
Recent searches for new physics 

and rare decays at LHCb

俞洁晟（湖南大学）

第5届LHCb前沿物理研讨会

武汉

2025年4月25-28日

1



Outline

2

➢ Introduction

➢Rare decays

FCNC

Baryonic decays of 𝐵 meson

➢Prospects

➢Summary



LHCb experiment
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➢ 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



Run 1: 3 fb-1, Run 2: 6 fb-1, Run 3: 9.6 fb-1,

LHCb data samples
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Large 𝑏ത𝑏 and 𝑐 ҧ𝑐 production cross sections:

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

inela𝑠



FCNC 𝒃 → 𝒔𝜸(𝒍+𝒍−) decays
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➢Angular analysis of 𝐵0 → 𝐾∗0𝑒+𝑒− decays central q2 [arXiv:2502.10291v1] 

submit to JHEP

➢Photon polarization in 𝐵𝑠
0 → 𝜙𝑒+𝑒−, low q2 JHEP03(2025)047

➢Angular analysis of the decay 𝐵𝑠
0 → 𝜙𝑒+𝑒− low q2 [arXiv:2504.06346v1] 

submit to JHEP



➢ 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



Angular analysis of 𝑩𝟎 → 𝑲∗𝟎𝒆+𝒆− with Run1&2 data
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arXiv:2502.10291



Angular analysis of 𝑩𝟎 → 𝑲∗𝟎𝒆+𝒆− with Run1&2 data
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➢ Angular observables extracted from 4D 
fit

➢ General good agreement with SM 
predictions

➢ Most precise measurements up to date

arXiv:2502.10291



Photon polarization in 𝐵𝑠
0 → 𝜙𝑒+𝑒−
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➢ First observation

➢ Perform angular analysis at very low 𝑞2 region , angular observables 
are sensitive to 𝐶7 and 𝐶7

′

JHEP 03 (2025) 047



Photon polarization in 𝐵𝑠
0 → 𝜙𝑒+𝑒−
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➢ Consistent with the SM predictions 

JHEP 03 (2025) 047



Angular analysis of the decay 𝐵𝑠
0 → 𝜙𝑒+𝑒−
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➢ Angular analysis of similar 

decay mode in the low, 

central and high 𝑞2 

regions 

arxiv:2504.06346



Angular analysis of the decay 𝐵𝑠
0 → 𝜙𝑒+𝑒−
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➢ Results compatible with SM predictions 



Other FCNC
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➢Search for 𝐷0 → ℎℎ𝑒+𝑒− [arXiv:2412.09414v2] submit to PRL

➢Observation of the very rare Σ+ → 𝑝𝜇+𝜇− [arXiv:2504.06096v1] 

submit to PRL



Search for 𝑫𝟎 → 𝝅+𝝅−(𝑲+𝑲−)𝒆+𝒆− with Run 2 data

➢𝑫𝟎 → 𝑲+𝝅−𝒆+𝒆− as normalization channel
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➢ FCNC 𝑐 → 𝑢𝑙+𝑙− in SM
 BF~10−9 with short−distance contributions

 BF~10−6 with long-distance processes

arXiv:2412.09414



Search for 𝑫𝟎 → 𝝅+𝝅−(𝑲+𝑲−)𝒆+𝒆− with Run 2 data
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➢ First time observation of 𝑫𝟎 → 𝝅+𝝅−𝒆+𝒆−

➢ No evidence of 𝑫𝟎 → 𝑲+𝑲−𝒆+𝒆−



Observation of 𝚺+ → 𝒑𝝁+𝝁− with Run 2 data

➢ 𝚺+ → 𝒑𝝁+𝝁− is FCNC  heavily suppressed in SM

 BF~10−12 with short-distance contributions

 BF~ 1.2,7.8 × 10−8 with the long-distance SM contribution：
Σ+ → Nπ + → 𝑝𝛾(∗)

 Evidence in HyperCP experiment
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Phys. Rev. Lett. 94 (2005) 021801

HyperCP experiment



Observation of 𝚺+ → 𝒑𝝁+𝝁− with Run 2 data

➢ 𝚺+ → 𝒑𝝅𝟎 as normalization channel 

➢ No structure is seen in 𝑚𝜇𝜇, 

➢ Combined with the Run 1 result:

➢ Agreement with the SM predictions
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Phys. Rev. D 110 (2024) 052007

𝑁 = 237 ± 16



Baryonic decays of B meson
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The feature of 𝑩 baryonic decays

2025/4/27 19

➢ Two-body baryonic decays suppressed with respect to 
multibody decays

Charmless baryonic 𝐵+and 𝐵𝟎 modes branching 
fractions reported by HFLAV

➢ Decays of 𝐵 mesons into 
multiple baryons still far 
from being fully understood

Two-body

Multi-body



Charmless baryons threshold enhancement

2025/4/27
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➢ Many channels have the special feature: baryon-antibaryon pair peaks near threshold

PRD 88, 052015 (2013)

Phase space Phase space

𝑩+ → 𝒑ഥ𝒑𝑲+
𝑩+ → 𝒑ഥ𝒑𝝅+ 𝑩𝒔

𝟎 → 𝒑ഥ𝜦𝑲−
𝑩𝟎 → 𝒑ഥ𝜦𝝅−

Phys. Rev. Lett. 119 (2017) 041802

𝑩𝟎 → 𝒑ഥ𝒑𝑲+𝝅− 𝑩𝒔
𝟎 → 𝒑ഥ𝒑𝑲+𝑲−

𝑩𝟎 → 𝒑ഥ𝒑𝝅+𝝅−

Phys. Rev. D 96 (2017) 051103



Charm baryon threshold enhancement

2025/4/27
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𝑩+ → 𝚲𝐜
+ഥ𝒑𝝅−

PhysRevD. 108, 012020 (2023)

𝑩− → 𝚲𝐜
+𝚲𝐜

−𝑲−

PhysRevD.78.112003 𝑩− → 𝚲𝐜
+𝚲𝐜

−𝑲−(𝟐𝟗𝟎𝟎
< 𝐌 𝚲𝐜

+𝑲− < 𝟐𝟗𝟕𝟎𝐌𝐞𝐕)

➢ How to understand the kinetic mechanism of the threshold effect
➢ How to fit the data



Observation of threshold enhancement at BESIII

2025/4/27
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➢ It can not be pure FSI effect 



Two−body baryonic decays of 𝑩

2025/4/27 23

➢ Provides information on the dynamics of 𝐵 decays and tests QCD based 
models of the hadronization process

➢ BF of two-body as input to multi-body decays

➢ Baryonic 𝐵 decays are also 
interesting in the study of CP 
violation

tree penguin

W-exchange

annihilation

penguin annihilation
electroweak penguin

➢ Pure penguin modes are 
expected to be sensitive to new 
physics contributions

Phys. Rev. D 95, 096004 (2017)

➢ 𝐵0 → 𝑝 ҧ𝑝 and 𝐵+ → 𝑝 ҧ𝛬 as inputs 
to predict other 𝐵 → 𝔅1𝔅2



Two−body baryonic decays of 𝑩 at LHCb
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➢ ℬ 𝐵+ → 𝑝ഥΛ = 2.4−0.8
+1.0 ± 0.3 × 10−7

JHEP 04(2017)162

➢ ℬ 𝐵0 → 𝑝 ҧ𝑝 = 1.27 ± 0.15 ± 0.05 ± 0.04 × 10−8

➢ ℬ 𝐵𝑠
0 → 𝑝 ҧ𝑝 < 4.5(5.1) × 10−9@90%(95%) CL

Phys. Rev. D 108, 012007



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, angular analyses
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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: more s → 𝑑𝑙+𝑙− decays, c → 𝑢𝑙+𝑙−

decays,…

More B meson baryonic decays are on the way: 𝐵− → Λ ҧ𝑝, 𝐵(𝑠)
0 →

Λ𝑐
+ഥΛ𝑐

−, 𝐵(𝑠)
0 → Λ𝑐

+തΞ𝑐
−, 𝐵(𝑠)

0 → Ξ𝑐 തΞ𝑐,…



Thank you
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