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Probe of New Physics in  transitions B0 → Ve+e−
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• Vector meson  or 


• Flavour-changing neutral-current transition (FCNC)


• SM suppressed: forbidden at tree level


• Indirect approach of New Physics (NP) searches for scales 
beyond the collision energy: heavy virtual particles could 
contribute through quantum loops to modify the total amplitude

V = ϕ K*0
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beyond the collision energy: heavy virtual particles could 
contribute through quantum loops to modify the total amplitude

V = ϕ K*0

• Effective Hamiltonian in  transitions:


• : type and structure of low-energy interactions


•  Wilson coefficients: strengths, with possible contributions from heavy particles

b → s

O(′￼)
i
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i
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NP: Heavy new particles appear at low energy -> modifications of the Wilson coefficients

• Vector meson  or 


• Flavour-changing neutral-current transition (FCNC)


• SM suppressed: forbidden at tree level


• Indirect approach of New Physics (NP) searches for scales 
beyond the collision energy: heavy virtual particles could 
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V = ϕ K*0

• Effective Hamiltonian in  transitions:


• : type and structure of low-energy interactions


•  Wilson coefficients: strengths, with possible contributions from heavy particles

b → s

O(′￼)
i

C(′￼)
i



Jay Lyu 17/07/2026, 17th Edition TESchool 5

•  is sensitive to a number of Wilson coefficients                
across the dilepton mass squared 


• At very-low  the virtual photon propagator gives a  
enhancement of branching ratio: photon pole


• The  region [0.0001, 0.25]  is dominated by a quasi-real 
photon contribution


• Relevant Hamiltonian:


•  dominate because of the photon pole 

• predominantly left-handed photon amplitude 

• right-handed photon amplitude

B0 → Ve+e−

q2

q2 1/q2

q2 GeV2

O(′￼)
7

C7 →

C′￼

7 →

NP in  transitions B0 → Ve+e−

Hb→sγ
eff ∝ C7O7 + C′￼7O′￼7 .
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Decay angles for angular observables

Three decay angles  —>  angular observables related to  and    —>   virtual-photon polarisationC7 C′￼

7

A sketch of the definition of angles θK, θl, ϕ

  decay: B0 → K*0( → K+π−) e+e−

Direction of K*0
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•  and  decays using 2024 and 2025 data


• Two  regions:


• Very-low :  (signal region)


•  region:  (control channel region)


• Final extraction of angular observables from the 4D mass and angular fit to the differential decay rate:


1 Invariant mass distribution: signal modelling + background control and modelling


3 Angular distributions: signal modelling + acceptance extracted from simulation + background control and modelling

B0
s → ϕe+e− B0 → K*0e+e−

q2

mB
ee ∈ [10, 500] MeV

B0 → Vγ mB
ee < 10 MeV

Analysis overview
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arXiv:2411.10219v3

B0
s → ϕe+e−

Mass fit: signal modelling + background control
The 4D mass and angular fit

https://arxiv.org/abs/2411.10219
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B0
s → ϕe+e−

Mass fit: signal modelling + background control
The 4D mass and angular fit

Angular fit: signal modelling + acceptance extract from simulation + background control
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LHCb unofficial
6.48 fb  -1

LHCb unofficial
11.38 fb  -1

11

• LHCb Run1 + Run2: 9 fb-1  

• Total signal yields ~100


• Results compatible with the SM


• Mainly limited by statistical uncertainty


• LHCb 2024 + 2025 data: >17 fb-1  

• Total signal yields > 5 times than before


• Expect statistical uncertainty to be improved by more than a factor of two 


  —> stronger constraint on pholorisation

Why does Run3 matter?

Work in progress, come back later 

Very-preliminary results



Backup
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Run1+2 results from 


arXiv:2411.10219v3

B0
s → ϕe+e−

https://arxiv.org/abs/2411.10219
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Angular observables

A sketch of the definition of the three angles  cosθ  , cosθ  , and ɸK l

Full differential decay rate:

• Four angular observables  are combinations of decay amplitudes related to the polarisation 
states of ee —> polarisation of the virtual photon


=>  and  measure the size and phase of the right-handed photon amplitude through its interference 
with the left-handed amplitude


FL, A(2)
T , AIm

T , ARe
T

A(2)
T AIm

T

Transformed  (symmetric distribution assumed)ϕ̃
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Overview, Analysis Strategy and Selection 

• BDT training, full background types and more can be found 
in Shuang’s slides!

DQ flag==OK

https://indico.ijclab.in2p3.fr/event/12323/
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Strategy: 


1. Extract acceptance from the PHSP MC


2. Fit physics MC (later data) that includes the 
acceptance PDF by fixing acceptance coefficients


3. This full fit (mass+angular) extracts the angular 
observables

Mass and angular fit in the very-low  binq2

FVL
tot (m, Ω) = fsig × Gsig(m) × Hsig(Ω)

+(Cγ × fsig) × Gγ(m) × Hγ(Ω)

+(Cη × fsig) × Gη(m) × Hη(Ω)

+(Cπ0 × fsig) × Gπ0(m) × Hπ0(Ω)

+(1 − fsig (1 + Cγ + Cη + Cπ0)) × Gcomb(m) × Hcomb(Ω)

Full pdf:

Invariant mass pdf:

Angular pdf:
Hsig(Ω) = Hphysics

sig (Ω) × ϵ(Ω)

: physics angular PDFHphysics
sig (Ω)

: angular acceptance PDFϵ(Ω)

Double-sided crystal-ball Gsig = GDSCB

<— (see Shuang’s slides), negligibleCπ0 < 1 %
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Background contributions: B → ϕγ( → e+e−)
Contamination estimation - method

Nvl
peak = Nvl

ϕee + Nvl
ϕγ

Nγ
peak = Nγ

ϕee + Nγ
ϕγ

Nγ
ϕee = Nvl

rare × fγ/vl

Nvl
ϕγ = Nγ

ϕγ × fvl/γ

Fitted yields from data

Extracted fractions from MC

CvL bin =
Nvl

ϕγ

Nvl
ϕee

=
Nvl

peak − Nvl
ϕee

Nvl
ϕee
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• Cut on 8 |x| + 10 |y| < 140 (mm)


• New contamination estimation





• Efficiency: 91.6%

Cγ = Nvl
ϕγ /Nvl

rare = (1.1 ± 0.1) %

Background contributions: B → ϕγ( → e+e−)

B → ϕγ( → e+e−) B → ϕe+e−

24 MC Sim10d

• Cannot rely on Geant4 events solely due to the potential inaccuracy in  modelling


—> this result would approximately be doubled (according to Run1/2)


—> will reweigh to align with Bethe-Heitler distribution (see backup)

mB
ee

Work in progress

Veto on the position of the first hit of  on VELOe+/e−
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Acceptance
• Phase-space MC: does not contain physics angular model; generated over the allowed kinematic region


• Acceptance factorisation assumption:

• : Legendre polynomials of order eight


• : Legendre polynomials of order four 


• Assumed symmetric   and  distribution —> only even terms are kept 

cosθl

cosθK

cosθl cosθK

ϵ(ϕ̃) = 1 + cc2 cos(2ϕ̃) + cs2 sin(2ϕ̃) + cc cos(ϕ̃) + cs sin(ϕ̃)

ϵ(x) = 1 +
1
2

c2 (3x2 − 1) +
1
8

c4 (35x4 − 30x2 + 3)

+
1
16

c6 (231x6 − 315x4 + 105x2 − 5)

+
1

128
c8 (6435x8 − 12012x6 + 6930x4 − 1260x2 + 35)

ε(Ω) = ε (cos θL) × ε (cos θK) × ε(ϕ̃)

• Assume flatness of  distribution ϕ

x = cosθl , cosθK
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Acceptance - Validation in Gamma bin 24 MC Sim10g, all blocks combined

All compatible with 0, as expected —> fix to 0 
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(Almost) All compatible with 0, as expected —> fix to 0 

✅ ✅
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Acceptance and 2D fit gamma bin (mass +  fit)cosθK
24 MC Sim10g, all blocks combined
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Mass fit and angular fit results:Acceptance fit :cosθl
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 is the polarisation of  meson, 
expect to be 0


Fitting result  
reasonably compatible with 0

FL ϕ

FL = 0.008 ± 0.003
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Acceptance - Very-low  binq2
24 MC Sim10g, all blocks combined

0 0.5 1 1.5 2 2.5 3
0

500

1000

1500

2000

2500

3000

3500

Ev
en

ts
 / 

0.
07

85

 0.016613±cc2Phi = -0.046479 
 0.007425±cs2Phi = 0.00085596 

 0.007447±ccPhi = -0.0064533 
 0.037955±csPhi = -0.11512 

"φ∼A RooPlot of "

0 0.3142 0.6283 0.9425 1.2566 1.5708 1.885 2.1991 2.5133 2.8274 3.1416
φ
∼

4−
2−
0
2
4"φ∼A RooPlot of "

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1
0

500

1000

1500

2000

2500

3000

3500

Ev
en

ts
 / 

0.
05

 0.0051338±l1K = 0.00026334 
 0.0066212±l2K = -0.032806 
 0.0078433±l3K = -0.0092719 

 0.0088961±l4K = -0.019256 

"KθA RooPlot of "cos

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1
Kθcos

4−
2−
0
2
4"KθA RooPlot of "cos

 compatible with 0—> fix to 0 cc2 cos(2ϕ̃), cs2 sin(2ϕ̃) Odd terms coefficient compatible with 0 as expected
—> fix to 0 
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Acceptance - Very-low  binq2
24 MC Sim10g, all blocks combined
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