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1. Introduction

The CMS experiment [1] at the Large Hadron Collider pursues a wide program in the Heavy
Flavor physics sector. We present here some recent results of this program, namely, the mea-
surement of the X(3872) production cross section and the observation of structures in the J/ψφ

spectrum. We also show the observation of a new Ξ baryon and of the Bc meson. Finally, we
present a measurement of beauty di-jet angular correlation. Measurements are based on proton
proton data collected at

√
s = 7 TeV.

2. X(3872) production cross section

The differential X(3872) production cross section is measured with 4.8 fb−1 of data [2]. The
cross section measurement proceeds by determining the ratio of the X(3872) and ψ(2S) cross
sections, where both states decay to J/ψπ+π−, with the subsequent decay of the J/ψ into a muon
pair. In the ratio evaluation, systematics uncertainties common to both states cancel.

The analysis is performed in the kinematic range of pT of the J/ψπ+π− system between 10
and 50 GeV and rapidity within |y|<1.2. The corrections for detector acceptances and efficiencies
are determined under the assumption that the X(3872) has quantum numbers JPC = 1++ and that
both the X(3872) and the ψ(2S) are unpolarized.

The events are selected at the trigger level identifying two opposite charge muons, fitted to
a common vertex to produce J/ψ candidates. Thresholds on dimuon momentum and rapidity are
applied. The J/ψ candidate is then combined with two opposite charge tracks, assumed to be pions.
Additional requirements concern ∆R =

√
(∆η)2 +(∆φ)2 (∆η and ∆φ are the pseudorapidity and

azimuthal angle differences between the pion and the J/ψ candidate) and the Q value of the decay.
The ratio of the cross sections times the J/ψπ+π− branching fractions is obtained from the

measured signal events for X(3872) and ψ(2S) corrected for the efficiency and acceptance esti-
mated from simulation. The cross section ratio as a function of the transverse momentum of the
J/ψπ+π− system is shown in Fig. 1.

The relative contribution to the total X(3872) yield resulting from B hadron decays is also
measured. Discrimination between promptly and non-promptly produced events is achieved by
requiring a transverse decay length larger than 100 µm. Combining the non prompt fraction with
the cross section ratio measurement and with a previous CMS result on the ψ(2S) cross section [4],
the prompt X(3872) production cross section is evaluated. Figure 1 shows the results compared to
the predicted differential cross section for prompt X(3872) [5].

Finally, the measured dipion mass spectrum for X(3872)→ J/ψπ+π− is studied and clearly
favors the presence of an intermediate ρ0 state.

3. Observation of substructures in the J/ψφ spectrum

A study of the J/ψφ mass spectrum from exclusive B+→ J/ψφK+ decays based on 5.2 fb−1

of data is reported [6]. A candidate J/ψ meson selected at the trigger level is combined with three
charged tracks, assumed to be kaons, consistent with originating from the same J/ψ vertex. The
K+K− pair with the lower mass is considered as the φ candidate and must lie in the φ mass window.

2



Heavy Flavor Spectroscopy and Production in CMS Sara Fiorendi

) [GeV]-π +π ψ(J/
T

p
10 20 30 40 50

 R

0.04

0.05

0.06

0.07

0.08

0.09

0.1

0.11

0.12

|y| < 1.2

 = 7 TeVsCMS   
-1L = 4.8 fb

) [GeV]-π +π ψ(J/
T

p
10 20 30 40 50

N
on

pr
om

pt
 X

(3
87

2)
 fr

ac
tio

n

0

0.1

0.2

0.3

0.4

0.5

|y| < 1.2

 = 7 TeVsCMS   
-1L = 4.8 fb

) [GeV]-π +π ψ(J/
T

p
10 15 20 25 30

 [n
b/

G
eV

]
Β ⋅ T

 /d
p

X(
38

72
)

pr
om

pt
σ

 d

-210

-110

1

|y| < 1.2

 = 7 TeVsCMS   
-1L = 4.8 fb

LO NRQCD 
LO NRQCD uncertainty

Figure 1: Ratios of the X(3872) and ψ(2S) cross sections times branching fractions (left), X(3872) non-
prompt fraction as a function of pT (center) and differential cross section for prompt X(3872) production
times BR(X(3872)→ J/ψπ+π−) as a function of pT (right).
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Figure 2: The relative efficiency corrected mass difference ∆m from the exclusive B+→ J/ψφK+ signal.

The ∆m = m(µ+µ−K+K−)−m(µ+µ−) spectrum, corrected by the relative efficiency, is in-
vestigated. The observed structures are modeled by a S-wave relativistic Breit-Wigner function
convoluted with a Gaussian resolution function, while the background is described by the three
body phase space shape. Fig. 2 shows the ∆m spectrum and the fit of the data. The significance of
the lower mass structure is greater than 5σ , while an evidence for a second structure in the same
mass spectrum is seen.

4. Observation of a new Ξb baryon

A new b baryon is observed through its strong decay into Ξ
−
b π+ in 5.3 fb−1 of data [7].

The known Ξ
−
b baryon is reconstructed via the decay chain Ξ

−
b → J/ψΞ− → µ+µ−Λ0π−, with

Λ0 → pπ−. Once a sample of Ξ
−
b with a good signal-over-background ratio is selected, Ξ

−
b can-

didates within 2.5 standard deviations of the fitted peak value are combined with a track, assumed
to be a pion, coming from the selected primary vertex and with charge opposite to that of the pion
from the Ξ− decay.

The Ξ∗0b is searched in the Q value domain, where Q = M(J/ψΞ−π+)−M(J/ψΞ−)−M(π+).
The background model is built using the measured momentum and angular distribution of Ξ

−
b

candidates and same sign pions.
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Figure 3: Opposite-sign Q distribution along with the result of the signal-plus-background fit (blue solid
curve); the background term is also shown (red dashed curve).
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Figure 4: B+
c → J/ψπ+ (left) and B+

c → J/ψπ+π+π− (right) signals.

The measured opposite-sign Q distribution is displayed in Fig. 3. A clear excess with respect
to the expected background is observed and fitted with a Breit-Wigner distribution convoluted with
a Gaussian function. The measured Q value is 14.84 ± 0.74(stat) ± 0.28(syst) MeV, resulting in a
b-baryon mass of 5945.0 ± 0.7(stat) ± 0.3(syst) ± 2.7(PDG) MeV. The significance of the signal
is evaluated to be 6.9σ .

5. Observation of the Bc meson

We present the observation of the Bc meson in two decay channels, B+
c → J/ψπ+ and B+

c →
J/ψπ+π+π− in 4.7 fb−1 of data [8]. The three pion decay mode has been observed for the first
time by LHCb [9] and CMS has provided the only experimental confirmation so far.

The reconstruction strategy is driven by the J/ψ identification at the trigger level through its
decay into two muons. Either one or three charged tracks, assumed to be pions, are combined with
the J/ψ meson to form the Bc candidate. A total yield of 330 ± 36 events is observed for the one
pion decay channel, while 108 ± 19 events are observed for the three pion decay mode. The two
signals are shown in Fig. 4.
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6. Measurement of beauty di-jet angular correlation

Angular correlations between pairs of beauty jets are studied in 3 pb−1 of data [10]. Measure-
ments of di-beauty jet production are presented as a function of the difference in azimuthal angle
between the two b-tagged jets, ∆φ , and the combined separation variable ∆R =

√
∆φ 2 +∆η2.

Events are selected by a low-transverse-momentum single-muon trigger; pT (µ)> 8 GeV and
|ηµ | <2.1 are required. Jets are reconstructed from "particle flow candidates" using the infrared-
and collinear-safe anti-kt jet clustering algorithm, and are required to have pT > 30 GeV and
|η | <2.4. Only events with at least one mu-jet and one non-mu-jet are considered. The b-tagging
is performed with the Track Counting algorithm [11][12]. Events with three or more jets passing
the selections are vetoed.

The overall selection efficiency is determined with respect to the angular variables using the
simulated event sample. The di-beauty signal in data is determined by a bin-by-bin "purity correc-
tion" to finally selected events. This correction is obtained by solving a system of four equations
which relates the known b-tagging efficiencies to the fractional flavor content of the jet pair.

The differential beauty di-jet production cross section with respect to ∆φ and ∆R is shown in
Fig. 5. The total measured and theoretical cross sections for two beauty jets with pT > 30 GeV
and |η |<2.1, with angular distance between them ∆R > 0.6, are also evaluated and summarized in
Table 6.

Data are compared to theoretical predictions: PYTHIA shows disagreement in the low ∆φ

region while best describing the absolute normalization. CASCADE has regions of disagreement
in both ∆φ and ∆R and underestimates the absolute normalization of data. Finally, MADGRAPH

gives the best account of the shape of the low angular region out of the three models considered
while overestimating the absolute normalization.

Data PYTHIA MADGRAPH CASCADE

12.2 ± 0.2 (stat) +1.6
−1.2(syst) 13.18 ± 0.02 (stat) 17.1 ± 0.1 (stat) 9.48 ± 0.04 (stat) +1.93

−2.65(syst)

Table 1: Total di-beauty jet measured and theoretical cross sections in nb

7. Conclusions

CMS is contributing to the enrichment of the Heavy Flavor physics, both in the production
and decay sectors. The production cross section of the X(3872) and of pair of beauty jets have
been measured. The Bc meson has been observed in two decay modes and a new baryon (Ξ∗0b ) has
been detected. Finally, the J/ψφ mass spectrum shows some structures whose nature is still to be
determined.
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Figure 5: Differential di-beauty jet production cross section with respect to the ∆φ (left) and ∆R (right)
between two b-tagged jets.
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