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Outline

 TMD factorization involving a shape function for the quarkonium

e Extraction of the TMD shape function via a matching procedure
* Relevance of the hard amplitude pole structure

* Process dependence of the TMD shape function

e Conclusions and outcome
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Quarkonia & gluon TMDs.
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Processes involving Quarkonia are sensitive to gluons

hadron collisions
p+p—o>np+X p+p—- o+ X

p+p—->Jy+Jly+X p+p->Jy+X ?

ep collisions

ce+p—oe+JIw+ X ce+p—oe+Jly+jer+ X

and more...
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Quarkonia & gluon TMDs
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Theoretical framework
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The TMD shape fnction
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The TMD shape fnction

¢ e “light-hadron” SIDIS
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X , - ;
Sep—ellyX = R ® (0,[n])5(2 — 2)

As for D,_,,(2) = D,_,(, k,), we have (O, [n])6(Z — z2) — A"(Z, k)
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Matchlng procedure

q, =—— photon transverse momentum P wl
P, == ][y transverse momentum I
do
TMD factorization q, < U,

'

Overlapping at  Agcp < ¢, < p,,

|

Collinear factorization ¢, > Agcp

dr

AQCD <L qr < Uy

....

7~ L. Maxia (University of Groningen - VSI) =



Matching procedure

g, == photon transverse momentum Py,
P, == ]|y transverse momentum 3
do
TMD factorization q, K< U,
s s /Y |
UL E
D D o Overlapping at AQCD g, < U,
Low Transverse High Transverse t
Momentum 5 5 Momentum

Collinear factorization ¢, > Agcp

dr

Aqep < gr < iy
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Description of the same dynamics?
Thus they should match!
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Structure functlon at small-qT (T MD reglon)
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J/y production at the lowest a-order: y* + ¢ — cc|n]

Kinematics fixes most of the variables:
M+ Q°
)

= X (where X =X,
1

04 G €08
Aoy = E{ 1+ (1= 37| F o + 40 =) (F toos 26 75 7) |

€| A |(x,q,)
Involves the convolutions:
G [ wh: gAEZ”] ] (x,q,)
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Structure functlon at hlgh-qT (colllnear reglon)
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J/y production at the lowest a-order:
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Structure functlon at hlgh-qT (colllnear reglon)
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(soft)

q., divergent behavior same partonic interaction
(resummed) appearing in the TMD region

Limit is obtained by expanding 6(X’, Z) at small-g.,
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Structure functions’ pole structure

a7

(I =X,

0(X',2) ~

/

(general notation

o o o 0

Fyy ®,2) =F}) (&,2) + Z (
k=1

e e — e — = e ——

e e e —— e — —_— =

M+ Q°
o(l —2) + log > o(1 —x)o(1 = 2)
qdr
k
|
k) (3 2
) Ay @

N\ /

Continuous functions of X’ and ?

Limit based on
a continuous test function
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Structure functions’ pole structure
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Eikonal method

Same term is found by considering the soft gluon emission

X =

5 p.q

I dx, 1 st O
do| [ — [2 5¢(Pgs Py) + 5,(P, Pw)] x — | log ——

\

Vi W

| 5,(V, Vp) =
from momentum conservation (V] - P)(V2 + Py)
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Eikonal method

Same term is found by considering the soft gluon emission

1 dx, 1
do| [ — [2 5¢(Pgs Py) + 5,(P, Pw)] X —
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TMD shape functlon perturbatlve tail H
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Comparlson at AQCD < ¢, < u, obtained evolving TMDs according to
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I Boer, Bor, LM, Pisano, Yuan, 2304.09473 (2023)
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Up to the precision considered, bulk of the expression given by CO waves
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TMD shape functlon 1p other processes’?
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Previous results are obtained for y,, = , /Mvzj + Q°

I Boer, Bor, LM, Pisano, Yuan, 2304.09473 (2023)

In general we get

(in b -space)
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Previous results are obtained for p,, = 4 /Myzj + Q°

I Boer, Bor, LM, Pisano, Yuan, 2304.09473 (2023)

In general we get A

(in b -space)
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It Is process related!
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Previous results are obtained for p,, = 4 /Myzj + Q°

I Boer, Bor, LM, Pisano, Yuan, 2304.09473 (2023)

M, u; ’
L log =2 | (Olnl) 6(1 -2
Kb

| o
In general we get AMu)=— |1+—C,|1+ 10
g g p(//t ) > g A & (Ml/%+ Q2)

/split up: AJN () = A (u,) X S, (1)

. 1 a M, u; .
Ay(p) == [1+5=C4| 1 +log—- Jlog—|(0O[n])6(]1 —z) == Universal

(in b -space)

2 2 €.9. \ (/’tH)
of Hy Hy Process P
S.,,(u,)=1+—C,| 2lo log— 2 2
eplHs) o ( . M2 + Q2> : u? dependent ;. ; C, <3log %) log%
T o 5

o ® o 0

L. Maxia (University of Groningen - VSI) 14


https://doi.org/10.48550/arXiv.2304.09473
https://doi.org/10.48550/arXiv.2304.09473
https://doi.org/10.48550/arXiv.2304.09473
https://doi.org/10.48550/arXiv.2304.09473
https://doi.org/10.48550/arXiv.2304.09473

Summary and outlook

e Factorization involves the presence of TMD shape functions

* We present a matching procedure to extract the TMDShF perturbative tail

 TMD shape functions present universal and process-dependent components

 Perturbative tail at higher order == Relevant for AEZ”]
* Non-perturbative dependence

e Extraction of the TMDShF universal component

* The advent of the EIC may shed a light on the role of the TMDShF and its properties
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