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Large Hadron Collider

Proton energy: up to 7 TeV (1012 eV)
speed:  0.999999991 c
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The LHCb experiment 
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• Run3
– Luminosity: 9 fb!" (2024) + 7 fb!" (2025) 
– Yields, compared to Run 1+2

• Muon modes ~2
• Hadronic modes ~4 (higher trigger eff.)  

Run1

Run2

Run3



Physics programs at LHCb

• Indirect search for New Physics
– Rare decays
– CP Violation

• Quantum Chromodynamics
– Spectroscopy (Quark model + strong interaction)

– Production (PDF, hard scattering, fragmentation) 

• Heavy Ions
• Electroweak 
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李佩莲   LHCb上的CP破坏研究
戴鑫琛   LHCb上的重子CP破坏研究
俞洁晟   LHCb上含重子末态的研究



0 5 10 15 20 25 30
]4c/2 [GeV2q

 [a
.u

.]
2 q

)/dγ− µ+ µ
→0 sB(Bd

(')
7C

(')
9,10C FSR

ψJ/
)S(2ψ

(1020)φ

(1680)φ

0 5 10 15 20 25 30
]4c/2 [GeV2q

12−10

11−10

10−10

9−10

8−10

7−10

6−10]4 c2−
 [G

eV
2 q

)/dγ−
µ+

µ
→0 sB(Bd

LHCb

ψJ/

S)2(ψ

 )1−LHCb direct (5.4 fb
 )1−LHCb indirect (9 fb

Single pole
Multipole
SCET
LCSR
LQCD + HQET + VMD
LQCD + HQET

𝐵!" → 𝜇#𝜇$(𝛾)

5

0 1 2 3 4 5 6
9−10×

)−µ+µ →s0B(B
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7
9−10×)−

µ+
µ 

→0 B(B

SM

LHCb
1−4.4 fb

1−9 fb

contours hold 68%, 95%, 99% CL

5000 5500 6000
]2c [MeV/−µ+µm

0

10

20

30

40

)2 c
C

an
di

da
te

s /
 ( 

27
.5

 M
eV

/ Data
Total

−µ+µ→s
0B

−µ+µ→0B
γ−µ+µ→s

0B
−'h+h→B

µνµh→bX
−µ+µ)+0(π→0(+)B

Combinatorial

LHCb
1−9 fb

 0.5≥BDT 

[PRL 128 (2022) 041801]

• 𝐵!" → 𝜇#𝜇$𝛾, less chiral 
suppressed, but with 
𝐵!" → 𝛾 form factor 
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Branching fraction of 𝑏 → 𝑠𝜇#𝜇$

• Pattern of tensions seen, theoretical uncertainty?
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𝑃%& with 𝐵" → 𝐾∗"𝜇#𝜇$

• 𝑃!" =
#!

$" %&$"
, less form-factor dependent 
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Charm loop
• Model of local and nonlocal contributions 

to extract Wilson co-efficiency
• Model of both 1-(2-) particle amplitudes, 

whole dimuon region
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Bins correlated! 

[PRL 132 (2024) 131801]

[JHEP 09 (2024) 026]



• Leptons (𝑒, 𝜇, 𝜏) have identical coupling to gauge bosons

– which means, e.g., 

• Lepton flavour universality violation? New Physics!

Lepton flavour universality
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𝑅% =
ℬ 𝐵# → 𝐾#𝜇#𝜇$

ℬ(𝐵# → 𝐾#𝑒#𝑒$)
≅ 1

𝒪(10!#) uncertainty
[C. Bobeth et al., JHEP 12 (2007) 040]

𝒪(1%) QED correction
[M. Bordone et al., EJPC 76 (2016) 440]



LFU in 𝑏 → 𝑠ℓ#ℓ$ decays
• All consistent with Standard Model for now
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LFU in 𝐵!" → 𝜙ℓ#ℓ$, 𝑅0
• First measurement of 𝑅', 

and first for high-𝑞(
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• Deviations from SM seen by Babar/Belle/LHCb

𝑅(𝐻') =
ℬ 𝐻% → 𝐻'𝜏!�̅�(
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CPV in mixing
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• 𝜙) = 𝜙* − 2𝜙+, small in SM
• 𝐵), → 𝐽/𝜓ℎ-ℎ&

6𝐵*+

𝐵*+ 𝑓,-

𝜙.

𝜙/ −𝜙.

Mixing and decay 
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Flavour tagging?
[CMS-PAS-BPH-23-004]

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-23-004/index.html
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Direct CPV in 𝐵# → 𝐽/𝜓ℎ# decays
• First evidence after combining w/ Run-1 
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Study of 𝛬=" , 𝛯=" → 𝛬ℎ#ℎ&$
• First evidence of direct CPV in baryon
• Possible interpretation: enhancement 

from 𝑁∗- → 𝛬𝐾- and 𝜙 → 𝐾-𝐾&

16

Preliminary

𝛥𝒜,- = 16.5 ± 5.1 %
𝛥𝒜,- = 15.0 ± 5.9 %
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𝛬=" , 𝛬A#, 𝛬 decay parameters
• First proposed by Lee and Yang to seach for parity violation 
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Spectroscopy
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Radiative decays of 𝑋(3872)
• First observation of 𝑋 3872 → 𝜓 2𝑆 𝛾
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Spectroscopy in 𝐵 → 𝐷𝐷𝑋 decays
• ℎ/ 4000 , 𝜒/% 4010 , ℎ/(4300)

in 𝐵- → 𝐷∗±𝐷∓𝐾- decays
• 𝑇/) in 𝐵 → M𝐷(∗)𝐷)-𝜋-𝜋&

20

[PRL 133 (2024) 131902]

or

[LHCb-Paper-2024-033]



𝜂A production
• 50 years after J-particle’s discovery, hadroproduction mechanism?
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25/62马滟青

CO mechanism

States pT behavior at 
LO

3S1[1] pT-8

3S1[8] pT-4

1S0[8] pT-6

3PJ[8] pT-6

Kramer, 0106120

YQM, Wang, Chao, 1012.1030 Butenschoen, Kniehl, 1105.0820

Nicely explain 𝝍′ surplus by CO contributions

Gong, Wan, Wang, Zhang, 1205.6682

33/62马滟青

Polarization puzzle at NLO

 𝐽/𝜓: transverse polarization canceled (why?) in 3𝑺1
𝟖 and 3P𝐽

𝟖

Chao,YQM,Shao,Wang, Zhang,1201.2675 Bodwin, Chung, Kim, Lee, 1403.3612

𝜓(2𝑆): cancelation weak, hard to understand data

Shao, Han, YQM, Meng, Zhang, Chao, 1411.3300 Gong, Wan, Wang, Zhang, 1205.6682

Faccioli,Knunz,Lourenco, Seixas,Wohri,1403.3970

Bodwin et al., 1509.07904

[M. Butenschoen, et al., PRL 114 (2015) 092004]
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Nuclei production
• New method to identify d and 3He 
• Clean sample of (anti)hypertritons
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3He

Event display of hypertriton candidate – 3He 
identified by dE/dx in silicon layers



Antihelium production in �̅�=" decays
• Antihelium in cosmic rays, “Smoking gun” for new physics
• One explanation of antihelium by AMS02, dark matter 

annihilations to 𝑏P𝑏, ̅𝛬4, has significant BR to 3MHe
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[PRL 126 (2021) 101101] 
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The LHCb upgrades
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Upgrade	II,	4D	detector	,	
Timing,	𝒪(10 ps),	is	essential
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SMOG (System for Measuring Overlap with Gas)
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Simultaneous data-taking possible
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Prospects
• LHCb upgrades (2025: 23 fb-1, Upgrade-II: 300 fb-1)
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Summary 
• Many interesting results from LHCb
– Flavour anomalies, 𝑏 → 𝑠𝜇#𝜇$ BR, ℛ) , ℛ*(∗)

– CP Violation, CKM-𝛾 combination, 𝜙!, in 𝐵 → 𝐽/𝜓ℎ and baryon 
– Spectroscopy, 𝜒+( 3872 → 𝜓 2𝑆 𝛾, ℎ+ 4000 , 𝜒+( 4010 ,…
– Production, 𝜂+(1𝑆)
– Heavy-Ion, antihelium

– EW, sin' 𝜃,--
ℓ

• Stay tuned w/ LHCb upgrade (50 fb-1) & upgrade-II (300 fb-1)

– Trigger efficiency for hadronic modes improved by factor of ~2

• Your suggestions are always appreciated!
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