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Dijet production

- EIC coverage

- Cross-section factorization
- New TMD Soft Function
- Consistency AD check

Heavy meson pair production

- Cross-section factorization
- Soft Function AD up to three-loops

C-prescription & angle dependence
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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.

For example: Higgs production

Gutierrez-Reyez, Leal-Gomez, Scimemi, Vladimirov, 2019

* We consider two processes which are presently attracting increasing attention
E—I—h%f/—l-Jl—FJQ—FX f—l—h%f’—l—H—l—H—l—X

Heavy-meson

Dominguez, Xiao, Yuan, 2013

Working in the Breit fl‘ame Boer, Brodsky, Mulders, Pisano, 2011
Zhang, 2017



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
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Factorization holds for |r;| < p; and for the central rapidity region



Cross-section factorization

Dijet production

do
dxdndnedprdrr

- X parton momentum fraction

- 1; jet pseudorapidity

We measure over L
- prtransverse momentum

- rptransverse momentum imbalance

do(v*9) . / d2b
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n - incoming beam direction

New soft function | , .. dgiection

V, - jet 2 direction
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EChevarria, SCimemi, \'ladimirOV, 2016
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New soft function

Finite result

(y*g) - channel

A - V2456t
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Z.ero-bin subtraction

We need to subtract the zero-bin from the TMD beam function

The zero-bin corresponds to the two-direction back-to-back soft function (the one used in
Drell-Yan or SIDIS). Here, we use the subtraction as done in Echevarria, Idilbi, Scimemi, 2013.

We can reorganize the zero-bin to obtain rapidity divergence-free function as expressed in the
cross-section factorization

This leads to the universal TMDPDF and a rapidity divergence-free new TMD soft function
and the introduction of the scale

B;"™ (&, b,p, k" /07) —  Fi(& b, p, 1)

Syi(bop, VAR ST)  — Syi(bp, Ca)




Z.ero-bin subtraction

Due to the rapidity divergencies structure of the two-direction soft function (zero-bin)

can be split as

TS\ _ Qi + 1 — v arbitrary positive
S(b, u, V6td—) = S2(b, pu,6Tv)S2 (b, p, 0~ Jv) e
e 3 2 4. /26 . V26 : w2
(S}) (b, 5)) = l—l—asC?;{ " | gln (—,u )—I—ln(B,u2627 )[4111 (—M )—I—ln(B,u,ZeZ'y )] + F}

Fz(f, b,,LL, Cl) —

In this way we defined the rapidity divergence-free objects

Universal TMDPDF

B (&, b, pu, k™ /57)
Sz (b, 1,6 /v)

V2k= /v—=vCi

Rapidity divergence-free new soft function

S b L Syi(bvﬂv V An 5—|—)
773( 7:“7(2) _ S%(b,ﬂ,5+V)

I//\/QAn—> CQ

 scale associated with the o-regulator and zero-bin split
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Z.ero-bin subtraction

 scale

The scale can be removed from the final result by introducing the constrain

—\?2 .
o=t

In the Breit-frame this leads to

¢ G2 = pr

. . 2
¢ has square mass dimension ¢y = p; natural way of
Notice that —>

{, is dimensionless (, =1 choosing the scale

Procedure totally analogous to the one used in Drell-Yan or SIDIS

This allows to use {-prescription for TMDPDF and SF evolution

Scimemi, Vladimirov, 2020 14
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Z.ero-bin subtraction

Subtracted soft function, finite result

(y*g) - channel

_ A,

_ 2 -
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b jet transverse

° direction
Consistency check ¢
Dijet-production
d (v"g)-channel - a,, +7s,, + 7, + 275 + 76 + %2 + %0 =0
7 Gl =76(n) G(p) f
: (v"f)-channel  yg_; + 75, +vF, + 75, + 75, £, 0, +Va =0

The sum of all anomalous dimensions should cancel for each channel
C-logs
”Yk[glv]g — 4{ — CA 20 [ln(Blu?' QQWE) —Ins lnp% ln(4cg)} } : (qﬁlogs}

yg]f — 4{(C’F + C'y) [ln(B,uQeQVE) —In s+ InpF + ln(4cg)] + (Cr — Chy) {ln (2) — m(vf)] —C }

Y

’yl[glnj = 4C}; { —|In (%) 4 %] ,

&= ) o G
_ k(vp) = —k(vy) = —k(vg) = i sign(cp)

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
Li, 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

- X parton momentum fraction

-~ 1y, N heavy meson pseudorapidity
We measure over '
- pr transverse momentum

- rptransverse momentum imbalance

do(v*g) B
dxdngdngdprdrr

Region sensitive to TMD  |rr| < pp
Factorization for highly boosted heavy mesons ~ pj > mpg
We have a new scale Q@
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Heavy meson pair production

We use heavy-quark jet function to describe the fragmentation of heavy mesons from heavy

Refactorization of heavy-quark fragmentation

quarks. In the limit 7, < p;there are two scales that need to be resummed

rT

pp = Mm@, and  pg =mg-—

pr

To do this we use bPHQET (boosted heavy quark effective theory) to factorize the jet
function into a hard matching coefficient and a TMD matrix element

_—— e
b,@,u)

JQ—)H(bapTaanu) — H+<mQ>M)jQ—>H(

\

pPT

/

Appears for the first time

Known up to two-loops

16



Refactorization of heavy-quark fragmentation

Heavy meson pair production

Up to one loop order we find

2 2 2 2
- a p 2 (1 o asCp (1 m
bare moy\ _ 1 | osCF 1 | 1 . 1n2 b - a;CF
jQ%Q( ’ pT> =1 7 { 2€2 2 {1 QIHR] TSI 24} R {1=2InR}
with., R — _prHc(v-b)

mq|v]

We have separated scales and can now be resummed

Anomalous dimension are consistent Y + 7+ =% +Y%¢, T—» Consistent !!!

17



Connection to the fragmentation shape function

Heavy meson pair production

We can see that the shape function is related to the bHQET jet function

Jo—mu(b) = mH_ Soom (T — v-b - We can check our NLO calculation (finite terms)
V2 V2 . .
2Py 2 - We can get the jet function AD up to two loops

Fickinger, Fleming, Kim, Mereghetti, 2016

This sum is known up to three-loops...

Vg = = (VHyg +7F, + Y + 77 (V1) + 77 (v2) + 294)

Soft function
anomalous dimension
Bu?e? e 148

1510 = Yeusp | 20 In () = Calna + 97, — Crfea(X88 - 2o 5 oy 2 4

1616 22
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Evolution, {-prescription

fixed u evolution

b:o.13;ev—1

S (b: piy, Co.p) = exp /P (vs (1, G2) dIn gt — D (. b)dIn )| S (b: pro, Coc0)

Evolution kernel is given by

MS(b;u, C) = vs(b; 1, C)S(b; 1, C)

dln ¢

S(b; u,¢) = —Dg(b, 1) S(b; i, ¢)

Equipotential (null-evolution) line is given by 7Ys = 2Dg 7

Scimemi, Vladimirov, 2018
Scimemi, Vladimirov, 2020

Saddle point

A

——> |VF=EF
E = (vys(b, i, ¢), —=Ds(b, p))
dln C,

In p?

2C i
. I\ Ta by N
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$-dependent part

—

b jet transverse
|>/direCtion

SF (and CSF) depends on the angle between the transverse plane and the

jet direction ¢

Our approach is to separate the ¢-dependent part of the evolution and integrate it

vs (b, 11, ¢, ) = s, 1, €) + 75 ()

S (b; g, Cap) = /P (vs(u, C2)dInp — Dg(p,b)dIn Cz)

Rg — Integrate over ¢ R g —> ({-prescription

S (b§ Lo, Cz,o)

...and we do the same for CSF

This ¢-dependent factors should be integrated along with the ¢-dependent terms of

the perturbative result
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do*

%1078

Dijets gluon channel (preliminary) plot

T — 2.8117 GeV, m =12 = 0
- | |

Work in

progress

| | | | | | |
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arTeMiDe has been
used to get these plots

https:/teorica.fis.ucm.es/artemide/
https:/github.com/vladimirovalexey/artemide-public.”

New functions and
evolution kernels has been
included
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Conclusion

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

Rapidity structure of this new SF allows us to use the {-prescription
The presence of the new SF makes the gluon TMDPDF extraction non-trivial

We are working on codes for the phenomenology of these processes
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