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Belle II and SuperKEKB

Belle II is the detector associated with SuperKEKB
accelerator.

Located at KEK in Tsukuba, Ibaraki (Japan)

e+e� asymetric collider

So-called B-factory

Most recent achievement : New world record
of instanteneous luminosity at
5:1:1034cm�2s�1 (27/12/2024)
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Belle II

Belle II detector

�0 efficiency is linked in great part to calorimeter efficiency : �0 ! 

 (> 98%)
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τ ! π�π+π�(nπ0)ν�

3-prong = 3 charged tracks, mostly
� ! ���+��(n�0)��

Meson are q0q̄ particles :

�0 = uū + dd̄

�+ = ud̄

�� = dū

� is the heaviest lepton in SM and the only one able
to decay to mesons/hadron

Belle II is called a B-factory because we produce
massively B mesons.
But it is also a � factory : Very active research at
Belle II
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τ lepton

� decay modes

Looking for e+e� ! �+�� events followed by
�� ! ���+��(n�0)�� on one side (signal side)
and �� ! e��� �̄e (tag side)

� : m� = 1:77 GeV, �� = 290:10�15s
�0 : m�0 = 0:135 GeV, ��0 = 8:10�17s

BR (� ! ���+���� ) � 9%

BR (� ! ���+���0�� ) � 5%

BR (� ! ���+��2�0�� ) � 0:5%

BR (� ! ���+��3�0�� ) � 0:02%
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Introduction

The aim is to get an efficiency correction given by the double ratio

�data

�MC
=

Ndata
�0

Ndata
event

�
N��̄
�0 + Nqq̄

�0 + :::

N��̄
event + Nqq̄

event + :::

assuming an accurate simulation of � decays.

We use the 3� 1 prong topology :

Signal side � ! ���+��(n�0)��

Tag side � ! e�� �̄e

We use 365.29fb�1 of data and MC15rd (up to 4x luminosity of data)
�! After selection : 6 276 946 events.
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Make selection

Find discriminant variable that allows to select
events we want and suppress background :
Balance between

Purity : signal/background

Efficiency : signal left/signal available
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Purity and Efficiency

We can measure efficiency compared to tauThrust skimmed with topology requirement.

taupair cut/topology : 6.3%

data cut/topology 1.8%

data events : 6 276 946

Event data/MC : 97.04%

Process � �� q �q Bhabha other

Event purity (%) 91.33 1.08 7.01 0.58

events 5 562 709 65 569 427 270 35 539

We consider 7 different types of �0 selection, TauNom, TauOpt, Eff50, Eff40, Eff30, Eff20, Eff10
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π0 mass distributions

mass distribution for �0 selections : Eff50,Eff30,Eff20 (top) and Nom,Opt (bottom)
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π0 Purity - TauNom selection

We can measure purity for �0 selections : Bhabha barely contributes to signal and is no longer that big

N�0 data (in [70; 200] MeV) : 4 675 082

N�0 data/MC : 101.92%

Process � �� q �q Bhabha other

Event purity (%) 91.33 1.08 7.01 0.58

events 5 562 709 65 569 427 270 35 539

N�0 purity (%) 91.65 6.72 1.22 0.41

N�0 4 203 594 308 279 55 960 18 981

N�0;sig purity (%) 94.27 5.37 0.01 0.35

N�0;sig 878 332 50 021 60 3 272

N�0;bkg purity (%) 90.98 7.07 1.53 0.43

N�0;bkg 3 325 263 258 258 55 900 15 709
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� 0 candidates - template �t

N� 0 is determined from �t to M



Signal: histogram from� + � � MC using truth matched� 0 candidates

Background: Chebyshev polynomial. Order : beginning of� 2 plateau (0 to 3)

N� 0 is an integral of signal over selection mass window.

We use 7x7 bins in momentum and cos� of � 0 candidates:

p = [0 ; 0:5; 1; 1:5; 2; 2:5; 3; above] GeV

cos� = [ � 1; � 0:6; � 0:3; 0; 0:3; 0:6; 0:8; 1]
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TauNomM

 template �t

� 1 < cos� < � 0:6

p = [0 ; 0:5; 1; 1:5; 2; 2:5; 3; above] GeV

PN indicates the order of background polynominal
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Nom � 0 e�ciency correction (preliminary)

E�ciency correction factors in 1D and 2D of cos� and p bins.

Error is statistical only
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Nom � 0 e�ciency correction (preliminary)

Detailed correction factors in 2D cos� and p bins.

Error is statistical only
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� 0 template �t e�ciency correction comparison (preliminary)

Comparison of correction factor for each selections depending on combined bin

Error is statistical only
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Convolution �t

Many �ts on data su�er from shift of the peak. We suspect there may also be broadening e�ects : Try
to �t them using template convoluted with gaussianG(�; � )

TauNom distribution, data �t results for [2,1] bin without and with convolution (� = � 0:65 MeV,
� = 1 MeV)
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Outlook

Final result is then correction factor to improve
MC/data disagreement.
Still things to do for this analysis :

Reweighting to improve MC/data disagreement

Systematics

Change selection to suppress better
background (then go back to step 1) ?

But close to the end
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