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Summary

= The Gluon Sivers Function (GSF): Definition and properties

m Theoretical constraints

m Phenomenologicalestimates and constraints

A Conclusions andutlook

m Some(of many) usefutheo refs.:
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GSK Interest

m Role of Gluon orbital angulamomentum

m Study ofgluontinitiated (sub)processes:

m pp collisions at migrapidity and moderate transversenomentum
m Gluonfusion processes [Heavy Quarkonium QQ pairs, Higgs..]

m Photon-gluon fusion in SIDIS [higb hadron pairs, COMPASS]
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The (gluon) Sivers Function

m Describes the (possible) asymmetry in the azimuthal distribution of
unpolarized partons (quarks, antiquarks, gluons) inside a spinl/2
transverselypolarizedhadron

m Relatedto correlationsamongthe hadron transversepolarization vector, S;
its momentum, P,andthe intrinsic parton transversemomentumka

m Thisazimuthalasymmetryat partonic level reflects on angularasymmetries
at hadronic level for observed particles in high-energy polarized hadronic
collisions(SIDISpp, ep collisions,..)
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GSFK Theoretical approachesl

m TMD generalized parton model (TMBPM):

m Simplestdirect generalizationof collinearLOQCDIimproved parton model

m Assumes(and tests) factorization and universality of TMD PDFsand FFs
[one single"universal" GSF]

m No strong phenomenological indication of sizable factorization and
universality breakingeffects

[seehoweverrecentRHICA, datain pp ->WOX] STAR 1511.06003 neek

m (olor-gauge invariant version (CGIGPM) proposed by Gambergand Kang
[PLB696 (2011)] for the quark sector, processdependenceof quark SF
studiedinp'pl jetp X w5 Q! et&ld RLB704(2011)]; extensionto gluon
sectorin progresgseetalk by P. Taelslater this morning]

m Usually(but not necessarily)usesa simple factorized (in x and k;) form, for
TMDs DGLARype collinearevolutionin x, no evoin k;

R 2 n —k’-Q
(A)f(x,k,1;S)= N(x)f(x) (ﬁ) exp (Uiiiz) n=0,1,2,3
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GSK Theoretical approaches Il

m TMD factorization approachlocp> ks > g8 Q¢ two energy scales]:
m Factorizationprovenin SIDISDY,..,
m Inclusionof color gaugeinvariant links (Wilsonlines)

m ISIsand FSlsresult in calculable processdependenceof naively T-odd TMD-
PDFslike the Siversand BoerMuldersfunctions

~11 . _ ¢
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m Two "universal" GSFswith different properties (chargeconjugation,evolution,
x-dependence)lnd constraints[Buffing et al. PREB8 054027(2013)]

m For a given process,the GSFinvolved is a combination of the two universal
ones the coefficientsare calculablefor eachpartonic subprocess

1 g[U } 2 E : w U] l‘? Ac) . 1.2
c=1
m TMDevolution formalized,detailsunder phenomenologicainvestigation
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GSK Theoretical approachesilll

m Relation with collinear TwisBB approach and thregyluon correlations

m In LOcollinear p QCDTSSAsappear in hadronic processeswith one single
energyscale[Q "~ L ocp] at twist-3 level, involving quark-gluon correlations
(EfremovTeryaerlu—Stermanfunctlon) and trigluon correlations

2]\[()"’” dz—d . P xS . ; .
) = Tt [ e (P S|C8 EF OV (12) F™ ()| P, S)

2M

m At tree level, the first transversemoment of the two universal TMD GSFss
related to the two distinct trigluon correlation functions

. k‘z 17 (v, x
L(Uﬂi’[f.-d](m) _ /de Lg[ }( k2) . (I I)

J 17T 2A[2

m In the color-gaugeinvariant GPM one finds again a similar situation: TMD
PDFdecomeprocessdependentbecauseof ISIsand FSIstwo different GSFs
are involved; however, there are still some differences w.r.t. the twist-3

approach
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Anselmino et al

Theoretical constraints | EPJA 39 (2009)
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Theoretical constraints |

Burkardt Sum RuIe[PR[E9, 091501(2004)]

(ki) = M(Sp x P) /0 dw AN f1) (2) = (kLa) (S % P)

Fits to SIDIS data for quark SF &€2.4 Ge\*
(ki) = 96750 MeV (kiq) = —11373 MeV

(kiu) — (kia) ~ 209 MeV (k1a) + (ki) = —17737 Mev

(kia)+ (kg 4+ (ki) + (kis) = —14722 MeV  Anselmino et al

EPJA 39 (2009)
—10 < (k1y) <48 (MeV)
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Phenomenology of (or: where to look for) the GSF

Single and double inclusive production in polarized pp collisions

m GSFcannotbe easilydisentangledby quark Siverscontributions

m Kinematicsselection such that x; (the gluon LCmomentum fraction) is
small,enhancinggluonvs. quark contributions and the role of GSF

m p'pl g Xinthe negativex. region,at medium-large p; [GPM, Twist-3]
m Problem Siverseffect suppressedn the negativex: range, SSAsre usuallyvery
small

mpp' | pX, jet X mid-rapidity andrelatively low p; [GPM, Twist-3]

mp'pl jetpX atcentral, mid-rapidity and relatively low p; [GPM, TMDfact]
m p'pl DXat central, mid-rapidity and relatively low p; [GPM,Twist-3 ]
mp'pl jetg X with propercutsonh, andh,, [GPM,TMDfact]

mppl jetX, jetjet X[GPM,TMDfact] RHIC

mppi h,X, QQX, DDPX, JygX, Jydyx .. AFTER@LH(
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Phenomenology of (or: where to look for) the GSH

Inclusive and seminclusive production in polarized ep collisions

mep | SE@Xvs e2H T S @ X boundon gluonOM and GSF
[Brodsky Gardner PLB643, 22 (2000)]

mep | SEh,X largep; hadronpair production[COMPASS]
[Kotzinianet al PRL113062003(2014) ¢ COMPAS3oPConf Series678(2014]

mep | Jy X (includingWW contribution ¢ real photons)[GPM+CEN
[Godbole,Mukherjeeet al PRD88014029(2013)]

mep | SDX, SQOX, SDDOX, .....

EIC

arXiv:1108.1713nucl-th]
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Bound on GSF from RHIOxd p° X midrapidity data
PHENIX data

An
V$=200 GeV
- bp T PRD90012006 (2014)
0T (@) p+p—n0+X
0.05 f— %
- ) Z ? ®-0.35<1<0.35
0 :—WWMWQ&++% ------------ A 0.20 < |n| < 0.35, x_>0
7 0.20 < |n| < 0.35, x_<0

0.004:: %
-0.05 | ooo2f
0 ‘0++o
0 002:

-0.1 | 0004 : IIIIIIIII

F. Murgia INFN CA Quarkonium2016- Trento 12



STAR Results - Ax(p'p — jet + X)
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Ed’s/d3p [mb/GeV?]

Unpolarized cross section
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GSF In twehadron electroproduction- |
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