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Introduction

* Gluon transverse momentum dependent distributions (TMDs) are difficult to access
due to the lack of clean processes where the factorization of the cross-section holds
and incoming gluons constitute the dominant effect.

* We consider two processes which are presently attracting increasing attention
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h—=V0V+J +J+X {+h—sV+H+H+X

Heavy-meson

Dominguez, Xiao, Yuan, 2013

WOl‘king in the Breit ﬁ‘ame Boer, Brodsky, Mulders, Pisano, 2011
Zhang, 2017



Whatis an Effective Field Theory?

Quantum Field Theory —'—> Quantum Field Theory

Generalization Quantum Mechanics E l

T E Effective
Classical Mechanics E Quantum Field Theory

Usual path Effective Theory path



Soft Collinear Effective Theory

k_ \ q_T Small transverse momentum
Q Hard scale
%
\”, - » SCET is a QCD effective theory that
. e al separates soft and collinear modes
A Q k2 N QQ
* We can build an effective lagrangian with
A2Q anti-collinear its effective Feynman rules

E*~NQ° « We achieve factorization through this
k2~ AQ? effective theory

Qo NQ

lain Stewart Lecture Notes, 2013 (also on YouTube!)

More on SCET

Becher, Broggio, Ferroglia Lecture Notes, 2015



TT = P17 T Por

Transverse momentum imbalance (small)

Dijet production

{4+h—=0+J +J+X

dijet LO process: + + ...
(7" 9) (" 1)

Sensitive of polarized and unpolarized TMDPDFs

Experimental observation should be possible in the future EIC Page, Chu, Aschenauer, 2020

Jets here described have p; € [2,20] GeV and are found in the central rapidity
region

Factorization within SCET



Cross-section factorization

Dijet production

do
dxdnidnodprdro

- x Bjorken variable

- 11. jet pseudorapidit

We measure over 1P pidity
- prtransverse momentum

- rptransverse momentum imbalance

Hard Function

* 2
dxdﬂcfzgzdlg?i’dTT B ;H5 g_’ff 51, 1) / - 5 exp(ib - r7) Fg (&, b, 1, C1)
X
oU (2 f) ic(zﬁt FunctlonU N P | Collinear-Soft & Jet function
dedndnodppdry 0 H .y 7(3:8,0, 1) / (27)? exp(ib - r7) F¢ (&, b, p, C1)



n - incoming beam direction

TMD S()ft f“n Ction v, - jet 1 direction

V, - jet 2 direction

The Soft Function describes the interaction through soft gluons between
initial and final hadronic states
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Echevarria, Scimemi, Vladimirov, 2016



Rapidity divergencies

Collinear matrix element and SF are plagued with unregularized and uncanceled
divergences. They show up perturbatively through integrals of the form

1
/ dt t—1
0

These divergencies are also known as light-cone singularities and appear due to the
fact that Wilson lines are defined along light-like trajectories

1. ki
Rapidit = —In —
o-regulator regulates both IR and rapidity divergencies

Rapidity divergencies should cancel between the TMDs and SF




TMD soft function

Finite result

(+00) 4,
(—00)n | |
N = X K » & ' X & X + virtual diagrams
a \ / a \ \ / \ at one-loop order...
N v
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Consistency check o

Dijet-production

d (V*g)_Channel THog T VSyg T VF, T 2/7Jf +ve, T, + Yo =0

dl .
L (7" f)-channel YH.,; T Vs, Y YF, T 5, V5, T e T, Yo =0

The sum of all anomalous dimensions should cancel for each channel
7}917]9 — 4{ — CA 20 [ln(B,u2 eQWE) —In s+ lnp> 1n(4(:12))} } :

7[Sl]f — 4{(CF + C'y) [ln(B,uQeQVE) —In s+ InpF + ln(4c§)] + (Cp — Cy) [ln (2) — m(vf)] —C }

Y

71[%.] = 4@'[— In (%) +%} ,

= o[ e) ) )

) kK(vy) = —k(vy) = —k(vy) = 7 sign(cs)

7&-] = 4CF —In (BM2 627’3) +InR* —In (40%) + KJ(UZ‘)]

They cancel !!!
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Heavy-meson pair production
(+h—V+H+H+X

heavy meson pair at LO:

» Experimentally more challenging

* Observation of charmed mesons could be possible

Arratia, Furletova, Hobbs, Olness, Nguyen et al. 2020
L1, Liu, Vitev, 2020

Chudakov, Higinbotham, Hyde, Furletov, Furletova, Nguyen, 2016
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Cross-section factorization

Heavy meson pair production
do(v*g)

drdngdngdprdry

We measure over

do(v*g) e (

drdngdngdprdry — 7797QQ

- x Bjorken variable

-~ 1y, N7 heavy meson pseudorapidity

~Pr transverse momentum

- rptransverse momentum imbalance

db

§,f,ﬂ,u)/(

Region sensitive to TMD  |rr| < p7:

277)

5 eXp(Zb ' T‘T) Fg,,ul/(ga b7 Hs Cl)

We have a new scale mg

Heavy Quark Jet Function
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Consistency check

Heavy meson pair production
18, = = (VH,, + VP, +7a 7 (v1) + 77 (v2) + 294

They cancel !!! This sum is known up to three-loops...

We can use this consistency relation to extend the SF AD up to three loops

Soft function
anomalous dimension
448

1Syg = “Teusp [QCF In ( =7 "™ 90 C3> + nfTF( — 57t

1616 22

- Check future perturbative calculations of the SF

Thisletus — . .
- Compute its evolution kernel up to three loops
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Conclusion

We give a general idea of how factorization works and the role of universal functions
We have established factorization for the dijet and heavy meson production
Both cases can be potentially observed in the future EIC

We have been able to compute the new TMD Soft Function up to NLO and its
anomalous dimension up to three-loops

The presence of the new SF makes the gluon TMDPDF extraction non-trivial

Future: Phenomenology (SOON!)
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Thank you for listening!



