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In this paper we present two studies made by the CMS Collaboration. The first is the CMS
√
measurement of prompt 𝐷 ∗+ , 𝐷 + and 𝐷 0 production cross sections at 𝑠 = 13 TeV. The second
one corresponds to the first observation of the 𝐵0𝑠 → 𝑋 (3872)𝜙 decay and the measurement of its
branching fraction. The value obtained for the 𝐵0𝑠 branching fraction is consistent with that of 𝐵0
but smaller by a factor of two when compared with the same measurement for 𝐵+ , indicating the
difference in the production dynamics of X(3872) in 𝐵0𝑠 and 𝐵+ decays.
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1. Introduction

2. Measurement of prompt open-charm production cross sections in proton-proton
√
collisions at 𝑠 = 13 TeV
In this analysis [2], the charm mesons are identified via their exclusive channels 𝑝 𝑝 →
𝐷 ∗+ 𝑋 → 𝐷 0 𝜋s+ 𝑋 → 𝐾 − 𝜋 + 𝜋s+ 𝑋, 𝑝 𝑝 → 𝐷 0 𝑋 → 𝐾 − 𝜋 + 𝑋, and 𝑝 𝑝 → 𝐷 + 𝑋 → 𝐾 − 𝜋 + 𝜋 + 𝑋, where
charge conjugation is implied. The notation 𝜋s indicates that given the specific kinematics of the
𝐷 ∗± decay, this slow pion has significantly lower momentum than the kaon and pion decay products
of the 𝐷 0 .
The data sample used in this analysis was collected with the CMS detector at the LHC in
√
2016, in proton-proton collisions at a center-of-mass energy of 𝑠 = 13 TeV. It corresponds to an
integrated luminosity of 29 nb−1 , out of the 36.8 fb−1 collected in the 2016 data-taking period.
The differential cross sections of the D∗± , D± , and D0 (D̄0 ) mesons are presented in bins of
transverse momentum for the first time in b collisions by the CMS Collaboration. The results are
also compared to several theoretical calculations and to previous measurements.
The charm meson differential cross section d𝜎/d𝑝𝑇 is measured using p𝑇 between 4 and 100
GeV in 9 bins in the pseudorapidity range |𝜂| < 2.1. The signal yields are determined using unbinned
maximum-likelihood fits to the invariant mass distributions for the various decay modes (the Δ𝑀
distribution is considered for the 𝐷 ∗+ ) in each p𝑇 bin. The signal components are modelled by the
sum of two Gaussian functions to account for the non-uniform resolution over the detector, keeping
the mean, width, and normalization term as free parameters. The combinatorial background is
described with different functions, according to the decay mode.
The aim of this work is to measure the prompt open-charm production cross sections. Thus, the
non-prompt contribution, such as charm mesons coming from b hadron decays, has been evaluated
using a simulated event sample. The contamination rate resulted to be between 5 and 17% in
the different p𝑇 bins and it has been subtracted to the total visible cross section measured using
experimental data.
Several systematic uncertainty sources are considered in the measurement of the charm meson
cross sections. The dominant effects come from the uncertainty related to the tracking efficiency
and the mass distribution modelling used in the fit for both signal and background components.
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The spectroscopy for hadrons with b and c quarks is an essential experimental tool to understand
and study the strong interaction or QCD. For this reason, several experiments at CERN and Fermilab
have included these type of studies as an important part of their programs. With the full Run 2 of
the LHC, the b and c hadron spectroscopy at energies never reached before provides a new input
to test theoretical calculations in QCD. Is worth mentioning that the gains in statistics provides us
with the opportunity of looking for new and exotic decay channels.
A wide program of research in heavy flavor spectroscopy at the LHC has been performed by
the CMS collaboration [1] and a number of recent results in this field are reviewed in this paper.
Several other contributions in this Conference include other results not discussed here, which the
reader might find interesting as well.
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The differential cross sections for prompt charm meson production as a function of p𝑇 are
determined using the equations:
𝑁𝑖 (𝐷 → 𝑓 )
d𝜎( 𝑝 𝑝 → 𝐷 𝑋)
=
,
d𝑝𝑇
Δ𝑝𝑇 𝑖 B(𝐷 → 𝑓 )L𝜀 𝑖,𝑡𝑜𝑡 (𝐷 → 𝑓 )

(1)

Figure 1: Differential cross sections 𝑑𝜎/𝑑𝑝𝑇 for the D∗+ (left), D+ (middle), and D0 (right) mesons. Data
points (black) are compared with several MC simulation models and theoretical predictions. The statistical
and total uncertainties are reported separated by horizontal bars. On the lower panel of the figures, the ratio
of the predictions to the central value of the data is shown [2].

The agreement with the different predictions is fair in the wide kinematic range analyzed. None
of the MC event generator models describes the data well in all the observed regions. Overall, the
best description of the data is given by the upper edge of the FONLL uncertainty band.
For these proceedings we have made a selection of results from [2]. Indeed, here we only show
a comparison between the CMS data and some previous measurements obtained in serveral LHC
experiments in order to study the evolution of the cross section with respect to different kinematic
regions and as a function of the center of mass energy.
√
With that in mind, we studied measurements from the ATLAS experiment performed at 𝑠 =
7 TeV, the closest in terms of acceptance and kinematic range to our analysis [3]. Indeed, in Fig.
2 (left) both the ATLAS and the CMS results are shown, compared to the respective FONLL
√
predictions at 𝑠 = 13 TeV and 7 TeV(left). Since the ATLAS results include both prompt and
nonprompt charm mesons, the corresponding FONLL predictions include these components as
well. The results are in good agreement in terms of shape and the comparison between the data
points and the theory predictions is very similar for both experiments. The central value of the
3
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where 𝑁𝑖 (𝐷 → 𝑓 ) is the number of prompt charm mesons reconstructed in the selected final
state (including the charge conjugate final state) for each bin i, after correcting for contamination;
Δ𝑝𝑇 is the 𝑝𝑇 bin width, B(𝐷 → 𝑓 ) is the branching fraction of the reconstructed final state,
𝜀 𝑖,𝑡𝑜𝑡 (𝐷 → 𝑓 ) is the total reconstruction efficiency of the decay chain evaluated in the simulated
events sample, and L is the collected luminosity.
The differential cross sections for the three mesons as a function of 𝑝𝑇 are shown in Fig. 1,
where the data points (black) are compared to several Monte Carlo event models and theoretical
predictions (horizontal lines and bands). The vertical lines on the data points show the statistical
and systematic uncertainties added in quadrature.
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Figure 2: On the left: differential cross section 𝑑𝜎/𝑑𝑝𝑇 for the 𝐷 ∗+ meson, comparing the CMS (circle)
√
√
and ATLAS (square) data points to the respective FONLL predictions at 𝑠 = 13 TeV (empty box) and 𝑠 =
7 TeV (filled box).The corresponding FONLL predictions include both prompt and nonprompt charm meson
cross section components as in the ATLAS data. On the right we find the differential cross section 𝑑𝜎/𝑑𝑝𝑇
for the 𝐷 ∗+ mesons. Compare the CMS (circle) and ALICE (square) data points with the respective FONLL
√
√
predictions at 𝑠 = 13 TeV (empty box) and 𝑠 = 7 TeV (filled box). The cross section definition taken by
ALICE and CMS differs by a factor two, given that in ALICE the charged conjugates are not included. The
same is true for the corresponding FONLL predictions [2].

3. Observation of the 𝐵0𝑠 → 𝑋 (3872)𝜙 decay
The discovery of 𝑋 (3872) opened a new era of exotic, quarkonium-like spectroscopy. Many
new states with unusual properties have been observed, including several charged states. Prompt
processes were found to be the dominant 𝑋 (3872) production mechanism in hadron colliders. The
nature of 𝑋 (3872) remains unexplained. Important information about the 𝑋 (3872) production in
weak decays can be extracted by comparing the branching fractions B(𝐵 → 𝑋 (3872)ℎ) for different
B mesons, where ℎ denotes a light hadron. More measurements of B hadron decays involving
𝑋 (3872) production would provide important inputs for understanding its internal structure and
creation dynamics.
The CMS Collaboration has recently [5] observed a new decay mode involving the 𝑋 (3872)
√
reconstructed by its decay to 𝐽/𝜓𝜋 + 𝜋 − . Using 𝑝 𝑝 collision data collected at 13 TeV in 2016–2018,
for an integrated luminosity of about 140 fb−1 , the signal of 𝐵0𝑠 → 𝑋 (3872)𝜙 decay is extracted
with reference to the control channel 𝐵0𝑠 → 𝜓(2𝑆)𝜙, used as normalization decay for the branching
4

PoS(CHARM2020)005

FONLL predictions tends to underestimate the data, but the upper edge of the FONLL bands agrees
reasonably well.
√
A comparison with results from ALICE [4] for the cross sections at 𝑠 = 7 TeV in the range
1 < 𝑝𝑇 < 24 GeV and for the rapidity region |𝑦| <0.5 is shown in Fig. 2 (right). It is important to
take to remind the reader that the cross section definition by ALICE differs by a factor of two from
that of the CMS Collaboration, since in the former the charged conjugates are not included. The
same is true for the corresponding FONLL predictions as well. To provide a relevant comparison,
the CMS data are also given for 𝑝𝑇 < 24 GeV. Both sets of data are consistent with the respective
FONLL predictions.
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Figure 3: On the left: 𝐽/𝜓𝜋 + 𝜋 − invariant mass distribution in the selected 𝐵0𝑠 → 𝑋 (3872)𝜙 candidates in
data [5]. On the right: 𝑋 (3872)𝜙 invariant mass distribution after subtraction of non-𝜙𝐾 + 𝐾 − combinations
and non-𝑋 (3872)𝐽/𝜓𝜋 + 𝜋 − combinations [5].

Using a similar procedure the yield 15359±171 was found for the normalization 𝐵0𝑠 → 𝜓(2𝑆)𝜙
decay channel. Correcting for the efficiency ratios, and combined with the 𝐵0𝑠 → 𝑋 (3872)𝜙 yield,
we obtain a value

R=

B(𝐵0𝑠 → 𝑋 (3872)𝜙)B(𝑋 (3872) → 𝐽/𝜓𝜋 + 𝜋 − )
B(𝐵0𝑠 → 𝜓(2𝑆)𝜙)B(𝜓(2𝑆) → 𝐽/𝜓𝜋 + 𝜋 − )

= (2.21 ± 0.29(stat) ± 0.17(syst)).%

(2)

By multiplying the measured ratio R by the known denominator branching fractions, taken
from PDG [7] one obtains
B(𝐵0𝑠 → 𝑋 (3872)𝜙)B(𝑋 (3872) → 𝐽/𝜓𝜋 + 𝜋 − ) = (4.14±0.54(stat)±0.32(syst)±0.46(B))×10−6 .
(3)
+
This product can be compared to similar results of branching fractions for the 𝐵 → 𝑋 (3872)𝐾 +
and 𝐵0 → 𝑋 (3872)𝐾 (∗)0 decays in Fig. 4. The measured value for 𝐵0𝑠 is consistent with that for 𝐵0
but about twice smaller than that of the 𝐵+ .
These results may help understanding the nature of 𝑋 (3872) since they seem to suggest a
difference in the production dynamics of the 𝑋 (3872) in both 𝐵0 and 𝐵0𝑠 when compared to the 𝐵+
decay, with respect to the conventional 𝜓(2𝑆), for which the neutral and charged B meson decays
5
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fraction measurement, since its identical final-state particles have very similar decay topology and
kinematics.
The signal is extracted using a two-dimensional (2D) fit to 𝑀 (𝐽/𝜓𝜋 + 𝜋 − ) and 𝑀 (𝐾 + 𝐾 − ),
after requiring 𝑀 (𝐽/𝜓𝜋 + 𝜋 − 𝐾 + 𝐾 − ) to be in a narrow interval around the known 𝐵0𝑠 meson mass.
The measured 𝐽/𝜓𝜋 + 𝜋 − invariant mass distribution is shown in Fig. 3 (left). The signal yield
is determined to be 299 ± 39 and allows us to estimate the statistical significance of more than
6 standard deviations once systematic uncertainties have been included. This represents the first
observation of the 𝐵0𝑠 → 𝑋 (3872)𝜙 decay. The evaluation of the residual non-𝐵0𝑠 background is
determined by using the non-resonant background-subtracted 𝑀 (𝑋 (3872)𝜙) obtained by means of
the 𝑠 Plot technique [6]; the residual background contribution is estimated at the 1.7% level (0.5%
in the 𝜓(2𝑆)𝜙 case). The invariant 𝐽/𝜓𝜋 + 𝜋 − 𝐾 + 𝐾 − mass distribution is shown in Fig. 3 (right).
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show compatible branching fractions. An explanation for the observed difference in the decay
branching fractions has been proposed [9] within the tetraquark model of the 𝑋 (3872) state.
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for 𝐵+ , 𝐵0 , and 𝐵0𝑠 decays [7], where the last CMS result is highlighted in red [8].
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