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Outline
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• First observation of the Λb
0→J/ψΛφ decay (Phys.Lett.B 802 (2020)135203)

• Excited Λb
0 states (Phys.Lett.B 803(2020)135345)

• New excited Ξb
− baryon (Phys.Rev.Lett.126(2021)25,252003)

http://dx.doi.org/10.1016/j.physletb.2020.135203
http://dx.doi.org/10.1016/j.physletb.2020.135345
https://doi.org/10.1103/PhysRevLett.126.252003


Observation of the Λb
0→J/ψΛφ decay
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• Possibility to search for exotic hadron contributions in the J/ψΛ and J/ψφ

mass distributions (pentaquarks→ J/ψΛ , tetraquarks → J/ψφ)

• For the BF measurement, Λb
0→ψ(2S)Λ, ψ(2S)→J/ψπ+π‒ channel is used 

as normalization (same trigger and decay topology)

380±32

Λb
0→J/ψΛK+K‒

sPlot

to subtract bkg

9.7σ
First observation!

286±29 

Λb
0→J/ψΛφ

Normalization 

channel 

Λb
0→ ψ(2S)Λ

884±37 

Main systematics: data-MC 

difference in the mass resolution

CMS-BPH-19-002, 
Phys.Lett.B 802(2020)135203

https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-19-002/index.html
http://dx.doi.org/10.1016/j.physletb.2020.135203


Outline

4

• First observation of the Λb
0→J/ψΛφ decay
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• New excited Ξb
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Excited beauty baryons: theory
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There are many theoretical predictions of excited Λb, Σb, Ξb, Ωb states, but 

the predicted masses are usually spread over rather wide ranges and do not 

point to any particular narrow window to search for a new signal. 

Most predictions do not have uncertainties; new measurements 

can point to a set of models that are more accurate in describing 

the data



Excited Λb
0 states decaying into Λb

0 ππ
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52.5±8.1

17.6±4.8
5.2σ

10.2σ

17.3±5.3
3.5σ

LHCb, 2012, 10.1103/PhysRevLett.109.172003

CDF, 2013, 10.1103/PhysRevD.88.071101

LHCb, 2019, 10.1103/PhysRevLett.123.152001

Four excited Λb
0 states have been observed, 

Λb(5912)0, Λb(5920)0, Λb(6146)0, and Λb(6152)0, 

with only one of them confirmed (3.5σ)

Near kinematic threshold

https://doi.org/10.1103/PhysRevLett.109.172003
https://doi.org/10.1103/PhysRevD.88.071101
https://doi.org/10.1103/PhysRevLett.123.152001


Excited Λb
0 states decaying into Λb

0 ππ
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CMS: very difficult to use Λ+
c  (no trigger/hadron PID) or Λ0

b →J/ψpK− (PID)

However, we can use Λ0
b →J/ψΛ and Λ0

b →ψ(2S)Λ decays to reconstruct Λ0
b (total ~46k signal)

Add 2 prompt pions to Λ0
b and plot m(Λ0

bππ)-m(Λ0
b)+MPDG(Λ0

b) after refitting Λ0
bππ to PV

p p
Λ0

b

μ+

μ−

p

π‒

Λ

π+ π‒

28.4±5.8

159±14

14.5σ

5.7σ

Λb(5912)0

Λb(5920)0

2nd confirmation of Λb(5920)0 state,

first confirmation of Λb(5912)0 state,

mass measurements

M(Λb(5912)0) = 5912.32 ± 0.12 ± 0.01 ± 0.17 MeV

M(Λb(5920)0) = 5920.16 ± 0.07 ± 0.01 ± 0.17 MeV

(stat)   (syst)      (Λ0
b)

In agreement with LHCb & CDF
CMS-BPH-19-003, 

Phys.Lett.B 803(2020)135345

https://doi.org/10.1103/PhysRevLett.109.172003
https://doi.org/10.1103/PhysRevD.88.071101
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-19-003/index.html
http://dx.doi.org/10.1016/j.physletb.2020.135345


Excited Λb
0 states decaying into Λb

0 ππ
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With tighter cuts on pT(π) and far from threshold:

Evidence for a new broad resonance, 

M = 6075 ± 5 (stat) MeV and Γ = 55 ±11 (stat) MeV
s

can also be an overlap of several close/partially-

reconstructed states

Peak confirmed later by LHCb 10.1007/JHEP06(2020)13

Merged Λb(6146)0 and Λb(6152)0 peaks

Confirmation of the resonances , mass measurements

M(Λb(6146)0) = 6146.5 ± 1.9 ± 0.8 ± 0.2 MeV

M(Λb(6152)0) = 6152.7 ± 1.1 ± 0.4 ± 0.2 MeV

?,~4σ

?,<2σ

not present in same-sign 

(SS) distribution

If the Σb
(*) → Λb

0π 

are vetoed, the SS 

and OS distribution 

are in agreement

(stat)  (syst)  (Λ0
b)In agreement with LHCb

CMS-BPH-19-003, 
Phys.Lett.B 803(2020)135345

https://doi.org/10.1007/JHEP06(2020)136
https://doi.org/10.1007/JHEP06(2020)136
https://doi.org/10.1103/PhysRevLett.123.152001
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-19-003/index.html
http://dx.doi.org/10.1016/j.physletb.2020.135345
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Excited beauty strange (Ξb) baryons
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Excited Ξb baryons: reconstruction at CMS
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Cannot use decay channels with charm 

baryons, using the ones with J/ψ:

Ξb
− → J/ψΞ− [Ξ−→Λπ−, Λ→pπ−]

Ξb
− → J/ψΛK− [Λ→pπ−]

(including contribution from Ξb
−→J/ψΣ0K−)

Two additional OS pions from PV, with 

m(Ξb
−π+) compatible with Ξb

*0

Selection criteria optimized using Punzi

FOM using the variables characterizing 

the decay topology and kinematics: 

• Flight distances of Ξb
− , Ξ−, Λ

• Alignment of momenta with decay length

• Fit qualities of Ξb
− , Ξ−, Λ, Ξb

−ππ vertices

• pT of candidates

CMS-BPH-20-004, 
Phys.Rev.Lett.126(2021)25,252003

https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-20-004/index.html
https://doi.org/10.1103/PhysRevLett.126.252003


Ξb
− signal
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Ξb
− → J/ψΞ− : 860 clean signal candidates

Ξb
− → J/ψΛK− : 815 signal candidates with worse purity

Ξb
− → J/ψΣ0K−: 820 signal candidates with low purity

Photon from 

Σ0→Λγ lost 

Two fully-reconstructed Ξb
−  channels 

have the same Ξb
−ππ mass resolution

Partially-reconstructed Ξb
−  channel has 

worse Ξb
−ππ mass resolution

CMS-BPH-20-004, 
Phys.Rev.Lett.126(2021)25,252003

https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-20-004/index.html
https://doi.org/10.1103/PhysRevLett.126.252003


Observation of Ξb
**− → Ξb

− ππ
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Simultaneous fit to Ξb
− ππ candidates from fully- and partially-reconstructed Ξb

− channels

A narrow peak is observed near the mass threshold, significance >6σ

Measured mass and width are:

First 

observation

CMS-BPH-20-004, 
Phys.Rev.Lett.126(2021)25,252003

https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-20-004/index.html
https://doi.org/10.1103/PhysRevLett.126.252003


Summary 
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● The decay Λb
0→J/ψΛφ is observed for the 1st time 

● Excited Λb
0 baryons decaying into Λb

0 ππ have been studied:

States Λb(5912)0, Λb(5920)0, Λb(6146)0, and Λb(6152)0 are confirmed and their masses are measured

Evidence found for a new broad resonance with M ~ 6075 MeV and Γ ~ 55 MeV

● A new excited beauty Ξb
− baryon is observed, Ξb(6100)−→Ξb*

0 π−

Stay tuned for new results: https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH/index.html

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH/index.html

Thank you !

https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH/index.html
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Backup



CMS Phase-II Upgrade (overview) 

CMS Phase-II upgrades include:

● a new tracker with improved pT reso-

lution and radiation hardness, lower 

material budget, extended coverage 

● increased muon coverage

● a new forward calorimeter with high 

granularity and resolution 

● addition of the MIP timing detector 

(MTD) 

● increased trigger bandwidth & 

latencies

● inclusion of tracking information at 

L1 trigger

● replacement of electronics
16



Λ0
bπ+π‒ mass calculation

17

Use the mass difference variable to cancel the resolution in Λ0
b mass

The new approach for the mass calculation: 

fit all tracks forming the PV + Λ0
b candidate into a vertex and use sum of 

Λ0
b π

+ π‒ 4-momenta returned by this vertex fit to measure M

This new method is used for the first time in the CMS collaboration, and it improves the mass 

resolution by up to 50% compared to just using the Λ0
b ππ vertex fit. 

Λ0
b

μ+

μ−

p

π‒

Λ

π+ π‒ Λ0
b

μ+

μ−

p

π‒

Λ

π+ π‒



Additional studies to understand the wide enhancement
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Fit function: 

BW convolved with DG*

for Λb(6146), fixed Γ to LHCb, N and M free

+ BW convolved with DG*

for Λb(6152), fixed Γ to LHCb, N and M free

+ BW convolved with DG*

for the wide excess, Γ, N, and M free

+ (x‒x0)
α • Pol1(x) for bkg

*DG = Double Gaussian, resolution function

from MC with all parameters fixed

Results: N(Λb(6146)) = 70±35, M = 6146.5±1.9 MeV

N(Λb(6152)) = 113±35, M = 6152.7±1.1 MeV

N(wide peak) = 301±72, M = 6073 ± 5 MeV,  Γ = 55 ± 11 MeV

(statistical-only uncertainties)

?,~4σ

?,<2σ

https://arxiv.org/abs/2001.06533

https://arxiv.org/abs/2001.06533


Additional studies to understand the wide enhancement
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• The nature of enhancement 

in the <6100 MeV region is 

unclear

• It is not present in same-sign 

(SS) distribution

• If the Σb
(*) are vetoed, the SS 

and OS distribution are in 
agreement

• 2-dimensional plots also 

indicate the correlation 

between the broad 

excess and Σb
(*)



Systematic uncertainties (excited Lb states)
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• Choice of the signal model

• Choice of the background model

• Difference of the mass resolution between data and MC

• Detector misalignment (negligible)

• Knowledge of Γ for Λb(6146)0 and Λb(6152)0 states 

• Fit range

• Presence of the wide enhancement for high-mass region



Observation of the Λb
0→J/ψΛφ decay
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• Event selection: 

• μ+μ‒ form a good quality-vertex, pT(μ)>4 GeV,  M(μμ) in ±100 MeV from J/ψ mass

• Λ→pπ‒ candidates formed from displaced 2-prong vertices, pT(Λ) > 1 GeV

• Two OS tracks form φ→K+K‒ candidate, pT(K) > 0.8 GeV,   0.99 < M(KK) < 1.05 GeV

• Λb
0 obtained by vertex fitting μ+μ‒K+K‒Λ, with μ+μ‒ mass constrained to mJ/ψ

• Λb
0 vertex Lxy/σLxy > 3,  cos(Λb

0 pointing angle) > 0.99, vertex fit probability > 1%



Observation of the Λb
0→J/ψΛφ decay
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ε from MC = 0.36±0.01
ε(Λb

0→ψ(2S)Λ) 

ε(Λb
0→J/ψΛφ)

884±37

Λb
0→ ψ(2S)Λ events

Systematic uncertainties:

• Data/MC difference in mass resolution

• MC sample size

• Variations of background models

• Variations of signal models

• Data/MC difference in kinematic distributions

Total systematic uncertainty

8.2%



Spectroscopy of beauty strange baryons
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