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Introduction
• Measurement of heavy flavor production is essential to test QCD models  

• b-hadron properties provide important tests of the SM → any deviation would be indirect indication of New 
Physics 

• plenty of heavy hadrons produced at hadron colliders → chance to study still not well-known particles 

• knowledge of b-flavored background needed by New Physics studies 

• Discovery of new exotic states can help understanding hadron formation  

• Outline of the talk 

• measurement of the Xb2 over Xb1 cross-section ratio 

• measurement of Bc→J/ψπ±π±π∓ and Bc→J/ψπ± branching fractions 

• observation of peaking structures in the J/ψϕ mass spectrum in B decays 

• search for a new bottomonium state decaying to Y(1S)π+π-
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• Measurements of cross sections and feed-down fractions of P-wave quarkonia are crucial to 
understand quarkonium production 

• Relative production cross-section ratios of P-waves are by themselves interesting tests of 
(NR)QCD
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P-wave quarkonia!
•  P-Wave states are an essential piece to the quarkonium puzzle 
•  Feed-down from P-wave states must be taken into account when 

studying S-wave states. 
•  Relative production cross section ratios of P-waves are by 

themselves interesting tests of (NR)QCD. Naïve expectations are 
challenged (example: suppression of 3P1). 

9"
S. Argirò,  “Quarkonium production with CMS” 


Measurement of the Xb2 over Xb1 cross-section ratio 
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH13005

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH13005


Xb reconstruction in CMS 

• CMS already performed the measurement of Xc cross section ratio 

• Same measurement in the Xb sector with 2012 data (~20 fb-1) 

• most theoretical and experimental uncertainties cancel out in the ratio  

• P-wave quarkonia can be detected via the radiative decay 

• Xc1,2 → J/ψ γ	



• Xb1,2(nP) → Υ(nS) γ 

• Very challenging because of the small difference between Xb1 and Xb2 masses (19.4 MeV) and of 
their small production cross section  

• Photon calorimetric measurement → not sufficient invariant mass resolution to separate the two states  

• Good photon energy and mass resolution obtained from the reconstruction of photon conversions in the 
silicon tracker
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Eur. Phys. J. C72 (2012) 2251

http://link.springer.com/article/10.1140%2Fepjc%2Fs10052-012-2251-3


The Xb1,2 signals 

Xb1,2 signals are measured in four bins of Y(1S) transverse momentum in the range 7-40 GeV

�5

 [GeV]γ -µ +µm
9.7 9.75 9.8 9.85 9.9 9.95 10 10.05 10.1

Ev
en

ts
/5

 M
eV

 

0

20

40

60

80

100

120

140

160

180
) < 11 GeVΥ(

T
7 GeV < p

CMS Preliminary
 = 8 TeVspp, 

-1L = 20.7 fb

 [GeV]γ -µ +µm
9.7 9.75 9.8 9.85 9.9 9.95 10 10.05 10.1

Ev
en

ts
/5

 M
eV

 

0

20

40

60

80

100

120

140
) < 40 GeVΥ(

T
20 GeV < p

CMS Preliminary
 = 8 TeVspp, 

-1L = 20.7 fb

 [GeV]γ -µ +µm
9.7 9.75 9.8 9.85 9.9 9.95 10 10.05 10.1

Ev
en

ts
/5

 M
eV

 

0

20

40

60

80

100

120

) < 20 GeVΥ(
T

16 GeV < p
CMS Preliminary

 = 8 TeVspp, 
-1L = 20.7 fb

 [GeV]γ -µ +µm
9.7 9.75 9.8 9.85 9.9 9.95 10 10.05 10.1

Ev
en

ts
/5

 M
eV

 

0

20

40

60

80

100

120

140

160

180

200

220
) < 16 GeVΥ(

T
11 GeV < p

CMS Preliminary
 = 8 TeVspp, 

-1L = 20.7 fb

Considered phase space: 
|yY| < 1.5 
|ηγ| < 1.0

Measurement resolution ~5 MeV

Shape of the signal peaks 
based on simulation studies 
	



Xb2/Xb1 cross section ratio 
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Systematic uncertainties: 
• Signal parametrization and fit strategy 

• Xb pT spectra 

• statistical uncertainty on ε ratio 
• uncertainty on BR

Not significantly dependent on the transverse momentum of the Υ(1S)
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1 Introduction

Despite the considerable efforts invested in the last decades, hadron formation remains a mys-
tery within the standard model (SM) of particle physics, probably because it is part of the
nonperturbative sector of quantum chromodynamics (QCD), an area of particle physics still
full of surprises. It is generally believed that the study of the production of heavy quarko-
nia constitutes the best “magnifying glass” to probe hadron formation, an idea triggering a
multitude of experimental and theoretical endeavors [1]. Today, the field remains in a state of
expectancy, with recent theoretical developments, mostly in the framework of nonrelativis-
tic QCD (NRQCD), not yet able to provide satisfactory descriptions of the available mea-
surements. The NRQCD calculations crucially depend on the long-distance matrix elements
(LDME) of the color octet terms, factors that need to be fitted from experimental data. Un-
til recently, such fits used exclusively differential cross sections, starting from relatively low
quarkonium transverse momentum, pT. Quarkonium polarization measurements have not
been included in the fits, presumably because they have been plagued by experimental incon-
sistencies and incomplete analysis methodologies [2]. The advent of measurements performed
at the LHC and Tevatron, including reliable quarkonium polarization results covering higher
pT ranges than ever before [3–7], open up perspectives for highly-improved analyses of quarko-
nium production within the scope of NRQCD. However, the polarization measurements are, so
far, limited to S-wave quarkonia (J/y, y(2S), U(1S), U(2S), and U(3S)) and feed-down decays
from the heavier P-wave states certainly have a non-negligible effect in the observed results,
adding to the complexity of the data-to-theory comparisons. It is clear that significant progress
in the understanding of quarkonium production (including polarization) cannot be reached
without detailed measurements of the cross sections and feed-down fractions of the P-wave
quarkonia.

As a first step in that direction, measurements of the cc2/cc1 cross-section ratio were performed
at the LHC by the LHCb [8] and CMS [9] experiments, using data collected with pp collisions
at

p
s = 7 TeV. These measurements are particularly interesting given that most theoretical

and experimental uncertainties cancel out in the ratio of the prompt production cross sections.
This paper presents the analogous result for the cb2(1P)/cb1(1P) production cross-section ra-
tio, the first such measurement in the bottomonium family made at a hadron collider. This is a
very challenging measurement because of the small difference between the cb1 and cb2 masses,
19.4 MeV, and because of their small production cross sections, even at the high collision ener-
gies available at the LHC. The cb1 and cb2 states are reconstructed by detecting their radiative
decays cb1,2(1P) ! U(1S) + g, with the U(1S) decaying into two muons. An accurate measure-
ment of the photon energy (typically in the range 0.5–2 GeV) is obtained from the reconstruction
of the momenta of the electron-positron pair originating from its conversion in the beam pipe
or in the inner layers of the CMS silicon tracker. The resulting resolution in the measurement of
the mass of the cb candidates is sufficient to resolve the two cb1,2(1P) peaks, at the expense of
a very small yield, given the small conversion probability and the low reconstruction efficiency
for such low energy photons.

The cross-section ratio is obtained as

R .
=

s(pp ! cb2 + X)
s(pp ! cb1 + X)

=
Ncb2

Ncb1

· e1

e2
· B(cb1(1P) ! U(1S) + g)
B(cb2(1P) ! U(1S) + g)

, (1)

where Ncb1,2 are the yields of cb1,2 signal candidates, simultaneously obtained from an un-
binned maximum-likelihood fit of the dimuon-photon invariant mass spectrum, e1/e2 is the ac-
ceptance and efficiency correction obtained from a full detector simulation, and B(cb1,2(1P) !
U(1S)g) are the branching fractions of the corresponding radiative decays [10]. The results are

yields of Xb1,2 signal candidates 
from unbinned log-likelihood minimization

ε12 acceptance and efficiency 
obtained from simulation, 
assumption of unpolarized Xb

Ratio of BR from PDG
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 — PRD 86 (2012) 074027

The most recent theoretical work PRD 86 (2012) 074027, using also the 
CMS Xc result, predicts an increase of the ratio at low pT

http://link.aps.org/doi/10.1103/PhysRevD.86.074027


• The Bc meson (bc) is a unique probe for heavy-quark dynamics since it carries two different 
heavy flavors 

• Both quarks compete in the decay 

• b→c transition offers an easy experimental signature (high probability to have a J/ψ meson in the final state) 

• Experimental knowledge rather poor (only produced at hadron colliders, need to produce two Bc mesons) 
• Only few decay channels have been observed so far 

• No cross section measurement is available 

• Here shown the CMS measurements of 

•     

•    

__

Measurement of Bc Branching Fractions
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�(B±
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�(B±) � BR(B± � J/�K±)
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N(B± � J/�K±) � �B±
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YBc
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BR(B±
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N(B±
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c �J/��±�±��
=

Y3�

YBc

�(B±
c )⇥Br(B±

c ! J/ ⇡±)

�(B±)⇥Br(B± ! J/ K±)

BR(B±
c � J/��±�±��)

BR(B±
c � J/��±)

• weight data event by event 
and extract Yx  from an 
unbinned ML fit to 
efficiency corrected mass 
distribution

• evaluated on MC

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH13005

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH13005


Event selection

• Selection criteria optimized to maximize S/sqrt(S+B) 

• Consider the kinematic phase space pT(Bc) > 15 GeV and |y(Bc)| < 1.6 
• pT(B+) > 15 GeV and |y(B+)| < 1.6 for the B+→J/ψK+ normalization channel 
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Efficiency evaluation

Different strategy depending on the considered meson and decay channel: 

• Bc→J/ψπ± and B±→J/ψ K±  signals 

• efficiency parametrized as a function of the Bc (B+) transverse momentum   

• Bc→ J/ψπ±π±π∓ channel 

• The decay can go through resonances, and different dynamics could favor (disfavor) 
different phase space regions 

• Efficiency is studied as a function of a complete set of variables for the 5 body final state 
across the entire PS   

• Description independent of the decay mode 

• Efficiency parametrized as  

• free parameters determined with a ML fit on generated events in the 7D space through a 
binomial probability 

• performed on the Bc→J/ψ3π non resonant MC, where all PS configurations are covered
�9

38 9 The Br(B±
c !J/yp±p±p⌥)

Br(B±
c !J/yp±)

ratio

the efficiency evaluation for the five-body decay of the B

±
c

could be affected by the decay dy-378

namics and requires additional studies.379

9.0.4 Hints of resonant substructures in the B±
c ! J/yp±p±p⌥ decay mode and effi-380

ciency evaluation381

Indeed, a visual inspection of the p+p+p� and p+p� data mass projections reveal some hints382

of a1(1260), r�(770) in the decay (Fig. 37).383
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Figure 37: Sideband subtracted p±p±p⌥ (left) and p±p⌥ (right) mass projection.

Different dynamics could favor, or disfavor, different regions of the phase space; it is then384

important to study the efficiency as a function of a complete set of variables for the five-body385

final state to gauge the variation across the entire phase space. A J/y + 3 pions non-resonant386

MC has been produced to access all the phase space configuration.387

A five-body decay is described by 20 variables, i.e.the 5 four-vectors of the final state. They388

are constrained by the 4 conservation (energy and momentum) equations and by the 5 masses389

of particles in the final state. In addition, the initial state is isotropic (the B

c

meson is a pseu-390

doscalar) and the final state, in its rest frame, does not depend on the 3 angles describing the391

relative orientation. In the end we have: 20-9-3 = 8 independent variables. The J/y mass con-392

straint imposed on the two muons reduces the number of independent variables to 7. The393

efficiency should then be evaluated as function of 7 two-body invariant masses.394

We inspected the two-body invariant masses and studied the efficiency as a function of the395

7 couples: m

2(µ+p+)
low

, m

2(p+p�)
high

, m

2(µ+p�), m

2(p+p+), m

2(µ�p+)
low

, m

2(µ�p+)
high

396

and m

2(µ�p�), as shown in Fig. 38.397

The efficiency can be parametrized as a polynomial function of the type398

e = |p0 + p1 · x + p2 · y + p3 · z + p4 · w + p5 · r + p6 · t + p7 · s| (19)

where x = m

2(µ+p+)
low

, y = m

2(p+p�)
high

, z = m

2(µ+p�), w = m

2(p+p+), r = m

2(µ�p+)
low

,399

t = m

2(µ�p+)
high

, s = m

2(µ�p�) and p

i

are the free parameters to be determined via a max-400

imum likelihood fit on the generated events in the 7-th dimensional space through a binomial401

7 independent mass-
combinations 

• m2(μ+π+)low 
• m2(π+π-)high 
• m2(μ+π-) 
• m2(π+π+) 
• m2(μ-π+)low 
• m2(μ-π+)high 
• m2(μ-π-)



Bc Branching Fraction results
The two ratios are measured to be  
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Systematic uncertainties: 
• Signal and bkg parametrization 
• Statistical uncertainty on ε 
• Experimental uncertainty on Bc 

lifetime 
• Tracking efficiency

complementary to the LHCb result, which covers pT( Bc(B+)) > 4 GeV and 2.5 < η < 4.5

in good agreement with LHCb measurement

6 8 Conclusions

where the error is statistical only.
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8 Conclusions154

The analysis of the B±
c ! J/yp± and B± ! J/yK± decays presented in this paper and based155

on the CMS 7 TeV data has permitted measurement of the ratio:156

s(B±
c )⇥ Br(B±
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s(B±)⇥ Br(B± ! J/yK±)

= (0.48 ± 0.05 (stat)± 0.04 (syst) +0.05
�0.03 (tB

c

))⇥ 10�2 (5)

in a rapidity region complementary to that investigated by the LHCb collaboration [12].157

The analysis of the B±
c ! J/yp±p±p⌥ decay mode has also permitted the determination of the158

ratio:159

Br(B±
c ! J/yp±p±p⌥)

Br(B±
c ! J/yp±)

= 2.43 ± 0.76 (stat)+0.46
�0.44 (syst) (6)
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Phys. Rev. Lett. 108 (2012) 251802

Phys. Rev. Lett. 109 (2012) 232001

BR(B±
c � J/��±�±��)

BR(B±
c � J/��±)

= 2.41 ± 0.30 ± 0.33

Rc/u = (0.68 ± 0.10(stat) ± 0.03(syst) ± 0.05(lifetime))%

http://link.aps.org/doi/10.1103/PhysRevLett.108.251802
http://link.aps.org/doi/10.1103/PhysRevLett.109.232001


Observation of peaks in the J/ψϕ mass spectrum in B decays  
• Discovery of new quarkonium-like states over the last decade 

poses a challenge to conventional quark model 

• nature of these entities is still a puzzle (charmed hybrids? 
tetraquarks? molecular states?) 

• CDF reported evidence for a structure Y(4140) with mass 
4143.4+2.9-3.0±1.2(syst) MeV and width 15.3+10.4-6.1± 2.5(syst) MeV  

• if confirmed, candidate for an exotic meson 

• Belle could not confirm it 

• LHCb did not confirm the existence of Y(4140) and put an upper limit 
on its production 

• useful to have an independent result  

• CMS studies the J/ψϕ mass spectrum from exclusive               
B+→J/ψϕK+ decays       
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Figure 3: Distribution of the mass di↵erence M(J/ �) � M(J/ ) for the B+ ! J/ �K+ in
the B+ (±2.5�) and � (±15 MeV) mass windows. Fit of X(4140) signal on top of a smooth
background is superimposed (solid red line). The dashed blue (dotted blue) line on top illustrates
the expected X(4140) (X(4274)) signal yield from the CDF measurement [2]. The top and
bottom plots di↵er by the background function (dashed black line) used in the fit: (a) an

e�ciency-corrected three-body phase-space (Fbkg

1

); (b) a quadratic function multiplied by the

e�ciency-corrected three-body phase-space factor (Fbkg

2

). The fit ranges are 1030–1400 and
1020–1400 MeV, respectively.

A similar fit was performed to simulated B

+ ! X(4140)K+ data to estimate
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• vertex constraining J/ψ mass   
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Observation of peaks in the J/ψϕ mass spectrum in B decays  
arXiv:1309.6920
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2480 ± 160 B+ events

http://arxiv.org/abs/1309.6920
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 uncertainty bandσ1±

Presence of possible structures investigated using the 
Δm = m(μ+μ-K+K-) - m(μ+μ-) spectrum 

• exclude Δm >1.568 GeV region to avoid bkg from 
Bs→ψ(2S)ϕ→ J/ψπ+π-ϕ decays 

Yield Mass (MeV) 𝜞 (MeV)

CMS confirmed a structure at 4148 MeV with a significance greater than 5σ and                       
saw an evidence for a second structure in the same mass spectrum  

Angular analysis would help to elucidate the nature of these 2 structures �13

Systematic uncertainties: 
• B+ signal and bkg pdf 
• Relative efficiency 
• Δm binning 
• Δm structure PDF 
• Δm mass resolution 
• Δm background shape 
• Selection requirements

Observation of peaks in the J/ψϕ mass spectrum in B decays  
arXiv:1309.6920

Δm spectrum obtained by: 
• dividing the dataset in 20MeV Δm bins 
• extracting the number of B signal in each Δm bin by fitting 

the J/ψϕK spectrum 
• plotting the B+ yield corrected by relative efficiency     

28+15-11(stat) ± 19(syst)

38+30-15(stat) ± 16(syst)

4148.0 ± 2.4(stat) ± 6.3(syst)

4313.8 ± 5.3(stat) ± 7.3(syst)

310 ± 70

418 ± 170

http://arxiv.org/abs/1309.6920


Search for new bottomonium state decaying to Y(1S)π+π- 
• Exotic resonance X(3872) discovered in the final state J/ψπ+π-   

• The bottomonium counterpart Xb is expected to decay into Y(1S)π+π- 

• Predicted mass within 10-11 GeV (or close to the BB or BB* threshold,10.562 and 10.604 GeV) 

• In analogy with X(3872), could be a narrow resonance (X(3872) width = 1.2 MeV) and have a sizable branching 
ratio into Y(1S)π+π-  

• Look for a peak in the Y(1S)(µ+µ-)π+π- invariant mass spectrum (excluding the Y(2S) and Y(3S) peak regions) 

• Measure                                                                                                 as a function of Xb mass between 10 and 11 GeV  

• Investigated kinematic region: pT( Υ(1S)π+π−) > 13.5 GeV and |y(Υ(1S)π+π−)| < 2.0

�14

Assumptions: 
• same production mechanism for Y(2S) and Xb 

• both produced unpolarized 
• Xb narrow resonance with same quantum numbers as Y(2S) 
• same dipion mass distribution for Xb and Y(2S)

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH11016

__ __

R =
�Xb � BR(Xb � Y (1S)�+��)

�Y (2S) � BR(Y (2S) � Y (1S)�+��)

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH11016


Xb candidate reconstruction
• Xb candidates reconstructed by associating the Y(1S) to 2 tracks (assumed to be pions) 

• selection criteria optimized with a genetic algorithm → maximize expected signal significance near Y(2S) 
mass

�15

 [GeV]ππ(1S)ΥM
9.8 10 10.2 10.4 10.6 10.8 11

C
an

di
da

te
s 

/ 6
 M

eV

0

1000

2000

3000

4000

5000 (2S)Υ (3S)Υ CMS Preliminary
 = 8 TeVs

-1L = 20.7 fb
 > 13.5 GeV

T
p

 |y| < 2.0≤1.2 

 [GeV]ππ(1S)ΥM
9.8 10 10.2 10.4 10.6 10.8 11

C
an

di
da

te
s 

/ 6
 M

eV

0
1000

2000

3000

4000
5000

6000

7000

8000
9000 (2S)Υ (3S)Υ CMS Preliminary

 = 8 TeVs
-1L = 20.7 fb

 > 13.5 GeV
T

p
|y| < 1.2

 [GeV]ππ(1S)ΥM
9.95 10 10.05 10.1

C
an

di
da

te
s 

/ 2
 M

eV

0
200
400
600
800

1000
1200
1400
1600
1800 CMS Preliminary

Endcap
 = 8 TeVs

-1L = 20.7 fb

 > 13.5 GeV
T

p
 |y| < 2.0≤1.2 

160±N = 3838
0.3) MeV± = (6.5Fitσ

(2S)Υ

Background

 [GeV]ππ(1S)ΥM
9.95 10 10.05 10.1

C
an

di
da

te
s 

/ 2
 M

eV

0

500

1000

1500

2000

2500

3000

3500 CMS Preliminary
Barrel

 = 8 TeVs
-1L = 20.7 fb

 > 13.5 GeV
T

p
|y| < 1.2

147±N = 7103
0.1) MeV± = (3.5Fitσ

(2S)Υ

Background

• signal statistical significance              
expected to be > 5σ if                              
Xb BR * cross-section > 6.56% of the 
corresponding Y(2S) → Y(1S)π+π− value      
(analogous to X(3872) → J/ψπ+π− )     

• Separate “barrel” and “endcaps” 
events to exploit better mass 
resolution and lower background in 
the barrel region 

• No outstanding structure apart from 
Y(2S) and Y(3S)

Y(2S) signal

2012 dataset 
~20 fb-1

JHEP 04 (2013) 154

http://link.springer.com/article/10.1007%2FJHEP04%282013%29154


Xb search: mass scan 
• Explore 10.06-10.31 and 10.40-10.99 GeV mass regions  

• Shift Xb expected mass in 10 MeV intervals and evaluate signal significance  

• Xb signal modeled with a Gaussian function 

• intrinsic width assumed to be small compared to the detector mass resolution 

• for each mass point, fix signal width to value from the simulation (can vary from 3.8 to 16.4 MeV) 

• background parametrized with a 3rd order polynomial  

• for each mass point, evaluate 

�16

Systematic uncertainties: 
• Modeling of the signal decay  

• dipion mass distribution 
• Y(2S) mass resolution 

• Signal polarization 
• Background shape

observed yields of Xb 
and Y(2S) candidates

overall efficiencies 
estimated from simulation

R =
Nobs

Xb

Nobs
Y (2S)

�Y (2S)

�Xb



Results
• Local p-values calculated using asymptotic approach and combining results of fits to the barrel 

and endcap regions 

• Systematic uncertainties implemented as nuisance parameters

�17

6 5 Summary

4.2 Determination of p-values and upper limits

The local p-values are calculated using an asymptotic approach [30] with the signal and back-
ground models described above and combining the results of the fits to the barrel and endcap
regions. The systematic uncertainties mentioned above are implemented as nuisance parame-
ters in the fit, assuming log-normal or flat priors. The expected discovery potential is estimated
by injecting various amounts of signal events into the fits and evaluating the resulting p-values.
The expected signal significance for the assumption R = 6.56%, motivated by the ratio of pro-
duction cross sections times branching fractions for X(3872) and y(2S) reported in Ref. [8], is
larger than five standard deviations (s) across the explored Xb mass range, as shown by the
dashed curve in Fig. 3. The observed p-values displayed in Fig. 3 by the solid line show no
indication of an Xb signal. The smallest local p-value is 0.004 at 10.46 GeV, corresponding to
a statistical significance of 2.6s, which is reduced to 0.8s when taking into account the “look-
elsewhere effect” [31]. The expected and observed 95% confidence level upper limits on R,
derived using a modified frequentist approach (CLS) [32, 33], are shown in Fig. 4 as a function
of the Xb mass. The observed upper limits on R are in the range 0.9–5.4% at 95% confidence
level. The expected upper limits, which are derived for a pure background hypothesis, are less
stringent than those obtained from the p-value calculations. This is because the p-value calcu-
lations are only concerned with the probability of the background fluctuating to a signal-like
peak in the invariant-mass distribution, while the upper limits on R also include the system-
atic uncertainties in the signal normalization from the signal decay model and Xb polarization
assumptions.
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Figure 3: Observed (solid curve) and expected for R = 6.56% (dotted curve) local p-values, as
a function of the assumed Xb mass.

5 Summary

A search for an exotic bottomonium state in the decay channel Xb ! U(1S)p+p�, followed by
U(1S) ! µ+µ�, in pp collisions at

p
s = 8 TeV at the LHC has been presented. This analysis

was performed using data collected by the CMS experiment, corresponding to an integrated
luminosity of 20.7 fb�1. Candidates were reconstructed from two identified muons and two
additional charged tracks assumed to be pions. The search was conducted in the kinematic
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Figure 4: Upper limits at the 95% confidence level on R, the production cross section for the Xb
times its branching fraction to U(1S)p+p�, relative to the U(2S), as a function of the Xb mass.
The solid curve shows the observed limits, while the dashed curve represents the expected
limits in the absence of a signal, with the two shaded regions giving the ±1 and ±2 standard
deviation uncertainties on the expected limits. The measured value for the analogous X(3872)
to y(2S) ratio of 6.56% is shown by the dotted line.

region pT(U(1S)p+p�) > 13.5 GeV and |y(U(1S)p+p�)| < 2.0. The U(2S) ! U(1S)p+p�

process was used as a normalization channel, canceling many of the systematic uncertainties.
Excluding the known U(2S) and U(3S) resonances, no significant excess above the background
was observed for Xb masses between 10 and 11 GeV. The expected sensitivity of the analysis
was greater than five standard deviations for the explored Xb mass range, if the relative signal
strength is comparable to the corresponding value for the X(3872) of 6.56%. The resulting
95% confidence level upper limit on the ratio s(pp ! Xb ! U(1S)p+p�)/s(pp ! U(2S) !
U(1S)p+p�) is in the range 0.9–5.4%, depending on the assumed Xb mass. These are the first
upper limits on the production of a possible Xb at a hadron collider.
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Conclusions
• Thanks to the excellent LHC and CMS performances in Run1, important measurements of       

B-hadrons and quarkonium production and decay rates have been carried out 

• We have also exploited the collected data to search for new exotic states  

• Shown today: 

• measurement of the Xb2 over Xb1 cross section ratio 

• measurement of Bc branching fractions 

• observation of peaks in the J/ψϕ mass spectrum 

• search for a new bottomonium state decaying to Y(1S)π+π-

�18

All CMS B-Physics results are available at  
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
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Additional requirements: 
• kaon pT > 1.5 GeV 
• B+ vertex CL > 10% 
• significance of the B+ vertex transverse displacement 

from the PV > 7 
• m(K+K-) within 7 MeV from the ϕ meson mass

B+→J/ψϕK tight selection  
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