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Gluon content of nucleon

Gluon contribution to spin of nucleon
iIs an actual question of
hadron physics
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Ways to access gluon structure of

nucleon 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

Photons in A+A
collisions

y
Direct Photons

X
Preequilibrium thermal hard+thermal

photons '/ \ 7/  \

X\
QGP

Decay Photons

jet-y-  Medium induced

Hadrongas _ = y bremsstr.

collective effects,
not important for pp or dd collisions
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Prompt photons

qq—gy

10-1; pr>1GeVic
Bremsstrahlung annihilation with - RHIC
scattering | T R
) 10 10 10° s, Gev 10
— A 2 B 2\ -~ 2
0AB—>Xy — 2 / fa (xa’ H ) fb(-xb » 1 ) aab—ncy(xa’ Xps K ) d'xa dxb
a,b=q,3.8 * Pr
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Fragmentation photons

A

g2 4 @A 4
E -
Relative contribution
LG, pp 1, X @14 T,y of fragmentation
09 sremoneesies)  photons is below 15%
. 08 even at much higher
2 0.7- ]
§ 0.6*3 Compion-q4g -—>74q energles_
% 0.5
398 It can be calculated in
’ 0.2 Annihilation: g q=y4d LO and NLO
'870 20 3040 400 200 300 1000
E; (GeV)
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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, 7F; C 19.4 075-02 | 022-0s52 | Fixed target
NA3 (1986) p, 7, ; C 19.4 -0.4-1.2 0.26 — 0.62 .
NA24 (1987) P, BXs® D 23.75 -0.65 - 0.52 | 0.23 — 0.59 experlments
WA70 (1988) p, mF, =i p 22.96 09-11 |0.35-0.61
E706 (1993) p, 7~ ; Be 30.63 -0.7-0.7 | 0.20 - 0.65 ]
E704 (1995) D; P 19.4 <074 | 0.26-0.39 | —polarised
UA6 (1993,1998) B; D 24.3 0.2-1.0 | 0.34-0.50
1
- sz = SPD —! 1800
AT = 085_ —11600
\/E 0-75 —11400
O.GE— £ P Fo T 1200
o.sg— I — 1000
o.4§— 800
= 600

0.3

0.2

0.1
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Decay photons
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Even at very high pr sighal dominates
over background !
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Previous results: pA

J. Phys. G: Nucl. Part. Phys. 23 (1997) A1-A69.

Xy
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Previous result
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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
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Prompt photons at low-energy

‘colliders
ISR: \/s = 63 GeV R806 (1982), R110 (1989), R807(1990)

Magnet Yoke

1073
Cryostat Lead glass =
Shower counter and Coil d - ® R0
! 5 AFS
10732~ O R108
A Counters —H - O R80e
- o
m —~33 }—
B Counters 10 = .
Drift — l> " .
LT chambers [
(&’ 10-34 E—
Lead o2 =
glass £ n &
Strip chamber ° - Q
1 1 (MWPC) nn' -35 A
1073°
0 Tm ° = &n
N :
w : A¢
Mass # of Branching % in 10736 = % 8]
Particle (GeV) Prod. o /7" Decay photons ratio (BR) o X BR /7" sample - ? A ¢
0 0.135 1.0 vy 2 1.0 1.0 61.4 - qa
P 0.549 0.55 Yy 2 0.38 0.209 12.8 10-37 ?
7’ 0.549 0.55 T 6 0.30 0.165 10.1 =
K(_\’ 0.498 0.40 T 4 0.31 0.124 7.6 o
o° 0.783 0.50 Ty 3 0.09 0.045 2.8 K
n 0.957 1.0 naw 6 0.084 0.084 5.2 10-38 | \ | | |
2 4 6 8 10 12

P (GeV/c)

Also at RHIC down to 62.4 GeV
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Production of double photons

Much smaller cross section but rather lgh masses

oo

1073 I T T —
999999/ Y i -
o This exp. (AFS) .
-32 —
Collaboration J5 Beam Target Measurement 075 ¢ R 806 (Ref. 3] -
> i i
R806 [16] 63 p p d%o/dydm,, S -
~
R807 [19] 63 p p 2o /dydm,,, S 1B =
UA2 [20] 630 P p do/dpr ‘i 4
>
UA2 [21] 630 P p d%o /dn /dn2 5 |
T 103 B
UAL [22] 630 P p o S ]
Ed%c/dp? e ~
E741(CDF) [24] 1800 P p o il
do/dpy 10-35 —
NA24 [6] 237 a= p Ed3oldp i
WA70 [9] 296 7 p o -
do/dpr 10-36 I I 1 L
2 A 6 8 10
NA3 [4] 194 p C o Mass (GeV)
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A bit more kinematics
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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

g | e cowmpass, all-p, Q%1 (GeV/c)?, 2002-06

< |+ COMPASS, high-p, Q*<1 (GeV/cy’ 2002-03
0.4 I 4 compass, Open Charm, 2002-07

o SMC, high-p_, Q*>1 (GeV/c)®

02 |« HERMES, high-p_, all * - I

4 (v o) —(0h-+oy) & P s —
LL oo o LS
(044 +0-——)+ (04— +0_4) :

_0.4 _I 1 1 1 1 1 l 1 1 I

ez [Aq(xg) + Ag(y)]
ez [q(z2) + q(z2)]

Ag(:vl)

A
LL™ g9(z1)

] Xdr;+ (1 e 2) &LL=;2;ﬁ2 for GCS

<017 [+ EnC T A
: ot { i M.
AP 1s well-known from DIS o * % - } © e } :
?

oozt 4 0 | ® HERMES
F 11

| gk

-o.ogéz.'_“ e —-| |« COMPASS ?i? _:0.4

AL <10% + ! jﬂ ~
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— —0.2
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Gluon Sivers function

Some estimations
from RHIC data (Q2=2 GeV?/c?)

100 F—— ———y ———
§ AxPlye . =10%
_ 2,2 _ oo, .
10 | . A Fimin= 2% :
ﬂ)(ki do(—k) : ]
£
Zo 0.1 ¢
Z "
<
| 0.01 f
Many theoretical models and |
just very rough estimation from  o.001 }
experimental data |
0.0001 e s
0.01 0.1
X
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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

1 . . T,.T
ot —ot = / d:ca/dzk A%k a® (20, k7 DNG (23, K
; z Lo I e — (pr/+/3) €Y 9i(Za, kr

min

dé do
X d(; (¢:G = q;7) + G(zo, k7a) ANgi(zs, K73) I (Gg; — qz"Y)]

where q(Xab,ktap) and G(xap, k1a,) are quark and gluon distribution functions and Anq(Xa,b,Kta,b)

j: v v v km: 4Ge(g 0.4 : 1 I LR I 1T 11 l—| T 1 I T 1 11 I | § 1:
’ — s =30GeV N \/ _ ’
° s=30 GeV o[- N$=I0Gel

Sal =4 GeV | - pr=tGeV :

glo p ] A 0.2 . - / —1

: : :
8 i i

xr< 0 | -

) 6\ M E xr>0 _j
4 l i
{ ' Lol

0.0 Red 11 1111 1
008 07 06 05 04 03 02 0u 0 0.2 0.4 0.6 0.8
Xp XF

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)

Beam Beam

Hodoscope MWPC /‘Hodoscope
/ /’ Guard
\ / "WPC l‘ cwmer
’/’:1 =3
f 44—*’\’ 'I (T cemes
Polarlzed = L-J_ ]" S “écmcz
Spln rotation A o \ =
m [
gnets / / \ Lead-glass
v y \ Calorimeter
eto-counters Target
o e
-20 -10 0 M0m

08F 2%<p,<3.1GeVic

Phys. Lett. B 345 (1995)

b >

- — -~
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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
<z 0.2_
¢ ,,5| Fragmentation photons, : p+p — 7% + X
: RHIC energles 0.15_— ® PHENIX 7° 3.1<1<3.8 {s=62.4 GeV A

0.1 A E704 10 s=19.4 GeV
! -- KQVY - % STARx° <1>=3.3, \s=200 GeV +

Y% STAR 1 <>=3.7, {s=200 GeV

[ “--- new 0.1 %}

—  Collins

o i - 0.05— ** i# ?
i * ¥
0.05 |- ol +-------§___*_*Z‘_"ﬁ-_’?f_ ____________________________________________
| | | | | -
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1

0.4 0.5 0.6 0.7 0.8 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

X X

F

But they also contain info about spin
structure of nucleon!
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Prompt photons and DY

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

Production of low-mass dimuon

pairs is a process very Similar to Comparison of Drell-Yan and single photon cross sections
prompt photon production ® Al Oreion - 19

v UALl single photon

® UA2 single photon

——— Aurenche et aol,
single photon

- x ® u+

q v q V T3
u-

1072

g d g q -3

&; n =20

8 vs = 630 GeV

N

P

£ _

_ pp

low-mass DY: "‘§ collisions

— two orders of magnitude smaller = .

cross section

— possibility to achieve low-pr
region LF myu<2.5 GeV/e
This option is available only in —— %
the collider mode! pr (¥ (GeV/c)
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SPD detector

vertex Toroidal magnet

Low material budget

Tracker ~ <».. Range system

ToF |
Range system T _ECAL ) g R&D

\ ~__Tracker = - st age
T ~Beam pipe 4 "

Collision rate ~4 MHz
Trigerless DAQ
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Prompt photons at SPD

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

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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Electromagnetic calorimeter

Shashlyk-type
sampling calorimeter

General requirements:

20 Blocks 2e Blocks 20 Blocks

— energy range from 50 MeV to 10 GeV;

— energy resolution of about 5%/+/E [GeV;

850
850
Blocks Blocks

— granularity ~5 cm;

3610

— time resolution ~ 0.5 ns;

67160

— operation in the magnetic field;

600

— long time stability of the basic parameters £5%.
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Photons in the SPD setup

cm-1 per 106 events

_ _ 51200 0
Photons produced in primary £
vertex and reached the ECAL
600
Minimum bias photons 400
: o _ E R
2 P v dEIE = 2% +2.7%\/E
Barrel 3 N
102 :

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
m,,[GeV/c?]




Prompt photons in the SPD setup
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Main background sources

10" g_- * ag—aqy
. 3 Al oo e decay photons from m, n and
= = e phimtlimhhh oo
1010 :_ + o} - neutral hadrons
=+ 2, ® e o N others
10° - v P e " ¥, i i [IR 0.18 0.03
= * - Y pery : :
10° CE & * * e ©
il (I R B R e clusters from
7L v '
r A e double clusters
10° L B e clusters from misidentified
10k Sl charged particles (5%)
El | o | | I 1 | l | l 1 | | - | I 1 1 1 1 l | - | | I | 1 | 1 I Nl . C|USterS from phOtonS
1 2 3 4 - 6 Fa
b [GeV/a produced at the setup

elements

General strategy:
0

1) 7" reconstruction and subtraction of photons from 7~ — yy
2)  Subtraction of residual background:N,, = N,—KkN o

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

rompt y
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107!

Q
—
q

Expected accuracy

1 year of data taking (10’ s) Antt

with L = 10*2cm=2s~!
Beam polarization |P| =1
Luminosity measurement

uncertainty is ignored
dk/k = 0.02

Statistics

- Systematics of

2 background

- subtraction

Guskov, Joint Institute for Nuclear Research

0.4_— pT > 6 GeV/C
0.2:— L /
i L 1
Of—--- Y E— :;F/n e

= SPD expected AN (x 5)
e SPD expected ALL (x5)
» E704 Vs=19.4 GeV

— Theoretical predictions

T T 1T 1 L |

1 l 1 Il 1 1 l 1 | 1 | I | 1 | 1 l 1 |

| I | | |
-1 -0.5 0 0.5 1 X,

Further optimisation of the setup and
background subtraction algorithms is
needed




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

4 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

4)p 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

4 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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