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p + p→ X + π±, K±, p, p̄

p + Pb→ X + π0

p + p→ X + hadrons
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PDFs CTEQ6.6           Nadolsky et al. Phys. Rev. D 78, 013004 (2008)

FFs DSS                  Florian, Sassot, Stratmann, Phys. Rev. D 76, 074033 (2007)

The Method: factorization

µf = µf ′ = µr = pT

E
d3σH

d"p
=

∑

a,b,c

fa(xa, µf )⊗ fb(xb, µf )⊗DH
c (zc, µf ′ )⊗

dσ̂ab→cX(S, αs, xa, xb, zc, µf , µf ′ , µr)
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Experimental 
results vs. QCD 

(it’s a tie)
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R. Sassot, M. 
Stratmann, P. Z.,

 Phys. Rev. 
D82:074011,2010

V. Khachatryan et al. 
(CMS Collaboration)
J. High Energy Phys. 

02 (2010) 41
Phys. Rev. Lett. 105, 

022002 (2010)

Invariant hadron yield
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Kinematics 
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p + p→ hadrons

Gluons play a crucial role in both the initial and final state

We can study the PDFs and FFs for all partons
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Predictions 
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Identified charged hadron production

the PDFs 
uncertainty is 

smaller than the 
scale uncertainty
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Un-identified charged hadron production

FFs uncertainty is 
smaller than the 
scale uncertainty

H = π+ + π− +

K+ + K− +

p + p̄ +

all other charged hadrons
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Nuclear media 
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p-Pb: predictions at 

per nucleon

√
S = 8.8 TeV

nuclear PDFs: well known effect

RA
i (x, Q2) =

fA
i (x, Q2)

fp
i (x, Q2)

nDS 

EPS09 

D. de Florian, R. Sassot, 
Phys.Rev.D69, 074028, 2004 

K. J. Eskola, H. Paukkunen, 
C. A. Salgado, J. High 
Energy Phys. 04 (2009) 065  
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Fitted to experimental data

Differences due to different data 
sets

Given as rates to the proton 
PDFs

Similar shape for a large range of 
Q^2

Not enough to reproduce nuclear 
SIDIS data nor inclusive hadron 
production in nuclear media

One possible solution: nFFs
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SSZ
R. Sassot, M. Stratmann, P. Z., 
Phys.Rev.D81, 054001,2010. 

The rates to the vacuum FFs have:

- suppression and enhancement of gluons

- suppression of quarks

both of them z dependent

z is the final state  
equivalent of x
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Cross section prediction

is not enough to 
discriminate 

different choices

we compute 
the rate to pp
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Conclusions
(at last)
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First experimental results are in agreement with NLO 
pQCD. More importantly: the factorization scheme is 
valid in the kinematic range probed (so far) at the LHC.

The LHC results will be very helpful in the extraction of 
gluon PDFs and FFs.

The biggest uncertainty comes from the choice of 
renormalization and factorization scales.

We provide predictions for the future p-Pb program at 
ALICE. This shall improve our knowledge of the 
hadronization phenomena and will be crucial at 
determining the background for QGP creation.
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Mean values for x and z at the LHC
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Contributions to the “nuclear” cross section
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FIG. 12: (a): relative contributions of NLO partonic subpro-
cesses dσab initiated by gluon-gluon, quark-gluon, and quark-
quark scattering to the pPb cross section shown in Fig. 11.
(b): same as in (a) but now for the relative fractions of quarks
and gluons fragmenting into the observed pion. (c) and (d)
impact of medium modified FFs and nPDFs, respectively, on
the rapidity dependence of the nuclear modification factors
for different values of pT shown in the lower right panel of
Fig. 11.

with the LO estimates shown in Ref. [36]. Thus we be-
lieve that single inclusive hadron production at the LHC
will provide a decisive test of the proposed factorized
framework for pPb collisions and the concept of medium
modified FFs. In particular, the ALICE experiment is
capable of identifying different hadron species in a wide
range of rapidity which will greatly facilitate such theo-
retical studies. To disentangle and characterize nuclear
effects in PDFs and in FFs precisely, requires to study
also other hard processes in pPb collisions not affected by
hadronization like jet production, Drell-Yan, or prompt
photons. Such measurements will provide an important
input to future global QCD analyses of nPDFs.

Finally, Fig. 13 gives an idea which values of xa,b and z
are probed on average in the pT differential cross section
at central rapidities shown in Fig. 11. As for pp collisions,
the estimates are based on Eq. (4). It turns out that mea-
surements of pion production up to transverse momenta
of 100GeV probe both the nPDFs and the usual PDFs
in the range of momentum fractions from 0.01 to 0.1. To
access smaller values in the lead nucleus, where novel,
non-linear features of QCD scale evolution may become
relevant, one needs to go to very forward pseudorapidities
[32]. From the lower panel of Fig. 13 one can infer that
pPb collisions are mainly sensitive to fairly large values
of momentum fraction taken by the produced pion, with
〈z〉 slightly increasing with pT . This is similar to what
was observed in dAu collisions at RHIC energies [25] and
for pp collisions above in Fig. 6. Despite the large c.m.s.
energy of

√
S = 8.8TeV, (n)FFs can be safely applied as

one is fairly insensitive to the region of small z, where the
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FIG. 13: Upper panel: mean values of xa and xb probed in
the proton and the lead nucleus, respectively, for pion produc-
tion at central rapidities in pPb collisions at

√
S = 8.8TeV.

Lower panel: same as above but now for the mean value of z
computed with the nDS set of nuclear PDFs and DSS vacuum
FFs [7] (solid line) and nFFS of Ref. [25] (dashed line).

concept of (n)FFs is bound to fail due to finite hadron
mass effects, higher twist contributions, and the singu-
lar behavior of the timelike evolution kernels. We note
that one samples slightly different values 〈z〉 in the nu-
clear and vacuum FFs as can been seen by comparing the
dashed and solid lines.

V. SUMMARY AND CONCLUSIONS

We have presented a comprehensive analysis of single-
inclusive hadron production in pp and pPb collisions at
LHC energies based on QCD factorization.
It was shown that first results from the LHC experi-

ments for charged hadron spectra agree well with expec-
tations based on NLO pQCD calculations using latest
sets of parton distribution and fragmentation functions.
Based on this success, we have given detailed predic-

tions for various kinematic distributions of identified and
unidentified hadrons in pp collisions. Different sources of
theoretical uncertainties were discussed and estimated. It
turned out that the residual factorization and renormal-
ization dependence of the cross sections at NLO accuracy
represents the dominant source of uncertainty, in par-
ticular, at small values of transverse momentum of the
produced hadron. Approximate xT -scaling with n $ 5
can be accommodated within the rather large theoretical
scale ambiguity. Uncertainties from fragmentation func-

Mean values of x and z in nuclear media

Sunday, May 8, 2011


