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July 2021

http://nucloweb.jinr.ru/nucloserv/205corp.htm
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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 
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• Open questions in light 
nuclei structure - spin 
observables 

• Contribute to the world effort in understanding the 
strong interaction using unpolarized and polarized pp
pd and dd collisions at  𝑠 ≤ 27 GeV.

• Origin of the hadron mass: the Higgs mechanism 
accounts for some percent of the hadron mass: 
gluon  dynamics

• Multiquark states
• Structure of the nucleon

(charge, magnetic, spin 
distributions) and of light 
nuclei
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Purpose of SPD

1 fm
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SPD and the World Facilities 𝑝↑𝑝↑ (I)
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𝑑↑𝑑↑ only at SPD!



Kinematical range

Beam energies:
p↑p↑(√spp ) = 12 ÷ ≥ 27 GeV (5 ÷ ≥12.6 GeV of proton kinetic energy),
d↑d↑(√sNN) = 4 ÷ ≥13.8 GeV (2 ÷ ≥5.9 GeV/u of ion kinetic energy).
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Contribute to the world 
effort  in understanding
gluon dynamics

Investigate polarized
elementary reactions, 
elastic and inelastic
vector, strange, charmed
meson production 
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Gluon probes at spd
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not only J/ψ! 𝜎 = 𝑃𝐷𝐹!⊗𝑃𝐷𝐹"⊗𝜎
̂
!"
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Open charm

Prompt photons
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The SPIN of the proton

S =  1/2 
ΔΣ + ΔG     +      L
Quarks.        gluons

orbital momentum

measured:  ~  1/4

Gluon content of 
proton and deuteron: 
Transverse 
Momentum-
Dependent PDFs in deuteron only

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

xF
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Gluon physics at SPD
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arXiv:2011.15005 Prog.Part.Nucl.Phys. 119 (2021) 103858
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Contact: Alexey.Guskov@cern.ch



Physics of the first stage of SPD

13

𝑠

Non-perturbative QCD Perturbative QCD

• Study of the NN interaction: spin amplitudes of NN elastic

scattering

• Di-quarks dynamics

• Vector meson production (strange, charm...) : 

spin-isospin effects, backward emission…

• Deuteron wave function at short distances

• …….
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Investigating (unexplained) spin effects
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Large angle pp scatteringHyperon polarization
PRD 23 (1981) 600

PRL 51 (1983) 2025
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J/Y production

R. Vogt. Phys. Rept., 310, 197 (1999).
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1) Hard process at parton level
2) Formation of cc pairs

(not pre-existing in the proton)
3) Hadronization of cc pairs into
J/Y

4) FSI 

1) Effective proton size: rc ≈1/mc
2) Large isotopic effects :

s np >> s pp
3) Polarization phenomena

M.P. Rekalo, E.T.-G.. New J. Phys., 4,68(2002).

SPD region

3.5
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arXiv:2102.08477 Physics of Elementary Particles and Nuclei
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Contact: Yuri Uzikov; Uzikov@jinr.ru
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SPD detector

Supporting  frame
~9 m

Collision rate ~4 MHz
Trigerless DAQ



Physics performance: gluon probes
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𝐽/𝜓 → 𝜇𝜇

𝜓$ → 𝐽/𝜓𝜋%𝜋& 𝜒'!," → 𝐽/𝜓𝛾

𝐷) → 𝜋%𝐾&
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(1y=107s)



19

arXiv:2102.00442

The SPD collaboration

Contact: Alexey.Guskov@cern.ch
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Conclusions
• SPD (Spin Physics Detector) at the JINR-NICA collider - a

multipurpose 4p detector  for QCD studies with polarized
proton and deuteron beams at √s up to 27 GeV.

• SPD - a facility for comprehensive study of gluon content in
proton and deuteron at large x

• SPD – unique facility for  polarized deuteron collisions

• A strong tradition for polarized beams and targets exists at
JINR-DUBNA, where unique polarized proton, neutron
and deuteron beams are available in the GeV range.

SPD is open for new ideas and collaborators
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Thank you for the attention! 



Gluon probes at spd
Sharp signal

Relatively large cross 
section

Model-dependent 
probability for

Largest cross section

Challenging experimental 
requirements

Model-dependent 
fragmentation functions 

Almost no fragmentation Strong background 
especially at low pT

𝑐𝑐 → [𝑐𝑐]
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not only J/ψ!
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World facilities for polarized gluon physics
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RATES for the main probes
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