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The democratic approach to account for fermion masses and mixing is known to be successful not only in
the quark sector but also in the lepton sector. Here we extend this ansatz to supersymmetric standard models,
in which the Kaler potential obeys the underlyir®y flavor symmetries. The requirement of neutrino bi-large
mixing angles constrains the form of the er potential for left-handed lepton multiplets. We find that
right-handed sleptons can have nondegenerate masses and flavor mixing, while left-handed sleptons are argued
to have universal and hence flavor-blind masses. This mass pattern is testable in future collider experiments
when superparticle masses will be measured precisely. Lepton flavor violation arises in this scenario. In
particular,u— ey is expected to be observed in a planned future experiment if supersymmetry breaking scale
is close to the weak scale.
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I. INTRODUCTION Here we take an alternative approach to the flavor prob-
lem. Namely, we shall consider the case where a mechanism
The flavor structure of quarks and leptons is one of thewhich is responsible for the fermion mass structure also dic-
biggest puzzles of particle physics. The minimal standardates the sfermion mass structiye-7]. As was discussed
model has 19 unexplained parameters, 13 of which are foearlier, such a strong connection between the two aspects of
masses and mixing of the fermions. A few more parameterthe flavor problem in supersymmetry is not mandatory. How-
(often associated with new particjeare needed to account ever this approach seems a natural one in the framework of
for nonzero neutrino masses and their mixing. Some mechaeneric supergravity where one does not impose specific fea-
nism to explain the fermion mass structure is keenly desiredures on the hidden sector and the messenger one. Moreover,
The situation appears worse in supersymme{8oSY) if this idea indeed solves the SUSY flavor problem in nature,
extension of the standard model. The minimal SUSY stanthe structure of the sfermion masses reflects the mechanism
dard mode(MSSM) has additional 105 parameters, many of how the fermion masses are generated, and thus one expects
which are (SUSY breaking masses and mixing of scalar that future experiments will bring some hints towards our
partners of quarks and leptons, i.e., sfermions. Arbitrary mixunderstanding of the theory of flavor.
ing among the sfermions would cause too large of a flavor The purpose of this paper (&) to present a viable model
changing neutral curredECNCO), far above the experimental of the alignment mechanism for the sfermion masses based
bounds: this problem is referred to as the SUSY flavor proben a realistic model of flavor, which accounts for large mix-
lem. ing angles for neutrinos as well as small mixing angles for
Thus the flavor problem in the SUSY standard model isquarks, and?2) to illustrate how predictions of the alignment
twofold: (1) the puzzle in the fermion mass structure @8d  mechanism can differ from those of the minimal supergravity
the puzzle in the sfermion mass structure. How these two arehere lepton flavor violation is originated from, e.g., renor-
linked with each other is not clear. In fact, attempts havemalization group effects from right-handed neutrino Yukawa
been made to separate these issues and try to solve the latt@uplings.
independent of the former problem. This type of approach Explicitly in this paper we consider a democratic type of
requires that the SUSY breaking occurring in a hidden sectofermion mass matrice@vith diagonal breaking The demo-
is mediated in a special way to our standard model sectocratic ansat{8-10] is very attractive because it can beauti-
The SUSY flavor problem can be solved in this way, thoughfully explain bilarge mixing in the neutrino sector while
at the same time the resulting sfermion mass structure inhesmall mixing angles in the quark sector are kept. Moreover
its no information on an underlying theory of flavor which is the underlying symmetry is a permutation group of three
presumably a physics at very high-energy scale. objects,S;, which is one of the simplest groups and may be
naturally realized in various settings. A particularly interest-
ing possibility is that it can have a geometrical origin in
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metry restricts possible forms of the Kar potential, and 12  1N6  1N3

thus the scalar masses. Unlike the minimal supergravity, the

resulting sfermion masses are not degenerate among differ- A=| —1N2 16 143 . ()]
ent generations, but they are almost aligned with the fermion 0 —2\6 113

masses. A small violation of the democracy will induce
rather suppressed flavor violation in the sfermion sector. Inye call this basis a canonical basis. In this basis, it is mani-
terestingly the effects to, e.gu—ey may be observed in fest that the three-dimensional reducible represent&iof
near future experiments, as we will see later. S; consists of two-dimensional irreducible representagion
The paper is organized as follows. In the next section, weand a one-dimensiondtrivial) representatioris. Actually,
briefly review some basic points of the democratic ansatz fothe above mass matrix, E(R), becomes proportional to
fermion masses. In Sec. lll, we extend this ansatz to the
sfermion sector. We postulate that thehiex potential is
invariant under theS; transformations among the genera-
tions. This brings the characteristic mass spectrum for
squarks and sleptons as well as their flavor mixing. The re-
quirement that the neutrino sector has bilarge mixing angles
yields very nontrivial constraints on the Kler potential. In ~ where only the field corresponding g has nonzero mass,
Sec. IV, |ept0n flavor V|0|at|om|_FV) is discussed. We show which should be identified with the third generation in this
that it is plausible that— ey will be observed in near future democratic limit!
experiments in our framework. In Sec. V, we briefly discuss To be more realistic, we need to include symmetry break-
other flavor violation ancC P violation in quark sector. The ing terms. Let us first discuss the case of quarks. Following
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final section is devoted to conclusions and discussion. Ref.[9], we take in the democratic basis
—€q 0O O
II. DEMOCRATIC FERMION MASSES Yq:yg J+ 0 €q 0 ’ (5)
In this section we briefly review the democratic ansatz for 0 0 4

guarks and lepton§10]. We write the Yukawa interaction

which generates the masses of quarks and charged leptonsvaisere g=u or d. Here we have assumeq,<d5,<1. An

follows: advantage of the breaking terms in the form given above
becomes transparent if one moves to the canonical basis.
There the first X2 entries of the matrix are of the Fritzsch

Wy=Q - YQrH=0Qi(Yg)i;QrjH, (1) type [12]:
where Q; and Qg; represent quarks or leptons ¢ft- 0 —V1Beq  — V23
handed SU(2), doublets and(charge conjugated right- Yo=V3 —\13ey  (213)8,  —(N213)84|, (6)

handed SU(2), singlets, respectively is a Higgs doublet
and (Yg);; represent Yukawa coupling constants. Indices
andj stand for generations and run from 1 to 3. Here we hav?
used the notion of superpotential as well as chiral superfield
for later convenience.

The basic idea of the democratic fermion is to postulate
that the Yukawa matri¥ , approximately takes a democratic sinfc~ /M \ /ﬂ% A /%. (7)
form Mg Mme Mg

—\213eq, — (2135, 1+(1/3)5,

rom which one immediately obtains a phenomenologically
favorable relation for the Cabibbo andle :

The mass matrix5) is diagonalized byJ,=AB,. The ex-

n 1 11 plici't form of By is found in the Iiteratgr@,lO]. Here it is
Yo~y3d, ng 11 1}, ) sufficient to note that they are approximately
111 1 O(eldy Oleg)
Bq=| O(eq/dq) 1 O(dq) (8)
with some parameterd. This form is derived by invoking a O(eg) 0(8,) 1

permutation symmetryS;(Q.) X S;(Qr) among the three
generations. Suppose th@t; transform as8; =15, +2, un-

der S3(Q.) and thatQg; transform as3g=1sgt2g Under  ig flayor symmetry was also considered in REf], where the

S3(Qr). We find that the unique invariant und&s(QL)  three generations transform 81, with 1, being a nontrivial

X $3(Qg) is nothing but Eq.(2). We call the basis which one-dimensional representation. The breaking pattern ofShe

gives Eq.(2) a democratic basis. symmetry and hence the mass matrix in Ré&.is different from
It is sometimes convenient to change the basis by a matrithe democratic case we now consider.
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and the ratio of the mass eigenvalues is roughly given by solar neutrino anomalidd4—16.2 This choice may be jus-
tified in a brane-world scenario where each generation of the
€4 doublet leptons is localized on a different point in extra di-
mi:m3:m3~—":5:1. (9 mensiong[11]. With diagonal breaking terms, we have the
d following mass matrix:

A comparison with data determines the magnitudes of the

2

breaking parameters. For instance, for the down-type quarks, f(H,)2 & 00
we find MV=T=mV I+ O € O0]]|. (16
1 o 0O 0 4,
8q~10"", €4~10~. (10

We find the Maki-Nakagawa-Sakata matrix is approximated
A similar expression can be obtained for the up-type quarko be AT, and thus
sector, with much smaller breaking parameters
SiINP2 05001, SIMF20,,~8/9, Ugz~0. (17

5,~1072, €,~104, (12)
To summarize this section, the democratic ansatz with the
The Cabibbo-Kobayashi-Maskaw@KM) matrix can be ob- ~ diagonal breaking works well not only in the quark sector
tained by but also in the lepton sector.
Uckw=(AB,)'ABy=B!By. (12 Ill. DEMOCRATIC SFERMIONS

Thus the matrixA cancels out, and the remaining one is a In this section we extend this democratic principle to the
matrix with small mixing angles. It has been argued that thesoft SUSY breaking terms. To begin with, let us recall the
CKM matrix obtained this way gives a phenomenologically SUSY flavor problem in scenarios where supergravity inter-
successful patter9]. A detailed analysis of the quark action mediates the SUSY breaking: Arbitrary couplings in
masses and the CKM matrix in the democratic ansatz will behe Kéhler potential between the visible sector and the hid-
renewed elsewherd 3]. den sector immediately cause disastrously large FCNC.
Let us now turn to the lepton sector. The Yukawa matrixThere are several proposals to this problem. Some of them
of the charged leptons is assumed to be of the same form astribute to separation between the two sectors by postulating

those of the quarkglQ]: special forms of the Kiaer potential. On the other hand, in
the minimal supergravity and its variaft3] a type of Uf)
-¢ 0 0 flavor symmetry in the Klaler metric, withn being the num-
Y|=y'0 4| 0 ¢ of]. (13) ber. of gengrations, is implicitly assum_ed without anyjustifi—
cation, while the Yukawa sector maximally breaks it. Here
0 0 4§ we will show that the Khler potential controlled by th&;

symmetry solves the SUSY flavor problem, and at the same
It possesses the flavor symmet8g(L.) X S3(Er) where  {ime provides some interesting phenomenological conse-
S3(L.) andS;(Eg) stand for permutation symmetries among quences on the sfermion masses and mixing, which can be
the three generations of SU(2jloublet leptons and singlet tegsted by future experiments.
leptons, respectively. The diagonalization can be performed ¢ S, symmetry allows the following Kaler potential
in exactly the same manner as the case of the quarks. Thg, the MSSM fieldsQ, :
mass ratio among the three generations implies '
K=[Z1+2%3];Q]Q;, (18)
5~10"1, ~102 (14) LT
_ whereZlQ andZJQ are, in general, functions @¢fidden sector
such as in the case of the down-type quarks. fields. In the following, we are interested in only their
The situation is quite different in the neutrino mass ma-yacuum expectation values which can be expanded in terms
trix, which arises from the effective operator including the ¢ the Grassmann variablesand 6:
bilinear of the doublet leptonis; :

Z0,= 23+ (6%, + H.c)— 626°m}, ;. (19)

f..
S LiH L H, (15)

2M Notice thata?; and m3, , come from the SUSY breaking.

The existence of the democratic pzﬁ plays essential roles
wheref;; are dimensionless coupling constarisjs a high
mass scale, and,, denotes the up-type Higgs doublet. Thus
it has two S3(L) invariants:J and I, the latter of which  2yery recently the first results from the KamLAND experiment
denotes the &3 unit matrix. As was discussed by REf0],  have been announced, which exclude all oscillation solutions to the
the latter should be taken to obtain bilarge mixing anglesolar neutrino problem except the large-angle matter-enhanced one
which are strongly suggested by the atmospheric and thig7].
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in our arguments. In fact, the non-universaltter metric
. Q . . . _ Yo

coming from zj leads to nonuniversal kinetic terms, and Yo=—Fx ,

hence affects the fermion masses and their mixing. Further- \/z, z(1+r)(1+rg)

more, the democratic part generates nonuniversal soft scalar

masses, as we will explain in detail. A=V(1+r)(1+rg)d, E=(1+r)(1+rg)e.
Using the matrixA the Kénler metric for the fieldQ; in 27

Eq. (18) is diagonalized as

E=2(A%+3E?)',

Also the unitary matricet), andUg which diagonalize the

[Z9 +Z?T]ij i (200  matrix are found to be
That is, we obtain the non-universal kinetic terms which are cosé —sing  —AMRsin26
written explicitly UL r= sing cosé —A"Rcos 29 | |
2 0 0 A“Rsin30 A“Rcos 39 1
(28
kKol 0 22 0 Q. (21)
0 0 2+ ! where
. . . . . J3e
After rescaling the fields using the diagonal matrix tan 2= > ALR= ,/1+rLYR%,
Co=diaglzR, 1NzR, INZR(1+1q)), ro=23/22,
(22) £=2(8%+3€>)12 (29)

we obtain canonically normalized kinetic terms. In the pres-As far as the normalization factorr g is of the order of
ence ofz§, we call the field basis obtained this way the unity, the masses and mixing angles of the quarks and

canonical basis. charged leptons are not drastically modified. On the other
Suppose that the Yukawa matrices have the same structuhand, this factor is very important for the neutrino mixing, as
as the ones discussed in the previous section: we will discuss later.

Let us now discuss the soft SUSY breaking terms. After

the A rotation, soft scalar mass terms for sfermiapsare

—-e 0 O
o] |. (23)  written as
S

Y=yo| J+| O €

0O O 2\ =T 2 2 2 Q Q
— L£2(mg);jd; dj ,Mg= (Mgl +mg,T) +(arl +azT)

Diagonalization of the kinetic terms b with subsequent

. . . X (21 +29T) Y@l +afT).
rescaling transforms the Yukawa mat(@3) into the one in (z71+25T) (arl+a5T)

the canonical basis, which is written (30
—-e 0 O Since the second term Oﬁé is rewritten in terms of the
Y=y,C.| T+AT| 0 € 0|A|cCg, (24) linear combination of andT, hereafter we absorb this term

into méu. To go to the canonical basis, we need to multiply

0 09 Cq from both sides, so that they become

whereC, r denote the rescaling matric€2) for Q_ g. No-
tice that in the canonical bask (24) is already almost di-
agonalized. 1 0O 0O 0O
The presence of the nonuniversaltfgr metric modifies
:méo 0 1 O]+pgl 0 O O
0 0 1

M= Co(mg,l +md,T)Cq

the masses and mixing of the fermions. Let us consider the
diagonalization of the Yukawa matriX (24) given in the 0 01
canonical basis as
m2 ZPm2 ;— 2 m3
T T 2 _ QI _ Al QJ J QI
U Y Ug=diady,y2,Y3). (29 Mo 2 PQ @R+, . (39
It is easy to show that the eigenvalues are approximately
We find that the quantity, becomes nonzero if the ratio of

= A E S the democratic part to the unit part in tBecomponents oZ,
Y1=Yo(§— g) v Y2=Yo| 3t ) V3= Yo 143, mg,/m, , is different from the same ratio in the lowest com-
(26)  ponentso=23/z°. We expect that this is generically the
case and thugg, is of the order of unity. The existence of the
with second term of the mass-squared matrix leads to very inter-
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esting consequences. As one can readily see from(#g.  Furthermore, in the fermion-mass basis where the fermion
the third generation sfermion has a different mass than thenasses are diagonal, there arise nonzero off-diagonal ele-

degenerate first two generation masses, that is, ments in the sfermion mass-squared matrix, leading to flavor
5 5 5 mixing mediated by the sfermions. In fact, in this basis, the
MIs= M2ng? Mg - (32 mass-squared matrix becomes of the following form:

100 A%sir?36 A?sin36cos39 A sin36
ma=mao| | 0 1 0] +po| A?sin36cos3  A’co$3¢  Acos3
0 0 1

A sin 36 A cos 3 1
1 O(pAE) O(pE)
~mb| O(pAE) 1 O(pAd) |, p~0O(1), (33

O(pE) O(pA) 1+p

where the coefficients in each entries can be computed bwith the superpotential of the foriv=Q,_ - Y QgH, Eq.(35)
using Eq.(28) and A here corresponds td, or Ag in Eq.  reduces to
(29).

Let us next turn to scalar trilinear couplings, i.A.terms. L, AR, H\Y= ™ L= ~ R ~
Following the same procedure, we find that theerms in (8 ag+ag)au-YorH +arqu-TY rH+arq - Y TagH.

the canonical basis are given as (37

W - One can move to the fermion mass basis by multiplyig
—£22 = [z +28T) Y@l +afT)];q;. (34) and UR from left and right, respectively. The matrix for the
Q trilinear couplings becomes of the following form:
As in the previous case, disagreement betwePtz? and
a$/aP induces small off-diagonal elements in the fermion- yi 0 0
mass basis, resulting in again the flavor mixing. An inspec- 5 —(at+aR+ath)| 0 vy, 0| +abulTur)
tion shows that the above equation is written as a 0 "o o pEe

0 0 vy;
oW ~
> ——[aSI+a?T];q;, (35) yr 00 yr 0 0
Q Jq x| 0 y, 0|+a® 0 y, 0 |(ULTUR),
where 0 0 vy; 0 0 vys
a? afz2—afzy (38)
=" &= 5 oo (36
Z (z7+25)z, and
(AY®)2si’36  (ASR)2sin30cos 39 (A“R)2sin 30 E2 AE E
Ul TU, g=| (A-F)?sin36cos 3 (A“R)2cog36 AYRcos3 |~ AE A% A, (39)
AbRsin 3¢ A“Recos 39 1 E A 1
|
We f!nd tha_t the flayor mixing terms will not become sym- (mEL)ijatiaLj+(méR)ija;eiaRj"'(mER)ijatiaRJ
metric matrices. This will play an important role when dis-
cussing Igpton flavor violation._ . +(m§L)ija§iaLj , mﬁ;:mzRL (40)
Following Ref.[19], we now introduce some notation on
the sfermion mass terms in the fermion mass basis where each is given as
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(mEL)ij =(mé )i (mZRR)ij :(méT)ij , WithoutC, , the first term, i.e., the unit matrix, of E€45) is
- R irrelevant to the diagonalization, and thus the mass matrix
(mER)ij = (AL)ij(H), (mzRL)ij :(A;I/—)ij<H>- itself is diagonalized by the matriA. It is this fact which

(41) realizes the bilarge mixing angles. However, whers non-
zero andC, is not proportional to the unit matrix, this is no

Here we have written only SUSY breaking masses explicitlyJonger the case. This is because the first term in(&8§). is
and suppressed SUSY contributions. For later use, it is corProportional to diag(1,1,4r,) and the diagonalizing matrix

venient to define is different fromA. In fact, it is an easy task to see that the
whole mass matrix in this case is diagonalized by a matrix

_(me)ij _(mﬁR)ij close to the unit matriXwith small angles Combining the
(SipLL= m (8ij)rr= m2 fact that the diagonalizing matrix for the charged lepton sec-

tor contains only small mixing angles, we find that mixing

(M2e); (M) angles of the neutrinos would be all small when theis
(8j)Lr= LF; L (8)ri= #, sizably different from zero. On the other hand, in the limit of
m m r.<e,, 6,, the first term in Eq(45) can be regarded as a
(42 unit matrix. Then the unitary matrix arises only from the

. . second term in Eq45) and equals ta&\, from which we can
Vn‘:?oer:em represents a typical mass of the corresponding sfefzo o ce bilarge mixing angles in the neutrino sector. We

. . L conclude that the absence of the democratic part in the
In this paper, we assume that thetfer potential is in-

. . L . .
variant under thes; symmetry and do not include possible Fsgtlﬁaysﬁrel;(zfmzfng:gggoublet leptons s required by the
Sy breaklng contrlk_)ut_lons. This assumption s, however, no This observation strongly implies that the whole demo-
;taple against radlatlv_e corrections. In partlcular,_renormalératic part of the Khler potential for the doublet leptons,
ization group effects involving the Yukawa couplings will L 2L 7> o
violate the symmetry in the ieer potential, which generate N@mely, Z;=zj+(67aj+H.c.)— 6°6"mi,, should be ab-
different patterns of violations of mass degeneracy and flavofent. Though the absence of only the lowest compomnt,
mixing. We will return to this point in the subsequent sec-is sufficient for the bilarge mixing to be realized, we argue

tions. that it is unnatural and thus unlikely. Assuming the absence
of the whole democratic part, namelgy=a=m¢,=0, we
(S)lepton sector immediately conclude that all left-handed slepton masses are
. . . degenerate:
In this section, we would like to focus on the lepton sector
and discuss the slepton masses in detail. m =m2 =m2 (46)
Following the general argument given above, we can per- e M N
form the diagonalization of the Yukawa matrix for the
charged leptons. The results are at the energy scale where these soft scalar masses are given,
presumably at a scale close to the Planck scale. At the same
VIEY E VIEY E time there will be no flavor mixing in the left-handed slepton
Ye=Yol 3~ %) Yu=Yol3 T %) mass-squared matrix. On the other hand, the right-handed

lepton sector generically has the democratic part in itsl&a

| S potential, and thus the right-handed stau has a different mass
y,=Yo| 1+ 3/, (43)  from those in the first two generations:
and mg —m? #nf . (47)
R MR R
coséb, —siné, — A“Rsin 2, _ .

) LR Furthermore, its presence also leads flavor mixing of the
ULr= siné, coso —A~"cos 2, | right-handed slepton mass-squared matrix of the slepton sec-

A“Rsin36, A“Rcos 3, 1 tor. As for theA terms, the absence of the democratic part for

(44)  the left-handed leptons implie&ﬁzo, and thus the matrix

. ] ) for the A terms(38) reduces to
Next we consider the neutrino mass matrix. We assume

that the neutrino mass matrix is the same as the one dis- yo 0 0
cussed in Sec. I[Eg. (16)]. It becomes, in the canonical é
basis, A=(aj+af+af)| 0 y, O
0 0 v,
1 00 -€, 0 O
M-mc|lo 1 ol+aT| 0 e o0lalc. O(E*A) O(E® O(E®%A)
0 0 1 0 0 5 +afYy| O(A%E) O(A%)  O(A?) |. (49

(45 O(E) O(A) 1
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It is straightforward to compute numerical values of the ma-
trix in the second term, oncd, and E, are fixed by the
charged lepton masses

A 3 E \/4meA (49)
1~ ' 1~ N3y 2
_ f m
2m,—m, /1+rg 3my FIG. 1. Feynman diagrams which cause lepton flavor violating
. . . . decayd;—l;y. I;, Tx;, 7, W, andB represent the charged leptons,
Notice that they are insensitive to the choicergfas far as charged sleptons, the photdi%ino andB-ino, respectivelym;; and

V1+rg is of the order O_f unity. ) . Mgz are the masses of the charged leptons Biiido. The blobs in
The mass Sp_ectrum n Eqel6) and(47) is characteristic the slepton lines indicate the insertions of the flavor violating mass
of the democratic sfermion ansatz. In fact the degeneracy Qfatix elements, 102,05 and (Z,);;, and ones in the fermion

the left-handed slepton masses is strongly suggested by reglies indicate chirality flips of the charged leptons d@ho. X,Y
izing the bilarge neutrino mixing angles. Such a constrainkiand for the chiralitiet or R.
does not come to the right-handed sector, and thus the right-
handed stau can have a different mass which is consistent my 2
with the S; symmetry. This situation should be compared (5'12)LLs(afeV\ox103<m) ,
with the renormalization grougRG) effect due to right- €
handed neutrino Yukawa couplings, which leads to the non- e 2
degeneracy in the left-handed slepton ma$g6s The non- (8),)re=(a few) x 10—3<—'\) ,
degeneracy in the right-handed sector can also be induced in 100 Ge
SU(5) grand unified theorie€GUT9) by the RG effect above
the GUT scalg21]. One possible way to distinguish our case
with the GUT contribution is that in our case the right-
handed stau can be either light or heavy, while the RG flow
always makes the right-handed stau lighter than the othewherem; represents a characteristic mass scale of the slep-
generations. tons, and the constraints get weakengsncreases. We note
that exact numbers are sensitive to the ratios of the gaugino
IV. LEPTON ELAVOR VIOLATION masses and the slepton masses, and the values given above
should be taken as typical ones.

We are now at a position to discuss lepton flavor viola- These constraints should be compared with the expected
tion. FCNC processes in the quark sector will be briefly dis-values of the off-diagonal elements in the framework of the
cussed in the subsequent section. In our setup, we will shodemocratic sfermions. Fanj~ 100 GeV and the scalar tri-
that the predicted rate gi — ey is within reach of planning linear parametea?~rrr, we find
experiments as far as the sparticle masses are of the order of

(85 R, (85 <(afew)><106(L\)2 (51)
12/LR» 12/RL~ 100 Ge y

100 GeV. We also find that the rate of> 1y is smaller than (5'12),_|_~0, (5'12)RR~pRA,E,~1O‘3,
the present experimental bound by at least two orders of
magnitudes. afAE/m,
In SUSY models, superparticle exchange loop diagrams (6'12)LR~—2~10*8,
induce the dipole moment operators My
mlj_ a?A|E|mM s
Eeﬁ:eTI io-/.LVFMV(Lij PL+ Rl] PR)'] y (50) (glz)RLNT"’lO . (52)

where m, denotes a charged lepton mass of generaion The comparison shows that the flavor mixing expected in our
P r= (17 7°)/2 indicate the chiral projection operators, and framework is already comparable with the experimental con-
L;; andR;; are coefficients dictated by the parameters in th(,strai_nts if the SUSY breaking scale is around the weak scale.
SUSY models. Flavor violating processes take place if off-Put it another way, we naturally expect that fhe-ey pro-
diagonal components in scalar mass matrices exist. For legess will be seen in a near future experiment if the sparticles
ton flavor violation, the present experimental bou@®] in the loops have masses of the order of 100 GeV.
BR(u—ey)<1.2x10 ! constrains the off-diagonal ele- The same comparison also indicates that the off-diagonal
ments of the slepton masses. Here we give an estimate Byixing components §15)gg and (G1p)gr. give comparable
using an approximate formula similar to REE9], where we and dominant contributions tp—ey. Both contributions
only consider the diagrams given in Fig. 1 wighino and  generate nonzerby, in Eq. (50), with vanishingR;,. It is
W-ino loops. More details will be found in the Appendix. interesting to compare this with other scenarios of lepton
The constraints obtained in this approximation are flavor violation. For instance,nf?, )1, dominates when the

RG effect due to the right-handed neutrino Yukawa interac-

tions gives considerable flavor violatip®3,24. In this case,

3We neglectr| since it is extremely small. only Ry, becomes nonzero. On the other hamdé@ 12 Will
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(@) pr=1, aft=0 (b) pr=0.1, af =my
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FIG. 2. Contour plots for BR¢—ey) in the my-M, plane for @) pg=1, af=0 and(b) pg=0.1, af=m,. The lines correspond to
BR(u—ey)=10"1? 101310 ** and 10 from the lower left. Here, we fix th&; breaking parameters & =6.577<10"2 and ¢
=4.792< 1073 with yh(H)=2456 MeV andrg=1.

dominate in the minimal S(B) GUT if the RG contributions nates over the other. We should compare the contours of the
above the GUT scale are importdrl], which gives non- branching ratio with the expected sensitivity of the branching
zerolL 4, term, as in our scenario. It is interesting to note thatratio ~ 104, which is aimed by the MEG Collaboration at
the case with nonzerb;, may be distinguishable from the PSI[26]. Both figures show that— ey will be detectable if
other case with nonzef®, if polarized muon beam is avail- the gaugino mass and the scalar mass are smaller than about
able, by measuring the angular distribution of the decaying00 GeV. We note that the branching ratios are small when
particles[25]. the universal scalar mass is small. This is understood easily

Next we would like to present some numerical results. Wef we notice that the lepton flavor violation is inherent in the
calculate the rate oft— e7y by using the formulas presented scalar masses, and in this limit the effect is diluted by the
in the Appendix. For simplicity, we take a universal gauginolarge gaugino contributions coming from the renormalization

massM q: group evolution. We also checked other choicepgfand
a,. Generically, the results are not sensitive to these values.
M&(Mx) =MGMx) =Mg(Mx)=Myp, (53 However, for a certain choice of the parametess

~prMy, an accidental cancellation between the two contri-
hl?_utions to the lepton flavor violation can take place, and thus
rtpéanching ratio will be significantly reduced.

In our analytic as well as numerical computations, we
only considered the gaugino loops depicted as Fig. 1. This is
valid for small tarB. In fact, there are other diagrams which
generically enhance the branching ratio whengan large.
Furthermore, it was pointed out j27] that the contributions

whereMg, M§,, andMg represenB-ino, W-ino and gluino
masses, respectively, and assume the equality of the rig
handed slepton masses in the first two generations and t
left-handed slepton masseg,(My) =m2,(My)=m3 at the
boundaryM y=2X 10'® GeV. The masses at low energy are
obtained with the help of renormalization group equations
Relevant quantities in our analysis are

Mg(x)=0.43M 1/, Mi(p)=0.8M 1, coming from various diagrams partially cancel with each
other in certain regions of the parameter space. This cancel-
(Y)ij () =1.5Y));;(My), lation is, however, very sensitive to the soft masses as well as
the Higgsino mass parameter, and it would be premature to
(mEL)ij(M):(mEL)ij(MX)+O-50| M1/2|25i]. , maléela full analysis with various unknown parameters in the
model.
(ng)ij(M):(ng)ij(Mx)+o_15|\/|1/2|25ij , Bearing these observations in mind, we conclude jhat

— ey is generically within the reach of the planning experi-
(A)ij () =1.5A)ij(My)+0.67(Y));j ()M, ment in a wide range of the parameter space if the masses of
(54 the superparticles involved in the process are around the
weak scale.
where the low-energy values are evaluated at the renormal- pere we would like to emphasize that considerable lepton
ization pointu. =500 GeV, and we neglect the effect of the fiayor violation is expected in our scenario, even if the
Yukawa couplings, which is valid as far as the tau Yukawayykawa couplings of the right-handed neutrinos are small
couplings are small. For sirr12plicity, we fix tHey brgeak_ing and their effects in the RG running are negligible. This
parameters ab=6.577<10"“ and =4.792<10"" with  clearly contrasts with other cases considered previously
yo(H)=2456 MeV andrr=1 [See Eq.49)]. Contours of [23,24,28, where the RG effect from the right-handed neu-

the branching ratio oft—ey on themy-M 4, plane are de- trino Yukawa couplings is essential for sufficient lepton fla-
picted in Fig. 2. Here we consider the two cases. In Fig),2 vor violation.

we takepg=1, ai=0, and thus therfizg) 1, is the dominant Let us next consider other lepton flavor violating pro-
source of lepton flavor violation. On the contrary, Figh)2  cesses;— uy andr—evy. The ratios of the branching frac-
is the case whergr=0.1, aR=m so that the 14,);, domi-  tions are estimated as
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BR(7— uy) A\ TABLE I. Limits on ¢'s obtained from the FCNC experiments
BR ~0.1 AE ~10°, and estimation in our model. We fix all squark massgs gluino
(n—ey) = masses, an@;'s at 500 GeV as representative values. For other
2 values ofmg, the limits can be obtained multiplying the ones in the
BR(7—ey) - _17( E ) 10 (55) table by mg/500 GeV for Amy, Amg, and Amp and
BR(u—evy) AE, ' (my/500 GeVY for b—sy. [Notice that @) r~(J;j)r. are im-

. . . posed in obtaining the limits. It does not matter since we focus on
where the factor 0.17 is the branching ratio of  orger of magnitudes.
— UV Y

u (ev;e). Recalling the fact that the current experi-
mental bound of BR¢—ey) is already~10 1!, we find Expt. boundg19] Our model
that BR(r— ny) expected in our scenario can be at best
38 . . AmK
10"°, roughly two orders of magnitudes lower than its
\/|Re(512)LL,RR|

. : 4.0x10 2 AgEgq~1073
present experimental bourj@9], and it may also be chal- s e s e
lenging for a super B factory, which is to explore down to VIREGI) red 4.4x10 arAgEgms/mg~10
10" '—10 8 [30]. VIRe(]) L (61)rd ~ 2.8x107° AgEg~107°
Finally, we would like to mentionrCP phases from the .
slepton sector. Complex phases in the slepton masses genh—z— 5 a2
ally induce CP violation. The strongest constraint on the Re(0i3)i1.rd 9.8x 1072 LR Eq 102 .
complex phases comes from the electron electric dipole moV|Re(‘_513)LR,RL| 3.3x10 a; EqMmy /mg~ 10
ment(EDM) [31]: VIRe(6T) L (879)rA 1.8x10°2 Eq~1072
m 2 Amp
|Im(5'11)LR|<(afeV\b><10‘8<m) . (58 \IRe(61)?Z rd 0.10 AE,~10°
VIRe(e ) rel 31x10°%  apfA E,me/m;~107°
As is evident in Eq.(48), (m}2) g has two terms in our VIRe(s}) . (8)rd 1.7x107? AE,~107°
scenario: the first term is a universal one and the second terBLS
is flavor-dependent term which originates from the demo- 5 Y 8.2 A~10-1
cratic part of the Khler potential. We find that the former (9230 el 02 LRy o
contribution dominates, whose magnitude is estimated as (82dirpll 1.6x10 ar"Agm,/mg~10

&)1 LR~ Moo /ME~5x 1076, 5
(O11)LR™Medo /My S breaking effect reside within the experimental bounds.

To survive the experimental constraint, the phase should be AS for b—sy, there are other dangerous contributions
rather small as-0.1—0.01. We note that this universal con- T0M @ chargino-stop loop and a charged Higgs loop. It is

tribution exists in many types of SUSY breaking scenario,knOW” th'at these tyvg can contribute destructivgly for a'sign
including the minimal supergravity model, and the suppres®f the Higgsino mixing parameteg, and thus in certain

sion of the phase of the universalterm is a common prob- €gions of the parameter space the whole SUSY contribution
lem in supersymmetry/Although our scenario does not solve 1S In accord with the experimental constraint. We expect that

this problem, it does not worsen the situation either. this occurs and will not discuss this point further.
The CP violating quantitiesex , €’/ € of the kaon system

put severer constraints on the imaginary parts of the flavor
mixing masses. One finds that the constraint frggmbound
Finally, we would like to briefly discuss FCNC con- to the product 5‘1’2),_,_(5‘}2)RRis much stronger than those to
straints in the quark sector in a similar manner as in the6%,),, or (6%)grr:
previous section. Let us consider tke B, andD mass dif-
ferences Amy, Amg, andAmp) and the branching fraction _ g
of the b—svy process. They provide the upper bounds of ‘/||m(522)LL(522)RR|<2'2X 10 4(Wq(;e\)' (58)
off-diagonal elements of squark masses, which are listed in
Table |. Here we quote the estimates in Rf9], which  On the other hand, the magnitude of this combination is ge-
considers only gluino exchange diagrams, and all squark angerically expected to be
gluino masses are fixed at;=500 GeV for simplicity. The
limits are scaled as; /500 GeV forAmy, Amg, andAmp \/(§12)L,_(5312)RR~AdEd~10‘3, (59
and (mg/500 GeVY for b—sy. The magnitudes of the off-
diagonal elements expected in this model are also listed ione order of magnitude above the experimental constraint,
Table I. When compared with the experimental bounds, wavhich may require some fine tuning to suppress the complex
conclude that FCNC processes induced by3gesymmetry  phase. Here, however, we argue that this constraint is easily
overcome if the model is SB) inspired. In fact, if the model
is embedded into S@), the right-handed down-type squark

“The CP phase of the Higgs mixing mass term should also bemass matrix is forced to become an almost unit matrix as

suppressed. See a recent proposal on this j22je well as the left-handed slepton one. This is simply because

V. FCNC IN QUARK SECTOR
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TABLE II. Limits on d's obtained from theCP violating pa-  above, the requirement implies that the left-handed sleptons
rameters and estimation in our model in the(SUGUT inspired  should have degenerate masses among the different genera-

case. We use the same parameters as in Table I. For other valuestidns, and also no flavor violation should arise in the left-
g, the limits can be obtained multiplying the ones in the table byhanded slepton mass matrix.

(M /500 GeV) fore andmg/500 GeVf for €'/e. This observation brings interesting phenomenological im-
plications. The slepton mass spectrum should be of a special
Expt. boundg19] Our model form. The left-handed sleptons have degenerate masses,
€« w_hiIe in the right—handed slepton sector the third generation
N GA 3.2x10°3 AE4~1073 will have a dn‘ferent. mass from th'e first two generations.
Jm(a%)2] 3.9%10° 3 -0 These masses are given at some high-energy scale a_nd §uffer
1ZRR 4 L 2 s from radiative corrections. We expect that renormalization
VIim(8%) 7l 3.5% 1074 3gAqEqms/my~10 group analysis will relate the masses which will be measured
VIIm(sD)Z, 3.5x10 a1A(Eqmy/mi~10"°  experimentally with the masses given here. Thus we hope
VIM(8%) 1L (67)rd 2.2x10°* ~0 that the mass measurement of the slepton masses which is
' /e e>+<pgctlv_ed to be ltlj_gne in_lliuture _((:jollider exp?rirr?en(;ts such as an
Im(5%).,| 0.48 AE~10° :f;mic;ge:rr‘sc;ct)zf er will provide a test of the democratic
[Im(0%7)rd 0'48_5 ~0 ) A special attention has been paid to the lepton flavor vio-
[Im(51) gl 2.0x10 ajAqEams/m~10"°  |ating processu—ey. We have shown that the branching
IM(5%)rdl 2.0x10°° ajAEymg/mi~10"° ratio expected in our scenario survives the current experi-

mental bound, and more interestingly it is generically within
the reach of the forthcoming experimd6] whose goal is
the two are in 3 representation in S@8) and the left-handed to explore the branching ratio down te10™ 4, if the slep-
sleptons are argued to have essentially no flavor violationtons and the charginos/neutralinos have masses around the
which is suggested by the bilarge neutrino mixing anglesweak scale. Furthermore, in our scenario, the lepton flavor
Then (5‘{2)RRis zero, and hence the gluino contributionetp  violating operator of the dipole moment type appears only
vanishes. The upper bounds from the experiments and thfer the right-handed antimuon, and thus this property can be
expectations in our model for other processes are listed itested if the polarized muon beam is available. On the other
Table Il for the SU5) case. From this table, one finds that hand, the lepton flavor violation of thedecay may not be a
our scenario marginally survives the bounds from @B  very promising process to see a signal of our scenario.
violating quantities. We should emphasize that the origin of the lepton flavor
violation in the democratic sfermion ansatz is in the nonuni-
versality of the sfermion masses allowed by the democratic
V1. CONCLUSIONS AND DISCUSSION principle. This should be compared with the other mecha-
In this paper, we have proposed the extension of thdliSm to generate the lepton flavor violation that the renor-
democratic ansatz to the sector of superpartners of fermiorf§alization group effects from the right-handed neutrino
(sfermions in the standard model. It has been shown that the’ukawa interactions or the Yukawa interaction above the
sfermion masses and their mixing controlled by the demoGUT scale induce the lepton flavor mixing in the slepton
cratic ansatz solves the SUSY flavor problem and provide§ass matrix which is assumed to be universal at the scale

some phenomenologically interesting consequences. where these masses are originally generated.
More concretely we have postulated that thehl€a po-
tential for the chiral supermultiplets of the quarks and lep- ACKNOWLEDGMENTS

tons possesses the underlyiBg symmetries of the demo-

cratic principle while the superpotential contains their small  This work was supported in part by the Grant-in-aid from
violation to obtain realistic Yukawa interactions for the the Ministry of Education, Culture, Sports, Science and
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which is actually a usual assumption in the hidden sector

SUSY breaking scenario. _ APPENDIX: LFV DECAY RATES AND ELECTRON EDM
In this framework, we have shown that the expectations _ . o
from theS; symmetries and their violation af&) the masses In this appendix, we calculate lepton flavor violating de-

of the third generation sfermions can be different from thosecay rates and the EDM of the electron, which arise from
of the corresponding first two generation sfermions éd dipole moment operators.

the small violation of theS; symmetry induces the flavor We calculate the dipole moment operators using the mass
violation in the sfermion sector. Remarkably the requirementnsertion method. Here we discard Higgsino—Wino mixing
that the neutrino sector should have bilarge mixing anglesliagrams fi.-term contribution and double mass insertion
constrains the form of the 'Kder metric of the left-handed diagrams [contributions from, e.g., rﬁfL)ijx(mfR)”],
lepton doublets. Unlike the general expectations giverwhich are proportional tqu tanB. Thus expressions below
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are valid in low tarB region. The resulting dipole moment M2 M2 M2
operators are given by B=—2 xB=—2, w=_X (A3)
L 2 R 2 L 2
- i m. I
Leg=€—- | i0u, P (L PL+ R PR, (A1)  and the functions ok
where M(x)= 1-9x—9x*+ 17x*~ 6(3+x)x*log x
12(1—x)5 ’
Lo (m RR)" M ()
1 2 coey, m R S(x)= —1—9x+9x?+x3—6(1+x)x logx
3(1-x)° ’
1 a ( MB)(mRL)U T(x E)_T(XE) 5 5
2270026y My mEm? xB-xE T(x)= —XEXTm2x Iogx. (A4)
2(x—1)3
1 a ( LL)IJ B From the above expressions, we obtain the branching ratios
Ri=z 2msithy, M [tar? M (x() + M(x() for the processe§—|;y, which are given by
L
~ 4873 5 ) —
W @ Mg BR(Ij—1y)=—=—(|Lij| >+ |R;j|) X BR(I; = l;v)),
+SO] = 5 o G?
2 CO§0W mlj (AS)
(MZR)ij T(XP)— T(XR) (A2) and the EDM of the electron by
"‘WZLmTZR X0~ XR e
—=-—m.Im(Ry,)
Here « is the fine-structure constant, gy is the weak-
mixing angle,Gg is the Fermi constantrj _ represent the aMp Im[(mER)lﬂ T(XE)_T(XE)
average of slepton masses of left- and rlght handed types. = 47 cold m2 m2 YB_ B (A6)
We define w IR LR
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