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Doubly charged Higgsino contribution to the decayqu—evy and p—3e and to the anomalous
magnetic moment of the muonAa,, within the left-right supersymmetric model
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We present a detailed and complete calculation of the doubly charged Higgsino contribution to the decays
u—ey andu— 3e and to the anomalous magnetic moment of the mia) within the left-right supersym-
metric 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 decay modes in certain scenarios. We find that the contribution of the
doubly charged Higgsino can be close to the known experimental values and is reachable by future experi-
ments.[S0556-282097)07119-1

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

[. INTRODUCTION a possible explanation for the smallness of the neutrino mass
and for the origin of parity violation. Recently, this model
The quest for a supersymmetric grand unified theory ishas received a lot of attention, because it could offer a frame-
plagued by a lack of direct signals which would distinguish itwork for solving both the strong and the we@l problems
from supersymmetry in general. Supersymmetry, in particuf7], while automatically conserving-parity.
lar the minimal supersymmetric standard modd5SM) [1] So far, there is no experimental evidence for the
can be probed experimentally through the production of suright-handed interactions predicted by the SU(2)
perpartners. However, the MSSM, while filling in some of X SU(2);xU(1)g_, theory, let alone by supersymmetry.
the theoretical gaps of the standard model, fails to explairvet the foundation of LRSUSY has so many attractive fea-
other phenomena such as the weak mixing angle, the smatllres that the model deserves some experimental and theo-
mass(or masslessnepsf the known neutrinos, the origin of retical investigation. The next generation of linear colliders
CP violation, to quote a few. Extended gauge structures suclvill provide an excellent opportunity for such a study. The
as grand unified theories, introduced to provide an elegartheoretical and experimental challenge lies in finding distinc-
framework for the unification of forceg2], would connect tive features for the left-right supersymmetric model, which
the standard model with more fundamental structures such adlow it to be distinguished from both the SUSY version of
superstrings, and also resolve the puzzles of the electroweake standard model and from the nonsupersymmetric version
theory. of the left-right theony8]. Lepton-flavor violation decays are
Phenomenologically, grand unified theories would eithefjust the right type of phenomena. The LRSUSY model pro-
predict relationships between otherwise independent paranvides a natural framework for large lepton flavor-violating
eters of the standard model, or new interactiéres, inter-  effects through two mechanisms. First, it can give rise to a
actions forbidden or highly suppressed in the standardeptonic decay width of theZz boson through both left-
mode). handed and right-handed scalar lepton miXiéiy Second, it
Among supersymmetric grand unified theories,(B®  contains lepton-flavor-blind Higgsinos which couple to lep-
[3] and SU5) [4] have received significant attention. tons only and enhance lepton-flavor violation.
In this article we shall study a model based on the left- In a recent papefl10] we analyzed the lepton flavor-
right symmetric extension of the MSSM: SU(2JSU(2)y  violating decayu— ey, whose signature can be reliably cal-
XU(1)g_, . Its attraction is that on one hand the left-right culated and, by the structure of the model, showed to be
supersymmetrid LRSUSY) model is an extension of the greatly enhanced over the MSSM, and already accessible at
minimal supersymmetric standard model based on left-righthe current experimental accuracy.
symmetry and on the other hand it could be viewed as a The contribution of the doubly charged Higgs boson to
low-energy realization of certain SUSY grand unified theo-lepton-flavor violation decays were considered[1i] and
ries (GUT’s) such as SC0). quite strong constraints on its mass and Yukawa couplings to
LRSUSY shares some of the attractive properties of thdeptons were presented. Here we will study a new source of
MSSM, such as providing a natural solution for the gaugeenhancement coming from the existence, in the supersym-
hierarchy problem. LRSUSY also suppresses naturally rapithetric sector, of a doubly-charged Higgsino. Since the upper
proton decay by disallowing terms in the Lagrangian thatimits on the decays.— ey and u— 3e are very tight{12]
explicitly violate either baryon or lepton numbefs]. It  (4.9x10 ! and 1.0<10 2 respectively we are able to
gauges the only quantum number left ungauded,L. The obtain values close to the experimental bounds and restrict
LRSUSY model also shares some of the attractive features cfome of the parameters in the theory.
the original left-right symmetric modé6], such as providing A similar contribution from the doubly-charged Higgsino
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(with different mass parametgrappears in the calculation of (®) causes the mixing ofwW, and Wg bosons with
another accurately measured quantity, the anomalous mag-P-violating phasew. In order to simplify, we will take the
netic moment of the muoAMMM ) a,=(g—2)/2. Its ex-  VEV's of the Higgs fields agA,)=0 and
perimental value isaf}pt: 1165922(9%k 10°° [12]. The
measured deviation of the AMMM lies within a range of
~2X10 8<Aa®<2.6x10 ¢ [13] (A >:< 0 0)
Experiment E821, under way at Brookhaven National R vg 0/’
Laboratory(BNL), is designed to improve the current data
on the AMMM by a factor of approximately 20. When com-
pleted, it would be possible to test deviations from the one-
loop predictions of the minimal supersymmetric standard <¢)U>:( 0 0) and <q)d>:(0 Kd>.
model, believed to arise most likely from supersymmetric
contributions. For completeness, we also investigate the ef-
fect of the contribution of the doubly-charged Higgsino to Choosingv = «’=0 satisfies the more loosely required hi-
the AMMM. We then restrict the parameter space of theérarchyvg>max(x,«")>v_ and also the required cancella-
left-right supersymmetric model by combining these effectstion of flavor-changing neutral currents. The Higgs fields
Our paper is organized as follows: in Sec. Il we give aacquire nonzero VEV's to break both parity and SU{2)n
brief description of the model, followed by the numerical the first stage of breaking, the right-handed gauge bosons,
analysis of the decayg—ey in Sec. Il and the AMMM in  Wg and Zg aquire masses proportional tq; and become
Sec. IV. We reach our conclusions in Sec. V. In addition,much heavier than the usugleft-handed neutral gauge
Appendix A and B will present the detailed analytical calcu-bosonsW, andZ, , which pick up masses proportional g
lations. and k4 at the second stage of breaking.
The supersymmetric sector of the model, while preserving
left-right symmetry, has four singly-charged chargirjosr-
Il. THE LEFT-RIGHT SUPERSYMMETRIC MODEL responding tok,, N, $u, and dq), in addition toA; ,

The LRSUSY model, based on SU(2JSU(2)x Ar, d., and 8. The model also has eleven neutralinos,
XU(1)g_, has matter doublets for both left- and right- corresponding to\;, X7, , Ny, Z,Cl)u ,'(Zgu, @gd, ’J,gd, A°,
handed fermions and the corresponding left- and rightzo <o =0 ;
handed scalar partnersleptons an%l squgrk@]. In theg ,ﬁ]e’ Igft’trziind Op- It has_ been shown that in th? scalar sector,

! -tripletA, couplings can be neglected in phenomeno-
gauge sector, correspondlfq to SUL(@”? ?U(Z)" there logical analyses of muon and tau decg$d]. Although A,
are triplet gauge bosonaA(™ ’M)L’ (W™~ W°)g and a is not necessary for symmetry breakifith] and is intro-
S|_nglet gauge bosol correspor_ldlng o U(%)- ' together gy ceq only for preserving left-right symmetry, we will not
with their superpartners. The Higgs sector of this model cony e ject its couplings in the fermionic sector, since they have
sists of two Higgs bidoubletsp(3,3,0) and®4(3,7,0),  important consequences, as we will see later.
which are required to give masses to both the up and down However, the doubly chargefl; ~ is very important: it
quarks. In addition, the spontaneous symmetry breaking Qfarries quantum numb&—L of 2 and Coup|es 0n|y to |ep-
the group SU(23xU(1)g__ to the hypercharge symmetry tons, therefore breaking lepton-quark universality. It and its
group U(1), is accomplished by introducing the Higgs trip- supersymmetric partner could, as will be seen in the next
let fieldsA | (1,0,2) andAg(0,1,2). The choice of the triplets section, play an important role in flavor-violating leptonic
(versus four doublejds preferred because with this choice a decays.
large Majorana mass can be generated for the right-handed In the scalar matter sector, the LRSUSY contains two
neutrino and a small one for the left-handed neutf@ In  |eft-handed and two right-handed scalar fermions as partners
addition to the tripletsA g, the model must contain two of the ordinary leptons and quarks, which themselves come
additional tripletsé, (1,0,—2) and 6g(0,1,—2), with quan- in left- and right-handed doublets. In general the left- and
tum numbeB —L = —2 to insure cancellation of the anoma- right-handed scalar leptons will mix together. Some of the
lies that would otherwise occur in the fermionic sector.effects of this mixing, such as enhancement of the AMMM,
Given their strange quantum numbers, heand 6 do not  have been discussed elsewhgfg. Only global lepton-
couple to any of the particles in the theory so their Contribu'family-number conservation would preveet z, and 7 to
tion is negligible for any phenomenological studies. mix arbitrarily. Permitting this mixing to occur, we could

As in the standard model, in order to preserve W) expect small effects to occur in the nonsupersymmetric sec-
gauge invariance, only the neutral Higgs fields acquire nongy, such as radiative muon or tau decays, in addition to other
zero vacuum expectation valu@éEV's). These values are  ponstandard effects such as massive neutrino oscillations and

violation of lepton number itself. Allowing general mixings
0 0 leads to six charged-scalar lepton stafiesolving 15 real
<AL>=( ) , angles and 10 complex phagesd six scalar neutrindglso
v 0 involving 15 real angles and 10 complex phasé&sorder to
reduce thglarge number of parameters we shall assume in
what follows that only two types of mixings dominate.
and (@)= ( K 0_ ) First, the scalar leptofselectron, smuon, and shamix,
0 «'e? but we shall assume for simplicity that only two generations

Ky
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charged Higgsinos within the loop. In the left-right model without
SUSY the same diagrams occur with—| andT <A g. 3 z 3
BT, =€il—Ba(x7 )+Be(x7 )]+eTBr(x7 ),
of scalar leptongthe lightest mix significantly?

This mixing is described as followgl, g ande g with ’ng:eZgG(X$ )+9M§F(X’§ ),
angle 6, g; v o and Ve n with angle | g; so that, for m
example,

My
whereT is e or » andm=1,2 distinguishes the left-, right-
handed scalar partners of the leptons.

T, =n cosd, + e sinb, (1) In order not to have too many parameters, we assume that
! ' h g for different generations are all of the same order. We
LR g .
will however keep different the couplings within the first and
TLZZ—TLLSineL""éLCO%’L: ) second genera_\tlon in the @xmg angle(sL‘B,_Eqs.(l) and
(2). Note that if we would include the mixing of all three
generations, the expression would be far more complicated,
and similarly forl'r ,andv,  andvg in particular for the Higgsino mass term, since many more
Second, we have the mixing of the scalar partners to th&Vxing combinations would occur. Knowing thaiz>m,

left- and right-handed leptons, which is independent of théh€ mixing of the scalar leptons cannot be neglected. If we

lows: BT and the term proportional to the Higgsino mass are ab-

sent, as can be seen easily from E§6) (all R%l set to be

0).2

A matrix element of the form iM
=eupziaMVq”(a,_P,_vLaRPR)uple;” leads to a decay rate

’é,L = C089g€1— Sinaggz y (3)

er=Singze,+ coxze,, @ of I'(u—ey)=m’(al+ad)als and T'(u—3e)=1[a¥
(4m)](af+aQ)miIn(me/mp)— 4. With T'(u—wv,e ve)
and similarly for the other generations. We express all these- (G2/19273) mi:(a£7384qrsﬁ,)(mﬂ/mw)4mw where
mixings by the matri><|'zz"mn in Appendix A. Sw is the Weinberg angle s#y,, we obtain the following

The physical mass eigenstates are then given by @ys. branching ratio from Eq(5):
and(2). Maximal slepton mixing would mea#_ = /4 and
maximal left-right slepton mixing would implys 7= 7/4. 3sy, h‘L‘R( m

B(u—ey)=

4
2 2 L Ly2
873 «a ) [C5 Sy (B~ BR)

_w

mx

lll. THE DECAY p—ey R R

. . S L. . +C§RS§R(BE_ B;)Z]' ©®)

We now consider the implications of these mixings in the

lepton-flavor violating decay—ey. The contribution of the

S . ) or B 3e), we use T 3e)/T e
doubly charged Higgsino to this process is represented by the 3 (ILIL—;nZ/zﬁ 1 (n=3e)/T(n—e)
Feynman diagrams of Fig. 1. = (a/3m)[In(m,/mg)— 7.
The detailed calculations are given in Appendix A. The

matrix element given in Eq(A6) leads to the following re-

sult: 2The calculation of the diagrams with the doubly charged left- and
right-Higgs bosons and leptons within the loop, which occur in the
left-right model without SUSY are very similare{<—ec=+1,

. . . . - A I 2 2 P ;
However, in Appendix A, we will present general analytical ex- €T>€s , and Xy <Xy =mjy /mj). Limits of the couplings

pressions obtained by including the mixing of all generations via aand the masses of the doubly charged Higgs boson have been given
supersymmetric version of the Kobayashi-Maskawa matrix. elsewhere and will not be presented hEt#].
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() If, in the first instance we neglect the mixing of the gkt andBE as given in Eq(5). AgainB~ is absent when

sca{ar pgrtners of the left- and right-handed leptons, that i%/ve gxclude the contribution of the left-handed Higgsino.
setting sif7=0, Eq.(6) leads to Equation(9) leads to

3sw hir [ My )
B ey)=— —| —| [c? s% (Bg.— B3 )?
e g a (mz) oS (B, B Aa,= i (m )2(3

wo 2| e
+c5 55 (B3,~B3,)%. (7) (4m)

M ~ ~
= 7, TBL)- (10

The_finite result depends str_ongly on the mass differenceéquaﬂon (10) leads to Aa,~—3.49% 10_9hER for
of the first and second generations. If we take, as required b —m~=100 GeV. thus alreaé verv close to the experi-
leftright  symmetry 6, =0r=6 and BT =BT, with méntalﬂlower limit of Aa®® Ieyading))/ to the constra?nt
Am%:Am,2 for different generations anchz~m7j, a first hER<5X1O_4m% (GeV). w
estimate is given by

"
mx

B(u—ey)= 120

4
47 « o

2lm\? V. CONCLUSIONS
—] . (8
mgx

We presented the results of the contribution of the doubly
charged Higgsino to the decays—evy and u—3e and to
Equation(8) leads toB(u— ey)~2.97x 10" ¥hfc2s2 for the anomalous magnetic moment of the muom, . It was

mz=100 GeV: far smaller than the experimental limit. shown that when mixing 'of the scalar partner; of .the left-
(Il) However, the situation is changed when the mix-and right-handed Iepto_ns is neglected, the con_trlbutlon to _the
ing of the scalar partners of the right- and left-handed lepMuon decay modes is far below the experimental limits
tons is included. Sincem<mrt the mixing angle while the cqntnput]on to the anomalous magne_uc moment of
i ven b i ~m(A— uta )/m5~m Ime with the muon is within reach of the BNL experiment E821.
9 y M= u nﬁ [ R When mixing of the scalar leptons is included we obtain a
(A~ ptanB)~my, whereA, is the trilinear scalar interac- consiraint for the lepton-scalar lepton-doubly charged
tion, x the mixing mass terms of the Higgs bosons andHiggsino coupling h g in the order of less than

tanB=v, /v, the ratio of Ltheir vacuum expectation l/alues 10 °mz (GeV) if maximal electron-muon mixing is as-
(VEV's). This leads toBy~By +(mz/m7)(m/m,)(B7,  sumed. The effect of this mixing oha, is negligible.
_ETz) where we assumed that after left-right symmetry
breaking the relationsgL/c,,R~s(,L/s,,R~l still hold.

If the left-right symmetry is conserved, we have
§T1:§T2 and Eq.(7) is recovered. However, after breaking, ~We want to thank M. Pospelov for fruitful discussions.

the mass difference between the scalar partners of the leffhiS work was funded by NSERC of Canada and les Fonds
handed and right-handed leptons is much larger than thECAR du Queec.
mass difference between the generations. We expect

2 2 2
(my, —my)/my
~1072-10"! (7,19} That isBE"~BE®~ (mx/mp)(B,,
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APPENDIX A: THE MATRIX ELEMENTS

- 5 Ao I S i In this Appendix we present the final results of the calcu-

—Bu)~ (1077~ 10"7) with mz~my. With these values |ations of the Feynman diagrams as shown in Fig. 1 with

Eq. (6) leads toB(u—ey)~1.25x (10 —10 %)h{zc?s2  flavor nondiagonal couplings of the doubly charged Higgsino

for mz=100 GeV and thus far above the known experimen-to the left- and right-handed leptons and their scalar partners.
tal limit of 4.9x10°', leading to the constraint We define the following matrix:

h?,<(10"7—10"%) m% (GeV) when maximal electron-

muon mixing is assumed.

eh?s

iM=+ —" (Ms+Mg+Msp), Al
IV. THE ANOMALOUS MAGNETIC MOMENT (4m)?MstMetMsg) (A1)

OF THE MUON

The calculations to the AMMM are similar to the
u—ey decay. From Eq(A7) we obtain the following re-
sult:

whereMg is the matrix element for the two scalar leptons in
the loop,M the one for the two doubly charged Higgsinos
in the loop, andM g the one for the self-energy diagrams.
The calculations of the diagrams are very similar to those

2h2 [ m. |2 presented in the Appendix A dfL6], where we refer the
= LRZ(—") {BE+ BB}_ (9) interested reader to for more details. Here we only present
(4m)°\ mg g the finite results for each diagram:
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1
|M|::f daleK
0

Up, (0%, — 40,) (T3 P+ TEEPR)UG, 6(2 3a1+al>+upzlaﬂyq[mA(1 ay)(Ti5P L+ Ti3PR)

Ez; ®
Uy, |—==, (A2)
pl D Al

1
— S (1= a)’[me (TP + T3 PR) + m#<Ti‘1LPR+T§§PL>]]
SE

. 1 — 1
iMs= fodaleT[ Up, (077, = 40,) (TILPL+ TEEPRIUp, F @i+ Up,i0,,0"Me u(THTPL+ TEEPR)

1 et
+mﬂ<Ti’kPR+T§§PL>]upl§aiu—aﬁ]—qﬁ, (A3)
DSE
1 _ e_*,u,
iMge= fo da’l[_e,u{upzia-y,qu[_al(l_al)mK(Tilz_PL PR)]Upl}ET', (A4)
SE

AT_ .2 2 2
DSE—mZ—(mK—mTa )aq,
m

Tal: K;leK" K32, TeR:=Kk:R KRK

aeu m2»

T? —K;eRMKL Kale21 TT —K;eLMKR KaleZ'
whereez=—2,e7=+1 ,ande,= —1. We have to sum over the generation indiaesl—3 and over the eigenstates of the
scalar partners of the left- and right-handed leptons1,2. The divergencies cancel after the summation of all diagrams
ex+e7—e,=0. Because of this relation, many more terms like those proportionakte,(1— a4)(p,+ p2)* drop out after

summation and are not explicitly written down in E¢82)—(A4). Furthermore we made use of E¢8.5—(A.8) in [16] and
Eqgs.(A.6)+(A.7) in [17]. After summation of Eqs(A2)—(A4) the final matrix element is given by

VIR R e )T+ TERP U, [e3[AG(E )+ AR )]+ETA(E )} + Uy 0, Q" mz(TELP
(4 )2 2 pzqyu q,)( LT 122 PRIUp €L AT FOXT, IAF o p,! T AMACT 12

= A = A A A
+TEPRI[ETBG(GF ) +€,Br(¢ )]IMe u(TirPLH T PR) + M, (TirPr+ T52PL)Iles[ - Bo(XF ) +Be(F )]

m

Jre|~B,:(x~|K~a )]}upl}ea‘“. (A5)

The final functions after Feynman integration are shown in Appendix B. Since we are not intereSedimlation we can
skip the * in TaL R 2 Furthermore for a photon on mass shell we hgée0 and due to gauge |nvar|ane§“qM—O
Neglecting the electron mass, the matrix element for the dgcayey is then given by

ehLR

. = A A A
M=+ g7 zupzm,wq (MK KoK Pt KEKRKGPUIeR] —Bo(X7, ) +Br(X7 )]+eTBr(X} )}

+mzK3, Kho(KR KL, PR+ K 1Ka2PL)[eABG(X~ )+€,B( )]}Up : (A6)

an

3We could also have skipped tihe andR indices(that is 6, = 6g) since the difference between the left and right diagonalizing matrices
lies in a relative minus sign of the SUSY phase; see(Bgin [18]. This would simplify the results strongly, giving us an overall factor of
Kae.Ka, andT33=TiE. For the moment however we will keefy different from 6.
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After summation over the mass eigenstates of the scalar

leptons and all the generations making use of the unitarity of BG(X f daja;(1— al)/DAl
the leptonic KM matrix Eq(A6) leads to the branching ratio
B(u—ey) as given in Eq(5). 1 ~
The ANMM can be extracted from V, =1 4{1 X" +2X~ In(x; L
=(ie/2m,) F(q*) up,io,,q"up at g°=0. We obtain the (1_XTam) o "
result (83)
F(q2)|q2:0
2h? Be(x ) 1Jld 2(1— ay)/D
LR ~ ~ FX7 )=5 apog(L—a)/URT,
~a, = e e R KR "2 :
5 5 1 Y 2 A3
A A A S 2 _Bxs A
X[eZ[_BG(XTam)"‘BF(XTam)]+eTBF(XTam)] (1—X% )4 12{24_‘?’)9am 6Xlam"'x|am
MX R L2 T (A i i
o KaK a2Kh 1Km2[eABG(X )+e,LBF(XTa - +6x7 InO&G )}, (B4)
w m an an,
(AT)
= 1
As above, after summation over all mass eigenstates and BG(X$ )=f daq(1—a)/D37
generations of the leptons EGA7) leads to the result as & 0 om
given in Eq.(9). ~ - N
= —Z—{l—xlé +xf5 In(xfé )}
2 a E a
APPENDIX B: THE FINAL FUNCTIONS (=% ) m m m
X 11 ) (B5)
Ac(xy )=z | day[2-3a;—3ai(1-ay)]/D3T
|am 6Jo am
= A A
1 1 - 1 3 BF(XTa ):ZBG(XTa ), (B6)
:—12 1- X +§(1+2XT ) m m
(1-x7 )? &m &m
an K
D37, =1-(1-Xx7 )ey,
~ m an
><In(x|é )], (B1)
m 3 m%
—~ 11 A @m
A Xt = .
AF(XTam): gfo dalai/DZTam fan M3
__ 11 LT 18x~ —9x~ We have the following relations between the E(B.3)—
(1- A )4 36 apn (B.6) and Egs.(4.10, (4.11), (4.17, and (4.21) of [5].
2 , N 2
(m2/m3)Be=G'/6, (mM/mNA)BF—U:GIZ, mZ/m% (Bg
+2xTA3—6In(xTA )", (B2) —Bg)=F'/12, and (,/m3)(Bg—Bg)=F/2. Furthermore
an an we have (n,/mz)G=(2G"+F')/3.
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