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CMS B Physics Group

Home page：https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH

72 publications：https://cms-results.web.cern.ch/cms-results/public-
results/publications/BPH/index.html
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Excellent	detector	for	B	physics,	especially	for	studies	with	muons

• Muon	system

– High-purity	muon	ID,		Dm/m~0.6%	for	J/ψ

• Silicon	Tracking	detector,		B=3.8T

– DpT/pT~1% &	excellent	vertex		resolution

• Special	triggers	for	different	analyses at	increasing	Inst.	Lumi.

– 𝜇 pT, (𝜇𝜇) pT,  (𝜇𝜇) mass, (𝜇𝜇) vertex, and additional 𝜇

CMS dimuon & trigger
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2023 & 2024 public results
Purely muon final states

• Observation of  

• Upper limits of

• Observation of  

• Observation of new structure in

• Observation of  

• Measurement of                   and 

Muon + hadron final states
• Observation of                         and measurement of 

• Observation of 

• Measurement of           through

• Measurement of           through    

• Measurement of       effective lifetime through         

• Measurement of CPV through

• Search for CPV through
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2024 newly submitted
Purely muon final states

• Observation of  

• Upper limits of

• Observation of  

• Observation of new structure in

• Observation of  

• Measurement of                   and 

Muon + hadron final states
• Observation of                         and measurement of 

• Observation of 

• Measurement of           through

• Measurement of           through    

• Measurement of       effective lifetime through         

• Measurement of CPV through

• Search for CPV through
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Observation of J/ψ ⟶ 4μ  

• SM: proceeds via virtual photon or Z with predicted 𝐵(J/ψ → 4𝜇)
= 9.74 ± 0.05 × 10−7

– BSM particles can contribute & affect the rates
– Novel testing ground for QED predictions

• Using the “B-parking” datasets
– Single muon trigger:

• Minimum 𝑝! requirement， minimum signed d0 significance

• Thresholds and pre-scales adjusted based on instantaneous luminosity to 
level the trigger rate，high level trigger rate < 5 kHz

– 10 billion events saved to tape and reconstructed when computing 
resources become available

– Opposite side jets provide an unbiased sample of b-decays

• 60-90% purity estimated by reconstructing 𝐵 → 𝐷∗#𝜇$ �̅�%

– Now possible to reconstruct fully hadronic B decays
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Observation of J/ψ ⟶ 4μ 
• First observation of J/ψ ⟶ 4μ 
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Ξb → ψ(2S)Ξ observation and 𝛯𝑏∗0 studies 
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• Full Run 2 140 fb-1



Ξb → ψ(2S)Ξ observation and 𝛯𝑏∗0 studies 
• First observation of Ξb → ψ(2S)Ξ 
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Ξb → ψ(2S)Ξ observation and 𝛯𝑏∗0 studies 

• Novel measurements of b-baryon properties
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Observation of Λ𝑏 → 𝐽/ψ Ξ−𝐾+
• Multi-body decays of b-hadrons may proceed through exotic 

intermediate resonances
– E. g. pentaquark 𝐽/ψ 𝑝 structure in Λ𝑏 → 𝐽/ψ 𝑝 𝐾− observed by LHCb
– Λ𝑏 → 𝐽/ψ Ξ−𝐾+ final state can unveil yet-unobserved (e. g. doubly-strange) 

pentaquarks

• First-time observation of Λ𝑏 → 𝐽/ψ Ξ−𝐾+

– In final states with 𝐽/ψ → 𝜇𝜇, Ξ− → Λ(→ 𝑝𝜋−)𝜋−

– 𝟓. 𝟖 𝝈 significance with full Run-2 data 140 fb-1
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Observation of Λ𝑏 → 𝐽/ψ Ξ−𝐾+
• Λ𝑏 → 𝐽/ψ Ξ−𝐾+  branching fraction ratio measurement

– Large systematics cancellation in the measured ratio 𝑅
– Result dominated by low signal statistics

• Search for intermediate resonances
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No evidence of resonant structures at this signal statistics



Bs0 → 𝐽/ψ 𝐾s0 effective lifetime 
• Full Run-2 dataset at 13 TeV, 140 fb-1

– Using 𝐽/ψ → 𝜇𝜇 high pT trigger,  𝐾s
0 → 𝜋𝜋

• 2D UML fit to mass and decay length
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Compatible within 2.1σ with LHCb, improved accuracy
Strong agreement with the SM prediction of 1.62 ± 0.02 ps.
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CPV in Bs0 → 𝐽/ψ ϕ(1020) decays
• 2017 + 2018 dataset, 13 TeV, 96.5 fb-1 (~ 491000 signal events)

– passing 𝐽/ψ + 𝜇 or 𝐽/ψ + ϕ trigger
– 𝐽/ψ → 𝜇𝜇, ϕ → 𝐾𝐾

• Time-and flavour-dependent angular analysis, 7D UML fit
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CPV in Bs0 → 𝐽/ψ ϕ(1020) decays
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Comparable in precision to the world’s most precise single measurement by LHCb



Search for CPV in D0 → Ks0 Ks0
• CPV in up-quark not as well studied as in down-quark

• First CPV measurement in charm sector at CMS
– 2018 data, 41.6 fb-1 BParking dataset
– contains O(1010) semileptonic B decays

17Zhen Hu              April 20, 2024

c d

s

s

u d

W+D0

K0

K0

1

c

u

d

d

s

s

W+D0

K0

K0

1

c d

s

s

u d

W�D0

K0

K0

1

c

u

d

d

s

s

W�D0

K0

K0

1

First observation by LHCb



Search for CPV in D0 → Ks0 Ks0
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Search for CPV in D0 → Ks0 Ks0
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• Compatible with no CPV at 2𝝈，with LHCb at 2.7𝝈，
with Belle at 1.8𝝈

• Statistically limited，systematic primarily from fit models
• Paves the way for future more accurate measurements



New conventional hadrons at LHC

20Zhen Hu              April 20, 2024

Observed by CMS

Observed by ATLAS

https://www.nikhef.nl/~pkoppenb/particles.html



New exotic hadrons at LHC
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Observed by CMS, 
waiting for confirmation 
from other experiments

X (6600)

https://www.nikhef.nl/~pkoppenb/particles.html

Observed by CMS



• The general purpose experiment CMS at the LHC pursue 

an articulated B-Physics program

• Complementary to dedicated experiments: 
– Different phase space coverage
– Competitive in many analyses (especially if based on muons)

• Developed ingenious data taking techniques to expand 

physics potential

Summary and outlook
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New trigger in Run-3 !



中国科学院主管│科学家交流的平台│国际科学研究的展台│向世界展示的窗口

u 位列全球73种多学科综合类期刊第5位

u JCR综合类期刊Q1区

u 中国科学院文献情报中心期刊分区表Q1区

u 中国科技期刊卓越行动计划领军期刊

u SCI, Scopus, MEDLINE, EI等收录

u 年发文量~500篇, 每年24期

u 聚合中文科学与科普的高端、综合类期刊

u Scopus、EI、ESCI、中国科学引文数据库收录

u 中国科技期刊卓越行动计划梯队期刊

u 年发文>500篇，旬刊，10天一期

u 特色栏目：香山科学会议专栏、

自然科学基金项目进展专栏

物理学与天文学 化学与能源科学       材料科学与工程       生命科学       医学 地球与环境科学 

1950年创刊

Since 1966


