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Signal yield:
𝑩𝟎 : 3498 ± 87 
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𝐁𝐬𝟎

𝑩𝟎

Signal yields:
𝑩𝟎 : 16660 ± 140
𝑩𝒔𝟎 : 113 ± 23 

5.2σ

2x Gaus

2x Gaus

Exp

𝝈 𝑩𝒔𝟎

𝝈 𝑩𝟎
=
𝝈𝑴𝑪 𝑩𝒔𝟎

𝝈𝑴𝑪 𝑩𝟎
⋅

- Exp

𝑲± from 𝑩𝒔𝟎 → 𝝍 𝟐𝑺 𝑲𝑺
𝟎𝑲±𝝅∓

decay taken as 𝝅±.
Shape from MC, N - free.

Proton beam Proton beam𝒔=13 TeV 
𝑩

𝝅!𝝅"

𝝍(𝟐𝑺)

𝝁"
𝝁!

𝑲𝒔
𝟎

𝝅!𝝅" The reconstructed 𝝍(𝟐𝑺) decays into two 
muons that must also satisfy general muon 
identification criteria and basic kinematic 
requirements to reduce the combinatorial 
background. 

The CMS experiment has a 
perfect muon identification: 
in dimuon channel, 𝝍(𝟐𝑺)
separates from other 
charmonium states by only 
requiring mass window :
M(𝝍 𝟐𝑺 ) in [3.55, 3.95] GeV

We also apply standard 
topological requirement on the 
𝑩𝟎 and 𝑲𝒔

𝟎 flight lengths.

Primary Vertex – the vertex of pp-
interaction. It’s the vertex, where B-
meson was born. PV selected as the one 
with the smallest pointing angle.

|M(𝑲𝑺
𝟎) - MPDG(𝑲𝑺

𝟎)|< 20  MeV

Event reconstruction, selection and topology

Why it’s important?
The neutral B meson decays with charmonium resonances (𝐽/𝜓, 𝜓(2𝑆), etc.) are well suited for studying CP violation. 

CP asymmetries provide valuable tests of the flavour sector of the Standard Model (SM) and offer opportunities to search for 
signs of New Physics. 

In the last decade, interest in b hadron decays to final states containing a charmonium resonance has increased after 
several exotic states have been observed as intermediate resonances in multibody decays. Starting from the observation of 
X(3872) [1], several neutral charmonium-like states have been observed, whose properties (mass, width, decay patterns) 
were not fitting into the landscape of traditional charmonium states.

The first charged tetraquark candidate, Z(4430)+, was discovered in the 𝐵& → 𝜓 2𝑆 𝐾'𝜋( decay as a peak in 𝜓 2𝑆 𝜋'
spectrum [2]. 

Abstract
Using a data sample corresponding to an integrated luminosity of 103.7 𝑓𝑏() of √s = 13 TeV in pp collisions, collected 

by the CMS experiment at 2017–2018, the 𝐵& → 𝜓 2𝑆 𝐾*&𝜋'𝜋( and 𝐵*& → 𝜓 2𝑆 𝐾*& decays are observed. Measurements of 
their branching fractions, relative to the 𝐵& → 𝜓 2𝑆 𝐾*& decay, are reported. 
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Observation of the decays
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Table 1: Systematic uncertainties (in %) of the measured branching fraction ratios

Source Rs R⇡+⇡�

Background model 2.5 0.8
Signal model 1.5 0.8
Shape of reflection � 0.5
Finite size of MC 1.3 1.1
Intermediate resonances � 5.0
Tracking efficiency � 4.2

Total 3.2 6.7
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Systematics
The systematic uncertainty related to the choice of the fit model is evaluated by testing different fit models: the largest deviation in the measured ratio from 
the baseline value is taken as systematic uncertainty. MC simulation does not take into account the intermediate resonance structure, leading to significant 
disagreement between data and MC in intermediate mass distributions, what leads to a potential bias in the efficiency. To estimate the corresponding 
systematic uncertainty, the MC sample is reweighted to be consistent with the data, and the difference between the baseline efficiency and the efficiency 
obtained on the weighted MC is taken as a systematic uncertainty. 
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Introduction

We search for the 𝐵*& → 𝜓 2𝑆 𝐾,& and 𝐵& → 𝜓 2𝑆 𝐾,& 𝜋'𝜋( decays using a data sample of 103.7 𝑓𝑏() of pp collisions 
at √s = 13 TeV collected by CMS experiment in 2017 and 2018. Both decays can potentially be used for CP violation 
measurements, while 4-body decay can also be used to search for intermediate exotic resonances. The 𝜓(2𝑆) and 𝐾,& mesons 
are reconstructed using their decays into 𝜇'𝜇( and 𝜋'𝜋(, respectively. The relative branching fraction ratios are measured 
using the relations 

where N is the number of reconstructed events in data, 𝜖 is the total efficiency, and fd / fs is the ratio of production cross-
sections of 𝐵& and 𝐵*& mesons (also called fragmentation fractions ratio).

The efficiency ratios are in agreement with our expectations: for the 𝐵*&channel efficiency is very close to the one for 𝐵&
due to the same products of the reactions and similar masses of the decaying particles; the efficiency is lower for the 2 tracks
channel due to additional track reconstruction. 

𝜖 𝐵& → 𝜓 2𝑆 𝐾*&

𝜖( 𝐵*&→ 𝜓 2𝑆 𝐾*&)
= 1.019 ± 0.013;

𝜖 𝐵& → 𝜓 2𝑆 𝐾*&

𝜖(𝐵& → 𝜓 2𝑆 𝐾*&𝜋'𝜋()
= 2.29 ± 0.03

Exotics, where are you?
The mass distributions of ψ(2S) and one or two light mesons do not present any significant narrow peaks that could indicate a contribution from an exotic charmonium state. 

CMS-PAS-BPH-18-004

𝜌 770 &

> 30σ

Results
The first observation of the decays 𝑩𝒔𝟎 → 𝝍 𝟐𝑺 𝑲𝑺

𝟎 and 𝑩𝟎 → 𝝍 𝟐𝑺 𝑲𝑺
𝟎𝝅$𝝅% and 

estimation the branching fraction ratios:

Inspection of the phase-space distributions of the 𝐵& → 𝜓 2𝑆 𝐾'&𝜋$𝜋% decay does 
not reveal any additional exotic narrow structure. 
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Observation of  2 new decays with charmonium
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