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Shadowing : a cold nuclear matter effect
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(Some) nPDFs available on the market

C. Salgado, ECT Trento July 2008

Eskola, Paukkunen, Salgado, 
JHEP 0904:065 (2009)

EPS08

EPS09

3

nDS

EKS98

valence sea gluons

nDS(g), EKS98 and 
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uncertainty on nPDF
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Shadowing computation
in A+B: quarkonia production cross-section modified by 
a shadowing correction factor :

4-mom conservation relates              to quarkonia 
production models (CEM, NRQCD, CSM ... ) in p+p 
gives quarkonia thanks to various processes, each with:

a given phase-space in
a given weight (differential cross-section) for each point 
in this phase-space

different production models may result in quite different 
shadowings

F
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CNM effects with CEM as prod. model
Usually CEM LO when 
looking at the yield 
integrated over pT :

Massive use at SPS, RHIC, 
LHC to compute shadowing
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g + g → cc̄

x1,2 =
m

√
sNN

e±y
Be               Al         Cu      Ag    W Pb

Lourenço, Vogt, Wöhri, 
JHEP 0902:014 (2009)



CNM effects with CEM as prod. model
Usually CEM LO when 
looking at the yield 
integrated over pT :

Massive use at SPS, RHIC, 
LHC to compute shadowing
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g + g → cc̄

x1,2 =
m

√
sNN

e±y

Model from Vogt
Fits from PHENIX: PRC 77, 024912 (2008) and 
erratum arXiv:0903.4845 [nucl-ex]



CNM effects with CEM as prod. model
Usually CEM LO when 
looking at the yield 
integrated over pT :

Massive use at SPS, RHIC, 
LHC to compute shadowing
Handy : unequivocal 
correspondence
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g + g → cc̄

x1,2 =
m

√
sNN

e±y

Model from Vogt
Fits from PHENIX: PRC 77, 024912 (2008) and 
erratum arXiv:0903.4845 [nucl-ex]

(x1, x2)⇔ (y, pT )

intrinsic scheme



s-channel cut CSM
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g + g → J/ψ + g

y, pT , x1 =⇒ x2 =
x1mT

√
se−y −M2

√
s (
√

sx1 −mT ey)2→2 process :
more degrees of freedom in the kinematics

several (x1, x2)⇐ (y, pT )
extrinsic scheme



s-channel cut CSM
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s-channel cut contributions [1] to the “basic” CSM :

take into account the dynamics of       in the 
bound state
need for 4-point coupling 
new degrees of freedom constrained by fits

[1] H. Haberzettl et J. P. Lansberg,
PRL 100, 032006 (2008)

g + g → J/ψ + g

cc̄− J/ψ − g

cc̄

y, pT , x1 =⇒ x2 =
x1mT

√
se−y −M2

√
s (
√

sx1 −mT ey)2→2 process :
more degrees of freedom in the kinematics

several (x1, x2)⇐ (y, pT )



s-channel cut CSM at RHIC in p+p
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CEM vs s-channel cut CSM as prod. model :

 d+Au @ 200 GeV
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2→2 process : 

different absorption 

cross-section needed
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g + g → cc̄

g + g → J/ψ + g

EKS98 nDSgEPS08

RdAu vs rapidityE. G. Ferreiro, F. Fleuret, J. P. Lansberg and A. R.
arXiv:0903.4908

CEM vs s-channel cut CSM as prod. model :

 d+Au @ 200 GeV
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g + g → cc̄

g + g → J/ψ + g

EKS98 nDSgEPS08

RdAu vs rapidityE. G. Ferreiro, F. Fleuret, J. P. Lansberg and A. R.
arXiv:0903.4908

2→2 process : 

anti-shadowing peak 

shifted to larger y

CEM vs s-channel cut CSM as prod. model :

 d+Au @ 200 GeV



y

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

d
A

u
R

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

EPS

 mb-1.9
+1.6

 = 3.6abs!extrinsic 

 mb-1.6
+1.9

 = 2.1abs!intrinsic  

CEM vs s-channel cut CSM as prod. model :
d+Au @ 200 GeV
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14

A.R., E. G. Ferreiro, F. Fleuret and 
J. P. Lansberg, arXiv:1002.2351
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nPDF with stronger anti-shadowing
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hard to distinguish 

2→1 to 2→2 processes 

with current exp. err.
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s-channel cut CSM as prod. model :
d+Au @ 200 GeV
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E. G. Ferreiro, F. Fleuret, J. P. Lansberg 
and A. R., arXiv:0912.4498
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CEM vs s-channel cut CSM as prod. model :

σabs(y) from Rcp in d+Au @ 200 GeV

nDSg EPS08EKS98
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σabs(y) much flatter 

for the 2→2 process
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[1] A. D. Frawley, INT, Seattle USA, June 2009



Cold effects in Au+Au
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2→2 process : 

less amount of 

recombination needed

2 → 1  vs 2 → 2 process
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Cold effects in Cu+Cu : extrinsic scheme
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Cold effects in Cu+Cu : pT dependence in 
the extrinsic scheme

Andry Rakotozafindrabe (CEA Saclay) 20

2→2 process EKS98
STAR, arXiv:0904.0439

CNM effects with 

2→2 process as input 

also in the game
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Conclusion and outlook
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Shadowing computations can benefit from an improved 
knowledge of quarkonia production process

dσ/dpT : for now, we use s-channel cut CSM
maybe go to CSM at NLO(*) or NNLO*
a piece of the LO was missing g + c → J/ψ + c (20% of 
the rate, S.J. Brodsky, J.P. Lansberg, arXiv:0908.0754), 
could be used to study shadowing of c quark?

Absorption x-section derivation from data depends on :
a better prod. model as an input for shadowing 
computation
nPDF uncertainties
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Cold effects in Au+Au : extrinsic scheme
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EKS98 nDSgEPS08

absorption : 0, 2, 4, 6, 8 mb
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2→2 process
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Cold effects in Cu+Cu : extrinsic scheme
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absorption : 0, 2, 4, 6, 8 mb E. G. Ferreiro, F. Fleuret, J. P. Lansberg 
and A. R., arXiv:0912.4498
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2→2 process
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EKS98 nDSgEPS08

absorption : 0, 2, 4, 6, 8 mb E. G. Ferreiro, F. Fleuret, J. P. Lansberg 
and A. R., arXiv:0912.4498
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E. G. Ferreiro, F. Fleuret, 
J. P. Lansberg and A. R.

in preparation
2→2 process
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Cold effects in d+Au : pT dependence in 
the extrinsic scheme
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PLB 680, 50-55 (2009)2→2 process



Various models for the y spectra in p+p
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CSM LO, NLO, NLO+cg 
vs the y spectra in p+p
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S. J. Brodsky and J. P. Lansberg, arXiv:0908.0754

points : y spectra for 
the direct J/ψ, 

as extrapolated from 
PHENIX spectra



S-channel cut model 
vs Tevatron pT spectra

31

H. Haberzettl et J. P. Lansberg,
PRL 100, 032006 (2008)

Andry Rakotozafindrabe (CEA Saclay) 



Adding the pT dependence
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Our Monte-Carlo approach for J/ψ production
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Glauber MC 

Random :
• b according to 2π b db
• position of nucleons ∈ A, B
according to Woods-Saxon

σNN = 42mb
at √sNN = 200 

Cu+Cu

1 N-N collision if :
 π d² < σNN

J/Ψ?

J/Ψ candidate produced
• according to σJ/Ψ ≤ σNN

with random :
• y and pT 
• random pT orientation φ 
uniformly distributed in [0, 2π]

• x1, x2 determined from intrinsic 
or extrinsic scheme

For each N-N 
collision 

computed using EKS

Kinematics for J/Ψ candidate:
y, pT, φ, M ⇒ px , py , pz , E

21
J/Ψ canditate ⇒ real J/Ψ if :

random[0,1] < Rshadow × σJ/Ψ / σNN

3

Nuclear modif. factor = 
dN real J/Ψ / dN J/Ψ canditate



CNM effects at SPS energy with 
CEM as prod. model

Usually CEM LO when 
looking at the yield 
integrated over pT :

Absorption cross-section 
needed on top of the 
resulting shadowing (NA50) 
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g + g → cc̄

x1,2 =
m

√
sNN

e±y

Be                Al            Cu      Ag    W Pb

EKS98 7.0 ± 0.7 mb
nDSg 4.7 ± 0.6 mb

EPS08 8.0 ± 0.7 mb Lourenço, Vogt, Wöhri, JHEP 0902:014 (2009)

Lourenço, Santiago 
de Compostella, 
2009



What about any dependence 
of  σabs on kinematics ?

Lourenço, 
ECT Trento, 
2009

Frawley, 
ECT Trento, 
2009

investigated assuming 

2→1 process only !
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