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Ways to access gluon structure of 
hadron at low energies
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The most direct way
Hard background

Nice signal
Model-dependent treatment

Problematic signal
Rather simple treatment

•  prompt-photon production

• charmonia production

• open-charm production
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Production of photons in hadron collisions
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Fragmentation photons
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γ γ

Relative contribution 
of fragmentation 

photons is below 15% 
even at much higher 

energies. 

It can be calculated in 
LO and NLO 
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Decay photons
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Systematics of 
background 
subtraction

Statistics

Huge background from  and  decays.π0 → 2γ η → 2γ
Low pT — no chance!

High pT — reconstruction of the decays 
and MC-based subtraction 
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Experiments with prompt photons 
at low energies
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Fixed target 
experiments

xT =
2pT

s

↑

 COMPASS++/AMBER                   13.7       GeV      2025+ 
 NICA SPD                         p↑, d↑             up to 27  GeV      2025+ 

K±, π±
New projects

xT

y
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Previous results: p-p

WA70



Alexey Guskov, Joint Institute for Nuclear Research 8

Emergence of hadronic mass

Partonic structure 
Drell-Yan

Charmonia Prompt photonsπ
π KK Kπ

q
q

_

COMPASS++/AMBER

LS2 LS3

2022

AMBER — Apparatus for Meson and Baryon 
Experimental Research

Meson as a complex QCD system

https://nqf-m2.web.cern.ch
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Meson PDFs
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GRV (1992) set of pion PDFs: Drell-Yan, charmonia 
and prompt photon production experiments (E615, 
NA10, WA70, NA24). 

SMRS (1992): basically the same old data. 

JAM (2018) set: production of leading neutrons in DIS 
at HERA (ZEUS, H1). 

Kaon PDFs: just 700 kaon-induced DY events at NA3
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Prompt photons at 
COMPASS++/AMBER
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pT > 1 GeV/c

ECAL0

ECAL1

ECAL2

COMPASS DVCS setup

Open setup -  
possibility for semi-

inclusive and exclusive 
reactions!

xF

Measurement with 
π and K, GeVBEAME
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Assumed for kaon similar PDFs  
as for pion (GRV)

100 GeV 
kaon-enriched
 hadron beam!
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Expectations

11

1.5 2 2.5 3 3.5 4 4.5 5 5.5 6
, GeV/c

T
p

1

10

210

310

410

510

610

710

810

910

1010

ev
en

ts
 / 

0.
25

 G
eV

/с

background before and after 
 reconstruction0π

signal

+πK+

2 2.5 3 3.5 4 4.5 5 5.5
, GeV/c

T
p

0

0.2

0.4

0.6

0.8

1

statsyst

+π
σ/σd

K+

0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8
Fx

0

0.05

0.1

0.15

0.2

0.25

0.3
σ/σd

+π

−π

>3.75 GeV/c
T

p

# of photons pT>2 GeV/c pT>3 GeV/c

π- total 3.1×107 3.7×105

π- prompt 1.3×106 6.8×104

π+ total 3.3×107 3.6×105

π+ prompt 1.1×106 4.7×104

MC-based  background 

subtraction

π0

This experiment (100 GeV): 50 pb-1 (1 year) 
WA70 (280 GeV):1.3 pb-1 for π+ and  3.5 pb-1 for π-

    π ≈ K
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Prompt photons and other 
instruments at COMPASS++/AMBER

Drell-Yan Charmonia Prompt photons

Main hard process (LO)

Content to be tested valence and sea quarks gluons and quarks gluons and quarks

Kinematic range xF>0 xF>0 pT>2 GeV/c

Main target C C LH2

Expected statistics, 106 π: ~0.1 (conv), K: ~0.06 
(RF)

π: ~3 (conv), K: ~1 (RF) π, K (RF) : ~10

qq̄ → l+l− gg → J/ψ g, qq̄ → J/ψ q(q̄)g → q(q̄)γ, qq̄ → γg

12
xF0-1 1

pT

Prompt  
photons

DY and  
charmonia

0

Different but overlapping 
kinematic ranges
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Two interaction points:
MPD -MultiPurpose Detector 

for heavy ion physics 

SPD - Spin Physics Detector for 
physics with polarized beams

SPD
MPD

Nuclotron-based 
Ion Collider fAcility

in the Joint Institute for 
Nuclear Research (JINR), 

Dubna, Russia

The NICA collider at JINR, Dubna

A-A, d↑-d↑, p↑-p↑ (L,T)

 up to 1032 cm-2s-2Lpp

spp ≤ 27 GeV
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NICA construction site
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Range system
ECAL

ToF
Tracker

Vertex 
detector

Toroidal magnet
Range system

ECAL    

Tracker
Beam pipe

Solenoidal magnet

Supporting  frame
Magnetic 
system

R&D 
stage

~9 m

Collision rate ~4 MHz
Trigerless DAQ

Low material budget

SPD detector (not fixed yet!)
spd.jinr.ru

http://spd.jinr.ru
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A bit kinematics…
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spp = 26 GeV

xmin =
xTe−y

1 − 2xTey

xmin=0.05
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a g A qq 

NICA

RHIC
pT > 1 GeV/c
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Previous results: pp(pbar)
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Longstanding 
discrepancy between 

fixed-target and 
collider data
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Nucleon PDFs
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pa
rt

on
   

   
 

Gluon 
polarization

Gluon 
Sivers function

3 PDFs are needed 
to describe nucleon 
structure in collinear 

approximation

8 PDFs are needed if we want to take 
into account intrinsic transverse 
momentum kT of quarks  (LO)
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DSA with longitudinally polarised beams 
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A1P is well-known from DIS →

ALL  < 10%

× ̂aLL + (1 ↔ 2) ̂aLL =
̂s2 − ̂u2

̂s2 + ̂u2
for GCS
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where q(xa,b,kTa,b) and G(xa,b, kTa,b) are quark and gluon distribution functions and ΔNq(xa,b,kTa,b)

AN =
�" � �#

�" + �#

SSA with prompt photons

I. Shmidt, J. Soffer, J.J. Yang, Phys. Lett. B 612 (2005)
Single transverse spin asymmetry 

gluon Sivers function

√s=30 GeV 
pT=4 GeV

N. Hammon et al.  
J. Phys. G: Nucl. Part. Phys. 24 991(1998)

!
J. Qui and G. Sterman, Phys. 

Rev. Lett. 67 (1991) 2264

√s=30 GeV 
pT=4 GeV

xF > 0xF < 0
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Single spin asymmetries at √s=19.4 GeV
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Polarized measurement at FNAL E704 
•Fixed target.
•Polarized proton beam from Λ decay
•2.5 GeV/c <pT< 3.1 GeV/c
•π0 mass resolution - 10.5 MeV
• 473 prompt photon candidates 
(including 220+-22 background events)

Phys. Lett. B 345 (1995)
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Accuracy expected for asymmetries
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pT > 6 GeV/c

1 year of data taking (  s) 
with  

107

L = 1032cm−2s−1

AN,LL
|P | = 1

No systematics related with 
luminosity and polarization 

measurement included.

•  decay photons from π0, η and other sources
•  clusters from neutral hadrons
•  double clusters
•  clusters from misidentified charged particles (5%)
•  clusters from photons produced at the setup 

elements
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Summary
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 Prompt-photon production is a proven instrument to access polarized and 
unpolarized gluon content of hadrons.

  All the measurements at energy scale ~20 GeV were performed 20-30 years ago 
It is a good time to come back with new level of experimental techniques and 
theoretical understanding.

 Prompt photon production is proposed to be used for the first measurement of 
gluon distribution in kaon within the COMPASS++/AMBER project (CERN) with 
100 GeV positive and negative kaon beams. Due to the system of 3 
electromagnetic calorimeters the measurement of the prompt-photon production 
production cross section could be performed in wide range of xF and could be 
combined with the charmonia production results.

 Prompt-photon production will be used to access gluon polarization and gluon 
Sivers functions in polarized p↑-p↑ and d↑-d↑ collisions at the Spin Physics 
Detector (SPD) at the NICA collider (JINR, Dubna, Russia) at  up to 27 GeV. 
High luminosity, 4π acceptance of the SPD setup and controlled systematics will 
allow to access accuracy of AN and ALL measurement on the level of a few 
percent.

 You are welcome with theoretical predictions and proposals to extend the 
experimental  program with prompt photons (and not only) of the COMPASS++/
AMBER and NICA SPD projects.

s
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Input from theory for AMBER 
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