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Introduction: radiative decays of beauty hadrons
• SM: proceed at leading order through b → sγ one-loop electromagnetic penguin 

transitions
•  BSM models predict additional one-loop contributions that can introduce 

sizeable effects on the dynamics of the transition
• We use Weak Effective Field Theory to encode possible NP effects in the Wilson 

coefficients ℋ!"" ∝ 𝑉#$∗𝑉#& 𝐶'𝑂' + 𝐶'(𝑂'(

• The LHC era has brought observations of new radiative b-hadron decay modes 
and precise measurements of
• asymmetries
• branching fractions 
• helicity structure 
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• New results in radiative b-hadron decays at LHCb since ICHEP 2022  
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• 𝐵!" → 𝜇#𝜇$𝛾 
Search

• Λ%" → 𝑝𝐾$𝛾
Amplitude analysis 

• 𝐵!" → 𝐾#𝐾$𝛾 
Amplitude analysis 

Using 2016-2018 data
5.4 fb-1

Using run 1 + run 2 data
9 fb-1



Search of𝐵!" → 𝜇#𝜇$𝛾 – Introduction 
• Very rare decay, SM predictions

• Previously probed at LHCb as a partially reconstructed background of 𝐵!" → 𝜇𝜇, 
but limited to high dimuon mass squared 𝑞#  region

• Sensitive to a wide set of operators dominant in the different 𝑞# regions
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JHEP07(2024)101

Phys.Rev.Lett.128.041801 
PhysRevD.105.012010

JHEP11(2017)184 • ℬ 𝐵!" → 𝜇#𝜇$𝛾 %&'	)! = (8.3 ± 1.3)×10$*

• ℬ 𝐵!" → 𝜇#𝜇$𝛾 +,-+	)! = (8.9 ± 1.0)×10$."

electromagnetic-dipole 
operators 

vector and axial-vector interactions

final state radiation

https://link.springer.com/article/10.1007/JHEP07(2024)101
PhysRevLett.128.041801
https://doi.org/10.1103/PhysRevD.105.012010
https://link.springer.com/article/10.1007/JHEP11(2017)184


Search of 𝐵!" → 𝜇#𝜇$𝛾 – Strategy  
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• Search preformed in regions of 𝑞# 
• Normalized to 𝐵!" → ⁄𝐽 𝜓 → 𝜇#𝜇$ 𝜂 → 𝛾𝛾  decay
• Uses 𝐵!" → 𝜙 → 𝐾#𝐾$ 𝛾 to control of data-simulation discrepancies 
• Cut based preselection

• Two Multilayer Perceptron classifiers
• Consistent with background-only hypothesis 

at < 1𝜎

JHEP07(2024)101

Bin I Bin II

Bin III Bin I’ - 𝜙 vetoed

PhysRevD.70.114028 

https://link.springer.com/article/10.1007/JHEP07(2024)101
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.70.114028


Search of𝐵!" → 𝜇#𝜇$𝛾 – Results  

• Limits are set using the CLs method, yielding 
at 90% CL:
• ℬ 𝐵!" → 𝜇$𝜇%𝛾 &'( ) < 3.6 ×10%*

• ℬ 𝐵!" → 𝜇$𝜇%𝛾 &'( )) < 6.5 ×10%*
• ℬ 𝐵!" → 𝜇$𝜇%𝛾 &'( ))) < 3.4 ×10%*

• ℬ 𝐵!" → 𝜇$𝜇%𝛾 &'( ),, -./0 < 2.9 ×10%*

• ℬ 𝐵!" → 𝜇$𝜇%𝛾 1023'(.4 < 2.5 ×10%*
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JHEP07(2024)101

https://link.springer.com/article/10.1007/JHEP07(2024)101


Amplitude analysis 𝐵!" → 𝐾#𝐾$𝛾 – Introduction 
• Amplitude analysis of the 𝐵$; → 𝐾<𝐾=𝛾 decay to study the 

hadronic structure
• First observation of the radiative 𝐵$; decay to the orbitally excited 

mesons
• Phase space fully described by (𝑚>>, cos 𝜃>>)
• Radiative scalar beauty meson decay → free of the S-wave 

amplitude
• Interferences of odd- and even-spin resonances cancel out 
• Detector asymmetries cancelled out by folding over 𝜃>>

cos 𝜃>> → cos 𝜃>>

Aniol Lobo Radiative b-hadron decays at LHCb 7

arXiv 2406.00235, submited to JHEP

https://arxiv.org/abs/2406.00235


Amplitude analysis 𝐵!" → 𝐾#𝐾$𝛾 – Strategy 
• Fit to 𝑚?!  and sPlot technique for background subtraction

• Parametrization of acceptance in 𝜀 𝑚>>, 𝜃>>  
• Including the effect of anti-charm veto 𝑚56 > 2000 ⁄𝑀𝑒𝑉 𝑐

• Parametrization of mis-ID backgrounds
• Fit of the amplitudes using isobar amplitude model approach

Aniol Lobo Radiative b-hadron decays at LHCb 8

arXiv 2406.00235, submited to JHEP

https://arxiv.org/abs/2406.00235


Amplitude analysis 𝐵!" → 𝐾#𝐾$𝛾 – Fit 
• MisID backgrounds  included in the fit 𝒫 𝑚>>, 𝜃>> = 𝒩@𝒫@ + ∑?>A𝒩?>A𝒫?>A
• Amplitude model

𝒫! 𝑚55, 𝜃55
7'8(9: ;<=

= 𝜀 𝑚55, 𝜃55
7.:.>/'0( 9>>.?/9(>.

· ∑@ 𝑐@ · ℱ@ℱ&ℬ𝒲@ 𝑚55; 𝜇@, Γ@ · 𝑑A"
B% 𝜃55

#
)!039C 55204.:

• 20 free parameters
• Yields
• Isobar factors + phases
• Mass and width of

 𝜙 1020 , 𝑓#D(1525 )
• Radius parameter of

 𝜙 1020
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arXiv 2406.00235, submited to JHEP

https://arxiv.org/abs/2406.00235


Amplitude analysis 𝐵!" → 𝐾#𝐾$𝛾 – Results  
• Fit fractions, relative branching fractions 

and overall tensor contribution reported 
for the preferred fit solution
• Mass and width of 𝜙 1020 , 𝑓B((1525 ) in 

agreement with world average
• Radius parameter of 𝜙 1020
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arXiv 2406.00235, submited to JHEP

overall tensor contribution 

https://arxiv.org/abs/2406.00235


Amplitude analysis Λ%" → 𝑝𝐾$𝛾 – Introduction

• Amplitude analysis of Λ&; → 𝑝𝐾=𝛾 to study the hadronic structure
• First observation of this decay
• Helpful for the interpretation of a variety of measurements in the 
Λ&; → 𝑝𝐾=𝑙<𝑙= spectrum
• LFU, CP violation, Branching fractions 

• Useful input for potential measurements of photon polarization
• Important feedback for low energy QCD theoretical description
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JHEP 06 (2024) 098

https://doi.org/10.1007/JHEP06(2024)098


Amplitude analysis Λ%" → 𝑝𝐾$𝛾 – Method 
• Fit to 𝑚C>D and sPlot technique 

for background subtraction
• Phase space can be described by 𝑚C>, 𝜃C
• Amplitude model using helicity formalism

(detailed description in JHEP06(2020)116)

• Restricted to Λ	resonances and one non-resonant component 𝐽E = F
B

=
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JHEP 06 (2024) 098

https://link.springer.com/article/10.1007/JHEP06(2020)116
https://doi.org/10.1007/JHEP06(2024)098


Amplitude analysis Λ%" → 𝑝𝐾$𝛾 – Fit results
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JHEP 06 (2024) 098

https://doi.org/10.1007/JHEP06(2024)098


Amplitude analysis Λ%" → 𝑝𝐾$𝛾 – Results

• Fit fractions presented
• Largely contributing: 
Λ 1520 , Λ 1600 , Λ 1800 , Λ 1890

• Large interference between Λ 1405 −
Λ 1800

• Uncertainty dominated by external 
uncertainty in the masses and widths of 
the Λ	resonances
• Stay tunned for Ulrik’s talk to see 
Λ&; → 𝑝𝐾=𝜇𝜇 angular analysis! 
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JHEP 06 (2024) 098

https://doi.org/10.1007/JHEP06(2024)098


Conclusion
• New results in radiative b-hadron decays at LHCb presented:
• Search for 𝐵$; → 𝜇<𝜇=𝛾 

• Set limits of branching fractions per bin of di-muon 𝑞#

• Amplitude analysis of 𝐵$; → 𝐾<𝐾=𝛾
• Analysis of the di-kaon structure up to 𝑚55 < 2400 MeV/c#

• First observation of 𝐵!" → 𝑓#D(1525)𝛾 
• Measurement of the overall tensor contribution

• Amplitude analysis of Λ&; → 𝑝𝐾=𝛾
• Analysis of the proton-kaon structure up to 𝑚?5 < 2500 MeV/c#

• First observation of this mode
• Helpful to the interpretation of measurements in Λ3" → 𝑝𝐾%𝑙$𝑙% and potentially to 

measurements of photon polarization involving analysis of polarized Λ3"

• Helpful to low energy QCD
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Backup
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Introduction: LHCb
• Coverage in pseudorapidity range 2 < 𝜂 < 5
• Excellent vertexing and tracking performance
• Ring-imaging Cherenkov detectors
• Calorimeter system

• E&
F
= 1 + A"

;G ⁄I.J >
%

• Hardware Trigger 
• Using Calorimeter and muon systems

• 2-stages Software Trigger
• Using full event reconstruction
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• Collected 3Gb=G during the run 1 period at 7 and 8 TeV center of mass energy   
and 6Gb=G during the run 2 period at 13TeV center of mass energy 



Simulation
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Introduction

Aniol Lobo Radiative b-hadron decays at LHCb 19

LHCb-PAPER-2021-030

LHCb B-factories

https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2021-030.html


𝐵!" → 𝜇#𝜇$𝛾
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𝜙 veto



𝐵!" → 𝐾#𝐾$𝛾
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𝐵!" → 𝐾#𝐾$𝛾
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Λ%" → 𝑝𝐾$𝛾

• 𝒜 Λ, 𝜆/, 𝜆0, 𝜆1 ∝ 𝑑2"2#
3# 𝜃0
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