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SPD AT NICA

p↑p↑ : s ≤ 27 GeV
d↑d↑ : s ≤ 13.5 GeV
d↑p↑ : s ≤ 19 GeV

U, L, T 

|P|>70%

503 m

NICA - Nuclotron-based Ion 
Collider fAcility
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, GeV

In the  mode at such 
energy NICA is unique

d↑d↑

In the  mode: p↑p↑



CONCEPT OF THE SPD PHYSICS PROGRAM
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Other  
physics

SPD - a universal 
facility for 

comprehensive study of 
polarized gluon content 

in proton and 
deuteron at large x

Other spin-
related 

phenomena
Charmonia

Open charm
Prompt photons

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

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



GLUON PROBES AT SPD
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not only J/ψ! σ = PDF1 ⊗ PDF2 ⊗ ̂σ12



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

Q2 = 10 GeV2/c2, < x > = 0.3



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

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



GLUON HELICITY FUNCTION ∆g(x) : EXPECTATIONS FOR ALL
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M. Nefedov

A. Shipilova

W. Vogelsang

gg → J/ψg

qg → qγ

Vogelsang, Sassot, Borsa 



GLUON-INDUCED TMD EFFECTS: EXPECTATIONS FOR AN
Sivers effect contribution
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Saleev 2020

Shipilova, Saleev, 2020

γ

D-mesons

J/ψ



… AND DEUTERON
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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
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SPD DETECTOR

No hardware triggers to 
avoid possible bias!
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DETECTOR PERFORMANCE
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PHYSICS PERFORMANCE: GLUON PROBES  (1 YEAR=107 S)

14

1.65 1.7 1.75 1.8 1.85 1.9 1.95 2 2.05
, GeV KπM

15

20

25

30

35

40

45
610×

DSSD

DSSD + MAPS

|>0.2F|x

2 3 4 5 6 7 8 9
, GeV/c

T
p

310

510

710

910

1110

 s
 / 

0.
5 

G
eV

/c
7

Ev
en

ts
 / 

10

 = 27 GeVs

Prompt photons

Minimum bias photons
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RATES FOR MAIN PROBES
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PHYSICS PERFORMANCE: ACCURACIES

 0

 0.02

 0.04

 0.06

 0.08

 0.1

-0.8 -0.6 -0.4 -0.2  0  0.2  0.4  0.6  0.8

A
N

(x
F
)

xF

SIDIS1
SIDIS2

GSF

 0

 0.02

 0.04

 0.06

 0.08

 0.1

-0.8 -0.6 -0.4 -0.2  0  0.2  0.4  0.6  0.8

p p -> DX, sqrt S=27 GeV, 
 1<pT<3 GeV, 
 µ = pT

0.116 0.116

 0

 0.02

 0.04

 0.06

 0.08

 0.1

-0.8 -0.6 -0.4 -0.2  0  0.2  0.4  0.6  0.8
xF

q(pol) qbar->yg (QSF annihil)
[q(pol) qbar->yg] + [q(pol) g -> qy] (QSF all)

g(pol) q -> yq (GSF)
Sum

 0

 0.02

 0.04

 0.06

 0.08

 0.1

-0.8 -0.6 -0.4 -0.2  0  0.2  0.4  0.6  0.8

4<pT<6 GeV, sqrt S=27 GeV, 
 SIDIS1 , µ = pT

Stat. 
Stat+syst

J/ψ J/ψ polarization

prompt-γ

D0

Different inputs for gluon Sivers function



0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
 (GeV/c)

T
p

0.1−

0.05−

0

0.05

0.1

λ
σ

17

PHYSICS PERFORMANCE: ACCURACIES
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for combined γ/π0 analysis: 

dANπ0 /ANπ0 = 1 %



SPD: PHASE-I
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Running with reduced beam energy and luminosity



PHYSICS OF THE FIRST STAGE OF SPD RUNNING

➤ Spin effects in p-p, p-d 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 

➤ Auxiliary studies for astrophysical experiments 
➤ … 19

arXiv:2102.08477

s

Non-perturbative QCD Perturbative QCD

Reduced luminosity 
and beam energy

Physics of Particles and Nuclei v52,  p1044–1119 (2021)



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 ; 

➤ 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, p-d 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, AFTER, LHC-Spin, EIC, JLab experiments) and mesons 
(AMBER, EIC); 

➤ SPD CDR could be found at arXiv:2102.00442 for more details; 
➤ More information could be found at http://spd.jinr.ru .

s ≤ 27 GeV
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http://spd.jinr.ru

