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Radiative B decays
• In the SM, e!ective FCNC are introduced by penguin (1-loop) 

diagrams, so they are a sensitive probe to new physics

• Radiative decays have a distinct experimental signature with 
a high ET photon in the "nal state
- Large levels of background are expected in a pp machine
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b → sγ

๏  is a golden channel of  physics
• FCNC mediated by loop with  and 
• Virtual BSM contribution can be large
• Not so rare! e.g. 

 
 

๏ Effective Hamiltonian description: 

 

where  is the left(right)-handed 
electromagnetic dipole operator

b → sγ b
W− t

ℬ(B → Xsγ) ≃ (3.32 ± 0.15) × 10−4

ℋeff ≃ −
4GF
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๏ The  is mostly left-handed in SM
• A measurement of the polarisation 

can reveal tiny BSM right-handed 
currents e.g. due to heavy vector-
like quark masses

γ
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see David’s talk
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 at LHCbb → sγ

3

ECAL

VELO

Recover brem   
in this region

e ± track

๏ About   in acceptance in 
2012-2018 (Run 1 + Run 2)
• … 

๏ Best reconstruction with 
• Price to pay for neutrals 
•  emit bremsstrahlung before magnet 
→ brem reco procedure ~50% efficient

๏ Hardware trigger is key
•
•
•

๏ Upgraded trigger in software
• More potential and flexibility
• See dedicated talk by Federico

1012 bb̄

Bd , Bu , Bs , Λb ,

μ±, π±, K±, p±

γ, π0, KS

e±

pT(μ±) > 1.5 − 1.8 GeV
ET(e±) > 2.5 − 3.0 GeV
ET(γ) > 2.1 − 3.0 GeV

Int.J.Mod.Phys. A 30, 1530022 (2015) 

https://indico.cern.ch/event/868940/contributions/3813743/
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 at LHCbC(
7′ 

)

๏ Left handed  measured  with 

• 5% precise prediction only for 
inclusive BR (quark-level)

• 5% precise inclusive BR 
measurement from B-factories

• Inclusive BR very hard at LHCb

๏  measured with direct  
•  (et al) at B-factories
• LHCb uses the tagged time-dep. 

analysis of 

๏ Right handed  measured with:
• Mixing induced CP asymmetry in 

 (et al) at B-factories
•  induced rate asymmetry in 

 at LHCb
• Full amplitude analysis of 

 at LHCb
• Angular analysis of  

 at LHCb
• Transverse asymmetries in 

 at LHCb

C7
BR ∝ (CSM

7 + CNP
7 )2 + (C′ NP

7 )2

ImC7 ACP
B → KSπ0γ

Bs → ϕγ

C′ 7

B → KSπ0γ
ΔΓs
Bs → ϕγ

B+ → K+π−π+γ

Λb → Λγ

B0 → K*e+e−

4

M. Misiak et al JHEP 06(2020)175
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5

measured with 3/fb

measured  
with 3/fb

New today!

Measured with 9/fb

first observ. 
Anna’s talk

Future

M. Misiak et al JHEP 06(2020)175
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 at LHCbBs → ϕγ

๏ LHCb uniquely placed to study 
• Signal yield is ~5000 with 3/fb (Run 1)
• Large bkg but mostly combinatorial
• Can use  as calibration channel

๏ Large  allows to extract mixing 
induced  from untagged sample

๏ Can also do flavour tagging!
• Effective tagging efficiency is 5%
• Large enough for time-dep. analysis

Bs → ϕγ

B0 → K*γ

ΔΓs
AΔ
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Figure 1: Fits to the mass distributions of the (left) B0
s ! �� and (right) B0 ! K⇤0� candidates.

the B0 ! K⇤0� decay channel, the B0 ! K⇤0⇡0 and ⇤0
b
! (pK�)� decays are taken into

account. Each peaking background is modeled with a Crystal Ball function. The shape
parameters are determined from simulation, except for the width of the Gaussian core,
which is multiplied by a factor to account for the di↵erence in resolution between data
and simulation. The yield ratios of peaking backgrounds to signal are calculated using
simulation samples and taking the branching ratios from experimental measurements [6,9].
They are determined to be below 2% in all cases. Partially reconstructed backgrounds
originate from other b-hadron decays in which one or several final-state particles are
not reconstructed. This contribution is negligible in B0

s
! �� decays, while for the

B0 ! K⇤0� mode the dominant contributions are: decays of the type B ! K⇡⇡� with a
missing pion, decays of the type B ! K⇡⇡0X (mainly from B+ ! D0⇢+ decays) with
one or several missing hadrons, and B0 ! K⇤0⌘(��) decays with a missing photon. They
are described by an ARGUS function [23] convolved with a Gaussian function to account
for the detector resolution, with the shape parameters determined from simulation.

Flavor-tagging algorithms are applied to identify the initial flavor of the B0
s
meson.

They provide a tag decision q, which takes the value +1 if the signal was originally a
B0

s
meson, �1 if it was a B0

s
meson, and zero if no decision is given. The algorithms

also provide an estimate ⌘ of the probability for the tag decision to be incorrect (mistag
probability). Two classes of flavor-tagging algorithms are used: same-side (SS) [24]
and opposite-side (OS) taggers [25]. The SS tagger determines the flavor of the signal
candidate by identifying the charge of the kaon produced together with the B0

s
meson

in the fragmentation process, and is based on a neural network algorithm [24]. The OS
taggers rely on the pair production of b hadrons in pp collisions and examine the decay
products of the other b hadron in the event. The information used includes the charge of
the leptons produced in semileptonic decays, the charge of kaons produced in b ! c ! s
transitions, and the charge of the particles originating from the decay vertex [25].

The mistag probability estimate ⌘ is calibrated using a linear function to obtain a
corrected mistag probability ! for the signal sample. This is performed using mainly
samples of B+ ! J/ K+ and B0 ! J/ K⇤0 decays for the OS tagger and B0

s
! D�

s
⇡+

and B⇤
s2(5840)

0 ! B+K� decays for the SS tagger. The uncertainties of the calibration
parameters include a systematic uncertainty that takes into account possible di↵erences
of these parameters between the decays used for calibration and other B-decay modes.

3

𝒫(t) ∝ e−Γst {cosh (ΔΓst/2) − AΔ sinh (ΔΓst/2)±CCP cos (Δmst) ∓ SCP sin (Δmst)}

depends on  or Bs B̄s

Phys.Rev.Lett. 123 (2019) no.8, 081802

https://inspirehep.net/literature/1735188
https://inspirehep.net/literature/1735188
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Figure 2: Decay-time fit projections. The top row corresponds to the tagged (left) B0
s ! ��

and (right) B0
s ! �� candidates, while the bottom plots show the (left) untagged B0

s ! �� and
(right) B0 ! K⇤0� candidates. The line is the result of the fit described in the text, including
statistical uncertainties.

The decay-time distributions and the corresponding fit projections are shown in Fig. 2.
The fitted values are S�� = 0.43 ± 0.30, C�� = 0.11 ± 0.29 and A�

��
= �0.67 +0.37

�0.41,
with a small correlation of �0.04 between each pair of observables. The statistical
uncertainty includes the uncertainty from the physics parameters taken from external
measurements. For S�� and C�� , the systematic uncertainty is dominated by the e↵ects of
possible di↵erences between data and simulation in the decay-time resolution parameters
(0.08), and the uncertainty on the parameters used to calibrate the same-side tagging
algorithms (0.04). For A�

��
, the dominant source of systematic uncertainties is related

to the determination of the decay-time-dependent e�ciency function. In particular, the
contribution of the partially reconstructed background of B0 ! K⇤0� decays, coming from
the correlation between reconstructed mass and time (0.11) and the mass-shape modeling
(0.08), and the limited size of the simulation sample used to determine the e�ciency
di↵erences between B0

s
! �� and B0 ! K⇤0� decays (0.08). The total systematic

uncertainties are 0.11 for S�� and C��, and 0.17 for A�
��
.

In summary, the CP -violating and mixing-induced observables S��, C�� and A�
��

are measured from a time-dependent analysis of B0
s
! �� decays, using a data sample

corresponding to an integrated luminosity of 3 fb�1 collected with the LHCb experiment
during the 2011 and 2012 data-taking periods. More than 5000 B0

s
! �� decays are

5

2 4 6 8 10
 [ps]t

0

20

40

60

80

100

120

140

C
an

di
da

te
s /

 ( 
0.

3 
ps

 )

LHCb

 Data

 Fit

2 4 6 8 10
 [ps]t

0
20
40
60
80

100
120
140
160
180

C
an

di
da

te
s /

 ( 
0.

3 
ps

 )

LHCb

 Data

 Fit

2 4 6 8 10
 [ps]t

0

20

40

60

80

100

C
an

di
da

te
s /

 ( 
0.

3 
ps

 )

LHCb

 Data

 Fit

2 4 6 8 10
 [ps]t

0

500

1000

1500

2000

2500

3000

C
an

di
da

te
s /

 ( 
0.

3 
ps

 )

LHCb

 Data

 Fit

Figure 2: Decay-time fit projections. The top row corresponds to the tagged (left) B0
s ! ��

and (right) B0
s ! �� candidates, while the bottom plots show the (left) untagged B0

s ! �� and
(right) B0 ! K⇤0� candidates. The line is the result of the fit described in the text, including
statistical uncertainties.

The decay-time distributions and the corresponding fit projections are shown in Fig. 2.
The fitted values are S�� = 0.43 ± 0.30, C�� = 0.11 ± 0.29 and A�

��
= �0.67 +0.37

�0.41,
with a small correlation of �0.04 between each pair of observables. The statistical
uncertainty includes the uncertainty from the physics parameters taken from external
measurements. For S�� and C�� , the systematic uncertainty is dominated by the e↵ects of
possible di↵erences between data and simulation in the decay-time resolution parameters
(0.08), and the uncertainty on the parameters used to calibrate the same-side tagging
algorithms (0.04). For A�

��
, the dominant source of systematic uncertainties is related

to the determination of the decay-time-dependent e�ciency function. In particular, the
contribution of the partially reconstructed background of B0 ! K⇤0� decays, coming from
the correlation between reconstructed mass and time (0.11) and the mass-shape modeling
(0.08), and the limited size of the simulation sample used to determine the e�ciency
di↵erences between B0

s
! �� and B0 ! K⇤0� decays (0.08). The total systematic

uncertainties are 0.11 for S�� and C��, and 0.17 for A�
��
.

In summary, the CP -violating and mixing-induced observables S��, C�� and A�
��

are measured from a time-dependent analysis of B0
s
! �� decays, using a data sample

corresponding to an integrated luminosity of 3 fb�1 collected with the LHCb experiment
during the 2011 and 2012 data-taking periods. More than 5000 B0

s
! �� decays are

5

Bs → ϕγ

B̄s → ϕγ

 at LHCbBs → ϕγ

๏ Results of the 3/fb analysis:

 

๏ Systematics mainly from decay-time 
resolution and tagging efficiency

๏ Compatible with SM predictions

๏ Still statistically limited with 3/fb
• Run 2 analysis on the way!

AΔ = − 0.67+0.37
−0.41 ± 0.17

SCP = 0.43 ± 0.30 ± 0.11
CCP = 0.11 ± 0.29 ± 0.11

7Martino Borsato - Heidelberg U.

Phys.Rev.Lett. 123 (2019) no.8, 081802
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 at very low B0 → K*e+e− q2

๏ Rare  decay dominated 
by  pole at very-low 

๏ Select in  region between
 and 0.257 

• Pollution from (axial-)vector currents is 
negligible in this region

๏ SM BR is as small as  but:
• Fully charged final state ( )
• Semileptonic+combinatorial (SL/C) 

background is phase-space suppressed

๏ New Run 1+2 (9/fb) analysis with 
greatly improved selection strategy
• Allowed even lower  range
• 530 signal candidates selected with 

extremely low background

B0 → K*e+e−

b → sγ q2

q2 = m(ee)2

(28 MeV)2 GeV2

∼ 2 × 10−7

K* → K+π−

q2
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Angular analysis of B0 ! K ⇤0e+e�
at very low q2

(1/2)

1
d(�+ �̄)/dq2

d4(�+ �̄)

dq2 dcos ✓` dcos ✓K d�̃
=

9
16⇡

h
3
4(1 � FL) sin

2 ✓K + FL cos2 ✓K

+1
4(1 � FL) sin

2 ✓K cos 2✓` � FL cos2 ✓K cos 2✓`

+(1 � FL)A
Re
T sin2 ✓K cos ✓`

+1
2(1 � FL)A

(2)
T sin2 ✓K sin2 ✓` cos 2�̃

+1
2(1 � FL)A

Im
T sin2 ✓K sin2 ✓` sin 2�̃

i
.

21

Analysis roadmap

● Selection and characterisation
 Online selection
 Multivariate selection
 Optimisation
 Sample composition
 Mass -t

● Angular $t
 Strategy
 Angular acceptance
 Background modelling
 Validation

● Results Martino Borsato, Fabrice Desse B0 ! K⇤0e+e� angular analysis July 7
th

2020 4 / 20

: Angular analysisB0 → K*e+e−

9

๏ Folding  angle to simplify 
the 3D angular expression: 

ϕ

Angular analysis of B0 ! K ⇤0e+e�
at very low q2

(2/2)

Sensitivity to the photon polarization

b ! s� sensitivity at q2 ! 0
Sensitivity to � polarization in:

A(2)
T (q2 ! 0) =

2Re
⇣
C7C

0⇤
7

⌘

|C7|2 + |C0
7|2

AIm
T (q2 ! 0) =

2Im
⇣
C7C

0⇤
7

⌘

|C7|2 + |C0
7|2

Folding to simplify the expression,
without any loss for A(2)

T /AIm
T terms

�̃ ⌘
(

� if � � 0
� + ⇡ if � < 0 .

Martino Borsato, Fabrice Desse B0 ! K⇤0e+e� angular analysis July 7
th
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 photon polarisation:B0 → K*γ
AR(L) ≡ |AR(L) |eiϕR(L), tan χ ≡ AR/AL

A (2)
T ≃ sin(2χ)cos(ϕL − ϕR),

AIm
T ≃ sin(2χ)sin(ϕL − ϕR),

LHCb-PAPER-2020-020 (in preparation)
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: Control channelB0 → K*e+e−

๏  has much larger BR
• Same final state as  when  

converts to  in the material
• Can be well separated with material veto 

and cut on  

๏ Use  as control for 
• Very similar signal shape and background 

composition to signal
• Fit  distribution to validate 

signal fit (found 2950  candidates)
• Fitted  to  found to be compatible 

with 0 with sub-percent precision 
→ due to real , longitudinal polarisation 
fraction  is expected to be zero

B0 → K*γ
B0 → K*e+e− γ

e+e−

m(e+e−) > 10 MeV

B0 → K*γ B0 → K*e+e−

m(K+π−e+e−)
B0 → K*γ

FL cos θK

γ
FL

10

LHCb-PAPER-2020-020 (in preparation)
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: Angular fitB0 → K*e+e−

๏ Fit to B mass and angles
• In reduced mass region
• Semilept+combinatorial 

(SL/C) modelled using 
 data 

candidates
• Other backgrounds from 

simulation
• Fit procedure thoroughly 

tested with pseudo-
experiments 

B → K*μ±e∓

11
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: ResultsB0 → K*e+e−

๏ Main systematics from signal 
acceptance and angular background 
modelling

๏ Statistical error still dominates

๏ Measurements of  and 
 are also interesting 

in the context of  angular 
analysis anomalies (see David’s talk)

๏ The analysis prepares the ground for 
lepton universality tests in the angles

๏  and  are sensitive to 

FL
ARe

T = 3
4 AFB(1 − FL)

B0 → K*μ+μ−

A (2)
T A Im

T C′ 7

12
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q2 [GeV2]
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F
L

Prediction B0 ! K§µ+µ°

Prediction B0 ! K§e+e°

LHCb (4.7/fb) B0 ! K§µ+µ°

LHCb (9.0/fb) B0 ! K§e+e°

FL = 0.044 ± 0.026 ± 0.014
ARe

T = − 0.064 ± 0.077 ± 0.015

A (2)
T = + 0.106 ± 0.103+0.016

−0.017

A Im
T = + 0.015 ± 0.102 ± 0.012

flavio v2.0.0 (arXiv:1810.08132)

next  
slide

LHCb-PAPER-2020-020 (in preparation)

LHCb, PRL 125(2020)011802
LHCb-PAPER-2020-020 (in preparation)

LHCb, PRL 125(2020)011802

PR
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A
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(28 MeV)2 < q2 < 0.257 GeV2

https://indico.cern.ch/event/868940/contributions/3815645/
https://indico.cern.ch/event/868940/contributions/3815645/
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: ResultsB0 → K*e+e−

๏ Constraint from  
dominating the sensitivity to 
• Constraining both Re and Im part
• Better than combination of all 

previous results

๏ Statistically limited measurements
• The constraint will keep improving 

with more luminosity (upgrade)

B0 → K*e+e−

C′ 7
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(preliminary)
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SM

Belle and BABAR B(B ! Xs∞)

Belle and BABAR Sd∞

LHCb Bs ! ¡∞ 3 fb°1

LHCb Preliminary B0 ! K§ee 9 fb°1

Global

 photon polarisationb → sγ

A. Paul and D. M. Straub, JHEP 04 (2017) 027  
D. M. Straub, “flavio”, arXiv:1810.08132 

https://inspirehep.net/literature/1479949
https://inspirehep.net/literature/1699203
https://inspirehep.net/literature/1479949
https://inspirehep.net/literature/1699203
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Conclusions

๏ LHCb program of  studies is flourishing
• Achieved world-best measurement of photon polarisation

๏ Methods very different from B-factories:
• Time-dependent analysis of 
• Angular analysis of  at very-low 

๏ Expect more precise results from Run 2 data (on tape) 
and the upcoming LHCb upgrade

b → sγ

Bs → ϕγ
B0 → K*e+e− q2

14
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 at LHCbΛb → Λγ
๏ LHCb has unique capability to study 

radiative baryon decays

๏ First attempt with 
• Using only 2016 data ( )
• No  direction and   
→ no  vertex reconstructed

• Signal classification with BDT is crucial

๏ Found   decays
• First observation at 5.6  significance
•  
→ in agreement in with SM predictions

๏ Possibile to measure photon polarisation
• To be competitive with  measurements, 

precision needs to improve by factor 

Λb → Λγ
1.7/fb

γ cτ(Λ) ≃ 8 cm
Λb

65 ± 13 Λb → Λγ
σ

BR = (7.1 ± 1.5 ± 0.6 ± 0.7) × 10−6

B
∼ 6
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X0π−π+K → B

η*0K → 0B
0π−π+K → 0B

γ−Kp → 0
bΛ

γφ → 0
sB

Figure 1: Simultaneous fit to the (left) ⇤0
b! ⇤� and (right) B0! K⇤0� invariant-mass distribu-

tions of selected candidates. The data are represented by black dots and the result of the fit
by a solid blue curve while individual contributions are represented in di↵erent line styles (see
legend).

in Fig. 1. The signal yields are found to be 65 ± 13 and 32670 ± 290 for ⇤0
b! ⇤� and

B0! K⇤0�, respectively. The ratio of hadronization and branching fractions is measured
to be

f⇤0
b

fB0
⇥ B(⇤0

b! ⇤�)

B(B0! K⇤0�)
⇥ B(⇤! p⇡�)

B(K⇤0! K+⇡�)
= (9.9± 2.0)⇥ 10�2,

where the uncertainty is statistical only. To determine the signal branching fraction, the
ratio of hadronization fractions, f⇤0

b
/fB0 , is computed from the LHCb measurement of

this quantity as a function of the pT of the b baryon [27] and from the distribution of
pT(⇤0

b) in the signal simulation. An average over pT of the ratio of hadronization fractions
of f⇤0

b
/fB0 = 0.60 ± 0.05 is obtained for this analysis, where the uncertainty is derived

from Ref. [27]. Taking the known branching fractions of the normalization mode and
intermediate decays from Ref. [40], the signal branching fraction is measured to be

B(⇤0
b! ⇤�) = (7.1± 1.5)⇥ 10�6,

where the uncertainty is statistical only.
Using the sPlot [52] technique, the absence of potential remaining backgrounds entering

in the signal component is cross-checked. In particular, the invariant mass of the p⇡
system and the output of the neural network classifier separating ⇡0 mesons from photons
for background-subtracted data candidates are found to be compatible with the expected
signal distributions.

The dominant systematic uncertainties are listed in Table 1. The largest contribution
arises from the limited knowledge of the ratio of hadronization fractions, f⇤0

b
/fB0 . Po-

tential remaining di↵erences between data and simulation are evaluated by changing the
requirement on the BDT output, recomputing the e�ciencies and repeating the mass fit.
Further systematic uncertainties come from the limited precision of the input branching
fractions, the signal and normalization fit models, the finite simulation samples used to

5

Search for ⇤b ! ⇤� LHCb-PAPER-2019-010

Large room for improvement in B(⇤b ! ⇤�):

SM prediction: 10�7 � 10�5 Best limit come from CDF:
< 1.9 ⇥ 10�3 (95% CL)

I If observed, it will open the possibility for
photon polarization measurement in
b-baryon decays through angular analysis
L.M Garcia et al., arXiv:1902.04870v2 (2019)

I Reconstruction very challenging:
I No ⇤0

b decay vertex

I Crucial signal/background separation
I High performance BDT (XGBoost)

I B
0 ! K

⇤0
� used as normalization channel

10 / 19

Eur.Phys.J.C 79 (2019) 7, 634

LHCb, Phys. Rev. Lett. 123 (2019) 031801

https://inspirehep.net/literature/1720083
https://inspirehep.net/literature/1720083
https://inspirehep.net/literature/1729839
https://inspirehep.net/literature/1729839
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: effective B0 → K*e+e− q2

๏ Analysis performed in bins of 
reconstructed  between 
10 and 500 MeV

๏ The  resolution is not 
negligible and asymmetric
• Provide efficiency map as a 

function of true 
• For most use cases one can use 

the effective  range from 
 to 0.257 

m(e+e−)

m(e+e−)

m(e+e−)

q2

(28 MeV)2 GeV2
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Figure 1: Normalised signal selection e�ciency as a function of the true dielectron mass,
p

q2.
The blue points represent the e�ciency obtained from simulation, while the grey dashed line is
the e↵ective q2 bin e�ciency defined in the text.

4 Analysis strategy118

The choice of q2 region is aimed at maximising the sensitivity to C(0)
7 . First of all, the119

reconstructed, q2
rec resolution is improved by applying a B0 mass constraint on the K⇤0e+e�

120

system. The upper bound is chosen at q2
rec < 0.25 GeV2 to minimise the sensitivity to C(0)

9121

and C(0)
10 while keeping enough signal candidates. The larger data set makes it possible to122

significantly reduce this upper bound with respect to Ref. [16], where it was at 1GeV2.123

Low q2 signal candidates are the most sensitive to C(0)
7 , but su↵er from a degradation124

of the resolution in �̃ due to multiple scattering of the quasi-collinear electrons in the125

trackers. Furthermore, B0 ! K⇤0� decays followed by a photon conversion in the material126

of the detector pollute the lower end of the q2
rec spectrum. The lower bound is thus chosen127

at q2
rec > (10 MeV)2, resulting in a �̃ resolution of 0.11 rad and a B0 ! K⇤0� pollution of128

about 2% (see Sec. 5).129

The signal selection e�ciency as a function of the true dielectron mass, obtained from130

simulation is presented in Fig. 1. The e�ciency is uniform across the low-q2 bin (10 MeV)2131

to 0.25GeV2, except close to the boundaries, due to the asymmetric q2
rec resolution.132

Therefore, following Ref. [16], e↵ective q2 boundaries are defined between 0.0008GeV2
133

and 0.257 GeV2 to allow for theoretical predictions of the angular observables without134

input from LHCb simulation. Using the Flavio software package, it was checked that135

SM and BSM predictions in this e↵ective q2 range agree very well with those that take136

into account a detailed LHCb simulation of the q2 e�ciency.137

The region q2
rec < (10 MeV)2 is enriched by B0 ! K⇤0� decays and is used as a control138

sample. Its kinematics and background pollution are very similar to the signal q2 region,139

but with much larger candidate yields.140

The B0 ! K⇤0e+e� branching ratio is expected to be (2.0 ± 0.4) ⇥ 10�7 in the q2
141

range studied in this paper [39]. The expected backgrounds are greatly reduced by the142

selection detailed in Sec. 5. Then, a fit to the reconstructed K⇤0e+e� invariant mass,143

m(K+⇡�e+e�), is used to estimate the remaining background pollution, as explained in144

4
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: systematicsB0 → K*e+e−
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Table 1: Absolute values of systematic uncertainties. For comparison, the statistical uncertainties
are shown in the last row of the table.

Source of systematic �(A(2)
T ) �(AIm

T ) �(ARe
T ) �(FL)

Acceptance sample size 0.007 0.007 0.007 0.003

Acceptance model 0.004 0.001 0.008 0.001

SL/C sample size 0.007 0.007 0.007 0.003

SL/C model 0.012 0.005 0.006 0.005

PR model 0.001 0.003 0.002 0.001

⌘/⇡0 model 0.0004 0.0001 0.002 0.01

� resolution �0.004 �0.001 - -

MC corrections 0.003 0.001 0.003 0.007

Signal mass shape 0.002 0.002 0.004 0.001

Fit bias - - - �0.003

Total systematic uncertainty +0.016
�0.017 0.012 0.015 0.014

Statistical uncertainty 0.103 0.102 0.077 0.026

those used to fit the data. Fit results are then compared with input values to assess the312

size of the uncertainties.313

The systematic uncertainties related to the corrections applied to simulated events314

used to model the angular acceptance are evaluated by fitting uncorrected simulated315

events. An alternative model using Legendre polynomials of order six instead of four is316

used to estimate the systematic uncertainties related to the choice of the functional shape.317

To take into account possible variations in the angular shapes of the PR background318

due to K resonances other than the K1(1270) meson, alternative shapes are determined319

from a sample of B+ ! K+⇡�⇡+e+e� simulated events. This sample is reweighted in the320

K+⇡�⇡+ Dalitz plane to match the distribution in B+ ! J/ (! e+e�)Kres(! K+⇡�⇡+)321

data, where Kres is any K resonance. Alternative models for the SL/C background are322

obtained by tightening either the q2 or BDT requirements used in the B0 ! K⇤0e+µ�
323

selection.324

To estimate the systematic uncertainty due to data-simulation di↵erences in the325

B0 ! K⇤0e+e� mass shapes, a di↵erent control channel, B0 ! K⇤0�, is used to correct326

the signal mass PDF. The values of the fit bias corrections discussed above are assigned327

as uncertainties (labelled as “Fit bias” in Table 1) . The absolute values of the systematic328

uncertainties are summarised in Table 1. The total systematic uncertainty, obtained by329

adding all individual sources in quadrature, is much smaller than the statistical uncertainty.330

10 Conclusion331

An angular analysis of the B0 ! K⇤0e+e� decay is performed using proton-proton332

collision data, corresponding to an integrated luminosity of 9.0 fb�1, collected by the333

LHCb experiment between 2011 and 2018. Angular observables are measured for the first334

10
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: All resultsB0 → K*e+e−
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Figure 4: Constraints at 2� level on the real and imaginary parts of the ratio of right- and
left-handed Wilson coe�cients, C 0

7 and C7. The C7 coe�cient is fixed to its SM value. The
measurements of the inclusive branching fraction, B(B ! Xs�), and the B0 mixing-induced
CP asymmetry, Sd� , by the Belle and BaBar experiments [9–15] are shown in blue and yellow,
respectively, the B0

s ! �� measurements at LHCb [16] in purple and the measurement presented
in this paper in red. The global fit is shown in cyan dashed lines and the SM prediction is
represented by a black star and corresponds to the ratio of s- and b-quark masses.

time in an e↵ective q2 range from 0.0008 to 0.257 GeV2. The results are335

FL = 0.044 ± 0.026 ± 0.014

ARe
T = �0.064 ± 0.077 ± 0.015

A(2)
T = +0.106 ± 0.103+0.016

�0.017

AIm
T = +0.015 ± 0.102 ± 0.012,

where the first contribution to the uncertainty is statistical and the second systematic.336

Correlations between the measured observables are given by337

FL ARe
T A(2)

T AIm
T

FL 1.00 �0.02 �0.01 0.02
ARe

T 1.00 0.05 0.02

A(2)
T 1.00 0.10

AIm
T 1.00

338

The results are consistent with SM predictions [22,41,43]. Using Eq. 2, the measured A(2)
T339

and AIm
T observables are used to determine the photon polarisation in B0 ! K⇤0�340

Re (AR/AL) = 0.05 ± 0.05

Re (AR/AL) = 0.01 ± 0.05
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๏ Statistically dominated

๏ Small correlations

๏ Can determine  
photon polarisation

B0 → K*γ

(28 MeV)2 < q2 < 0.257 GeV2


