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Production of photons in hadron collisions

Photons in A+A

rd

Direct Photons

hard “ Decay Photons
/ Preequilibrium thermal hard+thermal
photons / \
\ / \‘ jet Medi induced
\ QGP Hadron gas jet-y- edium induce

conv. vy bremsstr.

collective effects,
not important for pp or dd collisions

Please note, direct photons at MPD and SPD are different
things!
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Prompt photons

Bremsstrahlung annihilation with
scattering

daAB — Z / dma,dmbf(;,4 (maa /12)be (mba :uz)do'ab—)'yX (zaa Lhs “2)
a,b=q,q,9

U~ p1/2

Measurement with prompt photons is direct
access to gluon distributions in nucleon
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Ways to access gluon structure

of nucleon at low energies
» prompt-photon production

The most direct way

Strong background
. charmonla productlon

4% Nice signal
4‘2? %” Model-dependent treatment
* open- charm production
" g ‘; )% Rather simple treatment
& 0= Problematic signal
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Gluon Compton Scattering (GCS)
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Decay photons
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Even at very high pr signal will dominate
over background !
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Fragmentation photons
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Relative contribution
. LHC, pp — 7_+X @\/s=14 TeV, y=0 R_=04,E™ <4 Gev) of frag mentation
09 SR photons is below 15%
s 2‘7’ even at much higher
:g 06* Comption:qg-—>74q energ ies_
g 0.5
-9 It can be calculated in
’ 0-2‘i AnNnnnauon-gig =y g LO and NLO
0.1 STdgrienialiony.
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Previous studies at our energies

Experiment Beam and target | +/s, GeV y range T range
E95 (1979) p; Be 194, 23.75 | -0.7-0.7 | 0.15-0.45
E629 (1983) p, nt; C 19.4 -0.75-0.2 | 0.22 - 0.52
NA3 (1986) p, T, 7 ; C 19.4 -04-1.2 | 0.26 — 0.62
NA24 (1987) ) 00 AR 8 o 23.75 -0.65 - 0.52 | 0.23 - 0.59
WAT0 (1988) P, *, T ;P 22.96 -09-1.1 | 0.35-0.61
E706 (1993) p, 7 ; Be 30.63 -0.7-0.7 | 0.20-0.65
E704 (1995) P; P 19.4 <0.74 0.26 — 0.39
UA6 (1993,1998) D; P 24.3 -0.2-1.0 | 0.34-0.50
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Previous results: pA

J. Phys. G: Nucl. Part. Phys. 23 (1997) A1-A69.
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Previous results: pA
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Prompt photons at low-energy

‘colliders

ISR: Vs=63 GeV R806 (1982), R110 (1989), R807(1990)
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Previous results: pp(pbar)

pp(pbar)
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Nucleon PDFs

) ‘\‘\ nuclenn NUCLEON
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Gluon

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 k1 of

polarization

quarks (LO)
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DSA with longitudinally polarlsed

beams
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Gluon Sivers function

Some estimations
from RHIC data (Q2=2 GeV?/c?)
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SSA with prompt photons

Single transverse spin ammetry

I. Shmadt, J. Soffer, J.J. Yang, Phys. Lett. B 612 (2005)
gluon Sivers function
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where q(Xab,ktap) and G(xap, k1a,) are quark and gluon distribution functions and Anq(Xa,b,Kta,b)
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N. Hammon et al.

J. Phys. G: Nucl. Part. Phys. 24 991(1998)

XF
J. Oui and G. Sterman, Phys.
Rev. Lett. 67 (1991) 2264
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Our backgrounds are also

spin-dependent !

Leonard Gamberg, Zhong-Bo Kang

Phys.Lett.B696:109-118,2011 Phys.Rev. D90 (2014) no.1, 012006
. > 0.2
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But they also contain info about spin
structure of nucleon!
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Single spin asymmetries at \/s—19 4 GeV

Polarized measurement at FNAL E/7 04 Phys. Lett. B 345 (1995)
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Production of double photons

Collaboration 5 Beam  Target Measurement
R806 [16] 63 p p d?o/dydm,,
R807 [19] 63 p p d*o/dydm,,
UA2 [20] 630 P p do/dpr
(a) (b)
UA2 [21] 630 P p d%o /dn; /dna
qq —>yy gg =YY UAL [22] 630 P p o
Ed*c/dp?
E741(CDF) [24] 1800 D p o
o _ oo™ ag0n0e0) do/dpy
(c) = 3 3
qq —>VrYE 89 Y isr7q 8q =Y srd WAT0 [9] 2296 m” P o
do/dpr
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Prompt photons and DY

] _ Phys.tt. B209 (1988) 397-406 (1988)
PrOdUCtIOn Of IOW'maSS d I m UOn Comparison of Drell-Yan and single photon cross sections

pairs is a process very similar to o U prren - 1ove
prompt photon production TOp—
M= lg v = 630 Gev
2
Dﬁ r N ppbar
g collisions
b
— two orders of magnitude smaller 5 |
cross section
— possibility to achieve low-pr
region 2.5 GeVi
- - . . 07 e Myu< ev/c
This option is available E ——
only in the collider mode! pr (1 (GeV/0
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Associative production of

prompt photons

One more mechanism to access gluon content of
the proton: pp—yJu X

arXiv:1502.02263
Oty ™~ 50 nb at LHC energy scale PLB 672:51-55 (2009)

J/y

kgee% Nice signal definition!
g

How large is the cross section at
¥

our energy scale? ~100 pb?

Other processes”?
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Prompt photons at SPD

Ideal setup:
- 4m ECAL
- minimal tracking system
(vertexing, charged/
neutral clusters
separation)
- ECAL-based trigger

ECAL No need for magnetic field
and muon system

Measurements with
A woordnale  prompt photons could be

performed at the first stage
of SPD operation
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Summary

4p Unpolarized and polarized physics with prompt photons looks
very attractive

4p 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

4p We have good chance to perform such kind of measurements
at SPD detector

4p Background conditions for studies with prompt photons are
quite hard. So the SPD detector should be effectively optimized.

4p Measurement with prompt photons could be the first stage of
the SPD operation
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Thank you for your attention!
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