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Operator definition of Glvon TMDs

The unpolarised gluon TMDs are defined as Fourier transform of forward matrix efements of bilocal products of the gluon field strength.
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[P. Mulders and J. Rodrigues, PRD 63, 094021 (2001)]



(inearly polarised gluon distribution

Linearly polarized gluon distributions were first introduvced by [Mulders and Rodrigues, PRD 63,094021 (2001)]
> It affects vnpolarised crocs cection and causce azimvthal acymmetries: cos2(,cos4Qp.
> Jte a time-revercal even function and in cmall-X region, it can be WW type or Dipole distribution depending on
gauge link.
> It can be probed in Drell-Yan process and SIDIS process.
> Mo experimental invectigation has been carried out to extract the hi‘g until now .
2
> Theoretical upper bound K1 |, 1g
Theoretical upper bound L h (2, k2| < f (2, K2)

2M

Quarkonium production is an effective way to extract hy 7



Quarkonium production models

Color Sinalet Model

Initial cC pair should have the came cpin, orbital and color quantvm numbers as

thaf ”f the ﬁ”a'/ qlm'rko“wm QQ pair with possible Quarkonium

[Chang 80, Berger, Jones 81, Baier,Ruckl 81, ZSHLJ quantum number
Schuler 94,Lansberg 11]

Color Evaporation Model (CEM) \j%— °

Probability of forming any quarkonium state ic independent of the spin, @
orbital and color quantum numbers of the heavy quark pair. .7

[Fritzsch 77, Halzen 77, Gluck,Owens,
Reya 78] 2) Non-perturbative
transition to the

A/Oh—l’e/af,‘vllfﬁc QCD [A/IQQCD) s y bound state
Y

1) Perturbative part

The heavy C pair can be produced in color singlet (CS) state or (CO) state

[Bodwin, Braaten, Lepage 95]



/Von—,?e/atiw’ctic QCD [/VRQCD)

In the rest frame of bound state, the relative momenta of fwo quarks is cmall compared to their mass, and that allows to non-relativistic

approach called NRQCD.

NRQCD FACTORISATION [G. T. Bodwin et al, PRD 51 (1995)]
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Perturbative chort distance

coefficients

Deccribe the conversion of CC [n]
ctafe into final state J / Qp

“ nZS+1 Lgl’g]

Cross cections in a particvlar color, angular momentvm and spin state ‘n”:

calculated by perturbative QCD

38 P][s’inylet}, and® P}8] ,1 S 8] ,3 S %8] (octets)




h‘g | in J / ’(p Production

The Leading order process contributing to the coc2h) acymmetry inv* + g — ¢ + €

Contributes at 7=1, where7 i¢ energy fraction of y* carried by J / '(p in proton rect frame

[A. Mukherjee and S. Rajesh, EPJC 77,854 (2017)]

It was extended To the kinematical region 7<71 in the (S model.

[RK and A. Mukherjee; Phys.Rev.D99(2019)]

In thic project we further extended it and incorporated the NRQCD based CO contributions to JAY production mechanism.
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ep—>e J/YPY X
Ueing the TMD factorization
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Seatteri hg A”‘P/' Cude [D. Boer and C. Pisano, PRD 86,094007 (2012)]
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Non-relativistic orbital angular momentum bound-ctate

‘ ‘ wave fonction
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\4

Spin projection operator
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3 S £8) Amplitude
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Acymmetry Calcvlations

Final exprescion of the differential crocs cection
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We are interested in small-X region, we neglected higher ferms in T B
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Gaussian parameterization
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iz, k%) = fi(z, p)——5—e F1/*D)
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! + m(k? )2 r

Melerran Venugopalan(MV) parameterization

s r
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Collinear PDFs

*MSTW2008 pdfs
[The European Physical Journal C 63, 189 (2009)]

[McLerran and Venugopalan, PRD (1994)]

Saturation scale

) (1 _exp 4 Qgg(r))



Numerical Estimates for EIC
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Numerical Estimates for E]
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Numerical Estimates for EIC
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Conclucion

g

>

4 /kymmetry depends on the choice of (DMEs.

>

g

0 The asymmetry is larger for cmaller values of TB.

)

@ The asymmetry found in Gaussian model ic more as compared to MV model.

g

>

»  We obtain a emall but cizable COS(gbh ) acymmetry. It could be a useful chanunel to probe the

L)

ratio of linearly polarized glvon TMD to unpolarized gluon TMD at EIC.
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