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Predictions for lepton flavor violation in Z decays in supersymmetry with left-right symmetry
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Recent experimental results on neutrino oscillations and the muon anomalous magnetic moment, combined
with radiative lepton decays, set strict limits on fractional slepton and sneutrino flavor violating mixings. We
study the effect of these mixings @lepton flavor violating decays and the implications for the observability
of these decays in view of the new GigaZ option atéfi@™ collider, expected to reach a sensitivity of up to
108 for branching rates. The largest branching ratio predicted is of ordet'2Q0 '? for the decay<Z
— 7 u*, therefore precluding observation of a signal at DESY TESLA. The branching ratid-far*e™
andZ—e*u* are expected to be even smaller.
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I. INTRODUCTION BR(Z—e *u™)<1.7x10 ¢ [6] 1)
High precision measurements of the low energy processes BR(Z—e*77)<9.8x10 ° [6,7] (2
can provide extremely useful probes of physics beyond the B
standard model. If the recent measurement of the- 216- BR(Z—u"77)<1.2X107° [6,8]. ()]

viation of the anomalous magnetic moment of the muon ) , ) . ,

from the expected value in the standard mdddlis inter- Howe_ver, thes_,e branching ratios are projected to improve in
preted as arising from supersymmetry, bounds can be oﬁbe GigaZ option of the DESY TeV qurgy Superconducting
tained on the fractional flavor splitting in the slepton mass-ne&r Accelerate(TESLA) to a sensitivity of about 10

matrix or on the phase of the dipole operator arising in elec-g]' Older studies of studies of LFV decays of tan su-
o . ersymmetry exisf10,11], as well as recent studies of the
tric dipole moments. The elements entering such analyses abs

recise constraints on lepton flavor violatifigFV) decays context of massive neutrindsl2] which incorporate data
preci : P vor viotatl YS: from neutrino oscillation$13]. However, no predictions ex-
such asu—ey,7—uy, u—e conversion, and the electric

ist in a supersymmetric model which incorporates the con-

dipole moment of the electron. Assuming slepton universalgi zints on slepton mixing from other LFV decays. In this

ity, lepton dipole operators_for different generations are &Xwork we update our previous work on the lepton favor vio-
pected to be related by ratios of lepton masses. However, [hting decays of th& boson[14] in the context of a left-right
universality is broken, these ratios are modifed by Slepto%upersymmetric model. The LRSUSY model incorporates
flavor violation in a model-dependent manner. Such analysegeutrino masses and oscillations naturally through the see-
have been carried out in the minimal supersymmetric modesaw mechanism, while providing a supersymmetric explana-
[2] and a supersymmetric model with left-right symmetry tion for the observed deviation of the anomalous magnetic
[3]. The size of the slepton flavor violating masses in supermoment of the muon from the standard model value. The
symmetry depends on the symmetry of the model. For exanalysis presented here connegtdepton flavor violating
ample, in the minimal supersymmetric standard modeHdecays to other lepton flavor violating decays, incorporating
(MSSM) mass splittings of the left-handed sleptons areconstraints on mixings from neutrino oscillations argl (
thought to dominate mass splittings of the right-handed fer—2),. Although this investigation has some model-
mions, which are assumed negligible. In models with left-dependent features, it has the advantage that definte predic-
right symmetry, such as the left-right supersymmetric modetions are obtained, which, coupled to a measurement of the
(LRSUSY) and S@10), the fractional splitting of the left- branching ratios, can confirm or rule out such a model.
and right-handed sleptons is of the same order of magnitude
[3,4]. In addition, new contributions to the muon anomalous  |I. THE LEFT-RIGHT SUPERSYMMETRIC MODEL
magnetic momenft5] can modify considerably the relation-
ship between lepton flavor conserving and lepton flavor vio- 1heé LRSUSY model, based orSU(2) XSU(2)g
lating dipole operator§3]. XU(1)g-., has matter doublets for both left- and right-
Motivated by the interest in lepton number violating pro- handed fermions and the corresponding left- and right-
cesses, we apply the constraints from radiative lepton decaydanded scalar partnefsleptons and squark$15]. In the
p— e conversion and the anomalous magnetic moment of thg2uge sector, corresponding $J(2), and SU(2)r, there
muon to the lepton flavor violating decays of theThe best ~ are triplet gauge bosonsA("™~, W), (W™~ ,W)g and a
direct limits on the branching ratios are weak compared tginglet gauge bosol corresponding tdJ(1)g_ , together
u—ey, u—e conversion ang.— 3e decays: with their superpartners. The Higgs sector of this model con-
sists of two Higgs bidoubletsp,(3,3,0) and ®4(3,3.0),
which are required to give masses to both the up and down
*Email address: mfrank@vax2.concordia.ca quarks. In addition, the spontaneous symmetry breaking of
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the groupSU(2)gxU(1)g_, to the hypercharge symmetry  The sources of flavor violation in the LRSUSY model
groupU(1)y is accomplished by introducing the Higgs trip- come from either the Yukawa potential or the trilinear scalar
let fields A (1,0,2) andAg(0,1,2). With this choice a large coupling. The interaction of fermions with scalétdiggs)
Majorana mass can be generated for the right-handed nefields has the following form:
trino and a small one for the left-handed neutrjd®]. In
addition to the tripletsA, g, the model must contain two  £,=h,Q, ®,Qr+hyQ, ®4Qr+h,L P Lg+hl Pylg
additional tripletsé, (1,0,—2) and 6g(0,1,—2), with quan-
tum numberB—L=-2, to ensure cancellation of the +H.c.
anomalies in the fermionic sector. . S S

The vacuum expectation valué¥EV's) of the Higgs  Lm=INR(LLC A L +LRC "AgLg) +H.C. (7)

fields needed to break the symmetry to the standard model
allre taken. for simplification('AyL):O a);d whereh,, hy, h, andh, are the Yukawa couplings for the up

and down quarks and neutrino and electron, respectively, and
0 O ky O h_gr is the coupling for the triplet Higgs bosons. In addition,
(Ap)= s (D= soft supersymmetry breaking terms which generate masses
vg O 0 O . : i
for the charged slepton fields also induce lepton flavor vio-
and lation. The SUSY-breaking term for the Higgs bosons and
lepton sector in LRSUSY is given by

0
D)= . . _
(®a) (0 Kd) Lsor= —[AIN LT 7@ 7L *+iA ghy g

In the supersymmetric sector of the model there are six sin- X(TTrA L+ LcTTZAR[chgj)zq)iTq)j]

gly charged charginos,

oy o=y o~y M) T T LA+ (M) T TR+ (MZ): N*N*

W= (=N g DB BR) LM LT+ (a)y ThiTry+ (M) NF R ]
+MERLTT(ARSR) +TrH(ALS) ]+ Buy @) (8)

and
o mm e where theA matrices A, Aq, A, andA,) are of similar
Wr=(IA, — AR @y Py AL LAR); @ form to the Yukawa couplings and provide additional sources
two doubly charged Higgsinos, of flavor violation, B is a mass term anfll is the scalar
e~ _ _ component of the right-handed neutrino supermultiplet. The
+4+ ——— (AT ATy . . L~ e~ ~
VTr=(o " 0r") and¥TT=(A Az ) (5 inter-generational slepton mixing( = and7) and also left-
and nine neutralinos, right slepton mixing €_,er, ., 4R, 7 ,7r) cause the off-
o diagonal nature of the matrices, and therefore are responsible
PWO=(—ing,—irD,—iNg, @2, D4,A7 80 ,A%,5). for flavor violation. The slepton mass matrix is, incorporat-
(6) ing some elements of the left-right symmefdy7]:
|
mi+DL (M3 (M) Ae 0 0
(m)3, mi+D. (M3 0 A, 0
5 (Mm% (mP3 m+D, 0 0 A,
(M7)esr= ~5 ~ ~ 5 | ©)
Ae 0 0 mg+Dr  (MR)2;  (MR)3;
0 Ay 0 (Mg)3; Ma+Dgr  (MR)3,
0 0 A, (MR)3; (Mg)3, ma+Dg
|
where and
A=Am+mutang, (1=e u,7), Dg=—M? sir’6y,cos 28+ M3 _(Ta/2—sin’ 6y /cos 20y)
D =M? (Ta/2+sin6y)cos 28 X sin 2.
+ MZRS'nZGW/S'n 20wsin 28, From the point of view ofZ lepton flavor violating decays,
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only the left-left and right-right mixing will be important, left-right mixings to be proportional to the values of the tri-
and we can approximate the slepton mixing matrix as blochinear parametersy, .
diagonal, expressed &R The full mass for left- and right-handed sneutrino has, in
T R:Sz,iRT:_,R (10) g_eneral, a complicated lQLZ. matrix struc_ture, but is_pos-
’ sible to construct an effective 66 matrix for the light
with a=e,u,7 andi=1,2,3. This approximation allows the sneutrinos using the seesaw mechanii$8:

) m2— A’ (A,—2Ay)(MpM ~2mf) A'* (mpM~tmf) »
rr]N f—
(e Al(moM b M~ AL(A, = 2A4) (moM 2] "
|
where A | ~2A,+Ay+2u cotB. In the LRSUSY model, the q’ .
left-handed neutrino mass is allowed to be nonzero, but can F,u:')/,u,(fv_fA75)+WV(|fM+fE75)O';w (14

be made small through the seesaw mechanism, as long as the

right-handed neutrino is very heaynasses of order 0 \neret, andf, stand for the vector and axial vector cou-
;I]'evdo(rj so are consistent W'thhthe 1ev I|m|]'f ?]n the left- yjings andf,, and fe for the magnetic and electric dipole

| ande r_1eutr|nrc]) ma}s#)esg)ltet € prhese.n(;]e g tde ;WO sc,jcar; moments of the final fermions. For on-shell photons, the ra-
ar neutrinos, the mixing between the right-handed and th@iative decays of leptons are due exclusively to dipole tran-
left-handed sneutrinos is small, due to the seesaw mechanis@ions. while the LEV decays of th# will depend in prin-

in the sfermion sector: the left-right elements of the sneutrinq:ime on all four form factors. These form factors are model-
mass matrix are proportional to the Dirac neutrino mass, buliahendent: however, in the limit of massless external leptons
the right-right element of the sneutrino mass matrix is Veryyare is only one independent form factor in each case, such
heavy, sozthe mixing of sneutrino WI|| be supressed by thethatf,(,l:fg andfZ=fZ, f2 =fZ=0. The branching ratio for
|.nverseMN,. the rllg.ht-hand_ed neutrino mass. We .den_oFe the o lepton flavor violatingZ decay becomes

light sneutrino mixing matrix by and express their mixing

as
T T — Mz L |2 R |2
~ - BRZ—ylpt+lulo) =3[, 5+ [T, (19
va=Kaivi (12 z
with @=ve,v,,v, andi=1,2,3. where the nonoblique functiody;; andI'?; depend on the
V—A or V+A character of the theory. We list below the
lIl. LEPTON FLAVOR VIOLATING DECAYS OF THE  Z supersymmetric contributions to the amplitude for the decay

Z—14l,+141,, including the mixing of scalar leptons and
scalar neutrinos and of the charginos and neutralinos in the
model (and including the self-energy graph3he contribu-

tions from the LRSUSY model to the decZy—>I_1I2+I1I_2

The cross section for the proc@sﬂ_llzﬂll_z arises at
the one-loop level through the decay amplitude

M=- A e“up,(p2)T" U1, (= P1) (13 fall into three categories: chargino-sneutrino, neutralino-
slepton and doubly charged Higgsinos-sleptit.
with The chargino-sneutrino contribution is
L —ig® : .
— __ - 12 Ind ~_, ~ ~ ~.7 ~
1O SarZcostn 2 Ko 2 (ViR [Cod Ry K X y) +Ba(OXT K]

4 4
+23, ,21 (VAVi){05 [2Cau(X, X X)) =3 =A2Co8(X, X X[)1-OF X Co(X, X XD} (16)

The neutralino-left slepton contribution is
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4

FlLll—z(n) 64m2c0s0 kEl SllkS k[z (|tanByNi; +Niz|?)cos 20Xy [CoaA Xy X ) +3B1(0XP Xy )]
W

4 4
+2i§1 121 (tan GyN7y + N5) (tan GyNj; + Nj2) X {OF [2C 4Ky P XD = 3 =X 7Cod Xy XD X0)]

— O RGCo(Xi XY .x°>}] (17)

The neutralino-right slepton contribution is

3 4
L= ———— Z S| 2, (=2 tanuNia+ Nisl?) 08 ki [ Cau X Nig Xip) +2B1(OXT Xig)]
12 64m2coshyy k=1 2

4 4
+ 221 121 (—2tanfyN{; +N5) (-2 tandyNj; + Nj3){OiFje”[2024(‘XlkR AP AD) =3 - chzs(xlkR AP D]

-Of'x} CO()\|k AP AD)} (18)
and the doubly charged Higgsino contribution is
R ~ ~ ~ ~
Ni(C)=—— - a2 0050W kZ 31k3 k(MR K(NLR)LKSIMP BN [Caa(N 5 ™ Ny X)) = 3B1(0X 5.\ ]
+3[2Co(Ni X5 X 5) = 3= NzCos(Nic X 5. 5) 1} (19)

where M, R=m|~2 /|\/|)2(0, )\szm% /M)Z(" )\ic}'izl\/lx_o:/ mixing matrices, depend on the following parametevk:
P oK ' (we takeMg_, =0.5M), the left-handed gaugino mass pa-
Mo, Az=MZz/Mo; the functionsCij(x; Aj,\) are the  rameterMpg, the right-handed gaugino mass paramdief,
three-point functions, an&,(0\;,\;) is a two-point func- and sgnf), the Higgsino mass parameter, and fan
tion associated with the self-energy graphs. We follow here= k, /4. In addition, the branching ratio will depend on the
the notation and conventions of R¢20]. The matrix ele- mass and off-diagonal Yukawa coupling, g);; of theAy :
mentsO;; andN;; arise from neutralino interaction and mix- restrictions on the former have appeared befa@, the lat-
ing at the vertlcesp,, and V;;, Uj; arise from chargino ter will be taken as light as phenomenologically allowed
interaction and mixing at the vertices and are given by [14]. (For simplicity, we only consider the contribution of the
right-handed doubly charged Higgsindhe branching ratio

OL =VEV. o+ ZVEV ot —VEV. — SIrP O 20 als_o .depends on the frgcno_n{il slepton and sneutrino mass
o T2tz g Tisti3 g T4ty Wa 20 splittings, as well as their mixing. From the study of radia-
tive leptonic decays andy(-2), these fractional splittings
1 1 were found to bg3
Of=UjU ,+ SUfUjat 53Ul - Shawes (22) 43l
sm2 ~ Im-<1.5x107° (24)
e
L’ 1 * 1 * 1 * 1 * '
Oij =~ 3 NiaNjat 5 NisNjs =5 NigNj + 5 NigNj om? - ImP<4.2x1072 (25
(22) e’'7
2 2 -
, , om- ~ [/m=<2.7x 10 26
of =-05 *. 23 vl (20

for the sneutrinos, and
IV. RESULTS AND DISCUSSION

2 2 —3
. . . Sme~/mr-<6.2x 10 2
We base our estimates for chargino and neutralino masses Mew! My @7)
and mixing matrices on previous work done on the subject 5 2 3
[21]. Both chargino and neutralino masses, as well as their omz;/my<1.6X 10 (28)
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BR(Z — lils + 11ly)

1x107H / \

ax10°3t \ FIG. 1. The branching ratio
BR(Z—14l,+1415) as a function

\ of the left-handed gaugino mass
parameteM , for my=100 GeV,
ex107 \ M /u~1, x>0 and tan3=3.
We takeMz=10 TeV andM3;--
\ =120 GeV. Heren =M{/M, .
The curves representsolid line)
N Z—e*u™ branching ratio;(dot-
~ N dashed ling Z—e* 7™ branching
. ratio; and (dashed ling Z

N EeF ™~ — 77 branching ratio.

2x107 ¢ AN —

ax107Pt

5m§~/m72< 101 (29) Z—eu, er and uT, respectively, on the chargino and neu-
mr tralino mass parameteévl, for fixed universal scalar mass
for the sleptons. The relative mass splittings are larger thamo=100 GeV. As expected, the branching ratio decreases
the ones obtained in the MSSM. with increasing\ =M{/M{, and BR(Z— " 7%) could
We analyze the branching ratio as a function of the leftoach at most 10722 for low M_~200 GeV. The same

handed gaugino mas#/, , and the universal scalar mass branching ratio can reach 4.0~ for M, =100 GeV and

Mo, for sgn(u)>0, M\ /u~1, which are values preferred .\ _ 150 Geyv, as shown in Fig. 2, where we plot the depen-

tanB=3 andM =10 TeV in all our considerations Bence of the same branching ratios on the universal scalar
- R™ . _~2 2 . . .
In Fig. 1 we plot the dependence of the branching ratio of"aSs throughvo=mg/My, . Again, the largest contribution

BR(Z — Lz + hlo)

1.4x107M} |
1.2x107 FIG. 2. The branching ratio
\ BR(Z—141,+1415) as a function
1x10° 1t \ of the universal scalar mass pa-
rameter my, for M =100 GeV,
\ M /u=1, ©>0 and tanB=3.
gx1071 =22
Here No=my/My, . The curves
AN represent:(solid ling Z—e*u™
6x107 12 AN ' branching ratio;(dot-dashed ling
~ Z—e*7r* branching ratio; and
i ~ TELF (dashed ling Z— u™ 7" branch-
4x107" AN - ing ratio.
\ — -
2x107% —~ e
eilu¢ o
10 20 30 40 50
Ao
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BR(Z — 1tu~ 4+ u*17)

\

2x107 M}

FIG. 3. Relative contributions
' to the branching ratios oBR(Z
\ —7tu +utr)  from the
1.5x107M | \ _ chargino, neutralino and doubly
\ charged Higgsino components as
\ . a function of the universal scalar
: . mass parameten,, for M| =100
\ \ GeV, M /u=1, >0 and tarB
o N =3. As beforeho=mg/M{, . The
\ _ curves represeni(solid line) 10°
~ times the chargino contribution;
AN "~ (dot-dashed line the neutralino
1 " T~ contribution; and (dashed ling
I — — 10° times the doubly charged
~— Higgsino contribution.

1x10°

5x10°

10 20 30 40 50

Ao

to lepton flavor violating decays of th8 comes from its We do not expect the results to be significantly altered by
branching ratio tqur, and that should be true in any model large values of taB. The left-right mass splitting of the
with slepton mixings in agreement with our understanding ofsleptons is proportional to tgh and thus expected to in-
neutrino oscillations. Finally in Fig. 3 we plotfor Z  crease. This increase will affect both the muon magnetic mo-
—u~77) the relative contributions of the chargino, neu- ment and the lepton flavor violating decays, which will be
tralino and doubly charged Higgsino to the branching ratiodominated by slepton-neutralino graphs. The fractional slep-
as functions ofmy. Some of the general features emergingion mass, which depends on the ratio of the decay amplitude
from the graphs are as follows. for u—ey and the anomalous magnetic moment of the
The branching ratio foZ -~ 7" is the largest of the 1,00 will remain fairly constant against variations in fan

three lepton flavor violating branching ratios, but still is IessIn this scenario, although the doubly charged Higgsino con-
11 ; -1 i '
than 10", and more likelyO(10™ *) for gaugino mass val- tribution will increase, the lepton flavor violating decays of

ues favor_ed by the anomalous magnetic moment of th‘f‘hez will be dominated by the neutralino-slepton contribu-
muon. This value is 2—3 orders of magnitude below Whattions and will be fairly independent of tah

could be observed at GigaZ. We expect this ratio to be even . . .
In conclusion, we have shown that, including the con-

smaller in MSSM, where slepton mixings are more restricted . . . e
than in LRSUSY[2]. straints from radiative lepton decays, lepton flavor violating

In the approximation used, the branching ratios are prod€cays of theZ bosons in the left-right supersymmetric

b 11
portional to the relative slepton mass splittings, such that Model are expected to be at most in the ¥3-10"** range.
The prospective high-energy e linear collider TESLA is

being designed to operate on top of #doson resonance.

BR(Z—u 7" ):BR(Z—e>7"):BR(Z—e u™) Given the high luminosity and the cross section, about
2% 10° Z events could be generated in an operational year of
5;2—;7 536; 32; 10’ s. The signal predicted here is below the experimental
=y =y, (300 sensitivity of the new planned GigaZ experiment at TESLA.
m? m? m

A signal of lepton flavor violation itZ decays is not expected

) ) " in LRSUSY and, if seen, it would be an indication of other
As in the case of the dipole transitions, Zrlepton flavor  qels, such as models with heavy Majorana neutrjiak
decays the neutralino contribution dominates all processegy of a new mechanism responsible for the def28g).

and the chargino contribution is much smaller. The doubly

charged Higgsino contribution is most important fa@r
—u~ 7" [because of the weaker constraints bpg) ,,], but

is still ©(10™ %) smaller than the neutralino. Thus, the results
are not too sensitive to the particular Higgs structure of the This work was funded by NSERC of Canada
model and are more sensitive to its left-right symmetry. (SAP0105354

ACKNOWLEDGMENTS

033011-6



PREDICTIONS FOR LEPTON FLAVOR VIOLATION IN . .. PHYSICAL REVIEW D55 033011

[1] BNL E821 Collaboration, H.N. Browet al, Phys. Rev. Lett.  [12] J.I. lllana and T. Riemann, Phys. Rev.@3, 053004(2002);

86, 2227(2001). Nucl. Phys. B(Proc. Supp). 89, 64 (2000.
[2] M. Graesser and Scott Thomas, hep-ph/0104254; Z. Chackf13] Y. Fukudaet al, Phys. Lett. B433 9 (1998; 436, 33 (1999;
and Graham D. Kribs, Phys. Rev. &, 075015(200)); R. Phys. Rev. Lett81, 1562(1998.

Arnowitt, B. Dutta, and Y. Santosdbid. 64, 113010(2007). [14] M. Frank and H. Hamidian, Phys. Rev. B, 6790(1996.
[3] M. Frank, to appear in Eur. Phys. J., CUMQ/HEP 118, 2001. [15] R. Francis, M. Frank, and C.S. Kalman, Phys. Rev32369
[4] Y. Okada, K. Okumura, and Y. Shimizu, Phys. Rev.6D, (1991); M. Frank, and H.N. Saif, Z. Phys. 65, 337(1995; K.

094001(2000. Huitu and J. Maalampi, Phys. Lett. B44 217 (1995; K.
[5] M. Frank, Mod. Phys. Lett. A6, 795(200). Huitu, J. Maalampi, and M. Raidabid. 328 60 (1994.

[6] OPAL Collaboration, R. Akerset al, Z. Phys. C67, 555 [16] J.C. Pati and A. Salam, Phys. Rev. D, 275 (1974 R.N.

(1995. . . .

. - Mohapatra and J.C. Patfid. 11, 566(1975; 11, 2558(1975;

[7] (Lfg;:;llaboratlon, O. Adrianiet al, Phys. Lett. B316, 427 G. Senjanovicand R.N. Mohapatraibid. 12, 1502 (1975:

[8] DELPHI Collaboration, P. Abret al, Z. Phys. C73, 243 R.N. Mohapatra and R.E. Marshak, Phys. L@LB, 222
(1997, (1980.

[9] R. Hawkings and K. Maing, EPJdirec8, 1 (1999; G. Wil- [17] G. Couture, M. Frank, H. Knig, and M. Pospelov, Eur. Phys.
son, “Neutrino oscillations: are lepton-flavor violatirngyde- J.C7, 1,35 (1999. )
cays observable with the CDF detector?” and “Update on ex-[18] M-E. Gamez, G.K. Leontaris, S. Lola, and J.D. Vergados,
perimental aspects of lepton-flavor violation,” talks at the Phys. Rev. '339' 116009(1999.
DESY-ECFA LC Workshops, Frascati, 1998 and Oxford, 1999,[19] J. Ellis, M.E. Ganez, G K. Leontaris, S. Lola, and D.V. Nan-
respectively. See http://wwwsis.Inf.infn.it/talkshow/ and http:// opoulos, Eur. Phys. J. €4, 319(2000.

hepnts1.rl.ac.uk/ECFA_DESY_OXFORD/scans/ [20] B.A. Kniehl, Phys. Rep240, 211(1994.

0025_wilson_pdf [21] M. Frank, C.S. Kalman, and H.N. Saif, Z. Phys.59, 655
[10] M. Levine, Phys. Rev. 36, 1329(1987. (1993.
[11] F. Gabbiani, J. Kim, and A. Masiero, Phys. Lett.2R4, 398 [22] M. Frank, Phys. Rev. 2, 053004(2000.

(1988. [23] D. Delepine and F. Vissani, Phys. Lett. 82, 95 (2001).

033011-7



