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Motivation

* 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. E.g. Higgs production

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

* We consider two processes which are presently attracting increasing attention
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Kinematic region

Dijet production
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Factorization holds for |r,| < p; and for the central rapidity region
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Kinematic region vs EIC coverage

Vs = 140 GeV Vs = 63 GeV Vs =28 GeV
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Factorization
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n - incoming beam direction

New dijet soft function

v, - jet 2 direction
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Evolution & imaginary part )

b jet transverse
direction

* We find imaginary parts and ¢,-dependent parts in the perturbative result and ADs

Vi (b, 1) = Yeusp [s] (€i21n |cos ¢p| — ;imO (Pp)) + other ¢y independent terms

Y =) =0 O(p) = {+

* We split the evolution kernels

=2 < ¢y < /2

: otherwise
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Scimemi, Vladimirov, 2020
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* ¢, angle is integrated out with the Fourier transform and imaginary parts cancel



Evolution & imaginary part

* After this manipulation b-space cross-section is proportional to:

¢-independent and real kernel
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Perturbative result
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* All ¢ -integrals can be written in terms of a master integral
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Master integral:  I,,(A) = / doy | cos ¢p|*>* In™ | cos ¢y

—Tr

* We need 24/ > — 1 in order for the ¢, -integral to be well-defined = restriction over initial scales

® This restriction do not let us completely resum logs in collinear-soft and heavy meson jet function



Evolution & imaginary part

* We need 24/ > — 1 in order for the ¢, -integral to be well-defined = restriction over initial scales
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For linearly polarized gluons we have an extra cos 2¢,;

L(A) — —I(A+ 1)+%In(A)

Same for angular modulation and Sivers asymmetry...



Evolution & imaginary part

Constant terms

7

Iconst. (A, B) = / doy | cos qbb\ZA ( cos(Bm) — iO(¢pp) sin(B’;r)) = Ip(A) cos(Bm)
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Single logarithmic terms
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From the perturbative result

We rewrite In(—%cos ¢p) = In | cos ¢y Z;T@(qbb)

Tiog(A, B) = I (A) cos(Br) — gIO(A) sin(Br)

Imaginary part cancels in this way for every case
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Evolution, (-prescription

Figure: Alexey Vladimirov & Ignazio Scimemi fixed U evolution
Z | Il | b=0.1GeV ! 7
O - // Evolution kernel is given by
V4 7 _ i .
gz /7/ S (b; s, C2.5) = exp / (vs (i, G2) dInpp — Dg(p, b)d1InCa)| S (b; po, C2,0)
10 ”y ! = Jp l
s d
< TS5, C) = s (b, Q) S (bs 1, )
o —— |VF=EF
Sba:uac = —Ds ba:qunuaC
dlIlC ( ) ( ) ( ) E = (/YS(bnuv C)v —Ds(b, :u))
10 — * /// T | | S _ 97 dIn C,u
;// Equipotential (null-evolution) line is given by Y5 — S 11n ,LL2
e 2CF
// ) Y* Qg L lu‘ Ca ) (b, )
9 (b, ) = (%) Co0e s M) e
1 —//// - —Ds(b,uy)
. | | 9 . RS((M(),@ 0) — (MfaCf)) = oS
1 10 10?2 p[GeV | SN
Scimemi, Vladimirov, 2018

Scimemi, Vladimirov, 2020 12



Scale choices and NP-model

* For the new b-dependent function we consider a gaussian model for NP contribution
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Plots for phenomenological analysis

* We use arleMiDe to obtain the plots

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

* TMDPDF and TMDFF structure and evolution is included arTeMiDe
* SF double-scale evolution and jet functions included as new modules

pr =20GeV (pr! Q)
- s=140GeV

Integrated over x

Central rapidity region
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Total cross-section

Linearly polarized
gluon channel

do[fb GeV 2]

CSF

Dijet production

Hard

Jet

OPE

_ dO-g_|_q X 102

;_ dO'g_|_q X 102

;_ dO-g_|_q X 102

15



Total cross-section

Linearly polarized
gluon channel

do[fb GeV 2]

Heavy hadron pair production
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(COS 2¢).) - asymmetry

Dijet
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Conclusion

We have established factorization for dijet and heavy hadron pair production
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

Analysis of the numerical result for the cross-section shows the effect of linearly
polarized gluon TMDs can be neglected compared to unpolarized gluon TMDs

Future work: Gluon Sivers function, di-hadron production,...
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Thank you for listening!



