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LHC is the forefront of high energy physics
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The LHC accelerator 
21 

17
The LHCb experiment 6 Dec 2011    Oxford Department of Physics     N.Harnew

The LHC accelerator
Protons

 

bent in a circle under a 
magnetic field and collide

Electric waves speed particles up

p p

The detectors “photograph”
the debris

27 km circumference to 
accelerate protons to vey 

close to the speed of light,  

and produce 40 million 

collisions per second 



Two ways to search for new physics in LHC 
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High energy frontier
➢ ATLAS and CMS

Search new particles in collision directly

High precision frontier
➢ LHCb

Precise measurement of FCNC processes to 
search for new particles.

 Search for new physics far above the 
accelerator collision energy

 Test new physics models, determining coupling 
constants and phases



LHCb experiment
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中国单位：
清华大学
华中师范大学
中国科学院大学
武汉大学
高能物理研究所
华南师范大学
北京大学
湖南大学
兰州大学

➢ Understand matter-antimatter imbalance (CP violation)

➢ Search for new physics (Rare decays)

➢ Explore and understand QCD (Hadron properties, exotic hadrons)

LHCb collaboration： 25 counties, 107 institutes, 1770 members



2010    2011   2012   2013   2014    2015   2016    2017    2018

Run-I: 3 fb-1, Run-II: 6 fb-1

LHCb data samples
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Large 𝑏 ത𝑏 and 𝑐 ҧ𝑐  production cross sections:

𝜎 𝑏ത𝑏𝑋 ∼ 0.5% × 𝜎𝑝𝑝
inelas,  𝜎 𝑐 ҧ𝑐𝑋 ∼ 10% ×  𝜎𝑝𝑝

inela𝑠

Luminosity levelling 𝑳 ∼ 𝟑 × 𝟏𝟎𝟑𝟐 𝐜𝐦−𝟐𝐬−𝟏 



FCNC 𝒃 → 𝒔𝜸(𝒍+𝒍−) decays 
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➢ Direct search of 𝐵(𝑠)
0 → 𝛾𝜇+𝜇−[JHEP 07 (2024) 101]

➢ Direct search of 𝐵(𝑠)
∗0 → 𝜇+𝜇− [arXiv:2409.17209v1]

➢ Amplitude analysis of 𝛬𝑏
0 → 𝑝𝐾−𝛾 [JHEP 06 (2024) 098]

➢ Amplitude analysis of 𝐵𝑠
0 → 𝐾+𝐾−𝛾 [JHEP 08 (2024) 093]

➢ Photon polarization in 𝐵𝑠
0 → 𝜙𝑒+𝑒−, low q2 [LHCb-PAPER-2024-030, prelim.]

➢ Angular analysis of 𝐵0 → 𝐾∗0𝑒+𝑒−, central q2 [LHCb-PAPER-2024-022, prelim.]

➢ Angular analysis of 𝛬𝑏
0 → 𝑝𝐾−𝜇+𝜇− [arXiv:2409.12629]

➢ z-Expansion fit with 𝐵0 → 𝐾∗0𝜇+𝜇−[PRD 109 (2024) 052009, PRL 132 (2024) 131801]

➢ Local & non-local amplitudes in 𝐵0 → 𝐾∗0𝜇+𝜇−[JHEP 09 (2024) 026]

➢ LFU in 𝐵𝑠
0 → 𝜙𝑙+𝑙− [arXiv:2410.13748]

➢ LFU in 𝐵+ → 𝐾+𝜋+𝜋−𝑙+𝑙−[LHCb-PAPER-2024-046, prelim.]



➢ 𝒃 → 𝒔𝒍+𝒍− decays described by effective Hamiltonian 

𝐻 = −
4GF

2
VtbVts

∗ σ𝑖 𝐶𝑖  𝑂𝑖 +
𝐾

 ΛNP
2 𝑂𝑗

(6)

7: photon penguin; 9,10: EW penguin; S,P: （pseudo-）scalar penguin

➢ Sensitivity to Wilson coefficients

➢ Theoretically clean probes of NP
 Pure leptonic decays

 Ratio between 𝑒/𝜇/𝜏

 Special angular observables

 Differential BF

𝒃 → 𝒔𝒍+𝒍− decays
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New physics can affect Wilson coefficients 𝐶𝑖 or add new operators 𝑂𝑗



First direct search on 𝑩(𝒔)
𝟎 → 𝜸𝝁+𝝁− with Run II data
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➢ Sensitive to the Wilson coefficients C7, C9, and C10

➢ SM predict: BF~10−10 to 10−9 JHEP 11 (2017) 184JHEP 12 (2020) 148 



Search for 𝑩(𝒔)
𝟎 → 𝜸𝝁+𝝁− with Run II data
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➢ First measurement, no significant signal and upper limits on the branching ratio

JHEP 07 (2024) 101



Search for 𝑩(𝒔)
∗𝟎 → 𝝁+𝝁− in 𝑩𝒄

+ → 𝝅+𝝁+𝝁−
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➢ 𝐵(𝑠)
∗0 → 𝜇+𝜇− are highly suppressed in 

SM due to EM, BF is ~10−11

➢ Could be enhanced by New Physics

➢ Prompt 𝐵(𝑠)
∗0 have large background 

from pp interactions

➢𝐵𝑐
+ → 𝐽/𝜓 → 𝜇+𝜇− 𝜋+ as 

normalization channel

Phys. Rev. Lett. 116 (2016) JHEP 11 (2015) 142

Eur. Phys. J. C76 (2016) 583 J. Phys. G44 (2017) 035001

Int. J. Mod. Phys. A32 (2017) 1750075 Phys. Rev. D97 (2018) 035007

6213 ± 89



Search for 𝑩(𝒔)
∗𝟎 → 𝝁+𝝁− in 𝑩𝒄

+ → 𝝅+𝝁+𝝁−
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Arxiv:2409.17209v1

➢ First measurement, no significant 

signal and upper limits on the 

branching ratio



Measurement of the 𝚲𝐛
𝟎 → 𝒑𝑲−𝝁+𝝁−differential branching fraction 

➢Λ𝑏 → 𝑝𝐾−𝐽/𝜓(→ 𝜇+𝜇−) as normalization channel
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arXiv:2409.12629

➢ Measured branching fractions and angular moments in bins of 
𝑞2 and 𝑚𝑝𝐾

➢ Decay rate described by 46 angular moments:



Measurement of the 𝚲𝐛
𝟎 → 𝒑𝑲−𝝁+𝝁−differential branching fraction 
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➢ Forward-background asymmetry (𝐴𝐹𝐵) of 𝜇+ 𝜇− sensitive to 𝐶9,10

➢ Large 𝐴𝐹𝐵 observed in hadron is the effect of interference of resonances 

with different parity

➢ The pattern of measurements appears consistent with SM expectations

arXiv:2409.12629



Data-driven approaches for 𝑩𝟎 → 𝑲∗𝟎𝝁+𝝁−
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➢ Non-local (charm loop) hadronic contributions bring in large 

theoretical uncertainties, and can mimic BSM effects

➢ Data-driven approaches are needed 

 z-expansion

 Dispersion



Data-driven approaches for 𝑩𝟎 → 𝑲∗𝟎𝝁+𝝁−

16

➢ First time employ a model of both one-particle and two-particle nonlocal amplitudes

➢ Without any veto regions in 𝝁+𝝁− mass JHEP 09 (2024) 026



Data-driven approaches for 𝑩𝟎 → 𝑲∗𝟎𝝁+𝝁−
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LFU of 𝑩(𝒔)
𝟎 → 𝝓𝒍+𝒍− (Run 1&2 data)
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➢ In low-𝑞2: 1.1~6.0 GeV2/𝑐4 3.6𝜎 

standard deviations with SM

➢ LFU can provide powerful probes of the 

SM

Phys. Rev. Lett. 127 (2021) 151801



LFU of 𝑩(𝒔)
𝟎 → 𝝓𝒍+𝒍− (Run 1&2 data)
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➢First observation of the 𝐵(𝑠)
0 →

𝜙𝑒+𝑒−

➢Good agreement with the SM

arXiv:2410.13748v1



LFU of 𝑩+ → 𝑲+𝝅+𝝅−𝒍+𝒍−(Run 1&2 data)
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𝒃 → 𝒔𝜸
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Other rare decays
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➢ 𝐵 → 𝐷𝜇+𝜇− [JHEP 02 (2024) 032]

➢ 𝐵𝑠
0 → 𝜙𝜇±𝜏∓[arXiv:2405.13103]

➢ 𝐷0 →  ℎℎ𝑒+𝑒− [LHCb-PAPER-2024-047, prelim.]

➢ Λ𝑐
+ → 𝑝𝜇+𝜇− [PRD 110 (2024) 052007]

➢ Σ+ → 𝑝𝜇+𝜇− [LHCb-CONF-2024-002]



Search for 𝑩𝒔
𝟎 → 𝝓𝝁±𝝉∓ with Run 1&2 data

➢ No significant signals are observed
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➢ Forbidden or strongly suppressed in 

the SM

➢ Sensitive to new heavy particles beyond 

the SM

➢ 𝝉− → 𝜋−𝜋+𝜋−𝜈𝜏 or 𝝉− → 𝜋−𝜋+𝜋−𝜋0𝜈𝜏

➢ 𝐵0 → 𝜓(2𝑆) → 𝜇+𝜇− 𝜙 as normalization 

channel

arXiv:2405.13103v1



Search for 𝚲𝐜
+ → 𝒑𝝁+𝝁− with Run 2 data

➢ 𝚲𝐜
+ → 𝒑𝝁+𝝁− is heavily suppressed in SM

 BF~10−8 with short-distance contributions

 BF~10−6 with long-distance processes

➢ Λc
+ → 𝑝𝜙(→ 𝜇+𝜇−) as normalization channel

24
Phys. Rev. D 110 (2024) 052007



Search for 𝚲𝐜
+ → 𝒑𝝁+𝝁− with Run 2 data

➢ 2.8𝜎 significance in high 𝑚 region

25
Phys. Rev. D 110 (2024) 052007



Prospects
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➢ Upgrade (2025: 14 𝐟𝐛−𝟏 and Upgrade-II: 300 𝐟𝐛−𝟏) 

CERN-LHCC-2018-027, 2021-012



Summary

➢There is no sign of beyond the SM source yet
Many first searches, LFU tests, and angular analyses, esp. with 

electron channels

 Data-driven approaches improve our understanding of non-
local effects in 𝑩𝟎 → 𝑲∗𝟎𝝁+𝝁−
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➢Opportunities in future

 Higher precision in rare decay measurements: 𝐵𝑠/𝑑
0 →

𝜇+𝜇−, angular distributions and LFU tests in 𝑏 → 𝑠𝑙+𝑙− decays, …

Wider scope for exploitation: LFU tests in 𝑏 → 𝑑𝑙+𝑙− decays, 
CPV in baryon decays, CPV in rare decays,…



Thank you
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