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Gluon content of nucleon
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Gluon contribution to spin of nucleon 
is an actual question of 

hadron physics

~1/3

~0~2/3
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Ways to access gluon structure of 
nucleon 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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Photons in A+A
collisions

Direct Photons

Decay Photonshard
thermal hard+thermal

QGP Hadron gasprompt
fragmentation

Preequilibrium  
photons

jet-γ- 
conv.

Medium induced 
γ bremsstr.

collective effects, 
not important for pp or dd collisions
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Prompt photons
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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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Previous studies at our energies
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—polarised

Fixed target 
experiments

xT =
2pT

s
SPD
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Even at very high pT signal dominates 
over background !

√s=26 GeV
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Previous results: pA
NA3 (1987)
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Previous results: pA

E706 (1993)
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Previous results: pp(pbar)
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SPD
√s=26 GeV
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Longstanding 
discrepancy between 

fixed-target and 
collider data
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Prompt photons at low-energy 
colliders
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ISR:  � s = 63 GeV R806 (1982), R110 (1989), R807(1990)

Also at RHIC down to 62.4 GeV
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Production of double photons
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Much smaller cross section but rather high masses 
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A bit more kinematics
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 spp = 26 GeV xmin =
xTe−y

1 − 2xTey

xT =
2pT

s

xmin=0.05
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Nucleon PDFs

�15

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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Gluon Sivers function 
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Some estimations 
 from RHIC data (Q2=2 GeV2/c2)

Many theoretical models and 
just very rough estimation from  

experimental data
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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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Our backgrounds are also 
spin-dependent !
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But they also contain info about spin 
structure of nucleon! 

 Fragmentation photons,
         RHIC energies

Phys.Rev. D90 (2014) no.1, 012006 
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Prompt photons and DY
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— two orders of magnitude smaller 
cross section

— possibility to achieve low-pT 
region

 

Phys.Lett. B209 (1988) 397-406 (1988)

γ*

Production of low-mass dimuon 
pairs is a process very similar to 

prompt photon production

�
collisions

pp̄

mμμ<2.5 GeV/c
This option is available only in 

the collider mode!

low-mass DY:
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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
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Prompt photons at SPD
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Ideal setup:
•  4π ECAL
•  minimal tracking 
system (vertexing, 
charged/neutral 
clusters separation)

ECAL

Tracking system

γ e

ECAL

Coordinate
 detector

No need for magnetic field  
and muon system

Measurements with 
prompt photons could be 

performed at the first stage 
of SPD operation
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Electromagnetic calorimeter
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Shashlyk-type 
sampling calorimeter

KOPIOGeneral requirements:
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cm-1 per 106 events

Barrel

Photons produced in primary 
vertex and reached the ECAL

dE/E = 2% + 2.7 % / E
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Prompt photons in the SPD setup
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Main background sources
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•  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

There k-factor is calculated from MC simulation k ≈ 0.2

1)   reconstruction and subtraction of photons from   
2)  Subtraction of residual background:  

π0 π0 → γγ
Nprompt γ = Nγ−kNπ0

General strategy:

π0 η others
γ per γ|π0 1 0.18 0.03
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Expected accuracy
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pT > 6 GeV/c

0 2 4 6 8 10
, GeV/c

T
p

2−10

1−10

1
σ/σd

Systematics of 
background 
subtraction

Statistics

AN,LL

Further optimisation of the setup and 
background subtraction algorithms is 

needed 

• 1 year of data taking (�  s) 
with �  

•  Beam polarization �
•  Luminosity measurement 

uncertainty is ignored
• �

107

L = 1032cm−2s−1

|P | = 1

dk/k = 0.02
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Summary
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 Unpolarized and polarized physics with prompt photons looks 
very attractive
 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
  We have good chance to perform such kind of measurements at 

SPD detector
  Background conditions for studies with prompt photons are quite 

hard. So the SPD detector should be effectively optimized
 Nevertheless preliminary MC studies show that the measurement 

of the prompt-photon production cross section on the level of a few 
per cent is possible at the SPD conditions
   Measurement with prompt photons could be the first stage of the 

SPD operation
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Thank you for your attention!


