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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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Indirect search for New Physics
• Precision measurement 

of heavy hadron decays
– Flavour-Changing NC
– Flavour-Changing CC

• Probe New Physics at 
high energy scale 
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Indirect search for NP (cont.)
• Overconstrain the CKM triangle
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LHCb at 300 fb-1, 
CMS/ATLAS at 3000 fb-1, Belle II at 50 ab-1.

http://ckmfitter.in2p3.fr/www/studies/plots_hllhc18/studies/plots_hllhc18/phase2/ckm_plots_hllhc18_phase2.html
http://ckmfitter.in2p3.fr/www/studies/plots_hllhc18/studies/plots_hllhc18/phase2/ckm_plots_hllhc18_phase2.html


𝑉!" , 𝑉#"
• Some tension between 

exclusive/inclusive
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[PRL 126 (2021) 081804]

𝑉!" , 𝑉#" [Belle, arXiv:2303.17309]

+ w/ exp constraint for 
1𝐵* → 𝜋+ℓ!�̅�ℓ FF
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Branching fraction of 𝑏 → 𝑠𝜇%𝜇&
• Pattern of tensions seen, 

theoretical uncertainty?
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𝐵%! → 𝜙𝜇#𝜇$
JHEP 06 (2014) 133

JHEP 06 (2014) 133

JHEP 06 (2014) 133

JHEP 04 (2017) 142 JHEP 06 (2015) 115

PRL 127 (2021) 151801

𝛬&! → 𝛬𝜇#𝜇$
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• First measurement, w/ all data
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Lepton flavor universality
• In SM, three lepton families (𝑒, 𝜇, 𝜏) have 

identical couplings to the gauge bosons

– which means, e.g.,     

• Lepton flavor universality violation? New Physics!
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𝑅! =
ℬ 𝐵" → 𝐾"𝜇"𝜇#

ℬ(𝐵" → 𝐾"𝑒"𝑒#)
≅ 1

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

𝒪(1%) QED correction
[M. Bordone et al., EJPC 76 (2016) 440]
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LFU in 𝑏 → 𝑐ℓ𝜈 decays
• Deviations from SM seen by Babar/Belle/LHCb
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𝑅(𝐻.) =
ℬ 𝐻/ → 𝐻.𝜏!�̅�0
ℬ(𝐻/ → 𝐻.𝜇!�̅�1)
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Systematic uncertainty of R(D*)

12
[F. U. Bernlochner et al., RMP 94 (2022) 015003]

[LHCb, PRD 108 (2023) 012018]



Spectroscopy
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https://indico.cern.ch/event/1324964



W mass
• CDF results demand more measurements at LHC
• Anti-correlation of PDF at GPD/LHCb 
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Electroweak Fit (J. de Blas et al.)
arXiv:2112.07274

Electroweak Fit (J. Haller et al.)
EPJC 78 (2018) 675

CDF II
Science 376 (2022) 170
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JHEP 01 (2022) 036
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Experimental total 10
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Total 32



The LHCb upgrades
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𝑳 = 𝟒×𝟏𝟎𝟑𝟐 𝐜𝐦#𝟐𝐬#𝟏 𝑳 = 𝟐×𝟏𝟎𝟑𝟑 𝐜𝐦#𝟐𝐬#𝟏 𝑳 = 𝟐×𝟏𝟎𝟑𝟒 𝐜𝐦#𝟐𝐬#𝟏

？

Upgrade I Upgrade II

LS2 Run 3
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Upgrade	II,	4D	detector	
Timing,	𝒪(10 ps),	is	essential



Prospects
• LHCb upgrades  

(2025: 23 fb-1, Upgrade-II: 300 fb-1)
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Summary

• LQCD inputs eagerly needed by LHCb, e.g., 
– 𝑉$% , 𝑉&%
– 𝑏 → 𝑠𝜇"𝜇# BR
– ℛ'∗

– Spectroscopy 
–W mass 

• Such inputs become more important with 
LHCb upgrade (50 fb-1) & upgrade-II (300 fb-1)
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