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Outline：

•
 

Most of what we know about theτ
 

comes from τ
 

pair 
samples produced in e+e- annihilation
•

 
τ

 
decays provide an excellent laboratory for LFV studies. 

Even at  current sensitivity, observed branching fraction 
patterns (or limits) serve to discriminate between New 
Physics models

I will discuss: 

●

 

A very brief introduction
●

 

The Belle experiment
●

 

τ LFV results from Belle
●

 

The Belle II upgrade
●

 

Prospects for τLFV at Belle II
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Motivation:

Observation of LFV is a clear 
signature of New Physics (NP)
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KEKB/BelleKEKB/Belle
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KEKB/BelleKEKB/Belle



6

Analysis method

Feldman-Cousins
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Background sources

TwoTwo--photonphoton
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hadronic tag or
leptonic tag

ττ→→l h hl h h’’
For the updates, we have: 
1. a larger data sample;
2. better method to reject 
specific backgrounds
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ττ→→l h hl h h’’
 

resultsresults

For other plots, please see PLB719,346

20σ

These results improve upon our 
previous upper limits by factors 
of about 1.8 on average. 

The lowest UL
The highest UL
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ττ→Λ→Λh,    h h,    h (h=π, K)
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ττ→Λ→Λh,    h results h,    h results  preliminary
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ττ→→ μμɣɣ

PLB666,16(2008)

545 fb-1
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ττ→→ μμ
 

ɣɣ
 

resultsresults
preliminary

Expected: 5.3x10-8

●

 

To reduce ττττ

 
background,

we used missing mass: 

●

 

To reduce ISR μμμμ

 
background,

we added a cut on the open angle between
signal and tag-side tracks in ɣɣeeee CMSCMS
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Summary Belle Summary Belle ττLFV resultsLFV results

These results are under preparation with full data set
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Future Facilities for τ LFV …

● Belle-II/Super-KEKB/KEK
● COMET+DeeMe/JPARC
● LHCb+ATLAS+CMS/LHC/CERN
● MEG+Mu3e/PSI
● Mu2e+Mu3e/Fermilab/Project-X
● NA62/SPS/CERN
● Super Tau-Charm (?) 
● ……
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(1) Smaller y
*

(2) Increase beam currents
(3) Increase y

Strategies to
 

increase
 

luminosity

Collision with very small spot-size beams

Invented by Pantaleo Raimondi for SuperB

“Nano-Beam” scheme
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Nano-Beam Scheme
present KEKB

SuperKEKB
5mm

1m

100m

(w/o crab)

1m

5mm
100m

~50nm

83mrad

22mrad

• Small beam size & high 
current
• Large crossing angle
• Change beam energies
to solve the problem of LER short 
lifetime
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e-

 

2.3 A

e+ 4.0 A

x 40 Gain in Luminosity

SuperKEKB Colliding bunches

Damping ring

Low emittance gun

Positron source

New beam pipe
& bellows

Belle II

New IR

TiN-coated beam pipe with 
antechambers

Add / modify RF systems 
for higher beam current

New positron target / 
capture section

New superconducting 
/permanent final focusing 
quads near the IP

Low emittance electrons 
to inject

Low emittance positrons 
to inject

L=8·1035 s-1cm-2

Redesign the lattices of HER & 
LER to squeeze the emittance

Replace short  dipoles 
with longer ones (LER)
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Critical issues at L= 8×1035/cm2/s:


 

Higher background  (×10-20)


 

radiative Bhabha dominate


 

radiation damage and higher occupancy


 

fake hits and pile-up noise in EM calorimeter


 

Higher event rates (×10) 


 

higher rate trigger (L1 trigg. 0.5→30 kHz)


 

DAQ, computing


 

Targeted improvements:  


 

increase hermeticity


 

improve IP and secondary vertex resolution


 

improve Ks and π0 efficiency


 

improve K/π
 

separation 


 

add μ-ID and PID in end-caps 

Detector upgrade

II

TDR:
arXiv:1011.0352
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Belle II detector upgrade

CsI(Tl) EM calorimeter: 
waveform sampling 
electronics, 
pure CsI 
for end-caps

4 layers DSSD →
2 layers PXD 
(DEPFET) + 
4 layers DSSD 

Central Drift Chamber: 
smaller cell size, 
long lever arm

7.4 m

7.1 m

Time-of-Flight, Aerogel
Cherenkov Counter →

Time-of-Propagation 
counter (barrel),  
prox. focusing Aerogel 
RICH (forward)

RPC 
 

& KL counter: 
scintillator + Si-PM 
for end-caps

1.5 m

3.3 m

Belle II
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Sakai-san, KEK Roadmap Review April 2013
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Luminosity prospects at SuperKEKB

10 ab-1 in 2018  
50 ab-1 in 2022 

Int
eg

ra
ted

 lu
mi

no
sit

y 
[ab

-1
]

Pe
ak

 lu
mi

no
sit

y
×

10
35

 [c
m-2

s-1
] 8×1035 cm-2s-1

50ab-1

10ab-1

shutdown for upgrade

Commissioning 
will start in early 2015

1st physics run 
in 2016
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We welcome new collaborators!

Latest collaboration meeting on July 4–7 at VT

23 94 560
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mode Br(  ) Br(  3l)

mSUGRA + seesaw 10-7 10-9

SUSY + SO(10) 10-8 10-10

SM + seesaw 10-9 10-10

Non-universal Z’ 10-9 10-8

SUSY + Higgs 10-10 10-7

The full range of  LFV modes is only accessible at a Super B factory!

experimental sensivity

Prospects for τLFV at Belle II 



26David Hitlin 1st Conference on CFLV - Lecce May 8, 2013

Super e+e- factory sensitivity of τ LFV
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Summary

Belle data sample contains ~109 τ-pairs, the world’s largest sample
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Machine design
 

parameters

parameters
KEKB SuperKEKB

units
LER HER LER HER

Beam energy Eb 3.5 8 4 7 GeV

Half crossing angle φ 11 41.5 mrad

Horizontal emittance εx 18 24 3.2 4.3-4.6 nm

Emittance ratio Κ 0.88 0.66 0.27 0.25 %

Beta functions at IP βx*/βy* 1200/5.9 32/0.27 25/0.31 mm

Beam currents Ib 1.64 1.19 3.60 2.60 A

beam-beam 
parameter ξy 0.129 0.090 0.0886 0.0830

Luminosity L 2.1 x 1034 8 x 1035 cm-2s-1
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