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Ω = 4π coverage



• muon and track acceptance up to |η| < 2.5 

• muons from pT > 3.5 (1.5) GeV in central (forward) region 
	 determined by radius of muon system and 3.8T


• viable track efficiency from 300 MeV 

• excellent mass resolution


• no PID (sometimes can circumvent)


• primary (secondary) vertex position resolution ~10 μm (~few 10 μm) 

Muons and tracks for B-Physics
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Figure 11. Tag-and-probe results for the muon efficiency erec+id in data compared to simulation. Given that
a tracker track exists, the plots show the efficiency as a function of muon pT for Soft Muons (left), Particle-
Flow Muons (middle), and Tight Muons (right) in the barrel and overlap regions (top), and in the endcaps
(bottom). The measurement is made using J/y! µ+µ� events for pT < 20GeV/c and Z! µ+µ� events for
pT > 20GeV/c. For pT < 3GeV/c, to reduce the background, only tracks with MIP signature are considered.

⇡10GeV/c in both regions. The values of efficiencies at the plateau region obtained using
J/y ! µ+µ� and Z! µ+µ� events in data and simulation are given in table 3. The efficien-
cies are high, and data and simulation are generally in good agreement. The plateau efficiency for
Soft Muons is 1–2% higher in data than in simulation, again due to a difference in the widths of
the track-to-segment pulls. The Particle-Flow and Tight Muon selections are much less affected by
this difference because they use looser matching criteria between tracks and muon segments. The
efficiency at the plateau for the Particle-Flow Muon selection is very close to 100% because the
algorithm applies relaxed selection criteria to the high-pT muon candidates if they are isolated.

The dependency of the plateau efficiency on the pseudorapidity is measured using Z! µ+µ�

events and is shown in figure 12. The data and simulation agree to better than 2%.

To estimate the effect of pile-up on muon identification performance, the efficiency at the
plateau is measured for both J/y ! µ+µ� and Z! µ+µ� events as a function of the number
of reconstructed primary vertices. No loss of efficiency is observed for events containing up to
six reconstructed primary vertices, the maximum multiplicity for which a measurement could be
made with a statistical uncertainty below 10%.

Trigger efficiencies obtained by a similar tag-and-probe technique are described in section 9.

– 21 –
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a tracker track exists, the plots show the efficiency as a function of muon pT for Soft Muons (left), Particle-
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pT > 20GeV/c. For pT < 3GeV/c, to reduce the background, only tracks with MIP signature are considered.
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architecture of the CMS Trigger

Trigger System
● reduce the number of events from the LHC collision

rate (40 MHz) to the data rate that can be stored, 
reconstructed and analysed O�ine (~1 kHz)

● maximising the physics reach of the experiment

L1 Trigger
● coarse readout of the Calorimeters and Muon detectors 

● implemented in custom electronics, ASICs and FPGAs

● 3 event types, 128 “physics” bits + 64 “technical” bits

● output rate limited to 100 kHz by the readout electronics

High Level Trigger
● readout of the whole detector with full granularity

● based on the CMSSW software, running on O(15k) Xeon cores

● organised in O(2500) modules, O(400) trigger paths, O(10) streams

● output rate limited to an average of ~1 kHz by the O0ine resources

LHC

40 MHz

O�ine

~1 kHz

full readout

100 kHz

L1 Trigger

High Level Trigger

credit Andrea Bocci

O(few kHz)

O(few kHz)

O(few kHz)

>100 kHz in Run3

trigger often the bottleneck for “soft” physics at CMS

https://indico.cern.ch/event/304944/contributions/1672383/attachments/578592/796744/Bocci_-_The_CMS_High_Level_Trigger.pdf


CMS results on -baryons and b Bc
Publication / PAS Title

Bc
JHEP 01 (2015) 
063

Measurement of the ratio B(Bc+→J/ψπ+π+π−)/B(Bc+→J/ψπ+) and the production cross sections times 
branching fractions of Bc+→J/ψπ+ and B+→J/ψK+ in pp collisions at √s = 7 TeV

EPJC 78 (2018) 
457 [Erratum] Measurement of b hadron lifetimes in pp collisions at √s= 8 TeV

PRL 122 (2019) 
132001

Observation of two excited Bc+ states and measurement of the Bc+(2S) mass in pp collisions at √s= 13 
TeV

PRD 102 (2020) 
092007 Measurement of Bc(2S)+ and Bc*(2S)+ cross section ratios in proton-proton collisions at √s= 13 TeV

PRD 111 (2025) 
L051102

Test of lepton flavor universality in semileptonic Bc+ meson decays in proton-proton collisions at √s= 13 
TeV

arXiv:2510.21559 Measurement of the ratio of the Bc+→J/ψτ+ντ and Bc+→J/ψμ+νμ branching fractions using three-prong 
τ lepton decays 

Λb
PLB 714 (2012) 
136-157

Measurement of the Λb cross section and the \bar{Λ}b to Λb ratio with J/ψΛ decays in pp collisions at 
√s = 7 TeV

JHEP 07 (2013) 
163 Measurement of the Λb⁰ lifetime in pp collisions at √s = 7 TeV

PRD 97 (2018) 
072010

Measurement of the Λb polarization and angular parameters in Λb→J/ψΛ decays from pp collisions at 
√s= 7 and 8 TeV

PLB 802 (2020) 
135203 Observation of the Λb0→J/ψΛϕ decay in proton-proton collisions at √s= 13 TeV

PLB 803 (2020) 
135345 Study of excited Λb0 states decaying to Λb0 π+π− in proton-proton collisions at √s= 13 TeV

EPJC 84 (2024) 
1062 Observation of the Λb0→J/ψΞ−K+ decay

Ξb, Ξb* PRL 108 (2012) 
252002 Observation of a New Ξb Baryon

PRD 110 (2024) 
012002

Observation of the Ξb-→ψ(2S)Ξ− decay and studies of the Ξ*0b baryon in proton-proton collisions at √s= 
13 TeV

Exotic / 
pentaquark 
searches

PRL 126 (2021) 
252003 Observation of a new excited beauty strange baryon decaying to Ξb-π+π−

all CMS B-Physics results here5

http://dx.doi.org/10.1007/JHEP01(2015)063
http://dx.doi.org/10.1140/epjc/s10052-018-5929-3
http://dx.doi.org/10.1140/epjc/s10052-018-6014-7
http://dx.doi.org/10.1103/PhysRevLett.122.132001
http://dx.doi.org/10.1103/PhysRevD.102.092007
http://arxiv.org/abs/2510.21559
http://dx.doi.org/10.1016/j.physletb.2012.05.063
http://dx.doi.org/10.1007/JHEP07(2013)163
http://dx.doi.org/10.1103/PhysRevD.97.072010
http://dx.doi.org/10.1016/j.physletb.2020.135203
http://dx.doi.org/10.1016/j.physletb.2020.135345
http://dx.doi.org/10.1140/epjc/s10052-024-13114-9
http://dx.doi.org/10.1103/PhysRevLett.108.252002
http://dx.doi.org/10.1103/PhysRevD.110.012002
http://dx.doi.org/10.1103/PhysRevLett.126.252003
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH/index.html


•  only accessible at LHC,  complementary to  

• SM prediction  Phys. Rev. Lett. 125, 222003


• recently updated LHCb  Phys. Rev. Lett. 120, 
121801 
	 	  deviation


• three muon final state,  and 

Bc R(J/ψ) R(D(*))
R(J/ψ) = 0.26

R(J/ψ) = 0.51 ± 0.12 (stat.) ± 0.08 (syst.)

2σ
J/ψ → μμ τ → μνμντ

LFUV test: measurement of R(J/ψ)

6

Federica Riti

Measurement of LFUV with R(J/ )ψ
Introduction

13

R(J/ψ) = ℬ(B+
c → J/ψτ+ντ)

ℬ(B+c → J/ψμ+νμ)
• SM prediction =  0.2582(38) 


• Previous Measurement:  LHCb  


• Leptonic channel   

• Similar final state ( ), → same reconstruction and simultaneously fit


• Collinear approximation to infer  4-momentum 


• The analysis aims to separate  (num.) vs  (den.) decays leveraging on 
kinematical observable: 

→ 0.71 ± 0.17(stat) ± 0.18(syst)

→ τ+ → μ+νμν̄τ

3μ + νs

B+
c pBc = mB

mreco
pBc

reco

3ν 1ν
q2 = (pB − pJ/ψ)2

Num: B+
c → J/ψτ+ν

Den: B+
c → J/ψμ+ν

PhysRevLett.125.222003

PhysRevLett.120.121801

2018: ℒ = 59.7 fb−1

NEW

2  from SMσ

CMS-BPH-22-012 
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NEW

2  from SMσ
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R(J/ψ) =
ℬ(Bc → J/ψ τ ντ)
ℬ(Bc → J/ψ μ νμ)

Phys. Rev. D 111 (2025) L051102

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.222003
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.121801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.121801
http://dx.doi.org/10.1103/PhysRevD.111.L051102


• 2018 dataset  

• same  +  final state for numerator  (denominator ) 
	 undetected neutrino(s) → missing momentum


• simultaneous ML binned template fit  
	 parameter of interest 


• collinear approximation to infer full  momentum  
	  


• distinguish  vs.  via kinematic variables e.g.  
 mass of the leptonic system


• J/Ψ + μ trigger, basic kinematic/ID selections on 3μ candidate  
 also required to be isolated 

ℒ = 59.7 fb−1

3μ 1(3)ν τ μ

R(J/ψ)

Bc
pBc

= mPDG
Bc

/mvis
3μ ⋅ pvis

3μ

1 ν 3 ν
q2 = (pBc

− pJ/ψ)2

μ3

Analysis at a glance

7



• two options considered, opted for collinear approximation 

• better tau/mu discrimination (but other disadvantages, see later)


•  four momentum crucial to define key kinematic observables e.g. pBc

q2 = (pτ/μ + pντ/νμ
)2

 momentum reconstructionBc

8

Bc

J/ψ

μ /τ
νμ/τ

⃗pBc
= | ⃗pJ/ψ+μ | ⋅

mBc

mJ/ψ+μ
⋅ ̂eBc

pBc
=

mBc

mJ/ψ+μ
⋅ pJ/ψ+μ

Bc

PV

SV
̂eBc

Bc

PV

SV

J/ψ + μ
νμ(ντν̄τ)

Collinear approximation

(circa) à la LHCb
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	  + misID had  
	 (mostly )


•  background 
	  from b-hadron +  
	 (98% combinatorial)


• , ,  



• combinatorial dimuon + X

Bc → J/ψτν
Bc → J/ψμν

J/ψ
K → μν

Hb
J/ψ μ

Bc → J/ψ + D(*)
(s) Bc → (cc̄)μν

Bc → ψ(2S)μν

Signal and background processes
LFUV test: measurement of R(J/ψ)
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• fake-rate probability  measured in region adjacent to 
signal region (inverted  ID)


•  fitted using NN classifiers to model multidimensional 
dependencies (kinematics, topology…)


• in situ estimate, incorporated in the final ML fit

frISO
μ3

frISO

MisID muon background estimate

11

Federica Riti

• application in SR: iso fakerate 
weights applied to events in B to find 
fakes in A


ISO ! ISO

ID

! ID

A B

C D

SR

Fakes 
Measurement 

Region

Measurement of LFUV with R(J/ )ψ
Muon Fakes bkg
• Four regions defined on  features:  isolation (ISO) and ID


• measurement of iso fakerate ( ) in !ID: fit in multiple 
dimensions using NN classifiers; outputs interpreted as 
event-by-event weights

μ3 μ3
friso

15

iso fakerate

Fakes(SR) = friso ⋅ Data(B) − friso ⋅ MC(B)

In-situ estimation in the fit model

NEW

0.5− 0 0.5 1 1.5

500

1000

1500

2000

2500

3000

3500

4000

4500

ev
en

ts
 / 

bi
n

 (13 TeV)-159.7 fbCMS  Preliminary

ν+τΨJ/→+cB ν+µΨJ/→+cB ν+µ(2S)Ψ→+cB

ν+µc)c(→+cother B (h1...)(*)
c HΨJ/→+cB  mesonsbH

 baryonsbH +µcomb. dimuon + fakes 

observed stat. unc.

0.5− 0 0.5 1 1.5

xyLσ/ xyL 
10

log

0.9
1

1.1

ob
s/

ex
p 0.5− 0 0.5 1 1.5

500

1000

1500

2000

2500

3000

ev
en

ts
 / 

bi
n

 (13 TeV)-159.7 fbCMS  Preliminary

ν+τΨJ/→+cB ν+µΨJ/→+cB ν+µ(2S)Ψ→+cB

ν+µc)c(→+cother B (h1...)(*)
c HΨJ/→+cB  mesonsbH

 baryonsbH +µcomb. dimuon + fakes 

observed stat. unc.

0.5− 0 0.5 1 1.5

xyLσ/ xyL 
10

log

0.9
1

1.1

ob
s/

ex
p 0.5− 0 0.5 1 1.5

xyLσ/ xyL 
10

log

500

1000

1500

2000

2500

3000

3500

ev
en

ts
 / 

bi
n

ν+τΨJ/→+cB ν+µΨJ/→+cB ν+µ(2S)Ψ→+cB

ν+µc)c(→+cother B (h1...)(*)
c HΨJ/→+cB  mesonsbH

 baryonsbH +µcomb. dimuon + fakes 

observed stat. unc.

 (13 TeV)-159.7 fbCMS  Preliminary

0.5− 0 0.5 1 1.5

xyLσ/ xyL 
10

log

0.9
1

1.1

ob
s/

ex
p

B Region
 reweighted 

B Region
frISO A RegionApply the 

 weights 
already 

computed 
in !ID region

frISO

Fakes = data-MC

Use the fakes 
shape found in B

Federica Riti

• application in SR: iso fakerate 
weights applied to events in B to find 
fakes in A


ISO ! ISO

ID

! ID

A B

C D

SR

Fakes 
Measurement 

Region

Measurement of LFUV with R(J/ )ψ
Muon Fakes bkg
• Four regions defined on  features:  isolation (ISO) and ID


• measurement of iso fakerate ( ) in !ID: fit in multiple 
dimensions using NN classifiers; outputs interpreted as 
event-by-event weights

μ3 μ3
friso

15

iso fakerate

Fakes(SR) = friso ⋅ Data(B) − friso ⋅ MC(B)

In-situ estimation in the fit model

NEW

0.5− 0 0.5 1 1.5

500

1000

1500

2000

2500

3000

3500

4000

4500

ev
en

ts
 / 

bi
n

 (13 TeV)-159.7 fbCMS  Preliminary

ν+τΨJ/→+cB ν+µΨJ/→+cB ν+µ(2S)Ψ→+cB

ν+µc)c(→+cother B (h1...)(*)
c HΨJ/→+cB  mesonsbH

 baryonsbH +µcomb. dimuon + fakes 

observed stat. unc.

0.5− 0 0.5 1 1.5

xyLσ/ xyL 
10

log

0.9
1

1.1

ob
s/

ex
p 0.5− 0 0.5 1 1.5

500

1000

1500

2000

2500

3000

ev
en

ts
 / 

bi
n

 (13 TeV)-159.7 fbCMS  Preliminary

ν+τΨJ/→+cB ν+µΨJ/→+cB ν+µ(2S)Ψ→+cB

ν+µc)c(→+cother B (h1...)(*)
c HΨJ/→+cB  mesonsbH

 baryonsbH +µcomb. dimuon + fakes 

observed stat. unc.

0.5− 0 0.5 1 1.5

xyLσ/ xyL 
10

log

0.9
1

1.1

ob
s/

ex
p 0.5− 0 0.5 1 1.5

xyLσ/ xyL 
10

log

500

1000

1500

2000

2500

3000

3500

ev
en

ts
 / 

bi
n

ν+τΨJ/→+cB ν+µΨJ/→+cB ν+µ(2S)Ψ→+cB

ν+µc)c(→+cother B (h1...)(*)
c HΨJ/→+cB  mesonsbH

 baryonsbH +µcomb. dimuon + fakes 

observed stat. unc.

 (13 TeV)-159.7 fbCMS  Preliminary

0.5− 0 0.5 1 1.5

xyLσ/ xyL 
10

log

0.9
1

1.1

ob
s/

ex
p

B Region
 reweighted 

B Region
frISO A RegionApply the 

 weights 
already 

computed 
in !ID region

frISO

Fakes = data-MC

Use the fakes 
shape found in B



• binned maximum likelihood 
template fit 
	 7(x2) categories


•  parameter of interest 

• fit to four observables, 
distinguish , 

,  and fakes 

• in situ estimate of fake muon 
background

R(J/ψ)

Bc → J/ψτν
Bc → J/ψμν Hb

Fit model
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Fit Model
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• Binned maximum likelihood fit


• Free floating parameters:  and  normalisations


• POI =  value  


• Blind strategy  multiply  by unknown number (0,6)


• Muon fakes estimate in-situ as part of the simultaneous fit

Bc Hb

R(J/ψ) → R(J/ψ) = ℬ(B+
c → J/ψτ+ντ)

ℬ(B+c → J/ψμ+νμ) =
POI ⋅ rBc

rBc

= POI

→ R(J/ψ)

Structure Variables
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Measurement of LFUV with R(J/ )ψ
Fit Model
• Total of 14 categories 


• To control background


• To optimise S/B 
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uncertainties incorporated in ML fit 
as nuisance parameters, profiled 

 and  norm. free floating,  
	 constrained in control regions

Hb Bc

Uncertainties

14

7

difference between the nominal and alternative estimate is implemented as a shape uncertainty,
the effect of varying the MC normalization in the measurement region is included as an addi-
tional shape uncertainty and lastly bin-by-bin shape uncertainties, which can vary for each
bin independently, are added to account for the impact of the limited-size sample used in the
data-based region where the fakes background estimation method is validated.

Uncertainties due to the limited statistics of the simulated samples used in the analysis are im-
plemented as bin-by-bin shape variations. The IP3D/sIP3D and Lxy/sLxy

uncertainties of 5%
each are also implemented as shape uncertainties and are applied to all MC-based templates.
The former results in an event migration between the four categories with higher signal sensi-
tivity, thus explaining its large contribution to the uncertainty.

Less significant uncertainties are considered in the fit, including uncertainties in trigger, muon
identification (ID) and isolation (ISO) efficiencies, normalization of the J/y combinatorial back-
ground, branching fractions of the B+

c background processes, and relative abundances of dif-
ferent b-hadron species in the Hb sample. Additionally, uncertainties in pileup and B+

c lifetime
and kinematics (listed in the table as Other) are also considered in the fit and have negligible
weight.

Leading systematic uncertainties are summarized in Table 1, along with their impact on the
measurement. To assess the contribution of each term to the total uncertainty, a likelihood
scan is performed for each term in the table, where all parameters except the one (or ones)
under consideration are fixed to their postfit value. Each uncertainty DR(J/y) is then estimated
by subtracting in quadrature the statistical uncertainty from the uncertainty obtained from
this specific fit. Correlations between uncertainties, while present in the measurement, are not
represented in the table.

Contribution Uncertainty type Rel. uncertainty DR(J/y) · 10�2

B+
c form factors 10 shapes � 18.2

fakes stat. non closure bin-by-bin shapes � 11.3
fakes background 2 shapes � 4.2
fakes background norm. 13.0%(+5% HM cat.) 2.5
finite MC size bin-by-bin shapes � 5.3
IP3D/sIP3D, Lxy/sLxy

corr. 2 shapes � 4.4
muon ID, iso, trigger norm. 6.6% 2.5
J/y comb. norm. norm. 20.0% 1.3
B+

c bkg. BRs norm. 10.0 � 38.0% 0.7
Hb sample composition norm. 10.0% for each H

i

b 0.5
Other norm. � < 0.1

Table 1: Leading systematic uncertainties for the measurement of R(J/y). The second column
reports the uncertainty type: shape or normalization. For shape uncertainties we also include
the number of shapes considered (except for bin-by-bin), while for normalization uncertain-
ties the relative contribution (%) is reported in the third column. The last column shows the
resulting uncertainty on the R(J/y) measurement (DR(J/y)).

From the maximum likelihood fit to the data, shown in Fig. 2, we measure the following ratio
of branching fractions R(J/y) = 0.17+0.18

�0.17 (stat.)+0.21
�0.22 (syst.)+0.19

�0.18 (theo.), where the statistical,
experimental systematic and form-factor uncertainties, labeled theoretical, are reported sepa-
rately.
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form factors [1] [2]

dominant uncertainty 

large impact on key 
kinematic observable q2

http://dx.doi.org/10.1140/epjc/s10052-020-8304-0
http://dx.doi.org/10.1103/PhysRevD.100.094503


• first LFUV result in  transitions at CMS 
on partial Run2 dataset


• in agreement with both SM 0.26 and LHCb 0.51 ± 0.12 ± 0.08 within less than 1σ 


• sensitivity expected to significantly improve in coming iterations

b → cℓν

Results
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Stat. Only
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Total

R(J/ψ) = 0.17 ± 0.33

R(J/ψ) = 0.17 +0.18
−0.17 (stat.) +0.19

−0.19 (theo.) +0.21
−0.22 (syst.)



current result statistically and systematically limited 
where to go from here? 

• statistical uncertainty  
320 fb-1 collected in Run3, 80 fb-1 still not analyzed from Run2 → 
potentially 6-7x data for full Run2 + Run3  
(trigger, acceptance, efficiency vary year by year)


• systematic uncertainty 
fake background estimate uncertainties extremely conservative 
several systematic uncertainties scale with stats 

• theory uncertainty (form factors) 
we used Phys. Rev. D 100, 094503, more recent LQCD FF available now 
(LHCb uses Harrison 2503.15090)

R(J/ψ) = 0.17 +0.18
−0.17 (stat.) +0.19

−0.19 (theo.) +0.21
−0.22 (syst.)

Leptonic  prospectsR(J/ψ)
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http://dx.doi.org/10.1103/PhysRevD.100.094503
https://arxiv.org/pdf/2503.15090


• collinear approximation for  momentum reconstruction 
pros:	 chosen because of higher  boost in CMS and better  	  
	 separation in  
cons:	 all  kinematic variables, e.g. , , , …  
	 100% correlated, no gain in combining them / multidim fit


• simultaneous fit of pass/fail  isolation region 
pros: 	 in situ estimate, let data constrain fakes, robust and reliable  
cons: 	 too much leeway, penalises performance 
	 introduces strong correlations between uncertainties 

Bc
Bc μ/τ

q2

Bc q2 m2
miss E*μ

μ3

R(J/ψ) = 0.17 +0.18
−0.17 (stat.) +0.19

−0.19 (theo.) +0.21
−0.22 (syst.)

Leptonic  prospects - segueR(J/ψ)
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• focus on  hadronic tau decays  
	 inclusive wrt additional 


• combine with leptonic analysis (with appropriate correlations) 
to share common denominator 


• in this analysis, full Run2 dataset ~137 fb-1

τ+ → π+π+π−

π0

Hadronic R(J/ψ)
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Analysis  Performed in 2 channels

4

Fully leptonic analysis: BPH-22-012 
Same final state (3 muons + ν(s)) for both num. and den.  
Performed with 2018 data due to the trigger availability

Hadronic analysis:
 BPH-23-001 

Different final states in the numerator and denominator (taken from BPH-22-012).

Numerator includes full Run 2 : 2016, 2017, and 2018.

Combination between the leptonic and hadronic channels is performed.

Signal Extraction:ρ-mass

13

3 prong tau decays have a good chance to produce an 
intermediate ρ(770MeV)-resonance (→2π) 

• We ordered pions based on its pT

• Then, we try to find OS pion pairs

(i.e. ρ candidate) sequentially in the

following order:

1 + 2

1 + 3

2 + 3

The first one we find is called ρ1,

the second ρ2.

The unrolled ρ1-ρ2 distribution is used as 
discriminating variable in the fit for the signal

PV

SV

μ-
π± π± π∓ 

Bc

μ+

J/ψ

1)pions are 
ordered by pT 

2) OS pairs as 
possible ρ(770MeV) 
combinations
π1+π2; π1+π3; 
π2+π3

ρJ ρk
Good discrimination + not used in the BDT training!

Analysis  Performed in 2 channels

4

Fully leptonic analysis: BPH-22-012 
Same final state (3 muons + ν(s)) for both num. and den.  
Performed with 2018 data due to the trigger availability

Hadronic analysis:
 BPH-23-001 

Different final states in the numerator and denominator (taken from BPH-22-012).

Numerator includes full Run 2 : 2016, 2017, and 2018.

Combination between the leptonic and hadronic channels is performed.



• dedicated low pT tau reconstruction 

• BDT to suppress backgrounds, mostly J/Ψ from B decay plus 
combinatorial 3 tracks


• J/Ψ + X background estimated from data


•  background from simulation plus generous 
uncertainty


• dominant decay   

• signal extraction from binned ML fit to “unrolled” 2D 
 distribution

Bc → J/ψ + D(*)
(s)

τ → a1(1260) → ρ0( → π+π−)π+

m(ρ1) × m(ρ2) = m(π+
1 π−) × m(π+

2 π−)

Analysis strategy

19
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CMS, 2018, µτ
Phys. Rev. D
111 (2025) 051102
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Phys. Rev. Lett.
120 (2018) 121801

CMS

SM

Results
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R(J/ψ) = 0.49 ± 0.25 (syst.) ± (0.09) (stat.)

combined



• significantly better triggers in Run3 
inclusive dimuon, as opposed to dimuon plus track with vertex 
conditions (works against tau decay being displaced)


• in light of the above, increase in statistics much larger that Run3 / 
Run2 luminosity ratio of about 2 

• less sensitive to form factors 

• … but large combinatorial bkg challenging

Hadronic  prospects R(J/ψ)

21
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• 2022-2026 collected 326 fb-1 (vs 140 fb-1 in Run2) 


• higher PU than Run2  vs  
(not an insurmountable problem)

< μ > = 54 < μ > = 34

Run3 luminosity and pileup

22



• inclusive di-muon trigger up to   
pT > 3,4 GeV, ~full pseudorapidity coverage 

• in Run2, either di-mu + track low pT + displacement,  

or di-mu inclusive high pT

• significant increase in acceptance, (re-)opens new avenues

mμμ < 8 GeV

Inclusive dimuon triggers 

23

PR 1115 (2025) 678

http://dx.doi.org/10.1016/j.physrep.2024.09.006


• inclusive di-muon trigger up to   
pT > 3,4 GeV, ~full pseudorapidity coverage 

• in Run2, either di-mu + track low pT + displacement,  

or di-mu inclusive high pT

• significant increase in acceptance, (re-)opens new avenues

mμμ < 8 GeV

Inclusive dimuon triggers 
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Intermezzo 
CKM β in B0 → J/ψKs

covers decay length  
down to 0.
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CMS-PAS-BPH-26-005 - A.Bragagnolo's talk LHCP

• made possible by di-muon triggers

https://indico.cern.ch/event/1537360/contributions/6833619/attachments/3278626/5858453/LHCP26_CPV-3.pdf
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• CMS (and LHCb) most precise 
measurements from Run2


• CMS Run3 statistics 15x, 
cross section 2x


• potential breakthrough
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• CMS (and LHCb) most precise 
measurements from Run2


• CMS Run3 statistics 15x, 
cross section 2x


• potential breakthrough

 lifetimeΛb
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• cited yesterday by Biplab


• LHCb exclusion already in the 10-7 - 10-8 range, close to SM exp.


• with Run 3 data, CMS can access these decays, potentially 
competitive

 in  decaysb → sℓℓ Bc → Dsμμ
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Figure 1: The leading diagrams for the decays: (a) B0
(s) → D0µ+µ→, (b) B+

(c) → D+
s µ

+µ→,

(c) B+
c → D+

s µ
+µ→, (d) B0

(s)→ D0J/ω, (e) B+
(c)→ D+

s J/ω and (f) B+
c → D+

s J/ω. Dashed lines
represent the charged weak current, and a gluon exchange with unconnected quark lines is implied.
Where two quark currents are indicated, the quark in parenthesis leads to a CKM-suppressed
process.

been reported for such decays.
The B→ Dµ+µ→ decays depicted in Fig. 1 represent eight independent decay modes

whose search is reported in this paper, namely:

• B0 decay modes: B0
→ D0µ+µ→, B0

→ D0J/ε,

• B+ decay modes: B+
→ D+

s µ
+µ→, B+

→ D+
s J/ε,

• B0
s decay modes: B0

s → D0µ+µ→, B0
s → D0J/ε,

• B+
c decay modes: B+

c → D+
s µ

+µ→, B+
c → D+

s J/ε.

The decay modes B+
→ D+µ+µ→ and B+

c → D+µ+µ→, either proceeding directly to
µ+µ→ or through a J/ε intermediate state, are not included here. There are large Cabbibo
suppression factors associated with these modes with respect to the B+

→ D+
s µ

+µ→ and
B+

c → D+
s µ

+µ→ modes, and as such are significantly below our current sensitivity.
The searches are performed using proton-proton collision data collected by the LHCb

experiment at centre-of-mass energies of 7, 8 and 13TeV, corresponding to a total integrated
luminosity of 9 fb→1. The D0 meson candidates are reconstructed in the D0

→ K+ϑ→

channel, and the D+
s meson candidates in the D+

s → K+K→ϑ+ channel. The J/ε
candidates are reconstructed in the J/ε→ µ+µ→ decay mode. For the non-J/ε modes,
the square of the dimuon invariant mass, q2(µ+µ→), is selected within the range 0.044–
8.0GeV2/c4, which excludes the J/ε region. The selection, e!ciency and background
corrections are finalised before the signal measurements are performed, following a strategy
of blinding to ensure unbiased results.

For normalisation, kinematically similar decays with higher branching fractions are
also reconstructed. The B0

→ J/ε (→ µ+µ→)K↑0 (→ K+ϑ→) decay is used to normalise
the neutral B0 and B0

s signal modes, while the B+
→ J/εK+ decay is used to normalise

the two B+ signal modes and the B+
c → D+

s J/ε measurement. The B+
c → D+

s µ
+µ→ decay

is normalised with respect to the observed B+
c → D+

s J/ε decay mode.

2

LHCb 
10.1007/JHEP02(2024)032

https://doi.org/10.1007/JHEP02(2024)032


•  in baryons complementary to mesons 

• CMS Run1 
• stat limited (~6000 candidates), not full angular


• as before, in Run3 15x lumi and 2x cross section

b → ℓℓ

 angular analysis and Λb → Λ0μμ dℬ/dq2
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ŷ2
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• thanks to single muon triggers, CMS 
can also access e.g.


• 


• 


• …


• time an person power limited

Λb → Λ(*)
c μν

Ξb → Ξ(*)
c μν

Other semileptonic?

30
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• CMS Run3 offers many opportunities for  and -baryon 
thanks to single-muon, dimuon (and dielectron parking dataset) 

• ,  lifetimes (also omega b and differences between baryons) 

•  differential branching fractions and angular observables


• updated R(J/Ψ), with today’s experimental know how and recent 
LQCD FF 


• semileptonic -baryon decays


• rich spectroscopy program (not covered here)

Bc b

Bc Λb

Λb

b

Conclusions
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Backup
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Excited  and B*+
c (2S) B+

c (2S)
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