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Abstract

We discuss possibility of direct search for lepton flavor violation (LFV) in Yukawa interaction by measuring the bra
ratio for the decay of the lightest Higgs boson(h0) into aτ–µ pair at a linear collider (LC). We study the significance of
signal process,e+e− → Z∗ → Zh0 → Zτ±µ∓, against the backgrounds such ase+e− → Zτ+τ− → Zτ±µ∓+ missings.
After taking appropriate kinematic cuts, the number of the background event is considerably reduced, so that the s
be visible when the branching ratio ofh0 → τ±µ∓ is larger than about 10−4. In a minimal supersymmetric Standard Mod
scenario, the effective coupling ofh0τ±µ∓ can be generated at the loop level due to the slepton mixing. When supersym
mass parameters are larger than TeV scales, the branching ratio can be as large as several times 10−4. Therefore, the signal ca
be marginally visible at a LC. In the general two-Higgs-doublet model, the possible maximal value for the branching
h0 → τ±µ∓ can reach to a few times 10−3 within the available experimental bound, so that we can obtain larger signific
 2004 Elsevier B.V. All rights reserved.
n
. It

a,

per-
in

wa

uce
)

for
f-
ds
.,
with
1. Introduction

Lepton flavor violation (LFV) is a direct indicatio
of new physics beyond the Standard Model (SM)
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can naturally appear in a scenario based on the su
symmetry (SUSY) due to the slepton mixing. Its orig
may be the radiative effect of the neutrino Yuka
interaction with heavy right-handed neutrinos[1,2].
There are some other scenarios which naturally ind
LFV, such as the two-Higgs-doublet model (THDM
with general Yukawa interaction, the Zee model
neutrino masses[3] and so on. In the low energy e
fective theory of such new physics models, two kin
of the lepton flavor (LF) violating couplings exist; i.e
those associated with gauge bosons and those
Higgs bosons (LF-violating Yukawa couplings).
.
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In recent years, the Higgs-mediated LF-violating
processes have been studied regarding the d
modesτ± → µ±µ±µ∓ [4–6], τ± → µ±η [7], and
Bs → µ±τ∓ [5]. Their branching fractions are bein
measured at current and forthcoming experiment
theB-factories[8] and CERN Large Hadron Collide
(LHC) [9]. The Higgs-mediated LFV have also be
investigated in muon processes: the muon–elec
conversion in nucleus is studied in Ref.[10]. It will be
explored at the Muon to Electron COnversion exp
iment (MECO)[11] and the PRISM Muon Electro
conversion experiment (PRIME) based on the ph
rotated intense slow muon (PRISM)[12]. All these
processes are measured as a combination of cont
tions from the gauge boson mediation and the Hi
boson mediation.

In this Letter, we consider possibility of detectin
the process of the lightest Higgs boson decaying in
pair of tau and muon,h0 → τ±µ∓, at a linear collider
(LC). There LFV in Yukawa interaction can be direct
studied by measuring the decay branching ratio of th
Higgs bosons[6,13–15]when they are found. In th
minimal supersymmetric Standard Model (MSSM
the mass of the lightest Higgs boson is less than a
130 GeV. It is promising that such a light Higgs bos
will be discovered at LHC. Then its properties such
the mass, the width, production cross sections, and
cay branching ratios will be measured extensively. Th
precision study of the Higgs sector is one of the m
purposes of a LC such as GLC, TESLA or NLC[16].
The lightest Higgs boson is produced mainly throu
gauge interactions at a LC. In the case of thenearly
decoupling region[17], the production cross sectio
for the lightest Higgs boson is much larger than tha
the heavier ones. Therefore, the LF-violating Yuka
coupling can be better tested from the decay of
lightest Higgs boson than that of the extra (heav
Higgs bosons.

At LHC, the extra Higgs bosons (H 0, A0, H±) may
also be detected in the MSSM and the THDM as lo
as their masses are not too large. The Higgs bos
are mainly produced through the Yukawa interacti
so that the production cross section ofH 0 and A0

can be sufficiently large to be detected especially
large tanβ values, where tanβ is the ratio of vacuum
expectation values of two Higgs doublets. Therefo
the decays ofH 0 and A0 may be useful to explor
the LF-violating Yukawa coupling[14]. The search o
-

LFV via the Higgs boson decay at a hadron collid
is suffered from huge backgrounds, and it should
required to pay much effort into the background
duction.

Magnitude of the LF-violating coupling inh0 →
τ±µ∓ is constrained by the results from the me
surement of LFV in tau decay processes. The m
stringent bound comes from theτ− → µ−η measure-
ment [18]. In the framework of the MSSM, the the
oretical prediction on the branching ratio ofh0 →
τ±µ∓ can approach to the above experimental
per limit by adjusting the SUSY parameters[13];
i.e., Br(h0 → τ±µ∓) ∼ several times 10−4. When all
the SUSY parameters are as large as TeV scales
LF-violating gauge-boson penguin diagram decoup
from the experimental reach, while the LF-violati
Yukawa coupling does not because they depend
on the ratio of the SUSY parameters. We can th
avoid strong correlation between the LFV media
by Higgs bosons and that by the gauge bosons.
the contrary, if the scale of the SUSY parameter
smaller than 1 TeV, the Higgs-mediated LF-violati
coupling is strongly constrained from the experime
tal bounds on the gauge mediated LFV processes[5].
In such a case, the parameter choice which rea
Br(h0 → τ±µ∓) ∼ O(10−4) is already excluded b
the data.

We evaluate the significance of detecting the s
nal for h0 → τ±µ∓ at a LC. The Higgs boson wit
the mass around 120 GeV is mainly produced thro
the Higgsstrahlung mechanisme+e− → Zh0, when
the center-of-mass energy

√
s is lower than abou

500 GeV. We can identify the signal event(τ±µ∓Z)

without measuring the tau lepton by using the inf
mation of the momenta for the outgoingZ boson and
muon as well as the fixed beam energy

√
s. The mo-

mentum of theZ boson is reconstructed from those
its leptonic (�+�− with �± = e± andµ±) as well as
hadronic(jj) products. The most serious irreducib
background ise+e− → Zh0 → Zτ+τ− with one of
the tau leptons going to a muon and missings. T
background can be suppressed by appropriate k
matic cuts with the expected resolution of the mom
tum of theZ boson from the decay channels into�+�−
andjj and with the beam spread rate of

√
s. We find

that the significanceS/
√

B can exceed 5 in the MSSM
scenario when the SUSY parameters are taken to be
large as TeV scales. In the general THDM, the lar
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number of the signal events can be realized under
constraint from the perturbative unitarity[19,20], the
vacuum stability[21] and available data. Therefor
the signal can be marginally detectable in the MSS

In Section2, the possible enhancement of the d
cay branching ratio for the processh0 → τ±µ∓ is
discussed taking into account the current experim
tal data. We show a choice of the SUSY parame
that realizes a relatively large value of the effect
h0µ±τ∓ coupling in the MSSM. In Section3, we esti-
mate the significance of detection for the signal aga
the backgrounds at a LC, taking into account app
priate kinematic cuts. The conclusions are given
Section4.

2. Lepton flavor violating Yukawa coupling

The effective Lagrangian of Yukawa interaction f
charged leptons in the THDM (including the MSSM
is described as

(1)Leff = −�̄i
RY�i

(δijΦ1 + εijΦ2)�
j

L + h.c.,

where�i
L,R (i = 1,2,3) are charged leptons with ch

rality L or R, Φα (α = 1,2) are neutral componen
of the two Higgs doublets with the hypercharge 1/2,
and Y�i (= m�i /〈Φ1〉) are the Yukawa coupling con
stants of�i , respectively. In the MSSM,Φ1 and Φ2
correspond toH 0

d andH 0∗
u , respectively[22]. With a

nonzero value ofεij (i �= j), the Yukawa interaction
and the mass of charged leptons cannot be diago
ized simultaneously, so that the LF-violating Hig
couplings arise. The interaction corresponds toτ–µ

or τ–e mixing is expressed[4,5,10,13]by

Lτ�i = − κ3imτ

v cos2 β
(τR�Li)

{
cos(α − β)h0

(2)+ sin(α − β)H 0 − iA0} + h.c.,

with �Li = eL or µL, and the LF-violating paramete
κij is given by

(3)κij = − εij

(1+ ε33tanβ)2
,

whereh0 andH 0 are the CP-even Higgs bosons,A0 is
the CP-odd Higgs boson,α denotes the mixing angl
of the CP-even Higgs bosons, and tanβ is the ratio
of the vacuum expectation values, tanβ ≡ 〈Φ2〉/〈Φ1〉.
We defineh0 is lighter thanH 0 (mh < mH ).
Let us discuss the branching ratio of the Higgs
son decaying into the LF-violating channel (τ±µ∓).
We consider the situation that the main decay mod
the lightest Higgs boson ish0 → bb̄. In addition, for a
large tanβ and sin(α − β) 
 −1, the dominant deca
modes of heavier Higgs bosons are those into abb̄ pair.
In this case, the rate between the decay widths of
LF-violating processΦ0 → τ+µ− (Φ0 = h0,H 0,A0)

and Φ0 → bb̄ approximately gives the order of th
branching ratio forΦ0 → τ+µ−; i.e.,

(4)Br
(
h0 → τ±µ∓) ∼ 1

Nc

m2
τ

m2
b

cos2(α − β)

cos2 β sin2 α
× |κ32|2,

Br
(
H 0 → τ±µ∓)

(5)∼ 1

Nc

m2
τ

m2
b

sin2(α − β)

cos2 β cos2 α
× |κ32|2 (tanβ � 1),

Br
(
A0 → τ±µ∓)

(6)∼ 1

Nc

m2
τ

m2
b

1

sin2 β cos2 β
× |κ32|2 (tanβ � 1).

In our numerical evaluation, we calculate these bran
ing ratios including all the decay modes; i.e.,Φ0 →
bb̄, τ+τ−, cc̄, gg, WW(∗), ZZ(∗).

The LF-violating parameter|κ32| is constrained
from the available data for LFV in tau decay process
The most stringent bound is obtained from theτ− →
µ−η measurement[18]. The other experiments suc
as τ± → µ±µ±µ∓ [23], τ± → µ±γ [24], and the
muon anomalous magnetic moment give wea
bounds. The branching ratio ofτ± → µ±η is given[4,
5,7] by

Br
(
τ± A0−→µ±η

)
= 8.4× Br

(
τ± Φ0−→µ±µ±µ∓)

(7)

= 8.4× G2
F m2

µm7
τ ττ

1536π3

(
1

m4
H

+ 1

m4
A

)
|κ32|2 tan6 β,

for tanβ � 1 and sin(α − β) 
 −1, whereGF is the
Fermi constant andττ is the lifetime of the tau lepton
The present experimental bound is given by Br(τ− →
µ−η) < 3.4× 10−7 (90% CL)[18], which yields

(8)|κ32|2 � 0.3× 10−6 ×
(

mA

150 GeV

)4( 60

tanβ

)6

,

for mA ∼ mH . The bound becomes relaxed for grea
mA and smaller tanβ values.
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Next, we discuss theory predictions on the L
violating parameterκ32 in the framework of the
MSSM. Nonzero values ofεij then arise from the
radiative correction due to the slepton mixing. Th
are calculated in the mass insertion method asεij ≡
(ε1)iδij + (ε2)ij [4–6,10,13], with

(9)

(ε1)i = − α′

8π
µM1

[
2I3

(
M2

1,m2
l̃Li

,m2
ẽRi

)
+ I3

(
M2

1,µ2,m2
l̃Li

) − 2I3
(
M2

1,µ2,m2
ẽRi

)]
+ α2

8π
µM2

[
I3

(
M2

2,µ2,m2
l̃Li

)
+ 2I3

(
M2

2,µ2,m2
ν̃Li

)]
,

(10)

(ε2)ij = − α′

8π

(
∆m2

l̃L

)
ij
µM1

× [
2I4

(
M2

1,m2
l̃Li

,m2
ẽRi

,m2
l̃Lj

)
+ I4

(
M2

1,µ2,m2
l̃Li

,m2
l̃Lj

)]

+ α2

8π

(
∆m2

l̃L

)
ij
µM2

× [
I4

(
M2

1,µ2,m2
l̃Li

,m2
l̃Lj

)
+ 2I4

(
M2

1,µ2,m2
ν̃Li

,m2
ν̃Lj

)]
,

whereα′ andα2 are fine structure constants ofU(1)Y
and SU(2)L symmetries,M1 and M2 are the soft-
SUSY-breaking masses for gauginos,µ is the SUSY-
invariant Higgs mixing parameter, andml̃Li

, mẽRi
and

mν̃Li
are the left- and right-handed charged slepton

sneutrino masses of theith generation, respectivel
The off-diagonal element of the slepton mass ma
is expressed by(∆m2

l̃L
)ij , (i �= j).2 The functionsI3

andI4 are defined as

(11)

I3(x, y, z) ≡ −xy ln(x/y) + yz ln(y/z) + zx ln(z/x)

(x − y)(y − z)(z − x)
,

I4(x, y, z,w)

≡ − x lnx

(y − x)(z − x)(w − x)

− y lny

(x − y)(z − y)(w − y)

2 We here assume the situation in which the origin of LFV is o
the mixing of the left-handed slepton. The formulas which include
the mixing of the right-handed slepton are shown in Ref.[13].
− z ln z

(x − z)(y − z)(w − z)

(12)− w lnw

(x − w)(y − w)(z − w)
.

Unlike the photon-mediation, the LF-violating Yuk
wa coupling does not decouple for large values of
SUSY parameters. It depends only on the ratio of
SUSY parameters. For instance, by assumingM1,2 =
ml̃Lµ,τ

= mν̃Lµ,τ
= mẽRµ,τ

=
√

(∆m2
l̃L

)32 ≡ mS �= µ,

(ε1)3 and(ε2)32 in Eqs.(9) and (10)are reduced to

(13)

(ε1)3 = 1

8π
R

[
−α′ + (α′ + 3α2)

R2 lnR2 − R2 + 1

(R2 − 1)2

]
,

(14)

(ε2)32 = 1

8π
R

[
α′

3
+ α′ − 3α2

R2 − 1

×
{

1

2
− R2 lnR2 − R2 + 1

(R2 − 1)2

}]
,

whereR ≡ µ/mS . Therefore, magnitude of|κ32|2 be-
comes greater asR is larger.

The photon-mediated LFV processes can be s
pressed to be out of experimental reach when the t
cal SUSY breaking scalemS is greater thanO(1) TeV.
Let us consider the following choices. Case 1: tanβ =
60, µ = 25 TeV, M1 ∼ M2 ∼ m�̃Lµ,τ

∼ m�̃Rµ,τ
∼

mν̃Lµ,τ
∼

√
(∆m2

l̃L
)32 ∼ 2 TeV with the squark pa

rametersMQ ∼ 10 TeV andMU,D ∼ At,b ∼ 8 TeV.
Case 2: tanβ = 60, µ = 10 TeV, m

�̃Lµ,τ
∼ mν̃Lµ,τ

∼√
(∆m2

l̃L
)32 ∼ 1.2 TeV, m�̃Rµ,τ

∼ 0.9 TeV, M1 ∼
1 TeV andM2 ∼ 0.8 TeV with the squark parame
ters MQ ∼ 5 TeV andMU,D ∼ At,b ∼ 3 TeV. For
Case 1 and Case 2, we obtain|κ32|2 ∼ 8.4 × 10−6

and 3.8× 10−6 with the gauge-mediated LF-violatin
processes being suppressed, respectively. The bra
ing fraction Br(h0 → µ±τ∓) can be as large as 7×
10−4 for Case 1 withmA = 350 GeV and 2× 10−4

for Case 2 withmA = 280 GeV, respectively. We not
that these extreme choices are not excluded by the
dition of theory consistencies, such as color break
positiveness of eigenvalues of squark and slepton m
matrices.

In Fig. 1, the decay branching ratio for the proce
h0 → τ±µ∓ is shown as a function ofmA at tanβ =
60. We take the other SUSY parameters so that
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Fig. 1. The decay branching ratios of the lightest Higgs bosonh0 as a function ofmA at tanβ = 60. Themh is set to be 123 GeV. The dashe
curves represent the branching ratio forh0 → τ±µ∓ in Case 1 and Case 2. The experimental upper constraint in Eq.(8) is plotted for each cas
as a dotted curve. The branching ratios for the other decay modes are also shown for Case 1.
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value of mh is 123 GeV for eachmA. The dashed
curves represent Br(h0 → τ±µ∓) in Case 1 and
Case 2. The experimental upper constraint in Eq.(8)
is also plotted as a dotted curve for each case.
branching ratio Br(h0 → τ±µ∓) can reach to 7×10−4

and 2× 10−4 for Case 1 and Case 2, respectively. I
wide region ofmA, the branching ratio can be as lar
as 10−4 for both cases.

In the THDM, the parametersεij in Eq. (1) can be
taken freely within the experimental constraints a
conditions from perturbative unitarity[19,20]and vac-
uum stability[21]. The experimental bound on|κ32|
can be weakened by considering the large value
mA (> 150 GeV) and smaller tanβ (< 60). There-
fore, much larger values of|κ32| are allowed in the
THDM than those in the MSSM, especially for low
tanβ values.

3. Search for LF-violating Higgs decays at a linear
collider

Let us consider the LF-violating Higgs decayh0 →
τ±µ∓ at a LC in the situation where the heavier Hig
bosons nearly decouple from the gauge bosons;
sin(α − β) 
 −1. The lightest Higgs boson then a
proximately behaves as the SM one. The main p
duction modes of the lightest Higgs boson at a
are the Higgsstrahlunge+e− → Z∗ → Zh0 and the
W fusion e+e− → (W+∗ν̄e)(W

−∗νe) → h0νeν̄e . For
a light h0 with the massmh ∼ 120 GeV, the for-
mer production mechanism is dominant at low c
lision energies (

√
s < 400–500 GeV), while the lat

ter dominates at higher energies. For our purpose
Higgsstrahlung process is useful because of its s
ple kinematic structure. The signal process is th
e+e− → Z∗ → Zh0 → Zτ±µ∓. We can detect the
outgoing muon with high efficiency, and its mome
tum can be measured precisely by event-by-ev
The momentum of theZ boson can be reconstructe
from those of its leptonic�+�− (�± = e± andµ±) or
hadronic (jj ) decay products. Therefore, we can ide
tify the signal event without measuring tau moment
directly, as long as the beam spread rate for

√
s is suf-

ficiently low.
Depending on theZ decay channel, the sign

events are separated into two categories,jjτ±µ∓ and
�+�−τ±µ∓. The energy resolution of theZ boson
from hadronic jetsjj is expected to be 0.3

√
EZ GeV

and that from�+�− is 0.1
√

EZ GeV [16], whereEZ

represents the value of theZ boson energy in unit
of GeV. We assume that the detection efficiencies
the Z boson and the muon are 100%, the rate of
beam energy spread is expected to be 0.1% level[16],
the muon momentum is measured with high precis
and the mass of the lightest Higgs boson will ha
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Fig. 2. The Feynman diagram of the signal event (a), and that ofthe fake event (b).
ia-
er

e
be

We
e
op-
gh
en
n

f

nal
ck-

f
at a
ing
e
han
r-

the

m

iggs
is-

ts

-

r

ess
a

and

ent

ilar
e
re-

ig-

r
nd
e
o-
s
that

ular
been determined in the 50 MeV accuracy[16]. We
also expect that the effect of the initial state rad
tion is small for the collider energies that we consid
(
√

s ∼ 250–300 GeV). Taking into account all thes
numbers, we expect that the tau momentum can
determined indirectly within 3 GeV forjjτ±µ∓ and
1 GeV for�+�−τ±µ∓.

Let us evaluate the number of the signal event.
assume that the energy

√
s is tuned depending on th

mass of the lightest Higgs boson: i.e., we take the
timal

√
s to product the lightest Higgs boson throu

the Higgsstrahlung process. (It is approximately giv
by

√
s ∼ mZ + √

2mh.) The production cross sectio
of e+e− → Zh0 is about 220 fb formh = 123 GeV.
Then, we obtain 2.2 × 105 Higgs events if the in-
tegrated luminosity is 1 ab−1. When |κ32|2 is 8.4 ×
10−6, about 118 events ofjjτ±µ∓ and 11 events o
�+�−τ±µ∓ can be produced.

Next, we consider the background. For the sig
with the Higgs boson mass of 120 GeV, the main ba
ground comes frome+e− → Zτ+τ−. The number
of the Zτ±µ∓ event frome+e− → Zτ+τ− is esti-
mated about 3.6 × 104 [25]. Although the number o
the background events is huge, we can expect th
large part of them is effectively suppressed by us
the following kinematic cuts: (i) the muon from th
Higgs boson should have high energies larger t√

s/4, while those of the muon from the other pa
ent are normally smaller. Therefore, we impose
cut Eµ >

√
s/4. (ii) The invariant massMµτ distrib-

ution of the signal event (which is reconstructed fro
the information of the beam spread rate of

√
s as well
as the momenta of the outgoing muon and theZ bo-
son) should be located at the mass of the lightest H
boson, while that of the background is widely d
tributed. By taking only events which satisfy|Mµτ −
mh| < Max[Γh,∆mh,∆Mµτ ], the background even
are expected to be considerably reduced, whereΓh

(∼ 40 MeV for mh = 120 GeV) is the natural width
of h0, ∆mh is the experimental uncertainty ofmh

(∼ 50 MeV), and∆Mµτ is the uncertainty of the re
coil invariant massMµτ . We here assume that∆Mµτ

is 1 GeV for theZ → �+�− channel and 3 GeV fo
Z → jj .

The irreducible background comes from the proc
shown in Fig. 2(b): the Higgs boson decays into
tau pair, and one of the tau decays into a muon
missings (e+e− → Zh0 → Zτ+τ− → Zτ±µ∓ +
missings). We cannot distinguish the signal ev
h0 → τ±µ∓ with the event ofFig. 2(b) when the
muon emitted from the tau lepton carries the sim
momentum to that of the parent, because it leaves th
same track on the detector as the signal event. We
fer this kind of the background asthe fake signal. In
the following, we estimate the number of the fake s
nal. As the branching ratio forh0 → τ+τ− is about
0.1, the initial number of the background event fo
jjτ±µ∓+missings is calculated to be about 5200, a
that for�+�−τ±µ∓ + missings is to be 500. Since th
signal includes the two-body decay of the Higgs b
sonh0 → τ±µ∓, its muon energy distribution show
the mono-energetic spectrum. On the other hand,
of the background,h0 → τ+τ− → τ±µ∓ + missings,
is the continuous spectrum. The energy and ang
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for

Fig. 3. The statistical significanceS/

√
B is plotted (dashed curve) as a function ofmA at tanβ = 60 in Case 1 where|κ32|2 
 8.4× 10−6 and

Case 2 where|κ32|2 
 3.8 × 10−6. The mass of the lightest Higgs bosonh0 is set to be 123 GeV. The upper bound from the current data
τ− → µ−η is also shown as a dotted curve for each case.
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distribution of the muon from the tau lepton in the l
frame is calculated as

dnµ

dx d cosθhµ


 64γ 6
τ γ 4

h (1− βτ )
3(1− βh cosθhµ)x2

(15)× {
3− 8γ 2

τ γ 2
h (1− βτ )(1− βh cosθhµ)x

}
,

whereγτ ≡ mh/(2mτ ) andβτ ≡ √
1− 1/γ 2

τ are the
boost factors from the tau-rest frame to the Hig

rest frame,γh ≡ Eh/mh and βh ≡
√

1− 1/γ 2
h are

the boost factors from the Higgs-rest frame to the
frame,θhµ is the angle between momenta of the Hig
boson and the muon, andx is defined as the ratio of th
energy of the muon and that of the parent tau lep
x ≡ Eµ/Eτ . Eq. (15) can be derived from the differ
ential cross section forτ− → µ−ντ ν̄µ in the tau-rest
frame by making the boost twice. In the boost from
Higgs-rest frame to the lab frame, we take the appr
imation in which the muon is emitted to the forwa
direction of the tau lepton. The number of events
the fake signal can be evaluated as

Nfake = N initial
Zµτ

(16)

×
θhµ=π∫

θhµ=0

d cosθhµ

xmax∫
xmax−δx

dx
dnµ

dxd cosθhµ

,

whereN initial
Zµτ is the initial number of the backgroun

event forZµτ with Z → jj or Z → �+�−, xmax is the
maximal value ofx which is given by

(17)xmax≡ 1/
{
4γ 2

τ γ 2
h (1− βτ )(1− βh cosθhµ)

}
,

and parameterδx depends on the uncertainty of the t
momentum,δ(Eτ );

(18)δx ≡ δ

(
Eµ

Eτ

)

 xmax

δ(Eτ )

Eτ

.

We find that the number of the fake signal stron
depends on the precision of the tau momentum de
mination. We expect that it is attained with the sim
lar precision to that of the Higgs boson mass rec
structed by the recoil momentum. We here take the
certainty of the tau momentum as 3 GeV forjjτ±µ∓
and as 1 GeV for�+�−τ±µ∓.

Finally, we estimate the statistical significan
(S/

√
B ) for each channel (seeFig. 3). The number

of the fake events is evaluated by Eq.(16), which is
460 forjjτ±µ∓ and 15 for�+�−τ±µ∓. Therefore, in
Case 1 where|κ32|2 is 8.4×10−6 with mh = 123 GeV,
the significance can become 5.5 and 3.0 forjjτ±µ∓
and�+�−τ±µ∓ at mA = 350 GeV, respectively, tak
ing into account the constraint from theτ− → µ−η

result given in Eq.(8). The combined significance ca
reach to 6.3. In Case 2 where|κ32|2 is 3.8× 10−6 with
mh = 123 GeV, the number of the signal becom
smaller, and the combined significance amounts to
as large as 2.0 atmA = 280 GeV.
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4. Summary and discussions

We have discussed detecting the lepton flavor v
lating decay mode of the Higgs bosonh0 → τ±µ∓ at
a LC. The effective coupling ofh0τ±µ∓ is induced
at one loop in the MSSM due to the slepton mixin
We have studied the situation where the typical sc
of supersymmetric parameters is as large as TeV s
The magnitude of the effectiveh0τ±µ∓ coupling can
then be substantially large. Consequently, the num
of the signal event viae+e− → Zh0 → Zτ±µ∓ can
be large enough to be detected after the backgro
is suppressed by kinematic cuts. The signal can
marginally visible in the MSSM when the effectiv
h0τ±µ∓ coupling becomes enhanced due to the la
ratio ofµ andmS , wheremS is the typical scale of the
soft-breaking mass.

When mS is greater than the TeV scale, the L
violating processes associated with gauge bosons
asτ− → µ−γ , τ− → e−γ andµ− → e−γ are sup-
pressed. In addition, the LF-violating processes
cluding the Higgs mediation such asτ− → µ−η,
τ− → µ−µ+µ− and µ−N → e−N as well as the
flavor changing processes such asb → sγ are sup-
pressed whenmA is greater than about 300 GeV[26].
On the other hand, the branching ratio forh0 → τ±µ∓
does not decouple for largemS as long as the ratio
µ/mS is not small. Therefore, in such a case, the de
h0 → τ±µ∓ at a LC can be a complementary proce
to test the Higgs mediated LF-violating coupling.

We comment on the case of the general framew
of the THDM. Unlike the MSSM, the mixing angl
α is independent of tanβ andmA. For larger values
of mA, the bound fromτ− → µ−η can be relaxed by
the factor ofm4

A (cf. Eq. (8)), whereas the branchin
ratio of theh0 → τ±µ∓ can remain to be larger tha
10−3 within the available experimental and theoreti
constraints. Therefore, the number of the signal in
THDM can be by a few order of magnitude larger th
the possible value in the MSSM.

In our analysis, we have used the bound on
LF violating coupling|κ32| from the current data o
τ− → µ−η. In near future, if the bound becom
strong by a few factor, the number of the signal b
comes reduced by the same factor. We have assu
some important numbers which are associated w
the machine property for the collider and the detec
.

of a LC experiment. The estimation of the number
the signal events and the reduction of the backgro
events largely depend on the detection efficiencie
Z boson and the muon, the resolution of the mome
for them, the rate of beam energy spread of thee+e−
collision and the initial state radiation. Our assum
tion for these numbers might be rather optimistic.
the other hand, the significance can be improved w
direct detection of the tau lepton is taken into accou
In any case, a more realistic simulation analysis is n
essary to determine feasibility of the signal.
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