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C+p—->C+Jlw+X
as a probe of gluon TMDs
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‘Hard’ part
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Non-relativistic QCD (NRQCD)

Color octet (CO) mechanism: heavy-quark pair is produced with all
allowed quantum numbers and then hadronizes as encoded in the
non-perturbative long-distance matrix elements (LDMES)
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NRQCD also encompasses color singlet (CS) mechanism
where J/y is directly produced with correct quantum numbers
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At least for leptoproduction, CO mechanism is the dominant one in
the low-P,,; regime Fleming and Mehen (1998)



Hadron tensor
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Reference frame

Bacchetta, D’Alesio, Diehl & Miller (2004)



Cross section
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Azimuthal asymmetries
probe ratios of gluon TMDs
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Upper bounds

Polarized gluon TMDs satisty the following positivity bounds:
P
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We can use the maximum allowed values of the gluon TMDs
to illustrate the sensitivity of our inclusive charmonium
electroproduction to the gluon content of the proton:
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Upper bounds
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Single-spin asymmetries
C+p—->C+Jly+X
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Single-spin asymmetries
C+p—->C+Jly+X
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£+p—->C¢+Jly+jet+ X
as a probe of gluon TMDs
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C+p—=>C+Jly+g+X
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Definition of the angles

work In lepton plane
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Cross section
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Similar structure as in the case of heavy-guark pair production

Pisano, Boer, Brodsky, Buffing & Mulders (2013);
Boer, Mulders, Pisano, Zhou (2016)
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Cross section
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ASOS29T in e+ p — J/ +jet + X
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See the talk by Rajesh for SSAsiny +p - y+J/y+jet + X
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C+p—¢+Jy+ X
matching of collinear and TMD calculation

In collaboration with Daniel Boer,
Umberto D’Alesio, Francesco Murgia
& Cristian Pisano
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C+p—¢+Jy+ X
matching of collinear and TMD calculation

- S - _ 2 2
In the collinear regime: u ~ P, . > M, with yu = \/Q + M,

PWT IS generated by recoil off hard parton
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C+p—¢+Jy+ X
matching of collinear and TMD calculation

In the TMD regime: > P, 2 M,

P, stems from intrinsic transverse momentum in target,

or from soft emissions
¢




C+p—¢+Jy+ X
matching of collinear and TMD calculation

It TMD factorization holds, both the collinear and the TMD
calculation should match in overlapping kinematic region
u > PWT > Mp

From collinear calculation: hard emission is absorbed into DGLAP

From TMD calculation: high-p, tail also matches to DGLAP

Bacchetta, Boer, Diehl & Mulders (2008)
Bacchetta, Bozzi, Echevarria, Pisano, Prokudin & Radici (2019)

25



C+p—¢+Jy+ X
matching of collinear and TMD calculation

Collinear calculation at small g
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C+p—¢+Jy+ X
matching of collinear and TMD calculation

Therefore, assuming both TMD factorization and enforcing the

matching: - Nyt o[l ,
UU,T Z UU,T [f1 ](33, q7)
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we have to introduce the following ‘smearing’ function:
2
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Are these the perturbative tails of the ‘shape’ functions
introduced by Miguel, Tom & Yannis?

Echevarria (2019); Fleming, Makris, Mehen (2019)
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Conclusions & outlook

Leptoproduction of J/y (+jet) at the Electron-lon Collider seems a
very promising process to probe gluon TMDs

Largest source of theoretical uncertainty are the
nonperturbative LDMEs

For a real accurate extraction, we need a dedicated fit at low g, of
the LDMEs + shape function (and an NLO calculation, probably)

Thanks to the organizers,
thanks for your attention!
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