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1. Introduction

(1) Moftivation;
«  Why SUSY?;

In the Minimal Supersymmetric Standard Model (MSSM)

SUSY partners of all Standard Model (SM) particles with masses less than O(1 TeV) are introduced.
This solves the problems of hierarchy, fine-tuning and naturalness of the SM.

Hence discovery of all SUSY partners and study of their properties are essential for testing the MSSM.

Here we focus on SUSY partners of neutrinos (i.e

).

including bosonic decays such as
sneutrine -= slepton H'/W' in the MSSM

in slepton sector has been performed already.

(ex) A Bartl et al, Phys. Lett B 460 (1999) 157;

A Bartl atal., Phys Lett B 538 (2002) 137 [hep-ph/0204071];
A Bartl st al., Phys Rev. D 66 (2002) 115009 [hep-ph/0207186]

Study of slepton production and decays in the MSSM has been performed .

{ex) N V. Krasnikov, Phys. Lett B388 (1996) 783 [hep-ph/Q511464];
N. Arkani-Hamed, H C. Cheng, J. L. Feng and L. J. Hall, Phys. Rev. Lett 77 (1996) 1937 [hepphM603431];
J. Hisano et al. Phys Rev. D60 (1999) 055008 [hep-ph/8 08410];
D. Nomura, Phys. Rev. D&4 (2001) 075001 [hep-ph/O0042 56];

W. Porod and W. Majerotto, Phys. Rev. D 66 (2002) 015003 [hepph/0201284]:
N. Oshimo, Eur Phys.J. €39 (2005) 383 [hep-ph/0409018]

However,

including both
in the MSSM

has been performed

-

in the MSSM will be performed in this work.




(2)Purpose of this work;

» In this work we perform
in the general MSSM with in slepton sector.

» We show that branching ratios of
due to slepton generation mixing can be in a
significant part of the MSSM parameter space despite the
very strong experimental limits on LFV processes.

» This could have an important for
sneutrinos and the MSSM in the
future colliders, such as LHC, ILC, CLIC and muon collider.




2. MSSM with LFV

The basic parameters of the MSSM with LFV:

{tanfB, my- , M, , 1, : : } (at weak scale)
(ap=123=eur)

tanp: ratio of VEV of the two Higgs doublets <H’ ,>/<H" >
M,: SU(2) gaugino mass
J7% higgsino mass parameter
. lefi slepron soft mass matrix
. right slepton soft mass matrix
: trilinear coupling matrix of sleptons and a Higgs boson
(a,f=123= eurt)




- Here we study

tn our study are:

/:2 7 T jmixing term  ( ]7;: — ]Z_ mixing term )

/&R — fR mixing term
ﬁL — ffR mixing term
Hp — T, mixing term
* (note) We assume that all the basic parameters are real.

* (note) The basic parameters determine all of the physics here.




o Charged Slepton Mass Matrix:

The most general charged slepton mass matrix mcfudmg Ieﬁ-rxgkr mixing

as well as flavour mixing inthe basisof (e, , i, , T, , €5, 5T )
is given by:
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o Masses and mixings of the sleptons:

R U R = liag(m?*

,..} » » » » » -
Z(x — (eLnﬂLnTL:eR:ﬂR:TR)




o Sneutrino Mass Matrix:.

The most general sneutrino mass matrix with flavor mixing in the basis of




o Masses and mixings of the sneutrinos:




3. Constraints on the MSSM

The following constraints are imposed in our analysis in order to
respect experimental and theoretical constrainits:

(a) Vacuum stability conditions
(see JA Casas and S. Dimopoulos, Phys. Lett. B 387 (1996) 107 [hep-ph/9606237].)

ex 2 2 2 2 2y el
()|A23|{hr(Ml,EE—I_ME,EE—i_ml)
with m* = (m>. +m;sin® @, )sin® f — 1m;

(b) LEP limits on sparticle masses

(ex) m . >103GeV et

21

(c) Lepton (g-2) limits

(ex) experimental limit on SUSY contribution to muon (g-2) elc.
{see F. Jegerlehner, hep-ph/0703125)

(d) Experimental limits on LFV lepton decay branching ratios

ex) B(tr~ > pu"y)<4.5-107° (Belle exp.)
B(r- > e y)<1.1-1077 (Babar exp.)
B(u~ — e y)<1.2-10"" (MEGA exp.)
B(r™ > p pu*u~)<2.0-1077 (Belle exp.) etc.




(e) The constraint on M . and tanf from the experimental data
on B(B, >7 Vv, )_from BELLE exp.
(see Belle Coll, hep-ex/0604018v3; W.S. Hou, Phys.Rev. D48(1993) 2342)

(ex) |R." —1.13|<1.0 (95% CL).

Brv

Brv

RSUST — BSUST (B~ _y =57 )/ BS™ (B~ 5 17v7.) = ‘1—(

(Note) We find that these constraints are very important:
Vacuum stability conditions == strongly constrain trilinear couplings A .z
muon (g-2) limit = strongly disfavours negative u region

B(r  — u y) limit = strongly constrains the LFV slepton
parameters

B(B, >7Vv.) data => strongly constrain ( iy _, tanf3)
H




4. LFV Benchmark Scenario

We take the following as a

tanP =20, m+=150GeV, M, =650GeV, u =150GeV,

[(430)2 a  Qay )

(1) (410)° (GeV)’
(1)’ (400)°

(@0 Oy @)
1)>  (210)° (GeV)’
. @ (200 J




G, = 393GeV,mz, = 407GeV,my, = 433(‘-'_;:1:::?:-

204GeV, m;, = 215GeV,m; = 234GeV,

my, = 401GeV,m; = 415GeV,m;, = 433GeV,

M 147GeV, 1M + = 661GeV,
Mo = 138GeV ,mya = 155GeV, mye = 331GeV, mye = 661GV,




5. Impact of slepton generation
mixing on sneutrino decays

Possible important sneutrino decays are:

- s ..
v.>1 7.  (fermionic mode)

We study the

these sneutrino decays.




* Sneutrino decay branching ratios in our scenario:

In our scenario we have:

B0, >7 77)=36%  (LFC)

B(V, > 1 77)=20% (LFC)

(note) ,

4

We have




Contour plots of BR’s in our scenario

.L- h -~ -AJ T A o '”_ “
B(v, > 7 X) contours B(v, > 1 H") contours
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BR’s are in a significant region of 11— M, plane
in our scenario!




BR’s itn our scenario

excluded by B(t~ = 1Y) limit

/

B(v, —>I1 H") contours

M, (Ge )

200 400 600 80 20 400 BOD 200 1000

w(GelV) u(Gel’)

(note)

BR’s are in a significant region of 11— M, plane
in our scenario!
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b(v, =7 ¥ ) contours B(v, > 1 H") contours

:Miza /((Miu +M§=22 +M§=33)/3) ) = Ay (| 4y |+ Ay | +] 433 )/ 3)

(note)

BR’s are in a significant region of
tn our scenario!

to




and

dependences of decay BR’s

-1
<A0x10

":..,_U_,?

BR’s
to
respectively!

and can be and
parameters and ( ) in our scenario,




Scatter Plot of BR’s in our scenario

There are among the sneutrino
decays and the tau decay (i.e. 1= > u~y )s

(ex)

Scatter Plot for our scenario
with the scatter parameters:
0<M,<1000 GeV

| 1| <1000 GeV

|R;,; | <0.1

| Ryy, | <0.2

| RA,, | <2.5

| RA,,| <2.5




6. Discussion

1. Sneutrino decaysin € — T mixing case;

—~

We have studied sneutrino decays in [i—7T mixing case.
We have obtained
This is mainly due to the fact that the experimental limif on

B(r~ — e y) Issimilarfothaton gz~ - 4 y) -
2. LFV production cross section;

Ine — 7 mixing case, e
We can have oe’e” >V (~V W;5(~7.))
due fo chargino exchanges in t-channel!

This LFV cross section can be as large as ~17fb at ILC with E .,,= 1TeV

in a € —T mixing version of our f1—% mixing scenario.
In this case the production
(iLe. v —v mixing paramefer). (see Fig.)

In H—T mixing case;
We have

since the chargino exchanges can not contribute to LFV production in this case!
In this case the production

(note) Z° exchange in s-channel can not contribute to LFV production due fo
vanishing 7° —V; _ﬁj coupling for =+ ] .




€ —T mixing case

Figure 6. Production cross sections o(ete™ — i141) (dotted line) - nv
TR
c

(dashed line) and cie — war3) (solid line) as a function of Rpjs The B f13 fegion
shown in the figure is allowed by the current limit B(r~ — e™n) < 1.1 x 10~°

(M

L11

+Mfﬂ + ijg )/3)




3. LFV sionatures at ILC;

In experimental search for in sneutrino decays it is important to have
; 6.2.

both sizable B(V; = /' Z') and sizable B, > 7).

In this case, we could have the following :
e'e” >V,V, > Wi — +4djets+ E -

4. LFV contributions to collider signatures;

For example, at ILCwith E~1TeV, P_ =-90%, P;_ =60% we have in ﬂurﬁ — T mixing benchmark scenario:

o =o(efe > - — cascade — decays —> +4jets+ E)=0.14 b
o =o(ee —> > —cascade —decays —> +4jets+ E)=0.0034 /b

e O a
== We can expect

5. Detailed MC study is necessary;

= Jor sneutrino (and slepton) production

= sneutrino (and slepton)
(including prod. cross sections and decay BR’s)

= sneutrino (and slepton) (including parameters)
by least-square fitting to these observables

In any case it is necessary to perform a detailed Monte Carlo study to separate the sneutrino signals
Jrom background.
However, such study is beyond the scope of this work.




7. Conclusion

We have performed of sneutrino
production and decays including both

in the general MSSM with

We have shown that branching ratios
can be due to LFV in slepton sector (i.e. due to
slepton generation mixing)

despite the recent very strong experimental

limits on LFV processes.

This could have an important
the

and

the

at future colliders, such as LHC, ILC, CLIC and muon
collider.



