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Dynamical supersymmetry breaking without messenger gauge interactions
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We investigate low-energy models of supersymméBYSY) breaking by means of vectorlike gauge theo-
ries for dynamical SUSY breaking. It is not necessary to introduce messenger gauge interactions utilized so far
to mediate the SUSY breaking to the standard-model sector, which reduces complications in the model build-
ing. We also consider various other ways of SUSY-breaking transmig$6856-282(97)01201-0

PACS numbes): 11.30.Pb, 11.30.Qc, 12.60.Jv

I. INTRODUCTION We also consider various other ways of SUSY-breaking
transmission.
SupersymmetrySUSY) is a plausible candidate as an ori-

gin of the hierarchy between the weak scale and higher Il. THE SUSY-BREAKING SECTOR

scales, say the grand unified thed®&UT) and/or the gravi- ) _

tational scales. It must be broken at low energy so that the Let us consider a SUSY SP) gauge theory with four
observed particles do not have their superpartners with thgoublet chiral - superfieldsQ; and six singlet ones
same masses. We consider dynamical SUSY bregbisg) < — _Z'- Here, i and j denote the flavor indices

as the mechanism of SUSY breaking at low energy sincé!+J =1 - ..,4). Without a superpotential, this model has a

: ; : ~flavor SU4)  symmetry.
DSB gives a complete solution to the hierarchy problem—it F
g P yP The tree-level superpotential of the mod2] is given by

can induce a very tiny scale compared to the gravitational
scal_e without any fine tunings of parameters in th theory. In Weom \HZi0,Q 1
particular, low-energy models of DSBo-called visible sec- tree™ M Kl

tor model$ are attractive also in that they can give a natural ki . . .
where \jj denote generic coupling constants with

solution to the flavor-changing neutral curréRCNC) prob- Wl Tk i i
lem through the mass degeneracy of the squarks and sleptong ___)‘Ji =—A\jj . SUSY remains unbroken perturbatively
[1]. in this model.

There are two methods to mediate the low-energy SUSY The exact effective superpotential of the model, which

breaking in the DSB sector to the SUSY standard-mode}akes into account the full nonperturbative effects, may be

sector. One is to identify a global symmetry in the DSBwrltten in terms of gauge-invariant low-energy degrees of

sector as gauge groups in the standard mbdghis ap- freedom
proach, however, has difficulty that the SUE3gauge cou-

pling constant tends to blow up at too low an energy scale. Vi =~ Vi~ QiQ, @
The other is to introduce a messenger sector which couple(,;S
to both the sectors.

The phenomenological models with low-energy DSB pro- Wer=X(PN, _A4)+)\:<jlzijvkl , &)

posed so fafl] share the common structures: DSB is real-

ized in chiral gauge theories and SUSY-breaking effects are . . . '
. ) WhereX is an additional chiral superfield, ¥f denotes the
mediated to the SUSY standard-model sector by an add'Pfaffian of the antisymmetric matr,;, andA is a dynami-

tional messenger gauge interaction which is introduced onl I le of the S int ton. This i th
for that purpose. The additional gauge interaction is neede Al scaje ot the (2) gauge,ln eraction. RIS IS none other
since the DSB and the standard-model sectors are both chi:a" & superpotentla_l of_O Ralfear'ya}lgh—type. Namely, this
ral. effective superpotential yields conditions for SUSY vacua
In this paper we investigate a model with a vectorlike
gauge theory as the SUSY-breaking sector. We adopt vector-
like models of DSB proposed recently in R¢2]. We see _ . _
that it is not necessary to introduce the messenger gaugehich are incompatible as long @s#0. Therefore, we con-
interaction, whose coupling threatens to blow up. Note thaflude that SUSY is dynamically broken in this mogi2].

this may largely reduce complication in the model building. L€t us impose a flavor )¢ symmetry on the above
model to make our analysis simpler, where we adopt the

notation SP(49CSU(4):. Then, the effective superpoten-
We note that this is easily realized in the SB(vectorlike gauge ~tial can be written as
theories of DSB proposed in RdR], since the anomaly-free con- ) 4 a
dition for the standard-model gauge interactions is manifestly satis- Werr=X(VE+VaVa—= A% +NzZVHNZV,, )
fied without introducing additional fields.

PN” :A4, )\ikjlvk|:O, (4)
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where V and Z are singlets andv, and Z? are five-
dimensional representations of @R:, respectively, inV;;
andZ', which constitute six-dimensional representations of
SU4) . Here,a=1,...,5 and\, and\ denote coupling
constants which are taken to be positive.

When the coupling\; is small, the effective superpoten-
tial W implies that we obtain the following vacuum expec-
tation values:

(V)=AZ2, (Va)=0. (6)

Then, the low-energy effective superpotential may be ap-
proximated by

We=A\7A2Z. 7

On the other hand, the effective Klar potential is ex-
pected to take a form
FIG. 1. Typical Feynman diagrams generatindependent cor-
K=77*— 4Z )\é(ZZ*)2+ e ®) rections to the Khaler potential.
In view of Eqgs.(6) and(7), the full effective superpoten-

where is a real constant of order one. tial of the DSB and messenger sectors is obtained as

Then, the effective potential of the scalr (with the
same notation as the superfield given by

) s M o, Weg=N7A%Z+AyA%Y — %Y3+ k(dd+11)Y, (11
Vegr=A7A% 1+ P)\ZZZ +-- . 9
When >0, this leads t§Z)=0. Otherwise, we suspect that Where we have used
(Z) is of ordern; *A since the effective potential is expected
to be lifted in the region far from the origirZ&0), as is the 1
case for the O’Raifeartaigh modd]. In any event, the DSB V~ EéaB(QngJF Q5Q%). (12
scale is given byF,=\,A?, whereF, denotes thé&= com-
ponent of the superfield, and the mase; of the scalai is
seen to be of orde{/;)\gA except for the potential massless  The Kahler potential ofZ andY is expected to have the
R axion. form
We, henceforth, assume>0 for definiteness.

2

ll. THE MESSENGER SECTOR K=ZZ*+YY*— 4—Zz|>\zz+ AyY[|*— A2 F;ZMZZ
The messenger sector consists of chiral superfields S -
Y,d,d,l,I, which are all singlets under the strong @Wand FAVYHAFAY Y KA +dd* + T+ )+
the global SR). Y is also a singlet under the standard- (13

model gauge group. As fal,| andd,| we tentatively assume

that they transform as the down quark, the antilepton dou- heres | | tant of ord W ice that
blet, and their antiparticles, respectively. The interactions pel/NEreo1s areal constant ot order one. We notice that nona-
%malousR and discrete symmetries with the couplih@s

tween the DSB and the messenger sectors are described by . o
g )én external fieldl may be utilized to see that there are no

superpotential o
trilinear terms such aZYY*, zdd*, zZdd*, ZIlI*, and
Ay tB o ap f s —  — Z! 1* in the above Khler potential. As we will see below,
Wint_feaﬁ(QlQZ“LQsQﬁY_ §Y +(kydd+kal)Y, we obtain vanishing- component ofY, (Fy)=0, in a limit
(100 f—0. In that case, the SUSY breaking is not transmitted to
the standard-model sector by means of the singlétypical
where o and B denote SW2) gauge indices and the cou- Feynman diagrams generatifiglependent corrections to the
plings Ay, f, k;, andk, are taken to be positive. In the Kahler potential in Eq(13) are shown in Fig. 1.
following, we setk=k;=k, for simplicity, which approxi- We obtain an effective potential from Eq4.1) and (13):
mately holds in SUSY GUT’s.

%TheR charges 00Q,Z,Y,f read 0,2,2- 4, respectively. The dis-
2The fieldsZ? andV, form massive multiplets with mass of order crete symmetry amounts to a transformatiQ-iQ, Z——Z,
MA and they are integrated out. Y—-Y, f->—f.
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Veir=N2A%+ | NyAZ— FY2+K(dd+ 1) |2+ |kdY|?+|kd Y]? standard-model gauge group degenerate in mass, which leads
to the suppression of FCNC as noted in the Introduction.

+[KIY|2+ |KIY|2+ pASA2Z Z* We now proceed to consider phenomenological con-
5 o o L o 422 straints on the parameters in the potential equatiai.
+ INNYA(ZY* +Z5Y) + pANGATY Y* First, the gluino mass should be fxL0?) GeV to main-
£2 L tain the weak scale of order AGeV. This is because growth
+ 85 NS AP{ANZY Y* +K3(dd* +dd* +11* of the gluino mass increases the top squark nfass Eq.
64m (18)] and the large top squark mass raises the Higgs boson

), (14) masses which determine the weak scale. Thus, we demand

2 4y 3/2
. . A
where we have taken into account only the leading correc-  mg;..~ 2 5—f 5 ﬁ—zlez A=(10—10°) GeV.
tions in the coupling\y . 4m " 16m° 2

We restrict ourselves to the vacua wit{d>=(d_> (19

=(I)=(1)=0 in the following consideration since, other-  Second, the gravitino masss, should be less than about
wise, the standard-model gauge group would be broken by GeV to keep the mass degeneracy of the squarks and slep-
their vacuum expectation values. Notice that the aboveons explaining the required suppression of FCW

vacuum is realized in a certain range of the coupling con-

stants\y and k. Then, the potential equatiofi4) yields a (Fz)  AzA2

vacuum given by Mg/p= WZ NETY <1 GeV, (20

2 4y 2
(Fy)=(A\yAZ—fY2)= 5f_2 mAz, (Y2~ ﬂAz_ whereM is the gravitational scale, that i} =2X 108 GeV.
16w f f In terms of the parametersy=f=1, for instance, we get

(15
APA=(10P—107) GeV (21)
The messenger quarks and leptons have masgesf order
A in this vacuum: from Eq.(19). By means of Eq(20), this gives
Ay Av=10"2, A=<10 GeV. (22)
For A\y=1 we get
Since(Fy) and(Y) are nonvanishing, the SUSY breaking is 10 2<hv=1 1F GeV=A=1® GeV. (23)
mediated to the standard-model sector as seen in the next e
section. The gravitino mass is given by
IV. THE STANDARD-MODEL SECTOR Mg=1 keV—1 GeV. (24)

The standard-model gauginos obtain their masses frortn the case ofmg,=(1-100 keV, the reheating temperature
radiative corrections through loops of the messenger quarkBg after inflation should be very low az=<10* GeV to

and leptong1]: avoid the overclosure of the Univer$g]. Thus, we must
invoke a late-time baryogenesis such as in the Affleck-Dine
. 97 2N(FY) _ ai (Fy) mechanisn{6].
9% 16m°" mg, 4w (Y)

V. CONCLUSION

i S f* )\421)\3(/2/& 1 In this final section, we deal with a few remaining aspects
_477 16/772 WZ_ ’ ( 7) ’ g p

of our model.
First, we consider the Polonyi problem on the singlet

where ai:gf/4w denote the standard-model gauge COU-The mass of is given by

plings.
The masses of the squarks and sleptons are given Joy my=V7A3A = (10— 10°) GeV. (25)

(18) E’%is shows that the singlet causes no cosmological problem
Second, we argue a naturalness problem in the messenger

whereC3;=0 or 4/3 andC,=0 or 3/4, whose nonvanishing sector. The relevant superpotential is given by

values are the quadratic Casimir invariants for the fundamen-

tal representations of §8) - and SU2), , respectively, and

C, denotes the corresponding hypercharges squared*we assume that there exists an additional sector to set the cos-

Namely, the squarks and sleptons have the masses of th&logical constant vanishing. Then, the squarks and sleptons in the

same order as the gaugino masses. Notice here that ti82SY standard model acquire soft SUSY-breaking masses of order

squarks and sleptons with the same quantum numbers of tie,, due to supergravity effects.

=2 Comunet CaMBpn+ 2 Cam
m== Smgluino 2Mwino 5 1MB.ino | »
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f - — an appropriatex term by one way or othefl], the
W=Az(QQ)Z+A\y(QQ)Y— §Y3+(k1dd+ kol)Y, SU(2), X U(1)y breaking may be induced by radiative cor-
(26) rections.
We note that even the messenger sinyl@hay be unnec-
essary if an appropriate mass terms for the messenger quarks

; : ; and leptongdd,d,l,|I are generated such as theterm. Then,
consistently impose (1) symmetry with the charges of ) e /fqy i oA e oted by introducing a mes-

Qi.v.z.ddll as 2/3. Howesver, thi®k symmetry allows  gonger gauge interaction for the messenger quarks and lep-
additional terms such a$,Z°. In order for our SUSY- 545 as well a®); .

breaking vacuum to beémetastable, the coupling; should We note that many extensions of the above models are
be extremely smafi. possible by introducing various singlets to realize DSB. In
Third, we comment on thg problem. Let us consider an fact, generic O’'Raifeartaigh modes may be converted into
interactionhY HH as a direct source for the termuHH in  dynamical ones by replacing the SUSY-breaking scales with
the superpotential: the condensed operatdi®Q).

Finally, we comment on hidden sector models of DSB

pw=h{Y). (270 with vectorlike gauge theories. Since SUSY breaking is com-

municated by gravity in hidden sector models, we need to

Then, we also obtain a soft mass teBRH in the potential  introduce no messenger sectao fields such a¥,d,d,I, or

where QQ) denotes the right-hand side in E42). We can

with 1), which enables us to respect naturalness thoroughly. Siz-
able gaugino masses stem from terms of the form
B=h(Fy). 28  (ZIM)W_ W<, which is compatible with U(1g-charge as-
signments ofZ and (QQ) as zero and two, respectively.
Together with Eq(17), these vyield Then, we get an effective superpotential
z
a = 2 —
Mmglumﬁﬁ& 29 Wer=AzAZ| 1+ 0 M) . (30)

We expect a SUSY-breaking local minimum|atM|<1 for
which implies that the valuB is too large. Thus, we should the effective potential corresponding to E&O) in super-
give up the direct generation of theterm. When we obtain gravity [8] in view of Sec. Il. WhenA=10'! GeV and

Az=1, the gravitino mass turns out to e;,~10° GeV

[see Eq(20)], which characterizes the SUSY-breaking scale

5This R symmetry is anomalous and there is no lighaxion. in the standard-model sector. Note that= 10" GeV in this

This may be natural in the sense of 't Hooft under a symmetrycase so that the singl& causes no cosmological problem.
which imposeshy=f,=0. The fact that\y>|f,| may originate = However, in contrast with the visible sector models, the
from the charge difference between the two temy$QQ)Y and  FCNC problem is not automatically resolved in the hidden

f,Z3. sector models.
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