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Stéphane Peigné
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S. Peigné Cold Nuclear Effects in J/ψ Production



introduction
strong nuclear suppression in p–A
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understanding RpA = 1
A · σpAσpp is crucial

disentangle various cold nuclear effects

prerequisite for hadron suppression in A-A

focus here on quarkonium production

intrinsic hard scale M = MQQ̄ ∼ 3 GeV

rich data for nuclear suppression

main message of this talk:

J/ψ nuclear suppression in p–A
arises dominantly from

parton energy loss through nucleus
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J/ψ suppression: qualitative features
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two opposite limits

thadro < L (⇔ xF < xcriticalF )

Ψ

→ nuclear suppression from σabs within nucleus

thadro > L (⇔ xF > xcriticalF ) = limit considered here

Q

Q

→ compact octet QQ̄ (rQQ̄ ∼ 1/M ) through nucleus

→ σabs irrelevant

note: large
√
s⇒ xcriticalF < 0
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J/ψ suppression at large E
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Ebeam = 800 GeV

tψhadro ∼
E(xF)
M · 1

Mψ′−Mψ

⇒ xcriticalF ≃ 0.1
(xF = 0.5 ⇒ thadro ∼ 40 fm)

xF ≥ 0.2 E866 data lies in domain thadro > L

→ σabs is irrelevant, as confirmed by data:

suppression ր with xF (when cc̄ more compact!)

Rψ
′ ≃ RJ/ψ (also suggests no comover interaction)
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another hint: J/ψ suppression does not scale in x2

M. Leitch

⇒ shadowing (nPDFs) should be a minor effect

remaining effects

parton energy loss

k⊥-broadening (saturation)
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∆EJ/ψ: a brief history
Gavin-Milana 92: ad hoc ∆E ∝ E ⇒ fits RJ/ψ

pW ...

=⇒M
↑

⇓ L ↓ ...but predicted RpA
at smaller L or larger M

exceeds the data ⇒
L, M dependence

∆E
E ∝ L · 1

M2

seems too sharp
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Brodsky-Hoyer 93: bound on energy loss?

B-H consider asymptotic charge in QED model:

+ +ℓ1

θs

ℓ2

k

E
assume θs|pA = θs|pp

and formation time tf ≫ L

⇒ find no medium-induced radiation and conclude:
tf ∼ ω

k2
⊥

. L⇒ ∆E . L〈k2
⊥〉 (B-H bound)

→ seems to rule out Gavin-Milana assumption ∆E ∝ E

B-H argument fails in QED when θs|pA > θs|pp

argument fails in QCD:

∆E ∝ E due to charge color rotation
(see: Gunion Bertsch 82)
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∆EJ/ψ revisited Arleo, S.P., Sami (2011)

xF > xcriticalF

t hard

Q
t hadrot octet

k⊥ω,

+ +

L

+

ψ
p

Q

colored parton
(compact)
color octet

assumption: QQ̄ remains color octet and compact
(r⊥ ∼ 1/M ) during time toctet ≫ thard, L

(true in CEM, COM... but should be more general)

⇒ ω dI
dω

∣

∣

ind
∼ radiation off “asymptotic color charge”

∆Eind ∼ Ncαs

√
∆q2

⊥

M⊥
E ∝ E

√

L/M2

arises from thard, L≪ tf ≪ toctet

depends on L via ∆q2⊥ = q̂ L≪M
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model for J/ψ suppression
Arleo, S.P., JHEP 1303 (2013) 122

medium-induced ∆E ∼ αs
∆q⊥
M⊥

E is higher-twist:

collinear-safe, process dependent, suppressed by 1/M⊥

use standard way to implement ‘higher-twist’ loss

1
A

dσψpA
dE (E) =

∫ εmax
0 dεP (ε)

dσψpp
dE (E + ε)

(dσψpp
dxF

taken from p–p data)

model depends on single parameter q̂ (via ∆q2⊥ = q̂ L)

q̂ = 4π2αsCR
N2
c−1 ρ xG(x) Baier et al 97

xG(x) ∼ x−0.3 Golec-Biernat Wusthoff 98

q̂ = q̂0

(

10−2

x

)0.3
has smooth x–dependence
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J/ψ suppression from fixed-target to collider energies

q̂0 fixed from W/Be E866
J/ψ suppression data...
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J/ψ NA3 Pt/p
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RHIC, LHC: x2 ≪ 0.01 ⇒

nPDF (shadowing) / saturation effects become sizeable

choice (i): use various nPDF sets (EPS09, DSSZ)

choice (ii): saturation

Q2
s = q̂(x)L Mueller 99, Baier 03

Rsat
pA(x,A) ≃ a

(b+Q2
s(x,L))α

Fujii, Gelis, Venugopalan 06

‘CGC effect’ accounts for broadening of cc̄ relative p⊥,

an effect previously proposed Benesh, Qiu, Vary 94
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RHIC (PHENIX) d-Au
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from fixed-target to RHIC, xF–dependence of RJ/ψ
pA

can be described by parton energy loss alone
adding saturation to ∆E improves agreement
with RHIC data
saturation/nPDF effects alone cannot explain
fixed-target data
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p⊥-dependence
Arleo, Kolevatov, S.P., Rustamova, arXiv:1304.0901

energy loss + p⊥-broadening of pointlike cc̄:

1
A
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no free parameter:
∆p⊥ induces ∆E

∆p⊥ −→
Cronin effect

energy loss −→
normalization
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RHIC (d-Au) minimum bias
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predictions for RJ/ψ
pA at LHC (p-Pb)

minimum bias
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summary
parton (cc̄) broadening + induced loss ∆E ∝ E
is a dominant effect in p-A J/ψ suppression

explains shape of RJ/ψ
pA , both in xF and p⊥

from fixed-target to RHIC energies
(RHIC, LHC: saturation/nPDFs may bring a

10-20 % effect in normalization)

parametric dependence of ∆E (and dI/dω)
arises from true PQCD calculation
∆E ∼ higher-twist effect, previously overlooked

→ should have implications on other p-A processes:
open charm, light hadron (p⊥ & 1 GeV)

THANK YOU!
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BACK-UP SLIDES
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J/ψ nuclear suppression depends on projectile

stronger suppression

in p-Pt than in π-Pt

NA3 Badier et al. 83

no nuclear suppression in γ∗A→ J/ψ +X

Rin(Sn/C) = 1.13 ± 0.08 NMC Amaudruz et al. 92
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physical origin of ∆EJ/ψ ∝ E:

medium-induced radiation with large tf ∝ E

∆E ∝ E when color charge is scattered to final state:

/ψJ Fxat large

g octet g Q

open charm light hadron
g

q

∆E ∝ E neither initial nor final state, but coherent effect

∆E ∝ E not valid for incoherent radiation
DIS

γ∗
q

Drell−Yan

q γ∗ ⇒ ∆Ecold ∝ L2
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parametrization of p-p cross section
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