers effect: left-right asymmetry of 
unpolarized kT distribution in 
transversely polarized nucleon

 AN

Sivers effect

Collins effect

- due to fragmentation of polarized quark 26

1) Collinear factorization + three-
parton correlations in twist-3 

2) TMD factorization 

Different <kT> for quarks 
and gluons?

- Collinear factorization:
   twist-2 and twist-3

- TMD-factorization

- Overlap/matching region

- Nontrivial x and kT correlation?

Sivers effect: L-R asymmetry
of unpolarized kT-distribution
in T-polarized nucleon 

Collins effect: due to fragmentation
of polarized parton
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SPD Physics at the initial Stage I
  
  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 stage of 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)
►  Multiquark correlations (SRC) in deuteron and light nuclei
►  Dibaryon resonances
►  Hypernucleus production
►  Open charm and charmonia production near threshold
►  Large-pT hadron production to study diquark structure of proton
►  Large-pT hadron production to study multiparton scattering
►  Antiproton production measurement for astrophysics and BSM search
►  …
 

 

https://arxiv.org/abs/2102.08477
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SPD Physics at the initial Stage:  exotic states
pentaquark, dihyperon, etc. production  

                                         

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

PHYSICS OF PARTICLES AND NUCLEI  Vol. 52  No. 6  2021

POSSIBLE STUDIES AT THE FIRST STAGE OF THE NICA COLLIDER OPERATION 1077

Multiparton scattering can be significant for pro-
duction of multiquark systems and and nuclei
[205, 224].

9.5. Multiquark Exotic State Production
Multiparton scattering provide a unique opportu-

nity to study production of various multiquark states
and light nuclei [205, 224] at SPD energies.

An excitement has been flourished when LEPS
[225], DIANA [226] and CLAS [227] Collaborations
observed a resonance state, which was correspondent
to quantum flavour numbers of -pentaquark, with
the narrow width as predicted in [228].

However, in a meantime there was a somewhat
contradictory situation. Most of -pentaquark
observation claims were ruled out while the others
[226, 229–231] were still not, see for a review of the
experimental situation, e.g., [232, 233]. There were
also papers tried to explain why one experiments could
observe the -pentaquark state while the others
would not, see, e.g., [234]. A similar situation with the
other multiquark states: H-dihyperon [235, 236], etc.
[237, 238].

Multiquark state production cross section depends
from its structure and production mechanism. For
instance, the atomic or molecular structures lead to
different mechanisms of production and to different
branching ratios of the final states.

Production of multiquark systems with possible
diquark structure [222, 239–242] on large angles can
be enhanced due to double diquark–quark scattering
[205, 224].Inclusive and two-particle correlation stud-
ies with production of light nuclei and antinuclei
should help establishing two production mechanism
stages: multiparton scattering and fragmenta-
tion/fusion process [205, 224] (Fig. 24).

So far, most of the negative pentaquark and H-dihy-
peron searches were performed at small production
angles. Therefore, SPD experiment provides an uniqe
opportunity to search such multiquark states at unex-
plored kinematic domain.

9.6. Summary
To summarise this section:
• SPD with study of the inclusive particle produc-

tion and few-particle correlations at different kine-
matic regions in -collisions at high luminosity
should reveal such quark correlations as diquark states
in proton;

• Multiparton distribution in proton can be stud-
ied via multiparton scattering, which yield certain azi-
muthal two-particle correlations; In particular, dou-
ble-parton scattering should increase two-particle
correaltions out of back-to-back scattering region;

+Θ

+Θ

+Θ

pp

• SPD can carry out investigations of the novel
production mechanisms as double quark–diquark
scattering and the other multiparton scattering sub-
processes, which would lead to enhanced production
of exotic multiquark resonance states and light nucle-
iat large angles;

• - and -collisions at high luminosity can
shed light on the difference between multiquark f luc-
tons and short-range nucleon correlations by measur-
ing cumulative production of antiprotons and 
mesons. Collision processes with light nuclei, if avail-
able, should enhance sensitivity to the hard f lucton
antiquark sea.

Therefore, SPD experiment at NICA has a unique
opportunity, from one side, to test and extend our
knowledge of various aspects of multiquark correla-
tions: from diquark substructure of proton, double-
parton scattering, the cold dense baryon matter, to the
exotic multiquark resonance production, and, from
the other side, it has a rather high potential for discov-
ering new exotic multiquark states and novel mecha-
nisms of production at high energy hadronic colli-
sions.

10. STUDY OF INELASTIC d–d 
AND p–d INTERACTIONS FOR OBSERVATION 

OF NEUTRON–PROTON SYSTEM 
UNDER STRONG COMPRESSION29

In this experimental proposal, we consider a possi-
bility of registering light dibaryons at the NICA SPD
facility, experimental and theoretical indications of
the existence of which were previously obtained at
JINR. The main attention is paid to the description of
the observable effects, as well as the requirements for
measuring instruments necessary for their successful
detection.
29This section is written by B.F. Kostenko (e-mail:

bkostenko@jinr.ru).

pd dd

−K

Fig. 24. Production of multiquark systems (pen-
taquarks,H-dihyperons, etc.) and deutrons on large angles
via double diquark–quark scattering [205, 224] in nucleon
collisions.

(ud) (ud)
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SPD Physics at the Stage-1: ion-ion collisions  
                                         

A. Efremov, V. Kim 1987
V. Abramov et al 2021 
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SPD Physics at the Stage-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: from R&D to Production Stage 
  

       

SPD TDR      https://spd.jinr.ru/physics-detector/

version 1.0 (April 2024):    https://arxiv.org/abs/2404.08317
Current version: to be published in new journal Natural Science 
Review

JINR PAC Approval after SPD DAC review: June 2024

SPD: Moving from R&D to Production Preparation

Few examples …
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SPD Superconductive Solenoid Magnet: 1 Testla 
  

       

Budker INP SB RAS, Novosibirsk

 

 

SPD Магнит with Control Dewar

Responsibility 
of the BINP

21.05.2024E. Pyata, S. Pivovarov, BINP, SPD Magnet

Power supply and energy 
extraction system 

Instrumentation Frame

Control Dewar box 
and TL

Magnet

The magnetic field along the solenoid axis
should be 1.0 T.

BINP presents our participation in SPD
project with the following items:

• Magnetic and engineering design of the
magnet including tools and support;

• Production and delivery of the magnet
(consisting of the cryostat with cold
mass, alignment components, proximity
cryogenics, supports);

• Power converter, energy extraction
system, quench protection and
instrumentation.
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SPD Central Straw-Tracker: New Production Site @JINR  

       

Straw productions sites: JINR (Dubna), NRC KI – PNPI (Gatchina) & INP KZ (Almaty)
based on JINR ultrasonic welding technology
 
 JINR, Dubna
 ► Production Hall 200 sq. m, Clean Room 100 sq.m

 

Straw R&D

New Straw production line and assembling place

• Area ~200 sq.m., clean room~100 sq.m, machine shop and 
assembling hall~50 sq.m and 8,5 m high

• Double Production line length~12m
• The deadline is the beginning of the 3rd quarter of 2024
• Commissioning works-the beginning of the 4th quarter of 2024
• Necessary materials and equipment have been purchased
• Planned volume ~60km straw

New Straw production line and assembling place

• Area ~200 sq.m., clean room~100 sq.m, machine shop and 
assembling hall~50 sq.m and 8,5 m high

• Double Production line length~12m
• The deadline is the beginning of the 3rd quarter of 2024
• Commissioning works-the beginning of the 4th quarter of 2024
• Necessary materials and equipment have been purchased
• Planned volume ~60km straw
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SPD Straw-Tracker: New Production Site @INP ME KZ (Almaty)  

       

Straw productions sites: JINR (Dubna), NRC KI – PNPI (Gatchina) & INP KZ (Almaty)
based on JINR ultrasonic welding technology
 

 INP ME KZ (Almaty)
 ► Two large halls for straw production

 

«Big» room
dimensions

Length: 22.8m
Width: 11,3m
Height: 6,7m

- Room renovation started in
2024.
- 12m straw welding machine.
- 4*4m detector assembly
facility with 2 lines for
simultaneous operation.

«Small»room
dimensions

Length: 8,3m
Width: 7,6m
Height: 5,5m

- Room renovation has been
finished in October 2023.
- Clean room is being built
- 5m straw welding machine will
be installed.
- The machine and related
equipment is purchased.
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SPD Central Straw-Tracker: Prototyping  

       
JINR (Dubna), NRC KI – PNPI (Gatchina) & INP KZ (Almaty)

 

Prototyping
- Small prototype production (lab and test beam straw and readout performance studies)
- development and prototyping of the construction elements (gas supply, sealing)
- development and optimization of the electrical connections (noise and x-talk reduction

uSPDcombine
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SPD Central Straw-Tracker: Prototyping  

       
JINR (Dubna), NRC KI – PNPI (Gatchina) & INP KZ (Almaty)

 

Prototyping
Connectors, HV distribution board, new pin, assembling, grounding
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SPD Straw-Tracker: Prototype Testing at CERN SPS and PS  

       
JINR (Dubna), NRC KI – PNPI (Gatchina) & INP KZ (Almaty)

 

Test beam periods 2024 at SPS and PS

Three different tasks:
- setup development, readout electronics test and debugging : 
 SPS H8 beam dump (low intensity muons)
- spatial resolution: SPS H4
- charge measurements for low momentum particles: PS T09
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SPD Central Straw-Tracker: Prototype Testing @SPS&PS 

       

JINR (Dubna), NRC KI - PNPI (Gatchina) & INP RK (Almaty) 

R&D: thin straw tubes with ASIC readout 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 (3 Runs SPS, 2 Runs PS)
- most of results included to the SPD TDR

 

12/14/22  18

Summary 

Starting from 2015 PNPI team actively 
participates in development of future trackers
● Contribution to SHiP SST (testbeam 

datataking and analysis, sim/reco software, 
conceptual design of digital electronics and 
development of the straw production station 
in PNPI)

● From 2020 - active participation in the SPD 
tracker development starting from the 
contribution to work on the 
reconstruction/simulation software and 
moving towards 

● General R&D on searches for optimal solution for 
optimal straw readout options

● Common work with JINR team
● Collaboration with RD 51, DUNE, NA62 and NA64 
● Work ongoing...

11

SiPmEQR15-60 (China) tests for ECAL

Together with Chilie group

BBC

Tests of VMM3, VMM3a and TIGER 
readouts for Straw

Development and tests of low-
impedance amplifier for RS 

Straw R&D

17

Ongoing R&D on welded straws
Components
• Pins for anode
• Endplag for straw
• Adhesives
• Crimpers

Prototypes
• Straws different diameter 5,10,20mm(110str)
• First DUNE prototype
• Prototype ZUV(~110str)

Straw production
• Different diameters
• Different metallization
• Developing production lines in  

INP Kazakhstan
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SPD: Beam-Beam Counter (BBC) 
  

       

JINR, Dubna & MEPhI, Moscow

 

 

3

The Spin Physics Detector (SPD)

Introduction General

The Beam-Beam Counters (BBC) for SPD

The main purpose of BBC is the permanent
monitoring of the beam polarization using the
azimuthal asymmetry of the inclusive charged
particles yield.

+ event plane detector for HI physics.

10-3

10-3

Correlation between
CNI polarimeter and STAR BBC asymmetries. 

• Scintillator tiles part at the distance ~1.7 m

3

The Spin Physics Detector (SPD)

Introduction General

The Beam-Beam Counters (BBC) for SPD

The main purpose of BBC is the permanent
monitoring of the beam polarization using the
azimuthal asymmetry of the inclusive charged
particles yield.

+ event plane detector for HI physics.

10-3

10-3

Correlation between
CNI polarimeter and STAR BBC asymmetries. 

• Scintillator tiles part at the distance ~1.7 m
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SPD BBC R&D: Material Selection 
  

       

JINR, Dubna & MEPhI, Moscow

 

 

BBC Materials Selection

Materials selection and tests with different material combinations of tile 
prototype includes:

• Scintillator: Matted or Tyvek covered

• Optical cement:     CKTN MED vs OK-72

• Fiber:               Saint-Gobain Crystals vs Kuraray (Phase 1)

• SiPMs:                   3x3 vs 1x1 mm2 (currently: Hamamatsu)

The material selection for BBC is complete, final configuration – matted 
surface, Y-11 fiber, СКТN B optical cement

1

BCF92
Y-11

СКТN B

OK-72
СКТN E
СКТN B

Kuraray Y-11

Tyvek

Matted

Row 1

Optical cement selection

WLS Fiber selection Selection criteria:
• Light collection
• Technological applicability
• Pricing
• Availability for purchase
• Radiation hardness
• Ageing etc

Cover material selection
BBC Materials Selection

Materials selection and tests with different material combinations of tile 
prototype includes:

• Scintillator: Matted or Tyvek covered

• Optical cement:     CKTN MED vs OK-72

• Fiber:               Saint-Gobain Crystals vs Kuraray (Phase 1)

• SiPMs:                   3x3 vs 1x1 mm2 (currently: Hamamatsu)

The material selection for BBC is complete, final configuration – matted 
surface, Y-11 fiber, СКТN B optical cement
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Row 1

Optical cement selection
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• Light collection
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SPD BBC: Prototyping 
  

       

JINR, Dubna & MEPhI, Moscow

 

 

BBC Prototyping

2

BBC Sector (Ring 1/16) design

2x reduced sector prototype

WLS-SiPM test connector couple

Grooved carbon fiber 
backplate v1 prototype 

and updated design
✔ Currently we have in hands 2 small sector prototypes
of 8 tiles with СКТN B and SG BCF92 fiber assembled
on carbon fiber backplate

· We plan to produce a full wheel with reduced sectors
in the middle of 2025

Prototypes test with 
CAEN FERS-5200

Amplitude spectra 
of 1-st sector
(radial dependence)
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SPD BBC Stand: testing prototypes 
  

       

JINR, Dubna & MEPhI, Moscow & INR RAS, Moscow

 

 

8

The hardware of BBC tests part Stand for BBC measurements

The VME based DAQ

Isupov A.Yu. // EPJ Web Conf. 2019. 
V.10003. P.204

PMT 
Hamamatsu 
H10720-110 

BC-404

External trigger by coincidence of 
two scintillators with PMTs readout

TRB-3 (10 ps)

Together with V.Chmil (JINR), 
S.Morozov, E.Usenko (INR)

The stand for BBC 

CAEN FERS 5200 

DT5202 (citiroc 1A chip)

DT5203 (picoTDC chip)

DT5215 (Concentrator)
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SPD: Test Zone @Nuclotron 
  

       

JINR, Dubna

 

 

3Status and prospects of the SPD test zoneSpeaker: Korovkin Dmitry

SPD Test Zone
SPD test zone has two channel:

 The low momentum channel (Marusya setup) 
should provide particle beams with a 
momentum range from 100 MeV/c to 2 GeV/c.

 The high momentum channel should provide 
particle beams with a momentum range from 1 
GeV/c to 10 GeV/c.

Low 

momentum 

channel

High 
momentum 

channel
Experimental 

rooms

Low 
momentum 

channel
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SPD: Test Zone @Nuclotron 
  

       

JINR, Dubna
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4Status and prospects of the SPD test zoneSpeaker: Korovkin Dmitry
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SPD Test Zone: Muon Range System Prototype 
  

       

JINR, Dubna

 

 

3Status and prospects of the SPD test zoneSpeaker: Korovkin Dmitry

SPD Test Zone
SPD test zone has two channel:

 The low momentum channel (Marusya setup) 
should provide particle beams with a 
momentum range from 100 MeV/c to 2 GeV/c.

 The high momentum channel should provide 
particle beams with a momentum range from 1 
GeV/c to 10 GeV/c.
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14Status and prospects of the SPD test zoneSpeaker: Korovkin Dmitry

Prototype of SPD muon detector
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SPD Test Zone: Low Momentum Channel 
  

       

JINR, Dubna

 

 

3Status and prospects of the SPD test zoneSpeaker: Korovkin Dmitry

SPD Test Zone
SPD test zone has two channel:

 The low momentum channel (Marusya setup) 
should provide particle beams with a 
momentum range from 100 MeV/c to 2 GeV/c.

 The high momentum channel should provide 
particle beams with a momentum range from 1 
GeV/c to 10 GeV/c.
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6Status and prospects of the SPD test zoneSpeaker: Korovkin Dmitry

Low momentum channel

Energy of primary beam  — up to 2 GeV/n

Commissioning date — 2025 year

p, MeV/c d p,n π± K+ K− μ± e±

400 103 105 105 103 102 103 103

800 103 104 104 103 102 103 10з

1500 102 104 104 103 102 102 102Experimental zone LMC

Focus F4

Intensities from interaction deuteron 5GeV/n + carbon target
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SPD Test Zone: High Momentum Channel 
  

       

JINR, Dubna

 

 

3Status and prospects of the SPD test zoneSpeaker: Korovkin Dmitry

SPD Test Zone
SPD test zone has two channel:

 The low momentum channel (Marusya setup) 
should provide particle beams with a 
momentum range from 100 MeV/c to 2 GeV/c.

 The high momentum channel should provide 
particle beams with a momentum range from 1 
GeV/c to 10 GeV/c.

Low 
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channel
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momentum 

channel
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Low 
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9Status and prospects of the SPD test zoneSpeaker: Korovkin Dmitry

High momentum channel

Energy of primary beam — up to 10 GeV/n

Commissioning date — 2026 year

p, MeV/c d p,n π± K+ K− μ± e±

2000 104 105 104 103 102 102 102

7000 104 106 103 103 102 102 102

Intensities from interaction deuteron 5GeV/n + carbon target
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SPD Test Zone:  Extra Physics Opportunities 
  

       

SPD Test Zone: 

Extra Opportunities for SPD physics at Fixed Target!

SPD Fixed Target & FITNEX
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SPD Experiment: Running Strategy 
 

  

24.08.23SPD experiment at JINR26

Running strategy
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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 deutron
in pp- и dd- collisions at high luminosity up to √s < 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 deutron 
 - gluon transversity of deutron …

►  SPD physics program is complementary to studies  
 at COMPASS++/AMBER, RHIC, AFTER@LHC, LHC-spin, EIC

► Wide physics program at the SPD 1-Stage: 
- search for exotic resonances (glueball, penta- and tetra- quarks), …
- multiquarks fluctons and few-nucleon correlations …

► SPD TDR: http://spd.jinr.ru approved by JINR PAC in June 2024, 
                        to be published in the new JINR journal Natural Science Review 

► SPD 1-Stage included into 7-year JINR plan 2024-2030

► SPD  R&D: physics signal optimization, setup design optimization, 
production and testing of prototypes,

                          preparation for production

►  SPD Test Zone: opportunities for SPD physics at fixed target
 

 


