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CMS B Physics Group

82 publications：https://cms-results.web.cern.ch/cms-results/public-
results/publications/BPH/index.html
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•  
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𝜂 coverage (track & muon): [-2.5,2.5]



Excellent	detector	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	
Majority	of	analyses	rely	on	dimuon	triggers
• Special	triggers	for	different	analyses

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

CMS trigger & dimuon spectrum
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https://cds.cern.ch/record/2868780

Significant acceptance improvement in Run-3!

CMS-DP-2016-059



• Spectroscopy of exotic hadrons
– Observation of X(6600) and X(7100) in                

    Observation of X(6900) in                     (4/2025, submit to Sci. Adv.)

– Spin-parity measurement of the tetraquark family X(6600),X(6900),X(7100)    
(4/2025, accepted by Nature) 

• Conventional hadrons
– CMS: First full reconstruction of B* mesons (5/2025, submitted to PRL)

– Full angular analysis of (3/2025, published in PLB)

• CP violations
– Search for CPV through                     (2024, published in EPJC)

– Measurement of CPV through                                (2024, submitted to PRL)

Recent HF and CPV results
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• First mention of 4c states at 6.2 GeV (1975)
– Just one year after the discovery of J/𝝍

• First calculation of 4c states (1981): Z. Phys. C 7 (1981) 317

• A different system compared to exotics with light quarks
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New domain of exotics: all-heavy tetra-quarks
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• J/ψJ/ψ from CMS: 
• 135 fb!", taken in 2016, 

2017 and 2018 LHC runs
• Clean J/ψJ/ψ signals are 

seen
• J/ψ mass and vertex 

related cuts removed
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CMS J/ψJ/ψ candidates at 13 TeV
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• Most significant structure is a BW at threshold, BW0--what is its meaning? 
• Treat BW0 as part of background due to:

• BW0 parameters very sensitive to SPS and DPS model assumptions
• A region populated by feed-down from possible higher mass states 
• Possible coupled-channel interactions, pomeron exchange processes…

• SPS+DPS+BW0 as our background 

Zhen Hu              Oct 25, 2025            HFCPV 2025

CMS background (SPS + DPS + BW0) 

𝜒!	𝑝𝑟𝑜𝑏 = 79%

       [6.2,15] GeV

PRL 132 (2024) 111901

CMS background (SPS + DPS + BW0) 

http://dx.doi.org/10.1103/PhysRevLett.132.111901


CMS J/ψJ/ψ fit: 3 BWs + Background
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𝜒!	Prob. = 1%

[6.2,7.8] GeV

BW1 BW2

BW3

BW1 (MeV) BW2 (MeV) BW3 (MeV)
m 6552	±	10 ±	12 6927 ±	9 ±	4 7287 +20

-18	±	5

Γ 124!"#$%" ±	33 122!"&$"' ±	18 95!'($)* ±	19

N 470!&&($&"( 492!+%$+, 156!)&$#'

𝜎(stat.) 6.5 9.4 4.1

𝜎(stat. + syst.) 5.7 9.4 4.1

First
Observation

Confirmation of 
X(6900) from LHCb

Evidence

Statistical significance based on:
2 ln(L0/Lmax) 
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PRL 132 (2024) 111901

http://dx.doi.org/10.1103/PhysRevLett.132.111901


CMS J/ψJ/ψ interference fit
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• Fit with interf. among BW1, BW2, and BW3 describes data well

• Measured mass and width in the interference fit 

7.9𝜎
9.8𝜎

4.7𝜎

X(6600)  X(6900)  X(7100)

PRL 132 (2024) 111901

http://dx.doi.org/10.1103/PhysRevLett.132.111901


7.9𝜎
9.8𝜎

4.7𝜎

CMS J/ψJ/ψ Run 3 ?

• Data samples [315 fb-1] 
– Run II: 135 fb-1 data taken in 2016, 2017 and 2018 

– Run III: 180 fb-1 data taken in 2022, 2023 and 2024

– J/ψJ/ψ events：3.6 * Run II
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Run 2



CMS J/ψJ/ψ fit – Run 2+3
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First observation of X(7100)
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× 3.6 yield
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CMS ψ(2S)J/ψ mass Run 2+3
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• X(6900) is obvious

• X(7100) is visible

• Signal dominated
by Run3

CMS-PAS-BPH-22-004
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CMS ψ(2S)J/ψ fit Run 2+3
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7.9𝜎
4.0𝜎 First observation of X(6900) → ψ(2S)J/ψ

Evidence of X(7100) → ψ(2S)J/ψ

CMS-PAS-BPH-22-004

Submit to Sci. Adv.
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4c States Spin Parity
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CMS Statistical Analysis of JPC
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CMS-PAS-BPH-24-002, arXiv:2506.07944，accepted by Nature
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Summary: new exotic hadrons at LHC
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https://www.nikhef.nl/~pkoppenb/particles.html
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More details in Yilin Zhou’s talk 8:50 tomorrow



• Spectroscopy of exotic hadrons
– Observation of X(6600) and X(7100) in                

    Observation of X(6900) in                     (4/2025, submit to Sci. Adv.)

– Spin-parity measurement of the tetraquark family X(6600),X(6900),X(7100)    
(4/2025, accepted by Nature) 

• Conventional hadrons
– CMS: First full reconstruction of B* mesons (5/2025, submitted to PRL)

– Full angular analysis of (3/2025, published in PLB)

• CP violations
– Search for CPV through                     (2024, published in EPJC)

– Measurement of CPV through                                (2024, submitted to PRL)

Recent HF and CPV results
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History of B* meson studies
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Bs*0 measurements at B-factories
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Reconstruction with CMS Run 2 data
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CMS-BPH-24-011, arXiv:2508.05820
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B* signals in CMS Run 2 data

24Zhen Hu              Oct 25, 2025            HFCPV 2025

CMS-BPH-24-011, arXiv:2508.05820
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CMS B* mass results
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CMS-BPH-24-011, arXiv:2508.05820

Submitted to PRL
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Full angular analysis of 𝑩𝟎 → 𝑲∗𝟎𝝁𝝁
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Full angular analysis of 𝑩𝟎 → 𝑲∗𝟎𝝁𝝁
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ü among the most 
precise measurements of the angular 
observables of this decay

ü valuable contribution to the
understanding of the b → sl+l−

CMS-BPH-21-002
PLB 864 (2025) 139406
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• Spectroscopy of exotic hadrons
– Observation of X(6600) and X(7100) in                

    Observation of X(6900) in                     (4/2025, submit to Sci. Adv.)

– Spin-parity measurement of the tetraquark family X(6600),X(6900),X(7100)    
(4/2025, accepted by Nature) 

• Conventional hadrons
– CMS: First full reconstruction of B* mesons (5/2025, submitted to PRL)

– Full angular analysis of (3/2025, published in PLB)

• CP violations
– Search for CPV through                     (2024, published in EPJC)

– Measurement of CPV through                                (2024, submitted to PRL)

Recent HF and CPV results
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Search for CPV in D0 → Ks0 Ks0
• CPV in up-quark (heavily suppressed) 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
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First observation by LHCb

PRL122(2019)211803



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
• More details in Vladimir’s talk at 14:20 this afternoon

EPJC84(2024)1264

https://doi.org/10.1140/epjc/s10052-024-13244-0


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

32Zhen Hu              Oct 25, 2025            HFCPV 2025

→

→



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

arXiv:2412.19952 , Submitted to PRL

http://arxiv.org/abs/2412.19952


• Spectroscopy of exotic hadrons
– Observation of X(6600) and X(7100) in                

    Observation of X(6900) in                     (4/2025, submit to Sci. Adv.)

– Spin-parity measurement of the tetraquark family X(6600),X(6900),X(7100)    
(4/2025, accepted by Nature) 

• Spectroscopy of conventional hadrons
– CMS: First full reconstruction of B* mesons (5/2025, submitted to PRL)

• CP violations
– Search for CPV through                     (2024, published in EPJC)

– Measurement of CPV through                                (2024, submitted to PRL)

Recent HF and CPV results
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Quarkonium measurements

• First Upsilon cross-section measurements with Run 3 data
– Extended to higher pT: up to 200 GeV

– At higher collision energy: 13.6 TeV

– Close collaboration with theorists from China: Yanqing Ma, Yu Feng, 
Hongfei Zhang, Zhiguo He, …

– Results to be shown in the QWG conference next month

• Experimental Review of the Quarkonium Physics at the LHC
Symmetry 2025, 17(9), 1521; 

    https://doi.org/10.3390/sym17091521 

Published in the Special Issue: 

    Symmetry in Hadron Physics (Jialun Ping)
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https://doi.org/10.3390/sym17091521
https://doi.org/10.3390/sym17091521
https://doi.org/10.3390/sym17091521


Summary
• CMS paint a full picture of fully-charm tetraquarks:

– Measured masses of 3 resonances with full Run2+3 data

– Measurement of spin-parity reveal their JPC = 2++

• CMS fully exclusively reconstruct, for the first time, B*+, B*0, 
and Bs

*0 signals
– Order of magnitude precision improvement in the Δm values!

– 18 various measurements, including differences and ratios, are 
provided for completeness

• The first CMS measurement of CP violation in charm is 
performed

• Full angular analysis of 𝑩𝟎 → 𝑲∗𝟎𝝁𝝁

• Stay tuned for more results including those with much 
larger Run 3 dataset!
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Thank you! 


