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}  Tau decays provide various opportunities to 
search for new interactions in clean ways. 

}  Tau may be special because it belongs to the 
third generation. 

}  Tau Lepton Flavor Violation searches are 
particularly interesting because of its 
connection to neutrino mass generation and/
or supersymmetry. 	
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g-2	


EDM	


LFV	


Current  bounds 
eEDM  O(10-27) 
µEDM O(10-19) 
τEDM  O(10-17)	


No apparent  lepton mass dependence. 
Sensitive to flavor mixing structure. 

-0.052<aτ<0.013	


Current precision 	


Electron is most constraining.	


Muon g-2 is most sensitive to New Physics.	


Many examples of  exceptional cases. 	


Current bounds	
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6 additional operators	


Various llqq operators	
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Various flavor structures. Many searches can be carried 
out simultaneously at e+e- colliders.  

and their CP conjugates 

Distinguishing different operators.	




If the photon penguin process is dominant, there are simple relations  
among these branching ratios. 

In many case of SUSY modes, this is true.  
Other cases:  
 Additional Higgs exchange diagram (SUSY with large tan β) 
 Dominance of  tree exchange diagrams (LR symmetric models, etc.) 
 Loop-induced but  Z-penguin dominance (Little Higgs with T-parity)  

Relationship of various LFV branching ratios	
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(1) Angular correlation of tau decay products at e+e- colliders.  
    Example
: 

R.Kitano and Y.Okada 2001 

Tau polarization information is useful for determination of LFV interaction  
and EDM searches.	


Asymmetry for the SUSY seesaw model (A=-1) 

(2) With electron beam polarization, we can extract polarization  
information only from one side. 	
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(3) At LHC, taus from W decays are polarized. We can use asymmetry  
observables to distinguish different models in τ->3µ decays.  

M.Giffels, J.Kallarackal, M.Kramer, B.O'Leary and A.Stahl, 2008	


τ-> 3µ	



½+AcosΘ	




12	


τ-> 3µ	



A variety of asymmetries	


Two parity-odd and one T-odd asymmetries	


Forward-backward asymmetry and FB P-odd 
FB T-odd asymmetries can be defined. 	


τ+	


µ+	


e-	


e+	


AFB  :Energy asymmetry of e-e+ 

in the tau rest frame. 
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J.Bernabeu, G.A.Gonzalez-Sprinberg, and J.Vidal, 2006	


Using beam polarizations,  tau  EDM measurement can be done 
by only looking at one side. 	


e+	


e- (pol)	


τ+	


τ-	


h	


ν	


(σup-σdown)|λ=1-(σup-σdown)|λ=-1 



(1) SUSY GUT/Seesaw models	


Flavor univesrality of 
SUSY breaking terms  

at the cutoff scale 

Quark FCNC 

LFV 

Quark Yukawa coupling  

Neutrino Yukawa coupling  

Yq 

Yν	


Neutrino seesaw model  

mSUGRA 

GUT 

Quark and neutrino Yukawa coupling constants at the GUT/ Seesaw scale  
can induce large flavor off-diagonal terms in sqaurk/slepton mass matrices. 

LFV is a probe to interactions at very high energy scales 

L.J.Hall,V.Kostelecky,S.Raby,1986;A.Masiero, F.Borzumati, 1986 
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S.Antusch,E.Arganda, M.J.Herrero,and A.M.Teixeira. 2006	


SUSY seesaw model	


Predicted branching ratios depend on the light neutrino masses and  
mixings, heavy neutrino masses and Yukawa couplings as well as SUSY  
parameters.  	


With the constraint of successful thermal leptogenesis	
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SUSY seesaw model	


Inverse hierarchy case 	
Normal hiearachy	


T.Goto, Y.Okada, T.Shindou, and M.Tanaka, 2008	




SU(5) SUSY GUT with seesaw neutrinos	


T.Goto, Y.Okada, T.Shindou, and M.Tanaka, 2008	


correlation between τ->µ(e) γ and µ->eγ	
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Degenerate Heavy neutrino masses	

The case where the 1-2 component   
of Yν is suppressed	


τ->µγ	


τ->eγ	


B(µ->eγ)	
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Different light neutrino mass hierarchy	


Inverse hierarchy case 	
 Degenerate case	




(2) Higgs-mediated LFV in SUSY with  large tanβ	

For large values of the two Higgs vacuum expectation values  (tanβ), a 
heavy Higgs exchange diagram can be large. Processes like mu-e 
conversion, τ->3µ,  τ->µη,  etc become important. 	


s s 

µ	

 e 

µ	

 µ	



τ	

 µ	



V. Cirigliano, R.Kitano, Y.Okada, and 
P.Tuson, 2009	
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K.Babu, C.Kolda,2002; M.Sher, 2002;R.Kitano,M.Koike,S.Komine, and Y.Okada, 2003 

P.Paradisi,2006	


µ-e conv/µ->eγ	
 tau LFV	




}  The Higgs doublet field is a part of pseudo-NG bosons 
associated with a symmetry breaking dynamics at about 10 
TeV. 

}  The quadratic divergence of the Higgs mass term is cancelled 
by extra-gauge bosons and a heavy top quark partner at the 
one loop level. (A solution to the “little hierarchy problem”)  

                               
 
}  Electroweak precision measurements still put a strong 

constraints mostly due to tree-level exchange of extra-gauge 
bosons. 
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BH 

qSM 

qSM lSM 

lSM 

Zero 
coupling  

N.Arkani-Hamed,A.G.Cohen, E.Katz, A.E.Nelson, T.Gregorie and J.G.Wacker,2002 
N.Arkani-Hamed,A.G.Cohen, E.Katz,and A.E.Nelson,2002 

The original model is extended to possess  
T-parity, so that no dangerous diagrams 
exist in terms of electroweak constraints.   
Masses of new particles can be close to 1TeV.       
           C.H.Cheng and I.Low,2003 

Introduction of T-parity	


 T-odd partners to quark and leptons are introduced	
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d 

u 

W 

VCKM d 

qH 

WH,ZH,AH 

VHd 

u 

qH 

WH,ZH,AH 

VHu 

J.Hubisz,S.J.Lee,G.Paz, 2005 

After diagonalization of the fermion mass matrices, flavor changing  
are induced in the gauge boson-fermion vertexes. 

Out of three mixing matrices, two are independent. 
Similarly, for the lepton sector,	


New Flavor mixing matrices	


New contributions to quark flavor changing neutral current (FCNC) 
processes and LFV arise from T-odd particle loop diagrams.	
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τ->µπ vs. τ->µγ	


M.Blanke, A.J.Buras, B.Duling, S.Recksiegel and  
C.Tarantino, 2009	


τ->µγ vs. τ->3µ	


T.Goto, Y.Okada,and Y.Yamamoto,2011	


Three Branching ratios are similar. 	


Tau LFV branching ratios	


Flavor transition occur only 
 in the left –handed sector.	
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Two body decays	


(1-cos θ) for τ->lγ	


(1+cos θ) for τ ->lπ (lη, lη’)	


τ	


T.Goto, Y.Okada,and Y.Yamamoto,2011	
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Three body decays	


(1) τ->3µ (τ->3e)	


(2) τ+->µ+e+e-(τ+->e+µ+µ-)	


Forward-backward  asymmetries 
(with and without polarization)  
with respect to final e+e- can be defined.  	


A  characteristic  relation	


e+	


e-	
 µ+	


(3) τ+->µ-e+e- (τ+->e-µ+µ;)	

Small branching ratio (<10-13)	


T.Goto, Y.Okada,and Y.Yamamoto,2011	
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(4) Left-Right symmetric model 	

Neutrino mass generation at the TeV scale. 
Doubly charged Higgs bosons induce LFV processes at the tree level.  

A.G.Akeroyd, M.Aoki, and Y.Okada, 2007	




model	
 Feature 	

SUSY neutrino/ 
SUSY GUT 	


B(τ->lγ)<O(10-8),    B(τ->lγ)>> B(τ->3l)	


SUSY neutrino with 
large tan β 	


B( τ->µη) , Β(τ->3l) can be enhanced due to 
scalar operators 	


Little Higgs with 
T-parity	


B(τ->lγ) ~B(τ->3l)~B(τ->lπ), Various relations 
among asymmetries	


Left-right 
symmetric model 	


B(τ->lll) >> B(τ->lγ), B(τ->lη)	
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}  Sizable tau LFV arises in many new physics 
models. 

}  Pattern of different tau LFV modes and relation to 
muon LFV are important in distinguishing 
different models. 

}  Polarized tau decays are useful in determining 
LFV interactions and EDM. At e+e- colliders, 
polarization information can be extracted trough 
angular correlation of decay products of two taus 
or using electron beam polarization.  
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