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In this letter the renormalization effects on the charged slepton mass matrix are discussed in the context of supergravity models.
It is found that such effects enhance by many orders of magnitude the branching ratios, previously obtained at the tree level, for
the flavour violating processes (p—ey, u—é&ee, etc.). They are still, however, two or three orders of magnitude smaller than the

present experimental limits.

Even though the standard model is phenomenolog-
ically very successful, it is viewed not as the ultimate
theory of nature but as a low energy approximation.
Among its many possible extensions grand unified
theories based on supergravity have recently become
very promising [1]. Such theories also arise natu-
rally as low energy approximations of the currently
fashionable superstring models [2]. All such theo-
ries, however, predict a plethora of new particles be-
yond those of the standard model. The discovery of
the possible indirect effects of such particles is in-
deed a challenge for these creative models [3,4].

In this paper we shall examine some new effects of
minimal supersymmetric extensions of the standard
model on the subject of lepton flavour non-conser-
vation. In the traditional models such effects are very
small since the amplitudes are proportional to the
square of the mass of the light neutrinos or inversely
proportional to the square of the mass of the heavy
neutrinos. Higgs mediated processes are also not fa-
voured [5]. In supersymmetric theories, however,
one has entirely new possibilities through diagrams
involving intermediate supersymmetric particles
[3,4,6].

The question of flavour violating processes, p—ey,
p—eee, etc., induced by intermediate SUSY parti-
cles, has been considered previously. It was found,
however, that at tree level the relevant supersymmet-
ric partners of leptons remain almost degenerate. As
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a result the GIM mechanism remains effective and
the flavour violating processes are suppressed. It was
subsequently shown that this degeneracy can be re-
moved if one goes beyond the tree level and includes
radiative corrections to the charged slepton mass ma-
trix [4]. Such corrections turned out to be equal to
cmpmy,, where mp is the Dirac mass matrix for the
neutrinos and ¢ a constant. It may thus become sig-
nificant in case the neutrinos are Majorana particles,
since then the Dirac mass need not be small.

The above conclusion, if true, is very important
because one may indirectly infer from flavour violat-
ing processes whether the neutrinos are Majorana
particles. This privilege has hitherto been exclusively
reserved for lepton violating processes (neutrinoless
double B-decay and p~, ¢* conversion). Crucial, of
course, to the above questions is the numerical value
of the parameter ¢ and its stability against variations
of the model parameters. We shall attempt to make a
careful estimate of the parameter c including the re-
normalization effects. Furthermore we will employ a
more realistic form of the Dirac mass matrix which
takes into account constraints resulting from the up-
quark mass spectrum.

In the supersymmetric extension of the standard
model, the Yukawa couplings can be written

V=QHU+LHE*+QHD*, (1)

where
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Qz(qu ﬁs dL’a) » Uc=(ui! ﬁc) s
L=(eLa é’ —VL, (}) s DC=(di’ ac) > EC= (e]c_’ éc) s
H=(f,,H), H=(f,H). (2)

Including now the right-handed neutrino N° in the
theory, we are able to introduce the additional terms
LN°H and MN°N° in the superpotential. Thus the
Yukawa lagrangians and the non-gauge part of the

scalar potential can be derived from the
superpotential
W=A'LE‘H+ALNH + }MN°N°+... , (3)

where N = (N¢, N¢). From the above, we can easily
derive, after supersymmetry breaking, the charged
and the neutral boson mass matrices. For example the
charged boson mass matrix squared, in the
&, &° &%, &°* basis, is the 6 X 6 mass matrix

mtm+mi, A*mtm;,, ) )
Amms,, mtm+mi,)’

where m is the usual charged lepton mass matrix and
msy,, is the gravitino mass. This means that the
charged lepton and slepton mixing mass matrices are
essentially the same.

Thus the amplitude for flavour violating processes
becomes diagonal in a fashion analogous to neutral
currents [6]. The neutral slepton mass matrix is a
12 % 12 matrix. The amplitude for flavour violating
processes, like u—ey, etc., now contains different
mixing matrices at each vertex as in the case of
charged currents. The mediating sleptons become
quite massive, but they still remain almost degener-
ate. Thus the GIM mechanism remains very effective
and the resulting amplitudes become very small.

The question which now arises is how the above
picture is modified if one takes into account renor-
malization corrections due to the existence of the new
trilinear term ALN°H. In fact one should mainly worry
about radiative corrections in the charged slepton
mass matrix [4]. In general, as we already men-
tioned, one expects corrections of the type

Amt=cmbmp (5)
where c¢ is a parameter to be specified by the renor-

malization group equations (RGE’s).
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The RGE’s for the parameters of our superpoten-
tial, eq. (3), are given by the equations [7,8]

di/de=(6A°—32g3—34g7)/ 1677, (6)
di’'/dt=(62°—-31'g3—31'g) /1677, (7)
dd4; /dt=3(244, +g3M, + 381 M,) /877, (8)

dd; /dt=3(2A"%4; +giM, +3giM,) /87,  (9)
dmi/dt=[(mi+md+mb+|4,|%)A>
+(mig +mp+mi.+|A4; 1242

—8-3g3M3 -8 -58iM7]/167°, (10)
dmp /di=(md +mi +mi+|A4;]12)A%/16n?,
(11)
dmi./dt=[(mi+mi+mi.+ 14, 1?)A'?
-83giM3i]/16n7, (12)

where t=In E, g, and g, are the gauge couplings while
M, and M, are the gaugino masses. Finally 4; and A4,
are the factors relating the coefficient # of the trilin-
ear coupling in the soft breaking potential with the
coefficient A of the trilinear term in the superpoten-
tial: n=A4,4 [8].

We would like to estimate from the above equa-
tions the generation mixing which is induced in the
slepton mass matrix through the term ALN°H. We
firstly observe that we can estimate the Yukawa cou-
plings A, A’ by solving the system of the eqs. (6)—(9).
Thus, assuming natural values of Aand A’, 4; and 4,
at the grand unification scale Mx~O(10!° GeV)

22/4n=21"*/4n=10"2,
and A1=A1'=O(m3/2) (13)

[the gravitino mass m;,,~ O (100 GeV) ], we get the
following values at the low energy, M, scale:

A(My)/4n~1.14X 102
and A'2(My)/4n~1.20x10-2. (14)

We finally investigate the renormalization effects
on the slepton mass matrices through the egs.
(10)~(12). To first approximation the mixing in
m? is estimated proportional to m3 through the
relation

Am? ~ (A2/1672) mbAL . (15)
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Thus the coefficient ¢ in eq. (5) is given by
c=(A%/167%) Ar=(A?*/167%) In(Mx /My )  (16)
and using eq. (14) we obtain

c=2.4%x10"? (16a)

which is two orders of magnitude smaller than the
estimated value in ref. [4] (we have solved numeri-
cally the coupled differential equations (8)-(12), ig-
noring the my and mg terms, and checked that the
naive solution of eq. (15) is actually valid for a high
enough value of m, at the My scale).

Whether this can lead to a sizeable contribution to
the flavour violating processes depends on the matrix
mp. Obviously if the neutrinos are Dirac particles the
matrix mp 1S constrained to have small elements and
the above contribution is negligible. On the other
hand if the neutrinos are Majorana particles the pres-
ent experimental limits on the neutrino masses are
consistent with the matrix mp, being analogous to that
of the up-quark mass matrix. In this case the above
contribution can be sizeable. Let us in fact incorpo-
rate our knowledge on the mass matrix mp in the
context of grand unified theories. It is well known that
the light Majorana neutrino mass matrix m<", which
is constrained from BB-decay and other similar pro-
cesses [3], is obtained in the most general case from
the following approximate form:

\e,ff

mf=m, —mpmg'mp , (17)

where my is the Majorana mass of the right-handed
neutrino. Thus even if m, =0, by assigning appropri-
ate values to mp and n1y, we can get light Majorana
neutrino masses of the order of 10 eV. Therefore the
light neutrino spectrum cannot impose any restric-
tion on mp. Even if m, =0, one needs information
about the matrix my. Such a restriction, however, can
arise from the up-quark mass spectrum.

Let us take a specific model [9,10] based in
SO(10) grand unified theory. In this model the ma-
trix mp depends on the same parameters as those of
the matrix m, of the up-quarks [10]

0 P O
0 g VvV
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mp=| P 0 -3¢0 (18 cont’d)
0 -3¢0 |14

Thus in order to get sensible results from the quark
masses, one is also obliged to constrain the entries in
the neutrino Dirac mass matrix. By assuming a 45
GeV value for the t quark, the values if P, Q and V'in
the above matrices are calculated to be 0.125, 8.130
and 43.510 (taking m,=10MeV and m.=1.4 GeV).
By further assuming that the heavy Majorana mass is
of the same type

040
My=|4 0 B}, (19)
0 B C

we immediately observe that it is indeed possible to
get light Majorana masses of the order of 10 eV, if we
push the parameters A, B and C in the range of 10% to
10" GeV [11,12].

From the above discussion it is clear that the slep-
ton mass matrix, ignoring €, &* mixing, is
mm =mi, 1+ meml +empm]

~mil+empm] . (20)

Thus the mixing matrix for the sleptons takes the ap-
proximate form

1 0 0
S:=|0 cos® sind |, (21)
0 —sind cosd

where jtan=3Q/V or cos$=0.9125 and
sin 9=0.4089, and with eigenvalues

mi=m3;+uic?, (22)

where u? =0, 4% =120 GeV 2 and u3 =2968 GeV2
On the other hand the lepton mass matrix is

R? _3RS 0
mmT=| —3RS  R>+9S> 0 |, (23)
0 0 T2

where

T=m.=1.784 GeV ,
S=4(m,—m.)=~0.035GeV,
R~./m.m,=7.32%x10"3GeV .
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We note that in this case there are no corrections a la
Dirac. The lepton mixing mass matrix takes the form

cosf sinff O
S.=| —-sinf cosf 0],
0 0 1
sin fxtan f=./m./m, .
We thus get
cosfp —sinfcos¥ —sinpBsind
SiS;=| sinp cosficosd  cosfBsind |,
0 —sin 9 cos ¥
(24)
cos f8 —sinf8 0
SiS.=| cos¥sinp  cosdcosf —sind
sin ¥ sin S sin ¥sin 8 cos ¥
(25)

The amplitude for flavour violating processes takes
now the form

A= (S{8:)5A0) (SESe)n (26)

where A(j) is the corresponding amplitude associ-
ated with the slepton mass eigenstate j. To leading
order in u?/mj3,, we get for the branching ratio of

n—ey
R=Roc*(ui/m3,» +cos’d u3 /m3;,
+sin 9 u3/m3,, )?sin’B cos’p,
where
Ro=a*127[f(x)12/Gemi,,, x=mi/m3,,

andf(x)=15[17x°>—9x2—=9x+1—-6x%(x+3)Inx]/
(1-x)°[4].

Using the values ms,,= 150 GeV, 0=8 GeV,
f(x) =55 and sin’Bx~m./m, we get (fig. 1)

B(p—ey)=2.5x10"13¢2,

Y

Fig. 1. Contribution to u—ey decay through the exchange of a
photino.
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Fig. 2. Dominant diagrams in u—eee decay.

Thus for the above value of ¢~ 2.4 x 102 we finally
get

B(u—ey)~1.44x1071¢,

Similarly, for p— &ee, taking into account the contri-
bution both from the photonic and the box diagrams,
we find (fig. 2)

B(p—oeee)=2.3x107'8,

Thus we observe that the above rates are impres-
sively improved although still remaining far from
being detectable. Furthermore, investigation of other
rare processes [4,13] is not expected to affect the
above estimates.

In conclusion we have examined the effects of the
one loop renormalization group equations on the fla-
vour violating processes. Using reasonable simpli-
fied assumptions, we have applied them in a realistic
grand unified model [9,10] and we have seen that
the branching ratios of the rate processes p—ey and
pL—&ee are within the present experimental bounds
[14,15]. Although our results depend on the specific
model we have chosen, we stress that the above fea-
tures will persist in all models in which the neutrinos
are Majorana particles, and the Dirac neutrino mass
matrix is related to that of the up-quark.

One of us (G.K.L.) would like to thank K. Tam-
vakis for stimulating discussions during the early
stages of this work.
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