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LHCb experiment
• One of the four large experiments on Large Hadron Collider (LHC) at CERN
• Dedicated to studying heavy flavor (beauty and charm) hadrons
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LHC



LHCb detector JINST 3 (2008) S08005
IJMPA 30 (2015) 1530022

ü Excellent vertexing
𝜎!~45	fs	 for 𝐵"# → 𝐽/𝜓𝜙 decay

ü Hadron PID
𝜖 𝐾 → 𝐾 , 𝜖 𝑝 → 𝑝 > 90%

ü Precise momentum
measurement
Δ𝑝/𝑝 = 0.5 − 1% 5 ∼ 200 GeV/𝑐

Run 1-2 detector

Tracking
Particle ID

ü Muon PID
𝜖 𝜇 → 𝜇 ∼ 90% for 1 − 3%
𝜋 → 𝜇 misID rate

𝛿𝑚$→&'/𝑚$ ∼ 0.5%



LHCb data
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• 𝑝𝑝 collisions: 𝑠 = 7, 8, 13, 13.6 TeV, ∫ ℒ𝑑𝑡 ≈ 37 0bFG

• Heavy ion data

Colliding mode

𝜎 𝑏#𝑏, 13 TeV ≈ 0.5 mb, 𝜎 𝑐 ̅𝑐 ≈ 20×𝜎 𝑏#𝑏 , all possible species

Fixed target mode

• 𝑝𝑝 data



LHCb physics
• CP violation

Ø Measurements of CKM matrix, new CP violation sources

• Rare decay and new physics
Ø Flavor changing neutral currents, forbidden decays, lepton flavor universality…

• Quantum Chromodynamics
Ø Heavy flavor production, conventional and exotic hadron spectroscopy

• Electroweak at forward rapidity region
Ø W/Z production, mass, weaking mixing angle…

• Heavy ion at forward rapidity region
Ø Quark gluon plasma, initial and final state effects…
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胡晓凡: LHCb实验上CP破坏最新进展

何吉波：LHCb上双重味重子实验研究
任赞: Hardon Spectroscopy at LHCb 

俞洁晟:LHCb实验上稀有衰变的研究

https://indico.ihep.ac.cn/event/28557/contributions/223320/
https://indico.ihep.ac.cn/event/28557/contributions/223320/
https://indico.ihep.ac.cn/event/28557/contributions/223320/
https://indico.ihep.ac.cn/event/28557/contributions/223320/
https://indico.ihep.ac.cn/event/28557/contributions/223334/
https://indico.ihep.ac.cn/event/28557/contributions/223334/
https://indico.ihep.ac.cn/event/28557/contributions/223331/
https://indico.ihep.ac.cn/event/28557/contributions/223368/
https://indico.ihep.ac.cn/event/28557/contributions/223368/
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First observation of CP violation in baryons
• ΛHI → 𝑝𝐾F𝜋J𝜋F decay: CP violation may arises from “tree” and “penguin” interference,

could be enhanced by intermediate resonances
• 80K ΛHI and 6ΛHI measured, almost background free
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“Tree” “penguin”
Λ!" 5Λ!"

• CP asymmetry determined after accounting
for biases from production and detection

𝐴KL = 2.45 ± 0.46 ± 0.10 %, 5.2𝜎 from zero

Nature 643 (2025) 1223 



Analysis of 𝐵! → 𝜌𝐾∗! decays
• Charmless 𝐵 → 𝑉𝑉 highly interesting

Ø Three polarizations: 0, ⊥ and ∥; relative phases can be extracted
Ø Interference between tree and penguin diagrams: CP violation
Ø Longstanding polarization puzzle
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PRL 136 (2026) 021803 

Nucl. Phys. B774 (2007) 64

• Amplitude analysis of 𝐵J → 𝜌 → 𝜋J𝜋F 𝐾∗J → 𝐾NI𝜋J
𝐵!

𝐾!"



𝐵! → 𝜌𝐾∗!: polarization and CP violation
• CP averaged longitudinal fraction

10

LHCb-PAPER-2025-026

• Direct CP asymmetry

• CP asymmetries for magnitude and phase of 
longitudinal component

First observation CP violation in this decay

CP asymmetry

Longitudinal polarization



11

Amplitude analysis of 𝐵! → 𝐾!𝜋!𝜋"
: Isobar, K-matrix, Quasi-model independent

LHCb-PAPER-2025-067/068/069
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Observation of resonance CP violation
• CP violation on branching fraction



The Unitarity triangle
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𝜶: time dependent CPV of 
𝐵 → 𝜋𝜋, 𝜌𝜋, 𝜌𝜌 decays

𝜸: direct CPV of
𝐵 → 𝐷𝐾, 𝐷𝜋 decays

𝜷: time dependent CPV 
of 𝐵I → 𝜓𝐾N/O decays

𝜸 𝜷

𝜶

is unitary

𝑉PH∗ 𝑉PQ + 𝑉RH∗ 𝑉RQ + 𝑉SH∗ 𝑉SQ = 0



Angle 𝛽

𝐴!" 𝑡 =
#"#$→& $ %##$→& $

#"#$→& $ &##$→& $
= −𝜂' sin 2𝛽 sin Δ𝑀(𝑡

PRL 132 (2024) 021801

• Golden modes: 𝐵! → 𝜓𝐾",$!

sin 2𝛽 = 0.717 ± 0.015LHCb:

• 𝛽 extracted using interference between I𝐵I decay 
and I𝐵I − 𝐵I mixing

• Latest result

𝛽 = 22.5 ± 0.4 ∘
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𝒜 #𝐵* → 𝐵* ∝ 𝑉$(∗ , ∝ 𝑒TUV

#𝐵* 𝑓

𝐵*
𝑒TUV

interference

sin 2𝛽

Time-dependent CP violation

World average:



𝛽#$$	determination with 𝐵% → 𝐽/𝜓𝜋!𝜋& arXiv:2601.15646 

• 𝑏 → 𝑐 ̅𝑐𝑑 decay, more sensitive to charm loop (penguin pollution)
• Dominated by 𝐵I → 𝐽/𝜓𝜌 770 I, about 70%
• Time-dependent amplitude analysis to split CP-odd and CP-even final-state components

15

Time-dependent CP asymmetry

2𝛽R ̅RQ
XYY = 0.710 ± 0.084 ± 0.028 rad

Penguin pollution on 𝜙Z:
Δ𝜙Z = 5.0 ± 4.2 mrad



Angle 𝛾
• Measured with interference between 𝑏 → 𝑐 and 𝑏 → 𝑢 

Ø Tree-level decays, theoretically clean (𝛿𝛾 ∼ 10%-) 

𝐷 ∗ * → 𝑓

5𝐷 ∗ * → 𝑓𝐾/𝜋

𝐾/𝜋

GLW: 𝑓 = 𝐾𝐾, 𝜋𝜋 etc, CP eigenstates
PLB 253 (1991) 483, PLB 265 (1991) 172

ADS: 𝑓 = 𝐾𝜋, 𝐾3𝜋 etc, quasi-flavor-
specific sates PRL 78 (1997) 3257

BPGGSZ: 𝑓 = 𝐾"𝜋𝜋 etc, self-
conjugate multi-body

PRD 68 (2003) 054018

• 6𝐷 and 𝐷 to same final states to interfere
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New 𝛾 measurements
• 𝐵J → 𝐷𝐾∗J with 𝐷 → 2ℎ and 𝐷 → 4ℎ 
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• Time dependent analysis of 𝐵ZI → 𝐷Z∓𝐾±

JHEP 03 (2025) 139

𝛾 = 81FGGJGT ∘

𝛾 = 63 ± 13 ∘
JHEP 02 (2025) 113

Mixing asymmetry

𝐵F 𝐵J



𝛾 combination LHCb-CONF-2025-003
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Combined determination of  𝛾, and charm mixing and CP violation parameters

𝜸 = 𝟔𝟐. 𝟖 ± 𝟐. 𝟔 ∘

Indirect extraction:
𝛾 = 66.0FG._JI.` ∘, CKMfitter

PRD 91 (2015) 073007

𝛾 = 64.9 ± 1.4 ∘, UTfit
JHEP 10 (2006) 081

𝛿𝛾 = 2.6∘
2025

𝛿𝛾 ≈ 15∘
2013



𝛾 with 2024 data
• 𝛾 measurement currently limited by statistical precision
• Foreseen improvement by accumulating data
• Analysis of golden channel 𝐵± → 𝐷 → 𝐾NIℎJℎF ℎJ with

new data (5.8fbFG)
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arXiv:2605.03501

𝛾 = 68.1 ± 6.7 ∘, precision close to Run1-2
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𝑏 → 𝑠𝑙!𝑙& decays
• 𝑏 → 𝑠𝑙J𝑙F mediated by FCNC loops, SM clean process, sensitive to physics beyond SM
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SM NP

• Effective field theory

• 𝑏 → 𝑠𝑙J𝑙F probes Wilson coefficients 𝐶`, 𝐶_, 𝐶GI
• New physics modifies 𝐶U or introduces new terms

𝑞( ≡ 𝑚)!)"
(



Flavor anomalies in 𝑏 → 𝑠𝑙!𝑙& decays
• Anomalous tensions with SM in differential rate: new physics or SM uncertainties?
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JHEP 04 (2017) 142 PRL 127 (2021) 151801

𝐵"# → 𝜙𝜇*𝜇+𝐵# → 𝐾∗#𝜇*𝜇+

𝐵' → 𝐾'𝜇'𝜇(𝐵) → 𝐾)𝜇'𝜇(

JHEP 06 (2014) 133

JHEP 06 (2015) 115

PRL 131 (2023) 151801

Λ-# → Λ𝜇*𝜇+

Λ-# → Λ(1520)𝜇*𝜇+



Angular analysis in 𝑞'
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PRL 125 (2020) 011802

• Detailed information to test SM calculations

𝐹.: longitudinal polarization, 𝐴/0 forward-backward asymmetry

Angular distribution for 𝐵* → 𝐾∗𝑙&𝑙% decay (CP averaged):

𝐹. 𝐴/0

Cleaner observables: 𝑃12 = 𝑆1 𝐹. 1 − 𝐹.

Tensions ~3.0𝜎

𝑃32



Model dependent analysis of 𝐵% → 𝐾∗%𝜇!𝜇&
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• 𝑏 → 𝑠𝑙J𝑙F decay polluted by nonlocal (𝜔, 𝜌, 𝜙, 𝜓, 𝐷6𝐷…) effects
• Amplitude analysis to separate local and nonlocal contributions

Ø Dedicated form factor distribution for each component
Ø Direct measurement of Wilson coefficients 𝐶1

JHEP 09 (2024) 026

𝑪𝟗: 2.1𝜎 tension
with SM

𝑞T distribution

SM

𝑷𝟓h : tension persists but with
reduced significance

GRvDV: JHEP 09 (2022) 133



CP violation for 𝐵% → 𝐾∗%𝜇!𝜇& decay
• Extract CP violation and complex Wilson-coefficients, 𝐶_

h and 𝐶GI
h relative to 𝐶`

Ø 𝐶1	are real in SM

25
No evident CP violation 𝐶_ and 𝐶GI consistent with SM, phase≈ 0

arXiv:2605.07582JHEP 09 (2024) 026



CP violation for 𝐵% → 𝐾(%𝜇!𝜇& decay
• First study of time-dependent CP violation in 𝑏 → 𝑠𝑙J𝑙F processes
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PRL 136 (2026) 231904

Complementary to decay rate measurements

Consistent with SM



Angular analysis of 𝑏 → 𝑠𝑒!𝑒& decays
• Test of lepton flavor universality (LFU) against 𝑏 → 𝑠𝜇J𝜇F 
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JHEP 06 (2025) 140

• Angular analysis of 𝐵! → 𝐾∗!𝑒*𝑒+ decay 𝑞, ∈ 1.1, 6 	GeV,/𝑐4

Consistent with SM predictions

𝑄1 = 𝑃1
55 − 𝑃166 

𝜇J𝜇F and 𝑒J𝑒F modes no sign of 
LFU violation

Clean observables



Observation of Σ! → 𝑝𝜇!𝜇& decay
• Rare 𝑠 → 𝑑 process, dominated by long distance contributions
• Observation at LHCb with measurement ℬ = 1.09 ± 0.17 ×10Fi

• 𝑚j"j# compatible with SM, no obvious structure hinted by HyperCP

28

PRL 135 (2025) 051801
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Hadron spectroscopy and low-energy QCD
• Hadron spectroscopy provides ideal opportunities to 

study QCD in non-perturbative region

• Hadron classification
Ø Conventional: mesons and baryons
Ø Exotic (beyond two or three quarks): multiple color

structure, strong experimental evidence in last years

…

Mesonic 
molecule ? Pentaquark ?Tetraquark ? Hybrid ?

Exotic

30

Conventional

Mesons Baryons



New states observed at LHCb
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Observation of new 𝐵)! states
• 𝐵RJ I𝑏𝑐  meson: system of two different heavy quarks
• Only 𝐵RJ 1𝑆 , 𝐵RJ 2𝑆 , 𝐵R∗J 2𝑆  observed before
• Observation of excited 𝐵RJ states in 𝐵RJ𝛾 spectrum

Ø Corresponding to orbitally excited 𝐵,*(1𝑃) states
Ø Six peaks expected, but not possible to resolve all 

32

Global significance > 7𝜎

Two-peak hypothesis: 

PRL 135 (2025) 231902
PRD 112 (2025) 112003

𝐵7& 1𝑃 → 𝐵7
(∗)&𝛾



Doubly charmed baryons
• Unique hadrons, properties allowed to test phenomenological models
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PRL 137 (2026) 021902 LHCb-PAPER-2026-022

Pre
limi
nar
y

ΞRRJ → ΛRJ𝐾F𝜋J ΩRRJ → ΩRI𝜋J

20-plet 𝐽 = :
,



Observation of new excited Σ)% states
• Amplitude analysis of 𝐵F → ΛRJ𝑝̅𝜋F decay, observing two ΣR∗∗I in ΛRJ𝜋F spectrum
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arXiv:2607.10595

Analysis not sensitive to 𝐽L

New flavor symmetric 6k statesΣR 2900 I, ΣR 3200 I

1P or 2S

2P or 3S

1P or 2S



Determination of 𝐽* for 𝛯) 3055 !,%

• First observation of 𝛯H
I,F → 𝛯R 3055 J,I → 𝐷𝛬 𝜋F decays, evidence for 𝛯R(3080)

• Measurement of 𝛯R 3055 J,I properties with amplitude analysis

𝚵𝒃
𝟎 → 𝚵𝒄∗∗%𝝅&

𝚵𝒄"(𝟑𝟎𝟓𝟓)
𝚵𝒄"(𝟑𝟎𝟖𝟎)

PRL 134 (2025) 081901
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Amplitude analysis of four observables (𝑚;<, 𝜃=* , 𝛽<, 𝜃<)

• 𝐽L = 3/2J determined for 𝛯R 3055 J,I 
with significances of more than 6.5σ (3.5σ)
• Favor ΞR(3055) as a 1D 𝜆-mode excitation

of flavor antitriplet

𝜆 = 2, 𝜌 = 0
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LHCb timeline
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Today

Upgrade I Upgrade II

CERN-LHCC-
2024-010

CERN-LHCC-
2021-012



Run 3 operation
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JINST 19 (2024) P05065

Ø New tracking system: VELO+UT+SciFi
Ø About 27	fbFG	𝑝𝑝	collision data collected
Ø Full detector readout at 30 MHz

Improved trigger 
efficiency 

Increased signal 
yields per unit lumi

LHCb-FIGURE-2024-030



Summary
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• LHCb: heavy flavor physics at CERN for studies of SM and new physics
ØPrecision measurements CP violation and CKM matrix

ØAnomalies and possible new physics in rare decays
ØObserving new hadrons

• Many more data in run3, results coming out

Many thanks !

The Unitarity triangle after Run 3 will likely be:


