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Program

• Reminder of Fully Coherent Energy Loss (FCEL)
at leading-log

beyond leading-log
• Coherent radiation spectrum for
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2 ! 2 processes

• an unusual effect:  fully coherent energy gain

Talk based on : 

• (color) matrix structure of the spectrum 

G. Jackson,  S.P.,  K. Watanabe
 (2312.11650 [hep-ph])

 JHEP 05 (2024) 207



(nucleus rest frame)
ℓ1⊥ ℓn⊥

p⊥
E

ℓ2⊥ q⊥

k⊥ <latexit sha1_base64="nPUPILT3uvY5UAivPU8pegB4cJs="></latexit>

K?
x = ω/E

FCEL at leading-log

FCEL = induced radiative energy loss in parton small angle scattering

• single hard exchange
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• recoil parton is assumed to be soft

pA collision
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  (i) jet-quenching in AA collisions

independent of 
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global dijet color charge (Casimir) in state R
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LHC 

Aaij et al [LHCb], 
JHEP11, 181 (2021)          
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FCEL in quarkonium production
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(2 ! 2 and ⇠ = 1/2)FCEL in heavy flavour production
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effect of FCEL (at LL) on hadron suppression in pA



• FCEL contributes to substantial hadron suppression in pA

at least as much as other nuclear effects (nPDFs, saturation,…) 

implement FCEL in pA hadron cross sections…

• FCEL = pQCD prediction, with small uncertainty

… before extracting nPDF sets (or estimating saturation) 

needs
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Coherent radiation spectrum beyond leading-log

soft rescatterings factorize into
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• structure of the spectrum for any process :
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2 ! 2

color decomposition of hard amplitude: 
color indices only

kinematics, spin, flavour 
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hard process color only
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 soft gluon radiation can induce color transitions  
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• an unusual effect:  fully coherent energy gain (FCEG)
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FCEG contributions appear in other channels: 
e.g., 

G. Jackson,  S.P.,  K. Watanabe JHEP 05 (2024) 207

<latexit sha1_base64="66eZkoqAvs8vwIye8BeK8w999HM="></latexit>| {z }<latexit sha1_base64="66eZkoqAvs8vwIye8BeK8w999HM="></latexit>| {z }
<latexit sha1_base64="baDg3w8wjwl+ufoGL66X14PSquI="></latexit>

N + 1

N

<latexit sha1_base64="TKC1wpJDmhYsftHV51lrQbllcdI="></latexit>

�N � 1

N
< 0



ℓ1⊥ ℓn⊥

p⊥
E

ℓ2⊥ q⊥

k⊥x = ω/E
<latexit sha1_base64="gR6OV+0ccbIXNNSY2yeNxtX8c0o="></latexit>

) <latexit sha1_base64="gR6OV+0ccbIXNNSY2yeNxtX8c0o="></latexit>

)
<latexit sha1_base64="KghwToBf5lMxtLGNA34eNgs267U="></latexit>

✓s
<latexit sha1_base64="LefNfy3PCaF+LT7axlHsZtBQB1g="></latexit>

✓

total spectrum = spectrum at 0th order in opacity (n = 0)
FCEG can be inferred heuristically from features of 
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Summary

• coherent radiation spectrum beyond leading-log
and for any    now available for 
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• FCEL can now be systematically implemented in pA 

• some contributions to FCEL spectrum can be negative 

• encompasses leading-log results

• FCEL beyond LL probes off-diagonal elements  
of hard process color density matrix 
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