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Measurement of the photon polarisation in 
b→s g transitions with Bs→ fee (& co) 

Marie-Hélène Schune

• Setting up the scene

• Bs→ fee analysis: the PhD work of Gaëlle Khreich

• Other recent experimental results and overall knowledge
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Setting up the scene
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⇒ Helicity flip on one 
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Photon polarisation in b→s𝛾: SM case
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Which decays ? 

• Mixing-induced CP asymmetries in B0 →K*0 (→K0 𝜋0) 𝛾 and Bs →𝛷𝛾

• Challenging final state and/or time dependent measurement with 
tagging

• B →K* (→K+ 𝜋-) 𝛾 or Bs →𝛷𝛾 untagged & time-integrated : information not
accessible
⇒ use virtual photons: access to the polarisation via the angle 𝜙

• B →K** (→K𝜋𝜋) 𝛾 : challenging experimentally & theoretically 

• Unique case of the 𝛬b →𝛬𝛾 decay + 𝛬 weak decay 
𝛾
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Virtual photon:
⇒ go for q2 as low as possible : 
⇒ use electrons
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Relative importance of the different diagrams varies with q2= M2(ℓ+ℓ-)

The B→Vℓℓ case

dBR
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log scale !
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Weak Effective Theory

W, Z, top, … 
integrated out 

MH Schune Ecole de Gif- Septembre 2023

perturbative, contains the short 
distance physics. q2 independent. 
Heavy NP 

non-perturbative, Lorentz 
structure, long distance physics.. 
q2 dependent.  
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Full angular distribution

(11 long formulae)

Each amplitude can be written with C7, 
C9, C10 + the ‘ coefficients

Only J3 and J9 are sensitive to the 
photon polarization 

Only interested in photon polarisation ? Let’s make it simpler ! 



GDR Intensity Fron>er - 6 - 8 Nov 2024 - MH Schune 8

3 angles to describe the decay 
(valid for all q2) : 

+ some folding:  
Sensitive 
to C’7/C7
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Dominating in the very-low q2 region 

FL is the longitudinal polarisation of the hadronic resonance 
⇒ small as the quasi-real photon is transversely polarised

SM

C9=0  &  C10=0 
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Standard Model predictions 
JHEP02(2023)096 

NB : for B0 Di~ 0 

𝜙*ee

K*ee
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Bs→ fee angular 
analysis at very low-q2
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Electrons emit Bremsstrahlung

Before the magnet 
• electron can be swept out (=lost !)
• kinematics are “wrong”  

After the magnet 
• not an issue

Energy loss ∝ Ee

Energy loss ∝ material 

g
Nuclei

e

In both cases E/p is correct
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LHCb unofficial

M(J/𝜓)

No Bremsstrahlung recovery

With Bremsstrahlung recovery
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Bremsstrahlung recovery algorithm is ~ 50% efficient 
Well described in simulation 

Impact on J/𝜓 M(J/𝜓)

LHCb unofficial
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On the q2 region choice : 10 MeV< mee <500 MeV
 

• In principle can go to the threshold (M(ee) = 2me) but bad 
resolution on 𝜑

• Upper bound : q2<.25 GeV2 (minor contributions from 
non-g diagrams) and avoids backgrounds from (eg) 𝜌→ee

serves as a converted 
g veto

• Compute q2 imposing a Bs mass constraint
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Two main backgrounds 

• Bs→f(→K+K-)gee • Combinatorial background
MBs(ee) > 10 MeV and rejection of pair with a 
vertex compatible with VELO material (RF Foil) 
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Bs→f(→K+K-)gee control channel

(stat)

Nsig~ 580

✔

M(ee) < 10 MeV and converted gamma veto removed 

[LHCb-PAPER-2024-030, in preparation] 
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4D fit : m(KKee), cosqK, cosqℓ /𝜙

Nsig~ 100

[LHCb-PAPER-2024-030, in preparation] 
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Effective q2 region

0.0009 <q2 < 0.2615 GeV2/c4
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Flavio (arXiv:1810.08132. )

JHEP02(2023)096 

Corrected (- 0.025) for the non-flat efficiency in decay time 

FL < 11.5 % (13.7%) @ 90 (05) % CL  

Results in good agreement with the SM:  
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Other recent experimental results 
and overall knowledge
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Another  player in the game: B0 →K*(→Kp)ee  

More than x2 more precise 

Nsig~ 450
JHEP 12 (2020) 081 

https://doi.org/10.1007/JHEP12(2020)081
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arXiv:2404.00201] 
0.0008<q2<1.12 GeV2 K* ± 150 MeV 

B0 →K0*(→Kp)ee and B+ →K+*(→KS p)ee

Limited fit : FL and AT
Re fixed to SM values 

Ns=21 ± 6 
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Belle II (362 fb-1)

HFLAV average was : 
-0.16 ± 0.22

Another  player in the game:
Mixing-induced CP asymmetries in B0 →K*0 (→K0 𝜋0) 𝛾

arXiv:2407.09139

q=+1 (-1)  B0 (B0)

ℇ"## = 31.69 ± 0.35 %
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The photon polarisation in b → s𝛾 transitions is known with a precision of ~ 4%

All measurements are in good agreement   

10 < M(ee) < 500 MeV 

28 < M(ee) < 1058 MeV, [arXiv:2404.00201] 

including the new Belle II result [arXiv:2407.09139]

[LHCb-PAPER-2024-030, in preparation] 
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Physics & experimental issues Conclusion 
• New result from LHCb Bs→ fee angular analysis in the very-low q2 region

• Precision on the photon polarization ~ 4% dominated by K*ee

• Nice recent result from Belle-II 

• Many results dominated by statistical uncertainties
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1-2024 (13.6 TeV): 9.56 fb
1-2023 (13.6 TeV): 0.37 fb
1-2022 (13.6 TeV): 0.82 fb

1-2018 (13 TeV): 2.19 fb
1-2017 (13 TeV): 1.71 fb
1-2016 (13 TeV): 1.67 fb

1-2012 (8 TeV): 2.08 fb
1-2011 (7 TeV): 1.11 fb

LHCb has recorded a 
lot of new data in 
2024 ~ (Run1 + Run2) 
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Back up slides
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Hardware trigger is very different for electrons and muons
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Combinatorial background constrained using  by f e µ
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and what about converted photons ? 
In LHCb ~ 4% of the photons are converting such as they can be reconstructed as LL track pairs 

High quality tracks with excellent properties measurements
(but bremsstrahlung …) Phys. Rev. D85 (2012) 112013

K*g

K*ee (LL)

JHEP 12 (2020) 081

Roughly 30% more DD than LL (and cleaner?) 
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Converted photons and photon polarization 
measurement

Work done with J. Lefrancois  
in the context of Martino 
Borsato PhD (2015)

In short : sensitivity at very low 
M(ee) (< 5 – 10 MeV) where 
we cannot measure f …

GDR Intensity Frontier - 6 - 8 Nov 2024 - MH Schune
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Run1-Run2

Run1-only

Phys. Rev. LeF. 123 (2019) 081802 Phys. Rev. D105 (2022) L051104

Run2

BaBar

S~ 130 (K*0 region) 
Phys.Rev.D78:071102,2008

Belle

S ~ 110 (K*0 region) 

Phys.Rev.D74:111104,2006

S~ 450

S~ 5100
S~ 450

S~ 14000

Run1
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