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Abstract

The capability of the CMS detector to observe the rescattering and energy loss of heavy quarks in
the dense matter created in heavy ion collisions is discussed. We analyze the sensitivity of high-
massµ+µ− pairs fromBB semileptonic decays and secondaryJ/ψ’s from singleB decays to the
medium-induced bottom quark energy loss.



1 Introduction
The significant progress in lattice QCD calculations, in particular, including dynamical quarks, strongly suggests
that the deconfinement of hadronic matter and chiral symmetry restoration must happen at temperatures above
Tc ∼ 200 MeV [1]. Experimental studies of the properties of strongly interacting matter at high enough energy
densities for a relatively long-lived quark-gluon plasma (QGP) to be formed is one of the goals of modern high
energy physics (see, for example, reviews in Ref. [2, 3, 4, 5]). It is expected that the quark-hadron phase transition,
which likely occurred during the first few microseconds of the evolution of the universe, can be attained in heavy-
ion accelerators.

In recent years, a great deal of attention has been devoted to ”hard” probes of the QGP including heavy quarkonia,
hard hadrons, jets, and high mass dimuons which are not part of the thermalized system, thus carrying information
about the early stages of the evolution. In particular, the predicted charmonium suppression by screening of bound
cc pairs (”colour dipole”) in a plasma [6] or dynamical dissociation by semi-hard deconfined gluons [7] is one
of the most promising signals of QGP formation. A similar phenomenon has been observed in the most central
Pb+Pb collisions at CERN-SPS [8]: the anomalously smallJ/ψ to Drell-Yan ratio, inconsistent with pre-resonance
absorption in cold nuclear matter. Although the interpretation of this phenomenon as a result of QGP formation
is plausible, alternative explanations such as rescattering with comoving hadrons can not be fully dismissed [9].
For the heavierbb bound states (theΥ family), a similar suppression effect in QGP is expected at the higher
temperatures which can be attained in heavy ion collisions at the LHC.

Along with quarkonium suppression one process of interest is the passage of coloured jets through dense matter.
Dijets are created at the very beginning of the collision process,<∼ 0.01 fm/c, by the initial hard parton-parton
scatterings. These hard partons pass through the dense matter formed by minijet production at longer time scales,
∼ 0.1 fm/c, and interact strongly with the constituents of the medium. The inclusive cross section for hard
jet production is negligible at the SPS but increases rapidly with the collision energy. Thus these jets will play
an important role at RHIC (with Au+Au collisions at

√
s = 200A GeV) and LHC (with Pb+Pb collisions at√

s = 5.5A TeV). The challenge is to determine the behaviour of coloured jets in dense matter [10] due to coherent
medium-induced gluon radiation [11, 12, 13, 14, 15, 16] and collisional energy loss due to elastic rescatterings [17,
18, 19]. Since the jet rescattering intensity strongly increases with temperature, formation of a ”hot” QGP at initial
temperatures up toT0 ∼ 1 GeV at LHC [20] should result in much larger parton energy loss compared to ”cold”
nuclear matter or a hadronic gas.

The following signals of medium-induced energy loss have been identified as being observable [21] in heavy ion
collisions using the CMS detector [22]:
1) The suppression of high-pT jet pairs [23, 24] with a corresponding enhancement of the monojet-to-dijet ratio [25,
26]. Jets are produced in the initial scattering processes such as

gg → gg , qg → qg , qq → qq , gg → qq

where thegg → gg process is dominant.
2) ThepT -imbalance between a produced jet with a gauge boson inγ+jet [27] andZ+jet [28] production, e.g.

qg → qγ , qg → qZ.

TheZ-boson is identified through its decays to muon pairs,Z → µ+µ−.
3) The modification of the high mass dimuon spectra from semileptonicB andD meson decays due to bottom and
charm quark energy loss [29, 30, 31]:

gg → bb (cc) → BB (DD) → µ+µ−X.

In our previous work [32] we discussed the capability of the CMS detector to observe the energy loss of quark-
and gluon initiated jets in Pb+Pb collisions using jet+jet,γ+jet andZ+jet production channels. The main goal of
this paper is to analyze the sensitivity of both high-massµ+µ− pairs fromBB semileptonic decays and secondary
J/ψ’s from singleB decays tob-quark energy loss in CMS. Note that the ALICE experiment [33] will also study
dilepton production in heavy ion collisions although with a different rapidity acceptance:|ηµ| < 2.4 for CMS
while |ηe| < 0.9 and2.5 < |ηµ| < 4 for ALICE. We believe that dimuon production in combination with high-pT
jet production by gluon and light quark fragmentation can give important information about the medium-induced
effects for both light and heavy partons in heavy ion collisions at the LHC.

The high-mass dimuon spectra in Pb+Pb collisions at LHC has already been estimated in the CMS acceptance [31]
assuming a constant energy loss per unit length ofdE/dx = 1 GeV/fm. In our paper we consider the dynamical
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evolution of heavy quark energy loss and rescattering as a function of energy density in an expanding ”hot” gluon-
dominated plasma. We also investigate, for the first time, these effects on secondaryJ/ψ production from single
B-meson decays.

2 Medium-induced gluon radiation from massive quarks
We first discuss the effects of the medium on gluon radiation from heavy quarks. We emphasize that the recent
theoretical developments on medium-induced gluon radiation [13, 14] are valid in the coherent domain only in
the ultrarelativistic limit of the quark momenta. Although some attempts have been made to calculate medium-
induced heavy quark energy loss for quarks of massMq [34], a full description of the coherent radiation from a
massive object still does not exist. There are two extreme limits for energy loss by gluon radiation. In the low
pT limit, pT <∼ Mq, medium-induced radiation should be suppressed by the mass, while the ultrarelativistic limit,
pT �Mq, corresponds to the radiation spectrum of massless quarks.

The approach developed in Ref. [34] is based on a factorization of the matrix elements into elastic scattering and
gluon emission [35] where the multiplicity distribution of the radiated gluons can be written as

dNg
dηd2qT

=
3αs
π2

l2T

q2T ( ~qT − ~lT )2
, (1)

whereq = (q0, ~qT , q3) andl = (l0, ~lT , l3) are the 4-momenta of the emitted and the exchanged gluon respectively
andη = (1/2) ln [(q0 + q3)/(q0 − q3)] is the rapidity of emitted gluon relative to the initial quark momentum. It
is valid in a limitedqT -region for small rapiditiesη ∼ 0 andlT (q0/E) � qT . The coherent LPM effect is taken
into account simply by including a formation time restriction via a step function [12]. However, for light quarks, it
leads to a different dependence of the radiative energy loss on the initial quark energyE than found in other, more
recent works [13, 14].

In our case, the main contribution to high-mass dimuon and secondaryJ/ψ production is due tob-quarks with
”intermediate” values ofpT >∼ 5 GeV/c, expected to be rather close to the incoherent regime. In order to estimate
the sensitivity of the dimuon spectra to medium-induced effects, we consider two extreme cases: (i) the ”minimum”
effect with collisional energy loss only and (ii) the ”maximum” effect with collisional and radiative energy loss
in the incoherent limit of independent emissions without taking into account the LPM coherent suppression of
radiation (i.e.dE/dx ∝ E and is independent of path length,L). In the latter scenario we use the Bethe-Heitler
cross section obtained in relativistic kinematics and derive the medium-induced radiative energy loss per unit
length [14] as the integral over the gluon radiation spectrum

dE

dx
= Eρ

1−Mq/E∫
0

dy
4αsC3(y)(4 − 4y + 2y2)
9πy

[
M2
q y

2 +m2
g(1− y)

] , (2)

C3(y) =
9πα2

sCab
4

[
1 + (1− y)2 − y2

]
ln

2
(
α2
sρEy(1− y)

)1/4

µD
,

wheremg ∼ 3T is the effective mass of the emitted gluon at temperatureT , y = q0/E is the fraction of the initial
quark energy carried by the emitted gluon,ρ ∝ T 3 is the density of the medium and the Debye screening mass
squared,µ2

D = 4παsT 2(1 +Nf/6), regularizes the integrated parton rescattering cross section.

3 Heavy quark rescattering in a dense QCD-medium
We have developed a Monte-Carlo simulation of the mean free path of heavy quarks (Mb = 5 GeV andMc = 1.5
GeV) in an expanding QGP formed in the nuclear overlap zone in Pb+Pb collisions. The details of the geometrical
model of hard quark production and the quark passage through dense matter can be found in our recent work [24].
In general, the intensity of rescattering and energy loss are sensitive to the initial conditions (energy densityε0
and formation timeτ0) and space-time evolution of the medium, treated as a longitudinally expanding quark-gluon
fluid. The partons are produced on a hyper-surface of equal proper timesτ =

√
t2 − z2 [36].

If the mean free path of a hard parton is larger than the screening radius in the QCD-medium,λ � µ−1
D , the

successive scatterings can be treated as independent [12]. The transverse distance between successive scatterings,
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∆xi = (τi+1 − τi)vT = (τi+1 − τi)pT /E, is generated according to the probability density

dP

d(∆xi)
=

1
λ(τi+1)

exp (−
∆xi∫
0

ds

λ(τi + s)
) (3)

where the inverse mean free path isλ = 1/(σρ). The density of the mediumρ(τ) and the quark rescattering cross
sectionσ(τ) are functions of proper time. Then the basic kinetic integral equation for the energy loss∆E as a
function of initial energyE and path lengthL has the form

∆E(L,E) =

L∫
0

dx
dP (x)
dx

λ(x)
dE(x,E)

dx
, (4)

dP (x)
dx

=
1

λ(x)
exp (−x/λ(x)) ,

where the current transverse coordinate of a quark,x(τ), is determined fromdx/dτ = vT with x = τ atvT = 1.

The dominant contribution to the differential cross sectiondσ/dt for scattering of a quark with energyE and

momentump =
√
E2 −M2

q off the “thermal” partons with energy (or effective mass)m0(τ) ∼ 3T (τ) � E at

temperatureT can be written as [12, 34]

dσab
dt

∼= Cab
2πα2

s(t)
t2

E2

p2
(5)

whereCab = 9/4, 1, and 4/9 forgg, gq andqq scatterings respectively. The strong coupling constant is

αs(t) =
12π

(33− 2Nf) ln (t/Λ2
QCD)

(6)

forNf active quark flavours and QCD scale parameterΛQCD on the order of the critical temperature,ΛQCD ' Tc.
The integrated parton scattering cross section is regularized by the Debye screening mass squaredµ2

D:

σab(τ) =

tmax∫
µ2

D

dt
dσab
dt

(7)

wheretmax = [s− (Mq +m0)2][s− (Mq −m0)2]/s ands = 2m0E +m2
0 +M2

q .

In thei-th rescattering with squared momentum transferti and effective massm0i, the quark loses total energy∆ei
and transverse energy∆eTi as well as getting a transverse momentum kick∆k̃ti relative to the initial momentum
p. It is straightforward to evaluate∆ei, ∆eTi and∆k̃ti at quark longitudinal rapidityY :

∆ei =
ti

2m0i
, (8)

∆eTi =
∆ei

coshY
−∆k̃ti tanhY, (9)

∆k̃ti =

√(
E − ti

2m0i

)2

−
(
p− E

p

ti
2m0i

− ti
2p

)2

−M2
q , (10)

∆k̃ti = ∆k̃ti(e1 cosφ+ e2 sinφ), (11)

where the unit vectors (e1 ⊥ e2) specify the plane orthogonal to the quark momentap and the azimuthal angleφ
is distributed uniformly. The medium-induced radiative energy loss is calculated with Eq. (2) without modification
of the longitudinal rapidity.

In our calculations, we use the Bjorken scaling solution [36] for the space-time evolution of the energy density,
temperature and density of the plasma:

ε(τ)τ4/3 = ε0τ
4/3
0 , (12)

T (τ)τ1/3 = T0τ
1/3
0 , (13)

ρ(τ)τ = ρ0τ0. (14)
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To be specific, we use the initial conditions for a gluon-dominated plasma expected for central Pb+Pb collisions
at LHC [20]: τ0 ' 0.1 fm/c, T0 ' 1 GeV, Nf ≈ 0, ρg ≈ 1.95T 3. It is interesting that the initial energy
density,ε0, in the dense zone depends onb very slightly,δε0/ε0 <∼ 10%, up to b ∼ RA and decreases rapidly
for b >∼ RA [24]. On the other hand, the proper time of a jet to escape the dense zone averaged over all possible
jet production vertices,〈τL〉, is found to decrease almost linearly with increasing impact parameter. This means
that for impact parametersb < RA, where≈ 60% of the heavy quark pairs are produced [21], the difference in
rescattering intensity and the corresponding energy loss is determined mainly by the different path lengths rather
than the initial energy density.

The simulation of quark rescattering is halted if one of the following three conditions is fulfilled:
1) A quark escapes from the dense zone, i.e. its path length becomes greater than the effective transverse spread
of the matter from the production vertex to the escape point. The details of the geometrical calculations of these
quantities at a given impact parameter can be found in Ref. [24].
2) The plasma cools down toTc = 200 MeV. We thus neglect possible additional small contributions to the total
energy loss due to re-interactions in the hadron gas.
3) A quark loses so much energy that its transverse momentumpT drops below the average transverse momentum
of the “thermal” constituents of the medium. In this case, such a quark is considered to be “thermalized” and
its momentum in the rest frame of the fluid is generated from the random “thermal” distribution,dN/d3p ∝
exp (−E/T ), boosted to the center-of-mass of the nucleus-nucleus collision [30, 31].

4 High-mass dimuon production in CMS
Let us first consider dimuon production in the high invariant mass region,20 < Mµ+µ− < 50 GeV/c2, where

Mµ+µ− =
√

(Eµ+ + Eµ−)2 − (pµ+ + pµ−)2.

One of the main dimuon sources in this “resonance-free” mass region is the semileptonic decays of open bottom and
charm mesons [37]. Heavy quark pairs are produced at the very beginning of the nuclear collisions by hard gluon-
gluon scatterings and propagate through the dense medium. They finally formB andDmesons by “capturing”u, d
or s quarks during the hadronization stage. These mesons will decay with the average meson lifetimescτB± = 495
µm, cτB0 = 496 µm, cτD± = 315 µm andcτD0 = 124 µm. We note that≈ 20% of B mesons and≈ 12% of
D mesons decay to muons. About half of the muons fromB decays are produced through an intermediateD [38]
and contribute to the softer part of thepT -spectrum. There is also dimuon production from singleB decays:
B → Dµ+X → µ+µ−Y . The branching ratio for this channel is comparable to the yield frombb pair decay.
However the muon pairs from singleB’s are concentrated in the low-mass region,Mµ+µ− < MB = 5.3 GeV/c2,
below our interest here.

Note that at LHC energies, there can be a significant contribution to heavy flavour production from gluon splittings,
g → QQ, in initial- or final-state shower evolution [39]. However, although the probability for a high-pT event
to contain at least onebb or cc pair is fairly large, most of these quarks are carrying a small fraction of the total
transverse momentum of the jet and dimuons produced in such a way are expected to be concentrated in the low
invariant mass region.

The main correlated background is Drell-Yan production,qq → µ+µ−. The uncorrelated part of the dimuon
background, random decays of pions and kaons and muon pairs of mixed origin, is comparable with the signal from
bb-decays [37] but these random decays also appear in the like-sign dimuon mass spectra. Thus such background
can be estimated from theµ+µ+ andµ−µ− event samples as [40]

dNuncor
µ+µ−

dM
= 2

√
dNµ+µ+

dM

dNµ−µ−

dM
. (15)

and subtracted from the totalµ+µ− distribution.

The cross sections,σQQNN , for heavy quark production inNN collisions at
√
s = 5.5 TeV, the initialQQ mo-

mentum spectra, and theB andD meson fragmentation have all been obtained using PYTHIA5.7 [41] with the
default CTEQ2L parton distribution functions and including initial and final state radiation in vacuum which ef-
fectively simulates higher-order contributions to heavy quark production. The corresponding Pb+Pb cross section

is obtained by multiplyingσQQNN by the number of binary nucleon-nucleon sub-collisions. The initial distribution
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ofQQ pairs over impact parameterb can be written as [32, 42]

d2σ0
QQ

d2b
(b,
√
s) = TAA(b)σQQNN (

√
s)
d2σAAin

d2b
(b,
√
s) (16)

where the differential inelasticAA cross section is

d2σAAin

d2b
(b,
√
s) =

[
1−

(
1− 1

A2
TAA(b)σin

NN (
√
s)

)A2]
(17)

and the total inelastic non-diffractive nucleon-nucleon cross section isσin
NN ' 60 mb at

√
s = 5.5 TeV. The stan-

dard Wood-Saxon nuclear overlap function isTAA(b) =
∫
d2sTA(s)TA(|b − s|) whereTA(s) = A

∫
dzρA(s, z)

is the nuclear thickness function with nucleon density distributionsρA(s, z) [43].

Figure 1: The initial invariant mass distribution ofµ+µ− pairs from correlated sources withpµT > 5 GeV/c
and|ηµ| < 2.4. The results are forbb (solid and dot-dashed histograms – without and with nuclear shadowing
respectively),cc (dashed and dotted histograms), and Drell-Yan production (closed and open circles.)

We also take into account the modification of the nucleon structure functions due to the initial state nuclear in-
teractions such as gluon depletion, nuclear shadowing, using the phenomenological parameterization of Eskola et
al. [44]. Figure 1 shows the initialµ+µ− invariant mass spectra from correlatedbb, cc and Drell-Yan production in
the CMS acceptance,pµT > 5 GeV/c and|ηµ| < 2.4. The upper and lower histograms for each contribution show
the results without and with nuclear shadowing respectively. In this kinematical region the influence of nuclear
shadowing on heavy quarks is relatively small, giving an≈ 15% reduction in the open bottom and charm decays.
Drell-Yan production is somewhat more affected, with an≈ 25% reduction, because quark shadowing is stronger
than gluon shadowing at lowx in the EKS model [44]. The total impact-parameter integrated rates are normalized
to the expected number of Pb+Pb events during a two week LHC run,R = 1.2 × 106 s, assuming luminosity
L = 1027 cm−2s−1 [22] to that

N(µ+µ−) = Rσµ
+µ−
AA L .

We see that thebb → µ+µ− rates are greater than those from the other sources by a factor of at least 5. Thus
we only consider dimuons frombb decays in the remainder of the discussion. Moreover, the medium-induced
charm quark energy loss can be significantly larger than theb-quark loss due to the mass difference, resulting in an
additional suppression of thecc→ µ+µ− yield.
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Figure 2: Distribution ofµ+µ− pairs frombb decays (solid histogram) and from Drell-Yan production (dashed
histogram) as a function ofδr.

Figure 3: Invariant mass distribution ofµ+µ− pairs frombb decays withpµT > 5 GeV/c and|ηµ| < 2.4 for various
scenarios: without energy loss (solid histogram), with collisional loss only (dashed histogram), with collisional
and radiative loss in incoherent limit (dotted histogram). Nuclear shadowing has been included.
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Drell-Yan pairs are unaffected by medium-induced final state interactions. These dimuons are directly from the
primary nuclear interaction vertex while the dimuons fromB andD meson decays appear at secondary vertices
some distance from the primary vertex. The path length between the primary vertex and secondary vertices are
determined by the lifetime andγ-factor of the mesons. We have found that a good way to distinguish the dimuons
fromB mesons and those escaping from the primary vertex may be the transverse distance between the intersection
points with the beam line for both tracks,δr. If Pmin is defined as a track point with minimal distance to the beam
axis,z, thenδr is the distance in thex − y plane between pointsP 1

min andP 2
min belonging different muon tracks.

Figure 2 shows the distribution of muon pairs frombb decays and Drell-Yan production as a function ofδr. We
estimate the accuracy of the track position determination to beσx = σy ∼ 10 µm andσz ∼ 100 µm while the
accuracy of the nuclear interaction point determination to beσx = σy ∼ σz ∼ 20 µm for the CMS tracking
system [45]. We find that for a such simple simulation of the tracker resolution the cutδr > 50 µm suppresses
the Drell-Yan rate by up to two orders of magnitude at the price of a30% signal reduction. Of course, in order to
be more conclusive, a full GEANT-based simulation including the real CMS geometry and dimuon reconstruction
algorithm is needed [45].

Figure 3 presents theµ+µ− invariant mass spectra frombb decays without and with the medium-inducedb-quark
energy loss described in sections 2 and 3, including nuclear shadowing. The initial dimuon rate in the mass range
20 < Mµ+µ− < 50 GeV/c2 is 2.8 × 104 events per two week run without energy loss or shadowing. The rate
can be reduced by factor of1.6 − 4 due to rescattering andb-quark energy loss in the QGP. Note that the rate
integrated over all phase space is always conserved: the suppression in the rate appears only when kinematic cuts
are specified. The dimuon suppression due to collisional loss is more pronounced at relatively lower invariant
masses since the collisional energy loss is almost independent of the initial quark energy. The relative contribution
of medium-induced gluon radiation to total energy loss grows with increasingMµ+µ− because the radiative energy
loss grows with increasing initial energy,∝ E in the incoherent limit used in our calculations, and thus contributes
to the whole high-mass dimuon range, especially in the large invariant mass domain. The loss increases for high
momentum quarks which contribute to the larger dimuon masses.

To conclude this section, we note that there are theoretical uncertainties in the bottom and charm production cross
sections in nucleon-nucleon collisions at LHC energies which affect the quark production rates without any loss
effects. The absolute dimuon rates depend on the parton distribution functions, the heavy quark mass, theB-meson
fragmentation scheme, next-to-leading order corrections, etc. Another possible contribution to theb quark cross
section could be light gluinos decaying intob squarks [46], as proposed to explain the apparent deficit in theB
cross section at the Tevatron. It is therefore desirable that high mass dimuon measurements inpp or dd collisions
are made at the same or similar energy per nucleon as in the heavy ion runs.

5 Dimuons fromB → J/ψ in CMS
We now consider another process which can also carry information about medium-induced rescattering andb-quark
energy loss: secondaryJ/ψ production. The branching ratioB → J/ψX is1.15%. TheJ/ψ’s subsequently decay
to dimuons with a5.9% branching ratio [38] so that e.g.

gg → bb→ BB X → J/ψ Y → µ+µ−Y.

Figure 4 shows the transverse momentum and pseudo-rapidity distributions of secondaryJ/ψ decays for the same
nuclear shadowing and energy loss scenarios described in the previous section. The total rates are again normalized
to the expected number of events in a two week Pb+Pb run. We expect1.3× 104 dimuons from secondaryJ/ψ’s
atMµ+µ− = MJ/ψ = 3.1 GeV/c2. Including nuclear shadowing reduces thisJ/ψ yield by∼ 25% while the final
state rescattering and energy loss byb-quarks can further reduce theJ/ψ rates by a factor of1.3− 2.2 in the CMS
acceptance.

We see that the influence of nuclear effects on secondaryJ/ψ production and high-mass dimuon rates are quite
different. The 25% decrease of the secondaryJ/ψ rate by nuclear shadowing is comparable to the∼ 30 − 50%
effect of medium-induced final state interactions. On the other hand, the high-mass dimuon rates are reduced by
up to a factor of4 due to energy loss, much larger than the15% nuclear shadowing correction. The increased
sensitivity to nuclear shadowing is due to the differentx andQ2 regions probed. The different influence of energy
loss on secondaryJ/ψ and high-mass dimuons is because secondaryJ/ψ’s come from the decay of a singleb
quark instead of abb pair and there is a non-negligible probability that the energy lost by one quark is small. Thus
a comparison between high-mass dimuon and secondaryJ/ψ production could clarify the nature of energy loss.
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Figure 4: Transverse momentum and pseudo-rapidity distributions of secondaryJ/ψ decays withpµT > 5 GeV/c
and|ηµ| < 2.4 for various scenarios: without nuclear shadowing and energy loss (dash-dotted histograms), with
shadowing and without loss (solid histogram), with shadowing and collisional loss (dashed histogram) and with
shadowing, collisional and radiative loss in the incoherent limit (dotted histogram).

Figure 5: Distribution ofµ+µ− pairs from secondary (solid histogram) and primary (dashed histogram)J/ψ
decays as a function ofδr.
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We note that about 5000 primaryJ/ψ’s are expected to be initially produced by gluon-gluon fusion. The final
primaryJ/ψ rate is rather uncertain: on one hand, it should be suppressed due to colour screening [6] and/or
dynamical dissociation in a QGP [7]; on the other hand, “thermal” models predict some additional yield ofJ/ψ’s
from a QGP, see, e.g. Refs. [9, 47] and references therein. Other models suggest thatJ/ψ’s can be regenerated in
the hadron phase byDD interactions [48, 49]. Note that we call all theseJ/ψ’s “primary” in the sense that they
are from the primary nuclear interaction vertex. Although they could be produced late in the collision, either after
thermalization or in the hadronization stages, the time scale of their formation is much less than the formation time
of secondaryJ/ψ’s fromB meson decays. Thus it is necessary to distinguish secondary from primaryJ/ψ’s. As
in the case of separating dimuons from Drell-Yan production andbb decays, primaryJ/ψ’s produced at the nuclear
interaction point can be rejected using tracker information on the secondary vertex position. Figure 5 shows the
δr-distribution of muon pairs from primary and secondaryJ/ψ’s for the same conditions as in Fig. 2. We see
that results in Figs. 2 and 5 are very similar. In addition, primaryJ/ψ’s have a softer dimuonpT spectrum than
secondaryJ/ψ’s and the primaryJ/ψ contribution disappears rapidly with increasingpT .

6 Conclusions
To summarize, we have analyzed the sensitivity of spectra of high-massµ+µ− pairs frombb decays and dimuons
from secondaryJ/ψ’s to medium-induced bottom quark energy loss in Pb+Pb collisions at LHC in the CMS
detector. Since a complete description of coherent radiation by massive quarks is still lacking, the dimuon spectra
were calculated for two extreme cases: with collisional loss only, the “minimum” effect, and with collisional and
radiative loss estimated in the incoherent limit, the “maximum” effect.

We have found that medium-induced parton rescattering and energy loss can reduce the dimuon rate in the invariant
mass range20 < Mµ+µ− < 50 GeV/c2 by a factor from1.5 to 4 while nuclear shadowing is only of order of15%
in our kinematical region. The relative contribution of radiative energy loss to the total dimuon suppression grows
with increasing invariant mass andpT due to the stronger energy dependence of radiative loss relative to collisional
loss.

Since secondaryJ/ψ production reflects the medium-induced energy loss of only oneb-quark, the corresponding
suppression by a factor of1.3− 2 is less than forbb decays. On the other hand, the influence of nuclear shadowing
on the relatively low invariant mass region,Mµ+µ− ∼ MJ/ψ, seems to be non-negligible. We suggest that
comparing high-mass dimuons with secondaryJ/ψ production would help clarify the nature of this phenomenon.

The recognition of high-mass dimuons frombb decays relative to Drell-Yan pairs, as well as the recognition of
secondary compared to primaryJ/ψ’s, could be performed using tracker information on the secondary vertex
position.

We conclude that the dimuon spectra will be sensitive to final state rescattering and energy loss of bottom quarks
in dense matter. However, there are still theoretical uncertainties in the initial production of heavy flavours in
nucleon-nucleon collisions at LHC energies. Thus measurements inpp or dd collisions at the same or similar
energies per nucleon as in the heavy ion runs are required.
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