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LHCb detector in Runs 1-2
By design: study CP-violating processes and rare b-hadron decays
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LHCb detector in Runs 1-2
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 Bs – Bs oscillation
· Excellent momentum resolution (σ(mB)∼25 MeV for 2-body decays)
· Excellent particle identification to distinguish p, K±, π±, μ±

· Excellent leptonic and hadronic triggers
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A list of recent LHCb 𝑏 → 𝑠γ(ℓℓ) results
• Direct search of 𝐵0 → 𝜇+𝜇−𝛾 [JHEP 07 (2024) 101]
• Amplitude analysis of 𝛬0

𝑏 → 𝑝𝐾−𝛾 [JHEP 06 (2024) 098]
• Amplitude analysis of 𝐵0

𝑠 → 𝐾+𝐾−𝛾 [JHEP 08 (2024) 093]
• Photon polarization in 𝐵0

𝑠 → 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 𝛬0

𝑏 → 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 𝐵0

𝑠 → 𝜙ℓ+ℓ− [arXiv:2410.13748]
• LFU in 𝐵+ → 𝐾+𝜋+𝜋−ℓ+ℓ− [LHCb-PAPER-2024-046, prelim.]



FCNC b decays

NP might manifest in the loops



Observables in FCNC b decays
Physics depends on q2 = m2ll :
• Resonances (e.g. J/ψ, ϕ)
• Photon pole at low q2

• Vector or axial vector current

Test of LFU



First direct search on 𝐵0
𝑠 → 𝜇+𝜇−𝛾

• Previously Indirect limit from high-q2 ISR in 𝐵0 → 𝜇+𝜇−

• Now, reconstruct 𝛾, with 5.4 fb-1 Run 2 data
• Sensitivity to C7,9 in addition to C10 . Theory
Br∼10−9 to 10−10 depends on Bs0 → γ FF

• Upper limits are set:

C7 C9,10 FSR

[JHEP 07 (2024) 101]



Radiative 𝑏 → 𝑠𝛾 decays

[JHEP 08 (2024) 093]
First observation of 𝐵0

𝑠 → 𝑓′
2(1525)𝛾 decay

Amplitude analysis of 𝐵0
𝑠 → 𝐾+𝐾−𝛾 Amplitude analysis of 𝛬0

𝑏 → 𝑝𝐾−𝛾
[JHEP 06 (2024) 098]



Photon polarization in 𝐵0
𝑠 → 𝜙𝑒+𝑒−

• First angular analysis in the low q2: [0.0009, 0.2615] GeV2

• Decay rates described as:

[LHCb-PAPER-2024-030, prelim.]

4D unbinned ML fit to mass and angular variables

Prelim Prelim

PrelimPrelim



Photon polarization in 𝐵0
𝑠 → 𝜙𝑒+𝑒−

• First angular analysis in the low q2: [0.0009, 0.2615] GeV2

• Decay rates described as: Results consistent with SM

[LHCb-PAPER-2024-030, prelim.]

Prelim



Angular analysis of 𝐵0 → 𝐾∗0𝑒+𝑒−

• First angular analysis in the central q2: [1.1, 6.0] GeV2

• Decay rates described as:

[LHCb-PAPER-2024-022, prelim.]



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

4D unbinned ML fit to mass and angular variables

Prelim

Prelim

Prelim
Prelim

Angular observables measured in q2∈[1.1, 6.0] GeV2

LFU observables derived using
𝑄𝑖 = 𝑃 𝜇

𝑖 − 𝑃(𝑒)
𝑖

Generally good agreement with SM predictions and LFU



Angular analysis of 𝛬0
𝑏 → 𝑝𝐾−𝜇+𝜇−

• Measured branching fractions and angular moments in
bins of q2 and 𝑚2

𝑝𝐾 and normalized with 𝐽/𝜓
• Decay rate described by 46 angular moments:

• Forward-background asymmetry (AFB) of 𝜇+𝜇− sensitive to
C9,10 (same sign-flip pattern as seen in 𝐵0 → 𝐾∗0𝜇+𝜇−)

• Large AFB observed in hadron is the effect of interference
of resonances with different parity

[arXiv:2409.12629]



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

• Non-local (charm loop) hadronic contributions bring in large
theoretical uncertainties, and can mimic BSM effects

• Data-driven approaches are needed here!
• z-expansion
• Dispersion

[PRL 132 (2024) 131801]

[PRL 132 (2024) 131801]



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



LFU tests in b → sℓℓ
First observation of 𝐵0

𝑠 → 𝜙𝑒+𝑒−

and first LFU test of 𝐵0
𝑠 → 𝜙ℓ+ℓ− [arXiv:2410.13748]

Prelim
Prelim

Prelim
J/ψ

Prelim
J/ψ

First LFU test of 𝐵+ → 𝐾𝜋𝜋ℓ+ℓ−

LHCb-PAPER-2024-046, prelim.]



Searches for other rare decays
• 𝐵+

𝑐 → 𝜋+𝜇+𝜇− [EPJC 84 (2024) 468]
• 𝐵∗0

𝑠 → 𝜇+𝜇− [LHCb-CONF-2024-003]
• 𝐵 → 𝐷𝜇+𝜇− [JHEP 02 (2024) 032]
• 𝐵0

𝑠 → 𝜙𝜏𝜇 [arXiv:2405.13103]
• 𝐷0 → ℎℎ𝑒+𝑒− [LHCb-PAPER-2024-047, prelim.]
• Λ+

c → 𝑝𝜇+𝜇− [PRD 110 (2024) 052007]
• Σ+ → 𝑝𝜇+𝜇− [LHCb-CONF-2024-002]

First observation!



Summary
• Studies on rare b decays are key to searches for

BSM
• 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∗0𝜇𝜇 
• So far, no surprises, but tensions still persist (C9?)
• Now a new detector and improved hadron trigger

• 9.6 fb-1 already collected for Run3
• And we will have Run4 and Upgrade-II!













Wilson Coeffients global fits


