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In extra dimensions the infrared attractive force of gauge interactions is amplified. We find that this force can
align in the infrared limit the soft-supersymmetry breaking terms out of their anarchical disorder at a funda-
mental scale in such a way that flavor-changing neutral currents as well as dangé&eidating phases are
sufficiently suppressed at the unification scale. The main assumption is that the matter and Higgs supermul-
tiplets and the flavor-dependent interactions such as Yukawa interactions are stuck at the four-dimensional
boundary. As a concrete example we consider the minimal model bas8t@) in six dimensions.
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[. INTRODUCTION nism the gaugino magd, which is assumed to be generated
at the fundamental scal®p by some SUSY breaking

Low-energy softly broken supersymmetf$§USY) has mechanism, receives a correction proportional to
been the most promising idea in solving the gauge hierarchfMp /Mgyr)® at the grand unification scalgyr, and
problem[1]. However, the introduction of the superpartnersmore importantly induces dominant flavor-blind corrections
of the known particles induces large flavor-changing neutrato other SSB parameters. The most interesting finding is that
current (FCNC) processes an@ P-violating phases, which the squared soft-scalar masseBZX} and the soft-trilinear
are severely constrained by precision experimdits6]. couplingsh'’® become so aligned &fl g1 that flavor chang-
Therefore, the huge degrees of freedom involved in the softng neutral current processes and dangerGuviolating
supersymmetry breakin@SB parameters have to be highly phases are sufficiently suppressed. It will be seen that in this
constrained in all viable supersymmetric models. This haglass of models, all th&-parameteh’s, B parameteB,, and
been called the supersymmetric flavor problem. soft-scalar masses?®’s in the minimal supersymmetric stan-

To overcome this problem, several ideas of SUSY breakdard model(MSSM) are basically fixed as functions of the
ing and its mediation mechanisms have been proposedmified gaugino mas$1 and the w-parameteru, up to
gauge mediatiofi7], anomaly mediatiofi8], gaugino media- corrections coming from Yukawa interactions. Therefore,
tion[9] and so on. The common feature behind these ideas ihis class of models cannot only overcome the supersymmet-
that the leading parts of the SSB parameters are given byic flavor problem, but also have a large predictive power.
flavor-blind radiative corrections. It is noted that the anomalyMoreover, no charged sparticles become tachyonic in these
mediation and the gaugino mediation work on the assumpmodels.
tion that the tree-level contributions for the SSB parameters We shall consider in Sec. Il the minimal supersymmetric
at a fundamental scaldp, are sufficiently suppressed, e.g., SU5) grand unified theoryGUT) model in six dimensions
by sequestering of branes for the visible sector and the hidas an explicit example, and take into account the logarithmic
den SSB sector, since there is no reason for these terms to berrections, too. To simplify the model, we however neglect
flavor universal. However, it has been argued recefitg] the neutrino masses and mixings. We find that the model can
that such a sequestering mechanism cannot be simply regiredict a set of the SSB parameters that are consistent with
ized in generic supergravity or superstring inspired modelsthe radiative electroweak symmetry breaking and with other
An interesting way out of this problem is to suppress theexperimental constraints. Section IV is devoted to conclu-
tree-level contributions by certain field theoretical dynamicssion.

There have been indeed several attempts along this line of

thought in which use has been mgdd-13 that the SSB Il. BULK GAUGE INTERACTIONS ALIGN THE SSB
parameters are suppressed in the infrared limit in approxi- TERMS

mate superconformal field theori¢&4]. In this paper, we

propose another possibility in more than four dimensions As we have explained our basic idea in the Introduction,
that flavor-blind radiative corrections are much more domi-we assume that only the supersymmetric gauge interactions
nant than any other flavor nonuniversal contributions. exist in the (4+ 8)-dimensional bulk while all the other in-

In Sec. Il we will show that such a mechanism can beteractions are confined at the four-dimensional boundary. Ac-
realized by implementing the power-law running of cou-cordingly, the (4+)-dimensional gauge supermultiplet
plings[15,16 in supersymmetric field theories wih extra  propagates in the bulk, and all ti=1 chiral supermultip-
compactified dimensions and at the same time by using thiets ®;=(¢;, ¢;) containing matters and Higgs bosons
infrared attractiveness of the SSB paramef&. Here we  propagate only in four dimensions. The gauge supermultiplet
consider the simplest case in which only the non-Abeliancontains a chiral supermultiplét in the adjoint representa-
gauge supermultiplet propagates in thet(&)-dimensional tion, where we assume thdt is equal to one or two. We
bulk and the supermultiplets containing the matter and Higgsissign an odd parity td' so that it does not contain zero
fields are localized at our 3-brah#6,18,19. In this mecha- modeg[16,19], and does not have any interactions wiifs.
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To simplify the situation we further assume that each extra  viik 2 )
dimension is compactified on a circle with the same raéius A T —— (C(H+C(j)+ C(k))G2Y'Ik, (5)
With these assumptions, the boundary superpotential has a 16
generic form
du . P
l ik 1 ii dA = 2(C(|)+C(]))G(g Iu“J! (6)
W(®) = g YD P+ 5 !l Dy, (1) 16w
. : dB! o
and the SSB Lagrangidngsg can be written as AW: " 2(C(i)+C(j))G§(2M,u” —Bi), 7
T
1 ijk 1 ij
—Lssg=| zh"" dipj b+ 5B i ¢ ijk
6 2 n?_ (C(i)+C(j)+C(k))GA2MY'ik —hilk)
1 . A 1677 ’ |
+35 > MA A +He |+ (m)igi, (2 8
n=0
d(m?); .
wherel 's are the Kaluza-Klein modes of the gaugino, and A T 1 2C(i)(S}G§|M|2, (9)
T

we have assumed a unique gaugino méser all \'s.

The size ofR is model dependent and is not related to the
GUT scaleMgyr a priori, where we mean bMgyr the — WhereGs=gX3%(RA)2, and[16]"
energy scale at which the gauge coupling constants of the
MSSM are unified. M= 1/R<M g <10 GeV, we ob- U 2 for 6=1,
tain M gyt=10M [16,20. Therefore, since we will consider Xs=m"T "1+ 612)= o~ for =2 (10)
GUTs, we may have a problem of the fast proton decay, if '
Mgyt is much smaller tharm- 10 GeV. We will consider
the renormalization groupRG) running of the parameters
between the fundamental scalMp =M pjaned V8T=2.4
X 10" GeV and Mgyr. If Mc>Mgyr, the parameters
evolve according to the power la5,16 betweenM ;. and
Mc, and to the logarithmic-law belowi . So, if Mc
<Mgyt, the parameters obey the power law betwddgs

The gauge coupling is denoted hyandC(G) stands for the
quadratic Casimir of the adjoint representation of the gauge
groupG, andC(i) for that of the representatidg . It is easy

to show that the evolution of'', 1/l andM are related to
that of g as

2

and Mgyr, so that the effect of the infrared attractiveness M(MGUT)=(M) M(Mp,), (11)
can be maximized in this case. BeldMt, the effective 9(MeD)
gauge symmetery is supposed to B8J(3)cXSU(2), -
XU(1)y, and betweeM gt andM ¢ the parameters of the - g(Mgur) ”Y’ -
effective theory obey the power law. The power-law running Y (MGUT):(W> Y (Mpy),
of the parameters in this range has no influence on our pur- PL (12)
pose in this paper, because we are intersted in the infrared
attractiveness of the SSB parameters in GUTs with extra di- o(Meur) )
r:ir;sfons. Therefore, we simply assume tNag =M Ml,(MGUT):( g(MGPUL;> 2w (Mpy),

To see the gross behavior of the RG running, we first (13
consider the contributions coming from only the gauge su-
permultiplet, because it is the only source responsible for th#/here
power-law running[15,16| of the parameters under the as-
sumptions specified above. In the flavor bases in which cou- ik C(H+C(j)+C(k)
plings of the gauginos are diagonal, only diagonal elements My ~ C(G) '
of the anomalous dimensions can contribute. We find the
I%Ir?\[lgg,gzcs]:et of the one-loog8 functions in this approxima i M ”

m C(G)
Aﬂ: _ LC(G)ng ) Therefore, these parameters can become very large if
dA 2 o= g(Mp)/g(Mgyr) is large. A rough estimate shows that
dM— 4 2 1X s is regularization scheme dependent. $2& for a detailed
Agx="5C(GIGM, (4) 5 is reg p -

analysis on the regularization dependence.
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C(G)Xsacur|"? Mp | g(Mp) |4 (m?)! C(i) .
g(MGUT)/g(MPL)z[ ( PL ) ] ——=6. 1
w5 Meur oMo | M e 1
3.5 for 6=1, Then inserting the value af(Mp)/g(Mgyt) given in Eq.
=132 for =2 (15  (15), we find that arD(1) disorder atM p, becomes a disor-

der of O(10°2) and O(10 %) at Mgyr for =1 and 2,
respectively. Note that the off-diagonal eIementsru?X‘j as

V;Ihselil?S)WE) Ql:?t\;?n ?r?gd:c?r?gr:etgor?umggry G#r::sleozr’m?nberwe” as the differences among the diagonal elements
' imz(i,j)z(mz)}—(mz)} [if C(i)=C(j)] belong to the dis-

should be compared with 1.3 in the corresponding four- . S
dimensional casp¢17]. In the class of modelspwe wigll pe Order. HoweV?[g their contributions ta5(), rr Of [6] are
considering, we assume that the supersymmetric Higgs bA@SS thgrO(lO ) for 5=2, and therefore th? most stringent
son mass parameter of the MSSM, .y, , is given appropri- constraints coming from thK_S—_KL mass dlfference&m_K
ately at the fundamental scaldp, and we may take it as a a_nd the_ decay.—ey are sat|sf|§c[6]. n the_case of f|ve
free parameter. Indeedy is also enhanced according to the d'm.e’?S'O”.S 6=1) th? suppression of th? disorder wil be.
power law (13). However the Giudice-Masiero mechanism sufficient, if the gauginos are much heavier than the sfermi-
[22] will lead to small 2, compared with théd parameter, ©NS[6]- (If we useMp /Mgyr~ 10°, then the suppression is

which turns out to be of the order of the gaugino mass a[nuch i.mprove(.j. . .
My, unlessy,, is larger than or equal to g 9 Similarly, using Egs(4) and(8), we obtain the deviation
t M .

In contrast to g, Y¥, ull, M, the SSB parameters for the trilinear couplings from Eq16) as

B', h'l* and (m?)] have a completely different behavior. We (Mop) 12 ik
find that the ratios of the SSB parameters to the gaugino ( 9t MeL ) _ (Mp)+ 7% (Mp) |, (18
massM approach their infrared attractive fixed points: g(Mgur)/ | MYk
Bi/M il — 7 where use has been made of EtR). Suppose the trilinear
me couplings to be of the order ofl Y'X at Mp, . Then we find
N N N that
hljk/MYI]k_)_ nIij,
i ijk
h'l¥ i 9(Mpy) 2emy
i — M <| ——— 19)
. C(i) .  (Mgur) + 7y ~( (
2yi 2_, i MY! 9(Mgur)
(m?)}/|M| ) 8, (16)

Note that the phases bf*/MY'/¥ are also suppressed. In the
where 7’s are defined in Eq(14). Note that so far no as- case ofG=SU(5), 7\*=48/25(42/25) for the ugdown)
sumption on the reality of the SSB parameters has beetype Yukawa couplings. Using E@l5) again, we find that
made, and we recall that the phaseMbfind x can always the right-hand side of Eq(19) is ~102(®) for §=1(2).
be rotated away by a phase rotation that corresponds tR the This disorder contributes, for instance, to pf, g as well
symmetry and an appropriate rotation of the chiral superas Regj;) g of [6]. Therefore our suppression mechanism
fields®, respectively. So, after these rotations, all the phasesan satisfy the most stringent constraints coming from the
of M and u' are transferred to those of 'k hilk Bl and  electric dipole momentéEDM) of the neutron and the elec-

(mz)} . Therefore, we may assume without loss of generalitytron and also frone'/e in the K®—K® mixing [6]. Similarly
thatM and u'' are real. We see from E@16) that the low- the phases of th@ parametersB'/Mu", are also sup-
energy structure is completely fixed by the group theoretigressed.
structure of the model. Furthermore, sincé and (mz)} In concrete examples, there will be logarithmic correc-
become aligned in the infrared limit, i.eh'/kecYX and  tions to Eq.(16) to which the Yukawa coupling¥'’* non-
(mz)}océ} , the infrared formg16) give desired initial values trivially contribute. How much the logarithmic corrections
of the parameters dtl g to suppress FCNC processes in can amplify the disorder will be model-dependent. It is cer-
the MSSM, and they predict that the onyP-violating  tainly worthwhile to note that the logarithmic interactions
phase is the usual CKM pha%e. will be non-negligible only forA close toMgyt, thereby

One can easily estimate how much of a disorder in the®vercoming the problem found {23] that the GUT effects
initial values atMp_ can survive atMgyr. Suppose that may destroy the universality of the SSB terms. In the next
there exists arO(1) disorder in (?);/|M|2. Using thep  Section we consider a concrete model base®enSU(s),
functions(4) and(9), we find the deviation from Eq16) to and take into account the logarithmic corrections.
be

I1l. AN APPLICATION
2Equation(16) means that the phases di/(MY) and B/M ) A. The minimal SU(S) model

that cannot be rotated away approach zero in the exact infrared To be more specific we consider the minimal GUT model
limit. based orG=SU(5) in six dimensions. To simplify the situ-
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ation we neglect the neutrino masses and their mixings-
cording to the previous section, we assume that only the
SU(5) gauge supermultiplet has the towers of Kaluza-Klein
states. In the sense of four-dimensional supersymmetry, the
multiplet contains arlN=1 gauge supermultiplet and ah

=1 chiral supermultiplet” in the adjoint representation. We
assign an odd parity to this chiral supermultiplet so that it
does not contain zero modes. Three generations of quarks
and leptons are accommodated by three chiral superfields in

49
hf—>_ 2_5MYf ,h)\—>_3MY| ’
m§—>2|M|2,mﬁd,mﬁu,

12 18
mée%|M|2,m?},—>2—5|M|2.

PHYSICAL REVIEW D66, 116003 (2002

(24)

Wi(10) and®'(5), wherei runs over the three generations. The unified gaugino madd and . are free parameters, but

A X(24) is used to breakSU(5) down to SU(3)c

By is no longer a free parameter. We therefore have to check

XSU(2).xU(1)y, andH(5) andH(5) to describe the two that the electroweak symmetry is correctly broken at low
Higgs superfields appropriate for the electroweak symmetrgnergies. All the scalars that belongS®r 5 have the same
breaking. They are boundary superfield, and do not have anyositive squared soft mags=(0.69M)?], which does not
interaction withI" which is a part of the gauge supermultip- differ very much from[ ~(0.851)?] for the scalars belong-

let. The superpotential of the model is given by
Yy L R
W= e iH + V2 Y] @Oapi)yp
+32B272“+Y HeSAH +EEVE“+ H*H
3 “a By f a''B 2 a=y T MH ar
(20

wherea, B, ... are theSU(5) indices, andr{, and Y} are
the Yukawa couplings. The SSB Lagrangian is

~ Lose=miy A% F o B A mES ], o3
3
+ 2 (g QbW (mf)IpT Oeri (D)
1)
1 el | b “— ~
+15MAN+BUH A, +BsI g3 0+ h H S GH,
ij

hy ~ .~ ~ h C ) e e
_ASB ay = _aBydmiy(i)3r(i)
g Rt e Promp il wiliH

+2hi OGO HA+H.c.t, (21)

where a hat is used to denote the scalar component of each

ing to 10. So, the infrared attractive form in the present
model is similar to the SSB terms of the constrained MSSM
(CMSSM), implying that the model predicts a similar spec-
trum as in the CMSSM.

B. Logarithmic corrections

Next we are interested in how much the logarithmic cor-
rections coming from the Yukawa interactions modify the
infrared attractive value€2)—(24). In the following analy-
ses we would like to neglect the mixings of the matter mul-
tiplets, because their effects will be very small as seen later.
One of the pleasant features of the infrared attractive form of
the SSB term$16) is that the trilinear couplings, too, may be
assumed to be small if the corresponding Yukawa couplings
are small, as we have seen in Ef8). Therefore, we may
also neglect the mixings among the scalar components of the
matter multiplets. Consequently, we will work with

YU p=Y 58283 Y p=h, ,5°5°. (25)

We first write down the one-loogB functions of this
model[ dA/dInA=B(A)/167?] [24]:

B(9)=[—10G3+79%]g, (26)

B(M)=[—20G3+149*M, (27)

5

chiral superfield. Then the gross infrared attractive form of g(y,)=| — 9_6(3§+ 9|Yt|2+ §|Yf|2+ 4|Yb|2}yt, (29)

the SSB parameterfd6) becomes

24
BE_>_2Mlu’EvBH_)_2_5 MIu’H! (22)
48 42
hu_)_Z_SMYU’hD_)_Z_SMYD’ (23

%In a more realistic case, we should take into account the neutrino
masses and their mixings, but they will not change the results we
will find below, because we assume that the neutrino supermultip-

lets, too, are boundary multiplets.

[ 84 24
BYy)= —gG§+3IYtIZ+glvflzﬂomlz}vb, (29

» 2 63 2 2
BY\)=| =30G5+ = [V\[*+3Yi[2| Yy, (30

[ 98 53
BOY)=| = £ G3+ 3V + AV, 2+ T|Y,l2

Ys, (31

21
+§|Y>\|2

116003-4
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[ 2 2 42 2
Blus)=|—20G5+2| Y| +§|Y>\| My (32
[ 48 48 ]
Blun)=| =5 Go+ 5 [Yil>+4]Yo+3V\|? |y,
' ' (33
[ 48 48 ]
B(By)=| — 5 G+ £ | Yil+4|Ye|*+3|Y|? By

96 2 96 * * *
+| 5 GIM+ heY{ +8Y; hy+6Y{he |y,
(34)
2 2 42 2
B(By)=| ~2065+2|Y([2+ Z|Y,[? By
2 * 84 *
+| 40G3M +4h YT + =Y hy s, (35)

96 24
Bt =| — F o3 oV 2 IV A E

+

192 . .48
= MG+ 18nY} +8h,Y5 + —heY{ Yy,

(36)
84 24
()= | - G321, 2

168 . .48
+| 5 MG3+6h,Y{ +20h,YS + £ h YT |Ys,

(37)
2, 83, 12 2
B(hy)= _30G2+§|Yx| +3|Y¢[?|hy

+

2 EG * *
60MG3+——h, Y} +6hYT |Y, (39

98 53
ﬁ(hf>=[—ge§+s|vt|2+4|vb|2+g|vf|2

21 ] [196 ) .
+€|Y)\| hf+ ?MGZ_FBhth +8thb

42 106
+€h}\Y)\ + ?thf Y, (39

96 48
B(m ) == % GEM >+ | Y| *(mf +m} +md)

48
+8|Yb|2(mﬁd+ M3 s+ mis)+§|hf|2+ 8[hy/%,

(40)

PHYSICAL REVIEW D 66, 116003 (2002
96 48
2\ _ IVIE 22 2 2
p(mg )=~ 5 G5M|*+ 5 [Ye[5(my +mp +mSs)

48
+6]Yi|2(md + 2mys) + [yl >+ 6,2,

(41

B(ME)=—40G3|M [*+2|Y[*(m§ +m§ +ms)
LM PmE et Tl @2

2 N\ _ 96 2 2 22 2 2

ﬂ(m¢3)—_§GZ|M| +8[Yy| (mi + My +mg,s)
+8|hg|?, (43

144
B(M2) == —==G3[M[*+6|Y,[2(m, +2m]s)

+4]Yp| A+ MG+ mga) + 6| 2+ 4]hy 2,

(44)

96
B(MG0)=— £ G3IM2,

144
BMy12) =~ = G3IM?, (45)

whereG3=7(RA)g? [see Eq(10)].
Note that we identified R with Mgyt (~2

X 106 GeV), so that the renormalization group flow above
M gur is six-dimensional. We then require that the MSSM is
the effective theory below 1, and, as before, we denote
the fundamental scale byl , which we assume to be 10
XMgut. To compute explicitly the logarithmic corrections
coming from the Yukawa coupling¥;,Y,,Ys,Y,, we have

to choose their initial values &l g,1. But they cannot be
chosen arbitrarily, becausé; and Y, have to satisfy the
proton decay constraifif5], andY, andY,, are related to the

top quark mas$/, and taB=(H)/(H). So we impose that
the mass of the colored Higgs boson is larger than 8
X 10'® GeV [25], and useM,=174 GeV. We also usél .
(mass of the tau leptgn=1.77 GeV, and impose the— 7
unification atM gyr.*

As we see from Eq(22) again, the soft paramet®& is
not an independent parameter. Furthermetg, cannot as-
sume an arbitrary value, because it is related to the elec-
troweak symmetry breaking. They should be determined
through the minimization of the scalar potential of the
MSSM. For simplicity, we assume that the potential of the
MSSM at A =Mgysy takes the tree-level form, so that the
minimization conditions are given by

“4But we will not take the mass of the bottom quark very seriously.
It becomes larger than its experimental value.
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T T T T T T T

,21—tarfg tarfB—1

[ ]
0=m? —m3 + - , (46 [ ,
Mo "M T Larpg T tang 48 i I
tar’B+1
0=2Mﬁ+mﬁd+mﬁu—BHW, (47) 0.9 ]
whereMy is the mass of th& boson, and all the parameters 5
including M are defined aM g5y, Which we assume to be E
the unified gaugino magl. Once the gaugino masd is s
given, the other parameters tdrand uy are fixed by these N;e o4l ]

equations. Therefore the viable scenario allows only a very
restrictive set determined by the gaugino mass for the low
energy parameters in MSSM. As we explain below, however,
it is by no means trivial that these two conditions are simul-
taneously satisfied. Note first thaf, andmy; are indeed a [

-0.1 . . .

unique function of the gaugino mas4 in the zeroth order 0.0 1.0 20 30 4io 50 60 7.0
approximation(24), but their logarithmically corrected val- In AM;

ues nontrivially depend on tg#t Not only their infrared

attractive values avl g7, but also their RG evolution below ~ FIG. 1. Infrared attractiveness afg/|M|? and m§,/|M|2. The
Mgyt depends orY, andY,, and consequently on tgh da;shedsolld) I|2nes correspz)ond to the t?u(dirst two) generatiofs).
Therefore, the minimization conditions define a highly non-my 1 [M|?>mya/|M|?>mg, /[ M|?=mg+/|[M|? at A=Mgyr .
linear problem, in which the RG flows of the couplings be-
low and aboveM g7 influence on each other in a non-trivial ndhi(i=t,b.f,\) in our approximation. Therefore, the in-

\r/éasy.e-clz-? tg)ftﬁle?reattjh?ngor;né)slgtethlgxfgpeer\?v)guﬁgragqggersng':rﬁared attractive value@4) are not modified by them. There
scope of this ga ger and w;a leave th’is robl?am toy futurheexist of course logarithmic corrections coming from the
P paper, P egauge interaction, but they are flavor-blind. This is very

Wolrrf' what follows we consider onlv one case: pleasant, because the most stringent constraint from FCNC
M =500 GeVa = (0.0406< 47) 2 M _18%; 106 Gev " processes is the almost degeneracy of the squared soft
B evg=(0. ™) Meyr=1. &V masses of the first two generations. We have found that for

The B functions form(zbl,z and m\zl,l,z do not depend olY;

and the initial values ofY’s and g given in Eq.(48) the off-
un=926 GeV, Y,=0.76%, Y,=0.201g, diagonal componentst()'1/|M|? with i,j=1,2 and the glif-
ference of diagonal elementsAm3(1,2)/|M|?=|m,

Yi=1.0g, Y,=0.0ly, tanp=195. (48)  —mj3,|/|M|? (and similarly form3,) are less tha®(10™%),

which has been estimated to 10 ¢) without the loga-
Tithmic corrections in Eq(17). This order of disorder at
Mgyt is still sufficient to satisfy the stringent constraints
coming fromAmy as well asu—evy [6].

In contrast to the case of the first two generations,he
functions formég and mﬁ,g depend orY; andh;. Therefore,
they change their infrared attractive values. Figure 1 shows
the evolution ofm%/|M|? and m3/|M|?, respectively. The
dashed lines correspond to the third generation. The differ-

In this case the infrared attractive values of the SSB term
are found to be

(m21,m2s) = (0.51(40.48],0.5070.48))[M |2,
(m3,15,M535)=(0.7660.72],0.7260.72))|M |,

(M M) =(0.3670.48],0.4020.48))[M|?,

(49) ences Am2(i,3)/|M|?=|m5,— m%s|/|M|? with i=1,2 di-

h=—1.901.92MY,, rectly contribute toAmg as well as tor—ey and 7— uy.
We find thatAm3(i,3)/|M|?<0.04 atMgyr, which means

hy=—1.6§1.68MY,, that | (813 ,9rel,[(613%91L| =< 102 at Mgyr. Therefore,
Amg in the B—B mixing andr—ey and 7— uy are suffi-

By =—0.890.96|M ;. ciently suppressed. The differencesm? (i,3)/|M|? also

P 2 . contribute through the mixing between the first two genera-
Heremg,: . andmyj,.. are, respectively, the squared masses Ofj,ng and the third generation fomy andu— ey. Assuming
the scalar components @ (10) and ¥ (5) of the first two  that the mass matrix of the up-type quarks is diagonal, and
generations, whilenig and m\zl,a are those of the third gen- using the known values of Cabibbo-Kobayashi-Maskawa
eration. The numbers in] are those without the logarithmic matrix Vg, we find thatAm3,(i,3)/|M|2<0.04 does not
corrections. It should be noted also that no charged sparticleause any problems with the FCNC processes mentioned
becomes a LSP. In Figs. 1, 2 and 3, we present the infrareabove. The difference of 0.04 inm3/|M|? also causes no
convergence of the SSB parameters. problem forb—sy [6].
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and similarly forAh/M, wherea, and a, are O(1) con-
stants, and we have assumed thgt, are proportional to
MYy p at a scaled o, at whichY’s become non-negligible.
i Further considerations in the basis whefg is diagonal
yield that nonzero contributionghat are relevant to ysre

] |ARE(#3)|~ Y. YEL,

me M, ', M B My,

|ARE(i#3) |~ V& Y2Y,L, (52)

|ARS(i,j #3)[~ VExmYiL,

-0'50.0 1fo 210 3fo 4.0 5.0 where L=MIn(As/Mgyr)/16m2. Assuming that Agq

In AMg; ~50M gyr, We find that| Ah3)(j #3)/M|~0O(10~%) for the
_ ) , o 5 values given in Eq(48), and the otheAh's receive a further

FIG. 2. Infrared attractiveness oﬁHd/|M| , mHu/|M| and suppression fromV/cyy, - ImA(thllM), for instance, con-

=Bu/Mpuy. =By /Muy>mg /[M]*>mj /[M|? at A=Mgyr. tributes to the EDM of the neutron, and can be estimated to
be O(10~7) which is small enough. Im (ht¥M), which is

The universality betweemy, andmy, is also destroyed, ©f O(1077), too, is also small enough to satisfy the con-
as we see in Eq49). The main origins are the top Yukawa Straint frome'/e in the K°—K?° system. Therefore, we may
coupling Y, andY;. This does not conflict with the FCNC conclude that the disorder of the trilinear couplings caused

problems andC P-violating processes. In Fig. 2 we show the by the Yukawa couplings are sufficiently suppressed to sat-
infrared  attractiveness ofm? /|M|2, m? /IM|? and isfy even the most stringent constraints from the electric di-
d ! u

—By/Muy. In Fig. 3 the converging behavior for pole moments EDM$6].
—h;/MY;and—h,/MY, is presented. There is also no uni-
versality betweein, andhp, from the beginning. In Eq.18)
we have found th%t.the'non'ahgne'd parthf is suppressed  \we conclude that gauge interactions in extra dimensions
by a factor of 10” in six dimensions, if the Yukawa cou- ¢an pe used to suppress the disorder of the SSB terms at the
plings are neglected. Let us estimate how much of this supyyngamental scale so that the FCNC processes and danger-
pression can survive i¥’s are taken into account. We find ouscP-violating phases become tiny at lower energy scales.
that the corrections can be written as Moreover, no charged sparticles become tachyonic in this
scenario of the SSB parameters. As an explicit example we

IV. CONCLUSION

56 F - - 3 considered the minimal supersymmet8t(5) GUT model
] in six dimensions, and took into account the logarithmic cor-
46 F ] rections, too, where, to simplify the model, we neglected the
] neutrino masses and mixings. We found that the model can
a6 | predict a set of the SSB parameters that are consistent with
’ 1 the radiative electroweak symmetry breaking and with other
> ] experimental constraints. We also found that the logarithmic
g 26} ] corrections are not negligible. However, the infrared attrac-
=y 1
- ] tiveness of the SSB parameters does not change in the pres-
s 1s6f . ence of the logarithmic corrections. The suppression mecha-
2 ] nism of the FCNC andCP phases presented in this paper
06 [ ] does not properly work in four dimensions. Therefore, the
] smallness of FCNC as well as of EDM is a possible hint of
oal the existence of extra dimensions.
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