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Constraining the left-right supersymmetric model from µ˜eg and µ˜3e

M. Frank*
Department of Physics, Concordia University, 1455 De Maisonneuve Boulevard West, Montreal, Quebec, Canada H3G 1M

~Received 5 June 1998; published 20 November 1998!

We present a detailed and complete analysis of the lepton-flavor violating decaym→eg to one loop order
~terms proportional tomm) in the left-right supersymmetric model. We include the mixing of the scalar
partners of the left- and right-handed leptons, and show that it leads to a strong enhancement of the branching
ratio. We study the distinctive features of the decay in this model and show that it can be distinguished from
the same process in the minimal supersymmetric standard model in most scenarios.@S0556-2821~98!03423-7#

PACS number~s!: 13.35.Bv, 12.60.Jv, 14.60.Ef
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I. INTRODUCTION

Supersymmetry is the leading candidate among theo
beyond the standard model. It has many theoretically att
tive features, such as explaining the boson-fermion sym
try and also providing a mechanism for solving two of t
fundamental problems in the standard model: stability un
radiative corrections and the origin of the electro-weak sc
The most popular realization of supersymmetry, the minim
supersymmetric standard model~MSSM! can be probed ex
perimentally through the production of superpartners.

However, the MSSM, while filling in some of the theo
retical gaps of the standard model, fails to explain other p
nomena such as the weak mixing angle, the small mass~or
masslessness! of the known neutrinos, the origin ofCP vio-
lation, or the absence of rapid proton decay. Extended ga
structures such as grand unified theories, introduced to
vide an elegant framework for the unification of forces@1#,
would connect the standard model with more fundame
structures such as superstrings, and also would resolve
puzzles of the electroweak theory. Such extended structu
while attempting to solve some of the theoretical incons
tencies of the MSSM, would either predict relationships b
tween otherwise independent parameters of the stan
model, or predict new interactions~either forbidden or highly
suppressed in the MSSM!, interactions which would distin-
guish them from supersymmetry in general. Left-right sup
symmetry~LR SUSY! is perhaps the most natural extensi
of the minimal model@2,3,4,5#. LR SUSY was originally
seen as a natural way to suppress rapid proton decay an
a mechanism for providing small neutrino masses thro
the see-saw mechanism@4#. It has received a lot of attentio
lately because it has been shown that it could offer a solu
to both the strong and the weakCP problem@6#. LR SUSY
can occur as an intermediate scale theory in several SU
GUT scenarios@2#. The consequences of the left-right supe
symmetric model at colliders have been explored extensiv
@5,7#: it was shown that in most cases it could lead to e
hanced production rates for charginos and neutralinos.
other interesting consequence is that the model allows
production of light doubly charged Higgs boson and Higgs
nos @8#.

*Email address: mfrank@vax2.concordia.ca
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Here we propose to investigate a highly suppressed de
in the MSSM, the decaym→eg. This decay is a very sen
sitive probe of physics at the Planck scale, which makes i
essential signal for new physics. In the MSSM flavor vio
tion comes into direct conflict with naturalness@9#. In a pre-
vious work@10#, we have shown that the LR SUSY model
capable of giving rise to large lepton-flavor decay rates,
much the same way as SO~10! @11,12#. We evaluatedm
→eg contributions proportional tomt coming from poten-
tially large Yukawa couplings for the neutrino,hn . We
present here a complete one-loop calculation of this proc
and show that the terms proportional tomm can complete
with, and be larger than, the dominantmt contribution. A
complete analysis of this decay is necessary for two p
poses. On one hand, we expect the decay to be enha
compared to the MSSM, because of the rich and interes
structure of the leptonic sector of the LR SUSY mod
~through the presence of right-handed neutrinos and Hi
bosons that couple to leptons only!. On the other hand, the
upper limit for both the branching ratiosm→eg and m
→3e is severely constrainedBR(m→eg)<4.9310211 and
BR(m→3e)<1.0310212 @13#, a test against which al
grand unified theories are measured. This justifies the n
for more than the rough estimate presented in@10#. This
paper is organized as follows: we review the LR SUS
model in Sec. II, we discuss the sources of flavor violation
Sec. III, after which we present our analysis of the dec
m→eg andm→3e in Sec. IV. Our numerical analysis an
discussion are included in Sec. V, and we conclude in S
VI.

II. THE LEFT-RIGHT SUPERSYMMETRIC MODEL

The LR SUSY model, based on SU(2)L3SU(2)R
3U(1)B2L , has matter doublets for both left- and righ
handed fermions and the corresponding left- and rig
handed scalar partners~sleptons and squarks! @14#. In the
gauge sector, corresponding to SU(2)L and SU(2)R , there
are triplet gauge bosons (W1,2,W0)L , (W1,2,W0)R and a
singlet gauge bosonV corresponding toU(1)B2L , together
with their superpartners. The Higgs sector of this model c

sists of two Higgs bi-doublets,Fu( 1
2 , 1

2 ,0) andFd( 1
2 , 1

2 ,0),
which are required to give masses to both the up and do
quarks. The phenomenology of the doublet Higgs is sim
©1998 The American Physical Society03-1
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to the non-supersymmetric left-right model@3#, except that
the second pair of Higgs doublet fields, which provide n
contributions to the flavor-changing neutral currents, mus
heavy, in the 5–10 TeV range, effectively decoupling fro
the low-energy spectrum@15#. The spontaneous symmetr
breaking of the group SU(2)R3U(1)B2L to the hypercharge
symmetry group U(1)Y is accomplished by the vacuum e
pectation values of a pair of Higgs triplet fieldsDL(1,0,2)
andDR(0,1,2), which transform as the adjoint representat
of SU(2)R . The choice of the triplets~versus four doublets!
is preferred because with this choice a large Majorana m
can be generated~through the see-saw mechanism! for the
right-handed neutrino and a small one for the left-hand
neutrino@3#. In addition to the tripletsDL,R , the model must
contain two additional tripletsdL(1,0,22) and dR(0,1,
22), with quantum numberB2L522 to insure cancella-
tion of the anomalies that would otherwise occur in the f
mionic sector. Given their strange quantum numbers, thedL
anddR do not couple to any of the particles in the theory,
their contribution is negligible for any phenomenologic
studies.

The superpotential for the LR SUSY is

W5hq
~ i !QL

Tt2F it2QR1hl
~ i !LL

Tt2F it2LR

1 i ~hLRLL
Tt2DLLL1hLRLR

Tt2DRLR!

1MLR@Tr~DLD̄L!1Tr~DRD̄R!#

1m i j Tr~t2F i
Tt2F j !1mLTr~DLdL!1mRTr~DRdR!

1WNR ~1!

where WNR denotes ~possible! non-renormalizable term
arising from higher scale physics or Planck scale effects@8#.
The presence of these terms insures that, when the S
breaking scale is aboveMWR

, the ground state isR-parity
conserving@16#.

As in the standard model, in order to preserve U(1)EM
gauge invariance, only the neutral Higgs fields acquire n
zero vacuum expectation values~VEV’s!. These values are

^DL&5S 0 0

vL 0D , ^DR&5S 0 0

vR 0D
and

^F&5S k 0

0 k8eivD .

^F& causes the mixing ofWL and WR bosons withCP-
violating phasev. In order to simplify, we will take the
VEV’s of the Higgs fields aŝDL&50 and

^DR&5S 0 0

vR 0D , ^Fu&5S ku 0

0 0D
and
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^Fd&5S 0 0

0 kd
D .

ChoosingvL5k850 satisfies the more loosely required h
erarchyvR@max(k,k8)@vL and also the required cancella
tion of flavor-changing neutral currents. The Higgs fiel
aquire non-zero VEV’s to break both parity and SU(2)R . In
the first stage of breaking, the right-handed gauge bos
WR and ZR acquire masses proportional tovR and become
much heavier than the usual~left-handed! neutral gauge
bosonsWL andZL , which pick up masses proportional toku
andkd at the second stage of breaking.

The supersymmetric sector of the model, while preserv
left-right symmetry, has four singly-charged chargin
~corresponding to l̃L , l̃R , f̃u , and f̃d), in addition
to D̃L

2 , D̃R
2 , d̃L

2 andd̃R
2 . The model also has eleven neutra

nos, corresponding to l̃Z , l̃Z8 , l̃V , f̃1u
0 , f̃2u

0 , f̃1d
0 ,

f̃2d
0 , D̃L

0, D̃R
0, d̃L

0, andd̃R
0. It has been shown that in the scal

sector, the left-tripletDL couplings can be neglected in ph
nomenological analyses of muon and tau decays@17#. Al-
thoughDL is not necessary for symmetry breaking@5# and is
introduced only for preserving left-right symmetry, bo
DL

22 and its right-handed counterpartDR
22 play very impor-

tant roles in phenomenological studies of the LR SUS
model. It has been shown that these bosons, and pos
their fermionic counterparts, are light@8#. Also, these doubly
charged Higgs and their corresponding Higgsinos lead to
enhancement in lepton-flavor violating decays, as well
enhancing the anomalous magnetic of the muon@4# and the
electric dipole moment of the electron@18#.

III. SOURCES OF FLAVOR VIOLATION IN LR SUSY

The sources of flavor violation in the LR SUSY mod
come from either the Yukawa potential or from the triline
scalar coupling.

The interaction of fermions with scalar~Higgs! fields has
the following form:

LY5huQ̄LFuQR1hdQ̄LFdQR1hnL̄LFuLR

1heL̄LFdLR1H.c.;

LM5 ihLR~LL
TC21t2DLLL1LR

TC21t2DRLR!1H.c.,
~2!

wherehu , hd , hn, andhe are the Yukawa couplings for th
up and down quarks and neutrino and electron, respectiv
and hLR is the coupling for the triplet Higgs bosons. L
symmetry requires allh-matrices to be Hermitean in the gen
eration space andhLR matrix to be symmetric. The Yukawa
matrices have physical and geometrical significance and
not be rotated away. Geometrically, they represent misal
ment between the particle and sparticle bases in flavor sp
Their physical significance is that they cause flavor violatio
The triliniear scalar couplings appear in the soft-scalar m
term in the Lagrangian:
3-2
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Lso f t52@Aq
i hq

~ i !Q̃L
Tt2F it2Q̃R1A l

ihl
~ i !L̃L

Tt2F it2L̃R

1 iALR
i hLR~ L̃L

Tt2DLLL1LR
Tt2DcL̃R!#

2@MLW̃LW̃L1MRW̃RW̃R1MVṼṼ#

2MD
2 @Tr~DLD̄L!1Tr~DRD̄R!#

2Bm i j F iF j2m i j
2 F iF j ~3!

where theA-matrices (Au , Ad , An, andAe) are of a similar
form to the Yukawa couplings and provide addition
sources of flavor violation; andB is a mass term. The inter
generational slepton mixing (ẽ, m̃, andt̃) and also left-right
slepton mixing (ẽL ,ẽR) cause the off-diagonal nature of th
matrices, and therefore are responsible for flavor violati
We shall analyze both of these in turn.

In the scalar matter sector, the LR SUSY contains t
left-handed and two right-handed scalar fermions as part
of the ordinary leptons and quarks, which themselves co
in left- and right-handed doublets. In general the left- a
right-handed scalar leptons will mix together. Some of
effects of this mixings, such as the enhancement of
anomalous magnetic moment of the muon, have been
cussed elsewhere@4#. Only global lepton-family-number
conservation would preventẽ, m̃, and t̃ to mix arbitrarily.
Permitting this mixing to occur, we could expect small e
fects to occur in the non-supersymmetric sector, such as
diative muon or tau decays, in addition to other nonstand
effects such as massive neutrino oscillations and violatio
lepton number itself. Allowing general mixings leads to s
charged-scalar lepton states~involving 15 real angles and 1
complex phases! and six scalar neutrinos~also involving 15
real angles and 10 complex phases!. In order to reduce the
~large! number of parameters we shall assume in what
lows that two types of mixings dominate.

First, the scalar lepton~selectron, smuon and stau! mix,
but we shall assume for simplicity that only two generatio
of scalar leptons~the lightest! mix significantly. The third
family will be suppressed by a small, extra mixing ang
important only if mass splittings involving the third famil
are much larger than the mass splittings between the first
families. But, from universality, we expect the mass sp
tings to be the same for all three families, i.e.,

mẽ
22mm̃

2 'mm̃
2 2mt̃

2'mt̃
22mẽ

2 ~4!

~although of course there will be additional effects comi
from the large Yukawa couplinght below the flavor scale!.
The scalar lepton mixing is described as follows:m̃L,R and
ẽL,R with angle uL,R ; ñmL,R

and ñeL,R
with angle aL,R ; so

that, for example:

l̃ L1
5m̃LcosuL1ẽLsin uL , ~5!

l̃ L2
52m̃Lsin uL1ẽLcosuL , ~6!

and similarly for l̃ R1,2
and ñL1,2

and ñR1,2
.
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Second, we have the mixing of the scalar partners of
left- and right-handed leptons; which is independent of
above mixing. We parametrize this second mixing as f
lows:

ẽL5cosu ẽẽ12sin u ẽẽ2 , ~7!

ẽR5sin u ẽẽ11cosu ẽẽ2 , ~8!

and similarly for the other generations.
In order to protect the decaym→eg from a large contri-

bution from the A term, we must assume all the A terms
approximatelyproportional and that the scalar masses
approximately universal. Since with approximate proportio
ality the splittings among the A-terms are comparable to
splittings among the scalar mass term, then individual c
tributions fromm→eg diagrams involving the A terms will
be of the same order of magnitude as the leading graphs.
encounter the same situations as in the MSSM@9#, in which
when all the leading diagrams are added, the A terms ma
negligible contribution, so as another simplifying approxim
tion we setA50.

Next we consider the implications of these flavor chan
ing mechanisms in LR SUSY in lepton-flavor violating d
caysm→eg andm→3e.

IV. THE AMPLITUDE FOR THE PROCESS µ˜eg
AND µ˜3e

A. µ˜e1g

The amplitude of them→eg transition can be written in
the form of the usual dipole-type interaction:

Mm→eg5
1

2
c̄e~dLPL1dRPR!smnFmncm . ~9!

It leads to the branching ratio:

Gm→eg5
1

16p
tm~ uduL

21uduR
2 !mm

3 . ~10!

Comparing it with the standard decay width,Gm→enn̄

5(1/192p3)GF
2mm

5 and using the experimental constraint o
the branching ratio, we get the following limit on the dipo
amplitude:

udu5A~ udLu21udRu2!/2,3.5310226 e cm. ~11!

The most complete calculation ofm→e1g branching ra-
tio in the MSSM is that of reference@9#, which calculates all
leading one loop contributions, including several previou
omitted contributions.

The contributions to the decaym→e1g in the left-right
supersymmetric model are presented in the diagrams of
1. The evaluation of these graphs includes the element
232 mass matrices: the Yukawa matrix, the left-handed a
3-3
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the right-handed lepton doublet scalar mass matrix. The
sociated physical parameters are the Yukawa eigenva
the mass eigenvalues for the left- and right-handed lep
doublets; and mixing angles for both left lepton doublets,uL ,
and right handed lepton doublets,uR , as well as anglesu ẽ
andum̃ between the left and right scalar leptons of the sa

FIG. 1. One loop contributions to the decaym→eg in the left-
right supersymmetric model:~a! neutralinos, left-handed fermions
external chirality flip;~b! neutralinos, right-handed fermions, exte
nal chirality flip; ~c! neutralinos, left-handed fermions, intern
chirality flip; ~d! neutralinos, right-handed fermions, internal chira
ity flip; ~e! charginos, left-handed fermions, external chirality fli
~f! charginos, right-handed fermions, external chirality flip;~g!
charginos, left-handed fermions, internal chirality flip;~h! chargi-
nos, right-handed fermions, internal chirality flip;~i! doubly
charged higgsinos, left-handed fermions, external chirality flip;~j!
doubly charged Higgsinos, right-handed fermions, external chira
flip; ~k! doubly charged Higgsinos, left-handed fermions, inter
chirality flip; ~l! doubly charged Higgsinos, right-handed fermion
internal chirality flip.
01300
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family. These angles describe the rotation between the s
ticle and particle mass eigenbases.

Because the scalar mass splittings are required to
small, we will parametrize the scalar mass eigenvalues by

average masses,m
L̃

2
and m

R̃

2
, and the mass splittings,dm̃L

2

anddm̃R
2. We will also keep only the leading contribution i

both the mass splittings and the mixing angles. Equation~12!
gives the branching ratio for the processm→e1g. The
functionsXL andXR are given below:

BR~m→e1g!5
3e2

2p2 H uL
2S MW

mL̃
D 4

~XL!2S dm̃L
2

m
L̃

2 D 2

1uR
2 S MW

mR̃
D 4

~XR!2S dm̃R
2

m
R̃

2 D 2J . ~12!

We now consider the implications of these mixings in t
the lepton-flavor violating decaym→eg. We use the modi-
fied loop functions which are defined below. The argum
of these loop functions isr pk5Mk

2/mp
2 wherek represents the

chargino or neutralino, andp represents the slepton. Th
chargino and neutralino masses enter the theory via t
mass eigenvalues and mixing matrices. The explicit form
these matrices is found in@20#.

Following @20#, we employ the following notation: theU,
N matrices rotate the gaugino/Higgsino interaction basis i
the neutralino/chargino mass basis.N0 is the matrix for the

neutralinos;U1 is the matrix for the charginosW̃L,R
1 and

H̃u
1 ; andU2 is for the charginosW̃2 andH̃d

2 . UDL,R

22 , UDL,R

11

are mixing matrices for the doubly chargedD̃L,R and d̃L,R

Higgsino mixing:

XL5XL f1XLh1XLg1XL j1XLD f
1XLDh

~13!

XR5XR f1XRh1XRg1XR j1XRD f
1XRDh

. ~14!

Here XL represents the left-handed contribution, andXR
the contribution from the right-handed sector. The individu
contributions are as follows:
For neutralinos, left-handed fermions, with an extern
chirality flip ~Fig. 1a!:

XLg5
1

2 S NWLk
0 1

g1

g2
NBk

0 D 2

f g~r eLk!. ~15!

For the neutralinos, left-handed fermions, with an inter
chirality flip ~Fig. 1c!:

y
l
,

3-4
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XLh5
~A1m tan b!M

mẽL

2 S NWRk
0 1

g1

g2
NBk

0 D
3S NWLk

0 1
g1

g2
NBk

0 Dhk~r eLk ,r eRk!2
M

&g2v1

~NHk
0 !

3S NWLk
0 1

g1

g2
NBk

0 Dhg~r eLk!1S mẽL

4

dmñL

2 D dAm̄eM

mẽL

2 2mẽR

2

3S NWRk
0 1

g1

g2
NBk

0 D S NWLk
0 1

g1

g2
NBk

0 D
3F h~r eLk!

mẽL

2 2
h~r eRk!

mẽR

2 G . ~16!

For charginos, left-handed fermions, with an external chi
ity flip ~Fig. 1e!:

XL f52S mẽL

4

mñL

4 D ~UWLk
1 !2f g~r nRk!. ~17!

For charginos, left-handed fermions, with an internal chir
ity flip ~Fig. 1g!:

XL j5S mẽ
4

mñ
4D ~UHk

2 !~UWLk
1 ! j g~r nRk!

1
~A1m tan b!M

mẽ
2 ~UWLk

2 !

3~UWRk
1 ! j k~r eLk ,r eRk!1S mẽL

4

dmñL

2 D dAn̄mne
M

mẽL

2 2mẽR

2 ~UWLk
2 !

3~UWRk
1 !F j ~r eLk!

mẽL

2 2
j ~r eRk!

mẽR

2 G . ~18!

For doubly-charged Higgsinos, left-handed fermions, with
external chirality flip~Fig. 1i!:

XLD f
52

MLR

2g2vR
~UDR

22!2
~A1m tan b!M

mẽL

2

3„2 f g~r eLD ,r eRD!1gg~r eLD ,r eRD!…. ~19!

There are no contributions for doubly-charged Higgsin
with internal chirality flip becauseD̃L only couples to left-
handed fermions andD̃R only couples to right-handed ferm
ons.

For neutralinos, right-handed fermions, with an exter
chirality flip ~Fig. 1b!:
01300
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XRg5
1

2 S NWRk
0 1

g1

g2
NBk

0 D 2

f g~r eRk!. ~20!

For neutralinos, right-handed fermions, with an intern
chirality flip ~Fig. 1d!:

XRh5
~A1m tan b!M

mẽR

2 S NWLk
0 1

g1

g2
NBk

0 D
3S NWRk

0 1
g1

g2
NBk

0 Dhk~r eRk ,r eLk!

2
M

g2v1
~NHk

0 !S NWk
0 1

g1

g2
NBk

0 Dhg~r eRk!

1S mẽR

4

dmñR

2 D dAmēM

mẽL

2 2mẽR

2

3S NWRk
0 1

g1

g2
NBk

0 D S NWLk
0 1

g1

g2
NBk

0 D
3F h~r eLk!

mẽL

2 2
h~r eRk!

mẽR

2 G . ~21!

For charginos, right-handed fermions, with an exter
chirality flip ~Fig. 1f!:

XR f52S mẽR

4

mñR

4 D ~UWRk
1 !2f g~r nRk!. ~22!

For charginos, right-handed fermions, with an internal chir
ity flip ~Fig. 1h!:

XR j5S mẽR

4

mñR

4 D ~UHk
2 !~UWRk

1 ! j g~r nRk!1
~A1m tan b!M

mñR

2

3~UWLk
2 !~UWRk

1 ! j k~r nR
,r nL

!1S mẽR

4

dmñR

2 D dAn̄enm
M

mñL

2 2mñR

2

3~UWLk
2 !~UWRk

1 !F j ~r nLk!

mñL

2 2
j ~r nRk!

mñR

2 G . ~23!

For doubly-charged Higgssinos, right-handed fermions, w
an external chirality flip~Fig. 1j!:

XRD f
52

MLR

2g2vR
~UDR

22!2
„2 f g~r eRD ,r eLD!1gg~r eRD ,r eLD!….

~24!

Although the equations depend very weakly onA, justify-
ing setting A50, we include the completeA dependence
here. Equations~25!–~28! give definitions for the non-
universality of theA terms used above.
3-5
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dAm̄e5Am̄e2Am̄m ~25!

dAēm5Aēm2Am̄m ~26!

dAn̄mne
5An̄mne

2An̄mnm
~27!

dAn̄enm
5An̄ene

2An̄enm
. ~28!

The m→e1g loop functions are

f ~r !5
1

12~12r !4
~2r 313r 226r 1126r 2 log r ! ~29!

g~r !5
1

12~12r !4
~r 326r 213r 1216r log r !

~30!

h~r !5
1

2~12r !3
~2r 21112r log r ! ~31!

j ~r !5
1

2~12r !3
~r 224r 1312 log r ! ~32!

and the functions which appear in the amplitudes are notf, g,
h, and j, but modifications that result from expansion in t
inter-family mass difference. Equation~33! defines theg
subscript, and Eq.~34! defines thek subscript.F represents
any of the four functionsf, g, h, or j:

FgS M2

m2 D[m4
d

dm2 H 1

m2 FS M2

m2 D J ~33!

FkS M2

ma
2 ,

M2

mb
2 D[ma

6
d

dma
2 H 1

ma
22mb

2 F 1

ma
2 FS M2

ma
2 D

2
1

mb
2 FS M2

mb
2 D G J . ~34!
-

01300
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For G(m→3e) we use@17#

G~m→3e!

G~m→eg!
5

a

3p F lnS mm
2

me
2 D 2

11

4 G . ~35!

Using a51/127.9 we obtain BR(m→3e)/BR(m→eg)
56.631023, so the processm→e1ē1e, although signifi-
cant in restricting the parameters of LR SUSY, is not
stringent a constraint asm→eg.

V. NUMERICAL RESULTS AND DISCUSSION

In the previous section we presented analytical expr
sions for the branching ratio ofm→eg in the LR SUSY
model. Unfortunately, the large number of parameters ma
an exact solution impossible. Before making some appro
mations, we will discuss all the parameters involved. T
electroweak sector of LR SUSY contains three gauge c
plings and three gaugino masses.~We are not concerned her
with complex parameters sincem→eg is always propor-
tional to the real part of the parameters.! The Higgs sector of
the Lagrangian contains the scalar massesmFu

, mFd
, mDL

andmDR
as well as the parametersm i j andB. The remaining

part of the Lagrangian contains, in the flavor sector, ferm
Yukawa matrices for both left and right-handed fermion
four tri-linear scalar coupling matrices and scalar mass m
trices. Of particular interest for flavor violation in the lep
tonic sector is the slepton mass matrix, which arises a
result of the renormalization group evolution from theLGUT
scale and is caused by the admixture of the neutrino Yuka
couplings. The form of this matrix, which could be calc
lated only numerically, is, incorporating some elements
the left-right symmetry@10#:
LYẽ
5~ ẽL

†ẽR
† !S m

L̃

2
1cehe

21cnhn
2 Ae

Ae
† m

R̃

2
1ce8he

21cn8hn
2,
D S ẽL

ẽR
D , ~36!
ypi-
where Ae5A(me1aehe
2me1anhn

2me1an8mehn
2)

2mem tanb.
The coefficientscn , cn8 , ce , ce8 , ae , an , an8 appear either

at tree level or in the one-loop renormalization fromLGUT .
The requirement of the L-R symmetry is

mL̃5mR̃ , ce5ce8 , cn5cn8 , an5an8 . ~37!

As a result, the mass matrix~36! differs from that of the
MSSM wherecn850 andan850. The values of all these co
efficients depend on many additional parameters and t
cally one assumes, as an estimate:

cn;cn8;msusy
2 ~16p2!21 ln~LGUT

2 /MWR

2 !;O~msusy
2 !.

~38!

When the left-right symmetry is broken, the relations~37!

become approximate one obtains the estimate (m
L̃

2

2m
R̃

2
)/m̄2;102221021 @6,15#.
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The equations~5!–~8! ~which we will use! represent sim-
plified versions of the complete mixings. As an estimate
the mixing angle we shall take the usual assumption@9# that
each is equal to the square root of the masses of the
particles it relates: for the leptons,uL5uR5Ae/m. This re-
sult is inspired by GUT theories, quark-lepton universali
and the successful quark counterpart form:uCabbibo5Ad/s.
We will also assume the same foru ẽ andum̄ , a very conser-
vative left-right mixing, consistent with the estimate (m

L̃

2

2m
R̃

2
)/m̃2;102221021, and which simplifies our calcula

tion. This differs from previous analyses@19#, which as-
sumed maximal mixing~p/4!, in which case the final branch
ing ratio would be 3.6 times larger. We shall also assu
(dm̃L

2/m
L̃

2
)2'(dm̃R

2/m
R̃

2
)25(dm̃2/m̃2)2, which gives, for the

branching ratio:

BR~m→e1g!52.1531024S m̃

100 GeVD
4

3$~XL!21~XR!2%. ~39!

The matrix elementsXL andXR are defined by the equation
~15!–~26!. These matrices depend on the following para
eters:ML , MR , m ~only onem parameter is sufficient sinc
as we explained oneF Higgs is heavy and decouples! and
tanb, as well asMLR andhLR in the doubly charged Higgs
Higgssino sector. We shall use the analytical expressions
tained in @20#. We assume the GUT-inspired relations:MR

5 5
3 (g1

2/gL
2)ML , whereg1 , gL are the couplings ofU(1)B2L

and SU(2)L, respectively and we assume left-right symme
in gauge couplings:gL5gR . We takegL

2>2g1
2 @6#.

We are still left with parametershLR and MLR from the
doubly-charged Higgs-Higgsino sector, as well asML5M ,
m and tanb5(ku /kd)([v1 /v2). The first two determine the
contribution from the doubly charged sector, which was p
viously investigated@19#. We shall use the constrainthLR

2

,(102721026)MLR
2 (GeV), constraint found when maxi

mal electron-muon (u ẽ5p/4) mixing was assumed. Not
also thatMLR is unconstrained by phenomenology and
likely to be of the order of electroweak scales@8#.

Fixing the parameters in this fashion we are able to inv
tigate the constraints on the left-right supersymmetric mo
coming fromm→eg. As in MSSM the following terms are
found to be dominant:

One Yukawa coupling at the vertex;
Chirality flip inside the loop;
The dominant functions arehg and j g , which result from

expansions in the small mass difference between the s
tons.

In particular, we are interested in constraints put on
scalar lepton mass splitting. In Figs. 2 and 3 we pres
several scenarios for the splittings, for various values of
parametersM and m in the range~0, 400 GeV! and ~2200
GeV, 200 GeV! for tanb52. We have set the scalar ma
m̃5100 GeV andMLR5100 GeV. It is interesting to note
that in all scenarios the scalar mass splitting is constraine
be <0.07, a more relaxed constraint than in the MSSM, a
this value is independent of the values chosen forM andm in
01300
r
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that range. By comparison, one could obtain a larger splitt
in the MSSM for largerM'300 GeV or 400 GeV and
smaller than ours for the rest of the mass range. This valu
also insensitive to values ofMLR as long as the constrain
hLR

2 ,(102721026)MLR
2 is maintained.

FIG. 2. Fractional scalar splittings as a function ofM, the
gaugino mass parameter for the following values ofm, the Higgsino
mass parameter:~a! m550 GeV; ~b! m5100 GeV; and~c! m
5200 GeV.

FIG. 3. Fractional scalar splittings as a function ofm, the
Higgsino mass parameter for the following values ofM, the
gaugino mass parameter:~a! M5150 GeV; ~b! M5200 GeV and
~c! M5400 GeV.
3-7
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M. FRANK PHYSICAL REVIEW D 59 013003
If, turning the question around, one asks what are
restrictions on the branching ratio ofm→eg on the param-
eters of the left-right supersymmetric model, from the dep
dence of the branching ratio on the mass splittings, then
branching ratio is seen to exceed the present experime
bound for small mass splittings. In particular, if we take t
upper limit of M5120 GeVm5200 GeV from the 10% fine
tunning criterion, the branching ratio can reach its pres
bound for fractional slepton mass splittings of only 0.0
~Fig. 4!. The branching ratio obtained from all 1-loop co
tributions ~proportional tomm) to the decaym→eg can be,
and in general are, larger than the contributions proportio
to mt coming from diagrams proportional to a large Yukaw
coupling ofnt @10#.

FIG. 4. Branching ratioBR(m→eg) as a function of fractional
scalar lepton mass splittings form5200 GeV, andM5120 GeV.
01300
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As in the MSSM, the slepton mass splitting depends v
weakly on the value of the parameter A, justifying the a
proximationA50. Although A appears in the graphs whe
the flip between left- and right-handed particles occurs in
slepton mass matrix through the term proportional toA
1m tanb, the contributions from these terms are smal
because of the loop functions involved are smaller.

However, as in the MSSM@9#, as well as in SUSY GUT
models@21# the branching ratio is strongly enhanced by lar
values of tanb ~Fig. 5!. Both the slepton mass matrix and th
gaugino-Higgsino mass matrix are affected strongly
tanb. In particular, tanb550 imposes very strict constraint
on the fractional slepton splittings.

Lastly, we note that the analysis assumed a particu
value of the slepton mass, that is we assumed a low-ly
slepton spectrumm̃'100 GeV. Our constraints for the split
tings hold for scalar massesm̃'200 GeV, 400 GeV, assum
ing correspondingly higher chargino-neutralino mass stat

VI. CONCLUSION

We presented a complete analysis of the branching r
for the processm→eg in the left-right supersymmetric
model. The branching ratio is found to be enhanced over
~already large! result found from terms proportional tomt
@10#, and much larger than the contribution obtained fro
the doubly charged Higgs bosons and Higgsinos@19#. The
branching ratio is always larger than the one obtained
MSSM studies. This enhancement is due to the contribu
of right-handed particles in both the gauge and matter s
FIG. 5. Fractional scalar splittings as a of functionm for different values of tanb5v1 /v2, ~a! for tanb53 and~b! for tanb55 and~c!
tanb550 for M5150 GeV.
3-8



di
al

a
de

a
l-

or
vo
e
y
i-

of

ed

r
tal
nt

us-
a.

CONSTRAINING THE LEFT-RIGHT SUPERSYMMETRIC . . . PHYSICAL REVIEW D 59 013003
tors, and to a richer Higgs-Higgsino sector. It has some
tinctive features from the same signal in the MSSM: it
lows fractional scalar lepton splittings larger by about
factor of 7, and, most importantly, these splittings are in
pendent of the values of the parametersM ~of the gaugino
sector! and m ~of the Higgsino sector!. It shows the same
sensitivity to large values of tanb and is qualitatively ap-
proximately independent of the value of A, the tri-linear sc
lar coupling. The left-right supersymmetric model, while a
lowing for larger splittings, does not resolve the flav
violation versus naturalness of the MSSM. The lepton fla
violation is allowed to differ from the flavor violation in th
quark sector through some diagrams that contribute onl
the lepton sector~the diagrams with doubly charged Higgs
01300
s-
-

-

-

r

in

nos and Higgs! and the possibility of un-related sources
flavor violation in squark and slepton mass matrices.@The
latter occurs in the case where LR SUSY is not imbedd
into a SUSY GUT structure, such as SO~10!.#

The contribution ofm→e1g provides a sensitive test fo
LR SUSY, especially given that the present experimen
limit may be improved by the forthcoming Mega Experime
to an upper limit of 5310213 @22#.
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