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Infrared alignment of supersymmetric flavor structures
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The various experimental bounds on flavor-changing interactions severely restrict the low-energy flavor
structures of soft supersymmetry breaking parameters. In this work, we show that with a particular assumption
of Yukawa couplings, the fermion mass and sfermion soft mass matrices are simultaneously diagonalized by
common mixing matrices and we then obtain an alignment solution for the flavor problems. The required
condition is generated by renormalization group evolutions and achieved at low-energy scale independently of
high-energy structures of couplings. In this case, the diagonal entries of the soft scalar mass matrices are
determined by gaugino and Higgs boson soft masses. We also discuss possible realizations of this scenario and
the characteristic sparticle spectrum in the models.

PACS numbsefs): 12.60.Jv, 11.10.Hi, 12.15.Mm, 14.80.Mz

I. INTRODUCTION the alignment of quark and squark mass matr{@@sand so
on. These mechanisms have been realized from various dy-
Since the standard modé&ébM) has been experimentally namics of high-energymore fundamentaltheories and the
established below the weak scale, many kinds of attemptSUSY breaking effects; i.e., soft SUSY breaking parameters
which extend the SM have been proposed so far. Amongre thus given at some high-energy scale. On the other hand,
these, supersymmetfBUSY) provides the most attractive since the FCNC processes are observed in the low-energy
candidate because of its various successful features of pheegion, the renormalization-groufrG) evolutions between
nomenological applications such as the stability of mass hithese two scales should be taken into account. These sub-
erarchy[1], the gauge coupling unification from the precise stantial effects have been used to obtain the approximate
electroweak measuremerjt], and so on. Moreover it has universal forms of SUSY breaking terrh8] and the heavy
been found through intensive study that supersymmetrigfermion of the first two generatioi§], where specific ini-
gauge theories have theoretically rich phase structures sutial conditions of parameters at SUSY breaking scale are
as dualities and confinements. These properties have alsequired to obtain sizable RG effects for avoiding the FCNC
been applied to try to construct more fundamental modelgroblems.
beyond the SM. In this paper we show that with an assumption for
Despite these attractive natures, the supersymmetric e¥ukawa couplings, the flavor structure of squarks mass ma-
tensions of the SM generally possess a number of questionex is aligned with the corresponding Yukawa matrix below
in addition to not being observed experimentdlB}. Some the SUSY breaking scale due to the RG running effects. This
of these are caused by the existence of supersymmetric paitfrared alignment occurs provided that the low-energy val-
ners of the SM fields. They generally lead new contributionsues of Yukawa couplings are determined from the infrared
and sometimes disastrous effects, without some dynamical dixed points of RG flow. Only with this simple and model-
symmetrical reasons, to the processes which should be sumdependent assumption is it found that the squark squared-
pressed. One of these questions is the flavor-changing neutnalass matrix is diagonalized by the unitary matrices, which
current(FCNO) problem. In the SM, the FCNC events are can also diagonalize the quark mass mafiig., the fixed-
highly suppressed by the Glashow-lliopoulos-MaiéBIM)  point solutiony, and then the FCNC processes are indeed
cancellation and its predictions are properly consistent witltsuppressed. The manifestation of alignment is neither based
the experimental results. In the SUSY standard models, howsn any special symmetries nor depends on detailed structures
ever, there are new sources of flavor-changing processes high-energy theories. In this case, one may naively won-
from the squarks and sleptons generation mixings]. der whether small Yukawa couplings compared to gauge
These effects generally tend to overcome the successful Sibuplings can be realized as the RG fixed points. However, it
predictions and then severely restrict the parameter formsan be actually accomplished, for example, by introducing
involved. heavy matter fields or by taking into account the contribu-
To satisfy the FCNC requirements, several mechanismsions from extra spatial dimensions. We will discuss these
have been proposed so far: the degeneracy of soft scalegalizations in more detail in a later section.
masse$4], the decoupling of first two heavy generatid6$ To suppress the FCNC processes to an acceptable level, a
certain condition is generally required as in the RG-
universality or RG-decoupling mechanisms stated above. In
*Email address: kobayash@gauge.scphys.kyoto-u.ac.jp the present infrared alignment scenario, it is the rapid con-
TEmail address: yoshioka@yukawa.kyoto-u.ac.jp vergence of the fixed-point solutions. In the above examples
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of extra matter and extra dimensions, we actually obtairthe beta functions of SUSY breaking parameters can simply
strong convergence into the fixed points. Moreover it hade written down by the so-called Grassmannian expansion
been known that the convergence of soft SUSY breakingnethod[11]. That is, the supersymmetric couplingandy
parameters is expressed by the same factor as that of Yukawae replaced by

coupling. Thus all properties of the mechanism are described

by the Yukawa sector only and do not depend on detailed  g2=g2(1+Mp+ M—n+ 2M I\Wn_), (2.5
structures of SUSY breaking parameters at high-energy
scale. In the following we will discuss these phenomena in y=y—Anp+1 y(mé+ m2+ mau)m], (2.6)

addition to the characteristic pattern of sparticle spectrum

predicted by the infrared alignment. and are expanded by the Grassmannian paramgtdhen

one obtains the beta functions of SUSY breaking parameters
Il. RG RUNNING OF SOFT TERMS from the rigid SUSY one$Egs.(2.2) and(2.3)] as follows:

For later discussions, we first consider the fixed-point
structures of soft breaking parameters in the SUSY standard d_M —
models, and the convergence to the fixed points. As stated dt 16572
before, the convergence behavior is important to discuss the

2bg?M, 2.7

applications of fixed-point solutions to our low-energy phys- dA o

ics. For this purpose we first work in the model with one rTi 2(I%ayyA—cgz(A—ZMy)), (2.8

gauge and one Yukawa couplings for simplicity. In realistic 16m

models they can be regarded as the SU(@uge coupling

and the top Yukawa coupling. It is straightforward to extend dx B — — ——

the obtained results to the case with more numbers of gen- gt 16”2(a(ny+AA)—2cg MM), (2.9

eration and the off-diagonal entries in soft SUSY breaking

terms. We suppose the following superpotential: where S is a sum of the soft scalar mass&s= mé+mﬁ

2 . .

W=yQuH,, 2.1) +mg, - (In the case with more Yukawa couplings, the stiim

is defined corresponding to each Yukawa coup)irffgrom
whereQ, u, andH, denote quark doublet, quark singlet, and these beta functions, one can find the infrared stable fixed-
up-type Higgs superfield, respectively. The one-loop betgoint solutions:
functions of the gauge coupling and Yukawa coupling/

. — b+c
are written as yy= ng’ A=—-My, 3=MZ2 (210
dg 1 3
dt 1672 bg”, (22 The fixed-point values are written in terms of the gauge cou-

pling g and the gaugino mad¥. The solutions for SUSY
breaking parameter8 and 3 can also be derived directly
d_y _ Ly(a?y—cgz) (2.3 from the solution of Yukawa coupling by use of the Grass-
dt 1672 ’ ' mannian expansions. Here it is important to note that the
fixed-point solutions for the soft SUSY breaking parameters
wheret=In u and the coefficients, b, andc areO(1) con-  do existonly whenthe corresponding Yukawa coupling has a
stants expressed in terms of group-theoretical indices. Wstable fixed point. Therefore in the usual three generations
also introduce the soft SUSY breaking terms, a gaugin@ase that the first two generations have tiny Yukawa cou-
mass, scalar soft masses, and a trilinear coupling plings, the soft terms of these generations do not have stable
infrared fixed points like Eq(2.10.

Before proceeding to the generic three-generation case,
we consider the convergence of couplings to the fixed-point
o2 o2 2 solution Eq.(2.10. For this, let us analytically integrate the

+Q'mQ+u'myu+H,my Hy, (24 RG equations. In the present case, i.e., with only one

Yukawa coupling, the results are expressed in a simple form

where\ is a gaugino an®, u, andH,, are the scalar com- as
ponents of corresponding chiral superfields. The beta func-
tions for these soft SUSY breaking parameters are similarly X(t)=&Xy, Y()=&Yy, Z(t)=¢Z,, (2.11
obtained by the perturbative calculations of relevant one-
loop Feynman diagrams. However, here we adopt a mor&here&=(g(t)/go)>***?) and the subscripts 0 imply they
convenient and useful way of calculations in the light of laterare initial values at some high-energy scale. The combined
discussions in the multigeneration case. It is known that th€ouplingsX, Y, andZ are defined by
total Lagrangian with the soft SUSY breaking terms can be
written in terms of superfields by introducing the Grassman- X = R-1 2.12

nian parametefexternal field » [10]. With this formalism, R’

M
~Loot=| 5 M +AQUH,+H.c.
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S—1 c\R-1 not necessarily needed to examine the RG equations explic-
Y= R ( + 5) R (213 itly. In the multigeneration case, the expansion of the rigid
SUSY couplings are given by
. T-1 (S-1)(s-1) c|S-1 92=g3(1+Mn+Mn+2MM57), (3.2
= — — + — | —
R R b/ R
c\So1 o\ e\ R-1 , Y=y = AT+ 3[(mgy)" +(ymg DU +yTmy T77.
- 1+B _R + 1+E 5 _R , (2.149 (3.9
Let us suppose that all the Yukawa couplindsare de-
where termined by the infrared fixed-point values. This is the key
o assumption to obtaining an alignment of quark-squark flavor
a yy —-A pX structures from RG evolution. The condition implies that the
= —b+092 ' S=M—y, T= _M M (219 forms of the fixed-point solutions for SUSY breaking terms

can be read from the above Grassmannian expansions. It

i ) _ should be noted that the expansion method can be applied
The fixed-point solutions Eq(2.10 correspond toX=Y  only to the quantities concerned with the renormalization
=Z=0 (in other wordsR=S=T=1). It can be seen from roperties. We therefore apply it to the present situation that
the integrated formgEq. (2.11)] that the parametef denotes  the couplings are determined from the anomalous dimen-
the convergence factor, that is, the rate at which the cousions of matter fields. Of course, the following argument of
plings approach their fixed-point values. A sufficiently small 3jignment does not hold for generic Yukawa solutions ob-
value of¢ assures that the couplings converge to the infraregzined from other mechanisms.
fixed points rapidly. As will be seen below, it depends on The fixed-point solution of Yukawa couplings may gen-
this smallness of how the FCNC processes, which involve grally be given byy'i =c'if(g), or more exactly,
the off-diagonal elements of soft mass matrix, can be sup-
pressed. Interestingly enough, all the RG fixed points includ-
ing the soft SUSY breaking parameters are controlled by the

single convergence factdf. Thus the FCNC problems of The functionE d i tion indi b th
SUSY breaking parameters may be studied only from the € function does not carry generation Indices because the
auge interaction is flavor blind. In the simplest cdsdye-

rigid SUSY sector, and the initial values of these couplingsg

2 .
are irrelevant to discussions. The factors expressed only c?r:nesFloc tg but mﬁy have i. mgre qﬁtgpl|cate(jt fotrm for
by the gauge interaction part. In the four-dimensional theoPtNer Solutions such as quasiiixed pomtsie constant ma-

ries, the smallness of requires that the gauge couplings tricesC andC take different forms according to the proper-
should be large at high-energy scate2]. In this type of ties of the doublet and singlet quarksandu. These matri-
model, various phenomenological aspects, e.g., the Yukawges are Hermitian by definition and are diagonalized as
coupling textures, have been investigaf&d].

(yyhj=CiF(g®. (y'y)j=CiF(g®. (3.9

C'=V/ CV, =V}, C Vg=diagonal (3.5
ll. INFRARED ALIGNMENT OF FLAVOR STRUCTURES ] ) ) ]
with two unitary matriced/; andVy. The Yukawa coupling

Now we further investigate the generation structures ofthe fixed-point solutiorc’) is also diagonalized by these
soft breaking terms, from which one can discuss the flavomatrices ag' =V, y Vg= diagonal. Here, the prime means

problems in supersymmetric theories. We consider the casg matrix in the Yukawa-diagonal basis.

where the RG evolutions are dominated by one gauge cou- | et ys perform the Grassmannian expansions about the
F)Ilng g for simplicity. The superpotential takes the following fixed-point solution ofyy'. From the expansion E3.3), we

orm. obtain

W=y1Qiu;H,, 3) —
Y QM By eyy - Ay -y AT y(y i mEy Tyt )

wherei,j are generation indice$,j=1,2,3. Here we con-

sider the up-quark part only, but the results are easily applied

to include the down-quark sector. The soft SUSY breaking . o ]
parametersmé, mﬁ, and A, are similarly extended to 3 ng.e and hereaftgr we omit the generatlt')nllnd_lces for sim-
X 3 complex-valued matrices. The scalar squared-mass mQj|C|ty. In the basis that the Yukawa matrix is diagonal, the
trices are Hermitian by definition. We now study the Solution can be rewritten as

renormalization-group effects on the soft breaking param-

eters. A convenient way to see the behaviors of SUSY break-

ing terms under RG evolutions is the Grassmannian expan-!The quasifixed-point solutions may be obtained analytically even
sion method as we have used before. With this method, it i multi-Yukawa coupling case4].

+3(may+ymg +ymf )y +AAT 7. (3.6
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g/’\yJ’*=y’y’*—A’y’T77—y’A’*;+[%(y’y’*mg (mg)H(mﬁ')Hmﬁ ZMZ%(g“iZInF), i=1,2,3.
+m3y'y h+y'm2y Try'y Tmd + AA 7, b (312
(3.7)
where the redefined couplings’, mé,, and mﬁl are given It is interesting to note that this expression does not com-

b pletely depend on the model-dependent constelhtdn the
y end, we find that the supersymmetric FCNC problems are
1yt 2"\t 2 2\t 2T avoided on the fixed point. Namely, the quark and squark
A=VLAVR, Mg =VimgVi, My =Vemj Vg. mass matrices are simultaneously diagonaliz&dfrared
(3.8 alignment”) if the Yukawa couplings are determined by RG

) ) fixed-point solutions. Exactly speaking, the alignment sup-
These are nothing but the soft SUSY breaking parameters Bresses the gaugino-mediated processes only. The higgsino-

the so-called super—Cabbibo-Kobayashi-Maskal@M)  meqiated processes still exist as a supersymmetric counter-
basis(at the scale where the fixed points a}re real)z'e:’dere- part of the GIM-suppressed processes in the SM. These
fore, if the off-diagonal elements @f', m, andmj van-  contributions are, however, small due to the weak couplings
ish, the supersymmetric FCNC processes are suppresseéd.the vertex.
With the expansionfEgs.(3.2) and(3.7)], the linear term in As we have shown, the soft SUSY breaking parameters
7 of Eq. (3.4 reads are not universal in the Lagrangian and may have rather ge-
neric structures. This is due to the remaining freedom of the
mixing matricesV, and Vg and also the fact that the soft
mass eigenvalues are restricted only by several relations Eq.
(3.12. In spite of these facts, interestingly enough, the
It is easily found that since the matricgs andC’ are diag- FCNC problem is actually settled by quark-squark align-
onal, the off-diagonal entries i’ vanish. On the other ment. The mixing matrices, i.e., the solutiot is fixed in a
hand, the diagonal elements, i.e., the eigenvalues of the m&odel-dependent way but their detailed values do not affect
trix A are given by use of the leading term of E§.4), the alignment of soft terms and moreover do not disturb the
scalar mass spectrum either. It is clear from the above deri-
. g ) vation that the alignment occurs in the sector where Yukawa
Al=—y"IM = g2 1,2,3. (3.10  couplings really converge to their fixed points. For example,
9 when only eigenvalues are fixed, the flavor structures are not
Thus the trilinear coupling is completely proportional to  &/igned between quarks and squarks although the relations
the Yukawa couplings on the fixed point. Again note that thisk€ Eas.(3.10 and (3.12) are obtained and somewhat re-
proportionality is obtained from the assumption that theStrict scalar mass matrix forms.
Yukawa couplings are determined by fixed-point values.
This result is different from the infrared universal[ty/5] in
which the couplings are required to satisfy specific condi- IV. ILLUSTRATIVE MODELS
tions by some symmetry and other theoretical assumptions, pere we will comment on possible dynamics that may
or there is no relation between the Yukawa and SUSY breakactyally realize the infrared alignment mechanism. As ar-
ing couplings. In the present case, the coefficient mati@es gyed above, the mechanism requires that Yukawa couplings,
and C do not necessarily satisfy any restricted conditionsin particular even small ones, are reproduced as their fixed-
The Yukawa couplings, trilinear terms, and soft scalarpoint values. This situation naively cannot be accomplished
masses as seen below, take arbitrary forms in the Lagrangian the usual supersymmetric standard models. That is, the
but can be simultaneously diagonalized by the same mixinRG evolutions produce onlyD(1) fixed-point values of
matrices. Note also that tt@P phases of trilinear couplings Yukawa couplings because the gauge couplings, which drive
are no longer free and fixed by that of gaugino mass anehe Yukawa couplings, are al€®(1). This problem is, how-
Yukawa couplings. ever, avoided in some extensions of the SM.
_For the soft scalar masses, it is also easily found from the The first example is to add exttaector-like matter fields
77 terms of Eq.(3.4) that the off-diagonal elements should to the usual three-generation models. The mass scales of
satisfy these extra matter fields are experimentally bounded from
below and should be very large. With the heavy masses, the
(mé,)}:(mﬁl)}:()' i#] (3.1)  mixing Yukawa couplings between extra matter and our
three-generation fields could b@(1) and determined by
provided that all the eigenvalues of the Yukawa matrix arefixed points of RG running above the heavy mass scales.
not equal to each othety'"|?#|y’1|? (i#j), e.g., if the  Furthermore such heavy masses also depend on the fixed-
mass hierarchy is properly realized. Here we have used thgoint predictions. If these mass terms are generated from
matricesy’ and A’ which are diagonal. In addition, the di- Yukawa couplings, the vacuum expectation values of rel-
agonal elements are given by evant Higgs fields should be assumed as in the electroweak

Ay't=—cMgr s 3.9
y g i (3.9

2
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symmetry breaking. As an example, in case of three extrplings are order one. The hierarchy between generations can
generations, the 86 mass matrix may take the following be generated by the difference of exponefjts More inter-

form: estingly, these suppressed Yukawa couplings are actually de-
termined by the infrared fixed points and do not depend on
O(1)m high-energy input parameters. After all, it is found that the
ol)m O(1L)M)’ 4D fermion-sfermion alignment occurs at the compactification

scaleM.. In higher-dimensional models, two types of fixed-

where m and M are light (electroweak and heavy mass point scenarios can be realized by taking suitable field con-
scales, respectively, ard(1)’s denote the fixed-point val- figurations in the extra dimensions: the quasifixed ppL9j
ues of Yukawa couplings. In this case, the small Yukawaand the Pendleton-Ross type fixed pdia@] scenarios. Es-
couplings of the first two generations are explained by thepecially in the case of Pendleton-Ross fixed points, even the
heavy mass suppressions like the seesaw mechanism and amallness of CKM matrix elements may be explained and
realized as the fixed points. Thus the condition for alignmenthe supersymmetric FCNC processes are completely sup-
is satisfied and in the low-energy effective theory beldw pressed by the extra-dimensional mechanism.
the FCNC processes are suppressed. Let us comment on the convergence facfan this case,

Another important point to add extra matter fields is that,too. Since the couplings have power-running behaviors and
in general, it leads large gauge coupling constants at higthe running region may be narrower than the four-
energy. As a consequence, the convergence factiefined dimensional case, one should also require the strong conver-
in Eg. (2.11) becomes very small and the Yukawa and SUSYgence in order to have enough FCNC suppressions. The rate
breaking couplings are driven into their fixed points veryof suppressiorg is now given by
rapidly [16,17). This strong convergence is surely required
for the alignment to be achieved, i.e., to obtain enough sup- B f A\ [ g(D)
pressions of the off-diagonal elements of SUSY breaking §=ex ; 92(0)
parameters in the super-CKM basis. It is interesting that add-
ing extra matter can provide two conditions required for theThis expression certainly reproduces the four-dimensional
FCNC problem in one effort. value(see Sec. )lin the limit 5,— 0. From this equation, we

The second example we present is the models with extraan see that there are two distinct ways to obtain a small
spatial dimensions beyond the usual four dimensions. Thealue of £ [20]. One is realized in asymptotically non-free
quark and lepton chiral superfields as well as the gauge mupauge theories. This is clearly seen when the effect from the
tiplets could be supposed to propagate through the extra dggauge anomalous dimension is dominant in the RG evolu-
mensions. When the compactification scile of extra di-  tions. The situation is almost similar to the ordinary four-
mensions is smaller than the cutoff, the effects of RG dimensional casegl2]. The other possibility is essentially
evolutions between these two scales are enhanced by tiskie to the existence of extra dimensions. That is, when the
contributions from numbers of Kaluza-Klein excited modesgauge contributions in the matter anomalous dimengjtres
[18]. For instance, the beta function of Yukawa coupling 9y term) govern the RG equations, the suppression fagtor
given by becomes very small. This result holds even in asymptotically

free gauge theories such as the minimal supersymmetric
ERnk
yy—c¢ “ g

standard model. Then we may not necessarily require large
' (4.2) gauge coupling constants at high energy unlike the four-
dimensional cases and have many possibilities of model

where O(1) coefficientsa and ¢ contain group-theoretical
indices and the volume factors originated from the phase-
space integral of Kaluza-Klein modes. Here we have ne-

building.

glected the logarithmic terms from the contributions of ordi-  The present alignment realization leads to a rather char-
nary four-dimensional particles. The gauge beta functiongcteristic scalar mass spectrum in the models. Here we will
are also written in a similar way. Compared to the four-briefly discuss these spectra predicted by the eigenvalue re-
dimensional case Eq2.3), the beta functions are amplified lations of SUSY breaking parameters E(&10 and(3.12.
by the power factorsA/u)* (>1). Roughly speaking, these The relations give the boundary conditions of parameters in
powers just correspond to the number of Kaluza-Kleinthe low-energy effective theories at the scale at which the
modes propagating in the loop diagrams. The integer expaalignment occurs. It is noted that the relations also hold for
nentséy and o, are the largest gauge and Yukawa contribu-the first and second generations. This is due to the fact that
tions, respectively, to the anomalous dimensions of mattewe have assumed that the Yukawa couplings of these gen-
fields. Of course, the four-dimensional results are recoveredrations are determined from the fixed points.
by taking the limit 5—0. These exponents are determined First, as noted before, the soft scalar mass terms are gen-
once we fix the configuration of relevant fields in the extraerally not universal forms but interestingly, the averaged
dimensions. Thereforé, and 4 can generally take different squark masses are equal to each other and are given by the
values for various Yukawa couplings. gluino and Higgs boson soft mass parameters. This is true for

With the enhancement of RG evolutions, the suppressionthe first two generations even when the RG-running effects
of Yukawa couplings are established while the gauge couare included because of the small Yukawa couplings. On the

t c
dt'—
o 87

) . 4.3

A

M

dy 1
dt 1672

yla

V. SPARTICLE SPECTRUM
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M 4 at which scale the alignment occurs, i.e., the soft masses
relations are imposed. Here we take @ 3 and the gluino
massM =500 GeV at 1 TeV, but the mass difference behav-
ior is almost independent d¥l. It is found from this figure
that the stop mass can be smaller than that of sbottom as the
scale of new physicM , increases. In other words, if the
squark masses are measured in the future, the new physics
scale could be determined. As for the first and second gen-
erations, the up-type squarks are always heavier than the
In(Ma/[TeV]) down-type ones even below the scdle,. Generally, the
detailed information above the threshd¥t,, is lost, such as
FIG. 1. Typical mass difference of the up and down squarks ad" the present models using infrared fixed points. However,
a function ofM, at which scale the alignment occurs. The solid, the RG invariant relations among the soft SUSY breaking
dotted, and dashed lines correspondnig=300, 400, and 500 Parameter$17] may be helpful in speculating on the SUSY
GeV, respectively. We take tg=3 and the gluino masiM breaking mechanism at high-energy scale.
=500 GeV at 1 TeV. We also comment on the masses of neutralino as a pos-
sible candidate of the lightest SUSY particleSP) in this
other hand, the averaged mass of the third generation magcenario. As above, if we take into account the electroweak
differ from the others due to the large tdpnd possibly symmetry breaking properly, the supersymmetric Higgs
bottom) Yukawa effects. Moreover for the third generation, mass parametew is written asu?=— mau—1/2M§ for not

there could be a large splitting between two mass eigenvakyg small a value of taB. Suppose that the alignment is

ues by a large contribution from the trilinear coupling. Foreajized at high energy and then the soft mass relations are
the first two generations, th& parameters are smaliee the  imposed at that scale, the low-energy valugigiarameter is
boundary condition Eq3.10]. given by

The results of Sec. Il are also applied to the down-quark
part and we here assume that the alignment takes place in the s ~2 o 1.2
down sector. In this case, the soft masses relations such as po=mi =XM==z Mz, (5.2
Eq. (3.12 lead to more interesting features when taking into
account the electroweak symmetry breaking. For exampleyhere the coefficientx denotes the RG-running effect
minimizing the Higgs potential requires the conditiony, ~ [X(0)=1]. It takes the value 0.8-1.0 depending on the
B mau: —(m2+M2)cos 2B, where m, and M, are the alignment scale, but is almost independent ofaand the

f1h tral q lar Hioas Zibo T initial value of M. The averaged masfs“r;lt2 can vary with
masses ot the neutral pseudoscaiar Higgs SON. 10-  jitferent initial ratio of two soft scalar masses because only
gether with the mass relations, the symmetry breaking co

dition is written as "the sum of them is known at the boundary. The value of the
u parameter roughly gives the Higgsino-like neutralino
mass. Comparing Ed5.2) with the bino mass, we find that
may be a candidate for the LSP. If one assume the universal
augino masses at some high-energy scale, the bino mass

wherem? denotes the averaged squark masses. The right . . g
hand side is positive since the condition cgs is incon- ecomes lighter than the gluino and then it is found from Eg.

. ; . (5.2) that the LSP is bino in almost all parameter space.
sistent with the observed quark mass patterns. We thus fin owever more involved boundary condition of gaugino

fjhoifmt_r:e gp:zepg Stht:zsirléSha?;ectgreigteisSsame};:t?ueniwiir dtir;%r:etnl’tﬁasses could naturally induce the Higgsino-like neutralino
yp ) P SP. Of course this naive analysis does not include the lep-

frorr;n rthtedu?nu?rI] Casesyrer.g\./’itWIrt: éh? ulnrllvter:s?l soft rtrr:asse[%n sector, gravitino, etc., and clearly more exact treatment
generate € supergravity models. at case, e Uk, 14 be performed, for example, by embedding the models
type squarks, particularly in the third generation, becomg grand unified frameworks

lighter than the down squarks at the electroweak scale be- Finally, the FCNC problems in the case of such a higher-

callJr?ethog t:t?osgvsger?:/:anSgggggyeijart%ilt\(tﬁl;a\gl? ﬁ?nuepr:'tngigcale alignment should be discussed. As for the gluino-
gn mediated FCNC processes, it is clear that they are com-
curs at the electroweak scale. However, the conditions malg.‘

5 10 15 20 25

mZ—m3=—(ma+M?2)cos 23, (5.2

generally be achieved at some higher scale. In the realisti letely suppressed even in the low-energy region because of

models discussed in Sec. 1V, this scale corresponds to th?neivglrlgegmsgftt pSr(EJpSe\?ybrLglfir:Z 1g%§nt|;romatthiacsa;etﬁfe

heavy mass scale O.f extra matter field_s or the ComlOaCtiﬁcaﬂ?ukawa matrices are not diagonal in general. Then the off-
fion scale of exira dimensions. For def!n!teness, we SUppOS‘(ﬁagonal elements of the soft mass-squared matrices are in-
that below these scales we have the minimal supersymmetr&uced under the RG evolutions and would lead the FCNC
standard model. Then the difference of the low-energy Sto%roblems On the other hand, in the alignment mechanism
el [ — 2 2N ' ! . . !
and sbottom averaged masgas” (=m; —m) is evaluated  the Yukawa and soft mass matrices are simultaneously di-
once one fixes the value of t# In Fig. 1, we show & agonalized and then the radiative corrections do not cause
typical behavior of the mass differenden? as a function of the FCNC processes at low energy. However the chargino-
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mediated diagrams still exist even in the present case. Al- We have also discussed several possible dynamics realiz-
though these processes are suppressed by small coupliiigg the infrared alignment. As examples, we have presented
constants, they would lead some bounds for degeneracy btie models with extra heavy fields or with extra spatial di-
tween the diagonal elements of the soft mass matrix of leftmensions beyond the SM. One of the important points for
handed-type squarks. If that is the case, the soft mass rel@Pplying the fixed-point solution to the FCNC problem is
tions for the first two generations could restrict the scalathat the SUSY breaking parameters actually converge to
spectra in the models. Notice that one may easily avoid thes&eir fixed-point values at an accurate level. We have shown
bounds by arising the scalar maséasd gaugino masses due that this strong convergence can be naturally obtained in
to the boundary conditions from the alignmem detailed  these models.

analyses of sparticle mass patterns including the LSP and Furthermore the present alignment also restricts the eigen-
also other problems, e.g., the charge and color breakingalues of soft SUSY breaking couplings even in the first two

minima involving generation mixing couplings, will be dis- generations. Th_e scalar trilinear cc_)uplings are proportional to
cussed elsewhere. the corresponding Yukawa couplings and cannot have new

CP-violating phases. In addition, the eigenvalues of squark
squared-mass matrices for all generations are determined by
VI. SUMMARY gaugino masses from sum rules. These results give a peculiar

In this paper we have shown that the quark mass and thRattern of sparticle mass spectrum. For example, the up-type
squark squared-mass matrices are diagonalized simult§guarks are generally heavier than the down-type squarks.

neously in the case where Yukawa couplifigeark massés Conside_ring the mass relations as boundary condjtions at
are determined from the anomalous dimensions, i.e., the°Me high-energy scale, we also discuss the typical RG-

fixed-point solutions of RG equations. This result provides arunn.ing effects below_that scale anq possible candidates of
natural alignment solution of the supersymmetric FCNCthe lightest SUSY patrticle. The sparticle spectra may become

problems. On the fixed point, the soft SUSY breaking param_rather different from those in other mechanisms for suppress-

eters are not universal but can take arbitrary forms in thd"9 th_e FCNC Processes and would give distinctive signa-
Lagrangian. This is becaus@) the soft mass eigenvalues are tUres in future experiments.

determined only from se\{eral relauons g(lu) th(_e _flavor _ ACKNOWLEDGMENTS
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