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Flavour physics at Belle II
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Standard Model:  predictions from eV to TeV with only 20 parameters, but 
still incomplete (dark matter, matter-antimatter asymmetry…).


Weak interactions of quarks (“flavour physics”): powerful tool for indirect searches 
to test SM and its extensions. Search for discrepancies in low-energy processes.

𝒪(1000)

• SuperKEKB: 7-on-4  collider at 
10.58 GeV;


• Aim at 700  pairs/second in     
low-background environment;


• 400  (   pairs) of 
data collected;


• World record peak luminosity:
.


• Unique reach on final states with 
multiple neutrinos. 


e+e−

BB̄

fb−1 400 × 106 BB̄

4.1 × 1034cm−2s−1
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FIG. 4: Invariant K0
S⇡-mass distributions for (left) D+ ! K0

S⇡
+

candidates and (right) D� !
K0

S⇡
�
candidates simultaneously reconstructed in (top) proc11 and buckets 9,10,11 data and (bot-

tom) simulated MC13a data selected through the B+ ! K+⇡�⇡+
selection used in the Winter

2020 analysis (baseline selection with a loose kaon-enriching requirement of PID and a continuum-

suppression selection). Fit projections are overlaid.
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D+

Measured in early data with  precision  
(S.Raiz et al.BELLE2-NOTE-TE-2020-024).


𝒪(1 − 3%)

Instrumental asymmetries

3

Improve over this work by using larger dataset (190 ), a refined selection and 
by subtracting the  asymmetry (previously unaccounted).                                              
We reach sub-percent precision.

fb−1

𝒜FB

 determined from  decays.𝒜det(π) D+ → K0
Sπ+

𝒜det(K) ≃ 𝒜det(Kπ) − 𝒜det(π)

For correct measurement, detector asymmetries must be removed.

Can obtain  using   

from  (Michele’s talk)

𝒜det(K) 𝒜det(Kπ)
D0 → K−π+

Measurement of CP asymmetries are a fundamental goal of Belle II physics. 

𝒜raw = 𝒜CP + 𝒜det + 𝒜FB . . .

https://docs.belle2.org/record/2038?ln=en


4
𝒜det(π+) = 0.0010 ± 0.0034 (stat)
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nsig ∼ 1.60 × 105 nsig ∼ 1.61 × 105D+ D−

𝒜raw =
ND − ND̄

ND + ND̄
= 𝒜CP + 𝒜det + 𝒜FB→

Observed asymmetry

→ → →
CP-violating asymmetry

Instrumental asymmetry Forward-backward      
asymmetry

 known for  :𝒜CP D+ → K0
Sπ+ 𝒜CP(K0

Sπ+) = − 0.41 ± 0.09 %

 from  control channels𝒜det(π) D

; 𝒜det(K0
S) = 0

 is antisymmetric as a function of angle of  momentum in the CMS ( ).  
 can be cancel by average measurements of  in opposite bins of . 

𝒜FB D cos(θ*)
𝒜FB 𝒜raw cos(θ*)
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Study  dependencies as a function of:𝒜det(π)
• : interaction probabilities with matter depend on momentum;


• : different material budget traversed by the particle;


• CDC hits: tracking and  resolution depends on number of hits, and these 
differ on average for track opposite curvature.

p
cos(θ)

dE/dx

1% range  ∼

1% range  ∼

 42% range  ∼

Also investigated other possible 
dependencies ( , ) but we identify 
these 3 are the most relevant at the 
current level of precision.

perr ωerr
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Sample dependence 
We have developed a method (reweighting method) to take into account these 
dependencies and to calculate  for different decays.𝒜det
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Strategy: provide  using the control samples, assigning a systematic 
uncertainty due to how well we reproduce  with our control channels  (in MC).


Provided the  values for  with a total uncertainty  of 
1%  for the  measure shown at ICHEP 2022.

𝒜det
𝒜det

𝒜det B+ → π+π0(B+ → K+π0)
𝒜CP
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We search for the rare flavor-changing neutral current process Bþ → Kþτþτ− using data from the
BABAR experiment. The data sample, collected at the center-of-mass energy of the ϒð4SÞ resonance,
corresponds to a total integrated luminosity of 424 fb−1 and to 471 × 106 BB̄ pairs. We reconstruct one B
meson, produced in the ϒð4SÞ → BþB− decay, in one of many hadronic decay modes and search for
activity compatible with a Bþ → Kþτþτ− decay in the rest of the event. Each τ lepton is required to decay
leptonically into an electron or muon and neutrinos. Comparing the expected number of background events
with the data sample after applying the selection criteria, we do not find evidence for a signal. The resulting
upper limit, at the 90% confidence level, is BðBþ → Kþτþτ−Þ < 2.25 × 10−3.

DOI: 10.1103/PhysRevLett.118.031802

The flavor-changing neutral current process Bþ → Kþ

τþτ− [1] is highly suppressed in the standard model (SM),
with a predicted branching fraction in the range 1–2 × 10−7

[2,3]. This decay is forbidden at tree level and only occurs,
at lowest order, via one-loop diagrams. The SM contribu-
tions, shown in Fig. 1, include the electromagnetic penguin,
the Z penguin, and the WþW− box diagrams. Rare semi-
leptonic B decays such as Bþ → Kþτþτ− can provide a
stringent test of the SM and a fertile ground for new physics
searches. Virtual particles can enter in the loop and thus
allow us to probe, at relatively low energies, new physics at
large mass scales. Measurements of the related decays
Bþ → Kþlþl−, where l ¼ e or μ, have been previously
published by BABAR [4] and other experiments [5–8], and
exhibit some discrepancy with the SM expectation [9].
The decay Bþ → Kþτþτ− is the third family equivalent

of Bþ → Kþlþl− and hence may provide additional
sensitivity to new physics due to third-generation couplings
and the large mass of the τ lepton [10]. An important
potential contribution to this decay is from neutral Higgs
boson couplings, where the lepton-lepton-Higgs vertices
are proportional to the mass squared of the lepton [11].
Thus, in the case of the τ, such contributions can be
significant and could alter the total decay rate. Additional
sources of new physics and their effect on the Bþ →
Kþτþτ− branching fraction and the kinematic distributions
of the τþτ− pair are also discussed in Refs. [12–24]. These
new physics scenarios do not necessarily have the same
impact on the Bþ → Kþ ψð2SÞ, ψð2SÞ → τþτ− decay, and
thus the latter will only be considered if a visible signal is
present.
We report herein a search for Bþ → Kþτþτ− with data

recorded by the BABAR detector [25] at the eþe− PEP-II
collider at the SLAC National Accelerator Laboratory. This
search is based on 424 fb−1 of data [26] collected at the
center-of-mass (c.m.) energy of the ϒð4SÞ resonance,
where ϒð4SÞ decays into a BB̄ pair. We use hadronic B
meson tagging techniques, where one of the two Bmesons,
referred to as the Btag, is reconstructed exclusively via its
decay into one of several hadronic decay modes. The
remaining tracks, clusters, and missing energy in the event

are attributed to the signal B, denoted as Bsig, on which the
search for Bþ → Kþτþτ− is performed. We consider only
leptonic decays of the τ∶τþ → eþνeν̄τ and τþ → μþνμν̄τ,
which results in three signal decay topologies with a
charged K, multiple missing neutrinos, and either eþe−,
μþμ−, or eþμ− in the final state. The neutrinos are
accounted for as missing energy in any signal event where
a charged kaon and lepton pair are identified and extra
neutral activity, including π0 candidates, is excluded.
Simulated Monte Carlo (MC) signal and background

events, generated with EvtGen [27], are used to develop
signal selection criteria and to study potential backgrounds.
The detector response is simulated using GEANT4 [28].
Signal MC events are generated as ϒð4SÞ → BþB−, where
one B decays according to its measured SM branching
fractions [29] and the other B decays via Bþ → Kþτþτ−

according to the model described in Ref. [30]. Within this
model, a light-cone sum rule approach, referred to as LCSR
is used to determine the form factors that enter into the
parametrization of the matrix elements describing this
decay. Signal events are also reweighted to a model based
on the unquenched lattice QCD calculations of the B →
Klþl− form factors [2] for the determination of the signal
efficiency, and the two theoretical approaches are then
compared to evaluate the model dependence of our meas-
urement. Because of the low efficiency of the hadronic Btag
reconstruction, “dedicated” signal MC samples are also
generated for this analysis, where one B decays exclusively
through B% → D0π%, D0 → K−πþ while the other B
meson decays via the signal channel. This ensures that
more events pass the hadronic Btag reconstruction and

q q

b st,c,u

W

 , Z

l +

l

q q

b st,c,u

W +W

l l +

FIG. 1. Lowest order SM Feynman diagrams of b → s lþl−.
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• Flavour changing neutral current is  
highly suppressed in SM, .


• In SM, these decays are forbidden at  
tree level and only occurs via  
loop diagram.


•  generation( ) strongly couples  
to new physics models.


• BABAR collaboration put an upper limit, 
  at 90% C.L.


• Belle did a preliminary study of  and set the upper limit to 
 at 90% C.L.


• Start working on  to do a combined Belle + Belle II analysis 
(targeting next summer to complete). 


• A similar study I will perform later on : nobody has measured its 
branching fraction yet.

𝒪(10−7)

3rd τ

ℬ(B+ → K+τ+τ−) < 2.25 × 10−3

B+ → K+τ+τ−

ℬ(B+ → K+τ+τ−) < 3.17 × 10−4

B+ → K+τ+τ−

B0 → K0
Sτ+τ−

 analysis using hadronic taggingB → Kττ
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• Main challenge:  reconstruction as it decays into undetected neutrinos 
eg. 


• Multiple  reconstructions are  
unfeasible at LHC 


•  Feature of Belle II experiment:


•  Efficient detection of final state particles


•  Good hermetic:  acceptance


•  Precisely measured initial kinematics of the beam. 


•  Tagging: reconstruct one arbitrary  meson ( ) and put decay constraint on the signal 
 meson 


•  Signal side can be reconstructed from beam and  kinematics 


•  Hadronic tagging only uses hadronic decay channels for  reconstruction.


•  High in purity, but low in efficiency at the order of 


• Highly statistically limited

τ
τ → μν̄μντ

τ

4π

B Btag
B

Btag

Btag

0.1 %

8

Υ(4S) B+
sigB−

tag

hadronic  
tagging

K+

e+

μ−

τ+

τ−

ντ

ντ

νe

ν̄μ

Hadronic tagging



Analysis flow
Reconstruction: process 

simulated data needed in the 
analysis applying pre-selection 

of B+ → K+τ+τ−
Background studies: continuum 

suppression and potential 
background sources 

Optimise selection: identify 
selection that maximises signal-

over background using 
simulation 

Signal extraction

or


upper limit

Systematics: assess the 
relevant contribution to 
systematic uncertainties

done! 

Sept 22 - Oct 22 

Nov 22 - Feb 23 

Mar 23 - Apr 23 

May 23 - Jun 23 
if time allows similar study with B0 → K0

Sτ+τ−

reconstruction efficiency( )  ϵ = 1.25 × 10−3

9



Summary
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Measured  for  using .


First  dependence study. Found a large dependence as a function of  , 
 and CDC hits of tracks.


Developed a strategy to compute  from control channel for any physics 
decay  (i.e.  (ICHEP 2022) ).


Presented the instrumental asymmetries study in Belle II’s working physics 
subgroup.


Belle II internal note: M.Dorigo, D.Ghosh and M.Mantovano, “Measurement 
of instrumental asymmetries of  and ”, 2022, BELLE2-NOTE-TE-2022-XX.


Started  analysis using hadronic tagging to measure its 
branching fraction. Nobody has measured .


𝒜det π D+ → K0
Sπ+

𝒜det p
cos(θ)

𝒜det
B+ → h+π0

K π

B+ → K+τ+τ−

ℬ(B0 → K0
Sτ+τ−)



Backup
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Motivation
In particle physics, CP violation is  the breaking of the combined charge-parity 
symmetry. Measurements of CP asymmetries ( ) are a fundamental goal of 
Belle II physics program.

𝒜CP

CP asymmetries are usually determined from signal-yield asymmetries, which 
comprise also other contributions:

𝒜raw =
N+ − N−

N+ + N−
= 𝒜CP + 𝒜det + . . .

Instrumental asymmetries ( ) come from different 
sources:


• different reconstruction efficiency for +/- tracks;


• different interaction probabilities of particle/
antiparticle with matters (i.e. ) ;


• etc..

𝒜det

K+/K−

Cannot trust simulation to obtain them  measure  in data.→ 𝒜det
12


