
Saturation, Diffraction, and Multihadron Production at EIC, July 16 , 2026

Feasibility of Extracting OAM Distributions 
via Dijet/Dihadron Production at EIC

Brandon Manley	
Ohio State University

Based on:	
Kovchegov, BM, JHEP 02 (2024) 060	
Kovchegov, BM, PRD 111 (2025) 5	
JAM small- , in preparationx



2

Overview

• Proton spin puzzle 	

• Review of polarized small-  toolkit	

• Orbital angular momentum (OAM) at small : moment 
amplitudes and evolution	

• Elastic dijet production as a probe for OAM	

• Feasibility of elastic dijets at EIC

x
x
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Proton spin puzzle: Origins

• 1988 EMC experiment: quarks contribute very little to proton spin

European Muon Collaboration, J. Ashman et al., Phys. Lett. B206, 364 (1988)
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Proton spin puzzle: Origins

• Theory response: spin sum rules 

Jaffe and Manohar, Nucl. Phys. B337 509 (1990)

Quark 	
helicity PDF

Jaffe-Manohar sum rule

55

Gluon 	
helicity PDF

Quark and gluon 	
orbital angular 

momentum (OAM) 
distributions
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• Current status of the puzzle (from a recent collinear hPDF extraction)

Proton spin puzzle: Current status

 
Borsa et al, Phys.Rev.Lett. 133 (2024) 15

• Uncertainties large in 
small  region 
(inaccessible to 
experiment since 

)	

• No OAM extraction 
from experiments

x

x ∼ 1/energy



Polarized Small  Toolsx
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• Scattering of quark on proton at small : light-cone Wilson linesx

Wilson lines

7
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x→

=

(fundamental) for adjoint, 



Wilson lines

8

<latexit sha1_base64="Y4gjhS7UYWZN1TPr5rHd6IUI3Lg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXpHosevFYwX5Au5Zsmm1Dk+ySZMWy9C948aCIV/+QN/+N2XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Cbz249UaRbJezOJqS/wULKQEWwy6enhDPXLFbfqzoCWiZeTCuRo9MtfvUFEEkGlIRxr3fXc2PgpVoYRTqelXqJpjMkYD2nXUokF1X46u3WKTqwyQGGkbEmDZurviRQLrScisJ0Cm5Fe9DLxP6+bmPDKT5mME0MlmS8KE45MhLLH0YApSgyfWIKJYvZWREZYYWJsPCUbgrf48jJpnVe9WrV2d1GpX+dxFOEIjuEUPLiEOtxCA5pAYATP8ApvjnBenHfnY95acPKZQ/gD5/MHXhiN0A==</latexit>

x→

=

only color rotation, no spin dependence!

• Scattering of quark on proton at small : light-cone Wilson linesx



Polarized Wilson Lines
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• Semi-infinite Wilson lines sandwiching spin-dependent operators	
  sub-eikonal: suppressed by one power of  (or )→ x 1/s
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Altinoluk et al, JHEP 07 (2014) 068  
Kovchegov, Pitonyak, Sievert, JHEP 10 (2017) 198

Kovchegov, Sievert, Phys.Rev.D 99 (2019) 5  
Chirilli, JHEP 01 (2019) 118  

Cougoulic, Kovchegov, Tarasov, Tawabutr, JHEP 07 (2022) 095



• Multiple operators exist at sub-eikonal order  type 1 and type 2 →

Polarized Wilson lines

10
Kovchegov, Pitonyak, Sievert (1706.04236) 

Kovchegov, Sievert (1808.09010) 
Cougoulic, Kovchegov, Tarasov, Tawabutr (2204.11898)
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Polarized Wilson lines
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• Multiple operators exist at sub-eikonal order  type 1 and type 2 →

Polarized Wilson lines

12
Kovchegov, Pitonyak, Sievert (1706.04236) 

Kovchegov, Sievert (1808.09010) 
Cougoulic, Kovchegov, Tarasov, Tawabutr (2204.11898)



Polarized dipole amplitudes
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• -matrix for scattering of dipole with 1 regular and 1 polarized Wilson lineS
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Kovchegov, Pitonyak, Sievert, JHEP 10 (2017) 198  
Kovchegov, Sievert, Phys.Rev.D 99 (2019) 5  

Cougoulic, Kovchegov, Tarasov, Tawabutr, JHEP 07 (2022) 095



• At sub-eikonal order, also have “transition” operators which do not 
preserve identity of projectile: 

Polarized transition operators
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quark  gluon→ gluon  quark→

Chirilli, JHEP 06 (2021) 096  
Borden, Kovchegov, Li, JHEP 09 (2024) 037



Polarized transition amplitude
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• Polarized amplitude from transition operators:
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Integrated polarized amplitudes
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• Helicity PDFs depend on impact-parameter integrated dipole amplitudes

Cougoulic, Kovchegov, Tarasov, Tawabutr, JHEP 07 (2022) 095  
Borden, Kovchegov, Li, JHEP 09 (2024) 037
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• Quark helicity PDF defined through Wigner function

Helicity PDFs at small x

17 Lorce, Pasquini (1106.0139) 

• Polarized quark/polarized nucleon SIDIS Wigner function 



Helicity PDFs at small x
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• Start with operator definition, simplify for , result:x ≪ 1

Cougoulic, Kovchegov, Tarasov, Tawabutr, JHEP 07 (2022) 095  
Borden, Kovchegov, Li, JHEP 09 (2024) 037



Helicity PDFs at small x
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• Start with operator definition, simplify for , result:x ≪ 1

Cougoulic, Kovchegov, Tarasov, Tawabutr, JHEP 07 (2022) 095  
Borden, Kovchegov, Li, JHEP 09 (2024) 037



Helicity evolution
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• Resums double logarithms of energy, αs ln2 s

Kovchegov, Pitonyak, Sievert (1511.06737) 
Cougoulic, Kovchegov, Tarasov, Tawabutr (2204.11898)
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• Resums double logarithms of energy, αs ln2 s

Terms from sub-eikonal operators 

BK/JIMWLK-type 	
terms

Helicity evolution

Kovchegov, Pitonyak, Sievert (1511.06737) 
Cougoulic, Kovchegov, Tarasov, Tawabutr (2204.11898)



Helicity evolution at large Nc

22 Kovchegov, Pitonyak, Sievert (1511.06737) 
Cougoulic, Kovchegov, Tarasov, Tawabutr (2204.11898)

(  in large-  limit)G ≡ Q Nc

• Not closed in general (cf. Balitsky hierarchy), but closed in large-  limitNc



OAM at Small x
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• Quark OAM distribution defined through quark Wigner function

OAM distributions at small x

24

• Unpolarized quark/polarized nucleon SIDIS Wigner function 

Lorce, Pasquini (1106.0139) 
Hatta (1111.3547)

Ji, Xiong, Yuan (1207.5221)



• Quark OAM distribution defined through quark Wigner function

OAM distributions at small x

25
Lorce, Pasquini (1106.0139) 

Hatta (1111.3547)
Ji, Xiong, Yuan (1207.5221)

• Unpolarized quark/polarized nucleon SIDIS Wigner function 

Need first impact-
parameter moments 	
of dipole amplitudes!



Moment amplitudes
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• First impact-parameter moments of polarized amplitudes 	
 moment amplitudes→

 with L̃10 ≈ Q̃ 10 γ+γ5 → γ+
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BM, Kovchegov (2310.18404)
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• Start with operator definition, simplify for , result:x ≪ 1

OAM distributions at small x

<latexit sha1_base64="5hJ/IzsmEQcQBt3JoBFVAfDAS10="></latexit>

Lq(x,Q
2) =

∫
d2b→ d2k→

(
b→ k

)
<latexit sha1_base64="5hJ/IzsmEQcQBt3JoBFVAfDAS10="></latexit>

Lq(x,Q
2) =

∫
d2b→ d2k→

(
b→ k

)

BM, Kovchegov (2310.18404)



OAM small-  evolutionx
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• Moment evolution: take impact-parameter moments of helicity evolution

Kovchegov (1901.07453) 
Kovchegov, BM (2310.18404)



OAM small-  evolutionx
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• Closed system of equations in large-  limitNc

Kovchegov, BM (2310.18404)



How do we obtain 	
initial conditions from data?

OAM small-  evolutionx

30

• Closed system of equations in large-  limitNc

Kovchegov, BM (2310.18404)



Elastic Dijet Production at the EIC
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Elastic dijet production in  collisionsep

32

• Dijet production in electron-proton collisions provides a two-transverse 
momentum process which could probe OAM 

Hatta et al, Phys.Rev.D 95 (2017) 11  
Bhattacharya, Boussarie, Hatta, Phys.Rev.Lett. 128 (2022) 18  

Kovchegov, BM, Phys.Rev.D 111 (2025) 5



Elastic dijet production in  collisionsep

33

• Dijet production in electron-proton collisions provides a two-transverse 
momentum process which could probe OAM 

Elastic: access  conjugate to   Δ b

Hatta et al, Phys.Rev.D 95 (2017) 11  
Bhattacharya, Boussarie, Hatta, Phys.Rev.Lett. 128 (2022) 18  

Kovchegov, BM, Phys.Rev.D 111 (2025) 5

<latexit sha1_base64="o/UAnDMAwohUOuu9GQICOp6U6Dk=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHcWBKR6rKoC5cV7AOaUCbTm3boZBJmJkIJ9VfcuFDErR/izr9x0mahrQcuHM65d+beEyScKe0439bK6tr6xmZpq7y9s7u3bx8ctlWcSgotGvNYdgOigDMBLc00h24igUQBh04wvsn9ziNIxWLxoCcJ+BEZChYySrSR+nblDHupGIDMH8DeLXBN+nbVqTkz4GXiFqSKCjT79pc3iGkagdCUE6V6rpNoPyNSM8phWvZSBQmhYzKEnqGCRKD8bLb8FJ8YZYDDWJoSGs/U3xMZiZSaRIHpjIgeqUUvF//zeqkOr/yMiSTVIOj8ozDlWMc4TwIPmASq+cQQQiUzu2I6IpJQbfIqmxDcxZOXSfu85tZr9fuLauO6iKOEjtAxOkUuukQNdIeaqIUomqBn9IrerCfrxXq3PuatK1YxU0F/YH3+ANu/lEk=</latexit>
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Elastic dijet double spin asymmetry
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• Expand numerator of DSA to linear order in  to access moment 
amplitudes:

Δ⊥/p⊥ ≪ 1

<latexit sha1_base64="5uO/b8KQGge7IstanjevAZbwkD0=">AAACJHicbVDLSgMxFM3UV62vqks3wSJUhDIjooIbURfurGC10Kklk95pg5mZkNwRytCPceOvuHHhAxdu/BbTWkStBwKHc+7l5pxASWHQdd+d3MTk1PRMfrYwN7+wuFRcXrk0Sao51HgiE10PmAEpYqihQAl1pYFFgYSr4OZ44F/dgjYiiS+wp6AZsU4sQsEZWqlVPNiifsSwy5nMzvq+hBDLfqgZz/wTkMhavgKtrrf7mfqm1Nei08XNVrHkVtwh6DjxRqRERqi2ii9+O+FpBDFyyYxpeK7CZsY0Ci6hX/BTA4rxG9aBhqUxi8A0s2HIPt2wSpuGibYvRjpUf25kLDKmFwV2chDI/PUG4n9eI8Vwv5mJWKUIMf86FKaSYkIHjdG20MBR9ixhXAv7V8q7zFaEtteCLcH7G3mcXG5XvN3K7vlO6fBoVEeerJF1UiYe2SOH5JRUSY1wckceyBN5du6dR+fVefsazTmjnVXyC87HJ4RxpWA=</latexit>
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Kovchegov, BM, Phys.Rev.D 111 (2025) 5



proton

Elastic dijet double spin asymmetry
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• Expand numerator of DSA to linear order in  to access moment 
amplitudes:

Δ⊥/p⊥ ≪ 1
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+O
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Kovchegov, BM, Phys.Rev.D 111 (2025) 5



proton

Elastic dijet double spin asymmetry
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• Expand numerator of DSA to linear order in  to access moment 
amplitudes:

Δ⊥/p⊥ ≪ 1

Depend on moment amplitudes!	
(very messy expressions though)
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Kovchegov, BM, Phys.Rev.D 111 (2025) 5
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+O
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Fourier-Bessel transform:

Elastic dijet double spin asymmetry
• Expand numerator of DSA to linear order in  to access moment 
amplitudes:

Δ⊥/p⊥ ≪ 1

Kovchegov, BM, Phys.Rev.D 111 (2025) 5
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• Is elastic dijet production a feasible probe for OAM at small  at future 
Electron Ion Collider (EIC)? 

x

Elastic dijet DSA: Feasibility

Produce elastic dijet 
pseudo-data

Fit elastic dijet 	
pseudo-data

Extract OAM distributions 
(and helicity PDFs)
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Elastic dijet DSA: Feasibility
Produce elastic dijet 

pseudo-data
Fit elastic dijet 	
pseudo-data

Extract OAM distributions 
(and helicity PDFs)

• For pseudo-data, need value and error:	
 Value determined by initial conditions →
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Elastic dijet DSA: Feasibility
Produce elastic dijet 

pseudo-data
Fit elastic dijet 	
pseudo-data

Extract OAM distributions 
(and helicity PDFs)

Infer parameters from 
global analysis of 	

DIS, SIDIS, and  datapp

3 scenarios 	
(positive, all, and negative  replicas): gp

1

• For pseudo-data, need value and error:	
 Value determined by initial conditions →
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Elastic dijet DSA: Feasibility

Randomly chosen 
parameters in 

[−20,20]

3 scenarios:

Produce elastic dijet 
pseudo-data

Fit elastic dijet 	
pseudo-data

Extract OAM distributions 
(and helicity PDFs)

• For pseudo-data, need value and error:	
 Value determined by initial conditions →
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Elastic dijet DSA: Feasibility

Unpolarized 	
small-  theory x

Choose 	
for baseline

100 fb−1

Produce elastic dijet 
pseudo-data

Fit elastic dijet 	
pseudo-data

Extract OAM distributions 
(and helicity PDFs)

• For pseudo-data, need value and error:	
 Statistical error determined by unpolarized cross section→
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Elastic dijet DSA: Feasibility

• To separate three flavors ( ), also need elastic dihadron productionu, d, s
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q,�
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P, SL
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k,ωe
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k→,ω→
e
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P →, SLProduce pseudo-data for 
 and  productionπ+π− K+K−

Produce elastic dijet 
pseudo-data

Fit elastic dijet 	
pseudo-data

Extract OAM distributions 
(and helicity PDFs)
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Elastic dijet DSA: Feasibility

• Fit pseudo-data using Jefferson Lab Angular Momentum (JAM) 
collaboration Monte-Carlo framework 	

• Monte Carlo approximation of posterior distribution

Produce elastic dijet 
pseudo-data

Fit elastic dijet 	
pseudo-data

Extract OAM distributions 
(and helicity PDFs)

<latexit sha1_base64="nF/jk6B3W0qmJyq0ygM+tX7L9TY="></latexit>

P(a| data) → L(data |a)ω(a) → exp

[
↑1

2
ε2(a)

]
ω(a)
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Elastic dijet DSA: Feasibility

• Fit pseudo-data using Jefferson Lab Angular Momentum (JAM) 
collaboration Monte-Carlo framework 	

• Monte Carlo approximation of posterior distribution

Produce elastic dijet 
pseudo-data

Fit elastic dijet 	
pseudo-data

Extract OAM distributions 
(and helicity PDFs)

• Observables computed as 
sum over MC sample:

<latexit sha1_base64="nF/jk6B3W0qmJyq0ygM+tX7L9TY="></latexit>

P(a| data) → L(data |a)ω(a) → exp

[
↑1

2
ε2(a)

]
ω(a)
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Produce elastic 
dijet/dihadron 
pseudo-data

Fit elastic 
dijet/dihadron 	
pseudo-data

Extract OAM distributions 
(and helicity PDFs)
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Elastic dijet DSA: Feasibility
Produce elastic dijet 

pseudo-data
Fit elastic dijet 	
pseudo-data

Extract OAM distributions 
(and helicity PDFs)
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Elastic dijet DSA: Feasibility
Produce elastic dijet 

pseudo-data
Fit elastic dijet 	
pseudo-data

Extract OAM distributions 
(and helicity PDFs)

JAM smallx	
preliminary
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Elastic dijet DSA: Feasibility

• Compared to prior, large improvement in knowledge of OAM

Produce elastic dijet 
pseudo-data

Fit elastic dijet 	
pseudo-data

Extract OAM distributions 
(and helicity PDFs)

JAM smallx	
preliminary



Take-home message
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•Novel description of OAM at small-  using polarized small 
 tools	

•Showed initial conditions for OAM evolution probed via 	
angular harmonics in elastic dijet production	

•OAM can be extracted from dijet/dihadron data	
 First study — more iterations to come!

x
x

⇒

For first time ever, 	
EIC will measure orbital motion of partons & 	
access all contributions to proton spin!



Backup
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• Polarized dipole amplitudes in large-  or large-  limits:Nc Nc & Nf

Large-   limitNc & NfLarge-   limitNc
<latexit sha1_base64="uqoyRm/PJ0tq5xfBbCBH+iGxrUk=">AAACK3icbVDLTgIxFO34RHyhLt00EhMXhswQgi4JLnAJiTwSBkinc4GGziNtR0Mm8z9u/BUXuvARt/6H5aFR8CRNTs+5J+09TsiZVKb5Zqysrq1vbKa20ts7u3v7mYPDh gwiQaFOAx6IlkMkcOZDXTHFoRUKIJ7DoemMriZ+8xaEZIF/o8YhdDwy8FmfUaK01MuUa73YMhNs2zhd6bLpZcIL9jm275gLinEX4kry4+S1U+nGLPkO9jJZM2dOgZeJNSdZNEe1l3my3YBGHviKciJl2zJD1YmJUIxySNJ2JCEkdEQG0NbUJx7ITjzdNcGnWnFxPxD6+ApP1d+JmHhSjj1HT3pEDeWiNxH/89qR6l92YuaHkQKfzh7qRxyrAE+Kwy4TQBUfa0KoYPqvmA6JIFTpetO6BGtx5WXSyOesYq5YK2RL5XkdKXSMTtAZstAFKqFrVEV1RNE9ekQv6NV4MJ6Nd+NjNrpizDNH6A+Mzy95fqQ5</latexit>

Q10

Gi
10

4 G̃10

2Gi
10

<latexit sha1_base64="D2N/6HygKzKXxxF6de/+sdFQF4c=">AAACH3icbVDLSsNAFJ3UV42vqEs3g0VwISUppbosuqjLCvYBTVom00k7dPJgZiKU0D9x46+4caGIuOvfOEmjaOuBgXPOvZc797gRo0Ka5lwrrK1vbG4Vt/Wd3b39A+PwqC3CmGPSwiELeddFgjAakJakkpFuxAnyXUY67uQmrXceCBc0DO7lNCKOj0YB9ShGUlkDo9YYJJY5g7YN9UafZiLlVfsCNn5UJVX9hM6+mwdGySybGeAqsXJSAjmaA+PTHoY49kkgMUNC9Cwzkk6CuKSYkZlux4JECE/QiPQUDZBPhJNk983gmXKG0Au5eoGEmft7IkG+EFPfVZ0+kmOxXEvN/2q9WHpXTkKDKJYkwItFXsygDGEaFhxSTrBkU0UQ5lT9FeIx4ghLFamuQrCWT14l7UrZqpVrd9VS/TqPowhOwCk4Bxa4BHVwC5qgBTB4BM/gFbxpT9qL9q59LFoLWj5zDP5Am38B/RyeqA==</latexit>

G10

Gi
10

4G10

2Gi
10

Polarized Dipole Amplitudes

•  =  without contribution from 	

•  =  with  where 

G10 Q10 Vq[1]
x

G̃ 10 Q10 Vpol[1]
x → Wpol[1]

x

Large-   limitNc & NfLarge-   limitNc

Cougoulic, Kovchegov, Tarasov, Tawabutr, JHEP 07 (2022) 095
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Neighbor Dipole Amplitudes

0

1

0

1

2 2, z′

3, z′′
<latexit sha1_base64="IuZlSnEj/9JtigbDtk9/g+JmZ/k=">AAAB/HicbVC7TsMwFHV4lvIKdGSxqFAZUJUAKowVLIxFog+pjSLHcVqrjhPZDiJE5VdYGECIlQ9h429w2gzQciRLR+fco3t9vJhRqSzr21haXlldWy9tlDe3tnd2zb39jowSgUkbRywSPQ9JwignbUUVI71YEBR6jHS98XXud++JkDTidyqNiROiIacBxUhpyTUrg4T7RORx+OCencDHWs01q1bdmgIuErsgVVCg5ZpfAz/CSUi4wgxJ2betWDkZEopiRiblQSJJjPAYDUlfU45CIp1sevwEHmnFh0Ek9OMKTtXfiQyFUqahpydDpEZy3svF/7x+ooJLJ6M8ThTheLYoSBhUEcybgD4VBCuWaoKwoPpWiEdIIKx0X2Vdgj3/5UXSOa3bjXrj9rzavCrqKIEDcAiOgQ0uQBPcgBZoAwxS8AxewZvxZLwY78bHbHTJKDIV8AfG5w8w+pPU</latexit>

x3, z
→→

<latexit sha1_base64="4KPOwHxXz10xT4EeuOy2pQFZO1M=">AAAB+3icbVDLTgIxFO3gC/E14tJNIzG6MGSGGHRJdOMSE3kkMJl0ygUaOp1J2zEg4VfcuNAYt/6IO//GDsxCwZM0OTnnntzbE8ScKe0431ZubX1jcyu/XdjZ3ds/sA+LTRUlkkKDRjyS7YAo4ExAQzPNoR1LIGHAoRWMblO/9QhSsUg86EkMXkgGgvUZJdpIvl3sJqIHMo3jsV+5wE9nvl1yys4ceJW4GSmhDHXf/ur2IpqEIDTlRKmO68TamxKpGeUwK3QTBTGhIzKAjqGChKC86fz2GT41Sg/3I2me0Hiu/k5MSajUJAzMZEj0UC17qfif10l0/9qbMhEnGgRdLOonHOsIp0XgHpNANZ8YQqhk5lZMh0QSqk1dBVOCu/zlVdKslN1quXp/WardZHXk0TE6QefIRVeohu5QHTUQRWP0jF7RmzWzXqx362MxmrOyzBH6A+vzB8jpk6I=</latexit>

x2, z
→

<latexit sha1_base64="4KPOwHxXz10xT4EeuOy2pQFZO1M=">AAAB+3icbVDLTgIxFO3gC/E14tJNIzG6MGSGGHRJdOMSE3kkMJl0ygUaOp1J2zEg4VfcuNAYt/6IO//GDsxCwZM0OTnnntzbE8ScKe0431ZubX1jcyu/XdjZ3ds/sA+LTRUlkkKDRjyS7YAo4ExAQzPNoR1LIGHAoRWMblO/9QhSsUg86EkMXkgGgvUZJdpIvl3sJqIHMo3jsV+5wE9nvl1yys4ceJW4GSmhDHXf/ur2IpqEIDTlRKmO68TamxKpGeUwK3QTBTGhIzKAjqGChKC86fz2GT41Sg/3I2me0Hiu/k5MSajUJAzMZEj0UC17qfif10l0/9qbMhEnGgRdLOonHOsIp0XgHpNANZ8YQqhk5lZMh0QSqk1dBVOCu/zlVdKslN1quXp/WardZHXk0TE6QefIRVeohu5QHTUQRWP0jF7RmzWzXqx362MxmrOyzBH6A+vzB8jpk6I=</latexit>

x2, z
→

<latexit sha1_base64="HSm4XQ6FQgbhXpzUk605JV6iNaI=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae0Y8lkbtvQTGZIMmop/Q83LhRx67+482/MtF1o64HA4Zx7uDcnSATXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4nfnNB1Sax/LOjBL0I9qXvMcZNVa676QyRJWFyVPX6xZLbtmdgiwTb05KMEetW/zqhDFLI5SGCap123 MT44+pMpwJnBQ6qcaEsiHtY9tSSSPU/nh69YScWCUkvVjZJw2Zqr8TYxppPYoCOxlRM9CLXib+57VT07v0x1wmqUHJZot6qSAmJlkFJOQKmREjSyhT3N5K2IAqyowtqmBL8Ba/vEwaZ2WvUq7cnpeqV/M68nAEx3AKHlxAFW6gBnVgoOAZXuHNeXRenHfnYzaac+aZQ/gD5/MHPZOSWw==</latexit>x1

<latexit sha1_base64="Kjf7zgdrYw6jfuTL0PxgIsw79eg=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae0Y8lkbtvQTGZIMmop/Q83LhRx67+482/MtF1o64HA4Zx7uDcnSATXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4nfnNB1Sax/LOjBL0I9qXvMcZNVa676QyRJWFyVPX7RZLbtmdgiwTb05KMEetW/zqhDFLI5SGCap123 MT44+pMpwJnBQ6qcaEsiHtY9tSSSPU/nh69YScWCUkvVjZJw2Zqr8TYxppPYoCOxlRM9CLXib+57VT07v0x1wmqUHJZot6qSAmJlkFJOQKmREjSyhT3N5K2IAqyowtqmBL8Ba/vEwaZ2WvUq7cnpeqV/M68nAEx3AKHlxAFW6gBnVgoOAZXuHNeXRenHfnYzaac+aZQ/gD5/MHPA+SWg==</latexit>x0
<latexit sha1_base64="Kjf7zgdrYw6jfuTL0PxgIsw79eg=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae0Y8lkbtvQTGZIMmop/Q83LhRx67+482/MtF1o64HA4Zx7uDcnSATXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4nfnNB1Sax/LOjBL0I9qXvMcZNVa676QyRJWFyVPX7RZLbtmdgiwTb05KMEetW/zqhDFLI5SGCap123MT44+pMpwJnBQ6qcaEsiHtY9tSSSPU/nh69YScWCUkvVjZJw2Zqr8TYxppPYoCOxlRM9CLXib+57VT07v0x1wmqUHJZot6qSAmJlkFJOQKmREjSyhT3N5K2IAqyowtqmBL8Ba/vEwaZ2WvUq7cnpeqV/M68nAEx3AKHlxAFW6gBnVgoOAZXuHNeXRenHfnYzaac+aZQ/gD5/MHPA+SWg==</latexit>x0

<latexit sha1_base64="HSm4XQ6FQgbhXpzUk605JV6iNaI=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae0Y8lkbtvQTGZIMmop/Q83LhRx67+482/MtF1o64HA4Zx7uDcnSATXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4nfnNB1Sax/LOjBL0I9qXvMcZNVa676QyRJWFyVPX6xZLbtmdgiwTb05KMEetW/zqhDFLI5SGCap123MT44+pMpwJnBQ6qcaEsiHtY9tSSSPU/nh69YScWCUkvVjZJw2Zqr8TYxppPYoCOxlRM9CLXib+57VT07v0x1wmqUHJZot6qSAmJlkFJOQKmREjSyhT3N5K2IAqyowtqmBL8Ba/vEwaZ2WvUq7cnpeqV/M68nAEx3AKHlxAFW6gBnVgoOAZXuHNeXRenHfnYzaac+aZQ/gD5/MHPZOSWw==</latexit>x1

• Lifetime ordering: 

• IR cutoff:
<latexit sha1_base64="wcTI4LB9ox16no329b4wNlROTOY=">AAACCnicbZA9T8MwEIad8lXKV4CRxVAhMVVJQYWxgoWxSPRDaqPIcZ3WquNYtoNaRZ1Z+CssDCDEyi9g49/gtBmg5SRLz713p/O9gWBUacf5tgorq2vrG8XN0tb2zu6evX/QUnEiMWnimMWyEyBFGOWkqalmpCMkQVHASDsY3WT19gORisb8Xk8E8SI04DSkGGkj+fbx2E/Pq1PYYwwarDoGkRAyHmepa1LfLjsVZxZwGdwcyiCPhm9/9foxTiLCNWZIqa7rCO2lSGqKGZmWeokiAuERGpCuQY4iorx0dsoUnhqlD8NYmsc1nKm/J1IUKTWJAtMZIT1Ui7VM/K/WTXR45aWUi0QTjueLwoRBHcPMF9inkmDNJgYQltT8FeIhkghr417JmOAunrwMrWrFrVVqdxfl+nVuRxEcgRNwBlxwCergFjRAE2DwCJ7BK3iznqwX6936mLcWrHzmEPwJ6/MHQ3yZXw==</latexit>

x32 → x20 ↑ x10

<latexit sha1_base64="Fgd/nVmmtAZeu7n8yKPxbQc5qtM=">AAACE3icbVC7TsMwFHV4lvIKMLJYVAjEUCUBFcYKFsYi0YfUpJHjOq1V5yHbQZQo/8DCr7AwgBArCxt/g5tmgJYjXd2jc+6VfY8XMyqkYXxrC4tLyyurpbXy+sbm1ra+s9sSUcIxaeKIRbzjIUEYDUlTUslIJ+YEBR4jbW90NfHbd4QLGoW3chwTJ0CDkPoUI6kkVz+5d9NTK+tZ8KGX2jGnAYHTlkGbMahsy8ztI1evGFUjB5wnZkEqoEDD1b/sfoSTgIQSMyRE1zRi6aSIS4oZycp2IkiM8AgNSFfREAVEOGl+UwYPldKHfsRVhRLm6u+NFAVCjANPTQZIDsWsNxH/87qJ9C+clIZxIkmIpw/5CYMygpOAYJ9ygiUbK4Iwp+qvEA8RR1iqGMsqBHP25HnSsqpmrVq7OavUL4s4SmAfHIBjYIJzUAfXoAGaAINH8AxewZv2pL1o79rHdHRBK3b2wB9onz8uoZ0X</latexit>

x2
32z

→→ → x2
21z

→

Subsequent evolution of dipole 20 must know about dipole 21!



Polarized Small-  Evolutionx
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• Closed, coupled, linear system in the large-  limit:Nc

“Neighbor” dipole 
amplitudes: 

auxiliary functions 
needed to enforce 
lifetime ordering

Kovchegov, Pitonyak, Sievert, JHEP 10 (2016) 072  
Cougoulic, Kovchegov, Tarasov, Tawabutr, JHEP 07 (2022) 095



Longitudinal Spin Asymmetries
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• Consider both double and single spin asymmetries (DSA & SSA)

<latexit sha1_base64="3fHT4EuvVcVzqzdAWz2M6NLYuKc="></latexit>

dω = dωunpol. + SL dωSSA + SL ωe dω
DSA

• Under a parity & time-reversal (PT) transformation, 

<latexit sha1_base64="dLCmLpLPrW7pzbmSWrv76LTzjTk=">AAACV3icdVHLTgIxFO0MqDi+QJduGonGjWTGGHSJj4VLDPJImJF0SoGGtjNpOyZkwk8aN/yKGy0wiQp6kyYn59yTe+9pGDOqtOvOLDuX39jcKmw7O7t7+wfF0mFLRYnEpIkjFslOiBRhVJCmppqRTiwJ4iEj7XB8P9fbr0QqGolnPYlJwNFQ0AHFSBuqVxR9X9EhRy+pz5EeSZ42GrfTKTzzdQQv4D+q4/vQWdMevp3rxqXYK5bdirsouA68DJRBVvVe8c3vRzjhRGjMkFJdz411kCKpKWZk6viJIjHCYzQkXQMF4kQF6SKXKTw1TB8OImme0HDB/nSkiCs14aHpnG+pVrU5+ZfWTfTgJkipiBNNBF4OGiQMmsvnIcM+lQRrNjEAYUnNrhCPkERYm69wTAje6snroHVZ8aqV6tNVuXaXxVEAx+AEnAMPXIMaeAR10AQYvIMPK2flrZn1aW/ahWWrbWWeI/Cr7NIX+gm0eA==</latexit>

dωSSA → ↑dωSSA

dωDSA → dωDSA
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z

1 − z

Δ = p
1

+ p
2

• Depends on 6 kinematic variables 	
+ 2 azimuthal angles	
 

Elastic Dijet Production in  Collisionsep



Longitudinal Spin Asymmetries

57

• Consider elastic dijet spin asymmetries

• PT-even  or    real amplitudes like G S ⇒ N10, Q10, Gi
10

• PT-odd  or     imaginary amplitudes like G S ⇒ Im N10, Im Q10, Im Gi
10

“Exotic” = Underdeveloped/non-existent 
phenomenology  
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Elastic Dijet Production in  Collisionsep
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DSA Results: TT Coefficients

Fourier-Bessel transform:
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Fourier-Bessel transform:

DSA Results: LT Coefficients
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DSA Results: Unpolarized Coefficients
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-Problemc
• Degeneracy in Fourier-Bessel transform 
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-Problem: Solutionc

• Binning in  breaks the degeneracy W2 = sy

°200 °100 0 100 200
a3,u

°500

0

500

c 3
,u

data integrated over W 2

data binned in W 2


