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Large Hadron Collider

Proton energy: up to 7 TeV (1012 eV)
             speed:  0.999999991 c

2



Beauty/charm production
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• Large production cross-section @ 7 TeV
– Minibias ~60  mb
– Charm    ~6  mb 
– Beauty      ~0.3 mb c.f. 1nb @𝜰(𝟒𝑺) 

• Predominantly in forward/backward cones

Initial energy of 𝑏'𝑏 not known

Flavour factory! All b-hadrons: 
𝐵!, 𝐵", 𝐵#", 	𝛬$" , 𝐵%!, …	



Beauty/charm signature

• Compared to minimum bias (background)
– Relatively high mass    à high transverse momentum 

– Relatively long lifetime à large impact parameter (IP)

• Requires excellent vertexing, tracking, particle-identification
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The LHCb experiment 
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• Run3 (2022-2026)
– Luminosity: ~25 fb!"
– Yields, compared to Run 1+2

• Muon modes ~3
• Hadronic modes ~6 (higher trigger eff.)  

Run1

Run2

Run3

Upgrade I 



The LHCb trigger (2018)
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• L0, Hardware
– 𝑝# 𝜇$ ×𝑝# 𝜇% >(1.5 GeV)2

– 𝑝# 𝜇 > 1.8 GeV
– 𝐸# 𝑒 > 2.4 GeV
– 𝐸# 𝛾 > 3.0 GeV
– 𝐸# ℎ > 3.7 GeV

• High Level Trigger
– Stage1, 𝑝#, IP
– Stage2, full selection



The LHCb trigger (Run3)
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L0 removed



Physics programs at LHCb

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

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

– Production (PDF, hard scattering, fragmentation) 

• Heavy Ions
• Electroweak 
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CPV in baryon decays

• First observation!
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[arXiv:2503.16954]
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• Evidence also found in Δ𝐴!"(𝛬#$ → Λ𝐾%𝐾&) 

𝐴&' ≡
Γ 𝛬$" → 𝑝𝐾(𝜋!𝜋( − Γ ̅𝛬$" → �̅�𝐾!𝜋(𝜋!

Γ 𝛬$" → 𝑝𝐾(𝜋!𝜋( + Γ ̅𝛬$" → �̅�𝐾!𝜋(𝜋!

= 2.45 ± 0.46 ± 0.10 %  5.2𝜎

[PRL 134 (2025) 101802]

F.S. YU, April 27, 10h25 



CPV in charm decays

• First observation!
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[PRL 122 (2019) 211803]

𝐴#$ 𝑓 =
Γ 𝑀 → 𝑓 − Γ -𝑀 → ̅𝑓
Γ 𝑀 → 𝑓 + Γ -𝑀 → ̅𝑓

Δ𝐴#$ ≡ 𝐴#$ 𝐾!𝐾% − 𝐴#$(𝜋!𝜋%)

Combined one:
Δ𝐴#$ = −15.4 ± 2.9 ×10!&



CPV in mixing
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• 𝜙' = 𝜙( − 2𝜙), small in SM
• 𝐵'$ → 𝐽/𝜓ℎ%ℎ&

'𝐵#"

𝐵#" 𝑓&'

𝜙)

𝜙* −𝜙)

Mixing and decay 
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Flavour tagging? [CMS, arXiv:2412.19952]
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𝐵(3)
4 → 𝜇5𝜇6

• Suppressed in SM, could be enhanced by New Physics
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Branching fraction of 𝑏 → 𝑠𝜇5𝜇6

• Pattern of tensions seen, theoretical uncertainty?
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𝑃78  with 𝐵4 → 𝐾∗4𝜇5𝜇6

• 𝑃*+ =
,!

-" .&-"
, less form-factor dependent 
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[S. Descotes-Genon, et al., JHEP 01 (2013) 048] 
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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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𝑅B =
ℬ 𝐵A → 𝐾A𝜇A𝜇?

ℬ(𝐵A → 𝐾A𝑒A𝑒?)
≅ 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 → 𝑠ℓ5ℓ6 decays
• All consistent with Standard Model for now
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• Deviations from SM seen by Babar/Belle/LHCb 
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ℬ 𝐻$ → 𝐻%𝜏(�̅�-
ℬ(𝐻$ → 𝐻%𝜇(�̅�.)

0.1 0.2 0.3 0.4
R(D*)

BaBar, had. tag
 0.018± 0.024 ±0.332 

, had. tagaBelle
 0.015± 0.038 ±0.293 

, (hadronic tau)bBelle
 0.027± 0.035 ±0.270 

, sl.tagcBelle
 0.014± 0.018 ±0.283 

aLHCb
 0.024± 0.018 ±0.281 

, (hadronic tau)bLHCb
 0.018± 0.012 ±0.257 

Belle II, had.tag
 0.031± 0.040 ±0.267 

cLHCb
 0.085± 0.081 ±0.402 

Average 
 0.012±0.285 

SM average 
 0.005±0.254 

PRD 95 (2017) 115008 
 0.003±0.257 

JHEP 1712 (2017) 060 
 0.005±0.257 

PLB 795 (2019) 386 
 0.007±0.254 

PRL 123 (2019) 9,091801 
 0.005±0.253 

EPJC 80 (2020) 2, 74 
 0.006±0.247 

EPJC 82(2022) 12,1141 
 0.013±0.265 

EPJC 82(2022) 12,1083 
 0.008±0.275 

arXiv:2304.03137[hep-lat] 
 0.013±0.279 

arXiv:2304.03137[hep-lat] 
 0.022±0.252 HFLAV

Moriond 2024

SM

Exp

[PRL 128 (2022) 191803] 

0 5 10
]4c/2[GeV2q

0.05
0.1

0.15
0.2

0.25
0.3

0.35
0.4

0.45
610×)4 c/2

V
C

an
di

da
te

s /
 (1

.1
8 

G
e

LHCb 1−2 fb

ν −τ +D → B
ν −τ +*D → B

X cX +D → B
ν −τ/−µ **D → B

Comb + misID
ν −µ +D → B
ν −µ +*D → B

ψJ/R
0 0.5 1 1.5

CMS
Combination

π3τCMS, Run2, 

µτCMS, 2018, 
CMS-PAS-BPH-22-012

µτLHCb, Run1, 
Phys. Rev. Lett.
120 (2018) 121801

CMS Preliminary

SM

[CMS-PAS-BPH-23-001]



Spectroscopy
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Doubly charmed baryons
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𝜂? 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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Double parton scattering
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𝐽/𝜓+𝐽/𝜓, 2.187 ± 0.020 ×10R
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Charmonium suppression
• In 2013 LHCb joined heavy-Ion run for the 1st time
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Stronger suppression in Pb-going direction, 
similar to PbPb, not entirely from comovers? 

[LHCb-Paper-2025-011]



Open charm in pPb
• Provides constraints on nPDF…
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J.Q. WANG, April 26, 11h55
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Forward 𝐷#! consistent with updated nPDF calculation,
Tension at backwards rapidity, additional effects? 

Clear strangeness enhancement 

PRD 110 (2024) L031105

PRL 131 (2023) 102301



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 �̅�A4  decays
• Antihelium in cosmic rays, “Smoking gun” for new physics
• One explanation of antihelium by AMS02, dark matter 

annihilations to 𝑏C𝑏, ̅𝛬#$  has significant BR to 3EHe
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𝑊/𝑍	boson mass

• CDF results on 𝑊 mass demand 
more measurements at LHC

• First direct measurement of 𝑚C 
at LHC
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𝑚0 = 91184.2 ± 8.5 ± 4.3 MeV𝑚1 = 80354 ± 232343 ± 10567 ± 1738 ± 99:; MeV

[LHCb-Paper-2025-08]



The LHCb upgrades

29

Upgrade	II,	4D	detector	,	
Timing,	𝒪(10	ps),	is	essential
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PbPb	centrality,	~60%	⟹	30%	(LHCb-UI)	⟹	0%	(LHCb-UII)	
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Data-taking in 2024
• Calibration / alignments much improved 

30Trigger	efficiency	for	hadronic	modes	improved	by	~2
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Fully	hadronic	B	decays	in	PbPb



SMOG (System for Measuring Overlap with Gas)

31

[L
HC

b-
Fi

gu
re

-2
02

3-
00

8]

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
– Baryon CPV, 𝜙D; 𝐵D@ → 𝜇A𝜇?, 𝑏 → 𝑠𝜇A𝜇?; Exotic hadrons, 

charmonium production in pp and in pA, antihelium; 𝑊/𝑍 mass

collaboration between theory and experiments essential
• Stay tuned w/ LHCb upgrade (50 fb-1) & upgrade-II (300 fb-1)

– Trigger efficiency for hadronic modes improved by factor of ~2
– Improving calibration & alignment essential for precision

• Your suggestions are always appreciated!
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