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0.0035 mb−1. The uncertainty is obtained by varying the parameters in the Glauber model calculation,
see [11].

The pT spectra of charged particles measured in NSD p–Pb collisions at
√sNN = 5.02 TeV are shown

in Fig. 1 together with the interpolated pp reference spectrum. At high pT, the pT distributions in p–Pb
collisions are similar to that in pp collisions, as expected in the absence of nuclear effects. There is an
indication of a softening of the pT spectrum when going from central to forward pseudorapidity. This
is a small effect, as seen in the ratios of the spectra for forward pseudorapidities to that at |ηcms| < 0.3,
shown in Fig. 1 (lower panel). Calculations with the DPMJET event generator [12], which predict well
the measured dNch/dηlab [11], overpredict the spectra by up to 33% for pT < 0.7 GeV/c and underpredict
them by up to 50% for pT > 0.7 GeV/c.

In order to quantify nuclear effects in p–Pb collisions, the pT-differential yield relative to the pp reference,
the nuclear modification factor, is calculated as:

RpPb(pT) =
d2NpPbch /dηdpT

〈TpPb〉d2σ ppch /dηdpT
, (1)

where NpPbch is the charged particle yield in p–Pb collisions. The nuclear modification factor is unity for
hard processes which are expected to exhibit binary collision scaling. For the region of several tens of
GeV, binary collision scaling was experimentally confirmed in Pb–Pb collisions at the LHC by the recent
measurements of observables which are not affected by hot QCD matter, direct photon [18], Z0 [19], and
W± [20] production. The present measurement in p–Pb collisions extends this important experimental
verification down to the GeV scale and to hadronic observables.
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Fig. 2: The nuclear modification factor of charged particles as a function of transverse momentum in NSD p–Pb
collisions at √sNN = 5.02 TeV. The data for |ηcms| < 0.3 are compared to measurements [8] in central (0–5%
centrality) and peripheral (70–80%) Pb–Pb collisions at √sNN = 2.76 TeV. The statistical errors are represented
by vertical bars, the systematic errors by (filled) boxes around data points. The relative systematic uncertainties on
the normalization are shown as boxes around unity near pT = 0 for p–Pb (left box), peripheral Pb–Pb (middle box)
and central Pb-Pb (right box).

The measurement of the nuclear modification factor RpPb for charged particles at |ηcms|< 0.3, is shown in
Fig. 2. The uncertainties of the p–Pb and pp spectra are added in quadrature, separately for the statistical


