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We present a measurement of b jet transverse momentum (pT) spectra in proton-lead (pPb) collisions 
using a dataset corresponding to about 35 nb�1 collected with the CMS detector at the LHC. Jets from b 
quark fragmentation are found by exploiting the long lifetime of hadrons containing a b quark through 
tagging methods using distributions of the secondary vertex mass and displacement. Extracted cross 
sections for b jets are scaled by the effective number of nucleon�nucleon collisions and are compared to 
a reference obtained from pythia simulations of pp collisions. The pythia-based estimate of the nuclear 
modi�cation factor is found to be 1.22 – 0.15 (stat + syst pPb) – 0.27 (syst pythia) averaged over all jets 
with pT between 55 and 400 GeV/c and with |�lab| < 2. We also compare this result to predictions from 
models using perturbative calculations in quantum chromodynamics.
� 2016 CERN for the bene�t of the CMS Collaboration. Published by Elsevier B.V. This is an open access 

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.
1. Introduction

By colliding heavy nuclei at ultra-relativistic energies, su�-
ciently large energy densities are reached to form a quark�gluon 
plasma (QGP), a state which is characterized by an effective decon-
�nement of quarks and gluons [1,2]. Hard-scattered partons have 
been predicted to suffer energy loss as they traverse the QGP, pri-
marily via collisional and radiative processes [3,4]. This energy loss 
is commonly thought to be the mechanism responsible for the ob-
served suppression of high transverse momentum (pT) hadrons 
and jets in nucleus�nucleus collisions relative to proton�proton 
(pp) collisions [5,6]. This suppression phenomenon, otherwise 
known as �jet quenching�, was discovered at the RHIC experiments 
at BNL [7�14] and has been investigated further using fully recon-
structed jets at the CERN LHC [15�18]. Studies of parton energy 
loss are expected to reveal the fundamental properties of the QGP.

The quenching of jets in heavy ion collisions should depend 
on the �avor of the fragmenting parton [5]. For example, under 
the assumption that radiative energy loss is the dominant mecha-
nism, gluon jets are expected to quench more strongly than quark 
jets, owing to the larger color factor for gluon emission from 
gluons than from quarks [19]. There are also theoretical predic-
tions that radiative energy loss may not be dominant for heavy 
quarks, including models based on collisional energy loss of quarks 
within the medium and models favoring an interpretation based 
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on mesonic recombination and disassociation within the medium, 
e.g. Refs. [20,21]. It is expected that there should be some mass-
dependence of partonic energy loss at low momentum, and there-
fore, b quark jet (b jet) energy loss might be different from that 
of light quark jets [22,23]. At high-pT, however, the CMS Collabo-
ration has shown that b jet suppression in PbPb is consistent with 
that of light quark jets above 80 GeV/c [16].

Here we present the �rst measurement of inclusive b-tagged 
jets in proton-lead (pPb) collisions. This measurement in pPb pro-
vides the �rst direct evidence that the jet quenching observed 
in PbPb is dominated by �nal-state effects, rather than poten-
tial nuclear initial-state effects. Furthermore, these measurements 
will provide a factorization of cold nuclear matter effects from 
the medium suppression effects for jets in PbPb collisions. Such 
a differentiation between initial-state and quenching effects as a 
function of �avor can place constraints on the energy loss mecha-
nisms of partons in the hot and dense medium. This is especially 
important in light of the CMS measurement of the nuclear modi�-
cation factor of charged particles in pPb collisions, which indicates 
surprisingly large initial-state effects [24].

Measurements of dijets in pPb have also shown that a theo-
retical description of dijet yields as a function of pseudorapidity 
requires next-to-leading order effects with contributions from nu-
clear parton distribution functions (nPDFs) [25,26]. While pythia
simulations predict weak correlations of Björken-x and single jet 
pseudorapidity, we investigate the pseudorapidity-dependent mod-
i�cation factor in order to probe for the presence of strong unan-
ticipated effects in the heavy �avor sector. Any effects would 
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