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tThe Minimal Supersymmetri
 Standard Model 
ontains in general sour
es oftau lepton 
avour violation whi
h indu
e the rare de
ays � ! �
 and � ! e
.We argue in this paper that the observation of both rare pro
esses would imply alower bound on the radiative muon de
ay of the form BR(�! e
) >� C�BR(� !�
)BR(� ! e
). We estimate the size of the 
onstant C without spe
ifying theorigin of the tau 
avour violation in the supersymmetri
 model and we dis
uss theimpli
ations of our bound for future sear
hes of rare lepton de
ays. In parti
ular,we show that, for a wide 
lass of models, present B-fa
tories 
ould dis
over either� ! �
 or � ! e
, but not both. We also derive for 
ompleteness the 
onstantC in the most general setup, pursuing an e�e
tive theory approa
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present bound proje
ted boundBR(�! e
) 1:2� 10�11 [2℄ 10�13 [3℄BR(� ! e
) 1:1� 10�7 [4℄ 10�9 [5℄BR(� ! �
) 4:5� 10�8 [6℄ 10�9 [5℄Table 1: Present and proje
ted bounds on the rare lepton de
ays.1 Introdu
tionThe existen
e of three generation of fermions with identi
al gauge quantum numbersallows in prin
iple ele
tromagneti
 transitions from a heavy generation into a lightgeneration. These transitions have been observed in the hadroni
 se
tor (su
h as inthe ex
lusive B ! K�
 de
ay [1℄) but not in the leptoni
 se
tor. There exist in fa
t verystringent bounds on the bran
hing ratios of the lepton 
avour violating pro
esses, thatare summarized in Table 1 together with the proje
ted sensitivity of future experimentsto these de
ays.The puzzling di�eren
e between the hadroni
 se
tor and the leptoni
 se
tor is veryni
ely explained in the framework of the Standard Model. The GIM me
hanism [7℄requires that the de
ay rate for any 
avour violating pro
ess is suppressed by themass di�eren
es of the fermions 
ir
ulating in the loop over the W boson mass. Inthe 
ase of the leptoni
 transitions, the parti
les 
ir
ulating in the loop are neutrinos.Therefore, in the view of the tiny mass di�eren
es inferred from neutrino os
illationexperiments, the resulting de
ay rates are BR(� ! �
) � 10�54, BR(�! e
) � 10�57,BR(� ! e
) � 10�57 [8℄, in agreement with the observations.Nevertheless, the Standard Model is believed to be an e�e
tive theory and newdegrees of freedom are expe
ted to arise at some unspe
i�ed energy s
ale betweenthe ele
troweak s
ale and the Plan
k s
ale. Generi
ally, the new degrees of freedomwill 
ouple to the lepton doublets, potentially indu
ing new sour
es of 
avour violation.Therefore, the Standard Model Lagrangian should be extended with higher-dimensionale�e
tive operators to a

ount for the 
avour violation indu
ed at low energies. Thegeneral expression for the ele
tromagneti
 transition amplitude lj ! li
� reads:T = �e ����ui(p� q)�(f jiE0 + 
5f jiM0)
�(q2g�� � q�q�) + (f jiM1 + 
5f jiE1)imj���q�	 uj(p)(1)1



where p and mj are the momentum and the mass of the de
aying lepton lj, q and ��are the momentum and the polarization of the outgoing photon, and f jiE0, f jiM0, f jiE1,f jiM1 are the di�erent ele
tromagneti
 form fa
tors. If the photon is on shell, only thedipole operators 
ontribute to the de
ay, whi
h has a bran
hing ratioBR(lj ! li
) = 96�3�G2F (jf jiE1j2 + jf jiM1j2)BR(lj ! li�j��i) : (2)The size and 
avour stru
ture of the form fa
tors is 
ompletely unknown. However,as we will show in this paper, there exist 
orrelations among the form fa
tors thatwill eventually translate into theoreti
al 
onstraints on the bran
hing ratios of the rarepro
esses. We will show that, barring 
an
ellations, the following bound holds for anygiven model: BR(�! e
) >� C � BR(� ! �
)BR(� ! e
) ; (3)where the 
onstant C depends on the parti
ular details of the model. As we will see,this bound has interesting impli
ations for the sear
hes for rare tau de
ays in presentand future experiments.Clearly, the more assumptions are imposed onto the model, the more restri
tive thebound be
omes. In a previous paper [9℄ we derived the value of the 
onstant C for the
ase of the supersymmetri
 see-saw model and we rea
hed the interesting 
on
lusionthat, for large regions of the mSUGRA parameter spa
e, present B-fa
tories 
ouldeither dis
over � ! �
 or � ! e
 but not both. In the present work we extendthis analysis to more general models. In Se
tion 2 we will show our analysis for theMinimal Supersymmetri
 Standard Model (with R-parity 
onserved) and in Se
tion 3for a general e�e
tive theory des
ribed by Eq. (1). Finally, in Se
tion 4 we will presentour 
on
lusions.2 Minimal Supersymmetri
 Standard ModelThe s
alar se
tor of the Minimal Supersymmetri
 Standard Model (MSSM) 
ontainsadditional sour
es of lepton 
avour violation in the soft supersymmetry (SUSY) break-ing Lagrangian [10℄, whi
h reads�Llepsoft = (m2L)ijeL�i eLj + (m2e)ijee�RieeRj + �Aeijee�RiHdeLj + h:
:� : (4)In this Lagrangian eLi and eeRi are the supersymmetri
 partners of the left-handedlepton doublets and right-handed 
harged leptons, respe
tively, m2L and m2e are their2




orresponding soft mass matri
es squared, and Ae is the 
harged lepton soft trilinearterm.After the ele
troweak symmetry breaking, left-handed and right-handed 
hargedsleptons mix. The 
orresponding 6� 6 mass matrix 
an be parametrized asM2~e = � m2L I3+�(LL) mLRmlep +�(LR)mRLmlep +�(RL) m2R I3+�(RR) � ; (5)where mL and mR are the average masses of the left and right-handed 
harged sleptons,respe
tively, mlep = diag(me; m�; m� ) is the 
harged lepton mass matrix, and mLR =m�RL is the average left-right mixing term. It approximately reads mLR � em tan�,being em a SUSY mass s
ale. On the other hand, in the absen
e of right-handedneutrino super�elds, the sneutrino mass matrix is just a 3 � 3 matrix that 
an beparametrized in an analogous way:M2~� = �m2L I3+�(LL) ; (6)with �mL the average sneutrino mass. With these de�nitions, the 3� 3 matri
es �(LL),�(RR), �(LR) and �(RL) en
ode all the 
avour stru
ture of the soft SUSY breakingterms.The bran
hing ratios for the di�erent radiative de
ays 
an be straightforwardly
omputed from the general formulas existing in the literature [11℄. Nevertheless, inorder to understand qualitatively the results, it is useful to derive approximate expres-sions for the 
umbersome formulas of the bran
hing ratios. We will use, however, theexa
t expressions for our numeri
al analysis.We will adopt in this paper the mass insertion approximation, whi
h 
onsists ontreating the small o�-diagonal elements of the soft terms as insertions in the sfermionpropagators in the loops [12℄. Then, the bran
hing ratio for the radiative lepton de
ays
an be s
hemati
ally written as:BR(lj ! li
) = jf (1)ij �ij + f (2)ij �ik��jk + :::j2; k 6= i; j ; (7)where �ij denotes generi
ally any mass insertion. In this perturbative expansion,the �rst term 
orresponds to the single mass insertion, the se
ond, to the double massinsertion, et
. It is apparent from this expression that, barring unnatural 
an
ellations,the observation of two radiative rare de
ays implies a non-vanishing rate for the third3



one. For instan
e, the observation of � ! �
 and � ! e
 would imply, barring
an
ellations, a lower bound on the rate of �! e
:BR(�! e
) >� jf (2)e� j2jf (1)�� j2jf (1)e� j2BR(� ! �
)BR(� ! e
) ; (8)whi
h is saturated when �e� = 0, i.e. when the de
ay rate is dominated by the doublemass insertion. This equation is the supersymmetri
 realization of the general boundEq. (3). The reason for this 
orrelation among the rare tau de
ays 
an be tra
edba
k to the fa
t that the observation of both rare tau de
ays would imply that allfamily lepton numbers are violated in nature, and thus there is no symmetry reasonforbidding the pro
ess �! e
. Although this rationale 
an be applied to any two rarepro
esses to infer a lower bound on the rate of the third one, in the view of the stringentpresent 
onstraint on �! e
 and the ex
ellent prospe
ts to improve the experimentalsensitivity to this pro
ess in the near future, we will just dis
uss in detail the 
orrelationEq. (8) for � ! e
 and the impli
ations of this bound for future sear
hes of rare taude
ays.Assuming that one sour
e of 
avour violation, LL, RR, RL or LR, dominates, thebran
hing ratios for the rare tau de
ays 
an be written, respe
tively, asBR(� ! �
) � �3G2F ������(LL)��em4(LL) ; �(RR)��em4(RR) ; �(RL)��em3(RL)m� tan� ; �(LR)��em3(LR)m� tan� �����2 tan2 � BR(� ! ��� ���) ;BR(� ! e
) � �3G2F ������(LL)e�em4(LL) ; �(RR)e�em4(RR) ; �(RL)e�em3(RL)m� tan � ; �(LR)e�em3(LR)m� tan � �����2 tan2 � BR(� ! e�� ��e) ;(9)where BR(� ! ��� ���) ' 0:17, BR(� ! e�� ��e) ' 0:18 and em(LL), em(RR), em(RL) andem(LR) are mass s
ales of the order of typi
al SUSY masses.Sin
e BR(� ! �
) and BR(� ! e
) 
an be, ea
h of them, generated by four di�er-ent mass insertions, there are 16 possible 
ombinations for the double mass insertionthat indu
es �! e
. The lower bound on the rate for �! e
 is approximately givenby BR(�! e
) >� �3G2F ������(X)e� �(Y)���em6(X;Y) h(X;Y)�����2 tan2 � ; (10)where X, Y=LL, RR, LR, RL and em(X;Y) is another mass s
ale of the order of typi
alSUSY masses, in general di�erent from em(LL); em(RR); em(LR); em(RL). On the other hand,4



LL RR LR RLLL 1 m�m� m� tan�em(LL;LR) em(LL;RL)m� tan �RR m�m� 1 em(RR;LR)m� tan � m� tan �em(RR;RL)LR m� tan �em(LR;LL) em(LR;RR)m� tan � 1 m�m�RL em(RL;LL)m� tan � m� tan �em(RL;RR) m�m� 1Table 2: Values of the fa
tor h(X;Y), de�ned in Eq. (10), for all the 16 possible 
ombi-nations indu
ing the pro
ess �! e
 through a double mass insertion diagram.h(X;Y) is a fa
tor that depends 
ru
ially on whi
h are the parti
ular mass insertions
onsidered and that is listed in Table 2 for all the 16 
ombinations. It takes non-trivialvalues in those 
ombinations that require a left-right mass insertion in the stau propa-gator, thus introdu
ing a fa
tor (m� tan�)=em(X;Y), and those 
ombinations where the
hirality 
ip o

urs in the gaugino propagator, introdu
ing a fa
tor em(X;Y)=(m� tan�).Using Eqs.(9,10) it is straightforward to derive bounds of the form BR(�! e
) >� C�BR(� ! �
)BR(� ! e
) for all the 16 possibilities. We 
an 
lassify the results in four
lasses, ea
h of them having the same dependen
e on tan�, the fermion masses and theoverall size of the s
alar masses, whi
h are the three parameters to whi
h the 
onstantC is most sensitive to:� Class I: �(LL)e� �(LL)��� and �(RR)e� �(RR)��� .BR(�! e
) >� G2F�3 tan2 � "m8(LL)m8(LL)m12(LL;LL) ; m8(RR)m8(RR)m12(RR;RR) # BR(� ! �
)BR(� ! ��� ���) BR(� ! e
)BR(� ! e�� ��e) :(11)� Class II: �(LL)e� �(RR)��� , �(RR)e� �(LL)��� , �(LR)e� �(RR)��� , �(RR)e� �(LR)��� , �(RL)e� �(LL)��� and�(LL)e� �(RL)��� .BR(�! e
) >� G2F�3 tan2 � m2�m2� "m8(LL)m8(RR)m12(LL;RR) ; m6(LR)m8(RR)m10(LR;RR) ; m6(RL)m8(LL)m10(RL;LL) #BR(� ! �
)BR(� ! ��� ���) BR(� ! e
)BR(� ! e�� ��e) ; (12)� Class III: �(LL)e� �(LR)��� , �(LR)e� �(LL)��� , �(RR)e� �(RL)��� , �(RL)e� �(RR)��� , �(LR)e� �(LR)��� and5



�(RL)e� �(RL)��� .BR(�! e
) >� G2F�3 m4� tan2 � "m8(LL)m6(LR)m14(LR;LL) ; m8(RR)m6(RL)m14(LR;LL) ; m12(LR)m12(LR;LR) ; m12(RL)m12(RL;RL)#BR(� ! �
)BR(� ! ��� ���) BR(� ! e
)BR(� ! e�� ��e) : (13)� Class IV: �(LR)e� �(RL)��� and �(RL)e� �(LR)��� .BR(�! e
) >� G2F�3 m6� tan2 �m2� m6(LR)m6(RL)m12(LR;RL) BR(� ! �
)BR(� ! ��� ���) BR(� ! e
)BR(� ! e�� ��e) :(14)The numeri
al values of the mass s
ales m(X) and m(X;Y) depend on the parti
ularsupersymmetri
 s
enario 
onsidered. Before presenting exa
t results for 
on
rete SUSYben
hmark points, let us �rst derive rough numeri
al estimates of the bounds Eqs.(11-14). To this end, we will make the approximation m(X) = m(X;Y) = em for all X, Y.Then, the previous bounds read:� Class I:BR(�! e
) >� 9�10�10� em200GeV�4�tan�10 ��2�BR(� ! �
)4:5� 10�8 ��BR(� ! e
)1:1� 10�7 � :(15)� Class II:BR(�! e
) >� 3�10�7� em200GeV�4�tan�10 ��2�BR(� ! �
)4:5� 10�8 ��BR(� ! e
)1:1� 10�7 � :(16)� Class IIIBR(�! e
) >� 5� 10�14�tan�10 �2�BR(� ! �
)4:5� 10�8 ��BR(� ! e
)1:1� 10�7 � : (17)� Class IVBR(�! e
) >� 2� 10�11�tan�10 �2�BR(� ! �
)4:5� 10�8 ��BR(� ! e
)1:1� 10�7 � : (18)Noti
e that as tan� in
reases the bound be
omes stronger for Classes III and IV,while it be
omes weaker for Classes I and II. Noti
e also that for Classes III and IV6



the bound is not very sensitive to the size of the SUSY masses, while for Classes I andII it be
omes stronger as the SUSY mass s
ale in
reases1.From these bounds it follows that if the rates for both rare tau de
ays were justbelow the present experimental bound, only the s
enarios falling in Class III (andmarginally in Class IV) would be allowed. In 
ontrast, for Class I the rate for �! e
indu
ed by the double mass insertion would be mu
h larger than the MEGA bound,unless tan � is very large and the soft masses are small (for tan� = 50, em has tobe smaller than 150 GeV in order to satisfy the bound BR(� ! e
) � 1:2 � 10�11from MEGA). On the other hand, s
enarios falling in Class II would be ex
ludedunless a strong 
an
ellation is taking pla
e among the di�erent 
ontributions. Thesame 
on
lusion holds if both rare de
ays were a

essible to present B-fa
tories, whi
hrequires BR(� ! li
) >� 10�8. Therefore, if both rare tau de
ays were observed inpresent B-fa
tories, the possible sour
es of 
avour violation would be restri
ted toClasses III and IV in most of the SUSY parameter spa
e. Clearly, these 
on
lusionswill be
ome stronger if the MEG experiment at PSI rea
hes the proje
ted sensitivityof 10�13 on BR(�! e
) without �nding a positive signal.When interpreting the previous bounds one should bear in mind that Eqs.(11-14)are proportional to very large powers of the masses. Therefore, the numeri
al valuesof the bounds Eqs.(15-18) may vary one or two orders of magnitude even if m(X) �m(X;Y) 2. Nevertheless, given that the numeri
al value of the result is typi
ally morethan two orders of magnitude above or below the experimental bound this un
ertaintyusually does not alter our 
on
lusions, ex
ept perhaps for Class IV. To 
he
k our generalexpe
tations we have analyzed in detail the SPS1a and SPS1b ben
hmark points [14℄,whi
h 
orrespond to \typi
al" mSUGRA points with intermediate and relatively highvalues of tan�, respe
tively. They are 
hara
terized by �ve parameters at the GrandUni�ed S
ale, MX = 2 � 1016 GeV, namely the universal s
alar mass (m0), gauginomass (M1=2) and trilinear term (A0), tan � and the sign of �. For the SPS1a (SPS1b)point, these parameters are m0 = 100(200) GeV, M1=2 = 250(400) GeV, A0 = �100(0)GeV, tan� = 10(30) and sign � = +.1One loop QED 
orre
tions to the ele
tri
 and magneti
 dipole operators redu
e the theoreti
alpredi
tion for BR(lj ! li
) by a fa
tor �1� 8�� log emmj � [13℄. This 
orre
tion makes the boundsEqs. (15-18) a 2-6% stronger for em = 100� 1000 GeV.2For instan
e, if m(X) = m(Y) = p2m(X;Y) the bounds get relaxed by a fa
tor 64, and 
onversely,if m(X) = m(Y) = 1=p2m(X;Y) the bounds get strengthened by a fa
tor 64.7



Figure 1: Allowed values for the bran
hing ratios of the rare tau de
ays � ! e
 and � ! �
from present experiments and from the bound BR(�! e
) >� C � BR(� ! �
)BR(� ! e
)for the mass insertions falling in Class I (see text). The area in green indi
ates the values of thebran
hing ratios that are a

essible to present B-fa
tories, and in yellow, the ones a

essibleto future superB-fa
tories. Ex
luded regions are shown with light shading, whereas allowedregions are shown with dark shading. The supersymmetri
 ben
hmark point SPS1a has beenassumed.In Figs. 1-4 we show, for Classes I-IV respe
tively, the allowed values for BR(� !e
) and BR(� ! �
) in the MSSM for the mSUGRA ben
hmark point SPS1a; theresults for the SPS1b point are analogous and will not be shown here. The area above(to the right of) the dashed line at BR(� ! �
) = 4:5�10�8 (BR(� ! e
) = 1:1�10�7)is ex
luded by the present experimental bounds on the rare tau de
ays. On the otherhand, the area above the diagonal line labeled BR(�! e
) < 1:2� 10�11 is ex
ludedfrom the present experimental bound on � ! e
, as a 
onsequen
e of Eqs. (11-14).The numeri
al results for these two ben
hmark points 
on�rm our general expe
tations.Namely, the theoreti
al 
onstraints on the rare tau de
ays derived in this paper restri
tvalues for the bran
hing ratios that are otherwise allowed by present experiments,ex
ept for the models falling in Class III.The bounds Eqs.(11-14) also have impli
ations for future sear
hes for rare tau de-
ays. In Figs. 1-4 we show with a dash-dotted line the proje
ted sensitivity of presentB-fa
tories to rare tau de
ays (BR(� ! �
);BR(� ! e
) >� 10�8). Then, the areashaded in green is the region of this parameter spa
e a

essible to present B-fa
tories.We �nd that for Class II the region where both � ! �
 and � ! e
 
ould be dis-
overed at present B-fa
tories is ex
luded. Therefore, if present B-fa
tories dis
ov-8



Figure 2: The same as Fig.1 but for Class II.9



Figure 3: The same as Fig.1 but for Class III.10



Figure 4: The same as Fig.1 but for Class IV.ered both rare tau de
ays, only supersymmetri
 models falling in Classes III, IV andClass I (for the 
ase with LL-LL mass insertions) would be allowed. This 
on
lusionwill be strengthened if the MEG experiment at PSI rea
hes the proje
ted sensitivityBR(� ! e
) � 10�13 without �nding a positive signal. If this is the 
ase, the ob-servation of both tau rare de
ays at present B-fa
tories would point to an origin ofthe tau 
avour violation falling only in Class III. The same rationale 
ould be appliedto the future sear
hes of rare tau de
ays at the proje
ted superB-fa
tories. In Figs.1-4 we also show as a yellow shaded area the region of the parameter spa
e a

essibleto the proje
ted superB-fa
tories (BR(� ! �
);BR(� ! e
) >� 10�9). Whereas thepresent bound on �! e
 only has impli
ations for the proje
ted superB-fa
tories forthe models falling in Class II, if the bound on �! e
 is improved to the level of 10�13our results will also be relevant for the models falling in Classes I and IV.It is interesting to note that two of the most widely studied s
enarios generatingsizable rates for the rare de
ays, namely the supersymmetri
 see-saw model and theminimal SU(5) grand uni�ed model, fall in Class I. To be pre
ise, the supersymmetri
see-saw model generates 
avour violation in the LL se
tor [15℄ and the minimal SU(5)model, in the RR se
tor [16℄. For Class I the bound Eq.(11) is quite stringent anddisfavours the possibility of observing both rare tau de
ays at present B-fa
tories fora generi
 point of the mSUGRA parameter spa
e. Furthermore, the bounds derivedin this paper for the MSSM are 
onservative and typi
ally be
ome more stringent as11



the physi
s that generates the 
avour violation is spe
i�ed. Indeed, as was shownin [9℄, two loop e�e
ts indu
ed by right-handed neutrinos in the supersymmetri
 see-saw model generate the o�-diagonal terms (m2L)12, (Ae)12 and (Ae)21, whi
h 
ontributethrough a single mass insertion to BR(�! e
) in addition to the double mass insertion
ontribution 
onsidered in the present work.To �nish this se
tion, let us review other theoreti
al 
onstraints on the rare taude
ays that have been derived in the literature for the MSSM. Interesting boundson the bran
hing ratios of the rare lepton de
ays were derived in [17℄ from requiringabsen
e of 
harge breaking minima or unbounded from below dire
tions in the e�e
tivepotential. The respe
tive resulting bounds on the LR and RL mass insertions read,j�(LR)ij j; j�(RL)ji j � mk �(m2e)ii + (m2L)jj +m2Hd�1=2 ;j�(LR)ij j; j�(RL)ji j � mk �(m2e)ii + (m2L)jj + (m2L)nn�1=2 ; n 6= i; j ; (19)where mk is the lepton mass, k = Max (i; j), and m2Hd is the down-type Higgs masssquared. Substituting these bounds on the mass insertions in Eq.(9) one �nally obtainsthe following approximate 
onstraint on the radiative tau de
ays:BR(� ! l
) <� 3�3G2F em4 BR(� ! l�� ��l) � 6� 10�8� em400GeV��4 ; (20)whi
h is 
omparable, for em � 400 GeV, to the present experimental bounds on therare tau de
ays. In parti
ular, we obtain for the SPS1a (SPS1b) ben
hmark point,BR(� ! l
) <� 9� 10�7 (10�7) in the 
ase of the LR mass insertion and BR(� !l
) <� 9� 10�7 (2� 10�7) for the 
ase of the RL mass insertion.If the origin of the lepton 
avour violation in the rare tau de
ays 
ould be pinpointedto the LR or the RL se
tor, the observation of � ! �
 or � ! e
 in the near futurewould set, following Eq.(20), an upper bound on the s
alar masses, em <� 400 GeV, inorder to avoid the appearan
e of dangerous 
harge breaking minima or unboundedfrom below dire
tions in the e�e
tive potential. Remarkably, the 
onstraints on therare tau de
ays derived in this paper 
ould help to pinpoint the origin of the lepton
avour violation. As was argued before, if both � ! e
 and � ! �
 were observedin the near future, models falling in Class III, and possibly also in Class IV, would befavoured over models falling in Classes I and II, espe
ially if the experimental boundon BR(� ! e
) rea
hes the level of 10�13. Therefore, sin
e models falling in ClassesIII or IV always involve a LR and/or a RL mass insertion, the bound Eq.(20) would12



apply at least for one of the rare de
ays, and a

ordingly an upper bound on the s
alarmasses would follow. Namely, if future experiments show that BR(� ! e
) � 10�13but BR(� ! l
) > 10�8, it would follow that em <� 700 GeV from requiring absen
e of
harge breaking minima or unbounded from below dire
tions in the e�e
tive potential.3 The e�e
tive �eld theory approa
hIn this se
tion we will derive, pursuing an e�e
tive �eld theory approa
h, a 
onservativebound on BR(� ! e
) in terms of the bran
hing ratios for the radiative tau de
ays.The resulting bound will be therefore 
ompletely model independent.Our starting point is the ele
tromagneti
 transition amplitude for the pro
esses � !�
� and � ! e
�, Eq. (1). If both transitions exist in Nature, the transition � ! e
�will be automati
ally indu
ed through the nine diagrams shown in Fig. 5. Among these,the diagrams (B3) and (C2) do not 
ontribute to the dipole form fa
tors f�eM1, f�eE1, whi
hare the only ones that indu
e the pro
ess �! e
. On the other hand, sin
e the photon
ir
ulating in the loop is o�-shell, all the form fa
tors that indu
e the ele
tromagneti
tau transition (monopole and dipole) will 
ontribute to f�eM1, f�eE1. However, in orderto derive a bound of the form BR(� ! e
) >� C � BR(� ! �
)BR(� ! e
), we willbe interested just in the 
ontribution from the dipole operators, whi
h are the onlyones that indu
e the pro
esses � ! �
 and � ! e
. We estimate that the dipole formfa
tors satisfy the following relations:jf�eM1j >� 9�2� m3�m� jf �e�E1 f ��E1 � f �e�M1f ��M1j log �m� ;jf�eE1j >� 9�2� m3�m� jf �e�E1 f ��M1 � f �e�M1f ��E1j log �m� ; (21)from where it follows thatBR(�! e
) >� 1944��3G2F m6�m2� �(jf ��E1j2 + jf ��M1j2)(jf �eE1j2 + jf �eM1j2)� 4Re(f �eE1f �e�M1 )Re(f ��E1f ���M1 )℄ log2 �m� ; (22)being � a 
uto�. Assuming that ea
h rare tau de
ay is dominated by just one of the
13
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γ(C3)Figure 5: One loop Feynman diagrams that indu
e the pro
ess � ! e
 from the e�e
tiveoperators that indu
e � ! �
 and � ! e
.dipole form fa
tors, either the ele
tri
 or the magneti
, one �nally obtainsBR(�! e
) >� 27G2F �128 �5 m6�m2� log2 �m� BR(� ! �
)BR(� ! ��� ���) BR(� ! e
)BR(� ! e�� ��e)� 4� 10�23�BR(� ! �
)4:5� 10�8 ��BR(� ! e
)1:1� 10�7 � ; (23)where we have used � = 1 TeV. The resulting bound is too weak to have any pra
ti
alappli
ation, although it is has the theoreti
ally interest of setting an absolute lowerbound on BR(� ! e
) in terms of the rare tau de
ays. As the fundamental theorythat generates the e�e
tive dipole operators be
omes spe
i�ed, new 
ontributions tothe rare muon de
ay will typi
ally arise, thus strengthening 
onsiderably the previousbound. This is the 
ase in parti
ular for the Minimal Supersymmetri
 Standard Model
onsidered in the previous se
tion: the one loop diagrams that indu
e the pro
ess�! e
 in the e�e
tive theory approa
h, Figs. 5, 
orrespond to mu
h more suppressedthree loop diagrams on
e the 
omplete theory has been spe
i�ed.Using the same e�e
tive theory approa
h it is possible to 
ompute also a lower boundon the bran
hing ratio for the pro
ess �! e

, whi
h is indu
ed by the diagram shownin Fig. 6. The result isBR(�! e

) >� 8m2�m2��2�25G2F �(jf ��E1j2 + jf ��M1j2)(jf �eE1j2 + jf �eM1j2)� 4Re(f �eE1f �e�M1 )Re(f ��E1f ���M1 )� :(24)14
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 from the e�e
tive operatorsthat indu
e � ! �
 and � ! e
.As before, this bound 
an be rewritten in terms of the bran
hing ratios of the radiativetau de
ays, yieldingBR(�! e

) >� G2Fm2�m2�5760�4 BR(� ! �
)BR(� ! ��� ���) BR(� ! e
)BR(� ! e�� ��e)� 10�30�BR(� ! �
)4:5� 10�8 ��BR(� ! e
)1:1� 10�7 � ; (25)again far below the experimental upper bound, BR(�! e

) < 7:2� 10�11 [18℄.4 Con
lusionsWe have derived in this paper theoreti
al 
onstraints on the bran
hing ratios of therare tau de
ays of the form BR(� ! e
) >� C � BR(� ! �
)BR(� ! e
) in theMinimal Supersymmetri
 Standard Model and in a 
ompletely general setup, pursuingan e�e
tive �eld theory approa
h.We have argued that in the MSSM the observation of both rare tau de
ays implies,barring 
an
ellations, a non-vanishing rate for the pro
ess �! e
 through the doublemass insertion in the slepton propagator. We have 
ataloged the sixteen possibilitiesfor the double mass insertion in four 
lasses, a

ording to their dependen
e on tan�,the fermion masses and the overall size of the s
alar masses, whi
h are the threeparameters to whi
h the 
onstant C is most sensitive to, and we have shown thatfor a wide 
lass of models our bound 
onstrains values for the bran
hing ratios of therare tau de
ays that are otherwise allowed by present experiments. We have shownthat if present B-fa
tories observe both � ! �
 and � ! e
, the underlying possiblesour
es of 
avour violation would be restri
ted to our Class III, and possibly Class IV,unless the supersymmetri
 parameters take spe
ial values. This 
on
lusion would bestrengthened if the MEG experiment at PSI rea
hes the sensitivity of 10�13 for BR(�!e
) without �nding a positive signal. We have also dis
ussed the 
omplementarity of the
onstraints on the rare tau de
ays derived in this paper and the 
onstraints stemming15



from requiring absen
e of 
harge breaking minima or unbounded from below dire
tionsin the e�e
tive potential.Finally, we have derived for 
ompleteness theoreti
al 
onstraints on the rare taude
ay following an e�e
tive theory approa
h. The resulting bounds are too weak to haveany pra
ti
al interest, although they have the theoreti
al interest of setting absolutebounds on the rates of � ! e
 and � ! e

 in terms of the rates of � ! �
 and� ! e
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