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Motivation

high pT hadroproduction in pA and AA: RHIC, LHC

study hadronization in different environments

factorization & universality in a nucleus?

relevant for the extraction of nPDFs
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Phenomenology:

SLAC Phys.Rev.Lett. 40, 1624 (1978)
EMC  Z.Phys. C52, 1 (1991)
E665 Phys.Rev. D50, 1836 (1994)

HERMES Nucl. Phys.B 780 1 (2007);

PHENIX Phys.Rev.Lett.98 172302 (2007).
STAR Phys.Lett.B616, 8 (2005)
                 B637, 161 (2006)

Early evidence:

Precise SIDIS: 

Precise dAu: 
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Phenomenology:

HERMES Nucl. Phys.B 780 1 (2007);

STAR Phys.Lett.B616, 8 (2005)
                 B637, 161 (2006)

Precise SIDIS: 

Precise dAu: 
R(z, Q2, ν) =

(
Nsidis

Ninc

)

A(
Nsidis

Ninc

)

D



Phenomenology:

PHENIX Phys.Rev.Lett.98 
172302 (2007).

STAR Phys.Lett.B616, 8 (2005)
                 B637, 161 (2006)

 O.Grebenyuk, Ph.D.Thesis,  
 arXiv:0909.3006.

RH
σ (A, pT ) ≡ 1

2 A

E d3σH/dp3
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Phenomenology:

PHENIX Phys.Rev.Lett.98 
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Do nuclear effects factorize into PDFs and FFs?
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Do nuclear effects factorize into PDFs and FFs?
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Do nuclear effects factorize into PDFs and FFs?
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nFFs factorize all non-perturbative details?

 “universal” (interchangeable)?

well defined framework beyond LO?

constrained by data through global NLO fit?

Do nuclear effects factorize into PDFs and FFs?



Why it could not work:

factorization breaking

modified energy scale dependence

non universality of hadronization

nuclear/high density higher twists

Wiedemann et al. arXiv:1002.2537

Accardi et al. arXiv:0907.3534

Arleo arXiv:0810.1193

Arleo et al. arXiv:0911.4604

(Please fill in the blanks)



nPDFs digression:
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nDS nPDFs

DSS FFs

consistency

reference

D.de Florian, R.S. 
Phys.Rev.D69 074028 (2004)

D.de Florian, R.S., M.Stratmann
Phys.Rev.D75 114010 (2007) 

 Phys.Rev.D76 074033 (2007)
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Dh
i/A(z, Q2

0) =
∫ 1

z
dy Wi(y,A, Q2

0)Dh
i (

z

y
, Q2

0)

works for nPDFs
re-scalings/shifts 
modifies FFs
natural language NLO

Wi(y, A,Q2
0) = δ(1− y) no effects

z-shift (energy loss)

Wi(y,A, Q2
0) = ni yαi(1− y)βi enhancement/suppression, re-shape

Wi(y, A,Q2
0) = δ(1− ε− y)

weighting coefficients εi, ni, αi, βi with a smooth A dependence

ni = λni + γniAδni λni , γni , δniwith parameters to be fitted

A very simple example for pion production:

Fitting nFFs: convolution approach



3 parameters

Toy parameterization

A nq εq = εg ng

He 0.966 0.001 1.015
Ne 0.902 0.002 1.044
Kr 0.745 0.006 1.115
Xe 0.657 0.008 1.155
Au 0.550 0.010 1.203

nq = 1 + γnq A2/3

ng = 1 + γng A2/3

εq = εg = γε A2/3 .

no significant differences between charged pions

Wπ
q (y, A,Q2

0) = Wπ
q (y, A,Q2

0) = nqδ(1− y) + εq δ(1− εq − y)

z-independent energy loss?

simplest A-dependence:

Wπ
g (y,A, Q2

0) = ngδ(1− y) + εg δ(1− εg − y)
ng != nq

εg = εq ?
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Toy parameterization
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Refined parameterization

WH
q (y,A, Q2

0) = nq yαq (1− y)βq + n′
qδ(1− εq − y)

WH
g (y,A, Q2

0) = ng yαg (1− y)βg + n′
gδ(1− εg − y)

ni = λni + γniAδni

quark fragmentation

gluon fragmentation

smooth A-dependence

λn ∼ 1
λn′

∼ 0
A −→ 1vanishing effects as 14 parameters∼
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z and  dependence



χ2 = 396.0
381
14
χ2/d.o.f = 1.08

data points
parameters

good description:

z and  dependence
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Conclusions

 A NLO pQCD factorizable scheme with effective nFF

A, z, Q , ν and pT-dependence of SIDIS and dAU data  2
 standard evolution equations

changes in quark fragmentation “look like” mostly energy loss
effects in gluons are quite different  

effective nFFs as tools for “distilling” data

 process-independent universal nFF 

cross sections and rates result from non trivial interplay

dAu or pA data can help to further constrain nPDFs, 
                 serve the reference for AA data,

                             provided we have a clear picture of nFF

 predictions based on nFFs can be tested by upcoming data
                      JLAB, RHIC, LHC and in the future at EIC


