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Motivation

# Lepton Falvor Violation (LFV) in the charged lepton sector
— the signal of the new physics.

# In MSSM with large tan 3, the Higgs bosons affect the LFV
processes, such as,

T — 3u: K.Babu C.Kolda, PRL89 241802,
A.Dedes J.Ellis M.Raidal, PLB549 159,
T — un: Sher, PRD66 057301,
pu-e conv: R.Kitano M.Koike S.Komine Y.Okada PLB575 300.

t 2
l;— — /), l;— a’n@ l;

v, 4 + :h,H,A
fo—a—:7f fo—a—
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T — 3u: K.Babu C.Kolda, PRL89 241802,
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v, 4 + :h,H,A
fo—a—:7f fo—a—

® The Higgs-contribution Is important in msysy > MHiggs:

*1n such a case, the model below mgygy can be regarded effectively as the general 2HDM.
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Motivation

n
® \We discuss the LF violating Higgs boson decay, g
expecting to get the information on the next
energy scale by comparing between the LFV , H, A
processes and the LF violating Higgs decay.
-

o LFV processes
— combination of the photon-mediation and the
Higgs-mediation. indirect measurement.
» LF violating Higgs decay

— direct measurement of the LF violating Higgs coupling.
A. Brignole A. Rossi (2003), K. Assamagan, A. Deandrea, P. Delsart (2002)
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Motivation

n
® \We discuss the LF violating Higgs boson decay, g
expecting to get the information on the next
energy scale by comparing between the LFV , H, A
processes and the LF violating Higgs decay.
-

s LFV processes
— combination of the photon-mediation and the
Higgs-mediation. indirect measurement.
» LF violating Higgs decay

— direct measurement of the LF violating Higgs coupling.
A. Brignole A. Rossi (2003), K. Assamagan, A. Deandrea, P. Delsart (2002)

# We make a study on the detectability of the LF violating
Higgs boson decay at a Linear Collider (LC).
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gene ral-2HDM e effective theory below ms,sy in the model with large msusy

# Lagrangian — leptonic Yukawa

—L DY&K_LZ (52']'(1)(1) + eijq)g) ij + H.c.
~(mass term) + (flavor diagonal interactions)

+ S— ﬁszgRg 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,¢e;;) 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 — )

Bf(h—>7‘+—|—,u_) ~ 5 ’/{32’2.

Nem? sin® o cos? 3

# Throughout this talk, we assume
s Nearly decoupling region, h ~ &g, sin(a — 3) = —0.95 .
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 - 77 +p7) ~

# Throughout this talk, we assume
s Nearly decoupling region, h ~ &gy, sin(a — J) = —0.95 .
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,




Branching ratio

?.g\g 3 bl_)‘ —_——— T

I W #® General-2HDM with
07 Ti,u:F Z7Z sin(o — ) = —0.95,
1073 - tanﬁ — 607
107 / 99 k32|? = 0.3 x 1076,
o /. |

100 120 140 160 180 200 m, [GeV]

® The branching ratio for h — 7% 4T with |k32]? = 0.3 x 1076
is constrained as O(10™4).
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Note on the bound and the signal

signal event = o}, x Br(h — 7% + uT),
o, o sin?(a — ),

,cos?(a — 3) ( m4 60

2 150[Gev] tan

Br(h — ¥ 4+ pF) ~ 7.2 x 10 :
sin® o

)4 Br(r — ).

® |n MSSM, «a Is the function of m , and tan 8 (and msysy’s).

10° ¢ ;
: —sin(a — B) |

2
cos2(a — B)/sin%a COS (Oé — ﬁ) R Srna”

sin? o

® m, —large,

1071 -

{in MSSM | The Br(h — =1 T) is con-
****************** o strained as O(10™%).
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2 150[Gev] tan
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sin” a
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# In the extended models, such as the general-2HDM,
m , and « are independent parameters.
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Note on the bound and the signal

signal event = o}, x Br(h — 7% + uT),
oy, o sin?(a — ),

,cos?(a — 3) ( m4 60

2 150[Gev] tan

Br(h — ¥ 4+ pF) ~ 7.2 x 10 :
sin® o

)4 Br(r — ).

# In the extended models, such as the general-2HDM,
m , and « are independent parameters.

# Insuch a model, the bound from = — un can be relaxed.

large value of m ,,
keeping the value of cos?(a — )/ sin” .

Br(h — 7% uT) can be as large as O(1073).
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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, ¢  sin?(a — 3).
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Strategy

#® 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 |x32]* = 0.3 x 1079 is estimated as
Nggna = L X oz, X Br(h — 7+ u) x € ~ 30 events,
e =Br(Z — jj,ee, up) X Br(t — j 4+ v,;) ~ 0.5.
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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.

_ Z-decay -Nbeforecut =Lozn X Br(h — 77)Br(t — uvv) x ¢
Jet ~5,000 events!!

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

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

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

h — 77 — T + MISSINGS < signal, h — 71

event number

02 04 06 08 1 T =Ly, / E;
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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,
= A(E,/E;) ~ A(E;)/E;
-
=
S Fake Signal
(D)

02 04 06 0.8 1 T = EM / b
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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.

o |f we can determine A(E;) within 1 GeV, then

Niake ~ 120 events 1! Nsigna ~ 30 events
<«— signal

3,
= A(E,/Er) ~ A(E;)/E;
S <

c

S Fake Signal

(D)

02 04 06 08 1 =k, /Er
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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.

o |f we can determine A(E;) within 1 GeV, then

Niage ~ 120 events !l Nsigna ~ 30 events

® When we assume |k32]? = 0.3 x 1079, sin(a — 3) = —0.95,
and A(E;) =1 GeV,

In MSSM, the feasibility of observing h — 7 IS marginal.
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Discovery contour

o \We assume
s sin(a — () = —0.95, tan 3 = 60,
s 1,000 fharn!, A(E;) = 1 GeV

|32 10 ¢

107° -

l MSSM to-

10_7 1 ! | ! | ! | ! | ! 7
100 120 140 160 180 200 m,[GeV]

Note: When we assume the non-minimal models,
we can take |k32]? ~ O(1079).
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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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precise measurement of the kinematics.

# |t is constrained by = — un search.
s In MSSM, the feasibility is marginal.

s However, in the general model with the extended Higgs
sector, we have a chance to find it at a linear collider.
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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 feasibility is marginal.

s However, in the general model with the extended Higgs
sector, we have a chance to find it at a linear collider.

# 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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