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IntroductionMotivation
• Rare decays of -hadrons are flavour changing neutral current decays that only occur at 

loop level in the Standard Model (SM) — sensitive to NP
b

 [PRL 125 (2020) 011802]
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 [PRL 118 (2017) 111801]

• Tension with the SM in e.g.  of  — NP (LFU?) or QCD effects?P′ 5 B0 → K*0μ+μ−

 can help!B0 → K*0e+e−

2Zhenzi Wang June 28, 2022

https://arxiv.org/abs/2003.04831
https://arxiv.org/pdf/1612.05014.pdf
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Introduction
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Analysis overview
• Distribution of the final state particles of  can be described by three angles, 

,  and , and  
B0 → K*0e+e−
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ee
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also e.g. [JHEP, 05 (2013) 137]

cosθK mB0

• Complications: acceptance + resolution, 
backgrounds, statistics

https://link.springer.com/article/10.1007/JHEP05(2013)137
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• Full Run 1 and Run 2 data 
• Use  calculated with  PV and mass constraint ( ) 

• Measure in two bins of   
1.1–6.0   
1.1–7.0  [feasible with ] 

• Measure: , , ,  

• Use  as control mode
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i − Se
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B0 → K*0J/ψ( → e+e−)

Without constraints ( )q2 With constraints ( )q2
c
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Analysis strategy
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IntroductionEffective acceptance
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• Differential decay rate pdf does not describe angular distribution in data due to: FSR, 
acceptance and resolution effects 

• If simulation (MC) can be trusted, then function that encodes the effective correction can be 
obtained via

MCgen = fth(Ωt, q2
t ) ϵeff

cosθK(t) cosθK(r)cosθK

MCpost−sel = f(Ωr, q2
r )

5

• Parametrisation of  made in 4d without factorisation using Legendre polynomials and 
Fourier terms (Fourier more suitable for  due to its periodic nature) 

ϵeff

ϕ

ϵeff(cosθℓ, cosθK ϕ, q2
c ) = ∑

klmn

cklmn Lk(cosθℓ) Ll(cosθK) Fm(ϕ) Ln(q2
c )

ϵeff = MCpost−sel /MCgen
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IntroductionAcceptance example
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• Effective acceptance function obtained from  simulation:B0 → K*0e+e−
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f(Ωr, q2
r ) = MCpost−sel

ϵeff



IntroductionBackground components
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• Backgrounds modelled in the fit: 

Partially reconstructed, e.g.  

Double semi-leptonic (DSL), e.g.  
Combinatorial

B → (K1/K2 → (K*0 → K+π−)π) e+e−

B0 → D−( → K*0e−ν̄e) e+νe

cosθl-1.0 1.0

Signal

B Kππll

DSL

Comb

4900 MeV/c2
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IntroductionPartially reconstructed background
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• Hadronic system difficult to model from simulation  

• Use  simulation generated flat in  reweighed to 
resemble background subtracted data from   

• KDE for mass modelling; Chebyshev polynomials up to 2nd order used for angles 

B+ → K+
1 ( → K+π+π−)e+e− m(K±π∓π±)

B+ → K+π+π−(J/ψ → μ+μ−)
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IntroductionDSL and combinatorial
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• Reconstruction of e.g. ’as signal 

• Challenging to simulate due to presence of multiple modes and partly combinatorial 

contributions — use data-driven approach 

• Extract models for DSL (effective) and combinatorial using LFV  sample  

Step 1: obtain DSL angular model 

Step 2: fix DSL angular shape from Step 1, obtain slope of DSL mass distribution as well 

as combinatorial slope and angular parameters 

B0 → D−( → K*0e−ν̄e) e+νe

K+π−e+μ−
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IntroductionRealistic pseudoexperiments
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• Generate toys for sensitivity studies including effective acceptance 

• Use component yields obtained from simplified data fit ( ) 

• Fit in reduced phase-space region 

Nsig = 𝒪(600)

• For  

   

  (Run 1 + 2016)

1.1 < q2 < 6.0 GeV2/c4

B0 → K*0e+e− σP′ 5e
stat = 0.14

B0 → K*0μ+μ− σP′ 5μ
stat+syst = 0.07

Example toy fit

Expected sensitivities

LHCb Unofficial1.1 < q2
c < 6.01.1 < q2

c < 7.0
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IntroductionControl mode validation
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• Check angular fit strategy using control mode of  
• Compare against observable values of  
• Main source of systematic uncertainty: simulation correction strategy

B0 → K*0( → K+π−)J/ψ( → e+e−)
B0 → K*0J/ψ( → μ+μ−)

LHCb Unofficial
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IntroductionSummary and status

12Zhenzi Wang June 28, 2022

• Angular analysis of  decays can help clarify the nature of the 

anomalies in  (e.g. ) 

• Added more data since last presentation (2021), now use full Run 1 and Run 2 statistics 

( ) 

• Analysis under collaboration review — performed many checks, but more to go… 

• Pending: systematic uncertainties, cross-checks 

• Old timeline (2021) too optimistic — currently aiming for publication next year

B0 → K*0( → K+π−)e+e−

b → sμ+μ− B0 → K*0μ+μ−

Nsig = 𝒪(600)
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Acceptance simulation choice
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ϵeff(cosθℓ, cosθK ϕ, q2
c ) = ∑

klmn

cklmn Lk(cosθℓ) Ll(cosθK) Fm(ϕ) Ln(q2
c )

• The parametrisation is made in 4d without factorisation using Legendre and Fourier terms:

• Use effective ‘acceptance’ function: parametrise acceptance + FSR + resolution together 

• Cost of approach: dependent on underlying physics of the simulation 

Uniform (‘FLATQ2’) MC != physics MC

cosθK

cosθK

cosθK

cosθK

−1

−1

×

×

ϵPHYS =

ϵFLATQ2 =

X

LHCb Unofficial



Pathological acceptance weights

XZhenzi Wang June 28, 2022
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-4 events

• The parametrisation of  from physics MC with underpopulated regions, and the application 
of  to small samples can lead to pathological behaviour, e.g. 

ϵeff

ϵeff

• Affected region well defined — cut of:  significantly reduces 
instances of negative/large weights

|cosθℓ | < 0.9 & cosθK < 0.9

5

cosθK

(-0.08%)

FL = 0.702 ± 0.011
NMC

sig = 5000

FL = 0.718 ± 0.018

NMC
sig = 4996

Low efficiency Poor estimation

X
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Acceptance strategy revision

XZhenzi Wang June 28, 2022X
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• Low efficiency regions are typically located near the edges of  and  
• Simple cut of:  significantly reduces instances of negative/large 

weights and lead to FLATQ2-like behaviour in pseudoexperiment studies

cosθℓ cosθK = 1
|cosθℓ | < 0.9 & cosθK < 0.9

Revision of nominal acceptance choice

Without cut With cut



Updated sensitivity studies

XZhenzi Wang June 28, 2022X

• Updated pseudoexperiments are produced with the updated PHYS acceptances and the 
following yields:

Component Run 1 Run 2p1 Run 2p2
Signal 114 170 342

Combinatorial 75 53 104
Partially reconstructed 23 35 24

DSL 94 141 164

• Around 1000 pesudoexperiments are fitted with the cut of :|cosθℓ | < 0.9 & cosθK < 0.9



Likelihood scans

XZhenzi Wang June 28, 2022X

• Performed likelihood scans in 1d for five SM pseudoexperiments by repeating the fit with the 
value of a given observable fixed to a range of values about the best-fit result:



Toy behaviour

XZhenzi Wang June 28, 2022X

• Investigated possible causes of ,  toy biases 

• ,  bias may be due to physical boundary of signal pdf, but in this case signal-only toys 

do not show the same effect

FL AFB

FL AFB

• Instead they seem to be related to signal-background separation, and likely depends on the 

background shape 

• Plan to take into account as systematic uncertainty (rather than corrections)



Control mode fit updates
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• 2017-2018 data added, fit made with/without phase-space cut 

• Compare against observable values of  [LHCb-ANA-2017-055] 

• Main source of systematic uncertainty: simulation correction strategy

B0 → K*0J/ψ( → μ+μ−)

X

*Updated systematics assessment 
(+2017 and 2018) pending

*
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