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Dijet Production in DIS

» Saturation at EIC: What are emergent
properties of dense system of gluons?
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* Dijet production is the most intensively !

discussed process for EIC Physics.
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* Small x — the dipole picture of DIS.




Color Glass Condensate

Conventional eikonal approximation

* “Wrong” light-cone gauge condition: A, =0 » Right-moving nucleus:
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* Left moving electron:
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* A generalised eikonal prescription.



TMD factorisation

* Applicable at arbitrary-x.

* Back-to-back dijet configuration:
A | < |P]

* Expansion parameter: =

» Cross-section factorises in terms of gluon TMD operators.



Why a new formalism?

Approach Strength Limitation

Limited access to x-
dependence

Limited access to
TMD Arbitrary-x higher twist
contribution

Our Approach: Gauge covariant propagator reproducing
the result of these two approaches

* A general formalism for connecting these approaches



Background Field Method

Our approach

* |In the cross-section:
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* Fields can be decomposed into perturbative and non-perturbative parts.

Propagation of “quantum” particles A in
background field B

C=A+10D

* Background QCD action: S,,(A, B) = Sgcp(A + B) — Socp(B)



Quark Propagator

* The amplitude:
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Quark propagator in

the background field LA b

* Covariant momentum: £, = p,, + g3,




* The quark leg in background field:

Pauli vertex: The fermionic factor/
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Boundary condition:

* Gauge-covariant propagator: Starting point for our approach lim B,(:7) =0

7 >0

* What is the role of those transverse exponentials?



Bare Propagator

* Vacuum propagator:
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* Without transverse propagator:
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Transverse Gauge Link
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* Not just a transverse Wilson line!



Contour Projections

Dictionary for switching different kinematic regimes

* The path ordered exponential describes propagation of the quantum partons along

arbitrary path. (@ 2)
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* In order to study different kinematic regimes we need to expand this exponential
onto certain paths.
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Procedure of the Contour Expansion

* A 2-step process.

1. Expansion of the exponential.

2. Commuting the background field operators to the desired transverse position.
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* Propagator remains gauge covariant after shifting transverse exponential.



* The transverse exponential at a finite z~ implies infinite number of operator
Insertions.
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* What is the correct way of expansion?



Background Field

Power-counting in the high energy limit

» For a nucleus boosted along x™ direction with boost parameter A:
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* The quark propagator:
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Generalised eikonal cross-section

CGC cross-section

. 2me T 2 dk d2k dks d2k o | CGC 2metapmT © Q \2dky d2k dky d?k I L
dogy” :Z fEM (Q> 1 1_L 2 2_L o0(q— — ki —k;)322323(q_)4 dogo” | :Z Vf > ( _) L . L . 2 2 2L . §(q- — ki —ky)322°2%(¢7)?
eik. V3(Q)? q—/ (2m)32k] 1k3=0 (27)32k, 1k3=0 eik. 3( q (2m)32k, 1k3=0 (2m)32k, 1k2=0
X /deLeik“‘“ /dQWieik“leo(@WL —wl’)/dQZLe—ikuzL /dQZie_ik“Zl X /al%ue”““"L /deieik“wiKO(\/zZQﬂwL —cu’l|)/clz,zle_”““'zL /d%ie‘ikuzi
X Ko(\/22Q%|z) — 2\ WU(z1,2 ;0w ,w)) X Ko(v/22Q%| 21 — Zl‘)u(»’«lazl;wbwl)‘cc}c

dks d?ks | dks d?ks |

2 — 72
- 3 T CEAVEN
A=L1N ==1

2 — 72
do) P | CGe Z 2MEFARMT 4y, y—g1dky dkiy
— ! — -
A=F1N=+1 o

€ €

ik V3 (2m)32k, 1k2=0 (2m)32k; 1k2=0 eik. - Vs ’ (2m)32k; 1k2=0 (27)32k; 1kZ=0
X 0(q- —ky — kQ_)S(q_)QZQZZ/deLeik“‘“ /deieikulel(\/zZQﬂwL — W) X o0(q~ —ky — 1432_)8(97_)22222/cl%uge“““wL /deleikuwiKl(\/zZQﬂwL — W' |)
X /dZZLe_ik““ /d2zle_ik“ziK1(\/z2Q2|zL — 2 (5»\/(—1 + 222)(g"™ + ie"™) X /d%zgz‘ikuﬂ /61l2,zl(f3_il‘““'zlL Ki1(\/22Q3%|zL — 2| ) (5>\:>\/(—1 + 222)(g"™ + i€ ™)
o o ' o o _
x ok wf “m Z7,n + 2z25>\(_>\/)ez>‘¢)b{(zbzl;wbwl) x ok wi“ “m Z;n + QZZ(S)\:_)\/@ZW)Z/{(ZL,z’l;wbwl)‘
wy — W [z =2 wy — W ||z =2 CGC

U(zL, 72w ,w')) = (P, S]|tr. (U(oo, —oo;w| ) U(W'| ,wy;—00)U(—00,00;w ) — 1>U(wL,zL; o0) L{(zL,zi;wL,wl)‘CGC



Conclusion

Path-ordered exponent expansion provides a universal gauge-covariant tool for
background-field calculations.

The formalism systematically generates the operator hierarchy relevant for any chosen
kinematic limit.

In small-x diet production, transverse background fields contribute already at eikonal
order.

Different kinematic regimes (TMDs and small-x) are connected through contour re-
expansion, providing a direct matching framework.

The method is general and can be extended to sub-eikonal, loop-level, and multi-parton
observables.



Thank you!



