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Arleo, S.P., Sami  1006.0818                  [APS10]

S.P., Arleo, Kolevatov 1402.1671           [PAK14]
S.P. & Kolevatov 1405.4241                   [PK14]     

• talk based on:

Arleo & S.P. 1212.0434                           [AP12]

✦ interesting theoretically

•main focus: fully coherent induced radiation 
✦ crucial for phenomenology
 J/psi nuclear suppression in pA (and AB)

see talk of F.  Arleo in Etretat 2013
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in general, features of medium-induced radiation 
depend on specific kinematic situation

(1) energetic parton suddenly produced 
or annihilated in nuclear medium

(2) forward scattering of fast ‘asymptotic 
parton’ crossing a nuclear medium
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• two main cases   (S.P. & Smilga 0810.5702)
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(1) energetic parton suddenly produced in medium
E

ω, k⊥

tfλR

∼ µ
E ! 1

parton color CR

✦ induced radiation spectrum
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when ! exceeds q̂RL
2 , tf saturates at tf ⇠ L

due to suppression of tf � L

✦ average energy loss
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(2) forward scattering of fast ‘asymptotic 
parton’ crossing a nuclear medium

setup: high-energy p-A collision in nucleus rest frame
(APS10, AP12, PAK14)

!1⊥ !n⊥

p′⊥p+

p⊥ = 0 !2⊥ q⊥
z1 z2 zh zn

• tag energetic hadron with p0?|hard �
p

q̂L

• energetic parent parton suffers:

• single hard exchange q? ' p0?

• soft rescatterings `2? = (
X

~̀
i?)

2 ⇠ q̂L ⇠ Q2
s ⌧ q2?

two transverse momentum scales: `? ⌧ q?
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✦ derivation of induced spectrum
• use opacity expansion (Gyulassy, Levai, Vitev 2000)
• look for soft radiation with k? ⌧ q? and tf � L

first order in opacity:
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similar features at all orders in opacity (PAK14)

✓s

x

dI

dx

= (2CR �Nc)
↵s

⇡

log

✓
`

2
?

x

2
q

2
?

◆

`2? ⇠ q̂L ⇠ Q2
swith

(Y. Dokshitzer, ‘perturbative QCD for beginners’)

interference dominated by radiation 
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from fully coherent domain: tf ⇠ !
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orders of magnitude

p-Pb collision at 
p
s = 5TeV

q̂ = q̂
cold

⇠ 0.1GeV2/fm

L ⇠ 10 fm

in nucleus rest frame: E =
p
s
pT
2mp

ey ⇠ 7.5TeV

consider light hadron with: 

pT = 3GeV ycm = 0; ) Ecm ' 3GeV( (

) !̂ ' 2.5TeV � q̂L2 ' 50GeV
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• color factor 
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remark: forward scattering with1 ! 1 CR 6= CR0

CR CR0

Ct (PAK14)
CR + CR0 � Ct

 fully coherent radiation is process-dependent
/2 target/proj. wavefunction)

11



Liou & Mueller, 1402.1647 [LM14] and PK14
generalization to 1 ! 2 hard forward processes 

• LM14: dipole formalism; forward symmetric dijet
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how can we understand similarity between 1 ! 1 and
1 ! 2 processes, and interpret ‘strange’ factor 4/5 ?
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q ! qgfor , hard process is less trivial: 
hard

zh
q

2
g ! gfor , hard process is trivial 

Nc (PK14)in opacity expansion and large limit
spectrum associated to q ! qg
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log arises from x
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at time tf , radiated gluon does not probe size �r?
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• explicit calculation
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✴ final pointlike qg pair can be in 3 color reps:
3⌦ 8 = 3� 6̄� 15

(recall q ! q has color factor 2CF �Nc �!
Nc!1

0 )

same result can be obtained by removing ‘triplet’
component of final qg in production amplitude

++( ) � 1

CF
( )a

b K

q

• interpretation of factor q!qg

= M6̄�15
hard = T aT b
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✴ diagrams with induced gluon which are suppressed 
Nc � 1 are those where final qg pair is in 3when
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proba to produce qg pair inq!qg = 6̄� 15 subspace

=
(K � xhq)2

(K � xhq)2 + (1� xh)2K
2 q? ⌧ K?

xh = 1/2 4

5

• color factor 

qg ⇠ pointlike result must depend only on total
 color charge, and be given by same rule as for 1 ! 1
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(PK14)
conjecture for hard forward processes 1 ! n
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same as for 1 ! 1

g ! ggg ! qq̄ ,
conjecture proven for 1 ! 1, all q ! qg , and also
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summary
• features of coherent radiation are the same for 1 ! 1

1 ! 2and universal log, process-dependent prefactor:

•  radiation sees final parton system as pointlike
1 ! nconjecture for all processes

• results for fully coherent spectra follow from first 
principles of QCD radiation and color algebra, and can be 
obtained in different formalisms

• fully coherent radiation expected in all hard forward 
processes with color in both initial and final parton states

pA suppression of J/psi, but also di-jet, light hadron...
�E

coh

/ E (� �ELPM)
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Back-up
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two checks of the conjecture:
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explicit calculation:
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g ! gg2)

explicit calculation (PK14)
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can be simply calculated using pictorial rulesP8a P8sand
for color projection operators:

(2� P8a � P8s)Nc = . . . = g!gg Nc

(remark: )xhdepend onP8s P8aand

Y. Dokshitzer, ‘PQCD (and Beyond)’, 1995
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Arleo, S.P., 1204.4609 and 1212.0434             [AP12]
Arleo, Kolevatov, S.P., Rustamova 1304.0901 [AKPR13]

Arleo, S.P. 1407.5054                                       [AP14]     

J/psi suppression in pA and AB collisions

predictions for J/psi suppression

compared to available low pT data
 from fully coherent energy loss

from fixed target to collider energies
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coherent radiation

use standard way to implement energy loss:
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model for quarkonium pA suppression (AP12)

24



(AP12)

J/psi suppression in pA
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J/ NA3 Pt/p 

(AP12)

26



RHIC d-Au 
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-dependencep? (AKPR13)
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quarkonium suppression in AB collisions (AP14)
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J/psi suppression in AB collisions (AP14)

baseline for cold nuclear effects
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