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Outline

• LHCb experiment
• (Very!) Recent results in 𝑏-sector:

• LU in 𝑩𝟎 → 𝑲𝑺
𝟎ℓ+ℓ− and 𝑩+ → 𝑲∗+ → 𝑲𝑺

𝟎𝝅+ ℓ+ℓ− (10.2021)
• LU in 𝑩+ → 𝑲+ℓ+ℓ− (03.2021)
• Angular analyses of 𝑩𝟎 → 𝑲∗𝟎𝝁+𝝁−/𝑩+ → 𝑲∗+𝝁+𝝁−/ 𝑩𝒔

𝟎 → 𝝓𝝁+𝝁−
(05.2020/12.2020/07.2021)

• BFs of 𝑩𝒔
𝟎 → 𝝓𝝁+𝝁− and 𝑩𝒔

𝟎 → 𝒇𝟐
′ 𝟏𝟓𝟐𝟓 𝝁+𝝁− (05.2021)

• BFs of 𝑩 𝒔
𝟎 → 𝝁+𝝁−(𝜸) (08.2021)

• Radiative decays of 𝜩𝒃
− → 𝜩−𝜸 / 𝜦𝒃

𝟎 → 𝜦𝜸 (08.2021/prelim.)

• (Very!) Recent results in charm sector:
• Search for 25 decays of 𝑫(𝒔)

+ → 𝒉±ℓ+ℓ(′)∓ (10.2020)
• CPV and angular analysis in 𝑫𝟎 → 𝒉𝒉𝝁+𝝁− (prelim.)

• Run3 and beyond
• Summary and discussions ✓ See LHCb Public results (cern.ch) for a complete 

list on rare decay searches.
✓ For exotic new particles such as LLP, see here 2

https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/Summary_RD.html
https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/Summary_QEE.html


LHCb detector in a nutshell
By design: study CP-violating processes and rare b-hadron decays
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LHCb detector in a nutshell
By design: study CP-violating processes and rare b-hadron decays

• Particle detection in the forward region (down to the beam-pipe)

• Excellent resolution for  localization of decay vertices (Vertex Locator) → 

Excellent time resolution, enough to resolve B
s

– B
s

oscillation

• Excellent momentum resolution (σ(m
B
)∼25 MeV for 2-body decays)

• Excellent particle identification to distinguish p, K±, π±, μ±

• Excellent leptonic and hadronic triggers
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LHCb trigger scheme
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LHCb data samples

Total ~1012 𝑏ത𝑏 in the acceptance
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Why 𝑏 → 𝑠ℓ+ℓ−?

• Flavor Changing Neutral Currents

• Forbidden at tree level (Rare decays with BF <10-6)

• NP could enter the loop at the same order as SM

• Small LD contribution, can be interpreted with 
Effective Theory

• Effective couplings from loops parameterized by 
Wilson Coefficients => Sensitive to NP!

• SM contributions:
• Vector (C9) and Axial-vector (C10) leptonic currents
• C7 well constrained from radiative 𝑏 → 𝑠𝛾 processes 

𝐶7 𝐶9,10
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Dilepton mass (q2) spectrum of 𝑏 → 𝑠ℓ+ℓ−
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Electrons at LHCb

Int.J.Mod.Phys. A 30, 1530022 (2015)

From M. Borsato’s talk @ Flavour Anomaly Workshop 2021 9



Lepton universality test: R(K)

• SM predicts R(K) to be very close 
to one:

• Experimentally, double-ratio used 
to cancel systematic uncertainties

arXiv:2103.11769
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Lepton universality tests: R(K*+)

• SM predicts R(K*) to be very close 
to one:

• Experimentally, double-ratio used 
to cancel systematic uncertainties

arXiv:2110.09501

First observation of 𝐵0 →
𝐾𝑆
0𝑒+𝑒− and 𝐵+ → 𝐾∗+𝑒+𝑒−
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Summary of LU tests @ LHCb

From M. Borsato’s talk @ Flavour Anomaly Workshop 2021 12



Partial BFs of 𝑏 → 𝑠𝜇+𝜇− @ LHCb

3 fb-1 3 fb-1

3 fb-1

𝐵𝑠
0 → 𝜙𝜇+𝜇−

PRL 127 (2021) 151801

13

An update of Run1 results



Measuring 𝐵s
0 → 𝜙(→ 𝐾+𝐾−)𝜇+𝜇−

PRL 127 (2021) 151801
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Observation of 𝐵s
0 → 𝑓2

′(1525)(→ 𝐾+𝐾−)𝜇+𝜇−

• First observation of a spin-2 FCNC mode!

PRL 127 (2021) 151801

[PRD 83 (2011) 034034, EPJC 81 (2021) 30, arXiv:2009.06213v2]
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Angular analyses of 𝐵(𝑠)
0 → 𝑉 ℎℎ 𝜇+𝜇−

• 𝐵 → 𝑉𝜇+𝜇− 4-body decay has rich kinematic 
structure

• Described by 3 angles and q2

• Recent results:
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Angular analysis of 𝐵0 → 𝐾∗0𝜇+𝜇−

P-wave formulism:

PRL 125 (2020) 011802
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• 8 independent CP-averaged

observables: FL, AFB, S3,4,5,7,8,9

• Form factors cancel at leading 

order: 𝑷𝒊
′ = 𝑺𝒊/ 𝑭𝐋(𝟏 − 𝑭𝐋)

Anomaly from Run1 
persists



Angular analyses of 𝐵(𝑠)
0 → 𝑉 ℎℎ 𝜇+𝜇−

• Simple fits of vector coupling C9 based 
on different LHCb analyses give 
consistent results

• However 𝐶9
SM could be altered by 

non-local 𝑐 ҧ𝑐 loops From M. Borsato’s talk @ Flavour Anomaly Workshop 2021
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𝐵𝑠
0 → 𝜇+𝜇− and search for 𝐵(𝑠)

0 → 𝜇+𝜇−(𝛾)

arXiv:2108.09283, arXiv:2108.09284
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Photon polarization in Λ𝑏 → Λ𝛾

• First angular analysis of radiative b-baryon decays

αΛ = 0.754 ± 0.004 [BESIII: NP 15 (2019) 631]

[LHCb-PAPER-2021-03]

Compatible with SM prediction (𝛼𝛾 = 1)
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Search for Ξ𝑏
− → Ξ−𝛾

• First search

• Normalization channel: Ξ𝑏
− → Ξ−𝐽/𝜓

arXiv:2108.07678

Feldman Cousin method:
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A coherent pattern?

From B. Capdevila et al.’s talk @ Flavour Anomaly Workshop 2021 22

Global fit based on experimental 

inputs from 𝑏 → 𝑠ℓℓ and 𝑏 → 𝑠𝛾



Overview of rare charm decays @ LHCb
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Search for 𝐷(𝑠)
+ → ℎ±ℓ+ℓ(′)∓ decays

• 25 decays

LFV & LNV included

• Normalized with 𝐷(𝑠)
+ → 𝜙 ℓℓ 𝜋+

• Analysis based on 2016 dataset (1.7 fb-1)

JHEP 06 (2021) 44 
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Search for 𝐷(𝑠)
+ → ℎ±ℓ+ℓ(′)∓ decays

• No signal observed, BF limits are set down to 𝒪(10−8)

• Results improve the prior world's best by up to a 
factor of 500 

JHEP 06 (2021) 44 

Regions dominated by 

resonances in dilepton 

mass spectrum are 

vetoed
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CPV and angular analysis in 𝐷0 → ℎℎ𝜇+𝜇−

• Rarest charm meson decays observed, 
dominated by resonant contributions

• First full angular analysis with 9 fb-1 data

• 𝐷0 selected from flavor specific 𝐷∗+ →
𝐷0𝜋+

[LHCb-PAPER-2021-035]
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Differential decay rate in 𝐷0 → ℎℎ𝜇+𝜇−
[LHCb-PAPER-2021-035]

• Measure 𝑝2, cos 𝜃ℎ integrated 𝐼𝑖 separately for 𝐷0/ഥ𝐷0 in q2 bins
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Flavor-averaged observables 𝑆𝑖
From D. Mitzel’s talk @ 11th workshop on "Implications of 
LHCb measurements and future prospects"

[LHCb-PAPER-2021-035]
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𝐶𝑃 asymmetries 𝐴𝑖 From D. Mitzel’s talk @ 11th workshop on "Implications of 
LHCb measurements and future prospects"

[LHCb-PAPER-2021-035]
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Run3 and beyond for LHCb

• A new LHCb detector for 
Run3 with 5x higher 
luminosity

• Real time trigger with 
GPUs

• Goals for Runs 3-4: 
collect 5x more data in 
dimuon channels, 10x in 
hadronic channels

Ready for HL-LHC
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Summary

• LHCb has been extremely successful in searching for NP in rare 
decays of heavy flavor hadrons

• Flavor anomalies in 𝑏 → 𝑠ℓ+ℓ− reinforced by recent 
measurements

• A coherent pattern? 
• LU related to muon g-2 anomaly?

• Continuing efforts in analyzing Runs 1-2 data
• Stay tuned for more exciting results!

• Run 3 is upcoming, more data may be

able to solve the puzzle

• Synergies from BESIII important in the quest 
31
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