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Motivation 1: msswm with lar ge msysy

#® In SUSY model, LFV Is expected to be found.
— but it has not been found yet.

# Is it because of heavy msysy?
o Br(t; — t;7), Br(t; L 30;) o< (1/mé,ay)-
— In such a case, what is the signature of the new physics?

: : Babu Kolda, Ellis Dedes Raiddl,
» nggs medlated LFV Kitano Koike Komine Okada

Br(¢; 4 30,y o (1/m?) (tan® B)
gj_, m%USY» EZ g'] ,UJ Kjs ta:1 ﬁgz
LFV process = N, 7 + " h,H,A
f — — f f — — f

kji = f(|pl/msusy).
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Motivation 2: Higgs sector in M SSM

#® The Linear Collider (LC) will make the precision study of A.

We here deal with search for LF violat- n
Ing decay process

This process suggests that

two (or more) Higgs doublet couple
to the charged lepton sector

#® Direct search for the LF violating Higgs coupling and the

Indirect measurement of it should be complementary to each
other.
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M Odel the effective theory below mgysy in the model with large mgysy

# Lagrangian — leptonic Yukawa
loop induced

—L DY&@—RZ (57;]'(1)? + Ez'jcbg) ij + H.c.
~(mass term) + (flavor diagonal interactions)

+ — 5€RZ€L‘7 lcos(f — a)h —sin(f — a)H — iA]
+ (charged Higgs term) + H.c., N
-

The LFV Higgs decay arise since two |  ---_-_-
Yukawa matrices (Y, 0;; and Yy, ¢;;) can not
be diagonalized simultaneously.
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Bound on |x3.|? from LFV processes

# Branching ratio for h — 7+ + 1~ is estimated as

1 m2 cos?(f — )

Br(h — 7% + u¥) = : sl

Nem? sin® o cos? 3

# Throughout this talk, we assume
s Nearly decoupling region, sin(a — [3) ~ —1 (m4 = my,) .
o Large tan 3, tan 5 = 60.
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Bound on |x3.|? from LFV processes

# Branching ratio for h — 7+ + 1~ is estimated as

1 m2 cos?(f — )

2

2
i R32| -
Nem? sin® o cos? 3 32

Br(h — 7% + uT) ~

# Throughout this talk, we assume
s Nearly decoupling region, sin(a — 3) ~ —1 (my > my,) .
o Large tan 3, tan 5 = 60.

® The bound on |k3s|? from 7 — un (Belle)

hoHA GFm mr Ty
Br — ~ 8.4 X
(7= ) 76873,

k3a]® < 0.3 x 1076 x ma 4>< 60_\*
52 ' 150[GeV] tan 3 )
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k3o|*tan® B < 3.4 x 1077,




Parameter space which we explore

We consider the situation
o LFV, is suppressed,
— Mmsusy = My, My, MLQ ~ O(l) TeV.
® However, k3o 1S not so small, Brignole Ross
— R = ,U/mSUSY ~ 0(10) — W~ 0(10) TeV.
#® and we require my, ~ 120-130 GeV,
— MQ.U,D, At,b ~ 0(1-10) TeV.
One example — Reference values
mp = My, = My :MQZZTE\/,/L:25TG\/,
szlOTe\/, my = mp = Ay = Ay = 8 TeV,
tan 8 = 60.

This parameter choice yields | |r32|* = 8.4 x 107°, my, = 123 GeV
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Parameter space which we explore

We consider the situation

o LFV, is suppressed,

— Mmsusy = My, My, MLQ ~ O(l) TeV.
® However, k3o 1S not so small, Brignole Ross

— R = ,U/mSUSY ~ 0(10) — W~ 0(10) TeV.
#® and we require my, ~ 120-130 GeV,

— MQ.U,D, At,b ~ 0(1-10) TeV.
The other example — Reference values
mZLi = My, = 1.2 TeV, ml;%z' = 0.8 TeV,
My =1TeV, My =08 TeV, un = 10 TeV,
mg =9 TeV, my = mp = Ay = Ay = 3 TeV,
tan 5 = 60.

This parameter choice yields| |r32|* = 3.8 x 1079, mj, = 123 GeV
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Branching ratio

BR
10
10! * » Reference values:
102 EZZ ‘/4332‘2 = 8.4 X 10_6,
10 Ty oomd forcase ] Kgal* = 3.8 x 1077
| P Ty ® When m4 Is large, the

107 - : -
> experimental bound is

a0 soomalGeVv] relaxed, BRO(107%) is
] allowed,
* * ® Kkeeping mj, ~ 123 GeV
: | sin(a — () ~ —1,
100 - / : — opz ~ 220[fb].

100 200 300 400 500 m,
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Our Points

We focus on 7 — 7+ + ;17 process search at a LC.
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Our Points

We focus on 7 — 7+ + ;17 process search at a LC.

® Why lightest Higgs?

s First object to be found
Its mass will be thoroughly determined.

s Nealy decoupling region, o o sin®(a — 3).
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Our Points

We focus on 7 — 7+ + ;17 process search at a LC.

# Why lightest Higgs?

o First object to be found
Its mass will be thoroughly determined.

» Nealy decoupling region, o o sin(a — 3).
# Why linear collider?
o Clear signal, Precision measurement
It Is iImportant to reduce the backgrounds.

The Higgs-strahlung is preferable in the Higgs production
processes to determine m;, and /s with high precision.
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Crgss-Sectiop, (fb)

Higgs-strahlung

€

| sin(a—B)=-1 ALL Hff
HZ only

120 GeV Higgs

100 | :

200 30 40 50
/s = Ecm (GeV)

Higgs production process

W -fusion

# Inlow /s region,
the Higgs-strahlung is dominant.

® In2HDM, 0 = og\ X sin?(a — 3).
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Strategy

1 missing

#® Using Z-recoil, we can identify the
process as the Higgs-mediated one.

® p, Isreconstructed by using +/s,
my,, my and Dy

It is not necessary to measure p..
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Strategy

1 missing
et Z-decay

jet o Using Z-recolil, we can identify the
process as the Higgs-mediated one.

T . .
® p, Isreconstructed by using /s,
my,, my and Dy
. It is not necessary to measure p..
i

® We assume L = 1,000 fbarn~*, optimally tuned +/s.
® The number of event for BR = 7 x 10~* is estimated as
Nggna = L X oz, X Br(h — 7+ ) x € ~ 10 events,
e = Br(Z — ee, uu) >~ 0.07.

Search for Lepton Flavor Violation in the Higgs Boson Decay at a Linear Collider — p.13/20



Feasibility Study
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Backgrounds

# \We introduce the invariant mass cut to reduce the
backgrounds which do not include the lightest Higgs boson.

e" +e T — Z1Tr — Z1)+ vy Vr

et +e = ZWW — Zrp+ vy Vr

ete” — Zrtr™

= 1

—t—

# The number of backgrounds
= with M, # my 1s huge but it
IS Not serious.

&3 |
= 0.0064 |
b -

=

{7 mh
0.0034 [\\\’—J l
00 T T T T T m—

0.0 50 100 C 150
calculated by CompHep-4.2.1 M7 [GeV]
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Backgrounds — Fake sighal —

#® The most serious background is induced by the tau-pair
production throught the Higgs decay.

6_|_ Z'decay U .Nbeforecut :LO_Zh X Bl’(h — TT) X BI’(T — /,LVD) X €
Jet ~270 events!!

#® We can reduce it by using the kinematic
cuts.

® However, there are the irreducible back-
grounds — Fake signal.

Fake signal condition: p,,+ ~ p.+

Search for Lepton Flavor Violation in the Higgs Boson Decay at a Linear Collider — p.16/20



Estimation of the number of the fake event

Fake signal condition: p,,+ ~ p.+

. - +
# The muon from tau tends to be emitted to missings\ , /4
the same direction of the parent tau. -+
® The energy of muon tends to distribute A
around the parent tau’s.
-

h — 77 — Tu + MISSINGS < signal, h — 7

Ey = Ep/2 - O(m3/E

event number

02 04 06 08 1 T = Eu/(Eh/Q)
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Estimation of the number of the fake event

Fake signal condition: p,,+ ~ p.+

] . +
# The muon from tau tends to be emitted to missings\ , /4
the same direction of the parent tau. -+
® The energy of muon tends to distribute A
around the parent tau’s.
-
<«— signal
3,
= 5(Ep/ (En/2))
S -
c
S Fake Signal
(D)

02 04 06 08 1 X = Eu/(Eh/2)
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Estimation of the number of the fake event

# Inorder to reduce the fake events, It Is important to determine
E;, with high precision.

# |f we can determine §( £} ) within 0.1 GeV, then

Niake < 1 events !! Nsigna ~ 10 events
<«— signal

3,
= 5(Ep/(En/2))
S <

c

S Fake Signal
(D)

02 04 06 08 1 SUEEN/(Eh/Q)
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Estimation of the number of the fake event

# Inorder to reduce the fake events, It Is important to determine
E;, with high precision.

# |f we can determine §( £} ) within 0.1 GeV, then

Niake < 1 events !! Nsigna ~ 10 events

® When we assume |k32]? = 8.4 x 1076, m 4 > 350 GeV,
tan 0 = 60, and d(E) = 0.1 GeV,

Nsignal > 10

\/Nfake ™

By adding the Z — 54 channel, we can expect much larger
significance.
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S/VB
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® Case 1: u=25TeV, mg ~ 2 TeV — |k32]? = 8.4 x 1076,
® Case2: u=10TeV, mg ~ 1 TeV — |k32|? = 3.8 x 1075,
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Summary
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Summary

#® We consider the feasibility to observe the LFV Higgs boson
decay process, i — 7, at a linear collider.
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Summary
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Summary

#® \We consider the feasibility to observe the LFV Higgs boson
decay process, i — 7, at a linear collider.

# Our point is that we can reduce the background by using the
precise measurement of the kinematics.

# |t is constrained by = — un search.
s In MSSM, the significance of the signal can be sizable.
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Summary

9

We consider the feasibility to observe the LFV Higgs boson
decay process, i — 7, at a linear collider.

Our point is that we can reduce the background by using the
precise measurement of the kinematics.

It is constrained by = — un search.
s In MSSM, the significance of the signal can be sizable.

The direct measurement of the LF violating Higgs coupling
and the indirect measurement of it should be complementary
to each other.
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