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Ways to access gluon structure of

hadron at low energies

» prompt-photon production

e O a The most direct way
@ g Hard background
he

- charmonia production

T, Nice signal
— @ s Model-dependent treatment

hs

» open-charm production

°
P|et— u

)% Rather simple treatment

g = Problematic signal
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Production of photons in hadron collisions
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Fragmentation photons
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Decay photons

Huge background from 7z — 2y and # — 2y decays.

Low pt — no chance!
High pr — reconstruction of the decays
and MC-based subtraction
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Experiments with prompt photons

at low 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, n; C 19.4 -0.75 -0.2 | 0.22 - 0.52
NA3 (1986) p, 7T, 7 ; C 19.4 -04-1.2 | 0.26 — 0.62
NA24 (1987) P, ¥Eim oD 23.75 -0.65 - 0.52 | 0.23 — 0.59
WAT70 (1988) p,* , T p 22.96 -0.9-1.1 | 0.35-10.61
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

COMPASS++/AMBER

NICA SPD

K= 7=
pt, d?
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COMPASS++/AMBER

2022 https://ngf-m2.web.cern.ch

AMBER — Apparatus for Meson and Baryon
Experimental Research

eson as a complex QCD system

Emergence of hadronic mass

Drell-Yan

Prompt photons

Charmonia
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Meson PDFs

0.3

e 1s92 GRYV (1992) set of pion PDFs: Drell-Yan, charmonia
—— and prompt photon production experiments (E615,
o NA10, WA70, NA24).

SMRS (1992): basically the same old data.

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

Gluon

Valence

Kaon PDFs: just 700 kaon-induced DY events at NA3
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Prompt photons at

COMPASS++/AMBER

Assumed for kaon similar PDFs
as for pion (GRV)

2 oot K COMPASS DVCS setup
Y 800 ’
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Expectations

do/o
S 10’ i
S 10 - ool
g 10 E._ background before and after [ MC-based 7 background
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p_, GeV/c p_, GeV/c
oo # of photons  pr>2 GeV/c pr>3 GeV/c
b >3.75 Gevlc - total 3.1x107  3.7x105
“F - prompt 1.3x106 6.8 %104
°2 T+ total 3.3x107 3.6x105
015 . m+ prompt 1.1x106 4.7x104
0.1:— * s
e This experiment (100 GeV): 50 pb-1 (1 year)
0.05—
i WA70 (280 GeV):1.3 pb-! for nt and 3.5 pb-1 for m-
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Prompt photons and other
instruments at COMPASS++/AMBER

Drell-Yan Charmonia Prompt photons
Main hard process (LO) qq — 111~ gg = Jly g, qq—=Jly  q@g— 9@y, 9G = v8

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

Kinematic range xp>0 x>0 pr>2 GeV/c
Main target C C LH>
Expected statistics, 106 | ™ ~0-1 (C‘(’E;))’ Ke~0.06 1 -3 (conv), kK: ~1 RF)  m, K (RF) : ~10
pr
Prompt
photons
Different but overlapping
DY and kinematic ranges
charmonia
0
-1 0 XF 1
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The NICA collider at JINR, Dubna

Nuclotron-based , ,,
lon Collider fAcility * Seus SPD-
. . . | ' | BM@N (Detector) | 3 ‘\“ ==
in the Joint Institute for G i N B
Nuclear Research (JINR), e ion O ,r MP | ‘ y
Dubna, Russia <y (’ A f,\ ,
A-A, dt-dt pT-pt (L,T) gty 2t '*
<
Sy <27 GeV

32 -2Q-2
Lpp up t 0 cm-2s

e, O Two interaction points:
R e T MPD -MultiPurpose Detector
for heavy ion physics

SPD - Spin Physics Detector for

physics with polarized beams

%
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NICA construction site

0Z-04-202Z0 Tue 1£:53:31




SPD detector (not fixed yet!)

Low material budget spd.jinr.ru

vertex Toroidal magnet

detector’
Tracker “~ """ o Range system
\ “

ECAL

Range syste m\ < S } ------ —ECAL \ R&D
Nt ]/ ‘ ___Tracker - st age
W ampipe Py

\\\ 'Solenoidal magnet

\ Supporting frame

Magnetic

Collision rate ~4 MHz
Trigerless DAQ
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http://spd.jinr.ru

A bit kinematics...
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Previous results: pp(pbar)

P. Aurenche, M. Fontannaz, J.-P. Guillet, E. Pilon, and M. Werlen, A New

critical study of photon production in hadronic collisions, Phys. Rev. D73, LO n g Sta n d i n g

094007 (2006) [hep-ph/0602133]. xi, 70, 71

discrepancy between
> - x WA70 pp :
§ 4= UA6pp N INCNLO or JETPHOX fIXEd-taI'QEt and
~ v E706 pp /530 ! ==MF=pt/2 .
S | A E706pp/800 ! CTEQ6M =326 MeV collider data
S L ouAs pp 1! frag BFG II o I. * o |
3. R110 pp SPD i%i 3 ..
- ¢ R806 pp I ; ? e L ®le
= AFS PP Vs=26 GeV ," 2 g i
- o PHENIX preliminary pp * e
2 e DOpp -
v CDF pp—yX Vs=1.8 TeV
i f v i ._; ”V~ ' &L
N
0.01

Alexey Guskov, Joint Institute for Nuclear Research



Nucleon PDFs

@/,quark
\nucleon NUCLEON
unpolarized longitudinally pol. transversely pol. G I u O n
E f1 @ 1T @ S- :
5 - @ ivers function
§' number density
c = g &
g : Yemem) U het 3 PDFs are needed
S 2 Ry to describe nucleon
L Q- & h( OF ? structure In collinear
: b k approximation
g [Boer—Mulder} lljiL @"_T @’ lljiTprgomy p p

8 PDFs are needed if we want to take
INto account Intrinsic transverse
momentum kr of quarks (LO)

Gluon
polarization
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DSA with longitudinally polarised beams
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SSA with prompt photons

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

gluon Sivers function
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N. Hammon et al.

J. Phys. G: Nucl. Part. Phys. 24 991(1998) J- Qui and G. Sterman, Phys.

Rev. Lett. 67 (1991) 2264
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Single spin asymmetries at \/s—19 4 GeV

Polarized measurement at FNAL E 704

*Fixed target.

*Polarized proton beam from A decay
°2.5 GeV/c <pr< 3.1 GeV/c

°1® mass resolution - 10.5 MeV

* 473 prompt photon candidates
(including 220+-22 background events)
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Accuracy expected for asymmetries

10" g_. * aqg-qy
— o B v from vertex 1
- L ® s} v from vertex n
10 —iB + O y from vertex other sources
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Il 1 | | | | 1
-1 0.5 0 0.5 1 x.

No systematics related with
luminosity and polarization

clusters from misidentified charged particles (5%) measurement included.
clusters from photons produced at the setup
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Summary

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

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 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.

4p Prompt-photon production will be used to access gluon polarization and gluon
Sivers functions in polarized pT-pT and dT-dT collisions at the Spin Physics

Detector (SPD) at the NICA collider (JINR, Dubna, Russia) at \/E up to 27 GeV.

High luminosity, 4 acceptance of the SPD setup and controlled systematics will
allow to access accuracy of An and AL measurement on the level of a few
percent.

4p 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.
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Input from theory for AMBER

@\ Perceiving the Emergence of Hadron Mass through AMBER@CERN
:A kick-off meeting of the initiative took place 11/12/2019, very good attendance

Perceiving the Emergence
of Hadron Mass through

AMBER@CERN

30 March 2020 to 3 April 2020
CERN, Geneve - Switzerland

30 March 2020 to 3 April 2020
CERN

Europe/Zurich timezone

Joint CERN TH department and AMBER event, web site will be open by the end of the week
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