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Outline

• CMS experiment introduction 

• Overview of main CMS results: 

• Y(4140)  [7 TeV] 

• X(3872)  [7 TeV] 

• Xb partner of X(3872)  [8 TeV] 

• X(5568)  [8 TeV]
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Combination of 
subdetectors to 
identify + measure  
particle properties

Compact Muon Solenoid:  detector optimised for measuring muons

3

CMS experiment:  detector

Superconducting 
Solenoid     (3.8T)

Muon system

Hadronic 
Calorimeter

Electromagnetic 
Calorimeter

Silicon  
Tracker

Precise track reconstruction:
• pT resolution: ΔpT/pT ≈ 1% (barrel)
• tracking efficiency: > 99% (central)
• impact-parameter resolution: down to 15 µm

Excellent muon identification:
• wide rapidity coverage: |η| < 2.4
• m(µµ) resolution: Δm/m ≈ 0.6%
• fake rate: ε(µ | π, K, p) ≤ 0.1%
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Collecting data from pp collisions at increasing centre-of-mass energies:

4

CMS experiment:  data

Dedicated set of triggers optimised for quarkonia states 
• based on muons and tracks

√s = 7 TeV
5 fb-1

(2011)

√s = 8 TeV
20 fb-1

(2012)

√s = 13 TeV
80+ fb-1

(2015 →)

CMS BPH Public Results CMS-DP-2016-059

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH#Summary_plots
http://cds.cern.ch/record/2212114?ln=en
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√s = 7 TeV

Y(4140)  observation

• exotic meson candidate 

• first observed by CDF in 2009 

• CMS analysed peaking structures in the  J/ψϕ  mass  
spectrum from  B± → J/ψϕK±  decays

Phys. Lett. B 734 (2014) 261-281

http://dx.doi.org/10.1016/j.physletb.2014.05.055
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Y(4140):  introduction
CDF reported a 3.8σ evidence for a narrow peak in  m(J/ψϕ)  spectrum  
from  B+ → J/ψϕK+  decays:   m = 4143.0 ± 3.1 MeV/c2      [2009]

• Search by Belle did not confirm it   [2010]


• Same peak observed by CDF at >5σ:   [2011]

• m = 4143.4 ± 3.1 MeV/c2  

• No evidence by LHCb measurement:   [2012]

• upper limit 2.4σ away from the CDF result


Proposed interpretations: 

• cscs tetraquark; 

• threshold kinematic effect; 

• hybrid charmonium; 

• Ds*Ds* molecule – molecular strange partner of  Y(3940);

5

)2  (GeV/c+KφψJ/m
5.22 5.24 5.26 5.28 5.3 5.32 5.34

2
C

an
di

da
te

s/
5 

M
eV

/c

0

5

10

15

20

25

30

35

40

)2  (GeV/c+KφψJ/m
5.22 5.24 5.26 5.28 5.3 5.32 5.34

2
C

an
di

da
te

s/
5 

M
eV

/c

0

5

10

15

20

25

30

35

40
a)

)2 (GeV/c-K+Km
1 1.01 1.02 1.03 1.04

2
C

an
di

da
te

s/
2 

M
eV

/c

0

5

10

15

20

25

30

)2 (GeV/c-K+Km
1 1.01 1.02 1.03 1.04

2
C

an
di

da
te

s/
2 

M
eV

/c

0

5

10

15

20

25

30
b)

FIG. 1: (a) The mass distribution of J/ψφK+; the solid line
is a fit to the data with a Gaussian signal function and flat
background function. (b) The B+ sideband-subtracted mass
distribution of K+K− without the φ mass window require-
ment. The solid curve is a P -wave relativistic Breit-Wigner
fit to the data.

to other hadrons [19]. In addition, we require a mini-
mum Lxy(B+) for the B+ → J/ψφK+ candidate, where
Lxy(B+) is the projection onto p⃗T (B+) of the vector con-
necting the primary vertex to the B+ decay vertex. The
primary vertex is determined for each event using prompt
tracks.

The Lxy(B+) and LLR requirements for B+ →
J/ψφK+ are then chosen to maximize S/

√
S + B , where

S is the number of B+ → J/ψφK+ signal events and
B is the number of background events in the J/ψφK+

mass range of 5.0 to 5.6 GeV/c2 in the data. The val-
ues of S and B are determined from an unbinned log-
likelihood fit to the mass spectrum of J/ψφK+, for a
given set of values of Lxy(B+) and LLR. A Gaussian
function is used to represent the B+ → J/ψφK+ signal,
where the mean value of the Gaussian is fixed to the B+

world-average mass value [17]. The B+ mass resolution
is fixed to the value 5.9 MeV/c2 obtained from Monte
Carlo (MC) simulation [20]. A linear function is used to
model the background in the fit. The requirements ob-
tained by maximizing S/

√
S + B are Lxy(B+) > 500 µm

and LLR > 0.2. In order to study the efficiency of
the Lxy(B+) and LLR selections, we also reconstruct
B+ → J/ψK+ and B0

s → J/ψφ as control channels. We
select approximately 50 000 B+ → J/ψK+ and 3000
B0

s → J/ψφ events by applying similar requirements
as for the J/ψφK+ channel but without the Lxy(B+)
and LLR requirements. The efficiency for PID with the
LLR > 0.2 requirement is approximately 80% per kaon
and is reasonably flat as a function of kaon pT ; the ef-
ficiency for Lxy(B+) > 500 µm is approximately 60%,
based on the B+ → J/ψK+ control sample.

The invariant mass of J/ψφK+ after the Lxy(B+) and
LLR requirements and J/ψ and φ mass window require-
ments is shown in Fig. 1(a). A fit with a Gaussian signal
function and a flat background function to the mass spec-
trum of J/ψφK+ returns a B+ signal of 75 ± 10(stat)
events. We select B+ signal candidates with a mass
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FIG. 2: (a) The Dalitz plot of m2(φK+) versus m2(J/ψφ)
in the B+ mass window. The boundary shows the kine-
matic allowed region. (b) The mass difference, ∆M , between
µ+µ−K+K− and µ+µ−, in the B+ mass window. The dash-
dotted curve is the background contribution and the red solid
curve is the total unbinned fit.

within 3σ (17.7 MeV/c2) of the nominal B+ mass; the
purity of the B+ signal in that mass window is approxi-
mately 80%.

The combinatorial background under the B+ peak
includes B hadron decays such as B0

s → ψ(2S)φ →
J/ψπ+π−φ, in which the pions are misidentified as kaons.
However, background events with misidentified kaons
cannot yield a Gaussian peak at the B+ mass consistent
with the 5.9 MeV/c2mass resolution. The kinematics are
such that for the hypothesis B+ → J/ψK+K−K+, only
events with real kaons can produce the observed Gaus-
sian signal. Thus, with the B+ mass window selection
the sample consists of real B+ → J/ψK+K−K+ decays
over a small combinatorial background.

Figure 1(b) shows the invariant mass distribution of
K+K− pairs from µ+µ−K+K−K+ candidates within
±3σ of the nominal B+ mass. The spectrum shown in
this figure has had the sidebands subtracted, but the φ
mass window selection has not been applied. By fitting
the K+K− mass spectrum to a P -wave relativistic Breit-
Wigner (BW) function [21] convoluted with a Gaussian
resolution function with the rms fixed to 1.3 MeV/c2 ob-
tained from simulation, we obtain a mass of 1019.6± 0.3
MeV/c2 and a width of 3.84 ± 0.65 MeV/c2with χ2

probability of 28%, consistent with the world-average
values for the φ meson [17]. The good fit indicates
that after the ±7 MeV/c2 selection on the φ mass win-
dow, the B+ → J/ψK+K−K+ final state is well de-
scribed as J/ψφK+, with negligible contributions from
J/ψf0(980)K+ or J/ψK+K−K+ phase space.

We examine the effects of detector acceptance and se-
lection requirements using B+ → J/ψφK+ MC events
simulated by phase space distributions. The MC events
are smoothly distributed in the Dalitz plot and in the
J/ψφ mass spectrum. Figure 2(a) shows the Dalitz plot
of m2(φK+) versus m2(J/ψφ), and Fig. 2(b) shows the
mass difference, ∆M = m(µ+µ−K+K−) − m(µ+µ−),
for events in the B+ mass window in our data sample.

Phys.Rev.Lett.102:242002

m(µ+µ-K+K-) – m(µ+µ-)

Y(4140)

insufficient  
significance

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.102.242002
https://arxiv.org/abs/1011.3369
https://doi.org/10.1142/S0217732317501395
http://dx.doi.org/10.1103/PhysRevD.85.091103
https://arxiv.org/ct?url=http://dx.doi.org/10%252E1103/PhysRevLett%252E102%252E242002&v=209bbe98
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Y(4140):  analysis method
Same  m(J/ψϕ)  spectrum from  B± → J/ψϕK±  decays studied by CMS  
to further investigate this peaking structure   [2014]

Using 5.2 fb-1 of pp collisions at √s = 7 TeV 

Selecting events with ≥2 muons (J/ψ →µµ) + ≥3 tracks (K±, ϕ→K+K-) 

• pT(J/ψ) > 7 GeV;  pT(K±) > 1 GeV; 
• B+ transverse decay length > 3σ;
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Y(4140):  mass spectrum
Invariant-mass spectrum within ±3σ around the B+ mass: 

fitted by a gaussian (     ) and a 2nd order polynomial (     ) to obtain B+ yield

m(µ+µ-K+K-) – m(µ+µ-)

Fitting m(J/ψϕK) to extract B+ signal yield in every Δm = 20 MeV bin 

Fitting Δm distribution to extract the two structures yield 

• S-wave Breit-Wigner (BW) convoluted with mass resolution;  [signal] 

• 3-body Phase Spase Shape (PS);  [background]
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Significance of the first peak > 5σ 

Mass and width consistent with the  
Y(4140) values reported by CDF

BR relative to B+ → J/ψϕK+:   0.1 ±30%stat 
• consistent with the CDF result and  

upper limit by LHCb 

Evidence for a second mass peak:  

• m2 = 4313.8 ±5.3stat ±7.3syst MeV/c2 Γ2 = 38 +30-15stat ±16syst MeV 

Conventional charmonium mesons would have larger widths at these 
mass values  →  must be something exotic

9

Y(4140):  results
Properties of the lower-mass resonance determined from the fit: 

m1 = 4148.0 ±2.4stat. ±6.3syst. MeV/c2	 Γ1 = 28 +15-11stat ±19syst MeV

1 2
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Y(4140):  reflection studies
Possibility of presence of two-body resonances was further investigated: 

fitting m(J/ψϕK) in intervals of  m(K+K-K+) = 40 MeV

Excluding excess region from the plot  → 

• Y(4140) not affected by ϕK+ resonances

Using only excess region in the plot  → 

• second peak can be affected by ϕK+ 

resonances
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Y(4140):  conclusions
Y(4140) structure found by CDF also confirmed by CMS

• measured mass and width consistent with CDF results 

• relative BR consistent with CDF results and LHCb upper limit 

• statistical significance of the second peak can’t be determined 
reliably due to possible reflections from two-body decays 

• further studies, including full amplitude analysis, needed to  
understand the nature of the peaking structures 

• Run-II data will help a lot in extracting pure sample of B+ with  
sufficient statistics



Nazar Bartosik Overview of exotica production at CMS | 2312

√s = 7 TeV

X(3872)  differential cross section

• first exotic charmonium candidate 

• discovered by Belle in 2003 

• still no clear understanding of its nature 

• CMS analysed decays into J/ψπ+π- (J/ψ → µ+µ-) to  
study it further 

J. High Energy Phys. 04 (2013) 154

http://dx.doi.org/10.1007/JHEP04(2013)154
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X(3872):  introduction

Confirmed by CDF and DØ a year after   [2004] Phys. Rev. Lett. 91, 262001

Belle reported a 10σ observation of a narrow peak in  m(J/ψπ+π-)  spectrum  
from  B± → K±J/ψπ+π- decays:   m = 3872.0 ± 0.8 MeV/c2       [2003]

X(3872)

Currently available hypotheses: charmonium state, loosely bound 
molecular state or a tetraquark 

Theoretical predictions of differential cross sections of prompt X(3872) 
production are available  (calculated in the NRQCD framework)

ψ(2S)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.93.072001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.93.162002
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.91.262001
https://arxiv.org/ct?url=http://dx.doi.org/10.1103/PhysRevLett.102.242002&v=209bbe98
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.91.262001
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X(3872):  analysis overview
CMS detector well suited for measurement of the  µ+µ-π+π-  final state
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X(3872)

Using 4.8 fb-1 of pp collisions at √s = 7 TeV   →  ~12K reconstructed events 

Kinematic region:  

• 10 < pT < 50 GeV;  |y| < 1.2; 
• ΔR(J/ψ, π) < 0.55  to reduce  

combinatorial background 

Measured several aspects of the process: 

1. X(3872) / ψ(2S) cross-section ratio vs pT 

2. non-prompt fraction vs pT 

3. π+π-  invariant mass distribution 

+ prompt X(3872) cross section vs pT 

• using (1), (2) and σ(ψ(2S)) measured earlier
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X(3872):  cross-section ratio
Ratio allows to avoid many systematic uncertainties:

4 4 Measurement of the cross section ratio
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Figure 1: The J/yp+p� invariant-mass spectrum for 10 < pT < 50 GeV and |y| < 1.2. The
lines represent the signal-plus-background fits (solid), the background-only (dashed), and the
signal-only (dotted) components. The inset shows an enlargement of the X(3872) mass region.

sponding to those favoured for the X(3872) [5, 19]. Simulated events for prompt production
are used as the baseline. Events with B-hadron decays are simulated and used in the X(3872)
nonprompt-fraction measurement. The X(3872) ! J/yp+p� decay is generated with an in-
termediate r0 resonance, as suggested by previous measurements [7, 20] and confirmed in this
analysis (Section 7). In EVTGEN a two-body phase-space decay is used for the X(3872) ! J/yr0

decay, and the r0 decay to a pair of pions is generated with decay-angle distributions reflecting
their respective spins. A nonresonant X(3872) ! J/yp+p� decay is also considered using the
EVTGEN model for the y(2S) ! J/yp+p� decay. The study of systematic uncertainties uses
a version of PYTHIA that includes colour-octet contributions with NRQCD matrix elements, as
determined from CDF data [21, 22].

Large samples of simulated events are produced separately for the X(3872) and y(2S) res-
onances, both for prompt production and nonprompt production in B-hadron decays. The
response of the detector is simulated in detail using GEANT4 [23]. The simulated samples
are processed through the trigger emulation and event reconstruction of the CMS experiment,
without taking into account other pp collisions in the same bunch crossing (pileup) since the
analysis is not sensitive to it, as discussed in Section 4.

4 Measurement of the cross section ratio
The ratio of the cross section times the J/yp+p� branching fraction is obtained from the mea-
sured numbers of signal events for X(3872) and y(2S), NX(3872) and Ny(2S), correcting for the
efficiency (e) and acceptance (A) estimated from simulations, according to

R =
s(pp ! X(3872) + anything) · B(X(3872) ! J/yp+p�)

s(pp ! y(2S) + anything) · B(y(2S) ! J/yp+p�)
=

NX(3872) · Ay(2S) · ey(2S)

Ny(2S) · AX(3872) · eX(3872)
.

(1)
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X(3872) and ψ(2S) assumed to be unpolarised 

Acceptance corrections depend on assumptions about the angular 
distribution of the final-state muons and pions 

• this effect is minimised in fiducial cross sections  
(kinematic requirement on muons, dimuons and pions in the phase-space definition)
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Average ratio: 

R = 0.0656 ± 0.0029 ± 0.0065 
R = 0.0694 ± 0.0029 ± 0.0036 

No significant pT dependence

full PS fiducial PS
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X(3872):  non-prompt fraction
X(3872) can be produced from B-hadron decays  (non-prompt production)

• non-prompt fraction based on “pseudo-proper” decay length (lxy)  
for selection of sample enriched in non-prompt candidates 
• lxy > 100 µm:	 efficiency: 80%;  prompt contribution: 0.1%; 

• determined from the ratio:    # non-prompt     /     # total
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No significant pT dependence observed
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X(3872):  absolute cross-section
Absolute prompt cross section is determined as a function of pT 
using results of the previous measurement   [JHEP02 (2012) 011]

12 6 Determination of the prompt X(3872) production cross section

6 Determination of the prompt X(3872) production cross section
The cross section times branching fraction for prompt X(3872) production is determined from
the measurement of the cross section ratio and the nonprompt fraction, described above, com-
bined with a previous result of the prompt y(2S) cross section [12]. The latter measurement
was performed using the y(2S) ! µ+µ� decay mode and provides results as a function of
transverse momentum up to 30 GeV and for the rapidity range |y| < 1.2. The prompt X(3872)
cross section times branching fraction into J/yp+p� is given by

s
prompt
X(3872) · B(X(3872) ! J/yp+p�) =

1 � f
B

X(3872)

1 � f
B

y(2S)
· R ·

⇣
s

prompt
y(2S) · B(y(2S) ! µ+µ�)

⌘
· B(y(2S) ! J/yp+p�)

B(y(2S) ! µ+µ�)
,

where s
prompt
y(2S) · B(y(2S) ! µ+µ�) is the measured prompt y(2S) cross section times y(2S) !

µ+µ� branching fraction [12], R is the cross section ratio reported in Section 4 , and f
B

X(3872) and
f

B

y(2S) are the nonprompt fractions for X(3872) and y(2S), respectively. In the calculation, the
branching fraction B(y(2S) ! J/yp+p�) is taken from Ref. [14], and B(y(2S) ! µ+µ�) is
taken to be equal to the more precisely known B(y(2S) ! e

+
e
�) [14].

The corresponding differential cross section for prompt X(3872) production times the branch-
ing fraction to J/yp+p� as a function of transverse momentum, in the rapidity region |y| < 1.2,
is listed in Table 7 and shown in Fig. 6. No cancellation of systematic uncertainties is assumed
in the combination. The main sources of systematic uncertainty are related to the measurement
of the ratio R and the background lifetime fit in the measurement of the prompt y(2S) cross
section [12]. A calculation of the predicted differential cross section for prompt X(3872) produc-
tion in pp collisions at

p
s = 7 TeV has been made using the NRQCD factorization formalism,

assuming the X(3872) is formed from a cc pair with negligible relative momentum [11]. This
calculation is normalized using Tevatron measurements [9, 27] with the statistical uncertainty
obtained from the experimental input data. The predictions from Ref. [11] were modified by the
authors to match the phase-space of the measurement presented in this paper. Comparisons of
this prediction with the data, in Fig. 6, demonstrates that, while the shape is reasonably well
described, the predicted cross section is much larger than observed in data.

The integrated prompt X(3872) cross section times branching fraction for the kinematic region
10 < pT < 30 GeV and |y| < 1.2 is also determined. In this kinematic region, the ratio of
cross section times branching fraction for X(3872) and y(2S) is R = 0.0682 ± 0.0032 (stat.) ±
0.0065 (syst.), and the nonprompt X(3872) fraction is 0.260 ± 0.024 (stat.) ± 0.016 (syst.). From

Table 7: Prompt X(3872) differential cross section times branching fraction B(X(3872) !
J/yp+p�) as a function of transverse momentum of the J/yp+p� system. The uncertainties
shown are statistical and systematic, respectively.

pT (GeV) ds
prompt
X(3872)/dpT · B(X(3872) ! J/yp+p�) (nb/GeV)

10–13.5 0.211 ± 0.034 ± 0.035
13.5–15 0.081 ± 0.013 ± 0.010
15–18 0.0390 ± 0.0054 ± 0.0042
15–18 0.0390 ± 0.0054 ± 0.0042
18–30 0.0068 ± 0.0009 ± 0.0009

12 6 Determination of the prompt X(3872) production cross section
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+
e
�) [14].

The corresponding differential cross section for prompt X(3872) production times the branch-
ing fraction to J/yp+p� as a function of transverse momentum, in the rapidity region |y| < 1.2,
is listed in Table 7 and shown in Fig. 6. No cancellation of systematic uncertainties is assumed
in the combination. The main sources of systematic uncertainty are related to the measurement
of the ratio R and the background lifetime fit in the measurement of the prompt y(2S) cross
section [12]. A calculation of the predicted differential cross section for prompt X(3872) produc-
tion in pp collisions at

p
s = 7 TeV has been made using the NRQCD factorization formalism,

assuming the X(3872) is formed from a cc pair with negligible relative momentum [11]. This
calculation is normalized using Tevatron measurements [9, 27] with the statistical uncertainty
obtained from the experimental input data. The predictions from Ref. [11] were modified by the
authors to match the phase-space of the measurement presented in this paper. Comparisons of
this prediction with the data, in Fig. 6, demonstrates that, while the shape is reasonably well
described, the predicted cross section is much larger than observed in data.

The integrated prompt X(3872) cross section times branching fraction for the kinematic region
10 < pT < 30 GeV and |y| < 1.2 is also determined. In this kinematic region, the ratio of
cross section times branching fraction for X(3872) and y(2S) is R = 0.0682 ± 0.0032 (stat.) ±
0.0065 (syst.), and the nonprompt X(3872) fraction is 0.260 ± 0.024 (stat.) ± 0.016 (syst.). From

Table 7: Prompt X(3872) differential cross section times branching fraction B(X(3872) !
J/yp+p�) as a function of transverse momentum of the J/yp+p� system. The uncertainties
shown are statistical and systematic, respectively.

pT (GeV) ds
prompt
X(3872)/dpT · B(X(3872) ! J/yp+p�) (nb/GeV)

10–13.5 0.211 ± 0.034 ± 0.035
13.5–15 0.081 ± 0.013 ± 0.010
15–18 0.0390 ± 0.0054 ± 0.0042
15–18 0.0390 ± 0.0054 ± 0.0042
18–30 0.0068 ± 0.0009 ± 0.0009
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Measured cross section compared to 
NRQCD prediction  [Phys.Rev.D81:114018] 

• shape described reasonably well 

• absolute value overestimated by 3σ


Integrated cross section also measured: 

σprompt = 1.06 ± 0.11stat ± 0.15syst nb

https://link.springer.com/article/10.1007/JHEP02(2012)011
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.81.114018
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√s = 8 TeV

• beauty partner of X(3782) 

• search motivated by observations of X(3782) 

• CMS analysed final states with Y(1S)π+π- (Y(1S) → µ+µ-)  
to look for Xb signature 

• using 20.7 fb-1 of pp collisions at √s = 8 TeV

PLB 727 (2013) 57

Xb  search

https://doi.org/10.1016/j.physletb.2013.10.016
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Xb:  introduction

Analysis strategy: 

• look for a peak in the m(Y(1S)π+π-) spectrum 
within 10 - 11 GeV, other than Y(2S) or Y(3S) 

No significant excess observed:   

• setting upper limit on  R = Xb / Y(2S) cross-section ratio

In analogy to X(3872), Xb is expected to exist with 10 < m(Xb) < 11 GeV 
and decay to Y(1S)π+π- with a sizable rate

 [GeV]-π+π(1S)ΥM
9.8 10 10.2 10.4 10.6 10.8 11

C
an

di
da

te
s 

/ 6
 M

eV

2000

4000

6000

8000
(2S)Υ (3S)Υ CMS barrel

 = 8 TeVs
-1L = 20.7 fb

 > 13.5 GeV
T

p
|y| < 1.2

 [GeV]
bXM

10 10.1 10.2 10.3 10.4 10.5 10.6 10.7 10.8 10.9 11

U
pp

er
 li

m
it 

on
 R

-210

-11010%
8%
6%

4%

2%

1%

6.56%

      CMS
s = 8 TeV
L -1= 20.7 fb

 Expectedσ 1±

 Expectedσ 2±

Median expected
Observed

Observed upper limit on R:   0.9 - 5.4 % at 95% CL  depending on m(Xb)
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√s = 8 TeV

• tetraquark candidate 

• observed by DØ last year [Phys. Rev. Lel. 117, 022003] 

• CMS prepared a preliminary result of the search  
for  Bsπ±  candidates using Bs decays to  J/ψϕ

CMS-PAS-BPH-16-002

X(5568)  search

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.117.022003
https://cds.cern.ch/record/2204918
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X(5568):  introduction
DØ reported an evidence for a narrow peak in  m(Bsπ±)  spectrum  

m = 5567.8 ±2.9stat +0.9-1.9syst MeV/c2    Γ = 21.9 ±6.4stat +5.0-2.5syst MeV
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Not confirmed by LHCb search   [2016]


CMS performed a search in the final state: 

X(5568) → Bsπ± → J/ψϕπ± → µ+µ-K+K-π± 

Signal and sideband regions look the same

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.117.022003
https://arxiv.org/abs/1608.00435
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X(5568):  upper limit

Upper limit on the relative production rate (⍴X) wrt. to Bs is evaluated

7

• Use (x � x0)a+bx ⇥ Pol1(x) as the background function;
• Use different mass regions: [5.5, 5.7]GeV or [5.5, 5.8]GeV;
• Fix the background function to the fit result of the distribution with removed [mX �

2.5GX, mX + 2.5GX] or [mX � 2GX, mX + 2GX] mass regions;
• Introduce the systematic uncertainty due to the knowledge of the X(5568) signal

shape parameters: systematic uncertainties of the mass and width are set to the
statistical uncertainties of the D∆ measurement.

The most conservative upper limit obtained within these variations is 198 at 95% CL.

5 Summary
A search for the X(5568) state was performed by the CMS collaboration using 19.7 fb�1 of pp

collision data, collected at
p

s = 8 TeV. Using a sample of about 48,000 B0
s signal candidates,

the B0
s p± invariant mass spectrum is investigated. No significant structure is found around the

mass claimed by the D∆ Collaboration. The reconstruction procedure of the X(5568) ! B0
s p±

candidates is verified using the decay channels B(⇤)
1,2

+ ! B(⇤)0p+, which share a similar decay
topology with X(5568) ! B0

s p± and are prominent in data. The absence of a peak is supported
by the direct comparison with the events in the B0

s sidebands, and by fits to the B0
s p± invariant

mass distribution with an X(5568) component included, using different kinematic selection
requirements as well as variants of the background modeling, fit regions, and quality criteria.
In every case the obtained yield of X(5568) is consistent with zero. An estimation of the upper
limit on an X(5568) signal event yield was carried out, resulting in at most 198 at 95% CL.

The evaluation of an upper limit on rX, which is the relative production rate of X(5568) with
respect to B0

s multiplied by the unknown branching fraction of the X(5568)± ! B0
s p± decay, is

carried out using the formula

rX ⌘ s(pp ! X(5568) + anything)⇥ B(X(5568) ! B0
s p±)

s(pp ! B0
s + anything)

=
NX(5568)

NB0
s

eB0
s

eX(5568)
, (1)

where NB0
s

(NX(5568)) and eB0
s

(eX(5568)) are the yield and reconstruction efficiency of the decay
B0

s ! J/yf (X(5568) ! B0
s p±), respectively. The most conservative estimation of the effi-

ciency ratio, determined from preliminary simulations, leads to an upper limit of rX < 3.9% at
95% CL, which can be compared against the D∆ measurement of (8.6 ± 1.9 ± 1.4)% [1].
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Unbinned extended ML fit performed 
to set the upper limit on X(5568) yield: 

⍴X(5568) < 3.9% at 95% C.L. 

No evidence for X(5568) found by CMS 

This is in disagreement with DØ result: 

⍴X(5568) = 8.6 ± 1.9stat ± 1.4syst % 
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Summary

• CMS is perfectly suitable for heavy-flavor physics 

• Important contributions to studies of exotic states made by CMS: 

• observation of Y(4140) 

• measurement of X(3872) differential cross section 

• search for Xb partner of X(3872) 

• search for X(5568) 

• Not all searches resulted in observed particles, but Run-II data is 
bringing a lot of opportunities
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