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• Challenges at L=8x1035 1/cm2/s: 
 
- Higher background (Radiative Bhabha, Touschek, beam-gas scattering, 
etc.). 
 
- Higher trigger rates (High performance DAQ, computing).

KEKB

SuperKEKB

“Nano-beams”: vertical beam 
size is 50nm at the IP.

• Integrated luminosity 
expected: 50 ab-1  

 

(x50 than previous 
B factories)

SuperKEKB and The Belle II experiment
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• Integrated luminosity expected: 50 ab-1  
 

(x50 than the previous B factories)

The Belle II experiment

electron (7 GeV)

positron (4 GeV)

EM Calorimeter:

CsI(Tl), waveform sampling

Particle Identification:

Time-of-Propagation counter (barrel) 
Prox. Focusing Aerogel RICH (fwd)

Vertex detector:

2 layers DEPFET + 4 layers DSSD

Central Drift Chamber:

He(50%):C2H6(50%), Small cells, 
long lever arm,  fast electronics

Readout (TRG, DAQ):

Max. 30kHz L1 trigger  
~100% efficient for hadronic events.

1MB (PXD) + 100kB (others) per event

- over 30GB/sec to record

Offline computing: 

Distributed over the world via the GRID

Beryllium beam pipe:

2 cm diameter
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LFV limits

Electric 
dipole limit

Mass and 
CPT test

Lifetime and 
CPT test

CP-Violation
LFV limits

Lint (fb-1)

Mass and 
CPT testSCC  

searches

CP-Violation

τ → ℓℓℓ

τ → μγ

τ → μγ
τ → ℓℓℓ
Limits in

Limits in

Limits in

•B-Factories are also  
𝝉-factories! 
    𝝈(e+e- —> BB) = 1.05 nb  
    𝝈(e+e- —> 𝝉 𝝉) = 0.92 nb 

• 𝜏 lepton decays allow a clean 
analysis of hadronization, 
determination of SM parameters, 
properties of weak currents and 
BSM searches.

• Belle and BaBar provided many 
interesting results in 𝜏 lepton 
physics along the last two 
decades. 

𝜏 lepton physics on the B-Factories

• Many of this results will be updated by Belle II 
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The physics program at Belle II
• The enormous number of e+e- collisions features a 

unique environment for the study of 𝜏 physics with 
high precision.

• Further details can be found in  
“The Belle II Physics Book”, 
which is now available at:  
PTEP 2019 (2019) 12, 123C01

• The physics program of the Belle II experiment covers 
also high precision measurements in B decays, charm, 
dark sectors, exotic particles, etc.

• See the Belle II talks during FPCP 2020:
• Charm and charmonium
• First B physics results
• Radiative and electroweak penguin decays
• CKM matrix
• Full Event Interpretation algorithm
• Belle II status and prospects

https://academic.oup.com/ptep/article/2019/12/123C01/5685006
https://indico.cern.ch/event/838862/contributions/3850305/
https://indico.cern.ch/event/838862/contributions/3850304/
https://indico.cern.ch/event/838862/contributions/3850347/
https://indico.cern.ch/event/838862/contributions/3850302/
https://indico.cern.ch/event/838862/contributions/3851296/
https://indico.cern.ch/event/838862/contributions/3711411/
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Tau decay event in early Belle II data

Exp 7, Run 3521 
Started at 2019/04/30 06:18 JST 
Stopped at 2019/04/30 07:06 JST 
Run type: physics
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1770 1775 1780 1785
)2 (MeV/cτm

BES III (2014) 
1776.91 ± 0.12 ± 0.13

BaBar (2009) 
1776.68 ± 0.12 ± 0.41

Belle (2007) 
1776.61 ± 0.13 ± 0.35

ARGUS (1992) 
1776.3 ± 2.4 ± 1.4

Belle II (2018) 
1776.4 ± 4.8

7

Measurement of the 𝜏 lepton mass

• Measured in the decay mode  
𝜏 → 3𝜋𝜈, using a pseudomass 
technique developed by the ARGUS 
collaboration:

•  

• The distribution of the pseudomass is 
fitted to a empirical edge function.

• Current best fit from Belle 1  
1776.61 ± 0.13 ± 0.35 MeV

• Not so good compared to the BES III 
mass measurement in the production 
threshold 2  
1776.91 ± 0.12 ± 0.13 MeV 

Mmin = M2
3π + 2(Ebeam − E3π)(E3π − P3π)

Dominated 
by syst.

Γ(μ → eνν̄)
Γ(τ → eνν̄)

∼ (
gμ

gτ )
2

m5
μ

m5
τ

Uncertainty in the 𝜏 mass has important 
consequences the accuracy of lepton 
universality measurements:
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Our result, obtained from Belle II early 
data 3  
m𝜏 = (1776.4 ± 4.8 (stat)) MeV/c2)  
is consistent with previous experimental 
results.

We are updating the result using the 
most recent data.

3 TAU2018: arXiv:1812.04225 [hep-ex]

1 K. Belous et al, Phys. Rev. Lett. 99, 011801 (2007)
2  M. Ablikim et al, Phys. Rev. D 90 012001 (2014)

https://arxiv.org/abs/1812.04225
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  (invisible boson)τ → ℓ + α
• It probes the existence of a long-lived BSM 

boson 𝛼.

• Peaking signal in a two-body decay 
spectrum in the 𝜏 lepton rest frame (TRF).

• Since we cannot access to the TRF due to 
the missing neutrino, a pseudo-TRF is built 
with the following assumptions:

• ,    Eτ ≃ Ecms/2 ⃗p τ ≈ ⃗p 3π

H. Albrecht et. al. (ARGUS) 
Z.Phys. C68 (1995) 25-28

• Latests results from
• ARGUS (472 pb-1) *
• MARK III (9.4 pb-1)

* Belle II is competitive right now.

• Fit full spectrum with:

• SM expectation

• SM + NP expectation and compare 
likelihood of the two models

• Large smearing due to imprecise boost 
direction (lost 𝜈):

m(α) = 0
m(α) = 1.4

τ → ℓνν̄
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CP violation in 𝜏→Ks 𝜋𝜈

• The decay of the 𝜏 lepton to final states containing a Ks 
meson will have a nonzero decay-rate asymmetry due to 
CP violation in the kaon sector. 

• The SM prediction1,2 is

• BaBar measured:

1 I. I. Bigi and A. I. Sanda, Phys. Lett. B 625, 47 (2005). 
2 Y. Grossman and Y. Nir, JHEP 2012.4 (2012). 

J.P. Lees et.al (BaBar) 
Phys.Rev D85 (2012) 031102

2.8 𝞂 away 
from SM

A measurement of A𝜏 is a priority at Belle II. 

Aτ =
Γ(τ+ → π+K0

S ν̄τ) − Γ(τ− → π−K0
S ν̄τ)

Γ(τ+ → π+K0
S ν̄τ) + Γ(τ− → π−K0

S ν̄τ)

ASM
τ = (3.6 ± 0.1) × 10−3

ABaBar
τ = (−3.6 ± 2.3 ± 1.1) × 10−3

• Improved vertexing and tracking algorithms play a key role. 
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Lepton Flavor Violation

Assuming Belle II full dataset (50 ab-1):
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Fig. 177: Current 90% C.L. upper limits for the branching fraction of ⌧ LFV decays obtained in the CLEO,
BaBar, and Belle experiments. Purple boxes, blue inverted triangles, green triangles and yellow boxes show
CLEO, BaBar, Belle and LHCb results, respectively, while red circles express the Belle II future prospects,
where they are extrapolated from Belle results assuming the integrated luminosity of 50 ab�1.

in the signal region are blinded when determining the selection criteria and the systematic

uncertainties. After fixing these quantities, we open the blind and evaluate the number of

signal events in the signal region.

The observed Mµ�–�E distributions at Belle (4.9 ⇥ 108 ⌧+⌧� pairs [1511]) are shown

in Figs. 178(a) and (b) for ⌧ ! µ� and ⌧ ! e�, respectively. The signal yield is evaluated

from an extended unbinned maximum-likelihood fit to the Mµ�–�E distribution. The main

background (BG) is from ⌧ ! `⌫`⌫⌧ + extra � events and radiative di-muon (for µ�) or

Bhabha (for e�) events. The cuts imposed to reduce the background are summarised in

Table 135.

The upper limit obtained from this analysis yields Br(⌧ ! µ� (e�)) = 4.5 ⇥ 10�8 (1.2 ⇥
10�7) at 90% C.L.

Beam background studies. At Belle II, the beam background in ⌧ LFV searches becomes a

more serious concern compared to the Belle experiment due to the small number of daughter

particles from ⌧ LFV decay. A preliminary ⌧ ! µ� study in the presence of beam background

was performed using MC samples, in order to determine the feasibility of ⌧ LFV analyses

in this more contaminated environment.

We first studied generic SM-decaying ⌧+⌧� pairs generated with (BGx1) and without

(BGx0) beam background in order to study its impact on the distributions of various physics

observables and introduce background reduction techniques. As a result, we introduced the

following basic selection criteria:

� For photon clusters:

• E� > 0.100(forward endcap), 0.090(barrel), 0.160(backwards endcap) GeV;

• |�tcluster| < 50 ns.

� For charged particles:

• Track fit p-value > 0.01;

506/688

Prospective of Belle II:  
Improvement of 2 orders of magnitude 

SM case: 
BR ~10-54

•  ,  etc. (Almost) forbidden in the SMτ− → ℓγ, τ− → hhh
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Lepton Flavor Violation

Assuming Belle II full dataset (50 ab-1):
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CLEO, BaBar, Belle and LHCb results, respectively, while red circles express the Belle II future prospects,
where they are extrapolated from Belle results assuming the integrated luminosity of 50 ab�1.

in the signal region are blinded when determining the selection criteria and the systematic

uncertainties. After fixing these quantities, we open the blind and evaluate the number of

signal events in the signal region.

The observed Mµ�–�E distributions at Belle (4.9 ⇥ 108 ⌧+⌧� pairs [1511]) are shown

in Figs. 178(a) and (b) for ⌧ ! µ� and ⌧ ! e�, respectively. The signal yield is evaluated

from an extended unbinned maximum-likelihood fit to the Mµ�–�E distribution. The main

background (BG) is from ⌧ ! `⌫`⌫⌧ + extra � events and radiative di-muon (for µ�) or

Bhabha (for e�) events. The cuts imposed to reduce the background are summarised in

Table 135.

The upper limit obtained from this analysis yields Br(⌧ ! µ� (e�)) = 4.5 ⇥ 10�8 (1.2 ⇥
10�7) at 90% C.L.

Beam background studies. At Belle II, the beam background in ⌧ LFV searches becomes a

more serious concern compared to the Belle experiment due to the small number of daughter

particles from ⌧ LFV decay. A preliminary ⌧ ! µ� study in the presence of beam background

was performed using MC samples, in order to determine the feasibility of ⌧ LFV analyses

in this more contaminated environment.

We first studied generic SM-decaying ⌧+⌧� pairs generated with (BGx1) and without

(BGx0) beam background in order to study its impact on the distributions of various physics

observables and introduce background reduction techniques. As a result, we introduced the

following basic selection criteria:

� For photon clusters:

• E� > 0.100(forward endcap), 0.090(barrel), 0.160(backwards endcap) GeV;

• |�tcluster| < 50 ns.

� For charged particles:

• Track fit p-value > 0.01;

506/688

Prospective of Belle II:  
Improvement of 2 orders of magnitude 

SM case: 
BR ~10-54

NP case: 
BR ~10-7 - 10-10

•  ,  etc. (Almost) forbidden in the SMτ− → ℓγ, τ− → hhh

• Observation of LFV is a clear signature 
of New Physics!



M. Villanueva, 𝝉 physics results and prospects at Belle II - FPCP 2020 11

Lepton Flavor Violation

• Belle II PID algorithms will be crucial for LFV studies.

SM case: 
BR ~10-54

NP case: 
BR ~10-7 - 10-10

• Signal identification in LFV  analysis is done using a defining a region 
in the  vs  (=  ) space.

• Rotated signal region:

Mτ ΔE Eτ − Ebeam

✓
M 0

3µ

�E0

◆
=

✓
cos ✓ sin ✓
� sin ✓ cos ✓

◆✓
M3µ

�E

◆

<latexit sha1_base64="oGa5ek3OmcOaeuGcBaWWOC0nmK0="></latexit>

τ → 3μ
τ → ℓγ

Signal events

w/background components
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Searches of 𝜏→ 𝜂𝜋𝜈 1

• Mechanisms in the SM: isospin violation

• The corresponding suppression of the SM contribution can 
make new physics visible.

Charged Higgs
exchange

Leptoquark 
exchange

+

SM

Belle

BaBar

CLEO

• Constraints on scalar and tensor couplings 
can be obtained from upper limits on BRs.2

1Leroy, C., & Pestieau, J. (1978). Physics Letters B, 72(3), 398-399.
2 E. A. Garcés, MHV, G. López Castro, P. Roig.  
  JHEP, 2017(12), 27.

https://arxiv.org/abs/1708.07802
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Sensitivity of 𝜏→ 𝜂𝜋𝜈 @ Belle II

BR(𝜏→𝜂𝜋𝜈) ~ 10-5

BRV (x105) BRS (x105) BRV+S (x105) Model

0.36 1.0 1.36 MDM, 1 resonance

[0.2, 0.6] [0.2, 2.3] [0.4, 2.9] MDM, 1 and 2 resonances

0.44 0.04 0.48 Nambu-Jona-Lasinio

0.13 0.20 0.33 Analiticity, Unitarity 

0.26 1.41 1.67 3 coupled channels

SM predictions:

BaBar Upper Limit 
3 coupled channels model 1  
Other models 

• Previous results
470 fb-1670 fb-1

1R Escribano, S Gonzalez-Solis, P Roig - Physical Review D, 2016

• We have the capability of testing QCD models
• Control of the background is fundamental
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Summary

• SuperKEKB and Belle II will produce a sample of 𝜏 pairs 50 times larger than previous B-factories. 
Precision studies with 𝜏 leptons involved will be performed. 

• The performance of the detector in the first months of data taking is good. Belle II is reconstructing  
e+e- → 𝜏+𝜏- events. Performance studies on going.

• The 𝜏 lepton decays presented aim to study: 

• Searches of a long-lived BSM boson 𝛼 and heavy neutrinos

• CP violation
• Lepton Flavor Violation decays.
• Properties of vector, scalar and tensorial interactions, isospin symmetries.

• Belle II will provide a sort of very interesting results in the next decade.  
See “The Belle II Physics Book” at PTEP 2019 (2019) 12, 123C01

https://academic.oup.com/ptep/article/2019/12/123C01/5685006
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Thank you
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Backup
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• Event is divided in two sides (signal and tag) using a plane 
defined by a thrust axis, build with all the final state 
particles:

•  

•

17

Event selection strategy

⌧

⌧

⌫⌧

⌫⌧

`
⌫̄`

hadrons

Signal

Tag

n̂thrust

Vthrust =

P
i |~pi

cm · n̂thrust|P
i |~pi cm|

• Thrust axis:    such that Vthrust is maximum. ̂nthrust


