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Tau physics at Belle II

Outline:

• Achievements of B-factories
in 𝜏 lepton physics.

• The Belle II experiment.

• First results with early data.

• Prospects of 𝜏 lepton 
physics
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https://open.spotify.com/track/6sDQ4uiWw9OdVrCXFLSlZt
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How Mexico joined Belle II

o In the context of the Mexican Network on 
HEP, in 2010-2011 after some national 
workshops a road map for HEP in Mexico 
was established.

o In these workshops it was identified that 
Mexico needed to develop the experimental 
side in the intensity frontier. 

o A group of Mexican institutions decided to 
join the SuperB Project in Italy, and funding 
was allocated for this.

o After SuperB was cancelled in 2012, an 
small group decided to continue this in 
SuperKEKB and joined Belle II in July 2013.

o To match the theoretical and experimental 
work in Mexico, the Mexican group at Belle II 
decided to concentrate mainly on tau lepton 
physics. 



B-Factories

PEP-II KEKB SuperKEKB

Detector BaBar Belle Belle II

Start date 1999 1999 2016

End of 

operations
2008 2010 -

Beam Energy 

(GeV) e-: 9.0

e+: 3.1

e-: 8.0

e+: 3.5

e-: 7.0

e+: 4.0

Int luminosity
550 fb-1 1 ab-1 50 ab-1
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Next gen: SuperKEKB

• Super B-Factory

(And 𝝉 factory too!)

𝝈(e+e- —> 𝜰(4s)) = 1.05 nb

𝝈(e+e- —> 𝝉 𝝉) = 0.92 nb

• Integrated luminosity expected:

50 ab-1

(x50 than previous B factories)

4.6x1010 𝝉 pairs

@KEK

Tsukuba, Japan



Linac

Mt. Tsukuba
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Belle II collaboration

• 1047 members (420 students), 119 institutions, 

26 countries

• Located in KEK at Tsukuba, Japan
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Mexico @ Belle II

• Mexico requested to join Belle II in 2013

• Currently three institutions: CINVESTAV IPN, 

UAS and UNAM (IF).

• Eight faculty researchers (6 exp. & 2 theo.)

• Six Ph.D. students

Commitments:

Hardware:

• Electronics for LABM (Large angle

beamsstrahlung monitor)

Software:

• Grid support (the student graduated

and moved to Mississippi)

Computing:

• Tier 2 cluster on GRID for Belle II
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Mexican commitments

• Tier 2 center for Belle II online 
since May 2015.

• Mainly MC production, problems 
of bandwidth for data analysis.

LABM detector
Installed and working, and the Mexican 

group plays a important role in its M&O.
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Physics goals of SuperKEKB

Mass hierarchyDark matter

Baryogenesis

Grand unification

Neutrino mass

There must be New Physics @ TeV scale !! 

But                                                                   , or what?
Super-

symmetry ?
 

Extra-

dimension 

?
D > 4

Composite 

Higgs ?

h =

SM is incomplete

Direct Search

LHC

Flavor physics :   key to identify the theory

B D K n t m …

Super B factory
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𝜏 in Belle II
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Lepton flavour and number …
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Lepton flavour conservation
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LFV and LNV using t´s
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Perspectives of LFV
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• The enormous amount of e+e-

collisions that are expected 

from the Belle II experiment 

features an unique environment 

for the study of 𝜏 physics with 

high precision.

• Further details can be looked at 

“The Belle II Physics Book”,

which is now available at: 

arXiv:1808.10567

Prospects of 𝜏 lepton physics

https://arxiv.org/abs/1808.10567
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𝜏→3𝜋𝜈 in Belle II early data

hadrons

Signal

Tag

Candidates:  3 - 1 prong decay

We are assuming pion hypothesis in signal side.

𝑒+𝑒− → (𝜏 → 3tracks)(𝜏𝑡𝑎𝑔 → track)

• Thrust axis:                 such that Vthrust is maximum. 
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𝜏→3𝜋𝜈 in Belle II early data

After selection cuts, we 

have an agreement 

between distributions in 

data an MC. 

Performance of the 

subsystems is good.

M3𝜋 distribution @ 291 pb-1



• 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.

• A first measurement of m𝜏 at Belle II 

is performed using the data collected 

during the Phase II.
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Measurement of 𝜏 mass

𝑀𝑚𝑖𝑛 = 𝑀3𝜋
2 + 2(𝐸𝑏𝑒𝑎𝑚 − 𝐸3𝜋)(𝐸3𝜋 − 𝑃3𝜋)

Mmin distribution @ 291 pb-1:



PDG average

Belle (2007)

BES III (2007)

ARGUS (1992)

Belle II (2018)

Our result, obtained from Belle II early 

data

m𝜏 = (1776.4 ± 4.8 (stat)) MeV/c2

Is consistent with previous 

experimental results.
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Measurement of 𝜏 mass

BaBar (2009)
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• The performance of the detector in data taking is good. Belle II is 
reconstructing e+e- → 𝜏+𝜏- events.

• From July to October Belle II is in shutdown for maintenance

• So far two publications and more coming on soon

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

• With the incoming data, the Mexican group is concentrating in the
search for LFV tau decays.

• 𝜏 decays @ Belle II will provide very interesting results 
in the next decade. See “The Belle II Physics Book” at
arXiv:1808.10567.

Summary and status

https://arxiv.org/abs/1808.10567
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𝜏→3𝜋𝜈 in Belle II early data


