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Back-to-back dijet production in DIS:  
TMD framework up to twist-3 for all Bjorken-x 



Dijet in DIS: what are we studying?
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• Back-to-back dijets in DIS probe transverse partonic structure.     

Gluon TMD sector Quark TMD sector

γ*(q) + p(P) → q(k1) + q̄(k2) + X γ*(q) + p(P) → q(k1) + g(k2) + X• Background gluon field
• Sensitive to gluon TMDs

• Background quark field
• Sensitive to quark TMDs

k1

k2

Light Cone 2026 ｜Stony Brook University｜June 24, 2026



• Hard splitting scale: 

• Transverse momentum imbalance: 

• Back-to-back limit:  

• This limit allows a TMD expansion in  .   

P⊥ ∼ |k1⊥ | ∼ |k2⊥ |

Δ⊥ = k1⊥ + k2⊥

Δ⊥ ≪ P⊥

Δ⊥/P⊥

x

y

Δϕ ∼ π

k1⊥

k2⊥

Δ⊥ = k1⊥ + k2⊥

Transverse imbalance

                                    Back-to-back kinematics

Transverse plane
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Kinematic reach of EIC dijet production

Dumitru, Skokov & Ullrich, PRC 99, (2019)

•  Perturbative dijets require a hard transverse scale: 

                          

• In this region, accessible x is typically 

                             

    —not parametrically in the strict  limit

→  need general-

P⊥ ≳ 3.5GeV

x ∼ 10−2

x ≪ 1

x
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• Leading-twist (LO): 
   Subeikonal [10]

                  Existing Results for DIS Dijet Production
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our results

Leading-twist
(NLO) [1-4, …]

Standard leading-
twist TMD 

framework [1, …]

• Up to twist-3 (LO):   
   Eikonal + subeikonal [5,6]

• Leading twist (NLO)
   Eikonal [7-9, …]

(General-x) 

• Up to twist-3 (LO):  
    channelsqq̄

• Up to twist-3 (LO):  
    and qg channelsqq̄

Gluon
TMDs

Quark
TMDs
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Background field method

Cμ = Aμ + Bμ

Full gauge field = quantum field + background field 

Tree level (this work) Loop level (future extension)

Operator structure emerges Evolution and factorization

• Work in a fixed background 

• Compute propagator in  

• Wilson lines and TMD operators emerge

Bμ

Bμ

• Integrate out quantum modes  

• Loop corrections introduce divergences 
• Scale separation and evolution emerge

Aμ
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A unified general-  TMD frameworkx

 (Back-to-back)Δ⊥ /P⊥ ≪ 1

This framework:  general-  TMD x

Small-x TMD
(Wilson-line regime)

Standard TMD 
factorization 

(Sudakov regime)

BFKL evolution
(  )      k+

g ≪ kg⊥

CSS evolution
( )kg⊥ ≪ k+

g

moderate-xsmall-x

Following the general-x  TMD factorization framework (MSTT) proposed in Refs. [Mukherjee, Skokov, Tarasov & Tiwari, 

PRD 109(2024), Mukherjee, Skokov, Tarasov & Tiwari, PRD 111 (2025)], we impose no hierarchy between  and .k+
g kg⊥
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Roadmap of this work

Background field propagators

Dijet amplitude

Dijet differential cross-section

Small-x consistency
Amputated quark and antiquark

squared amplitude

– small-x limit
– comparison with CGC

– twist-2/twist-3 operators
– longitudinal and transverse 
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Background-field quark propagator: gradient expansion

= ū(k1) lim
k2

1→0
k2

1 (k1 |
1

P2 + 1
2 σμνFμν + iϵ

|y) = ū(k1) lim
k2

1→0
k2

1 (k1 |
1

2p−p+ + 2p−A− − i∂−A− − P2
⊥ + 1

2 σμνFμν + iϵ
|y)

Gradient expansion = 

Wilson line + dynamics in target   + field-strength insertions  + Spin-field coupling   F+− F−i σF

Pμ = pμ + Aμ
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lim
k2

1→0
k2

1 (k1 |
1

P2 + 1
2 σμνFμν + iϵ

|y) = i eik1⋅y [−i[∞, y−]y⊥
+ background field insertions]

Retains full-phase
•  Details are given in eq.(21) of arXiv:2602.15137
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Dijet amplitude

quark propagator: 

antiquark propagator:

Reconstructs full-phase, with no  hierarchy
eik1⋅y × eik2⋅y × e−iq⋅y = ei (k1+k2−q)⋅y = ei kg⋅y

k+
g /kg⊥

∝ eik1⋅y

∝ eik2⋅y

kg

•  Details are given in eq.(27) of arXiv:2602.15137



Differential cross-section

Longtudinally polarized Transversely polarized

1
2 ∑

λ=±1

ϵλ
k (q) ϵλ*

l (q) = −
1
2

gklϵ−(q) ϵ*−(q) =
Q2

q−2
Leading-twist contribution to the cross section.
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Dijet differential cross-section



Operator structure up to twist-3  

twist-2 (leading) twist-3 (linear)

tw
is

t-2
 

tw
is

t-3
 

C1 ⊗ F−iF−j C2 ∝ 𝒪 (Δ⊥ /P⊥)
C2 ⊗ F−iF−j

✔

✔

C3 ⊗ FijF−j

C4 ⊗ F+−F−j

C5 ⊗ F−iF−kF−l

✔

C6 ⊗ FijF−j , …

✘

Kinematic twist
expansion in  Δ⊥ /P⊥

dynamic twist
τ = d − s
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Differential cross-section: the longitudinally polarized photon

dynamic leading-twist

dynamic twist-3

dynamic twist-3

Kinematic twist-3

complete phase

ϵ2
f = zz̄Q2
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Small-  limit: Matching to CGCx
From general-x TMD factorization to high-energy eikonal physics
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Companion quark sector
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The same background-field method also probes the quark content of the target.

15



Summary & Outlook

Outlook: full NLO calculation and factorization test.
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Theoretical input for extracting quark and gluon TMDs across the full-x region at the EIC.



Thank you!



Backup: Companion quark sector


