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LFV in SUSY
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KEKB/Belle
B-factory: E at CM = Υ(4S) 

e+(3.5 GeV) e-(8 GeV)

tt
s tt ,s
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Belle finalized data taking
on Jun.30,2010.
total:>1ab-1

U(4S):711fb-1

U(5S):121db-1

U(3S):3.0fb-1

U(2S):24fb-1

U(1S):5.7fb-1

Off-resonance:

87fb-1

U(4S)

off-resonance
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Analysis method
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Signature of signal and background 
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SM tt event

mm event

Only tag side has
neutrino!

Both sides have
no neutrino
total energy is

equal to beam energy.
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Both sides have
many tracks and photons.
No. of photons
decreases this kind of BG’s.

e eq

q

…

…

qq event

(q=u,d,s,c)

Both sides have
neutrinos
missing helps us
to reject this kind of BG’s.
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 tgmh

t→ℓP0(=p0,h,h’)

•

h(h’) (r0) ppp0(pph).

commonly required Pℓ
CM<4.5GeV/cPm

CM/√ <0.38 for tgmh

Pe
CM/√ <0.38 for tgeh

0.15<Pm
CM/√ <0.38 for tgmp0

Pe
CM/√ <0.38 for tgep0
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s
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ex.) previous new

B
•New search with 901fb-1 data sample 
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t→ℓP0(=p0,h,h’)



tg Eff. NBG
exp UL tg Eff. NBG

exp x10-8

mh(g) 8.2% 0.63±0.37 3.6 mh’(gpph) 8.1% 0.00+0.16-0.00 10.0

mh(gppp0) 6.9% 0.23±0.23 8.6 mh’ (gr0) 6.2% 0.59±0.41 6.6

mh(comb.) 2.3 mh’ (comb.) 3.8

eh(g) 7.0% 0.66±0.38 8.2 eh’ (gpph) 7.3% 0.63±0.45 9.4

eh(gppp0) 6.3% 0.69±0.40 8.1 eh’ (gr0) 7.5% 0.29±0.29 6.8

eh(comb.) 4.4 eh’ (comb.) 3.6

mp0(g) 4.2% 0.64±0.32 2.7 ep0(g) 4.7% 0.89±0.40 2.2

UL(x10-8) UL(x10-8)



SUSY parameters from tgmh

previous (400fb-1),B <6.5x10-8

new result with 900fb-1,B <2.3x10-8
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M.J.Herrero et al, 
JHEP06(2008)079
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excluded region



•Detailed background study:
It turns out that not only 2photon process but

also ee+X process become large background
andτ-→p-p0n with  -conversion becomes e-K*0/K*0

backgrounds because e/h(=p,K) separation is worse
in low momentum region.

q
q

search for ℓV0(=r0,K*0,K*0,w,f)

• ℓ ℓ
p

p

B

•New search with 854fb-1 data sample 

main BG
ee+r(?)γ*

γ

e+

e-

r

clear r peak

Mpp

data

signal
MC (er0)

tt and qq MC

for t-
gm-r0

τ-

n p-

p0





e-

Fake K*0

e+  due to

miss KID
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Result for ℓV0(=r0,K*0,K*0,w,f)

t-
g Eff. NBG

exp t-
g Eff. NBG

exp

e-r0 7.6% 0.29±0.15 1.8 e-K*0 4.4% 0.39±0.14 3.2

m-r0 7.1% 1.48±0.35 1.2 m-K*0 3.4% 0.53±0.20 7.2

e-f 4.2% 0.47±0.19 3.1 e-K*0 4.4% 0.08±0.08 3.4

m-f 3.2% 0.06±0.06 8.4 m-K*0 3.6% 0.45±0.17 7.0

e-w 2.9% 0.30±0.14 4.8 m-w 2.4% 0.72±0.18 4.7

2010/7/23 1135th ICHEP2010, ParisUL for tgmr0 is the most stringent among all the t-LFV decays

UL(x10-8) UL(x10-8)



before
summer

Upper Limits on LFV t Decay

Before this summer,…
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New Upper Limits on LFV t Decay

100x more
sensitive
than CLEO’s2010/7/23 13
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Search for B+gD-ℓ+ℓ+

 Majorana n allows a lepton number violating 
process, B+gh-ℓ+ℓ+ (h=p,K,r,K*,D,…), 

while Dirac n forbids it.

 Due to size of CKM matrix element,     
B+gD-ℓ+ℓ+ will be the most sensitive. 

Belle has been searched 
for B+gD-ℓ+ℓ+ with 
7.7x108 B+B- data sample.
(ℓ,ℓ)=(e,e),(e,m),(m,m)
This is a first search!

•Blind analysis
•Likelihood selection is introduced.
•Counting method (POLE)

•missing energy
•z-helix distance between ℓℓ
•cosqB

*

•Modified FW moments2010/7/23 14



Result for B+gD-ℓ+ℓ+

Blinded region: no event is found after opening it
Belle preliminary

B+
g Eff. sys NBG

exp

D-e+e+ 1.2% 8.6% 0.18±0.13 2.7

D-e+m+ 1.3% 10.1% 0.83±0.29 1.9

D-m+m+ 1.8% 8.8% 1.44±0.43 1.1

UL(x10-6)
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B⁺→D⁻e⁺e⁺ B⁺→D⁻e⁺µ⁺ B⁺→D⁻µ⁺µ⁺

This first measurement would be nice guideline
for experiments(such as Belle2, LHC..) and theoretical activities.
We are planning to extend our analysis to other LV charmful B decay.



Summary

•



t ℓ p0 h h’ r w f

•UL for tgmr0 is the most stringent among all the t-LFV decays

CLDB %90@10)1.1,9.1,7.2() 6-++-+  B(
where (ℓ,ℓ)=(e,e),(e,m),(m,m).

90%CL upper limits for the branching fraction is set as

Belle preliminary
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First search for LV charmful B decay with 7.7x108 B+B- data sample



Theoretical prediction for B+gD-ℓ+ℓ+
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eK*, eK*, er modes
Other BG for eK*, eK* and er

⇒ Event with  -conversion 

For example,  eK*mode
τ-→p-p0n

with  conversion from p0

To reduce events  
• Mee using eK > 0.2 GeV
• Mee from V0 daughter 

> 0.2 GeV

τ-

n p-

p0
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Fake K*
e+  as

miss KID

overlap 
dE/dx region
between e and K

data
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