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A comprehensive analysis of the lepton flavor violatifidrV) decayszﬂlfljt is presented within the
effective Lagrangian approach. Both the decoupling and nondecoupling scenarios are explored. The experi-
mental constraints fromeljlkl_k andl;—1;y as well as some relationships arising from the gauge invariance
of the effective Lagrangian are used to put constraintZerii*lf . Itis found that while current experimental
data impose very strong constraints @r-u*e™, the channeZ— 7*1= may still be at the reach of the
planned DESY TESLA collider.
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I. INTRODUCTION adding massive neutrinos. It turns out that, after considering
the most recent experimental data for neutrino masses, one
Recent neutrino experimental data, such as those comingan have at most BR(—|;"I;") ~10>* for light neutrinos.

from Super-Kamiokandgl], have shown evidence of atmo- on the other handZ—1;"1;" might be at the reach of TESLA

spheric and solar neutrino oscillations. This class of effect$, some models with heavy neutrinos whose mass is of the
points to physics beyond the standard mot@) and has o rqer of 200-1000 GeV. This decay has also been studied

immediate consequences on some sectors of the theory. Fkthin the general two Higgs doublet modsl). It was found
instance, the conservation of lepton number and lepton flav

cannot be taken for granted anymore, as in the SM with itos[hat the channél " e is the only one that may be at the

X .~ . “reach of TESLA. Studies within the Zee modl6é] and theo-
massless neutrinos. Clearly, some lepton flavor wolatmq’ieS with a heawzZ’ boson with familv nonuniversal cou-
(LFV) processes such a%—>|i+lji (I;=e,u,7) may occur VY Y

and be observable at the future particle colliders. The neifmgs E&rt?]z\:ewﬁizltﬁa:/zatb:;i :2;;;2? vt/?tiirfxcﬁﬁzrﬁr:g!
trino experimental data have thus renewed interest in LF )

transitions. Moreover, the prospect of the DEEYe™ TeV els, such as supersymmetry, leptoquark theories, left-right
Energy Superconducting Linear AcceleratdiESLA) with ~ Symmetric models, et¢s]. _

its gigaZ option [2] opens up the possibility of studying in .AII of the aforementloned studies have focused on spe-
the near future some LFY¥ boson decays, which might be at cific models, which share the common feature of being of a
the reach of that collidef3]. Currently, the best direct ex- Weakly coupled nature, i.e., when the masses of the heavy
perimental bounds on thE—>Iiji rates, obtained by the particles become large they decouple from low-energy phys-

search at the CERN" e~ collider LEP-I, are{4] ics. Therefore, it is convenient to take a more general ap-
proach that allows us to make a model-independent analysis.

BR(Z—e" pn™)<1.7x10°8, (1a  We will consider thus the effective Lagrangian approach

(ELA), which is suitable for this purpose. In particular, the
BR(Z—e" 77)<9.8x10 6, (1b) ELA has been extensively used to study some quantities that

B are forbidden or highly suppressed within the SM. In this
BR(Z—u™77)<1.2X10°°, (1)  approach, there are two well-motivated schemes to param-

] etrize virtual effects of particles lying beyond the Fermi scale

whereas the expectations at TESLA §2¢ via effective operators involving only the SM fields, namely
BR(Z—e" u*)<2.0x10°°, 24 g;iulpi)near and nonlinear realizations of the electroweak

In the linear realization or decoupling scenafdy, it is
(2b) assumed that the spontaneous symmetry breal@&® of
the electroweak group takes place in the usual way, thereby
T - _ -8 implying the existence of at least one physical Higgs boson.
BR(Z=u"77)<(0.44-2.2 X107 (20 In addition, the light particlesthe SM onejfill out multip-
lets of SY (2)X Uy(1). Although one can only expect mar-

In order to disentangle the origin of any possible LFV ginal contributions from the heavy fields to low-energy phys-
effect, TESLA expectations must be confronted with the preics, there are indeed some processes in which the new
dictions of the diverse available models. Considerable worlphysics effects may compete with the SM ones, such as those
has been done along these lines, but here we will only refenvolving flavor-changing neutral curre@CNC) and LFV
to the most recent studies. For instance, the authors of Refransitions[10]. The latter are forbidden in the SM at any
[3] reviewed diverse scenarios that enlarge the SM by jusorder of perturbation theory. The decoupling scenario is suit-

BR(Z—e*77)<(1.3-6.25 X 108,
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able to parametrize any virtual effect arising from a funda-scenario, it is assumed that the dipole contribution is the

mental gauge theory that is assumed to be renormalizabldominant one, which implies that, due to the $P)

and of a weakly coupled nature. This hypothesis is funda-XUy(1) symmetry, it is possible to obtain bounds @n

mental to establish a hierarchy among those operators ofa»li*lji by using the tree-level decays—1;y. It turns out

particular dimension: gauge invariance allows us to infer thehat the bounds obtained in this way are the most stringent.

order at which the effective operators may be generated ifinally, we present our conclusions in Sec. IV.

perturbation theory11]. In particular, a loop-generated op-

erator is suppressed by a factor off)f 2 with respect to a Il. LEV IN THE DECOUPLING SCENARIO

tree-level induced one. Throughout this work we will make

systematic use of this fact when studying LFV processes [N this section, we assume that the underlying theory is of

mediated by th& boson. a decoupled nature. The effective operators inducing LFV
As to the nonlinear realization or nondecoupling scenarigcouplings were presented in a previous w¢ild]. These

[12], in this case it is assumed that the low-energy processedperators can be classified according to whether they induce

are affected by unknown residual strong-dynamics effects. I#he ¥l;l; coupling or not.

this effective (chiral) theory, the SSB of the electroweak

group is accomplished by introducing a unitary matrix field  A. Effective operators that only induce theZl;l; vertex

U that replaces the SM doublet. It is also assumed that the \ye can classify these operators in two classes. In the first

physical Higgs boson is either very heavy or does not exist alace we have those operators that can be generated at tree-
all. The scalar sector is comprised only of Goldstone boson vel in a fundamental theory. They are given by

that define theJ field, which in turn transforms nonlinearly

under the SW(2)xUy(1) group. In the unitary gauge, i —icht TR

where the Goldstone bosons are absent, we haveltkat Ou=1(¢Dud)Iriv"lr), (39
and the chiral Lagrangian reproduces the SM without the
Higgs field. Due to the fact that a strongly interacting regi-
men implies that loop effects can be as important as the @) i/ ot a — .
tree-level ones, one cannot establépriori what operators Ogl =i(g 7D yud)(LiToy L), (30
are the most relevant. We will bear this in mind when we
discuss the general structure of @kl; couplings within the
nondecoupling scenario.

O =i(¢'D, ) (Liv L)), (3b)

wherelL,; andlg; stand for the left-handed doublet and the
right-handed singlet of SWY2)x Uy(1), respectively,r are
he Pauli matrices, and lepton flavors are denoted drydj.

Our main aim is thus to present a model-independen he first two operators induce tld;l; andHI;l. couplings
1 withi i ilj ilj ,
study of the LFV decay —I7l; within the ELA. We wil whereas the third one also induces v, vertex. Both

make general predictions for the respective rates in both the , ,
decoupling and nondecoupling scenarios. Further, the impadf€ Zlil; and Wliv,, - couplings contribute to the one-loop
on this decay of the experimental constraintsipr|;l,l induced decay;—1;y.

and I;—1;y will be analyzed, and the expectations at the There is also another set of operators that can be gener-
future TESLA collider[13], running at theZ peak(giga-2,  ated at the one-loop level or at a higher order:

will be discussed.

The rest of our presentation is organized as follows. In BI:(LiDulRJ)DM¢’ (43
Sec. I, we consider the decoupling scenario and discuss the . _
most general structure of tiz#;|; vertex. It is argued that the bL=(D,Lilg))D*®. (4b)

contribution from the monopole structuse, dominates over i
that from the dipole structure,, k" the latter can only arise  BOth of these sets of operators contribute to the three-
at the one-loop level in any renormalizable theory. Thereforebody decayl;—1;l,ly via a virtual Z.

the most stringent bounds (ZHIfIf can be obtained from

the three-body decay—I;l,ly, which receives contribu- B. Effective operators that induce both theZlil;
tions from theZl;|; coupling via a virtualz. We will also and vlil; vertices
consider the contribution from thél;l; andWl;», couplings Owing to gauge invariance, operators of this kind can

to the one-loop decaly—1;y. In Sec. lll, a similar analysis only arise at the one-loop level in any fundamental theory.
is performed within the nondecoupling scenario. We wouldAccording to the Lorentz structure of these operators, we can
like to stress that, in contrast to what is observed in theclassify them in two categories:

decoupling case, in the nondecoupling scenario the contribu-

tions from the monopole and dipole structures may be Olw=ig(Liw#*y,D,L;), (53
equally important due to the presence of strong-dynamics ) .

effects arising from the underlying theory, thereby allowing Olg=ig'(L;B*"y,D,L)), (5b)
two possible scenarios. In the first case, it is assumed that the

monopole structure gives the dominant contribution, which Olh=ig'(TriB"“"y,D,Ir)), (50

means that the most stringent bounds 211" can be
obtained from the three-body decly-1;lyl . In the second and
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Ollys=9(Lio, , W) b, (68) V2g (v )2
g™ i FsR:m N Vi (chamwgt Syig ) VR -
Oiks=09'(Lio,,B" g &, (6b) (10)

where W#”= r*W*#¥_ It is understood that the Hermitian It is evident that the terms proportional ko, in Eq. (7) do
conjugate of each operator is to be added in the respectiveot contribute when th& boson is on-shell. We thus can
Lagrangian, i.e.Leﬁz(a”/Az)(’)ij +H.c. We have assumed conclude that the contributions Z}—>If|f can only arise
that all the effective matricea cannot be simultaneously from the operators given in Egq$3) and (6), i.e., only
diagonalized by the unitary matricd4 and V}, that define  through the monopole and dipole structures. Since the mono-
the mass eigenstates. Note that these groups of operatgrsle structure can be generated at tree level by the underly-
give rise to bothZl;l; and yl;l; couplings as a direct conse- ing theory, its contribution will dominate that from the dipole
guence of the SI{2) X Uy(1) gauge invariance of the effec- structure because the latter can only arise at the one-loop
tive theory. Therefore, the experimental constraintslpn level and has a suppression factor ofa(4 2. It is thus a
—ljy can be easily translated into bounds mmﬂf, good approximation to consider only the contributions aris-
However, we will see below that these operators play a maring from the operators of Ed3). In contrast, theyl;l; cou-
ginal role in this decay, though the situation may be differenling is only induced by the operators of Ed$) and (6)
in the nondecoupling scenario. since the monopole contribution is forbidden because of
electromagnetic gauge invariance, i.e., fiig; coupling can
only arise at the one-loop level in any renormalizable theory.
_ _ _ In order to obtain bounds oB—1;"1;", we will use the ex-
The effective operators shown in Eq8)—(6) induce thg __perimental bounds on the three-body decays:I,T,,
most generakl;l; vertex. In the case of on-shell leptons, itis ' : I 1Tk

which may receive contributions from thel;l; coupling

p035|ble_t0 m_ake use of the Dirac equation along .W'th the[hrough a virtualZ, mainly via the monopole structure. We
Gordon identity to transform the Lorentz structure induced

by the operators of Ed5) into a dipole structure. It turns out will aI;o calculate the contr.lbutlons from tltd;1, gndWIi Yl

that the contribution from these operators has terms that ai€Puplings to the one-loop induced deday-1;y in order to
proportional tom;/m, or m;/m,, with m;; the lepton ana_IyEe if this mode could be useful to obtain boundsZon
masses. This means that these operatoré give a very Supilflj— . All these results can be translated readily into the
pressed contribution, as compared to that from the operatofPndecoupling scenario, where the dipole contributio to
of Eq. (6). Therefore, from now on we will not consider the —1;"I; will be studied also. It turns out that, in that scenario,
operators of Eq(5). We thus can write the most general the dipole contribution may be as important as that from the

structure of theZl;l; vertex in the following way: monopole structure.
Taking into account just the contribution from the tree-

level-generated operators, the branching fraction for the de-
cayZ—I{I;" can be written as

C. The most generalZl;l; vertex and the decayZ—»Ii:Ijt

YM(FQLPH' FirPR)

zmi_ 19—
M/_L - ZCWU(pI)

1 ’

+ —(F3 P L+FiPr)k, _ a [my N N

Mz BR(Z—»lrlj):—Z(F—)(|F'11L|2+|F9R2), (1D
35w\t z

v(p)), ()

i
+ m—FgRPRUWkV
z where we have neglected the lepton masses. We have also

wherek, is theZ four-momentum. We have defined the fol- introduced the definitios,w=2CwSw-

lowing matrices in the flavor space:
D. Bounds from the three-body decayl;— Il

2
Fi= _(%) \Vi a(Dl()ﬁa(D?’,},)V”, (8a) The contribution from theZl;l; coupling to the decay;
— il Iy (viz., Fig. I can be written as

2
v . ac® m /m\4
FlR:_(K) Viap VR . (8b) BR(li_)ljlklk):ﬁF_:(m_lz)
Tow i
g* (v)zl " X([FILP+|FRl). (12)
Fo = —| Vi ap Vg, 9
2L 2\/50\2/\/ A L®DL ( a)

with a=1—4s§v+ 85&, andl“,i being the fulll, width. Again

92 v)2 we have neglected the final lepton masses, g= m,=0.
For=— "= ( X) Vi ap VR, (9)  From Eqgs(11) and(12), we can obtain the following expres-
2y2¢cy sion:
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the three-body phase space and the exchange of a vitual
boson, the one-loop decdy—1;y gets a suppression factor
of (47) 2 plus an extra power of. Since the current ex-
perimental constraints on both decay modes are of the same
order of magnitude, the only way in which the radiative de-
cay can compete with the three-body decay is if the former
arises from a nondecoupling effect. However, we will see
below that thd;— Iy amplitude is dominated by the virtual
Z and vanishes whem; /m,—0.
The respective Feynman diagrams for the delgayl;y
are shown in Fig. 2. We have used the unitary gauge in our
calculation. The expression for tiad;|; coupling was given
FIG. 1. Feynman diagram for the three-body deayl;l I, in N EQ. (7), though we will only consider the monopole con-
the effective Lagrangian approach. The dot denotes an effectivilibution here. As for theNl;» coupling, which can be in-

=y

LFV coupling. duced by the operators of E(Bo), it is expressed as

_ 487TS§W I my 5 Wl 19 €—

FlEy= 2| | £ MWili= = _—y(p;))P v(p;)WH, (16)

BR(Z—I717) < —— (Fz (mi N (P)PLY(P))

X BRexpt.(I i—1 jI kl_k) (13 with
where BRyy(li—1;ll)) stands for the experimental con- AGVINENT
straints[4]: =y ViapgVy - (17)

- ama—at —12
BReypt( ™ —e€ e e")<10 ™ (149 After some calculation, the decay amplitude can be ex-
_ pressed as
BReXpI.(T_*)IjIKIk)<Kjk10_6!
(140 M=) =u(p)) (fy—Far) a4 qu(p),  (18)

and «j, is a factor of orderO(1) corresponding to each
different channe[4]. These equations allow us to obtain the
following bounds:

whereq is the photon four-momentum and the coefficients
fy a are given as follows:

BR(Z—u"e)=<1.04<10 2 (159 a

fya= (A=A, (19

47TS§W

BR(Z— 77 e™)<1.7x10 %, (15b)
where the superscriptij denotes the contribution from the
virtual boson Z or W). As to the coefficients\lk, they are

These results are in agreement with those obtained froffliVen, in terms of scalar integrals, by
unitarity-inspired arguments in RgfL4].

BR(Z—7 u™)<1.0x10°. (150

AZL= 4amagl (1+Bi+B2-B3-B¢
E. Bounds from the two-body decayl;—1;y LR |3 5{ ZgL'R( ot Bo~Bo~Bo)
Wg now study the contributions from.tlidillj andW]| 1.4]_ _ 2mi2m§[ + 3(83— Bg) n 29|L R(Bé_ Bg)]
couplings to the one-loop decéy—|;y (viz., Fig. 2. While . | S ’
the three-body decaly—1;l,l, gets naturally suppressed by —mi(=1-4g; gmzCo)}FY 15, (20)

FIG. 2. Feynman diagrams for the radiative
decay l;—1;y in the effective Lagrangian ap-
proach. The dot denotes an effective LFV cou-
pling. There is another set of diagrams where the
flavor-changing effective vertex is inserted in the
opposite end of th& boson or the neutrino.
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with g| = —1+2s3, and g,=2s3,. For simplicity we ne- o
glected the final lepton mass. The sigi(—) holds for the ‘
L(R) term. As far as the\!'" coefficient is concerned, we
have
0.1
- EijCZ
Wil === 2m?,— 3m?
mi KijFile 0
—2(mj—m?)(Bg—Bg+m{ CH)],  (21)
whereasA'=0. The scalar integralB}, andC}, are given, -0.1
in the notation of Ref[15], as follows:
Bo=Bo(0,m3,m3),
-0.2

BZ=By(0,m?,m32),

i
xi3FH g

B3=Bo(m?,0m?), _— |
FIG. 3. Bounds on the coefficients}, ,; from u—ey (solid
B4= Bo(m-2 m2 m2) line) and 7— uy (dashed ling The allowed region lies inside the
0 Pl curves.x,o=10"% andx,, =102,
B5=Bo(0,m3,,m3,),
0 W BR(7— uy)<1.1x10°. (230
Bo=Bo(m’,0m{), _
Therefore, from Eqs(22) and(23) we can obtain an upper
Ci=Co(m?,0,0m?, m2,m?), bound on the coefficients, ;5 ande, which in turn can
be used to put constraints on the deé’ay>li+lji .In Fig. 3,
and we show the allowed region for the coefficiefi®§, 15, as
2 2 2 2 obtained from the decaya—ey and 7— uy. As we are
Co=Co(m’,0,0miy, 0.miy). interested in obtaining upper bounds B, .z, we sete

It is interesting to note that, although an effective vertex=C- In the plot of Fig. 3, the allowed regions, which inter-
was inserted into a one-loop diagram, from the above eXpreg_stlngly are almost circular in shape, lie _|nS|de the curves.
sions it is evident that the calculation renders a finite result” ™0 these results and E@.1) we can obtain the following
It can be explained from the fact that t@é|; coupling has bounds:

a renormalizable structure. Our result is very general in the
sense that it can also be applied to theories with an eXtra BR(Z—u*e*)<6.12x10 1, (243
boson with LFV couplings of the monopole-structure form.

The branching ratio for the radiative dechy—1;y is

given by BR(Z— 71%)=<2.8x10®, (24b)
5 wherel =e or w. Although these bounds are weaker than the
m; btained from the three-body deday-1;l, Iy, the
BR(l: 1 v)= Fol2 (5,2 ones obtained fro e three-body deday-1;lyly, they
(=l 87l (I 1Ta show that the one-loop decdy—1;y may also be useful to
5 obtain bounds o —1;"1;" .
= — (AP AT, 22
647°T| Shy lll. LVF IN THE NONDECOUPLING SCENARIO

. . . " o In the scenario where the underlying new physics effects
The scalar functions involved in the coefficiedt$', can be ; : :
R arise from a strongly interacting sector, the relevant LFV

numerically evaluateffl5] or expanded in powers afi . We  gperators are similar to those given in the decoupling sce-
will 'end up with an expression of the form BRG1jy)  nario, but now with the Higgs doublet replaced by the fol-
= B1|F1L |2+ B1|FiRI*+ B3| €] |, where theg, are some nu-  |owing unitary matrix:
merical coefficients.

From the experimental side, we have

2i p?
U=ex , (25
BR(u—ey)<1.2x10 1, (233 v
wheree? stands for the Goldstone bosons. In this realization
BR(7—ey)<2.9x10 °, (23 of the SY(2)xUy(1) group, the covariant derivative is de-
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fined asD,U=4d,U+igW,U—ig’'UB,,, with the Abelian both theZl;l; andyl;l; vertices, which means that the decay
field given byB = (7-3/2)B From the discussion presented li—1jy can glve more stringent bounds than the ones arising
before, it is clear that the relevant operators are analogous feom the three-body decaly— | Iklk This is because the

those shown in Eq$3) and(6), although the operatc@(s)" electromagnetic decay has a phase-space factor less re-
has no nonlinear counterpart. These operators can be writtestricted than the three-body decay and does not involve the
as factor (m;/my)* coming from the inclusion of the virtuad
but only the kinematic onen; /m;)?. B
£UR:i)\iLjJRTr[7'3UTDMU]§i'yMRj+H-C-, (263 The branching fractions for the decags-I;"l;” and|;

—ljy can now be written as

Ly =N T UTD, UL y“L+H.c., (26D

o+ a mz ..
BR(Z—>Ii—Ij—)=—2(—)|A'J|2, (29
6s5y \ 1z
Ny —
Liwu=0—— A (L o, WH'UR;j)+H.c., (279
3a [ m mI -
Ay — BR('iHHY):E T, |B'|
Ligu= L, UR,)B*"+H.c., 270 2w i
IBU g A ( 10y ) ( ) (30)
whereR;=(0/ ;). In this scenario, there is an upper boundwhere
on the new physics scale, i.eA~4mv, which will be
adopted below. Notice that the first group of operators have
dimension 4 in mass units, whereas the last ones have dimen B= . VL (\su+ Mwo) VA 31)
sion 5. 2mcly
The formulas given in Eq47)—(11) also hold, but thé-;
matrices are to be replaced by After introducing the experimental constraints on the
electromagnetic decays, we have
Ay =—2Viag Vi, (283
T+ i mZ
. ) —\| — J—
Asr=—2ViAurVH (28b) BREZ=ITD=5T,) I m,
2
Cw
A g? Vi (2 T - for Ll
_27TC\2N L{CwAwu—SwAIBU) VR - XBRexpt.(Iig’lj'y) S 5
(280 (a\/) for ‘CIBU

Since we are assuming a strong interaction is responsible
for the LFV effects, two scenarios are of interest. In the first
case we will aSSl:Ime that the m0n0p0|e Contrlbutlon domlBy using the respective experimenta| Constra[n,ﬂs we get
nates over the dipole contribution, whereas in the second

case we will take the dipole moment contribution as bein I
e P 9 BRZouTe')=(8.64x10%2 7.81x10 %),

(333

(32

A. Monopole dominance

Fat —13 — 14
In this scenario, it is assumed that the structure induced BR(Z—77e7)<(3.09<10"™, 2.79<10°7),

by the operator$26a and (26b) gives the dominant contri-
bution. From the above discussion, it is clear that the most B
stringent bounds can be obtained from the three-body decay =~ BR(Z— 7" u*)<(1.25x10 12 1.13x10 13),

li—1l Wl . Itis also clear that the relation given in EG.3) (339
stlll holds Consequently, the respective bounds are the sam
as those given in Eq€15). Finally, the bounds arising from ehere the firssecondl figure in the parentheses corresponds
to the operatorlyy (Ligy)-. It should be noticed that the
the decayl;—I;vy also hold. y . . .
same bounds apply in the decoupling case, in the unlikely
scenario in which the dipole contribution dominates over that
from the monopole. The above bounds have severe conse-
We now neglect the monopole term and focus on the congquences. They imply that the existing experimental con-
tribution arising from the operatol®79 and(27b. Due to  straints on the decays;—l;y, together with SY(2)
SU (2)XUy(1) gauge invariance, these operators induce<xUy(1) gauge invariance, are enough to rule out any pos-

(33b

B. Dipole moment dominance
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TABLE I. Constraints on the LFV decayg—I1;" as obtained from the experimental boundslpn
—Ijll andlj—I;y. The third column corresponds to the monopole term ofzhg coupling, which can
induce the decal;—1;y at the one-loop level. The last column is obtained in the scenario in which the new
physics LFV effects only contribute to the dipole termZifl; . The operators that induce this term can also
give rise tol;—I;y at tree level.

|i_>|j|k|_k li—1;y (one-loop level li—1jy (tree leve
BR(Z—pu"e") <1.04x10° 12 <6.12x10° 1 <(1022-10"%
BR(Z— " e") <1.7x10°° <~10° <(10 B-10"1%
BR(Z— 7" u™) <1.0x10 ° <~10° <(10 *2-10719)

sible detection of a LFV transition of th&boson if it arises  pole and dipole terms. It was shown that, in the decoupling

via aZlilj coupling of the form of a dipole moment. scenario, the deca&—>|f|f arises mainly from the mono-
pole term. In this case, the strongest constraints on these
IV EINAL DISCUSSION processes are obtained from the current bounds on the decays

li—1;l W, though the constraints dp—1 jy are also useful

Until now, the LFV decayZ—I;I;" has been studied for the same purpose. On the other hand in the nondecou-
within a large variety of modelg3,5— a These studies show pling scenario, in which the LFV effects have a strongly
that, at least for some values of the model parameters, thateracting origin, gauge invariance as the main ingredient of
respective decay rates might be at the reach of the planneatle effective theory induces simultaneously bathl; and
TESLA collider. However, all of these analyses rely on sev-yl;l; vertices. In this scenario, it might be that both the
eral assumptions about the parameters of the model undemonopole and dipole contributions have the same strength. If
study. We have shown in this work that an ELA analysis isthe main contribution came from the dipole term, the current
well suited to studying this LFV decay. We have consideredimits on the decay;—|;y would place severe constraints on
both the linear and nonlinear realizations of the ELA. ThISZH|+|J_ [see Egs.(33)], which clearly are far from the
approach has allowed us to make some general predictiomgach of the planned TESLA collider. These results suggest
about theZ—>Ii+Iji rates starting from the current experimen- indeed that the dipole contribution is unlikely to be observed.

tal bounds on the low-energy procesdes:|;l [y and I; In summary, if the new physics LFV effects are of a de-
—1;y. We summarize our results in Table I. We also ana-coupled nature, the most stringent boundZon ™ e~ is of

lyzed the impact of the LFV couplinggl;l; and Wiy, on the order of 102 which suggests that this mode would be
the muon anomalous magnetic momegt(2),., but our out of the reach of TESLA. Since the current experimental

calculation showed that the bounds obtained this way arlimits on 7—Il,l, are less stringent than those qu-
rather weak. So, we refrain from showing the respective re=—=€ € €, the resuling bounds orZ— 771" are also
sults here. In the same context, there are other processes thegaker than those ofi— u*e”. As a consequence, the de-
could be useful to obtain constraints on the LBvboson ~cay Z— 71~ may still be at the reach of the TESLA col-
couplings, such asu-e conversion and muonium- lider. In this respect, it has been conjectured that LFV effects
antimuonium conversion. We preferred the decays Might be more evident in transitions involving thdepton.
—ljll andl;—1;y since they do not imply any extra as-
sumption.

In this work, we have examined some potential scenarios Support from CONACYT and SN(México) is acknowl-
for the contributions arising from the two Lorentz structuresedged. J.J.T. and J.M.H. thank J. L.a2iCruz for his com-
associated with the on-shellljI; vertex, namely the mono- ments.
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