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Main SPD physics goal

Spin Physics Detector (SPD) (http://spd.jinr.ru):
a universal particle physics facility at NICA collider.

➥ Main SPD goal: 
understanding of the strong interactions using both polarized and 
unpolarized pp- and dd- collisions at √s up to 27 GeV with high-luminosity.

To this end, it will be studied 3D quark-gluon structure of proton and deuteron
with emphasis of gluon PDF and TMDs at high x. 

➥ In addition, it will be carried out a comprehensive program, at the initial period
of SPD data taking, for a broad range of particle and nuclear physics

-------------------
Parton distribution function (PDF) 
Transverse momentum distribution (TMD)
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SPD at NICA (JINR, Dubna)   
NICA: 
Nuclotron-based Ion Collider fAcility
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NICA site at JINR, Dubna: May 2021 

3

SPD

MPD
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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

8

and double spin asymmetries (see Tab. 1.1). The results expected to be obtained by SPD will play an
important role in the general understanding of the nucleon gluon content and will serve as a comple-
mentary input to the ongoing and planned studies at RHIC, and future measurements at the EIC (BNL)
and fixed-target facilities at the LHC (CERN). Simultaneous measurement of the same quantities using
different processes at the same experimental setup is of key importance for minimization of possible
systematic effects. Other polarized and unpolarized physics is possible, especially at the first stage of
NICA operation with reduced luminosity and collision energy of the proton and ion beams.

Table 1.1: Gluon TMD PDFs at twist-2. The columns represent gluon polarization, while the rows
represent hadron polarization. The PDFs planned to be addressed at SPD are highlighted in red.

Unpolarized Circular Linear
Unpolarized g(x) h?g

1 (x,kT )
density Boer-Mulders function

Longitudinal Dg(x) Kotzinian-Mulders
helicity function

Transverse Dg
N(x,kT ) Worm-gear DT g(x)

Sivers function function transversity (deuteron only),
pretzelosity

Figure 1.2: General layout of the SPD setup.

The physics goals dictate the layout of the detector. The SPD experimental setup is being designed as
a universal 4p detector with advanced tracking and particle identification capabilities based on modern
technologies. The silicon vertex detector (VD) will provide resolution for the vertex position on the
level of below 100 µm needed for reconstruction of secondary vertices of D-meson decays. The straw
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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
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SPD in World landscape of polarized physics
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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  
http://arxiv.org/abs/2102.00442 
Two SPD-physics papers were submitted for publication   

2021   SPD Collaboration is established
Preparation of SPD Technical Design Report is started 

2025+  Start of SPD operation 
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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 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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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]

JINR E2-2021-12
ArXiv e-Print: 2102.08477 [hep-ph]

https://arxiv.org/abs/2011.15005
https://arxiv.org/abs/2102.08477
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SPD: towards 3D-structure of nucleon3D STRUCTURE OF THE PROTON
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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 SPDGLUON 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 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
_
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Da
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0.01 0.1 xT
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frag BFG II
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GLUON PROBES AT SPD
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−D

+D
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d

g
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c
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ψJ/

J/ψ

ψ(2S)

Open charm

Prompt photons

16

not only J/ψ! σ = PDF1 ⊗ PDF2 ⊗ ̂σ12
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PDF kinematic rangeCINEMATIC RANGE

18
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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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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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Helicity gluon PDF 𝚫g(x): Spin CrisisGLUON HELICITY FUNCTION ∆g(x) : SPIN CRISIS 

~25%

?
?

∆g(x) : ΔG = ∫
1

0
Δg(x)dx

22
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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



“NUCLEUS-2021”, St.Petersburg, 20 September 2021   SPD Physics    Victor Kim      NRC KI - PNPI, Gatchina & SPbPU

!

22

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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Gluon Sivers function

First k⊥-moment of the gluon Sivers function  JHEP 09 (2015) 119

GLUON SIVERS FUNCTION (x,kT)Δg
N

27

Phys.Rev.D 90 (2014) 1, 012006

PHENIX

SPD
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… and at NICA energies (fixed target at FNAL)  … AND AT NICA ENERGIES

29

Phys. Lett. B 345 (1995)

E704 

E704 at FNAL: fixed target 200 GeV  
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Gluon induced TMD effects: existing results for ANGLUON-INDUCED TMD EFFECTS : EXISTING RESULTS FOR AN

28

Phys.Rev.D 98 (2018) 1, 012006

J/ψ

μ from HF
Phys.Rev.D 95 (2017) 11, 112001
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Gluon induced TMD effects: expected results for AN
Sivers effect impact

GLUON-INDUCED TMD EFFECTS: EXPECTATIONS FOR AN
Sivers effect contribution

30

Saleev 2020

Shipilova, Saleev, 2020, 
not published yet

γ

D-mesons

J/ψ
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SPD Physics at the initial stage

V.V. Abramov et al., to appear in PEPAN, JINR E2-2021-12, 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
► 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
► Semi-inclusive 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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Summary
► Spin Physics Detector (SPD), a universal setup at NICA (http://spd.jinr.ru):
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 up to 27 GeV

► Complementing main probes: charmonia (J/Psi, higher states),
open charm and direct photons

► SPD can reveal significant insights towards 3D gluon structure:
- gluon helicity structure
- unpolarized gluon PDF at high x in proton and deuteron
- gluon transversity in deuteron

- Comprehensive and rich physics program for the fist period of data taking

- SPD physics program is complementary to the other intentions to study gluon
content of nuclei (RHIC, AFTER@LHC, LHC-spin, EIC) and mesons
(COMPASS++/AMBER, EIC)

- SPD CDR: arXiv:2102.00442
- SPD physics:

A. Arbuzov et al. ,Prog. Part. Nucl.Phys. 119 (2021) 103858 e-Print: 2011.15005 [hep-ex]
V.V. Abramov et al., to appear in PEPAN, JINR E2-2021-12, e-Print: 2102.08477 [hep-ph]

https://arxiv.org/abs/2011.15005
https://arxiv.org/abs/2102.08477

