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It is known that the supersymmetric flavor changing neutral current problem can be avoided if the squarks
take the following mass pattern: namely, the first two generations with the same chirality are degenerate with
masses around the weak scale, while the third generation is very heavy. We realize this scenario through the
supersymmetric extension of a top-color model with gauge-mediated supersymmetry breaking.

PACS numbgs): 12.60.Jv, 12.60.Cn, 12.60.Nz

[. INTRODUCTION undergoes a superstrong interaction which results in a top

guark condensation. The condensation gives the top quark a

Supersymmetry(SUSY) [1] provides a solution to the large mass, and the bottom quark mainly gets its mass due to
gauge hierarchy problem if it breaks dynamicdi®}. How-  the instanton effect of the top-color interactions. This top
ever, the general supersymmetric extension of the standafHark condensation contributes only a small part of the elec-

model (SM) suffers from the flavor changing neutral current troweak symmetry breaking=WSB). The Higgs mechanism

(FCNC) problem [3]. The SUSY FCNC should be sup- May be introduced for the EWSB. Therefore, the idea of top
pressed by certain specific mass patterns of the sleptons af@lor can be generalized into SUSY models naturally. In the
squarks. The sfermion mass pattern depends on the undgic€nario of GMSB, supposing that the strong top-color gauge

lying physics of SUSY breaking. For example, one of theinteraction involves the full third generation, and the first
popular choices for the sfermion mass matrix is universalit)}\’v.0 generations participate in a weak_er gauge interaction
niversally, the above-described sfermion mass pattern will

in flavor space. Such a mass matrix can be resulted from tht)ée generated
E'auge-medlated SU;Y g;;ak'r@'\".sf‘) sc;_enarloA[4,g|1. . Note that the decoupling of the third generation scalars is

ere gauge means e Sl gauge Interactions. ANOMEr Ny ¢+, nsjstent choice in the supersymmetric top-color models.
spiring choice is that the first two generation sfermions ar

X S Al%Because the third generation quarks obtain dynamical
very heavy around10-100 TeV where the third generation masses, the Yukawa couplings are always small.

sfermions are at the weak scd]. This kind of model is The whole physical picture is like as follows. At the en-
often referred to as effective SUSY. It can be realized in the(_:.rgy scale about f0GeV, SUSY breaking occurs in a se-
GMSB scenarid 7] or in that where an anomalougl) me-  cluded sector. It is mediated to the observable sector through
diates SUSY breakinfg]. One point in this case is that the the gauge interactions. The scale of the messengers is around
first two generations and the third generation are treated diftg” GeV. The top-color scale is arouriti-10 TeV. Below
ferently. For example, they may be in different representathis scale, the gauge symmetries break into that of the SM.
tions of some new gauge interactions mediating SUSYThe resultant sparticle spectrum of the observable sector is
breaking. the following. In addition to the squarks, the gauginos of the
In this work, we consider a sfermion mass pattern whichsuperstrong interaction are around 100 TeV. The gauginos of
looks opposite to that of the effective SUSY. It is that thethe weaker gauge interaction are at about the weak scale. The
first two generations with the same chirality are degeneratgliggs bosons for the top-color symmetry breaking are as
with masses around the weak scale, and the third generatigieavy as 100 TeV and the Higgs bosons for EWSB at the
is superheavy. The SUSY FCNC is also suppressed in thigeak scale. By integrating out the heavy fields above 1 TeV
case[3]. In fact, this pattern is not new. It could be under- or so, the effective theory is the ordinargwo-Higgs-
stood by a W2) symmetry between the first two generations double} top-color model with the weak scale gauginos,
in the supergravity scenar{@®]. In this paper an alternative Higgsinos, and the first two generation squarks with degen-
origin of it will be discussed. We note that the above massracy.
pattern can be also a result of a supersymmetric top-color This paper is organized as follows. After a brief review of
model with GMSB. Here gaugés) means the gauge inter- the top-color model in the next section, the supersymmetric
actions of the top-color model. extension of the top-color model within the framework of the
Top-color models[10] were proposed for a dynamical GMSB is described in Sec. lll. A summary and discussion
understanding of the third generation quark masses. The bare presented in Sec. IV.
sic idea is that the third generatigat least the top quayk

II. BRIEF REVIEW OF THE TOP-COLOR MODEL

'There are other viable alternatives. For example, only the squarks In this paper, we consider the top-color model which, at
satisfy this mass pattern, while the slepton mass matrices followhe scale aboutl-10 TeV, has interaction$10] SU(3),
universality. X SU(3), X U(1)Y1>< U(1)Y2><SU(2),_. The fermions are
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assignedSU(3),, SU(3),, U(l)Ylv U(1)Y2) quantum num- Compared to Ref[4], we he_lve introduced an extra set of
bers as follows: messengers so as to mediate the SUSY breaking to both
SU(3)XU(1)y, and SU(3}xU(1)y,. Furthermore, there
4 2 are three gauge-singlet superfiekisY, andZ. Y is respon-
)' (tb)r~ (3 1(§ - 5) '0)’ sible for the SUSY breaking is related to the EWSB and
to the top-color symmetry breaking.
(v,, 1) ~(1,1-1,0, 7r~(1,1-2,0), The superpotential is written as follows:

1
(t,b),_~(3,1§,0

(U d)L (C S)LN ( 13 0}) W= ml(gisl_’_ Sigl) + m2(?:II.Tl+ lel.?l) + m381§1
1 L 1 1 1 3 1

+ M T Ty+m{(S)S,+S5Sy) +my(THTo+ THT))

4 2 — — — —
(U7d)Ra(CvS)R”(1,3,O(§a_§>)7 TMS, S+ My ToTo+ Y(N 1SS+ AT Ty
e o T 2 2
(v, (1=e,u)~(1,1,0~1), lg~(1,1,0-2). (1) PSSt heTeTe” ) A 1)
FAZ[TH( D, D,) — ul], (5

The top-color symmetry breaks spontaneously to SW(3)

XSU(3);—SU(3)geo and  U(1),XU(1)y,~U(L)y  \yhere the Yukawa interactions are not written. It is required

through a scalar fields(3, 3, 5, —3) which develops a that m{)/m{’+x{?/\{? so that the terms proportional to
vacuum expectation valu¢/EV). The SU(3) X U(1)y, are mg') and mEl') cannot be eliminated by a shift M

assumed to be strong _vvhich make the formation of a top “the model conserves the number Qftype andT,-type
qguark condensate but disallow the bottom quark condensatﬁ.: 1, 2 fields. In addition, the superpotential has a discrete

The bottom quark mainly gets its mass due to the SY(3) symmetry of g(,), f('))H(Sf'), Ti(’))' The way of intro-

instanton effect. The lepton does not condensate. ducing the singlet fields, Y. and Z more naturally was
discussed in Ref.11] where these kind of fields are taken to
be composite. Moreover, the Fayet-lliopoulbsterms for

In the supersymmetric extension, the gauge symmetries dhe U1) charges have been omitted. This is natural in the
the above top-color model remain unchanged. The particl&MSB scenario. The above discrete symmetry and the ex-
contents are given below. In addition to the superpartners gthange symmetry ob, and®, in the superpotential avoid
the particles described in the last section, some elementaguchD terms at one-loop order.
Higgs superfields are introduced. The breaking of the top- The SUSY breaking is characterized by the teudY in
color symmetry needs one pair of Higgs superfieldsand  Eq. (5). It is communicated to the observable sector through
®,. And the EWSB requires another pair of Higgs super-the gauge interactions by the messengers. The SU(3)
fieldsH, andHy, like in the ordinary supersymmetric SM. X U(1)Y2>< SU(2), are weak enough to be described in per-

Their quantum numbers under the SU{Z)SU(3), turbation theory. Their gauginos acquire masses at one-loop

Ill. SUPERSYMMETRIC TOP-COLOR MODEL

XU(1)y, ¥ U(1)y, X SU(2)_ are order[4,12],
@(351 10) @(?3 110) ag
1 ’ 131 3; ’ 2 19y 3131 ’ M7\§u(3)2:EMT’
Hu(lllaoylaaa Hd(lvluoa_laz) (2) ’ 2
@y
The messenger sector is introduced as M)‘U(l)YZZ E(MS“' §MT)'
$1,51=(1,1,1,02, S.,5=(1,1-1,02, ”
Mw= 7 Ms. (6)

2 —— (= 2
T11T1:(3,1,_ §,O,1), Tl,T1:<3,1,§,0,1)
3) wherea{=g{"?/4m with g3, g, andg, being the gauge

coupling constants of the SU(3% U(1)Y2>< SU(2).. For

and o ' .
simplicity, we take mi~m~mj*~mj?>\{Jui>mf)?
$.$=(1,1,012, $,8=(1,1,0-12), ~m{)% and\;~Ap~A{~\;~O(1). In this case, theUls
and M are approximatelyxl,uilml. They are about 100

. 2 — 2 TeV by choosing, sayy;~10° GeV andm;~ 10u,. For the
T2, T2=|130~-3.1], T2T=|1303.1 SU(3),XU(1)y,, however, the gaugino masses cannot be

(4) calculated by the perturbation method, because the interac-
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tions are too strong. Nevertheless, they should be at the order g3+g;? . ,
of Ayu?/m, given the above parameter choice, Viope=|Na(3v10,— ud) |2+ 5 (vi—vy)?+mj vf

~100 TeV. (7) +m? vZ, (12)

M )\su(s)lw M )‘U(l)Yl

Similarly, the first two generation scalar quarks and the elecWheregl is the coupling constant of the U(‘l) Itis easy to

troweak Higgs particles obtain their masses at two-loop orsee that in the case ﬁf4M3>m¢,

der 2\ 12
2 L2 m¢i) (13
=mz V1=Up=—= -
Ql mQ2 2 \/§ M3 )\4
1\ 2 1\ 2
- f @3 A2+ E ﬂ) ZAz E(ﬂ) A2 EAZ To keepv, andv, around a few TeV, a certain fine-tuning
3\4m) T 4l4 S 4\4 T for the scaleu is required in this model to cancel the 100
TevVm,, where the coupling 4, is O(1). Thevalue of us is
4 af\? 4 af\? more natural if the top-color scale is higher, such as 10 TeV.
2 R = | 2| A2+ 2 A2+ A2 . L
cr ug 3\47) T 9\ 4 34T However, it should be noted that raising the top-color scale
makes the effective top-color theory more tuned.
'\ 2 1[al\2 2 At the energy below the top-color scale, the model is
2 _ 2~ _<ﬁ A$+ - ﬂ) A§+ _AZ) described by an effective theory in which the gauge symme-
SR 9 3\4m 9\4m 3 try groups are that of the SM, and there are two Higgs dou-

blets and three generation quarks with four-fermion top-color
, 3[ay\? 1 a;\? , 2, interactions for the third generation. In addition, there are
= ( ) st 2\ 4n (A —AT), (8 weak scale gauginos of the SM, squarks of the first and sec-
ond generations, and doublet Higgsinos which become mas-
whereQ, and Q, stand for superfields ofu d), and (., sive after EWSB. There are also top—co_lor HiggsinoSI_Jqf
s),, respectively. And Ifi, hy) are the scalar components of 2nd %> after top-color symmetry breaking. They typically

2 2 have(1-10 TeV mass and are not expected to be important
(Hu, Ho). Asand Ay were calculated to b] to the low energy physics. Because of the degeneracy be-
o 4 2 4 tween the first two generation squarks and the decoupling of
4\ 4\ . . . h
A2=_1 M1 2_h2 M1 9 the third generation squarks, this model is free from the
S om0 o m SUSY FCNC problem.

The physics of the top-color four-fermion interaction and
For the third genera“on Squarks and the top -color H|gg£WSB in this model is essen“a”y the same as that without

fields ¢, and ¢,, the masses are around or A2, SUSY, which will not be discussed further.
2 2 2
Mg ~m; ~m; ~ mfbl: m'§,2~A§, A2~(100 TeV2. IV. SUMMARY AND DISCUSSION
(10 It has been known that the SUSY FCNC problem can be

avoided if the squarks take the mass pattern that the first two

We have seen that for the superstrong top-color interacgenerations with the same chirality are degenerate and the
tions, the relevant supersymmetric particles are superheavshird generation is superheavy. We have constructed a super-
~100 TeV, so that they decouple at the top-color scale. Thgymmetric top-color model within GMSB to realize this
top-color physics does not change even after the supersynmass pattern. The pattern is stable under the correction of the
metric extension. However, the top-color Higgs fields seenYukawa interactions because they are weak and the third
to be too heavy. generation quarks obtain masses dynamically.

Let us consider the breaking of the gauge symmetries. This model has, therefore, the phenomenologies of both
The SU(3)XSU(3),X U(l)le U(l)Y2 break into the di- SUSY and top color. It predicts weak scale SUSY particles,
agonal subgroups SU(83px U(1)y when the Higgs fields like the SM gauginos and Higgsinos. It also predicts top
#, and ¢, get nonvanishing VEVs, pions. These predictions can be tested directly in experi-

ments in the near future. Indirect evidence of this model in
1 0 0 1 0 0 low energy processes, such as in Bielecays[13] and the
R, problem of it[14], is more complicated because of the
(p1)=v1| 0 1 0O and (#z)=v,| 0 1 Of. involvement of both the SUSY and the top color, and de-
0 0 1 0 0 1 serves a separate study.
(11 It should be addressed that this model has an inherent
tuning problem. This required tuning follows from the very
v, anduv, are determined by the minimum of the following large masses+100 Te\) of the third generation scalars and
potential: the top-color Higgs field. These fields are closely related to
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the top-color and EWSB scales which are, however, lowestand the hierarchy between the first and second generations
than 100 TeV. We have explicitly mentioned the tuning be-further. For instance, it is possible that the second generation
low Eqg. (13). Another aspect of this tuning is that the natu- quarks mainly get their masses from the electroweak Higgs
ralness of EWSB requires the third generation scalars to bgEVs and the first generation quarks purely from the
lighter than 20 Te\[6]. Note that the large mass of 100 TeV sneutrino VEVH18].
is just a rough estimate due to the fact that we are lacking a Finally, it should be noted that very heavy third genera-
nonperturbative calculation method. On the other hand, if wgjgn squarks may pull up the light scalars. This pullup occurs
adjust the SUSY breaking scale and the messenger scale §iough two- or more-loop diagrams with the top-color
be somewhat lower than what we have chosen, this problemiggs field exchanges. The heavy top-color Higgs field sup-
can be less severe. presses this quantum correction. The suppression, however,
We emphasize that it is the degeneracy of the first th'nay not be enough to keep the results of Bj_from Sig_
generations, rather tha_n the he_avines; of the third generatiomﬁcanﬂy changing numerically. The fine-tuning problem
that plays the essential role in solving the SUSY FCNCyhich was discussed above reappears here. In fact, the draw-
problem. In this sense, the consideration of this paper is lessack of the SUSY and top-color combination is that the
nontrival than the idea of effective SUSY. However, if we Sysy breaking scale and the top-color scale are in principle
further consider the underlying theory, the models which reynrelated. It might be hopeful to think of certain dynamics to
alize effective SUSY7,8] and the SUSY top-color model of make a relation between them. For example, it is possible
this paper are on an equal footing. . that the top-color Higgs superfields are also the SUSY break-
A comment should be made on the necessity of the supejng messengers. This possibility will simplify the model and
symmetric top color. Although SUSY does not necessarilyreduce the fine-tuning. It is reasonable to say that supersym-

need help from top color, their combination has certain admetric top color is an interesting scenario which is worthy of
vantages. As is well known, SUSY keeps the weak scale, buieing studied further.

cannot explain it. The weak scale may have a dynamical
origin [15,16,11,17. In this case, it is natural to expect that
the physics which explains the fermion masses is also at
some low energy. Top color provides such physics for the
hierarchy between the third generation and the first two gen- The author would like to thank many Korean colleagues
erations. On the other hand, SUSY may be helpful to underfor various helpful discussions.
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