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We present a detailed and complete analysis of the lepton-flavor violating geeasyy to one loop order
(terms proportional tam,) 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 scdBYias-282198)03423-1

PACS numbds): 13.35.Bv, 12.60.Jv, 14.60.Ef

[. INTRODUCTION Here we propose to investigate a highly suppressed decay
in the MSSM, the decay.—evy. This decay is a very sen-
Supersymmetry is the leading candidate among theoriesitive probe of physics at the Planck scale, which makes it an
beyond the standard model. It has many theoretically attragessential signal for new physics. In the MSSM flavor viola-
tive features, such as explaining the boson-fermion symmetion comes into direct conflict with naturalnef€. In a pre-
try and also providing a mechanism for solving two of the vious work[10], we have shown that the LR SUSY model is
fundamental problems in the standard model: stability undeg¢apable of giving rise to large lepton-flavor decay rates, in
radiative corrections and the origin of the electro-weak scalemuch the same way as $I) [11,12. We evaluatedu
The most popular realization of supersymmetry, the minimal— ey contributions proportional ton, coming from poten-
supersymmetric standard mod®#SSM) can be probed ex- tially large Yukawa couplings for the neutrindy,. We
perimentally through the production of superpartners. present here a complete one-loop calculation of this process
However, the MSSM, while filling in some of the theo- and show that the terms proportional @, can complete
retical gaps of the standard model, fails to explain other phewith, and be larger than, the dominamt. contribution. A
nomena such as the weak mixing angle, the small @ss complete analysis of this decay is necessary for two pur-
masslessnes®f the known neutrinos, the origin @P vio- poses. On one hand, we expect the decay to be enhanced
lation, or the absence of rapid proton decay. Extended gauggompared to the MSSM, because of the rich and interesting
structures such as grand unified theories, introduced to prestructure of the leptonic sector of the LR SUSY model
vide an elegant framework for the unification of forddg,  (through the presence of right-handed neutrinos and Higgs
would connect the standard model with more fundamentabosons that couple to leptons onlYOn the other hand, the
structures such as superstrings, and also would resolve thigper limit for both the branching ratioga—ey and u
puzzles of the electroweak theory. Such extended structures; 3e is severely constraineBR(u— ey)<4.9x10 ! and
while attempting to solve some of the theoretical inconsisBR(u—3e)<1.0x10 2 [13], a test against which all
tencies of the MSSM, would either predict relationships be-grand unified theories are measured. This justifies the need
tween otherwise independent parameters of the standafdr more than the rough estimate presentedf]. This
model, or predict new interactiorisither forbidden or highly  paper is organized as follows: we review the LR SUSY
suppressed in the MSSMinteractions which would distin- model in Sec. I, we discuss the sources of flavor violation in
guish them from supersymmetry in general. Left-right superSec. lll, after which we present our analysis of the decay
symmetry(LR SUSY) is perhaps the most natural extension u— ey and u—3e in Sec. IV. Our numerical analysis and
of the minimal model[2,3,4,9. LR SUSY was originally discussion are included in Sec. V, and we conclude in Sec.
seen as a natural way to suppress rapid proton decay and ¥k
a mechanism for providing small neutrino masses through
the see-saw mechanigm]. It has received a lot of attention
lately because it has been shown that it could offer a solution 1I. THE LEFT-RIGHT SUPERSYMMETRIC MODEL
to both the strong and the we&@® problem[6]. LR SUSY
can occur as an intermediate scale theory in several SUSY Theé LR SUSY model, based on SU(XSU(2)
GUT scenario$2]. The consequences of the left-right super- <X U(1)s-L., has matter doublets for both left- and right-
symmetric model at colliders have been explored extensivelf@nded fermions and the corresponding left- and right-
[5,7]: it was shown that in most cases it could lead to enN@nded scalar partnefsleptons and squark$14]. In the
hanced production rates for charginos and neutralinos. Ardauge sector, correspondTgito SUL(Za)ncj SU(2, there
other interesting consequence is that the model allows thare triplet gauge bosonsA("~, W), (W*"~,W%) and a
production of light doubly charged Higgs boson and Higgssi-Singlet gauge bosod corresponding tdJ(1)g_ ., together
nos[8]. with their superpartners. The Higgs sector of this model con-
sists of two Higgs bi-doubletsp,(3,5,0) and®(3,3,0),
which are required to give masses to both the up and down
*Email address: mfrank@vax2.concordia.ca guarks. The phenomenology of the doublet Higgs is similar
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to the non-supersymmetric left-right modd], except that

the second pair of Higgs doublet fields, which provide new (<I>d>=(
contributions to the flavor-changing neutral currents, must be

heavy, in the 5-10 TeV range, effectively decoupling from
the low-energy spectruril5]. The spontaneous symmetry
breaking of the group SU(&X U(1)g_, to the hypercharge

0
0 Kqg

Choosingv, = k' =0 satisfies the more loosely required hi-
erarchyvg>max(k,«")>v_ and also the required cancella-

; ; tion of flavor-changing neutral currents. The Higgs fields
symmetry group U(1y) is accomplished by the vacuum ex- , ) )
pectation values of a pair of Higgs triplet fields (1,0,2)  aduire non-zero VEV's to break both parity and SU{2)n

andARg(0,1,2), which transform as the adjoint repres;en'[atior‘Fhe firs(;[ stage O_f breaking, the right-halnded g;ui)ge bosons,
of SU(2)g. The choice of the tripletéversus four doublejs Wr ?}nhZR .acqu;]re mﬁsses prgyf)tolr]tloréa b¢; an | ecome

is preferred because with this choice a large Majorana ma uch heavier than the gsual -handed neutral gauge
can be generatetthrough the see-saw mechanijsfor the ~ 20SOnsW, andZ, , which pick up masses proportional 49

right-handed neutrino and a small one for the left-handednd xa at the second stage of breaking. ) i
neutrino[3]. In addition to the tripletd\, r, the model must The supersymmetric sector of the model, while preserving

contain two additional tripletsé, (1,0,—2) and 6g(0,1, left-right sy_mmetry~, hgs Iour singlx—charged ch_a_rginos
—2), with quantum numbeB—L=—2 to insure cancella- (corresponding toA,,Ag, ¢y, and ¢g), in addition
tion of the anomalies that would otherwise occur in the ferto A , A, 6§, anddg . The model also has eleven neutrali-
mlzr;c jecto:. G|ve|n tthelr strefxr;r?e qu?_ntlum.mtjkr:‘nbtirsﬁ[he nos, Cf’r“iSpo”diﬂg t0 Xz, Nz, Ay, B Do Bogs
their contribution s negligible for any phenomenclogical 2¢: 5L A%, 32, andag. it has been shown that in the scalar
studies 919 y P 9 sector, the left-triple\; couplings can be neglected in phe-
’ . : nomenological analyses of muon and tau deddyd. Al-
The superpotential for the LR SUSY is thoughA, is not necessary for symmetry breakirtd and is
introduced only for preserving left-right symmetry, both

—hhHT ) (i T )
W=hg QL@ mQrt N L 72Pi 7oL g A[ ~ and its right-handed counterpa¥f, ~ play very impor-

+i(hrL] A L +h gLETARLR) tant roles in phenomenological studies of the LR SUSY
model. It has been shown that these bosons, and possibly

+ MLR[Tr(ALKL) +Tr(ARKR)] their fermionic counterparts, are ligf&]. Also, these doubly
charged Higgs and their corresponding Higgsinos lead to an

+ ij TH( @ 7,®@) + u TH(ALS) + urTH(ARSR) enhancement in lepton-flavor violating decays, as well as

enhancing the anomalous magnetic of the mi#jnand the

+Wiir @) electric dipole moment of the electr¢ms].

where Wyr denotes (possiblg¢ non-renormalizable terms
arising from higher scale physics or Planck scale effgg}s IIl. SOURCES OF FLAVOR VIOLATION IN LR SUSY
The presence of these terms insures that, when the SUSY o sources of flavor violation in the LR SUSY model

breaking scale is abovkly,, the ground state i&parity  come from either the Yukawa potential or from the trilinear
conserving 16]. scalar coupling.

As in the standard model, in order to preserve W{l) The interaction of fermions with scaléidiggs) fields has
gauge invariance, only the neutral Higgs fields acquire nonthe following form:
zero vacuum expectation valu8éEV's). These values are:

Ly= huan)uQR+ hdal_q)dQR+ hVE_(DuLR

0 O
<AL>:<UL o)' <AR>:(UR 0) +hel @yLp+H.C.;
a.nd £M:ihLR(L[C7172ALLL+ L1R—C71T2ARLR)+H.C.,
2
K 0
(P)= 0 «'e®/ whereh,, hyq, h,, andh, are the Yukawa couplings for the

up and down quarks and neutrino and electron, respectively,
and h, g is the coupling for the triplet Higgs bosons. LR
symmetry requires alt-matrices to be Hermitean in the gen-
eration space anl, g matrix to be symmetric. The Yukawa
matrices have physical and geometrical significance and can-

(®) causes the mixing oV, and Wx bosons withCP-
violating phasew. In order to simplify, we will take the
VEV's of the Higgs fields agA,)=0 and

not be rotated away. Geometrically, they represent misalign-
0 O Ky . . ;
(AR)= (D)= ment between the particle and sparticle bases in flavor space.
vg 0/’ ! 0 O Their physical significance is that they cause flavor violation.
The triliniear scalar couplings appear in the soft-scalar mass
and term in the Lagrangian:
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L= —[ANDTr.® 700+ AT T 7. ®. 7.1 Second, we have the mixing of the scalar partners of the
sort™ ~ [Aghy Qurz®imaQrt ANTLL2Pi 2L left- and right-handed leptons; which is independent of the
+iA RN R(LI A L+ LR7oACLR)] %t?/s);e mixing. We parametrize this second mixing as fol-
—[M W, W, +MgWeWg+ M\, VV]
B =CO0S g8, —sin 6:8,, @

—MA[Tr(ALAL) +Tr(ARAR)]
—BMijq)iq)j—Mizjq)iq)j ©) Br=-sin 68, +cos 6:8,, (8

where theA-matrices A, Aq, A,, andA,) are of a similar  and similarly for the other generations.

form to the Yukawa couplings and provide additional |n order to protect the decgy— ey from a large contri-

sources of flavor violation; anB is a mass term. The inter- pution from the A term, we must assume all the A terms are

generational slepton mixin@( 7, and7) and also left-right  approximatelyproportional and that the scalar masses are

slepton mixing ®_,€r) cause the off-diagonal nature of the approximately universal. Since with approximate proportion-

matrices, and therefore are responsible for flavor Vi0|ati0na|ity the splittings among the A-terms are comparable to the

We shall analyze both of these in turn. splittings among the scalar mass term, then individual con-
In the scalar matter sector, the LR SUSY contains twotributions fromu— ey diagrams involving the A terms will

left-handed and two right-handed scalar fermions as partnefse of the same order of magnitude as the leading graphs. We

of the ordinary leptons and quarks, which themselves comencounter the same situations as in the MSSMin which

in left- and right-handed doublets. In general the left- andyhen all the leading diagrams are added, the A terms make a

right-handed scalar leptons will mix together. Some of thenegligible contribution, so as another simplifying approxima-

effects of this mixings, such as the enhancement of th&on we setA=0.

anomalous magnetic moment of the muon, have been dis- Next we consider the implications of these flavor chang-

cussed elsewherg4]. Only global lepton-family-number ing mechanisms in LR SUSY in lepton-flavor violating de-

conservation would prever®, i, and7 to mix arbitrarily.  caysu—ey and u— 3e.

Permitting this mixing to occur, we could expect small ef-

fects to occur in the non-supersymmetric sector, such as ra-

diative muon or tau decays, in addition to other nonstandard IV. THE AMPLITUDE FOR THE PROCESS p—ey

effects such as massive neutrino oscillations and violation of AND p—3e

lepton number itself. Allowing ggneral mixings leads to six A p—e+y

charged-scalar lepton stat@svolving 15 real angles and 10 h litude of th . b ) )
complex phaseésand six scalar neutrino@lso involving 15 The amplitude of the.— ey transition can be written in

real angles and 10 complex phasds order to reduce the the form of the usual dipole-type interaction:

(large number of parameters we shall assume in what fol- 1_

lows that two types of mixings dominate. M“_@yzi el dLPL+drPR)TH'F b, ©)
First, the scalar leptofselectron, smuon and stamix,

but we shall assume for simplicity that only two generations

of scalar leptongthe lightest mix significantly. The third It leads to the branching ratio:

family will be suppressed by a small, extra mixing angle,

important only if mass splittings involving the third family 1

are much larger than the mass splittings between the first two T 7,(|dIE+1d[RymS. (10

families. But, from universality, we expect the mass split-

tings to be the same for all three families, i.e., . . ) .
Comparing it with the standard decay width;, ..,

m2—mZ~m2 — m2~m?—mZ (4 =(1/1927°)GEm; and using the experimental constraint on
woom the branching ratio, we get the following limit on the dipole

(although of course there will be additional effects coming2@MPlitude:

from the large Yukawa coupling, below the flavor scale

The scalar lepton mixing is described as follovis: g and |d|=V(|d|?+|dg|?)/2<3.5x10 % ecm. (11
‘e r with angle ﬁL,R;T/ML R andT/eL . with angle o r; so

that, for example: The most complete calculation pf— e+ y branching ra-
5 tio in the MSSM is that of referend®], which calculates all
| =K cosf +&sin 6y, (5) leading one loop contributions, including several previously

omitted contributions.
~ The contributions to the decay—e+ vy in the left-right

I|_2= ~HLSIN 6, +€.cos o, ©6) supersymmetric model are presented in the diagrams of Fig.
5 1. The evaluation of these graphs includes the elements of
and similarly forlr  and?,  andvg, . 2X2 mass matrices: the Yukawa matrix, the left-handed and
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70 0 x? family. These angles describe the rotation between the spar-
ﬂ m I ticle and particle mass eigenbases.
m ﬁl e E:“““qh““g TR et Because the scalar mass splittings are required to be
a b c small, we will parametrize the scalar mass eigenvalues by the
. o 70 average massem% and mi, and the mass splittingﬁf’nf
X X i - 2 . . . . .
_ﬂ' i J\l_,_ A and smg. We will gl;o keep only th_e_leadmg contribution in
rhex .L\_»+ i ! _f—---i;— z both the mass splittings and the mixing angles. Equdti@n
b e G gives the branching ratio for the procegs—e+y. The
¢ ¢ d functionsX, andXg are given below:
D
X -~ 7 it
T, I i
ebp -;<—-—1°- x-le_ — 2 4 S\ 2
—+ ] z I ?ZLL I. € H o et 3e M W mL
Pl / BR(u—et+y)=5—1{ 6| —| (X0’ —%
d d e 277 mL T
. A - - ~
P X}N , § o[ oMR\?
—_—l & :(—-*-:———- : + HR - (XR) e (12)
u v e i Uy R my
e f
ot
i i Z:Hir 7"—?\_)‘ We now consider the implications of these mixings in the
T A . et EDNVAREE the lepton-flavor violating decay—ey. We use the modi-
Y% € # Y ooe B2% by ot fied loop functions which are defined below. The argument
g g g of these loop functions is, = M 2/ mf, wherek represents the
- " . chargino or neutralino, ang represents the slepton. The
b % i ¥ Xi chargino and neutralino masses enter the theory via their
i -_-{;k-"—(—e U “f,;c“‘—‘ z w f,‘k"‘%,;f z mass eigenvalues and mixing matrices. The explicit form of
h h h these matrices is found ir20].
Following [20], we employ the following notation: thé,
s At iy N matrices rotate the gaugino/Higgsino interaction basis into
_:___l_lﬁ__ _i [ a5 the neutralino/chargino mass badi€. is the matrix for the
et M et T neutralinos;U " is the matrix for the chargino§V, 5 and
1 1 1 !

H.; andU~ is for the chargino&V~ andHy . Uy Ui,
Bty 5++/:Z\\ Attt are mixing matrices for the doubly chargédd  and 5, g
_ ) RN ;@4_, Higgsino mixing:
. . I

FIG. 1. One loop contributions to the decay-evy in the left- X=X+ Xin+ Xegt X+ Xia, + Xea, (13
right supersymmetric mode{a) neutralinos, left-handed fermions,
external chirality flip;(b) neutralinos, right-handed fermions, exter-
nal chirality flip; (c) neutralinos, left-handed fermions, internal
chirality flip; (d) neutralinos, right-handed fermions, internal chiral-
ity flip; (e) charginos, left-handed fermions, external chirality flip;
(f) charginos, right-handed fermions, external chirality flig)
charginos, left-handed fermions, internal chirality flipy) chargi- Here X, represents the left-handed contribution, atg
nos, right-handed fermions, internal chirality fligj) doubly  the contribution from the right-handed sector. The individual
charged higgsinos, left-handed fermions, external chirality fjip; contributions are as follows:
doubly charged Higgsinos, right-handed fermions, external chiralityfror neutralinos, left-handed fermions, with an external
flip; (k) doubly charged Higgsinos, left-handed fermions, internalchirality flip (Fig. 1a:
chirality flip; (I) doubly charged Higgsinos, right-handed fermions,
internal chirality flip.

XR:XRf+XRh+XRg+XRj+XRAf+XRAh- (14)

. _ . _ l gl 2
the right-handed lepton doublet scalar mass matrix. The as X g=> (N\?\’LKJF J1 N%k) fo(Teu0)- (15)

sociated physical parameters are the Yukawa eigenvalues; 2 02

the mass eigenvalues for the left- and right-handed lepton

doublets; and mixing angles for both left lepton doublgts,

and right handed lepton doublet;, as well as angle#g; For the neutralinos, left-handed fermions, with an internal
and 6, between the left and right scalar leptons of the samehirality flip (Fig. 10:
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A+ tan B)M 1 01 2
Lh:%(NS\/ n 3; N%k) Xrg= 2<N3v o N8 ) folTed- (20)

€L

For neutralinos, right-handed fermions, with an internal

9 M hirality flip (Fig. 10

x| NO  + 21 NO )h Foe T ) — NC chirality flip (Fig. 10:
wkt g Nex k(e kT egk) \/iggvl( HK)

(A+u tan B)M 91
9 M | sALM Xen=——7 | Nyt N

0 L e my

[ G| S | G R
L L R

91
x| N, k+g Ng ) hi(r ek s Te k)
X

g1 g1
NS, + = N3 )(N +=N§ )
Wk 9, Wk 9,

M (NS, )<N°+9N) ho(f e k)
h(re ) h(re vy K TWKT g 9L Rk

X 2 2 (16) .
M, Mee Me. 6A M
smé | mé —mé
For charginos, left-handed fermions, with an external chiral- VR e er
ity flip (Fig. 1e: 9 91
NWk+gN )(NWk+g N )
4
X ——<E) (Uw, 10)2Fg(r, 1) (17) h(fe ) h(Fe)
Lf— W, k vgk/ -
m ) e T S (21)
mg o mg

For charginos, left-handed fermions, with an internal chiral- i _ _ _
ity flip (Fig. 19): For charginos, right-handed fermions, with an external
chirality flip (Fig. 1):

4
e 4
Xii=| — | (Ua)(Uw iqlrs mg
Lj m?} ( Hk)( WLK)JQ( Rk) XRf: _ ( j) (U\Tka)zfg(rka)' (22)
(A+utanpM "
+ 2 UWLk) For charginos, right-handed fermions, with an internal chiral-
€ ity flip (Fig. 1h:
) me | oAy, M i
X(Uw ) ik(Te kT egk) + 3 55 (Uw i) e | . (A+ u tan B)M
R L R 5m;,L méL_ méR t XRj: m_4 (UHk)(U\X/Rk)Jg(rka)_F mg
. R YR
X(U ) ( e,_k) J(reRk)] (18) rnf' A M
WRk - 2 . _ ) €Rr ;ev
el_ méR X(UWLk)(U\JIrVRk)Jk(rVR!rVL)+(5mg m~2' _;L2
R YL YR

For doubly-charged Higgsinos, left-handed fermions, with an

external chirality flip(Fig. 1i): 1) 1)

X (U (Uingd| —=—= — (23
Mg , (A+u tan B)M : R
XLAf Zg UR (U AR ) 2 For doubly-charged Higgssinos, right-handed fermions, with
& an external chirality flip(Fig. 1j):
X(ng(reLAvreRA)+gg(reLA-reRA))- (19)
LR __
XRAf: - ﬁ (UAR )2(2 fg(reRA ’reLA)"'gg(reRA areLA))-
There are no contributions for doubly-charged Higgsinos 92Ur (24)
with internal chirality flip becausé, only couples to left-
handed fermions andl only couples to right-handed fermi- Although the equations depend very weaklyArjustify-
ons. ing setting A=0, we include the completd& dependence
For neutralinos, right-handed fermions, with an externalhere. Equations(25)—(28) give definitions for the non-
chirality flip (Fig. 1b): universality of theA terms used above.
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A=A~ AL, (25)

OAe,=Aeu— ALy (26)

6A7V:A7V_A7V (27)
pnoe un-e 1

5A7V :AIV _Ajv . (28)
e u e’e e’ u

The u—e+ vy loop functions are

f(r) (2r3+3r2—6r+1—6r%logr) (29

T 121-1)

g(r)= 7 (r3—6r+3r+2+6r logr)

12(1-r)
(30
h(r)—;(—r2+1+2r logr) (3D
T 2(1-1)3 g
(r2—4r+3+2logr) (32

J(f)=m

and the functions which appear in the amplitudes ard, gt

PHYSICAL REVIEW D 59 013003
B. p—et+e+e
For I'(u— 3€) we use[17]

I'(u—3e) «a

T(p_ey 37 39

Using a«=1/127.9 we obtainBR(u—3e)/BR(u—e7y)
=6.6x10"3, so the procesg.—e+e+e, although signifi-
cant in restricting the parameters of LR SUSY, is not as
stringent a constraint gg—evy.

V. NUMERICAL RESULTS AND DISCUSSION

In the previous section we presented analytical expres-
sions for the branching ratio gi—ey in the LR SUSY
model. Unfortunately, the large number of parameters makes
an exact solution impossible. Before making some approxi-
mations, we will discuss all the parameters involved. The
electroweak sector of LR SUSY contains three gauge cou-
plings and three gaugino mass@A/e are not concerned here
with complex parameters singg—ey is always propor-

h, andj, but modifications that result from expansion in the tional to the real part of the parametefghe H|ggs sector of

inter-family mass difference. Equatiof83) defines theg
subscript, and Eq34) defines thek subscript.F represents
any of the four functiong, g, h, orj:

the Lagrangian contains the scalar mMassgs, Mg, My,
andmAR as well as the parametegs; andB. The remaining
part of the Lagrangian contains, in the flavor sector, fermion

M2 . d 1 M2 Yukawa matrices for both left and right-handed fermions,
Fq m2 =m dm? | m2 F m (33 four tri-linear scalar coupling matrices and scalar mass ma-
trices. Of particular interest for flavor violation in the lep-
M2 M2 d 1 1 M2 tonic sector is the slepton mass matrix, which arises as a
Fvl —=» —2) = SF ———| =3 F —2) result of the renormalization group evolution from the
Ma My M (Ma=Mp [ My | My scale and is caused by the admixture of the neutrino Yukawa
1 M2 couplings. The form of this matrix, which could be calcu-
-—F _2) (34) lated only numerically, is, incorporating some elements of
my, \My the left-right symmetryf10]:
|
2
Ly,= (88 el - éL) (36)
.=(8/8 = |
Yo LR Al mz+coh2+coh?, | €k
|
where Ae=A(m.+ach?me+a,h?m,+a’mh?) efficients depend on many additional parameters and typi-
—Meu tang. cally one assumes, as an estimate:

The coefficientsc,, ¢!, c., c., ae, @,, a, appear either
at tree level or in the one-loop renormalization frawg .
The requirement of the L-R symmetry is

M{=mg, Ce¢=Cq, C,=C

37)

As a result, the mass matrig@@6) differs from that of the

v aV:aV'

MSSM wherec! =0 anda,,=0. The values of all these co-

€, )~ Miye(167%) 1 IN(AG /M) ~ O(M3y).
(39

When the left-right symmetry is broken, the relatiof3s)
become approximate one obtains the estima’m% (
—m2)/iMP~10"2—10"1 6,15,
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The equation$5)—(8) (which we will use represent sim-
plified versions of the complete mixings. As an estimate for =50 Gev
the mixing angle we shall take the usual assumpffjrthat
each is equal to the square root of the masses of the two
particles it relates: for the leptons, = 6= \/e/ . This re-
sult is inspired by GUT theories, quark-lepton universality,
and the successful quark counterpart fola;ppino= vd/s.
We will also assume the same f@g and ¢,;, a very conser-

vative left-right mixing, consistent with the estimatm%(
—mi)/”m2~10‘2—10‘1, and which simplifies our calcula-
tion. This differs from previous analysd49], which as-

sumed maximal mixing=/4), in which case the final branch-
ing ratio would be 3.6 times larger. We shall also assume M

(sm?/ m%)2~(5ﬁ12R/ m§)2=(5'm2/'r‘h2)2, which gives, for the b
branching ratio: 52 oo

]
~7 0.06

""ESL-ﬁl

0.01

100 200 300 400

0.06 H= 100 Gev

0.08

YT S

0.08

mo\* ’
= i [P 0.0
BR(u—e+y)=2.15<10 (100 Ge\) .

0.03

X{(XL)*+ (XR), (39 "
M

The matrix elementX, andXg are defined by the equations ¢

(15)_(26) These matrices depend on the fo”owing param- FIG. 2. Fractional scalar splittings as a function M the
eters:M, , Mg, u (only oneu parameter is sufficient since gaugino mass parameter for the following valueg.pthe Higgsino

as we explained on® Higgs is heavy and decoupleand  Mass parameterta) u=50GeV; (b) =100 GeV; and(c) n
tan B, as well asv| g andh| g in the doubly charged Higgs- =200 GeV.

Higgssino sector. We shall use the analytical expressions olnat range. By comparison, one could obtain a larger splitting
tained in[20]. We assume the GUT-inspired relatiodz i the MSSM for largerM~300 GeV or 400 GeV and
=3(9¥/g))M, wheregy, g, are the couplings 0(1)s L smaller than ours for the rest of the mass range. This value is
and SU(2), respectively and we assume left-right symmetryalso insensitive to values d¥l, r as long as the constraint

in gauge couplingsy, =gr. We takeg?=2g3 [6]. h2e< (10" 7—10"8)MZ, is maintained.

We are still left with parameters, g and M, g from the
doubly-charged Higgs-Higgsino sector, as wellMs=M,

u and tanB=(x,/ky)(=v,/vy). The first two determine the
contribution from the doubly charged sector, which was pre-
viously investigated19]. We shall use the constraiiiZ,
<(1077—-10"%M?; (GeV), constraint found when maxi-
mal electron-muon = m/4) mixing was assumed. Note
also thatM g is unconstrained by phenomenology and is
likely to be of the order of electroweak scaleés. fwgz_

Fixing the parameters in this fashion we are able to inves- g
tigate the constraints on the left-right supersymmetric model
coming fromu—ey. As in MSSM the following terms are
found to be dominant:

One Yukawa coupling at the vertex;

Chirality flip inside the loop; b

The dominant functions argy andj 4, which result from
expansions in the small mass difference between the slep-
tons.

In particular, we are interested in constraints put on the
scalar lepton mass splitting. In Figs. 2 and 3 we present
several scenarios for the splittings, for various values of the
parametersvl and u in the range(0, 400 GeV and (—200
GeV, 200 GeV for tanB=2. We have set the scalar mass
Mm=100 GeV andM g=100 GeV. It is interesting to note FIG. 3. Fractional scalar splittings as a function sf the
that in all scenarios the scalar mass splitting is constrained tRiggsino mass parameter for the following values Mf the
be <0.07, a more relaxed constraint than in the MSSM, andjaugino mass parametds) M =150 GeV; (b) M =200 GeV and
this value is independent of the values choserM@and u in (c) M=400 GeV.

572 om
e 1=150 GeV
[l

008

0.04

0.03

0.02

e.01 u

100 200

0.07 M =200 GeV

100 200

M =400 GeV

[
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10t | BR(U—>e7) As in the MSSM, the slepton mass splitting depends very
weakly on the value of the parameter A, justifying the ap-
proximationA=0. Although A appears in the graphs where
the flip between left- and right-handed particles occurs in the
slepton mass matrix through the term proportional Ao
+ u tanB, the contributions from these terms are smaller
because of the loop functions involved are smaller.
However, as in the MSSN®B], as well as in SUSY GUT
modelg21] the branching ratio is strongly enhanced by large
values of tang (Fig. 5). Both the slepton mass matrix and the
gaugino-Higgsino mass matrix are affected strongly by

5x107M

ax107t

3x107M

2x1071!

1x107M |

T PTT YT oo tan 8. In particular, tarn3=50 imposes very strict constraints
_ _ _ _ on the fractional slepton splittings.
FIG. 4. Branching ratiBBR(u—ey) as a function of fractional Lastly, we note that the analysis assumed a particular

scalar lepton mass splittings far=200 GeV, andM=120 GeV.  yalye of the slepton mass, that is we assumed a low-lying
slepton spectrurim~100 GeV. Our constraints for the split-
If, turning the question around, one asks what are thdings hold for scalar mass@~200 GeV, 400 GeV, assum-
restrictions on the branching ratio pf—ey on the param- ing correspondingly higher chargino-neutralino mass states.
eters of the left-right supersymmetric model, from the depen-
dence of the branching ratio on the mass splittings, then the
branching ratio is seen to exceed the present experimental
bound for small mass splittings. In particular, if we take the We presented a complete analysis of the branching ratio
upper limit of M =120 GeVu =200 GeV from the 10% fine for the processu—ey in the left-right supersymmetric
tunning criterion, the branching ratio can reach its preseninodel. The branching ratio is found to be enhanced over the
bound for fractional slepton mass splittings of only 0.025(already largg result found from terms proportional tm._
(Fig. 4). The branching ratio obtained from all 1-loop con-[10], and much larger than the contribution obtained from
tributions (proportional tom,,) to the decayu—ey can be, the doubly charged Higgs bosons and Higgsiftd|. The
and in general are, larger than the contributions proportionabranching ratio is always larger than the one obtained in
to m, coming from diagrams proportional to a large YukawaMSSM studies. This enhancement is due to the contribution
coupling of v [10]. of right-handed patrticles in both the gauge and matter sec-

VI. CONCLUSION

0.00007

tan B =3 0.00006 tan B =50

0.00005

0.00004

0.00003

0.00002 \J
/\l/

-200 ~-100 100 200 -200 -100 100 200

0.004
tanB=5

0.003
0.002
0.001

] L

-200 -100 100 200

C

FIG. 5. Fractional scalar splittings as a of functiarfor different values of tag=v,/v,, (a) for tans=3 and(b) for tan =5 and(c)
tan 8=50 for M =150 GeV.
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tors, and to a richer Higgs-Higgsino sector. It has some disnos and Higgsand the possibility of un-related sources of
tinctive features from the same signal in the MSSM: it al-flavor violation in squark and slepton mass matrid@he
lows fractional scalar lepton splittings larger by about alatter occurs in the case where LR SUSY is not imbedded
factor of 7, and, most importantly, these splittings are indeinto a SUSY GUT structure, such as 80).]

pendent of the values of the parametbtsof the gaugino The contribution ofu— e+ y provides a sensitive test for
sectoj and u (of the Higgsino sect9r It shows the same LR SUSY, especially given that the present experimental
sensitivity to large values of tg8 and is qualitatively ap- limit may be improved by the forthcoming Mega Experiment
proximately independent of the value of A, the tri-linear sca-to an upper limit of 5< 10 *3[22].

lar coupling. The left-right supersymmetric model, while al-
lowing for larger splittings, does not resolve the flavor
violation versus naturalness of the MSSM. The lepton flavor
violation is allowed to differ from the flavor violation in the I would like to thank G. Couture, H. Hamidian, H. Kig,
quark sector through some diagrams that contribute only iftM. Pospelov, and H. Saif for past collaborations and discus-
the lepton sectofthe diagrams with doubly charged Higgsi- sions. This work was funded in part by NSERC of Canada.
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