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Abstract

This document presents updated results on the J/¢ — u™pu~ measurement in colli-
sions at /s, = 2.76 TeV, based on a data sample collected during the 2011 PbPb run
with the CMS experiment at the LHC, which corresponds to an integrated luminosity
of 150 ub~!. The prompt and non-prompt ]/ contributions are separated and the
yields compared to those in pp at 2.76 TeV scaled by the number of binary collisions
in the form of nuclear modification factor, R4 4, in different bins of event centrality,
and J/¢ pr and rapidity. The high-pr prompt J /¢ show a suppression that does not
vary with rapidity, and, in the forward rapidity region, are as suppressed as the low-
pr J/¢. Non-prompt |/ Raa dependence with pr and rapidity was measured in
fine bins of centrality. These represent the first detailed measurements, in heavy-ion
collision, of the b-quark energy loss kinematic dependence.
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1 Introduction

At large energy densities and high temperatures, strongly interacting matter consists of a de-
confined and chirally-symmetric system of quarks and gluons [1], often referred to as “quark-
gluon plasma” (QGP) [2]. The formation of a QGP in high-energy nuclear collisions can be
evidenced in a variety of ways. One of the most striking signatures is the suppression of
quarkonium states [3], both of the charmonium (J/y, ¥(2S), x., etc.) and the bottomonium
(Y(1S,25,3S), xp, etc.) families. This suppression is thought to be a direct effect of deconfine-
ment, when the binding potential between the constituents of a quarkonium state, a heavy
quark (Q) and its antiquark (Q), is screened by the colour charges of the surrounding light
quarks and gluons. The suppression is predicted to occur above a certain dissociation temper-
ature of the medium (T;) depending on the QQ binding energy. Since the Y(1S) is the most
tightly bound state among all quarkonia, it is expected to be the one with the highest dis-
sociation temperature, while the 1(2S) with the lowest binding energy, to be the one with the
lowest dissociation temperature and hence the first to melt. However, there are further possible
changes to the quarkonium production in heavy-ion collisions. On the one hand, cold-nuclear-
matter effects, such as the modifications of the parton distribution functions inside the nucleus
(shadowing), can reduce the production of quarkonia without the presence of a QGP [4, 5]. On
the other hand, the large number of heavy quarks produced in heavy-ion collisions, in partic-
ular at the energies accessible by the Large Hadron Collider (LHC), could lead to an increased
production of quarkonia via statistical recombination [6-11].

At LHC energies, the inclusive J/¢ yield contains a significant non-prompt contribution from b-
hadron decays [12-14]. Owing to the long lifetime of the b hadrons (O(500) ym/c), compared
to the QGP lifetime (O(10) fm/c), this contribution should not suffer from colour screening,
but instead reflects the b-quark energy loss in the medium. Such energy loss would lead to
a suppression of the b-hadron yield at high pt. The importance of an unambiguous, detailed,
measurement of open bottom flavour is driven by the lack of knowledge regarding key features
of the dynamics of parton energy loss in the QGP, such as its colour-charge and parton-mass
dependencies [15, 16] and the relative role of radiative and collisional energy loss [17].

Experimentally, the suppression is quantified by the ratio of the yield measured in heavy-ion
collisions and a reference, which usually is the yield measured in pp collisions, the ‘vacuum-
like” system where no QGP is formed. Such a ratio is called the nuclear modification factor,
Raa. In the absence of medium effects, one would expect Rq4 = 1 for hard processes, which
scale with the number of inelastic nucleon-nucleon collisions. The R4 of prompt and non-
prompt J/¢ has been measured separately by CMS in bins of transverse momentum (pr), ra-
pidity (y) and collision centrality [18]. A strong, centrality-dependent suppression has been
observed for ]/ with pr > 6.5GeV/c. The ALICE experiment has acceptance down to py = 0
and has shown a moderate (Rgg =~ 0.6) suppression of inclusive J/¢ for all centralities, at
forward rapidity [19].

This document describes the updated R 44 measurements of prompt and non-prompt J/i me-
sons produced in PbPb collisions at , /5, = 2.76 TeV, using and integrated luminosity of Lint =
150 ub~!. This corresponds to an increase of the PbPb data sample by a factor 20 compared to
the 2010 results published previously by CMS [18]. The non-prompt /¢ from B-hadron decays
have been separated from prompt J/¢ utilizing the reconstructed decay vertex of the ™y~ pair.
Directly-produced J/i as well as those from decays of higher charmonium states (e.g. ¥(2S)
and x.) are considered prompt as their decay length is unmeasurably small compared to those
from B decays and are not distinguished in this analysis. Using data from the pp run at /s =
2.76 TeV, the R 4 4 is calculated as
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where

e Npppp is the raw number of prompt J/i or non-prompt J/¢ decayed in the u*u~
channel measured in PbPb;

o Ny is the raw number of prompt J/ or non-prompt J/i decayed in the 1~ chan-
nel measured in pp;

e Ny is the number of minimum-bias events in PbPb sampled by the event selection
and is 1.16 x 10%;

® ¢pp and epppy, are the combined trigger and reconstruction efficiency in pp and PbPb
respectively;

o T 44 is the nuclear overlap function, namely the number of elementary binary nucleon-
nucleon (NN) collisions divided by the elementary NN cross section. It can be in-
terpreted as the NN-equivalent integrated luminosity per nucleus-nucleus (AA) col-
lision for a given centrality [20]. It varies as a function of centrality of the collision
and is typically given in units of mb~'; and

e Lop = (231+£14)nb ! is the integrated luminosity of the pp data set.

2 The CMS detector

A detailed description of the CMS detector can be found in Ref. [21]; we briefly mention here
the detector subsystems used for this analysis.

Muons are detected in the pseudo-rapidity interval || < 2.4 by gaseous detectors made of
three technologies: drift tubes, cathode strip chambers, and resistive plate chambers, embed-
ded in the steel return yoke. The silicon tracker is composed of pixel detectors (three barrel
layers and two forward disks on either side of the detector, made of 66 million 100 x 150 ym?
pixels) followed by microstrip detectors (ten barrel layers plus three inner disks and nine for-
ward disks on either side of the detector, with strips of pitch between 80 and 180 um). The
transverse momentum of muons matched to reconstructed tracks is measured with a resolu-
tion better than ~1.5% for pr smaller than 100 GeV/c [22]. The good resolution is the result of
the 3.8 T magnetic field and the high granularity of the silicon tracker.

In addition, CMS has extensive forward calorimetry, including two steel /quartz-fibre Cheren-
kov forward hadron (HF) calorimeters, which cover 2.9 < || < 5.2. These detectors are
used in the present analysis for the event selection and PbPb collision centrality determination.
Two beam scintillator counters (BSC) are installed on the inner side of the HF calorimeters for
triggering and beam-halo rejection.

3 Data Selection

3.1 Event selection

Inelastic hadronic PbPb collisions are selected using information from the HF calorimeters and
the BSC, in coincidence with a bunch crossing identified by the beam pick-ups, BPTX, (one on
each side of the detector) [21]. Events are further filtered offline by requiring a reconstructed
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primary vertex based on at least two tracks, and at least 3 towers on each HF with an energy
deposit of more than 3GeV per tower. These criteria reduce contributions from single-beam
interactions with the environment (e.g. beam-gas collisions and collisions of the beam halo
with the beam pipe), ultra-peripheral electromagnetic interactions, and cosmic-ray muons. A
small fraction of the most peripheral PbPb collisions are not selected by these minimum-bias re-
quirements that select (97+3)% of the inelastic hadronic cross section [23]. After correcting for
this source of inefficiency, a sample corresponding to 1.16 x 10° minimum-bias events passes
all these filters. Assuming a PbPb cross-section of 7.65b [23], this corresponds to an integrated
luminosity of Lins ~ 150 yb_l.

The measurements reported here are based on dimuon events triggered by the Level-1 (L1)
trigger, a hardware-based trigger that uses information from the muon detectors. The trigger
used had no constraints on the momentum of the muons.

The centrality of heavy-ion collisions, i.e. the geometrical overlap of the incoming nuclei, is
related to the energy released in the collisions. In CMS, centrality is defined as percentiles
of the distribution of the energy deposited in the HFs. Using a Glauber-model calculation as
described in Ref. [23], one can estimate variables related to the centrality, such as the mean
number of nucleons participating in the collisions (Npart), the mean number of binary nucleon-
nucleon collisions (N;) or the average nuclear overlap function (T4 ). The most central (high-
est HF energy deposit) and most peripheral (lowest HF energy deposit) centrality bins used in
the analysis are 0-5% and 60-100%, and 0-10% and 50-100%, for prompt and non-prompt J/¢
results respectively. In the following, Npat will be the variable used to show the centrality
dependence of the measurements, and its value, computed for events with flat centrality dis-
tribution, ranges from 38142 in the 0-5% bin to 14+£2 in the 60-100% bin. It should be noted
that the most peripheral bin (60-100%) is rather wide and mostly populated by dimuon events
with centrality values close to 60%. If the events would be distributed according to the number
of elementary collisions, N, which suits well for initially-produced hard probes (for which
Raa = 1in absence of any medium effects), the average Npa;x would become 25 instead of 14
for this bin. For the other finer bins, the difference is negligible (less than 3%).

Results are presented also in three bins of |y| ([0,1.2], [1.2,1.6], [1.6,2.4]) and four bins in pr
([6.5,8], [8,10], [10,13], [13,30] GeV/c). At forward rapidity, 1.6 < |y| < 2.4, a measurement in a
lower pr interval [3,6.5] GeV/c has been performed.

The pp reference sample, at the same center of mass colliding energy, with an integrated lumi-
nosity of Lin = (231 + 14) nb ™!, has been recorded and has been reconstructed with the same
heavy-ion algorithm. This data set was triggered by a looser dimuon trigger than of the 2011
PbPb data set, in that the single muons had more relaxed quality selection criteria, while still
no explicit momentum threshold was imposed.

3.2 Muon selection

The muon offline reconstruction algorithm starts by reconstructing tracks in the muon detec-
tors. These tracks are then matched to tracks reconstructed in the silicon tracker by means of an
algorithm optimized for the heavy-ion environment [24, 25]. The final muon-track parameters
result from a global fit of the muon and a tracker track. Due to better momentum resolution,
up to pr ~100 GeV/c, the kinematics of the global fit are assigned to be those of the inner track.
These are the muons used in this analysis.

The same single muon acceptance criteria as in Ref. [18] have been applied to ensure reasonable
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(> 10%) reconstruction efficiencies:

pi > 3.4GeV/c for ["] < 1.0,
ph > (5.8 — 2.4 x |"|) GeV/c for 1.0 < |y#| < 1.5, 2)
py > (34 —0.78 x |"]) GeV/c for 1.5 < |y"| < 2.4.

Additional muon selection criteria (number of valid tracker hits, x*/ndof of both the inner
track and the global fit, etc) are applied as reported in the same reference.

4 Signal extraction

The identification of ]/ mesons coming from b-hadron decays relies on the measurement of a
secondary u* u~ vertex displaced from the primary collision vertex. The displacement between
the u™u~ vertex and the primary vertex 7 is measured in the plane transverse to the beam
direction. The most probable transverse b-hadron decay length in the laboratory frame [26, 27]
is calculated as

aTs—17
aTs— g’

ny = 3)
where il is the unit vector in the direction of the J/{ meson pt and S is the sum of the primary
and secondary vertex covariance matrices. From this quantity (which is the projected decay
length of the ]/ onto the transverse plane), the pseudo-proper decay length £;, = Ly, my/ pr
is computed as an estimate of the b-hadron decay length.

To measure the fraction of non-prompt J/i (the b-fraction), the invariant-mass spectrum of
ptp~ pairs and their /£, distribution are fitted simultaneously in an extended unbinned max-
imum likelihood fit, in bins of pr, rapidity and event centrality. In this fit, the fraction of non-
prompt J/i is a free parameter. Several parameters are fixed before this last fitting stage: res-
olution function parameters are fixed from the prompt MC template and lifetime background
function parameters are fixed from fits to the data sidebands. As the dominant effect on the
signal mass shape is the rapidity-dependent mass resolution, for the pr and y binning, all pa-
rameters of the fit are left free. In the case of centrality binning, the sigma of the Crystal-Ball
function is left free while the rest of the parameters are fixed to the minbias bin with given pr
and y bin.

The fitting procedure is similar to the one used in the pp analysis at /s = 7 TeV [28] and 2010
PbPb analysis at /s = 2.76 TeV [18]. The invariant-mass spectrum is fitted with an exponen-
tial for the background and the sum of a Crystal Ball! and a Gaussian function, with common
mean, for the signal. The differences compared to the 2010 PbPb analysis are two: using in-
dependent widths for the two signal functions in the mass fits, and in the parametrization of
the resolution function to describe ¢/,. The resolution function is now comprised of the sum
of two Gaussians which depend on the per-event uncertainty of the measured /;,, determined
from the covariance matrices of the primary and secondary vertex fits. One Gaussian function

1The Crystal Ball function is defined as:
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describes the core of the resolution, while the second Gaussian function parametrizes the effect
of the uncertainty in the primary vertex assignments.

Figures 1 and 2 show examples of fit projections onto the mass (left) and ¢}, axes (right), for
dimuons with 6.5 < pr < 30GeV/c in two ranges of event centrality, 0-100% (top) and 0-10%
(bottom), integrated over rapidity, |y| < 2.4 and for the forward region only, 1.6 < |y| < 24.
In the region 0.5 < {j;, < 1mm, the data are not well described by the fit. It has been found
that this difference between the data and the fit is localized in the negative rapidity region of
the detector, while the shape of the data in the positive rapidity region is well described by the
fit. This is illustrated in Fig. 3. The measured b-fractions are f, = 0.235 £ 0.008 for y < 0 and
f» = 0.234 +0.009 for y > 0 and agree within their statistical uncertainties. Such an agreement
has been verified in all bins under consideration.

P B0 B I Y R ’g Frrrr[rrrrrprrrrprr T r e T
e L B . i
2 - CMS Preliminary ] £ - CMS Preliminary
> r N,,: 8525+ 177 0 10% PbPb\/5— = 2.76 TeV <
@ 2500 PbPb \[s,, =2.76 TeV [ "35. 1 mevicd | o E NoNN S 4 7
S [ L =150pb™ e data 7] ) [ Ly =150 bt lyl<2.4 ]
S r |n(< s %% total fit ] ; A 6.5< p, < 30 GeV/c |
= ZOOOTM ) 2% bkgd + non-prompt | c 10 E Cent. 0-100% E
-~ 6.5 <p_<30GeV/c ) F m
[%] r T == = background T > r ® data =
c r Cent. 0-100% b i} r %44 total fit ]
19 L _] [ 344> bkgd + non-prompt ]
Li 15007 i 102k === background =
1000~ : L 1
C ] 10 E
500} . - ]
o Wi . 1 E
7\ L1l ‘ L1 ‘ L1l ‘ L1l ‘ L1l ‘ L1 ‘ L1 ‘ Ll ‘ L1l \7 E 11 ] I ‘ | ‘ | T - ‘ A ‘ I—LL Il \:
9.6 27 28 29 3 31 32 33 34 35 1 -0.5 0 0.5 1 15 2
2
m, (GeV/c?) 15y (M)
—~ L I L L B L R R R ’g 1047““\““\““\““\““ T
~ - ] E . E
2 ool CMS Preliminary 3 & £ CMSPreliminary E
v L _ Noyi 2424258 4@ | ppph\[s = 2.76 TeV 1
G POPb\SW=276TeV (plivee | S | Sy = 2. ]
8 "L =150 o data 1 S 10°L Ln=150u074 yl<2.4 =
o 60 F 'm< 24 %44 total fit E ; F % 6.5<p, <30 GeVic 3
~ 0: Iyl <2. %4 bkgd + non-prompt | c L Cent. 0-10% 1
-~ r 6.5<p_<30GeV/c ] [
[%2] C T == = background 7 > E ® data —
‘© 500fCent. 0-10% - L %4644 total fit
<% = p 10° 544> bkgd + non-prompt -
Ii 400i ,: r === background E
300~ - i i
C B 10 E E
200F - F ]
100, = I i
. * 1= " E
Ciin ‘ L1 ‘ L1l ‘ L1l ‘ L1l ‘ L1 ‘ L1l ‘ Ll ‘ L I ‘ ] I ‘ | ‘ - {EKR L1 ‘ I N i |
9.6 27 28 29 3 31 32 33 34 35 -1 -0.5 0 0.5 1 15 2
2
m,, (GeV/c?) 15y (MM)

Figure 1: Invariant-mass spectra (left) and pseudo-proper decay length distribution (right) of
utu~ pairs integrated over centrality (top) and 0-10% most central collisions (bottom). The
spectra are integrated over the rapidity range 0 < |y| < 2.4 and the pr range 6.5 < pr <
30GeV/c. The projections of the two-dimensional fit onto the respective axes are overlaid as
solid black lines. The dashed red lines show the fitted contribution of non-prompt J/i. The
titted background contributions are shown as dotted blue lines.
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Figure 2: Invariant-mass spectra (left) and pseudo-proper decay length distribution (right) of
utu~ pairs integrated over centrality (top) and 0-10% most central collisions (bottom). The
spectra are integrated over the rapidity range 1.6 < |y| < 2.4 and the pr range 6.5 < pr <
30GeV/c. The projections of the two-dimensional fit onto the respective axes are overlaid as
solid black lines. The dashed red lines show the fitted contribution of non-prompt J/i. The
titted background contributions are shown as dotted blue lines.

Several sources of systematic uncertainties have been considered, using the same procedures
as in ref. [18]. Alternative shapes and methods have been used to fit mass and lifetime distri-
butions. A Crystal Ball function is used for dimuon mass signal shape, and a straight line is
used for dimuon mass background. For the signal parameters that are fixed to the 0-100% in
differential centrality bins, an uncertainty is calculated by performing constrained fits in which
the “constrained” parameters are allowed to vary with a Gaussian probability density function.
The mean of the constraining Gaussian and the initial value of the constrained parameters come
from the fitting in 0-100% bin with no fixed parameters. The error of the parameters in 0-100%
bin is used as a width of the constraining Gaussian. With the constrained fitting method, all
uncertainties from fixed parameters are determined.

For the lifetime fits, the case of only one Gaussian for the resolution function is considered, to
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Figure 3: Pseudo-proper decay length distribution of u*u~ pairs with y < 0 (left) and y > 0
(right) integrated over centrality. The spectra are integrated over the pr range 6.5 < pr <
30GeV/c. The projections of the two-dimensional fit onto the respective axes are overlaid as
solid black lines. The dashed red lines show the fitted contribution of non-prompt J/i. The
titted background contributions are shown as dotted blue lines.

determine the effect of the tail components. Resolution function parameters determined from
data are used to assess the uncertainty due to any possible difference between the MC template
and data.

The systematic uncertainties from the yields extraction vary between 0.2 % and 1.7% for the
prompt J/¢ yield, while the non-prompt J/i yield has uncertainties up to 4.5%.

For the pp data sample, no modification to the default fitting method compared to the one
described in [18] was made. The systematic uncertainties do include though the differences
obtained when fitting with the same method as the PbPb sample (the per-event-error consider-
ation).

5 Efficiency

The trigger, reconstruction, and selection efficiencies of ™y~ pairs are evaluated using simu-
lated Monte Carlo (MC) signal events embedded in simulated PbPb events, following the same
procedure as for the 2010 PbPb results [18]. The individual components of the MC efficiency are
cross-checked using muons from J/i decays in simulated and collision data with a technique
called tag-and-probe (T&P), as described in [18].

The only difference compared to the 2010 analysis consists in using the trigger results from the
data-driven T&P to correct the MC efficiencies used for the final results. Figure 4 shows the
T&P single muon efficiencies versus centrality, pseudo-rapidity and muon pr. The ‘tags’ in this
case are muons that pass all acceptance and quality cuts used in the analysis and are matched
to a single muon trigger. The ‘probe’ is a similar muon, but with no specific trigger matching
requirement. The ‘passing probes” are matched (in # and ¢) to the dimuon trigger used for
the analysis. The correction is parametrized by the ratio of a fit to the MC and to the real data
single muon efficiencies obtained with T&P, and it is applied as a weight for each dimuon,
according to the pt of the single muons. A global uncertainty of 10% was assigned due to the
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weighting, and calculated as twice (for the two muons) the difference between the minimum
bias efficiencies in the two cases (in legend of Figure 4).
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Figure 4: Comparison of the trigger efficiency measured with T&P in data (blue squares) and
MC (red circles) as function of pt (top left), 17 (top right) and centrality (bottom). The open
symbols represent the minbias points.

From the T&P results a 16% systematic uncertainty on muon identification and tracking re-
construction efficiencies of the muon pair is assigned. This represents, added in quadrature,
the largest data-MC single muon efficiency difference, among the centrality bins, for the muon
identification, and the difference in the most peripheral bin for the tracking efficiency. These
choices were made considering the regions where the background level allowed a good fit of
all mass distributions involved in the T&P method. The ratio of the efficiencies in PbPb and pp
is used in the R4 4 calculation. Considering that the tracking and all cuts were the same in the
two analyses, in the final R4 4 uncertainty, the T&P uncertainty on data-MC agreement is ap-
plied only for the multiplicity-dependent fraction of the two efficiencies and hence propagated
like 16% x (1 — €PbPb /€pp).

Different polarizations of the J/¢ can cause different single-muon angular distributions in the
laboratory frame and, hence, different probabilities for the muons to fall inside the CMS detec-



tor acceptance. If, due to physics, the polarizations were different in pp and PbPb, the effect
would not cancel in the R4 4 ratio. Since the quarkonium polarization has not been measured
in heavy-ion or pp collisions at /s = 2.76 TeV, the prompt J/¢ results are quoted for the un-
polarized scenario only. We note, however, that the only existing measurement, published by
the ALICE collaboration, for inclusive J/i in pp collisions at /5. = 7 TeV, [29], shows a po-
larization which is consistent with zero. For non-prompt J/i the results are reported for the
polarization predicted by EVTGEN 2. No systematic uncertainties due to polarization effects are
assigned to the final results.

6 Systematic uncertainties

The total systematic uncertainty on the R4 4 is estimated by summing in quadrature the differ-
ent contributions. The ranges of the variations are summarized in Table 1. The yield extraction
uncertainties increase from mid- to forward-rapidity, and for PbPb also from central to periph-
eral bins. The uncertainties associated with muon reconstruction have a smooth increase from
peripheral to central bins, mapping the centrality dependence of efficiency in PbPb, which is
smaller in central events compared to peripheral events. The T44 uncertainties increase from
central to peripheral bins.

Table 1: Systematic uncertainties on the prompt and non-prompt J/¢ R44 measured in PbPb
collisions.

prompt J/¢ (%) non-prompt J/¢ (%)

PbPb yield extraction 0.2-1.7 0.64.5
pp yield extraction 0.3-1.6 1.7-8.4
T&PrecoValzdatzon. % (1 _ ePbe/epp) 1-9 1-10
T&PtriggerCorrectlon 10 10
Tan 4.1-18 4.3-15
Total 10.8-23 11.1-22.7

In all the results shown in Figs. 5- 8, statistical uncertainties will be represented by error bars
and systematic uncertainties by boxes on the points. Boxes plotted at R4y = 1 indicate the
scale of the global uncertainties.

For results plotted as a function of pr or rapidity: a) the statistical and systematic uncertainties
include, added in quadrature, the statistical and systematical uncertainties from both PbPb and
pp samples; b) the systematic uncertainty on T44, as well as the pp luminosity uncertainty,
enter as a global uncertainty; they are added in quadrature and plotted as a gray box as a
scale uncertainty at Rag = 1. As a function of centrality: a) the statistical and systematic
uncertainties from pp are added in quadrature together with the pp luminosity uncertainty,
and plotted as a colored box, as a scale uncertainty, at Rg44 = 1; b) the uncertainty on Tx4
varies point-to-point and is included in the systematic uncertainties.

2The effective polarization in EVTGEN is roughly Ag = —0.4. However this is not a well-defined value, but just
the sum of many B — J/1X modes in which the spin alignment is either forced by angular momentum conservation
or given as input from measured values of helicity amplitudes in decays.
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7 Resulis

7.1 Prompt Jiyp

In Fig. 5 the Ra4 of high-pt prompt J/i as function of centrality, pr and rapidity is shown,
integrating in each case over the other two variables. No pr dependence is observed while
the rapidity dependence is very weak, consistent with being at the same level of suppression.
A slow decrease of the suppression vs. the event centrality is observed, with R4 4 being still
suppressed in the most peripheral bin in which the measurement was performed (60-100%).
The centrality-integrated R4 4 value measured for 6.5 < pr < 30GeV/c and |y| < 2.41is 0.34 +
0.02 (stat.) £ 0.04 (syst.).

A double-differential study is possible with 2011 data, in which a simultaneous binning in
centrality and rapidity, or in centrality and pr is done. Figure 6 left shows the R4, rapidity
dependence of high-pr (6.5 < pr < 30GeV/c) prompt J/¢. The same centrality dependence
is observed, independent of rapidity. Figure 6 right shows the pr dependence in the forward
rapidity (1.6 < |y| < 2.4), where CMS has dimuon acceptance down to pr = 3GeV/c. The
low-pt J/i are consistent with the suppression of the high-pr prompt J/i over all centrality
bins.

7.2 Non-prompt Jiyp

In Fig. 7 the R 4 4 of high-p non-prompt J/i as function of centrality, pr and rapidity are shown,
integrating in each case over the other two variables. A hint of an increase of the suppression
with increasing pr and rapidity can be noted. A slow increase of the suppression is observed
with increasing centrality of the collision. The centrality-integrated R4 value measured for
6.5 < pr < 30GeV/c and |y| < 2.4is 0.45 + 0.05 (stat.) & 0.06 (syst.).

As for the prompt case, a double differential study is possible with 2011 data, simultaneously
binning in centrality and rapidity or pt. Figure 8 left shows, in bins of centrality, the Ra4
rapidity dependence of high-pr (6.5 < pr < 30GeV/c) non-prompt J/ip. Figure 8 right shows
also versus centrality, the pr dependence in the forward rapidity (1.6 < |y| < 2.4) for low,
3 < pr < 6.5GeV/c and high-pt, 6.5 < pr < 30GeV/c, non-prompt ] /1.

For high-pt non-prompt J /i there is an indication of less suppression in the mid-rapidity region
compared to the forward region, while the pr dependence results show hints of less suppres-
sion at low-pt. However, in both cases, within the present uncertainties, all measured values
are compatible with being the same.

8 Summary

The prompt and non-prompt J/¢ production have been measured separately in the 150 ub~*
data recorded during the PbPb collisions in November 2011. The 20-fold increase in data vol-
ume compared to the 2010 PbPb run allowed for detailed and more differential measurements.
Finer bins in centrality and pr, and centrality and rapidity or centrality and pr simultaneous
binning were possible.

The prompt ]/, integrated over the rapidity range |y| < 2.4 and high-pr, 6.5 < pr < 30GeV/c,
has been measured in 12 centrality bins, starting with the 0-5% bin (most central), up to to
60-100% bin (most peripheral). The R44 shows a steady and smooth decrease of suppression
with the R4 4 remaining < 1 in the most peripheral bin. Integrated over rapidity and centrality,
there is no evidence of suppression dependence with pr, confirming the 2010 results published
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Figure 5: The nuclear modification factor as function of centrality (left), pr (right) and rapidity
(bottom) for the prompt J/¢. The gray boxes plotted at R44 =1 indicate the scale of the global
uncertainties: (left) the uncertainty of 6% on the measured integrated luminosity of the pp data
sample, together with the statistical and systematic uncertainty on the pp data set; (right and
bottom) the pp luminosity and the T44 uncertainties. The bin boundaries are indicated by
small horizontal lines where meaningful.
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in two bins. There is no significant rapidity dependence of the high-pr prompt J/i R44 when
integrating over centrality and pr. The low-pt prompt J/i are consistent with the suppres-
sion of the high-pr prompt J/i over all centrality bins. This is different than the preliminary
(2S) measurement by CMS [30], that shows an opposite trend of the low-pt and high-pt Raa
dependence, albeit, in slightly different rapidity kinematic regions.

The non-prompt J/i rapidity, pr and fine centrality-differential measurements are novel in all
aspects. The centrality dependence shows a slow decrease of the R4 4 with decreasing central-
ity. For high-pt non-prompt J/i there is an indication of less suppression in the mid-rapidity
region compared to forward region, while the pr dependence results show hints of less sup-
pression at low pr. However, in both cases, within the present uncertainties, all measured val-
ues are compatible with being the same. These measurements represent the first unambiguous
and detailed look at the b-quark energy loss dependence on centrality, pr and rapidity.

In conclusion, CMS presents novel measurements in two fundamental channels for the study
of high-density QCD medium created in central heavy-ion collisions: charmonium production,
via prompt ]/, and b-quark energy loss, via non-prompt J/¢ from B-hadron decays, measured
over a large kinematic range. They represent updates of the 2010 analysis, with single and
double differential new results.
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Figure 6: Left: R44 as function of centrality, for the high-pr prompt J/¢, 6.5 < pr < 30GeV/c,
for three different rapidity regions. Right: R4 as function of centrality, for the forward pro-
duced produced J/i, 1.6 < |y| < 2.4, for two different pr regions. The colored boxes plotted
at Raa =1 indicate the scale of the global uncertainties: the uncertainty of 6% on the measured
integrated luminosity of the pp data sample, together with the statistical and systematic un-
certainty corresponding to each pp data set. The high-pr mid- and forward-rapidity points are
shifted horizontally by ANpart = 2 for better visibility.
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Figure 7: The nuclear modification factor as function of centrality (left), pr (right) and rapidity
(bottom) for the non-prompt J/p. The gray boxes plotted at R44 =1 indicate the scale of the
global uncertainties: (left) the uncertainty of 6% on the measured integrated luminosity of
the pp data sample, together with the statistical and systematic uncertainty on the pp data
set; (right and bottom) the pp luminosity and the T4 4 uncertainties. The bin boundaries are
indicated by small horizontal lines where meaningful.
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Figure 8: Left: Ry as function of centrality, for the high-pr non-prompt J/¢, 6.5 < pr <
30GeV/c, for three different rapidity regions. Right: R4 4 as function of centrality, for the for-
ward produced non-prompt J/i, 1.6 < |y| < 2.4, for two different pr regions. The colored
boxes plotted at R4 =1 indicate the scale of the global uncertainties: the uncertainty of 6% on
the measured integrated luminosity of the pp data sample, together with the statistical and sys-
tematic uncertainty corresponding to each pp data set. The high-pr mid- and forward-rapidity
points are shifted horizontally by ANpart = 2 for better visibility.
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