
Radiative b-decays 
at LHCb

Pere Gironella Gironell
On behalf of the LHCb Collaboration

EPS-HEP 2021 (Virtual)



2Pere Gironella                                                                                                      EPS-HEP (Virtual)                                                                                             29-07-2021 

Today’s results

- Measurement of the photon polarization in Λ𝑏 → Λ 𝛾 decays
• LHCb-PAPER-2021-030 (in preparation) 

- Search for the radiative Ξb
− → Ξ− 𝛾 decay

• LHCb-PAPER-2021-017 (in preparation) 

- Strong constraints on the 𝑏 → 𝑠 𝛾 photon polarization from
𝐵0 → 𝐾∗𝑒+𝑒−decays

• JHEP 2012 (2020) 081

NEW

NEW

https://arxiv.org/abs/2010.06011
https://arxiv.org/abs/2010.06011
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Radiative b-decays

𝒃 → 𝒔(𝒅) 𝜸 are Flavor-Changing-
Neutral-Currents (FCNC).

• Forbidden at tree level in Standard 
Model (SM) → loop diagrams. 

• Can probe New Physics at higher 
energy scales via measurements of 
angular observables, Branching Ratios 
(BR), CP asymmetries and the photon 
polarization.
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𝒃 → 𝒔(𝒅) 𝜸 are Flavor-Changing-
Neutral-Currents (FCNC).

Effective Hamiltonian

• Electromagnetic operator        .

• Wilson coefficients 𝐶7
(′)

.

𝛾 mostly left handed in SM

• Sensitive to right-handed currents (NP).
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Radiative b-decays

CP Asymmetries
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(′)

)

Photon 
polarization
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Branching ratios
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LHCb detector

Single-arm forward spectrometer to study heavy flavor physics (b- and 
c-hadron decays)
Acceptance: 2 < 𝜂 < 5.

[Int. J. Mod. Phys. A 30 (2015) 153022]

• Momentum resolution 
0.4-0.6% at 5-100 GeV 

• Kaon ID eff: 95% with
5%  𝜋 → K miss-ID prob.

• Energy resolution for 
photons:

1% + 10%/ 𝐸(GeV)

https://arxiv.org/abs/1412.6352
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Photon polarization in 𝚲𝐛 → 𝚲𝜸 decays

Recent observation of Λb → Λ γ decay

channel. (1.6 fb−1)

•

First angular analysis of radiative 
b-baryon decays using 6 fb−1 collected 
by LHCb Run 2.

Radiative b-baryon decays 
reconstruction is challenging at LHCb.
• No photon direction and neutral long-

lived particle → No secondary vertex. 

[Phys. Rev. Lett. 123, 031801]

LHCb-PAPER-2021-030 (in preparation) 

Λb → Λ 𝛾
Λ → 𝑝 𝜋

[Eur. Phys. J. C 79 (2019) 634]

https://arxiv.org/abs/1904.06697
https://arxiv.org/abs/1902.04870
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Photon polarization in 𝚲𝐛 → 𝚲𝜸 decays
LHCb-PAPER-2021-030 (in preparation) 

[Eur. Phys. J. C 79 (2019) 634]

Direct access to the photon polarization (𝛼𝛾) due to the rich angular 

structure of the b-baryon decay.
• Non-zero spin of initial and final particles.

Angular structure

Integrating over 𝜃Λ:

Access to 𝛼𝛾 up to 𝛼Λ.

https://arxiv.org/abs/1902.04870
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Photon polarization in 𝚲𝐛 → 𝚲𝜸 decays
LHCb-PAPER-2021-030 (in preparation) 

Strategy
Mass fit to 𝑚 𝑝𝜋𝛾

• Three components: signal, 
combinatorial background and 
partially reconstructed background.

• Yield in the signal region.

Angular fit to cos 𝜃𝑝 in the signal region
• Angular acceptance for signal mode 

from simulation.
• Λ𝑏 → Λ J/𝜓 control data-

simulation agreement.
• Background shape from 𝑚 𝑝𝜋𝛾

side-bands

𝑁Λ𝑏→Λ𝛾 = 440 ± 40

LHCb 
Preliminary

LHCb 
Preliminary
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LHCb 
Preliminary

LHCb 
Preliminary

Photon polarization in 𝚲𝐛 → 𝚲𝜸 decays

Results

𝛼𝛾
𝐹𝑖𝑡 = 0.82 ± 0.23 (stat. )

Photon polarization is physically bounded:

Feldman Cousins technique to determine 
confidence intervals within physical limits.

𝛼𝛾 = 0.82−0.26
+0.17 stat. −0.13

+0.04 (syst. )

LHCb-PAPER-2021-030 (in preparation) 

Uncertainties:
• Analysis statistically limited.
• Main systematics from background modeling.
Improvement with more luminosity (Run 3).
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Photon polarization in 𝚲𝐛 → 𝚲𝜸 decays

Results
CP-test on Λb → Λ𝛾 and  Λb →  Λ𝛾 decays 

Λb → Λ𝛾

 Λb →  Λ𝛾

𝛼𝛾
− > 0.56 0.44 at 90% (95%)

𝛼𝛾
+ = −0.56−0.33

+0.36 𝑠𝑡𝑎𝑡. −0.09
+0.16 (𝑠𝑦𝑠𝑡. )

LHCb 
Preliminary

LHCb 
Preliminary

LHCb 
Preliminary

LHCb 
Preliminary

LHCb-PAPER-2021-030 (in preparation) 

Fit: 𝛼𝛾,
+ = −0.55 ± 0.32

Fit: 𝛼𝛾,
− = 1.26 ± 0.42



First search for Ξb
− → Ξ− γ decay mode.

•

Analysis uses 5.4 fb−1 LHCb Run 2 data.
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Search for 𝜩𝒃
− → 𝜩− 𝜸 LHCb-PAPER-2021-017 (in preparation) 

[arXiv:2008.06624]

Three displaced vertices
• Only decays inside the LHCb vertex 

(VELO) locator are considered.
• Requirements on Ξ−, Λ masses.

Multivariate classifier to discriminate 
signal from background.

Control channel: 𝛯𝑏
− → 𝛯− J/𝜓

Strategy

Ξ− mass

LHCb 
Preliminary

https://arxiv.org/abs/2008.06624
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Search for 𝜩𝒃
− → 𝜩− 𝜸 LHCb-PAPER-2021-017 (in preparation) 

Simultaneous mass fit to 𝛯𝑏
− → 𝛯− 𝛾 and 𝛯𝑏

− → 𝛯− J/𝜓.

Signal and combinatorial background components.

Branching ratio

(Dominates syst. uncertainty)

𝑁 𝛯𝑏
− → 𝛯− 𝛾 = −3.6 ± 3.9

𝑁 𝛯𝑏
− → 𝛯− 𝐽/𝜓 = 1407 ± 52

Signal yield

LHCb 
Preliminary

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

Results

First limit of  𝛯𝑏
− → 𝛯− 𝛾

Main source of systematic uncertainty 
from 𝛯𝑏

− → 𝛯− J/𝜓 BR.

LHCb Run 3 improvements on trigger and 
increase in luminosity, critical to achieve 
an observation.

Feldman-Cousins

LHCb 
Preliminary
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𝑩𝟎 → 𝑲∗𝒆+𝒆− 𝐚𝐭 𝐯𝐞𝐫𝐲 𝐥𝐨𝐰 𝐪𝟐

Run 1+2 9fb−1 analysis.

Decay is dominated by b → 𝑠𝛾 pole at 
very low 𝑞2 ∈ 0.0008 − 0.257 GeV2.

Three relevant angles:

• 𝜃𝑙 , 𝜃𝐾 ,  𝜙
Four angular observables:

• 𝐹L, 𝐴T
Re, 𝑨𝐓

(𝟐)
, 𝑨𝐓

𝐈𝐦

Sensitive to the 
polarization of 
the virtual photon.

[JHEP 2012 (2020) 081]

𝐴R L ≡ 𝐴R L 𝑒𝑖𝜙R L , tan 𝜒 ≡ 𝐶7
′/𝐶7

[Nucl. Phys. B854 (2012) 321]

https://arxiv.org/abs/2010.06011
https://arxiv.org/abs/2010.06011
https://arxiv.org/abs/1106.3283
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[JHEP 2012 (2020) 081]𝑩𝟎 → 𝑲∗𝒆+𝒆− 𝐫𝐞𝐬𝐮𝐥𝐭𝐬

Uncertainty statistically 
dominated.

𝐴𝑇
(2)

and 𝐴𝑇
Im results 

dominate the senstitivity 

to Re & Im of 𝐶7
(′)

Simultaneous fit: 𝑚 𝐾+𝜋−𝑒+𝑒− , cos 𝜃𝑙 , cos 𝜃𝐾,  𝜙

𝑁sig = 450

𝑁sig = 450

𝑁sig = 450

https://arxiv.org/abs/2010.06011
https://arxiv.org/abs/2010.06011


16Pere Gironella                                                                                                      EPS-HEP (Virtual)                                                                                             29-07-2021 

LHCb 
Unofficial

Results presented are 
statistically dominated.

Big improvements with more 
luminosity (LHCb Run 3).

Results
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Summary

 The radiative transition 𝑏 → 𝑠(𝑑) 𝛾 is sensitive to New 
Physics and LHCb has access to it.

• Different decay modes and observables.
• Strongest constrains to 𝐶7 and 𝐶7

′ .
• Unique access to radiative b-baryons decays.

 New LHCb results:
• Photon polarization measurement in Λb → Λ𝛾 decays.
• First limit on BR of 𝛯𝑏

− → 𝛯− 𝛾.
• Angular analysis 𝐵0 → 𝐾∗𝑒+𝑒− at very low q2.

 Expect more precise results from Run 2 data and the 
upcoming LHCb Run 3.
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BACK-UP
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Angular structure

Photon polarization in 𝚲𝐛 → 𝚲𝜸 decays

[BESIII]
𝛼Λ

− = 0.750 ± 0.009 ± 0.004
𝛼Λ

+ = −0.758 ± 0.010 ± 0.007
𝛼Λ = 0.754 ± 0.04

https://arxiv.org/abs/1808.08917
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Normalization channel

Search for 𝜩𝒃
− → 𝜩− 𝜸

Γ 𝛯𝑏
− → 𝛯− 𝐽/𝜓 =

3

2
± 0.45 · Γ(𝛬𝑏 → 𝛬 𝐽/𝜓)

SU(3)
[arXiv:1510.05568]

[23] (PDG)

[34] (HFLAV)

[33]

https://arxiv.org/abs/1510.05568
https://pdg.lbl.gov/
https://arxiv.org/abs/1909.12524
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.84.031102
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Control channel: 𝐵0 → 𝐾∗(𝛾 → 𝑒+𝑒−)
• Same final state.
• Larger branching ratio.
• Fit 𝐹𝐿 from cos 𝜃𝐾 as validation.

Simultaneous fit:

• 𝑚 𝐾+𝜋−𝑒+𝑒− , cos 𝜃𝑙 , cos 𝜃𝐾 ,  𝜙
• Reduced mass region.
• Background modeling mainly from    

simulation and data. 

[JHEP 2012 (2020) 081]𝑩𝟎 → 𝑲∗𝒆+𝒆− 𝐬𝐭𝐫𝐚𝐭𝐞𝐠𝐲

https://arxiv.org/abs/2010.06011
https://arxiv.org/abs/2010.06011

