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Unpolarized & linearly-polarized
gluon TMDs

TMDs = transverse-momentum-dependent distributions



Generic definitions

| consider only hadronic/nuclear states that are unpolarized
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« the goal is to compute them at small x, using the Color Glass
Condensate effective description of the dense parton content
of the wave function, in terms of the large gluon field A-:
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Small-x QCD evolution

the evolution of the gluon TMDs with decreasing x can
be computed from the so-called JIMWLK equation

d
(0), = Hyrmwrk O),

dln(1/z)
Jalilian-Marian, lancu, McLerran, Weigert, Leonidov, Kovner

a functional RG equation that resums the leading logarithms in

y =In(1/z)



Small-x QCD evolution

the evolution of the gluon TMDs with decreasing x can
be computed from the so-called JIMWLK equation

d
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dln(1/z)
Jalilian-Marian, lancu, McLerran, Weigert, Leonidov, Kovner

a functional RG equation that resums the leading logarithms in

y =In(1/z)

 the JIMWLK “Hamiltonian” reads:
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The context: forward di-jets

« large-x projectile (proton) on small-x target (proton or nucleus)
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. , . so-called “dilute-dense” kinematics
Incoming partons’ energy fractions:
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Xy = %(|P1t|3_yl+fp2t\e_y2) X < 1



The context: forward di-jets

« large-x projectile (proton) on small-x target (proton or nucleus)

pp
. T e,
o, .I:o“.‘.
S . ry
(k1t) ~ Agep (kat) ~ Qs(z2)
Pa

Qs(z2) > Agep

. , . so-called “dilute-dense” kinematics
Incoming partons’ energy fractions:

X1 = %(|P1t‘eyl+‘l32t|e}/2) y1,y2>3>0 x1 ~ 1
X2 = = (pule™ + |pacle™) o < 1

Gluon's transverse momentum (p1;, p2r imbalance):
|kt|2 = |p1t + I32t|2 = |Plt|2 + |P21:|2 + 2|p1t||p2t| cos A¢
relevant TMD regime here : |P1t], |P2t| > ki, Qs



The gluon TMDs involved
In the di-jet process



TMD gluon distributions

» the naive operator definition is not gauge-invariant
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TMD gluon distributions

» the naive operator definition is not gauge-invariant
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« atheoretically consistent definition requires to include more diagrams
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+  similar diagrams with 2,3, ... gluon exchanges

They all contribute at leading power and need to be resummed.

this is done by including gauge links in the operator definition



Process-dependent TMDs

the proper operator definition(s) some gauge link pexp [—ig/ﬁ dnf A*(n) T?
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> Uo,pg) renders gluon distribution gauge invariant




Process-dependent TMDs

the proper operator definition(s) some gauge link pexp [—ig/ﬂ dnf A*(n) T?

detd?e. . . \ .
Tl ki) =2 / ﬁf TR AT [F™ (67,€,) UealF'™ (0)] |A)

> Uo,pg) renders gluon distribution gauge invariant

P, C o,
P, X :
: however, the precise structure of
. the gauge link is process-dependent:
it is determined by the color
{\ —> K. X structure of the hard process H

[] 2 p]_

Pa \/

in the large k; limit, the process dependence of the gauge links
disappears (like for the integrated gluon distribution), and a single
gluon distribution is sufficient
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TMDs for forward di-jets

« several gluon distributions are needed already for a single partonic
sub-process

example for the qg* — g channel

each diagram generates a different gluon distribution



TMDs for forward di-jets

« several gluon distributions are needed already for a single partonic
sub-process

example for the qg* — g channel

each diagram generates a different gluon distribution
2 unintegrated gluon distributions per channel, 6 in total: <I>§2%d(a:2, k7)

q9" —q9 99" —aq@ 99" — g9 v=1,2
Kotko, Kutak, CM, Petreska, Sapeta and van Hameren (2015)



The six TMD gluon distributions

« correspond to a different gauge-link structure
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several paths are possible for the gauge links
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The six TMD gluon distributions

« correspond to a different gauge-link structure
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several paths are possible for the gauge links
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* they are independent and in general they all should be extracted

from data only one of them has the probabilistic interpretation

of the number density of gluons at small x,



The forward di-jet cross section
valid for L9 < 1 1 and |p1t‘7 ‘p2t| > ‘kt|7 Qs
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it involves six unpolarized gluon TMDs &

their associated hard matrix elements K(i)

ag—red are on-shell (i.e. k;=0)



The forward di-jet cross section
valid for To << 1 ~ 1 and |P1¢|, |D2t| > |ke|, Qs
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it involves six unpolarized gluon TMDs oY (z2,k2) (2 per channel)
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their associated hard matrix elements Kag_md

are on-shell (i.e. k;=0)
it can be derived in two ways:

from the generic TMD factorization framework (valid up to power corrections):

by taking the small-x limit Bomhof, Mulders and Pijiman (2006)
Kotko, Kutak, CM, Petreska, Sapeta and van Hameren (2015)

from the CGC framework (valid at small-x): by extracting the leading power
Dominguez, CM, Xiao and Yuan (2011) CM, Petreska, Roiesnel (2016)



Heavy quark-antiquark di-jets

. forthe g¢g© — qq channel, keeping a non-zero quark mass:

linearly-polarized gluon TMDs also appear, even with in unpolarized collisions !

CM, Roiesnel, Taels, in preparation
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ki = p1t + Dot and P, = (1 — 2)p1t — 2pat

linearly-polarized gluons come with a cos(2¢) modulation
where ¢ is the angle between k; and P,



Evaluating the gluon TMDs
at small-x
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JIMWLK numerical results

using a code written by Claude Roiesnel

initial condition at y=0 : MV model CM, Petreska, Roiesnel (2016)

evolution: JIMWLK at leading log
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saturation effects impact the various gluon TMDs in very different ways
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Linearly-polarized gluon TMDs

CM, Roiesnel, Taels, in preparation

they are equal to their unpolarized partners at large momentum

however they vanish at low momentum
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gluons with non-zero polarization

mostly have k; ~ Qg(x,)




Conclusions

different processes involve different gluon TMDs, with different
operator definitions

each operator definition provides an unpolarized gluon TMD and a
linearly-polarized one

given an initial condition, they can all be obtained at smaller values
of x, from the JIMWLK equation

as expected, the various gluon TMDs coincide at large transverse
momentum, in the linear regime

however, they differ significantly from one another at low transverse
momentum in the non-linear saturation regime

we have quantified these differences and they are not negligible




