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Intreduction

« LEV 1S a clear signal for physics beyond the SM.

« Neutrino escillation may: indicate the possibility ofi LFV
In the charged! lepton sector.

« |n many new: physics models, LFV can naturally appear.
= SUSY (slepton mixing) Borzumati, Masiero

Hisano, Moroi, Tobe, Yamaguchi
= Zee model for the v mass Zee
= Models of dynamical flavor violation Hill et al.
= Little Higgs models
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Trau-associated [LF\/ processes may: be
Interesting at a collider experiment

e & Su

= |t 1S less constrained by current data as compared to
the <€ mixing

u—ey 1.2 x10* ( -11)
u-3e 1.1 x104%
(-12)
uTi-eTi 6.1 x10™ ( -
13)

T—MY 3.1 x10M ( -7)

= The ngg?n?fe‘éllated LFV]|s4p}r}p jg)ongz)tp He Y ukawa
o

coupling ™ Tau- associate sses.
Different behawor from 1 € miXing case.
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Gauge boson mediation  Bortzmati, Masiero
Hisano, Moroi, Tobe, Yamaguchi
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Experimental bounds on LEV parameters

Gauge boson mediation

The strongest bound on (A,~7%);; comes from
the w—ey,z —evy,t—u vy results.

Higgs boson mediation

The strongest bound on x 32 comes from
the © > u 1, © —>3 1 results.

9G2 ™ms3 m4F27' sin2 Ié;
F v 2 7
Br(r — K < 1.5x10
( pn) = 2567 cosﬁﬁ k32 m%
4 6
—  |k32[2<23x1074[__ A i
350[GeV] tanpg

For k31, similar bound iIs obtained.
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A seurce off slepton mixing
In the MSSM+RN

« Slepton mixing Induces both the Higgs mediated LFV
and’ the gauge mediation.

* The off-diagonal elements In the slepton mass matrix
can e induced: at low energies, even when; it IS
diagonallat the GUT scale.

« RGE

d(m?2).. 1
| L)”:diag-l—

i e R
dlog Il (47‘_)2 {mLYI/ YV -I_ Yy YI/mL + 2 (YUmVYy '|' mHuYU Yy ‘I‘ AUAV)} .

]
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[Decoupling property of LEV

« Gauge poesen mediation

Ll g oy
N M2 1% J- Hv
SUSY

Decouple in the large Msusy limit
« Higgs beson mediation : LFV Yukawa coupling

g 2 o\ 7 il
Iiij(tal’l ) Ll P, (® =h,H A)
(Y%

M
= Ko~
i f(MSUSY

NOT always decouple in the large Msusy limit

L~
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Wiy no CEV found ?

« |t 1s knoewn that sizable ILEV/ ¢can be Induced at loop due
10 slepton mixing.

« Upto now, hewever, no LEV/ evidence has been
Observed at experiments. © —€ v, u —€ee, ....

« Why?"  Maybe large Msusy, so that the SUSY effects
(Including LEV phenomena) decouple?

Even in such a case, we may. be able to search LFV
via the Higgs boson mediation, which does not
necessarily decouple for a large Msusy limit.
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ihe correlation etween the gauge boson
mediationiand the Higgs mediation

Eor relatively low my., .., the'Higgs mediated LFV/
IS constrained by current data for the gauge mediated LEV/.

GERERAL FLAVOUR-UNIVERSAL MSSM

Scatter plot of Higgs-mediated
Br(7 — 3u) agamnst Br(r — py)
in GFU-MSSM.

'mg_, -m%_, -m..gf & -m.gj v <700 GeV

Br(r — pv) strongly constrains
Higgs .

Br(7 —= 3pu).
Dedes Ellis Raidal

For msusy > O(1)TeV, the gauge mediation becomes
suppressed, while the Higgs mediated LFV can be substantial.
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Search for LEN at the ILC

« | _LEV/In electron-positron (electron) collision
N. Krasnikov 1996,

N. Arkani-Hamed et al. 1996

eTe™ o K K <Xi|_X£) s fTeT + jets + Fp M. Hirouchi, M Tanaka 1998

J. Hisano et al. 1999
M. Guchait, J. Kalinowski, P. Roy 2002

= i =" s
6+€ %6 €$, € € _>€ € M. Cannoni, St. Kolb, O. Penella 2003

« [Direct LEV Yukawa determination via the Higgs boson decays
A. Brignole, A. Rossi (MSSM) 2003
ho7 [-IO7 AO _— Ti,u$, Ti€$ K.Arganda., A. Curiel, M.Herrero, D. Temes, 200

LHC search: Assamagan et al. (THDM) 2002
LC Search: S.K., K. Matsuda, T. Ota,

K.Tsumura,T. Shindou, E. Takasugi (MSSM) 2004

S.K,, T.Ota, K. Tsumuraé HDM) 2005
« LLFV in a deep inelastic scattering process at a fixed target

experlment M. Sher, I. Turan (muon beam) 2003

e B — S.K., Y. Kuno, M. Kuze, T. Ota 2004
e N —=>17 X, u X . Lz |
S.K., Y. Kuno, M. Kuze, T. Ota, T. Takali
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[Deepiinelastic scattering LE\V process
at'a LLinear Collider

« At future  factories (« colliders),

¢
102 muons of energy: 50 GeV : \/

(100-500GeV) can be available. HA
DIS 1 Nz X process q/\

M. Sher \
S.K., Y. Kuno, M. Kuze, T. Ota

« Ata LC (E, =500GeV, L=10%/cm?s)

1022 ofi 250GeV electrons available.
DIS process eN— t X Process sk. Y.Kuno, M. Kuze, T. Ota

A fixed target experiment option of a LC
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Enhancement of cross section 1n SUSY

Higgs mediated LFV process

e T
\/ ] LFV MSSM result N: proton

q With Jiagf* = 0.3 x 107
q
 —
X CTEQG6L

« Sub-process e g— ¢ g IS
proportional to
the ceWnELY/PE quark mass.

« Probability for the b-quark Is larger
for higher energies.

For Ee > 60 GeV,
the total cross section IS enhanced
dUete thelo-guark Sul-process

Ee —50 GeV. 10> fb
100 GeV  10#fb
250 GeVV  10-3fb

12

Shinya KANEMURA



Angular distribution

, . o TRl e

—  chirality flipped S
— (g 2
I L !
&
2
Lab-frame S
7 E
e .
Target

Erom the €, beam, t R IS emitted to the backward direction due to
(1 — cos 6 c|v|)2 nature in CM frame.

In Lab-frame, tau 1s emitted forward direction with some P-.
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Energy. distrution forr each angle

Lab-frame

From the eL beam, = R IS emitted

o the backward direction due to

(1 — cosOlcv$ nature in the CM! frame.
In' Cab-frame, tau Is emitted forward
direction but with large angle with a PT.

E, =500 Ge¥
=100GeV

AB= 171000 rad

T4 B Tan Af= /1000 yad

“NNTE (GeV)

do/dE_ (L N =T N g (fB/GeV)

=
T
=
=
]
-
\é
=
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Contribution of

the gauge boson mediation

Br(r = ey) < 3x 10~" (Belle)

T —evy results gives the upper bound

on the tensor coupling, therefore
thee N — ¢ X cross section

Gauge mediated LFV

on

— No bottom Yukawa enhancement

At high energy
DISeN — t X process

IS more

sensitive to the Higgs mediation

than the gauge mediation.
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tensor-mediation
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NUmber ofi produced taus

Ee—250 GeV,
L =10 /cm?/s, = 107 electrons
In'a SUSY model with | k 57 [#2=0.3X10°
o = 10~ fb =6 x 10-%2 cm?
Nz:= p Na Ne o NA=6 X 1023

102 ofi ¢ leptons are produced for
the target of p =10/g/cm”2

Naively, non-observation of the high energy muons
from the tauiof the e N — ¢ X process may improve
the current upper limit on the e = @ coupling? by
around 4 orders of magnitude.

Shinya KANEMURA
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« High energy muen from tauican be a signal
< Geometry (picture)  ex) target p =10g/cm?

10cm 6-10m
u
T
e 5@}
target
e
« Backgrounds
= PIon puRch-tioeugh Muon
= MUuensiirem Rion decay-in-flight spectrometer
= MUuen firem the muoen pair production (momentum
SN measurement)

Monte Carlorsimulatien IS helngldene. GEANTA,...

SK, Y. Kuno, M. Kuze, T. Ota, T. Takai 17
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Signal d2a

do/dE<d®6 [fb/GeV/0.001 rad]

dE-df
eN — 17X

IHiggs beson mediation

Backgrounds d2 o

dE.df
eN — eX

phoeten mediation

Contour for
do/dEud6 [fb/GeV/0.001 rad]

usual DIS

Different distribution
— BG reductionby E-, 6 - cuts

Shinya KANEMURA
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Preliminary: MIC analysis

«LC Ee=1.5TeV, 1072 electrons per year

« Signal muons from LEV DIS
s eN—> X with z > u v v
= 10° muons/year

« Backgrounad muons from v DIS

« muon energy, Pror r, r.,, (extrapolate back)
« S/IN>10% S/Y N > 0O(1)

* More MC events needed

Shinya KANEMURA
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Cuts: E ., ['yan (EXtrapolate back)

target
Muon

spectrometer
(momentum
measurement)

20
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0%10GeV?
signal : 1,000,000(177,116)events

5x102fb
Background : 100,000,000(1360,000)events
3.5x107fb
8m By T. Takai

+ 300<E<450, r>180, O<r,,<150

+ 450<E<600, r-90
- 5600, 70

—5ignal : 1047events, Background : 1events

Background

[ r-DIS) o

Beam Energy signal

1.6TeV |44x10°tb| 0.35fb | 1.4x104b




Summany.

DIS processe N — ¢ X .
= Possibility ofi a fixed target experiment at a. LC

= [he cross section Is enhanced due to the sub-process of
IHIggs mediation with sea b-quarks
= Ata LC with Ecm=500GeV = o —10=1{b

L=10°%/ecm?/s = 1022 electrons available

1075 of taus are produced for o =10 g/cm?
= Non-observation of the signal (high-energy muons)
would improve the current limit by several orders.

= MC simulation
« Background from v DIS can be rejected.
« Work In progress
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