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CMS Detector 
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CMS-BPH-18-005:

Study of the  B+ →J/𝜓𝛬p decay in proton-proton 
collisions at √s  = 8TeV
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Introduction
The Belle Collaboration reported the observation of this decay in 2005, 
with low yield (17.2 ± 4.1 events).  Phys.Rev.D72:051105,2005

It was the first observed B meson decay into baryons and a 
charmonium state.

LHCb reported the first observation of the baryonic Bc→J/𝜓pp𝜋.  
Phys.Rev.Lett.113.152003

The study of new intermediate 
resonances in pair daughter 
systems is motivated by the 
recent observation of P+

C 
(multiquark state consistent 
with pentaquark) by  LHCb.
PRL 115 (2015) 072001
arXiv:1904.03947 (2019) 4



Event selection criteria 

● Using data collected at 8 TeV (19.6 fb-1)

● The decay B→J/𝜓K*(K*→Ks
0𝜋+) is chosen as the 

normalization channel, as it is measured with high 
precision and has similar decay topology 

● The ratio of branching fractions is measured to be 
( 15.07 ± 0.81 (stat) ± 0.40 (syst) ± 0.86(𝛽) ) x 10-6

This measurement is the most precise to date and 
consistent with previous Bell measurement

Charge conjugation is implied throughout the talk

B+→J/𝜓𝛬p channel:

B+→J/𝜓K*+ channel 
(normalisation):

Kinematic cuts
PT(𝜇±)﹥4.0 GeV; PT(J/𝜓)﹥7.0 GeV;
❘M(J/𝜓)-MPDG(J/𝜓)❘﹤100 MeV;
PT(p)﹥1.0 GeV; PT(𝛬)﹥1.0 GeV; PT(KS)﹥1.0 GeV;
PT(B)﹥10.0 GeV
Probability(B vertex) ﹥1%

5



Invariant mass distribution  B+→J/𝜓𝛬p  and  B+→J/𝜓K*+(Ks
0𝜋+)  decays

Unbinned maximum-likelihood (UML) fit is 
performed with Gaussians shape 
parameters fixed to the value measured on 
MC

M(B+) = 5.27922 ± 0.00017 GeV

UML fit is performed with relativistic 
Breit-Wigner function as the signal model

Other resonances in the K0
s𝜋

+  were 
excluded 

K0
s𝜋

+ invariant mass to be inside the ±200 
MeV window around the world-average K*+ 
mass

Background subtraction using sPlot 
technique
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BF ratio calculation

Ratio of the signal 
yields in data 

Ratio of total 
Efficiencies from MC

Known branching 
Fractions from PDG
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Study of intermediate invariant masses in   B+→J/𝜓𝛬p   decay 

● Large signal yield allowed CMS to conduct a search for new exotic multiquark states in the 
two-body system

● Background subtraction is performed using the sPlot technique, with M(J/𝜓𝛬p) as the 
discriminating variable

● The intermediate invariant masses are found to be inconsistent with pure 3-body phase space 
with a significance more than 6.1, 5.5 and 3.4 for J/𝜓p, J/𝜓𝛬 and  p𝛬 respectively.
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Model-independent approach: method of moments 

● First introduced by BaBar [PRD 79 112001(2009)] and later used by the LHCb [PRD 92,112009 (2015), PRL 117, 
082002 (2016)]

● There are at least three known K* resonances that can decay to 𝛬p. So, these broad excited kaon states can 
contribute to the two-body invariant mass distributions.

● In each M(𝛬p) bin, the cos(𝜃K*) distribution can be expressed as an expansion in terms of Legendre polynomials:

lmax  equal to twice the spin of the highest-spin resonance can describe all the resonances and their interferences. 
From table lmax = 2*4=8
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Simulation reweighting results

Simulation reweighing according to the 
observed angular structure in the 𝛬p system

It is evident that the description of the M(J/𝜓𝛬) 
and M(J/𝜓p) data distributions is improved after 
accounting for the angular and invariant mass 
structure in the 𝛬p system in simulation

Compatibility with data eliminating the need 
for new resonances!
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CMS-BPH-18-007:

Observation of two excited BC
+ states and 

measurement of the BC
+(2S) mass in pp 

collisions at √s = 13 Tev

                             Phys. Rev. Lett. 122 (2019) 132001
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The BC meson was discovered in 1998 by CDF. PRL 81 (1998) 2432

It is the lowest-mass bound state of the family of mesons composed of 
a charm quark and a bottom anti-quark. PRD 49 (1994) 5845

Experimental information is limited by rare production rate

Introduction
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Introduction

ATLAS reported the 
observation of a new state 
whose mass is consistent 
with predictions for the 
BC(2S)

PRL 113, 212004 (2014)

LHCb:  “No significant 
signal is found” in the 
search for the excited 
states BC(2S) and BC(2S)*

JHEP 01 (2018) 138
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Reconstruction of the BC𝛑𝛑
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Event selection criteria
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Reconstruction of BC
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Observation of the two-peak structure
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Systematic uncertainty evaluation
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Now LHCb has also confirmed the two peaks!

19



Summary

● Using Run I data (8 TeV), the ratio of branching fractions                           is 
measured. This measurement is the most precise to date.

● The study of two-body invariant mass distributions of the B→J/𝜓𝛬p decay 
products was performed.

● Model independent method  is used to conclude that no new resonances are 
needed.

● The analysis is based on the full Run 2 data (13 TeV), corresponding to a total 
integrated luminosity of 143 fb-1.

● Signals consistent with the BC(2S) and BC(2S)*  states have been separately 
observed for the first time by investigating the BC𝜋𝜋 invariant mass spectrum 
measured by CMS.
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