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Lepton flavor violating processes suchas>3e and u— ey are investigated with a supersymmetric Higgs
triplet pair A andA in light of neutrino masses and experimentally verifiable leptogenesis. The Higgs triplet
massM , is expected to be in the range of 1-100 TeV. The branching ratios of these charged lepton decays are
evaluated in terms dfl, and the couplingLAL of the Higgs tripletA with lepton doublet pair&L, which
is proportional to the neutrino mass matrix. They may be reached in future collider experiments. In particular,
the u—3e decay would be observed indicating the existence of Higgs triplets Mith-1—100 TeV for
|f|~0.1-1, while theu— ey decay can be significant irrespectiveMf, in the supersymmetric model due to
the flavor violation in the slepton mass matrices induced by the renormalization effects.
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[. INTRODUCTION triplet mass terms should prevail over the negative thermal
log term, requiring a condition oM, . This condition can
The neutrino masses may be generated naturally by intraeally be satisfied foM ,=1 TeV depending on the reheat-
ducing the electroweak Higgs triple¥ [1]. The effective ing temperature of the univerdg<10° GeV and the mass
higher-dimensional operatoils;L;H H, of the lepton and scaleM/\~10?°-1(?® GeV of the nonrenormalizable super-
Higgs doubletswith indicesi,j to denote the generations potential terms for leptogenesis.
are indeed provided by the exchange of a Higgs triplet, as If the Higgs triplet mass i#1,~1 TeV, quite interesting
well as the right-handed neutrinos in the usual seesawhenomenology is provided in the electroweak to TeV region
mechanism. The lepton number violation with a Higgs triplet{8—12]. Then, the leptogenesis scenario as well as the neu-
or right-handed neutrinos may further realize the generatiomrino mass generation with supersymmetric Higgs triplets can
of lepton number asymmetry, leptogenesis, in the early Unibe verified by the future collider experiments. The Higgs
verse. Then, the sufficient baryon-to-entropy ratio can beriplets may be discovered by direct production, and their
provided from the lepton number asymmetry through theeffects on lepton flavor violation may also be found in the
electroweak anomalous effef@]. decays of charged leptongy—3e, u—ey, 7—3u, 7
Lepto_genesis has bgen investigated extensivgly in the Iit-_,lu% and so on. It is particularly interesting in the Higgs
erature in connection with neutrino mass generation. In mostiy et model that these lepton flavor violating processes are
scenarios of IeptogeneS|_s via lepton nL_jmber nonconseViNg|5ted to each other through the neutrino mass matrix,
decays the relevant particles such as right-handed Neutrings . 1 is proportional to the Yukawa couplirfgL;L;A. The

alnd Higgs tkrlpletls ag stjhpposhed to be r?uqh Tea\(letr tpan tIﬁl§<perimental observations on the atmospheric and solar neu-
electroweak scale. On the phenomenological point of VIeWy, o nqy provide important information about the neutrino

however, these particles are expected to be alive in the Te}ﬁasses and mixing&l3—16. Then, these relations among

region. In this respect, it is interest_ing '_[hat th_e Iepto_gene5|§he lepton flavor violating processes in the Higgs triplet
can be realized with supersymmetric Higgs triplets via I’m"'model will be tested in the feasible experiments, as investi-

tlscalar poherent evolution af'te'r the inflatif4]. While .the gated in the literature for the nonsupersymmetric model with
Higgs triplet rgasﬂ\/lA was originally supposed to be in '_the M,~100 GeV—1 TeV [10,11 and the supersymmetric
range 16-10° GeV [3], it has been found by reanalyzing ;e with M,~10"-10" GeV through the renormaliza-
this I_eptogene3|§ scenario that 'the succes_sful Ieptogeneglstfan effects on the slepton masg4as].

possible even with the Higgs triplet mass in the TeV region We here investigate these lepton flavor violating effects of

M,~1-100 TeV[5]. Thatis, just after the inflation the lep- the supersymmetric Higgs triplets in the light of neutrino

ton number asymmetry appears via multiscalar coherent mqq,sses and experimentally verifiable leptogenesis. The

tion on the flat manifold of a pair of Higgs triplets, A and Higgs triplet mass is expected to e, ~1—100 TeV. This
the antisleptore® in the manner of Affleck-Dine mechanism paper is organized as follows. In Sec. Il, we present the
[6,7]. Then, the lepton number asymmetry is fluctuating dur-supersymmetric Higgs triplet model, and describe the neu-
ing some period, and it is fixed to some significant value dudrino mass generation, discussing how the Higgs triplets in
to the effect of the Higgs triplet mass terms. It is here essenthe TeV region can develop naturally the desired tiny
tial for fixing the lepton number asymmetry that the Higgsvacuum expectation values. In Sec. Ill, we examine the lep-
ton flavor violating terms provided with the Higgs triplets,
including the renormalization effects. In Sec. IV, we investi-
*Email address: senami@nucleng.kyoto-u.ac.jp gate the lepton flavor violating processes and the muon
"Email address: yamamoto@nucleng.kyoto-u.ac.jp anomalous magnetic moment, which are related to each other
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through the neutrino mass matrix. Section V is devoted to the M,=f2(A%, 7
summary. The one-loop contributions of supersymmetric
Higgs triplets to the charged lepton radiative decay ampliwhich is diagonalized with a unitary matrly as
tudes are calculated in the Appendix. )
U™, U=diag m;,m,,mj). (8)

IIl. NEUTRINOS WITH HIGGS TRIPLETS The charged lepton mass matrix is also given as

We investigate an extension of the minimal supersymmet-
ric standard model by introducing a pair of Higgs tripléts

and A, which are specified in terms of SU@XSU(2).  Here, the flavor structure of leptons is describedviay by
xU(1)y as the f coupling with the diagonah coupling. This neutrino
mass matrix(7) should reproduce the masses and mixin
(A*/\/f AT iy g

M;=h(Hgy)=diagme,m,,m,). 9)

~(131) ) angles inferred from the data of neutrino experimdd—
AO —A+/\/§ P 16]. Then, by considering Eqs(6) and (7) with m;
=10 ! eV, a constraint on the magnitude btoupling is
placed roughly as

-1
£
-1
|f|=<10 (10—1o>

A1y2  AD
AT —ATI2

)~(1,3,—1). (2 M,

10 GeV/

(10

The lepton doubletd;=(v;,l;), antilepton singletd; (i

=&,u,7), and the Higgs doublets,, Hq are given as usual. Here, the magnitude of the lepton number violating cou-
The generic lepton number conserving superpotential for thBIings is supposed to be very small &s &,~ &~ 1020 for
leptons and Higgs fields is given by My~ 10° GeV.

1 These tiny lepton number violating couplingsg, &, in-

e AL N ducing the VEV’s of Higgs triplets may be explained as fol-

\/Ef'JL'AL’+ Madd, (3 lows [3]. Suppose that the lepton numbyparity violation
originates in the Planck scale physics. Then, it may be pro-

where the lepton basis is taken at the electroweak 9dgle vided with certain higher-order effective superpotential terms

with the diagonal Yukawa coupling, and the dilepton cou- as

pling is given by a symmetric matrik=f'. The lepton num-

bers are assigned to the Higgs triplets as ., SH,AH,  SHyAH,4
Wiy =61y 6y (11)

WOZhIILIHd|T+MHqu+

Qu(A)=-2, QuA)=2. 4

o ~with the reduced Planck massMp=mp/\87=2.4
Then, the lepton number violating terms may also be in- 1018 GeV. Here some sinalet superfiel® and S of
cluded in the superpotential as XL o 9 P .

R-parity odd withQ, =1,—1, respectively, are also consid-

ered. The lepton numbé&/parity violating termsSH,H4
andSAA are hence excluded. These singlet fields may have
The Higgs triplets areR-parity even, and we here do not the lepton numbeR preserving superpotential terms,
consider theR-parity violation for definiteness.

Wiy =& HAH + EHgAH,.

The Higgs triplets develop nonzero vacuum expectation _ — SSS
values(VEV's) due to the effects ofV,, as Ws=MsSStAs Mp ' (12)
A0 = E1(Hy)? 0, __ Ex(Ha)? g \Where the Higgs singlet mass is assumed to Mg
(A%=-c M 5 {A%)=-c; M, ®  _10°Gev as well as the Higgs triplet mas#/,

~10° GeV. Without cubic terms for the Higgs singlets, they
The factorscy,c,~1 for €~ &, are determined precisely by are considered as flatofs8], and may develop large VEV's
minimizing the scalar potential including the soft supersym-with vanishingF terms|Fg|,|Fg/~0 as
metry breaking terms with the mass scaig~10° GeV .
(c;=c,=1 in the limit of u,my—0). It should be noted (S)~(S)~ M Mp~10' GeV. (13
here that these VEV’s are induced by theand &, couplings S )
explicitly violating the lepton number conservation. Hence Then, the lepton number violating couplings and ¢, are
the so-called triplet Majoron does not appear fromahand ~ derived effectively as

A fields, which rather acquire massesM, . The slepton

fieldsL;, T¢ do not develop VEV's since thB-parity is still 6= 6((S/Me).£2=£((S)/Me) (19
preserved by the VEV'’s of Higgs triplets. with the tiny factor desired fo€ in Eqg. (10),

The neutrino mass matrix is provided by the VEV of the o
Higgs triplet as (S)/Mp (S)/Mp~+Mg/Mp~10"8, (15
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It is also notable that the smallness of the Higgs triplet B. Slepton mass terms
VEV's may be explained elegantly in the context of large e fiayor violation also appears in the soft supersymme-
extra dimension$9]. try breaking terms. We may assume the universality of the
soft supersymmetry breaking terms at the unification scale
lll. LEPTON FLAVOR VIOLATION Mg, i.e., the soft masses of scalar fields are given by the
common massn,, and theA terms are given by,mg with
ap~1. Then, in the top-down view poiil ;— My the soft
mass terms aM,y are calculated particularly for the left-

handed slepton doublefs and the right-handed charged

We here examine the lepton flavor violating couplings
provided with Higgs triplets, including the renormalization-
group effects.

A. Yukawa couplings slepton singlets® [17] as
The lepton basis is taken with the diagonal Yukawa cou- (M3): =ctm26, + (Ap s (M2)s: (24)
pling h at My in Egs.(3) and (9): Lo o L
hij=h; ;- (16) (MTzc)ij = Cemg 5y, +(AhM72c)ij : (25

(HenceforthM,, is omitted for the quantities at the elec- _Here, the contributions of the gauge couplings are included
troweak scale. Then, the lepton flavor violation, which is in the factorsci ,cie~1, and those of thé andf couplings
provided by thef coupling atM,y, is linked directly to the ~are given by

neutrino mass matrix, as seen in Eg).[10,11,17. This is a 2 5 2t

very interesting feature of Higgs triplet model. Specifically, ApyMp=—mg[(3+ag)h'(Mg)h(Mg)
thef coupling is given in terms of the neutrino masses)(

_ 2yt
mixing angles ¢;;), andCP violating phases &, a;,a;) as (9+329) (M) f(Mo)]te, (26)

- Ah'V"?c“—‘ —m3(6+2a5)hT(Mg)h(Mg)tg.
fij:|f|; Ui UM/ M), 17) -

The A, term of theh coupling is also given &,y by
where M= VAmZ,, with Am2,,~3x 1073 eV?. The ex- " "

plicit form of the Maki-Nakagawa-Sakai@INS) matrix U (Ap)ij=anmgh;j(Mg) + (AA);; (28)
(lepton mixing matrix [19] is given in a review by the Par- . _ _
ticle Data Groug20]. The mean magnitude of tHeoupling ~ With a,~a, including the effects of gauge couplings and

© given sultably by A=~ (912)2gm(M)[h'(Mg)h(M)

|F1=Mam/ (\2(A)), (18) +f1 (Ma)f(Mo)Jts. (29)
which is constrained, as seen in Efj0), with (A°) in terms The charged slepton mass matrix is given in the basis of
ofgandMA. (TTC*) by

The flavor violation appears in thecoupling at a certain '
unification scaleM g such as the grand unification or gravi- M2 M2
tational scale through the renormalization effects. In the L IR
bottom-up view pointMy,— Mg, the relevant couplings at /\/l-,g= , (30)
Mg are evaluated with those Bty as M2 M2
IRL IRR
hij(Mg) =cpih; 8+ (A¢h);; (19

where the submatrices are given by

fij(Mg)=cqj fij + (A¢f)i; (20) MTZLL=M%+M2, (31

where the sum is not taken ovelj. The factorscy;,Cyj; 2 2 2
~1 are provided by the gauge ahatouplings. The remain- Migr= M7+ MJ, (32
ing terms provided by thé coupling are calculated in the 5 ot
leading-log approximation as M: r=M7g =(Hg)Ap+tanBuM,, (33
(Afh)ij:(S/Z)hi(fo)ith, (2)  with tang=(H_)/(Hg4). The sneutrino mass matrix is also
given by
(A¢f)i=3(ffT);tg, (22) > 2
M=>=M7, (34
where
where the tiny lepton number violating term related to the
ts=(1/87%)In(Mg/My)~0.4. (23 Majorana neutrino mass matrix is neglected in a good ap-
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proximation. The flavor changing components are particu-Br(y — 3e)

larly calculated in the leading order ¢f|? as 1o-10
2
(M2 )il .
T~ 33+ @) (1+ cpihte)te(F1H)) 1012} g m = m = o m e g o - o - TR bound
Mg
(35
1074 l/1=1
(M2 ) | Fature imit | N\ oo N -
TRRYIjI#]
————=—6(3+ad)c,ht& ('), (36) L0-16
0
2 10—18
(M7 Rijli=; 9 m, T 0 T00 TeV
a1 2 t '
T— 230m0(1+30hihitG)tG(f fij ma
(37 FIG. 1. A typical estimate of the branching ratio af—3e is
) shown depending on the Higgs triplet masg for |f|=1 and|f]|
M3 iz j » 2 t =0.1.
7=~ 3(3+ag)(1+cyhite)ta(f ),
0 38 The experimental bound is, on the other hand, placed as
r(u—3e)<1.0x10" . The flavor changing factor
(38 Br(u—3e)<1.0x10 12 [23]. The f hanging f
where the values dfandh couplings are taken afly,. Itis  |!.—3e|=0.01 is taken in Eq(39) as a reference value. Its

noticed that these leading contributions of flavor violationValue is evaluated precisely from Ed.7) with the neutrino
are determined essentially mbﬁ(fff)ij (i#]) [17) with the ~ Masses and MNS matrld, which are inferred from the data

significant log factortq~0.4 in the present scheme bf, ~ ©Of neutrino experiment§13—1§. Numerically, we have

~10° GeV. |1 ,,—.3e/=0.03 (HI), =0.06 (DG), and <0.2 (IH), respec-

tively, for the hierarchicalHIl) casem;<m,<mj, the de-

IV. CHARGED LEPTON PROCESSES generate (DG) case m;~m,~m;, and the inverted-
hierarchical(IH) casem;~m,>ms.

We investigate the charged lepton processes in order, to A detailed estimate of By — 3e) is presented in Fig. 1
which the supersymmetric Higgs triplets in the TeV regiondepending on the Higgs triplet mass, . Typical values of
may provide significant contributions. Such effects are exthe neutrino masses and mixings are taken in the HI case as
pected to show the evidence of Higgs triplets particularly
related to the neutrino masses and mixings. (mg,my,mg)=(10"2 eV,8x107% eV,5x10°? eV),

A. i—3e and 73y (sin61,,5in6,3,5iN 019 = (1/2,14/2,0.1),

The leading contribution to the — 3e decay is provided and the zerdCP violating phases, which provides
at the tree level mediated by the Higgs triplet. The supersym-
metric contributions, on the other hand, appear at the one- | ,i—3e=0.7X10"2.
loop level through the flavor violation in the slepton sectors .
[21]. They are, however, negligible compared to the tree-The upper and lower solld_ lines represent the result_s*,fﬂor
level contribution forM ,~10° GeV. The branching ratio is —1 and |f[=0.1, respectively. The present experimental

calculated 22] as bound 1.x10 2 and a future sensitivity- 10~ ° achieved
by proposed experimenfg4] are also shown with the upper
|fzefﬂe|2 My 4 and lower dashed lines, respectively. It is interesting here
Br(u—3e)= —4(—) that through thex— 3e decay the evidence of Higgs triplets
8¢9 Ma may be seen up to the mass,=m,=100 TeV for |f|
1 TeV\ /|l V2 [F]\4 ~1. This will be promising especially for obtaining the ex-
=3X 10‘13( —) w3 ) (—) , perimental evidence of leptogenesis in TeV region with the
My 0.01 0.1 supersymmetric Higgs triplets. On the other hand, as dis-
(39 cussed later, the Higgs triplet contributions to the-ey
decay are significant even fofl ,> 100 TeV through renor-
where malization effects.
_
fzefﬂe5|ﬂ_>3e|f|2, (40) The branching ratio of—3u is also estimated as
. o L TeVA sl 2V
and the mass of scalar Higgs triplet is given including the = Br(7—3u)=2X10 11( 0 2” ) o1
A . .

contribution of soft supersymmetry breakingy(-1) by
mA: \/Mi-I-CAm(Z). (41) Where
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fZMfTME|T_>3M|f|2 (43) F(,u—>ey)
Briu—ey) GZm®/1927° 40

We have numerically|l, 3,|=0.1-0.3 (HI), =0.1-0.2 a

(DG), and =0.1-0.3(IH), respectively. This Higgs triplet The left-handed and right-handed decay amplitudes are

contribution to ther— 3 decay is far below the experimen- calculated in the leading order by combining the one-loop

tal bound Br¢—3u)<3.8x10 ’ [25] for my~1 TeV and  contributions:

|f|=<0.1. Similar estimates are made for the leptonic three-

A = A LAY AL L+ AB (47)
body decaysy—euu, and so orf11]. LRTALRTALRTALRTALR:

. Lo 70 T-
The formulas for calculating the contributioAg ; andA{ ¢
of the neutralinos and charginos are presented in the litera-

The flavor changing radiative decays suchuasey and  ture[21]. The contributionsA{ ; andA( ; of the supersym-
T— wy are induced by the one-loop diagrams. In the Higgsmetric Higgs triplets are calculated in the Appendix. Then,

triplet model, the nonsupersymmetric contribution is giventhe decay amplitudes are given specifically as
by theL-A loop, which is almost independent of the mass of

B. y—ey and r—uy

the internal lepton fom,<m, [10,11]. The supersymmetric . Gr G* G2

partner of this contribution is given by tHe-A loop. The A= ?'u%ﬁ”z St St (48)
flavor violation appears even in the internal slepton line m LMo My Mil

through the renormalization effects, though its contribution is P A 3T

sufficiently small for|f|=<10~1. The flavor violation in the A &I HE Gk Gr Gr

slepton mass matrices also provides the supersymmetric con- RT go 2 W8y m mi M3 '

tributions of the T-x° (neutraling loop and thev-y~ ) ) (49)
(charging loop, as in the minimal supersymmetric standard

model [21]. For the case of very large Higgs triplet massWhere

such asM ,~10"-10" GeV, theT-x° and v-y~ contribu-

tions are dominanf17], while theL-A andL-A contribu- Ek Fof =1 eyl 12 (50
tions are negligible due to the suppression factog (M ,)2.

On the other hand, for the caseMf,~my~1 TeV, asmo-  These leading contributions to the decay amplitudes are
tivated for the direct detection of Higgs triplet, these contri-proportional to the flavor changing factor 16)e,
butions may be comparable. =3 faf . (f=17), as seen in Eq50). This is realized for

In this interesting case dily~mo~1 TeV, we investi- 7 ~0 543 % - 1oops by using the mass-insertion method
gate the charged lepton radiative decays and their intimatie | X VX pS by using .
ith the flavor changing elements of slepton mass matrices

relation to the leptonic three-body decays of charged Iepton%’ ~ ~
through the neutrino mass matrix proportional to treou- N EGs.(35—(38). As for theL-A andL-A loops, the flavor
pling. In particular, the supersymmetric contributions of thedependence of the masses of intermediate Stat$5 can be ne-
T-X° and 7-xy~ loops may become most significant for a glected in a good approximation. Then, the factbrf{, is
certain range of the model parameters, while those of th xtracted from the two vertices in the loop diagrésee also

i~ i e Appendix for details It should, however, be remarked
L-A loop are comparable to or even larger than their NonsUg, 4t the contribution ok= 7 in Eq. (50) may be modified to
persymmetric partners of the-A loop for M3=My<my.  gome extent for tag=30. This is because the renormaliza-
Then, the relations between the decays 3e, etc,, and the e 1o on thé and’y. masses by the Yukawa couplin
decaysu—evy, etc., as found in the nonsupersymmetric case o T yhe i ~ ~p+ 9
[10,11], may be modified to some extent, since the radiativdl- be€come significant especially for theA™ ™ andv-A™
decays are enhanced due to the supersymmetric contributiofoPS. Furthermore, the renormalization effects may modify

[17] with the log factortg~0.4. significantly_the flavor structure of these ampli'Fudes for the
We now estimate the branching ratio of the-ey decay.  largef coupling agf|~0.5-1. At present, there is no strong
The decay amplitude is generally given by motivation to pursue such special cases. ~
. As a typical example, the facto®) 5, G ; andG;  are
T(u—ey)=ee“*udi aaﬁqﬁ(ALPLJrARPR)]uM. s evaluated numerically as Y Y '
44

GY=0.20, GA=0.8x1073, G*=1.0x10"3,
Then, the decay rate is given by _ -
G%=1.35, Gy=0.17, G;=0.21 (51)
e2
F(Iu,*)e’y):—mi(|AL|2+|AR|2), (45) by taking the parameters aMz=M,=700 GeV, m,
16m =1000 GeV, m,=700 GeV, a,=1, tanB=3, u
=1000 GeV,M ;=300 GeV, andM,=600 GeV[M; and
and the branching ratio is calculated by M, are the gaugino masses of U{land SU(2) , respec-
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tively]. Here,G;Fg is somewhat enhanced by tBncoming
from the e, g flip with (MZ_2) ., and theug- -Hg ver-

tex[17,21. The small ratidG;/Gr=G{/GR=m,/m, is at-

1 (m,\?
|Afa/¢|~ﬁ(m_z> Ek: |fp.k|2

tributed to the chirality flip of the external charged leptons. o1 Tev 2(1f]\?
Then, the branching ratio is estimated as ~10 m, 01 - (56)
2 4 2 4
Br(u—ey)=7x10 1} E) (1 Tev (“#%”) (ﬂ) Hence the contributions of thé coupling to the muon
3 my 0.1 01 anomalous magnetic moment are found to be harmlessly
small.
which should be compared to the experimental boungBr(
—ey)<1.2x10 1[20]. Here, we takés =3 as a reference V. SUMMARY

value for We have investigated the lepton flavor violating processes

B _o\12 such asu—3e and u— ey with the supersymmetric Higgs
Gz( > |r;G§§+Gﬁ+rgGﬁ|2) (53)  triplets in the light of neutrino masses and experimentally
=LR verifiable leptogenesis. The Higgs triplet mads, is ex-
S 5 o 2 . pected to be in the range of 1-100 TeV. The branching ra-
with r3=(m, /mo)” andrz=(m,/M,)". This netG factor o ¢ these charged lepton decays are evaluated in terms of

is actually calculated depending on the various parameterg, g : - :
. A and the couplingLAL of Higgs triplet A with lepton
as seen from E@51). Itis usually of Q1) for the reasonable doublet paird.L, which is proportional to the neutrino mass

parameter range. The weights of supersymmetric Contribuﬁwatrix. They may be reached in the future collider experi-

tions are relatively enhanced {8 due tor,rz>1 for m, ments. In particular, thee— 3e decay would be observed
>My, M, from Eq.(41), compared to the nonsupersymmet- indicating the existence of Higgs triplets withM,

ric ones. We have also numerically, .,|<0.2 (HI), =0.1 : :
) - . ~1-100 TeV for|f|~0.1-1, while Briu—ey) can be sig-
(DG), and=<0.2 (IH), respectively. This expected branching nificant irrespective oM, in the supersymmetric model due

Lat'ot B:r(1,u—>ey) really tt)gcomets_éart'ger t?r’] onteh otrd?:hor SO0 the flavor violation in the slepton mass matrices induced
ue to the supersymmetric contributions than that of the nonby the renormalization effects.

supersymmetric cagé0,11]. It should also be remarked that
the u—ey decay can be a good test to distinguish the su-
persymmetric Higgs triplets from the nonsupersymmetric ACKNOWLEDGMENT

ones. This is because in the nonsupersymmetric model the 1.« work was supported in part by Grant-in-Aid for Sci-

. _AA
left-handed decay amphtu%&L—AL is much smaller than  gpific Research on Priority Areas @rant No. 13135214
the right-handed oné\r=Ag due to the suppression with from the Ministry of Education, Culture, Sports, Science and

me/m,, . o _ . ~ Technology, Japan.
We can make a similar estimate on the branching ratio of
T— My as
APPENDIX: ONE-LOOP CONTRIBUTIONS
L GV(L TeViA (1l 211 OF SUPERSYMMETRIC A TO I;—l;+7y
Br(r— uy)=3x10"1 = — .
3 my 0.5 01 We here present the formulas for calculating the one-loop

(54 contributions of supersymmetric Higgs triplets to the decay
amplitudes ofl;—1; + y.
The charged slepton mass eigenstates are determined by
diagonalizing the mass matrjd(/l% in Eq. (30) with a unitary
> =, 2 (55) T
=kl kT Loyl T matrix U':

where

We have numerically|l, .,,|=~0.4-0.5 (HI), =0.1-0.4 [,=ULT +UL Tria=1-6), (A1)
(DG), and =0.4-0.5(IH), respectively. This Higgs triplet
contribution to ther— uy decay is much smaller than the T _T T _ ek : .
experimental bound Br(— uy)<3.1x10 ' [26] for m, whereIL—I. and IR_.I ’ T.h? sneutrino mass.ezlgenstates
~1 TeV and|f|=0.1 are determined by diagonalizing the mass mawiX in Eq.
with a unitary matrixU”:
(34) with itary ixyU”

C. Muon anomalous magnetic moment 5 -
The contributions of thé coupling to the muon anoma- vp=Upiri(b=1-3), (A2)
lous magnetic moment mainly appear through & and o
A-L loops. The magnitude of these contributions are estiwhere v =v;. The interactions of bileptons with scalar

mated roughly fotM ,~m, as Higgs triplet are given from Eq3) by
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1
=— ISP AT

\/Efij i

1
— 1P A

[’A 2 ij
1

V2

1 — —
_EfijViCPLIjA++ fijViCPLVjAO‘FH.C. (A3)

The interactions of bisleptons with Higgsino triplet are given

in terms of the mass eigenstates in E@sl) and (A2) by

Li=—\2FIFP AT, - iNVbePLZJr;b

— FLtP R T+ V275 vt P A%+ Hee., (Ad)
where
Fla= (UM g, Fip=(FU ;. (AS5)
The contributions ofL-A loops are calculated by using
the interactions in EqA3) as

AS=

1 m|j
— D, fRE[F1(0)+4F (%) — 2F 5(x0) ],
32772 mi ; ik Jk[ 1( ) 1( k) 2( k)]
(A6)

Aé:(m|i/m|j)Aé, (A7)

Wherex,(z(m|k/mA)2 with the scalar Higgs triplet mass,
in Eq. (41). The functionsF; andF, are given by

1—-6x+ 3x%+2x3—6x%In x

Fi(x)= 6(1—x)° '

(A8)
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2+ 3x—6x2+x3+6xIn X
6(1—x)*

Fa(x)= (A9)

The contributions of -A loops are also calculated by using
the interactions in EqA4) as

Ale 2 NS e T ok (x4 4F

R_32772 Mi 5 ia ja[ 1(Xa) 2(Xa)]
+% b ijFz(Xb)], (A10)

A§=(m|i/m|j)A§, (A11)

where x,=(M7_/M,)? and x,=(M3 /M,)? and the
Higgsino triplet mass is given bMiz=M,.

Here, two remarks should be mad@. The suppression
factor m; /m; <1 appears in the left-handed contributions
where the chirality is flipped in the final stdte This is due
to the fact that only the left-handed lepton doublets partici-
pate in thef coupling of bileptons and Higgs tripletii)
These amplitudes are approximately proportionalftHX” .

In the amplitudesAf’R we haveF; f(x)=F; A0) for x
<1, so that the factorf(rf)ij =~Ekfﬁ<fjk (f=fT) is extracted.
Similarly, in the amplitudesAﬁR we may neglect the mass
differences among the sleptons for small enolfgke 0.1, so

that the factor {'f);; = S, 713 7|, =S, F i F7, is extracted
again with unitarity ofU' andU”. In other words, the flavor
mixing of the intermediate sleptons is actually ineffective for
A g in the leading order off|%.
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