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. Vector meson photoproduction at hadronic
colliders

. Transverse single — spin asymmetries and the
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. Predictions for the T/Psi photoproduction in
p'p and p'Au collisions at the RHIC energies
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RHIC and LHC = Photon colliders
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Exclusive vector meson
photoproduction at hadronic colliders
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Exclusive vector meson
photoproduction at hadronic colliders

At leading order in LL(1/x) approx.,:
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Exclusive vector meson
photoproduction at hadronic colliders

At leading order in LL(1/x) approx.,:
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Important probe of the QCD dynamics at high energies:
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Inclusive vector meson
photoproduction at hadronic colliders
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Tnclusive vector meson photoproduction
at hadronic colliders: Unpolarized Target

At leading order:

a(vhy = J/UX) x a(yg — J/¥) - zgp,

— Cross seclion is proportional o
the hadron gluon distribufion,

— The predictions depend on the
modelling of The gquarkonium
phofoproduction (NRQCD, CSM,
CEM, kT - factorization, ..)

For defails see e.g. VPG, MM Machado, EPTA s0 (2014) 712




Tnclusive vector meson photoproduction
at hadronic colliders: Unpolarized Target

olhy+hy = h@J/P+X)= [d:.-.rnhl[w}cr{f}fhg — J/UX)

s =14 Tev

J/ ¥

MRSTLO

CTEQ6L

VE=TTeV

17.93 nb (1793 x 10°)

13.18 nb (1318 x 10%)

V5 = 14 TeV

25.66 nb (2566 x 10°)

18.40 nb (1840 x 10%)

T

MRSTLO

CTEQS6L

VE=TTeV

0.30 nb (30 x 10%)

0.21 nb (21 x 10%)

V5 =14 TeV

0.47 nb (47 x 10°)

0.33 nb (33 x 10°)

VPG, MM Machado, EPTA 50 (2014) 12

For defails see e.g.




Tnclusive vector meson photoproduction
at hadronic colliders: Polarized Target

Where:

— x, is the energy fraction of hadron carried by the photon with fransverse
momentum ki, ;

—fyn is TMD photon spectrum, which we asssume to be given by:

Foyn(@yy ki) = Fypn(zy)exp (— K2 /(K2 ))/(m( K2.))

For a proton: _ Qem 1+ (1 —x,)? o 4.3 3 1
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For a nucleus: foralzy) =

For details see VPG, PRDa7 (2018) 014001



Tnclusive vector meson photoproduction
at hadronic colliders: Polarized Target

Quarkonium photoproduction: Color Evaporation Model
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The cross section is proportional To the number density of gluons in the
profon with fransverse polarization S and momenfum P, which is usually

paramefrized as: L -
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Unpolarized gluon TMD Gluon Sivers function



Sivers effect

Sivers (40’s) have proposed that the transverse momentum of the
partons inside of hadrons can be correlated with the spin,

P7_r/T> 4 _L[/"
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Gluon Sivers function: Unpolarized gluon in a polarized nucleon.
Parametrizes the correlation between the azimuthal distribution of an
unpolarized parton and the spin of its parent nucleon,

— While the gquark Sivers function have been measured directly in many
processes (e.g. SIDIS and DY), no direct clear measurements of the
gluon Sivers function have been done,

— Potential probes: Quarkonium Electroproduction, T/Psi and D meson
production in hadronic collisions, .






Single Spin Asymmetry

In order to probe fhe gluon Sivers tunction, in what fo\\ows we will
investigate the impact of different models For AN fom(@eskiy) in the rapidity
dependence of the single spin asymmetry, defined as:

Where % and % are respectively the differential cross sections measured
when the proton is transversely polarized up (1) and down () with respect fo
The scatfering plane. One have that:
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Single Spin Asymmetry

In our calculations we will assume that:

— Unpolarized gluon TMD: Gaussian torm

— Profon is moving along 2z - axis with momentum P and fransversely
polarized along y - axis;

— The gluon Sivers function can be parametrized as follows:
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Single Spin Asymmetry

Possible parametrizations:

Obtained by fitting the PHENIX data

and using the quark Sivers paramefers exfracted earlier from the SIDIS

data.

SIDIS1 | N, =065 | ag =28 | 8, =2.8 | p=0.687 | (ki) =0.25GeV*
SIDIS2 | N, =0.05 | a; =0.8 | B3 =14 | p=0.576

Boer and Vogelsang [(PRDe4, 0494025 (2004)1: Proposed To express the
gluon Sivers function in ferms of the quark Sivers one,

Ny (x) = (Wa(x) + Na(x))/2 (BV (A))
Ng(x) = Nq4(x) (BV (B))
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pp collisions:

0.1

0.08
0.06
0.04

0.02

AnY)

-0.02
=0.04
(.06

=0.08

SIDIS]
SIDIS2
BV-a
BV-b

s'? =200 GeV

0.1

-1 =05

0 05

AnY)

0.1

0.08
0,06
0.04

0.02

-0.02
=0.04
=0.06

-0.08

SIDIS]
SIDIS2
BV-a
BV-b

s'? = 500 GeV

01—

-1.5

-1 <05

0 05 1 1.5 2 25

The magnitude and signal of ax(y) is strongly dependent on the

model used fo describe the gluon Sivers tunction, with the position

ot peak occuring at larger values of Y with the increasing of

enerqgy.,




pp collisions:

z
<

0.1 I I I I I I | L I I I 0.1
0.08 ] 0.08
0.06 ] 0.06
oosl ] 0.04
002l ] c 0.02

0 _ 0
002 i <z-u.-:~.~z
004 i 0.04
006 i 0.06
o0l "2 = 200 GeV ) -0.08

R ¥ Y- S W VR T S T T 01

Similar results tor p'Au Collisions:

s"? = 500 GeV

-2

1.5 -l

0.5

0




Possible improvements and Open
guesTions:

v Treatment of the quarkonium photoproduction
(NLO corrections, NRQCD, . )

v Inclusion of the QCD evolution in the TMD
aluon distribution;

v Extension for The expected kinematical range
to be probed the AFTER @ LHC experiment;






Summary

v The study of high energies processes involving polarized
hadrons allows to improve our understanding of the polarized
guark and gluon structure of hadrons:;

v In particular, the analysis of transverse spin phenomena in hard
processes is expected fo provide a 3D picture of partons
inside the wucleon;

v One of the current challenges is the description of the gluon
Sivers distribution;

v In This confribution we have proposed fo probe fhe gluon
Sivers disTribution considering the inelastic T/Psi
phofoproduction in pp and pAu collisions at the RHIC energies:

v Our exploratory analysis indicates That the signal and magnifude
of asymmetry can be investigated by the analysis of the T/Psi
production at forward rapidities:

v Similar dependence also is expect fo be present in the case of
D meson phofoproduction,
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Thank you tor your atftention:
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Comparison with the Run I data

# Diffractive J/W photoproduction in hadronic collisions ©

8 | T T T T 5 T T T T | T T T T T T T T T T T T | T T T T ‘ T T T T
J/¥ bCGC - BG
JJvy = bCGC - LCG
R ® CMS
s?=7TeV B ALICE
6 —
112
s =2.76TeV
—~ |
o)
= —
> 4l T -
2, i
© . '~
o L / N
bCGC - BG i A
————— 3 N
2 LHCb 2013 A\
LHCb 2014 : \
_/
. 7 "
” NS
" ~% >
'I-— | | | | | | | | | | | | | | | | | | | ‘ [
4 ) 0 2 4
Y Y

() VPG, Moveira, Navarra, PRCa0, 015203 (2014)




Comparison with the Run I data

# Diffractive J/W photoproduction in hadronic collisions ©
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Comparison with the Run I data

#® Diffractive p photoproduction in hadronic collisions
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Comparison with the Run I data

#® Diffractive T photoproduction in hadronic collisions “
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