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Introduction

● The b ⇾ q γ radiative transitions  (q=s,d)  are Flavor-Changing Neutral Current (FCNC) processes that are 
only allowed at loop level in the SM.

● New physics affects the transition dynamics by modifying:

★ Phases

★ Amplitudes

★ Lorentz structure

★ CPV

★ Branching ratios

★ Angular distributions

Observables
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Introduction

● In Effective Field Theory (EFT) the effective hamiltonian of b ⇾ q γ radiative transitions is domained by 

EM dipole operators O7(L,R)

● The measurement of several observables provides different constraints in the C7 – C7' plane:

❖ The branching ratio:

❖ The photon polarization:

❖ The CP Asymmetry:

The precise measurement of these 
observables gives constraints to NP 
models through Wilson coeficientes.
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LHCb experiment

● Forward spectrometer (2<η<5)

● 9 fb-1 data (Run1 + Run2)

● Excellent tracking (σ(mB)~25 MeV for 2-body decays) and PID performance (μID~97%)

[arXiv:1412.6352]

[10.1088/1748-0221/3/08/S08005]
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LHCb experiment: Tracking system

● Reconstruct tracks of charged particles

● Most of LHCb analysis is based on Long 

tracks:

� Δp / p = 0.5 - 1.0%

� ΔIP = (15 +29/pT[GeV] ) μm

● Long-lived particles need downstream 

tracks and T tracks

● Only long tracks are available in HLT1 

during Run1/2 
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LHCb experiment: Photon reconstruction

● Two types of photons:

○ Calorimetric photons: unconverted  photons or conversion after magnet, reconstructed from showers 

deposited in EM calorimeters.

○ Di-electron photons: conversion before magnet, reconstructed from tracking systems.

● Large calorimeter occupancy implicates large combinatorial backgrounds:

○ The trigger rely on high pT photons: L0 threshold in 2011(2012) is ET(γ) > 2.5 (3.0) GeV.

○ Typical trigger efficiency on radiative modes ~ 30-40 % (εμμ~80-90%).

○ The mass resolution is driven by calorimeter resolution: σM[B⇾Xγ]~90 MeV (σM[B⇾hh]~25 MeV).
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Bs ⇾ ɸγ time dependent CPV analysis (Phys. Rev. Lett. 123 (2019) 081802)

● The Bs ⇾ ɸγ decay is a typical b ⇾ s γ transition case.

● The real photon (h=±1) implies the helicity flip on the quark lines: 

bR → sL γL or bL → sR γR

● The leading EM dipole operator in the effective Hamiltonian:

● The photon polarization can be extracted from the time-dependent analysis.

Right-Handed amplitude suppressed by ms/mb~2% ⇾ γ mostly Left-Handed
(Right-Handed component could be enhanced in NP models)
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Bs ⇾ ɸγ time dependent CPV analysis (Phys. Rev. Lett. 123 (2019) 081802)

● The Bs ⇾ ɸγ decay rate is sensitive to the CPV and photon polarization:

 

○ C is sensitive to the direct CPV.

○ AΔ and S are sensitive to the photon polarization.

○ S is sensitive to the mixing-induced CPV, from SM prediction:

Same for Bs and B̅s Required knowledge of the initial Bs flavour

Null-test of SM
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Bs ⇾ ɸγ time dependent CPV analysis (Phys. Rev. Lett. 123 (2019) 081802)

● Current results:

 

○ Only using Run1 Data (3 fb-1).

○ The results are compatible with the SM within 1.3, 

0.3, 1.7 standard deviations.

○ Uncertainties dominant by statistical uncertainty:

■ On-going Run2 Analysis (6 fb-1)

■ Run3 has started, the Bs ⇾ ɸγ mass peak is 

observed in 2023 data.

Bs B̅s

Untag
Control channel
B0→K*0γ
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● Decay products have long lifetime:   cτ(Λ) ~ 8cm, cτ(Ξ) ~ 5cm ⇾ Long-lived particles

● Accessible at LHCb ⇾ branching ratio, photon polarization

● Possible decay channels:

− Λb radiative decay:  

− Ξb
-(Ωb

-) radiative decays:  

Radiative b-baryon decays

Ξb
- → ( Ξ- → ( Λ → p π- ) π ) γ Ωb

- → ( Ω- → ( Λ → p π- ) K- ) γ

Λb → ( Λ → p π- ) γ
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Photon polarization in Λb→ Λγ 

● First angular analysis of radiative b-baryon decays (6 fb-1 of Run2 data):

− Follows first observation of ( 65 ± 13 ) events in 2016 data 

− B(Λb→ Λγ) = ( 7.1 ± 1.5 ) x 10-6

● Extract γ-polarization (αγ) from photon helicity angle θp:

αΛ: Λ weak decay parameter, BESIII input

[Phys. Rev. Lett. 123 (2019) 031801]

(PHYS. REV. D105 (2022) L051104)

[Nature Phys. 15 (2019) 631]
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Photon polarization in Λb→ Λγ 

● Results:

Uncertainties dominated by statistics ( 440 ± 40 events )  ⇾ Expected to be improved with Run3 data

(PHYS. REV. D105 (2022) L051104)
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Search for Ξb
- → Ξ− γ

● Uses 5.4 fb-1 of Run2 LHCb data

● Consider only (LLL) decays contained in VELO (trigger limitation)

● Clean reconstructed Ξ− and  Λ

● Normalization and control with Ξb
- → Ξ- J/Ψ

(LHCb-PAPER-2021-017)
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Search for Ξb
- → Ξ− γ

● Results:  

● Expect large improvement of statistics in Run3: new triggers & high luminosity

(LHCb-PAPER-2021-017)

N(Ξ- γ) = (-3.6 ± 3.9) ,  N(Ξ- J/Ψ) = (1407 ± 52) Br(Ξb
- → Ξ-γ) <  1.3(0.6) x 10-4   at 95%(90%) CL

Br(SM prediction) =  1.23 x 10-5 

The dedicated trigger on 
these types of Long-lived 
particles may significantly 

improve this result.

The new HLT1 downstream 
trigger is available in Run3!
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NP constraints
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Summary

● Radiative b-hadron decay anomalies provide hints of NP through branching ratios, CP 

asymmetries and photon polarisation. 

● LHCb provides a unique laboratory for precise measurements in radiative b-baryon decays:

� World-largest radiative samples in several final states

� Access to photon polarizations in many ways 

● The Run3 data-taking has started, the luminosity and trigger improvements will boost all 

statistically limited analysis:

� Expected to accumulate ~23 fb-1 data at the end of Run3

� The new HLT1 trigger on downstream tracks is now available in Run3.
(Done by LHCb group in IFIC)

[doi.org/10.3389/fdata.2022.1008737]
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