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We propose a simple scenario of dynamical supersymmetry breaking in four-dimensional supergravity
theories. The supersymmetry breaking sector is assumed to be completely separated as a sequestered sector
from the visible sector, except for communication by gravity and |(dguge interactions, and supersymme-
try breaking is mediated by the superconformal anomaly and J@Buge interaction. Supersymmetry is
dynamically broken by the interplay between the nonperturbative effect of the gauge interaction and the
Fayet-lliopoulosD term of U(1); which necessarily exists in supergravity theories with gauged Jé¥in-
metry. We construct an explicit model which gives a phenomenologically acceptable mass spectrum of super-
partners with a vanishingr very small cosmological constant.
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[. INTRODUCTION in the different branes separated in the direction of extra
dimensions(now the hidden sector should be called the se-
Low energy supersymmetry may play an important role inquestered sect®]). In this case supersymmetry breaking at
solving many problems of particle physics. If this is the casethe sequestered sector is transmitted to the visible sector only
supersymmetry must be spontaneously broken, and all supghrough the superconformal anom#B~4]. In this anomaly
partners must have appropriate masses, since their effect haxediation the masses of squarks are highly degenerate at low
not been observed yet. Therefore, finding a simple mechaenergies and there is no supersymmetric flavor problem, but
nism of supersymmetry breaking and its mediation withoutsleptons have negative massesglgpmrs 0). There have
any phenomenological problems is an important task. If webeen many attempts to solve this problg2s—7], and we
believe low energy supersymmetry, it is natural to consideusually need some additional fields which bring contact be-
the supergravity framework. tween two sectors. In this paper we introduce this additional
The simplest scenario of supersymmetry breaking and itsommunication by gauging U(%) symmetry in four-
mediation in supergravity theories is gravity mediation withdimensional supergravity theori¢8—10]. Since the charge
a Polonyi potential in the hidden sectid], but supersym- of U(1)g symmetry does not commute with supercharges, it
metry is not dynamically broken in this scenario. Moreover,is natural to consider that the U(d yjauge boson propagates
it is well known that gravity mediation has a phenomenologi-in whole space-time including extra dimensions, and brings
cal problem: the degeneracy of squark masses at the Planclkntact between two sectors.
scale is distorted by the quantum effect at low energies, Itis also interesting to note that the Fayet-lliopoulos term
which causes the supersymmetric flavor problem. There ifor U(1)g must exist due to the symmetry of supergravity,
another conceptual problem with gravity mediation asand this term can play an important role in supersymmetry
pointed out in Ref[2]: it is not the mediation by gravity, but breaking. In fact it has been shown that supersymmetry can
the mediation by higher dimensional contact interactions inbe dynamically broken by the interplay between this Fayet-
troduced by hand. Although it is possible that the superspackiopoulos term and the nonperturbative effect of a gauge
density, which defines the supergravity Lagrangian, containgteraction[11]. Since the auxiliary field of the U(}k)gauge
an infinite number of higher dimensional contact interactionsmultiplet has vacuum expectation value, both squarks and
so that the Khler potential has a simple canonical form, the sleptons can have positive masses of the order of the grav-
origin of these interactions is mysterious. itino mass in an appropriate-charge assignment, and the
There is another possibility, that the visible sector andproblem of the anomaly mediation can be avoided.
hidden sector are completely separated, namely, no contact This paper is organized as follows. In the next section we
interaction among them in the superspace density. This situgive a general argument on the supergravity Lagrangian with
ation would be naturally realized if two sectors are confinedJ(1) gauge symmetry. We give a general formula for the
chirality-conserving scalar mass in the presence of (1)
gauge symmetry, which is an extension of the formula given

*Email address: kitazawa@phys.metro-u.ac.jp in Ref.[12]. An explicit model is constructed in Sec. IIl, and
"Email address: maru@hep-th.phys.s.u-tokyo.ac.jp the analysis of the dynamics and mass spectrum is given in
*Email address: okadan@camry.kek.jp Sec. IV. Section V contains our conclusions.
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Il. SUPERGRAVITY WITH U (1)g GAUGE SYMMETRY The Lagrangian becomes

In the superconformal framewoftt3—15 the general su- 1
pergravity Lagrangian with U(%k) gauge symmetry is given L=— E[gosocf)(sl ,§e2Q|gRVReZQGVG)]D+[§]F
by

1 1 1
L=— %[ie* ZgRVREC(D(S ,§e2QIgRVReZQGVG)]D - Z[WRWR]F_ Z[WGUWGu]F_ Z[WGhWGh]F )

)
1
+[W(SI)22]F_Z[fR(SI)WRWR]F where
1 ~ _
= 7 fan(SHWEWR]E, (1) O(S Se*RTreele)
B (S ,S'e?Q9RVre296Va)
where we use the notation in R¢f.4]. Here,S, are matter ! (€]

= o
chiral multiplets with flavor index and U(1) chargeQ,, [W(S'e*9RVre?96Ve)W(S))]H

andVg and Vg (Wi andWg) are vector(chiral) multiplets
corresponding to the gauge group of Ugland G, respec-
tively. The multiplet 3. is the compensating multiplet,
whose component should be appropriately fixed to obtain - -~

Poincare supergravity. The functionsb and W are su- 20=30 Y%(z,,7}), xro=—2® ‘®’xgj, b,=0
perspace densities in which interactions are described by the ©)
products of multiplets. Following the arguments in the pre-

vious section, we assume that there is no interaction betwed#rectly give the standard form of the supergravity Lagrang-
the visible sector field$; andVg, and the hidderiseques- ian given in Ref.[16], wherez, and g, are scalar and
tered sector fieldsS, andVg}, in these superspace densities, splnor components of the compensating multighgt P?

The compensating multiplé&, is U(1)g singlet now. It was
shown in Ref[14] that the gauge fixing conditions of

namely, =0d(z,,2*")19zy, andz, is the scalar components & .
_ S After all, the resultant Lagrangian in component fields has
D (S,Se”U%RVRe?96Ve) =P (S ,Se?IRVRe060Ver ) the standard form of Ref.16] including covariant deriva-

+ Dy (S,  Se?uIrVre290iVon), :Ir:/iiz (;‘obryUa(%l}Qr] 3?C;Jnge symmetry. The Lagrangian is deter-

)

G(z,22")=-3Ind(z,,z¢")=-3Ind(z,,2*")
W(S) =W, (S)+Wi(S,), )
+In|W(z)|?, (10
where the indices and « denote the flavors in the visible
and hidden sectors, respectively, @8d andGh are gauge where® and W satisfy the conditions of Eq$2) and (3).

groups in each sector. The gauge kinetic functigy(S,) The difference oR charges in covariant derivatives for each

should also be restricted as follows: component field in a multiplet automatically appears due to
the fact thatw has nontrivialR charge(see Ref[8]).
[fab(S,)WaW ]F—>[f (Si)W‘éUWE’;U]F The potential for scalar fields is given as follows:
+f(SHOWEWEpIe. (4 V=Ve+Vp, (11)
In the following we assumég(S))=1 andf fab = Oab» where theF-term contribution is
for simplicity.
Note that the compensating multipl&t, must haveR VF:eG[Gl(Gfl)BGJ_S] (12)

charge, since the superpotentillhasR charge. Therefore,

the usual gauge choice to give Poincatgpergravity, and the U(1) D-term contribution is

ZC:\/§1 XRC:O’ bMZO, (5) g%
VD:?(GlQIZI)Z- (13

does not preserve U(&)symmetry, wherez, and yg. are
scalar and spinor components of the compensating multiplet
3. andb, is one of the gauge fields of the superconformal\We take the reduced Planck scale as a unit of the mass scale.

gauge group. We have to rescale the compensating multipldihe chirality-conserving scalar mass can be obtained by dif-

to obtain theR symmetric Poincarsupergravity: ferentiating this potential byz; and z*! and taking its
vacuum expectation value. In addition to the conditions of
So=3 [W(S)]Y2 (6)  Egs.(2) and(3), we introduce the conditions of
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(D), (W), (z)=0 or <1. (14) TABLE I. Particle contents of the model. The system of the

fields Q,, Q,, andSwith SU(2), gauge symmetry constitutes the

These conditions mean the assumption that the breakingjdden (sequestergdsector. Other fields are the member of the
scales of gauge symmetries in the visible sector should bésible sector. The index runs from 1 to 4 forQ; andX;. The

much smaller than the reduced Planck scale. We obtain ~ chargesy; andq; follow the constraint ofi; +d,=—2. The con-
crete values of these charges are determined through the cancella-

tions of [U(1)g]® and U(1k(gravity)?> anomaliessee text

) ) 2 )
(Vep=m* (G higm; + 3(VeX(G]), (19
SU(B).  SU(2).  U()y SU@2)y U

2 . 2 :
2 NP i Q 3 2 1/6 1 1
<VDJ>_3<VD><GJ>+9R QI 3)<D><GJ>’ U 3* 1 -2/3 1 1
(19 g 3* 1 1/3 1 1
wherem is the supersymmetric mass ab&=G'Q,z,. The - 1 2 —12 1 1
superpotentiallV hasR charge 2 in our convention. There- N 1 1 0 1 1
fore, the chirality-conserving supersymmetry-breaking scalae 1 1 1 1 1
mass is obtained as 1 2 1/2 1 0
5 ) q 1 2 -1/2 1 0
~i ) .
mg = §<V>+9R Qi_§)<D>}<G}>- an 1 2 1/2 1 2
' 1 2 —1/2 1 2
The vacuum expectation value of the potential itself corre), 3 1 0 1 3/4
sponds to the cosmological constant which should vanish ilii 1 3 0 1 3/4
realistic models. We see that there is no gravity mediationy 1 1 1 1 1/2
but there is ‘R mediation” which is the tree-level contribu- ., 1 1 1 1 3/2
tion due to(D)#0.
Q1 1 1 1 2 o]
lll. CONSTRUCTING A MODEL Q2 1 1 1 2 a
1 1 1 1 4

S

We construct an explicit model to show that the scenaria
which is described in the first section is possible. The particle

contents of the model are summarized in Table I. In the To ensure dynamical supersymmetry breaking we intro-

following we simply introduce the role of each field without e two other Higgs fields!’ andH’ with mass terms of
mentioning the dynamics in detail. The dynamics will be

discussed in the next section. , Y Y
. . W' =u HH + ugqHH'. 20
As for the hidden sector, we take the same system which v Hu Fd 20

was int;odfuc%d in Re(.lll]. It consists of ]EW;’ ﬁg'dﬁl and  Although there are negative contributions to the massés of
Q in the fundamental representation of the SU(Zjauge andH from Eq.(17), these mass terms can make all masses

group and a Yukawa interaction with a SU(23inglet field of Higgs fields positive at the tree level. Therefore, the elec-

S troweak symmetry must be broken radiativelyr].
— At this stage, all the gauge anomalies are canceled out,
RS Q2) U9 except for[ SUBYIU(L)r, [SUR)PU(DR, [U(L)T,
where square brackets denote the contraction of SY(@) and U(1)k(gravity)?> anomalies. To canc€SU(3).]1°U(1)x
dices. Supersymmetry is dynamically broken by the interplayind[SU(Z)L]ZU(l)R anomalies, we further introduce addi-
between the nonperturbative effect of the SU(®jteraction  tional fields(}; andZ; and Yukawa interactions witk:
and U(1)% Fayet-lliopoulos term, if there is no other field
with R charge less than 2/3. WX =gX(QiQ+3;3)+mXX. (22)
The visible sector is based on a system of the minimal
supersymmetric standard model. At least Reharges of The fieldX’ and the mass term witK are required to have
leptons must be larger than 2/3 so that sleptons obtain pospositive mass foX and to ensure dynamical supersymmetry
tive masses throughR mediation of Eq.(17) (assuming breaking, sinceX hasR charge less than 2/3. The fiel@k
(D)>0 in this sectioh We simply assume that all quarks andX; become heavy by the vacuum expectation valu¥ of
and leptons have uniR charge. This means that tHe  which is generated by the one-loop effect of the Yukawa
charges of Higgs fields must be zefote that this is less coupling in Eq.(21). The remaining anomali¢)(1)g]* and
than 2/3), since we need Yukawa couplings of U(1)g(gravity)? can be canceled out by introducing, for ex-
ample, many fields oR charge 2 with appropriate values of
W'=g,HQU+gsHQD+g,HLN+gHLE, (19  d; andd,. There may be much more sophisticated and con-
vincing ways to cancel these anomalies, but we leave this to
where we suppress generation indices, for simplicity. further studies.
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D = —
Before discussing the dynamics of the model in detail, we P

have to make an assumption about the superspace density,
&. We simply assume as

IV. DYNAMICS OF THE MODEL 1 2
_ ]2
[ ( (s ) S°+

4
Q1+ 02— §)v2+2

] : (30)
visible

wherev describes the flat direction of SU(2) ands andqg
are the vacuum expectation value aRdcharge ofS (qg

respecting the condition of Eq2), wherez, are the scalar =4 andq;+d,=—2). It can be shown that all visible sector
components of all the chiral multiplets in the model. Thisfi€lds do not have vacuum expectation values at the tree

gives canonical kinetic terms in the first order of thél3/ level. It is rather trivial for fields WitrR_charge larger than
expansion, wherdl p=M pjaned V87 is the reduced Planck 2/3, but it is nontrivial for the field$d, H, andX, since the
scale. In this case the scalar potential can be written as ~ vacuum expectation values of these fields negatively contrib-
ute to the vacuum energy M. These fields do not have
V=Ve+Vp, (23)  vacuum expectation values at the tree level if the mass pa-
rametersu,, 1y, andm are appropriately large, as will be
with explained at the end of this section. Therefore, in the follow-
ing we consider stationary conditions ferands, neglecting
1 1 all contributions from the visible sector.
Ve= _Z{WI*WI - =|zW'2+ (W W'z +WWF z* The analysis is almost the same as in Ret]. In the case
@ 3 of g2>\~ A® there should be a solution of stationary con-

+

2
Q|_§)Z*|Zl

d)(z,,z*')=1—%2I "'z, (22

ditions so thatv=+/3/5 ands<1, which results in almost
—3|W|2], (24)  vanishingD. In this case the scalar potential approximately
becomes
1 gz 2 ’ 1(3)2 5\5
VDZSZ?[<Q|_§)Z*|Z|+2 ’ (25) V:@(g) [)\2—3<§) Alo}. (31)

where we neglect thB-term contributions from other gauge Therefore, we can expect that there is a solution of a vanish-

interactions. ing (or very small cosmological constant with\
First, we discuss the dynamics of the supersymmetry-/5(5/3)?A%~6.2A°. Indeed, we can approximately obtain

breaking. The instanton effect of the SU(2¢auge interac- such a solution as

tion can be described as a dynamically generated superpo-

tential [18]. The effective superpotential for the hidden sec- \F \/T5 , 1 243%2+6250M"
tor is v 5 6° g  900V15 82
WeT=\5[Q,Q ]+—A5 (26) 675\ A°
h — 12 ) —~
[Q:Q-] 5~ 2882+ 62500 (33

where A is the scale of the dynamics of SU(R) If we
assume that the vacuum expectation value® pandQ, lie
on the flat direction of SU(2), we have

with vanishing cosmological constant, by tunikg=6.9A°.
A complete numerical analysis gives a solution

N o 512 95/ A5 2 v=1/3/5+0.012, s=0.14, (34)
Ve=— +2 - ==
F CIDZ{()\U )20t hsT g 3 (vz) with vanishing cosmological constant, whegg=10"12, A
=10 3, andA=6.9A°. At this vacuum the gravitino mass
+ (visible secto}], (27) Mg becomes
A5
92 My,=(e%%)=5.0"7" (35)
Vp= 702, (28) P
The contribution to the mass of the scalar field dud )
where #0 can also be obtained from E(.7) as
R Q) =0(D)| Q- 2| = 72M—A5 -2, @9
CI>=1—§S _§U _§[Z Zl]visiblei (29) R 9r 3 . é 3]
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whereQ is theR charge of the scalar field. We see that these 2, =2 2, =2 _2p2

supersymmetry-breaking masses are the same order of mag- Lt mR(au) JLaat MR(Qn )1~ 1GB7>0, (42)

nitude. Phenomenologically acceptable values of these

masses can be obtaineq by changing the valu& afithin whereqy, is theR charge oH andqanqu, is theR charge

the same order of magnitude. , =, . L e
We summarize the spectrum of the supersymmetrypf_ H’ andH'. This condition is satisfied 'féu and /Z,Ld are

breaking masses and other supersymmetry breaking terms 9Nty larger tharmsy,. On the other handy;, andug must

the visible sector. be larger tharima(qy)|=2m3,, so that our mechanism of
Gauginos in the visible sector can have masses onljhe dynamical supersymmetry breaking works. Therefore, it

through anomaly mediation, since there should be no hiddet$ natural to consider that the masgesand uq4 are slightly

(sequesteredsector field in the gauge kinetic function. larger thanmg, and electroweak symmetry breaking occurs

Therefore, radiatively at the one-loop level through the large Yukawa
coupling of the top quark and the supersymmetry-breaking
B(g?) mass of the scalar top quark. We can analytically show that
My =~ 2 Mazs (37)  radiative electroweak symmetry breaking at the weak scale is
9i possible in this model.

. ) Finally, we discuss radiative mass generation®rand
where g; and B(g?) are the gauge coupling and its beta s i i i
. = s i which are introduced for the gauge anomaly cancellation.
function of the gauge groupin the visible sector, respec- Thege fields should become heavy so that running gauge
tively (see Ref[4] for a more precise formulaThere are  couplings do not blow up before the Planck scale. The point

two contributions to the scalar mass: is whetherX has a vacuum expectation value or not, since
(X)#0 makes these fields massive through the first term of
ce } dy m2,+m2(Q) 38) Eqg. (2). When we neglect the hidden sector, the vacuum

4dlny %2 TRS expectation value oK vanishes at the tree level if the fol-

lowing condition is satisfied:

where u is the renormalization scale, andand Q are the _ _
anomalous dimension arfd charge of the scalar field, re- [m?+ma(ay) [ m?+ma(gx.)]— m?B%>0, (43
spectively. The first term is the contribution by anomaly me-
diation and the second term is the contributionPynedia- whereqgy andqy, are theR charges ofX and X', respec-
tion given by Egq.(36). The second contribution always tively. This condition is satisfied ifnis larger tharmg,. On
dominates the first contribution, since the second contributhe other handm? must be larger thafm2(qy)|=£m3,, so
tion is the tree-level one. Therefore, the scalar field v@th  that our mechanism of dynamical supersymmetry breaking
>2/3 naturally has positive mass. If we take,  works. Therefore, if we naturally taken?>m3,, X cannot
~10 TeV to have gaugino masses heavier than about 10Rave a vacuum expectation value at the tree level. But it can
GeV, the scalar mass becomes of the order of (10 TeV) have a vacuum expectation value radiatively at the one-loop

Other supersymmetry breaking terms also emerge througigve| by the large couplingg and the supersymmetry-
anomaly mediation. Thé\ term emerges corresponding to preaking masses of the scalar component@ odnds,; . We
each Yukawa coupling through anomaly mediation: can analytically show that the value gfX) can be large
enough §(X)=10"°Mp, f?£ example with m~mg;,, ¢
Ad a,0,= ~ 5 (Yo, + Yo, Yo )Map, (39 1 and very smalgr~10""

V. CONCLUSION
where the Yukawa coupling &y awa= NP P ,P5 is con- o i
sidered, andy denotes the anomalous dimension of each We have proposed a sequestered sector scenario in which
field. TheB term emerges corresponding to each mass terrfUPersymmetry breaking is mediated by the superconformal

at the tree level, since the mass term explicitly breaks supe@nomaly and U(19 gauge interaction without gravity media-
conformal symmetry: tion at the tree level. We constructed an explicit model in

which supersymmetry is dynamically broken by the interplay
- between the nonperturbative effect of the gauge interaction
B=—mg;. (40) :
and the Fayet-lliopoulos term of U(4) It was found that
the problem of the tachyonic slepton in anomaly mediation

than that ofB, since theB term emerges at the tree level can be avoided in this scenario. The spectrum of the super-

Next, we discuss the radiative electroweak symmetrySymmerry breaking masses is very simple and there is no

breaking in our model. When we neglect the hidden Sectorsupersymmetric flavor problem. We have also proposed a

Higgs fields do not have vacuum expectation values at thgwechanlsm to radiatively generate the mass of the field

; . o P which should not appear at low energies.
tree level, if the following conditions are satisfied: We mention a remarkable fact in this modBparity is

> ~> 5 ~2 202 not necessary. In the minimal supersymmetric standard
[ngtmR(Ap) ILug+ MR(Au) 1= #yB“>0, (41  model R parity is usually assumed to forbid interactions

Note that the order of the magnitude Afis always smaller
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which violate baryon number symmetry. In our model U{1) projected out to U(1) gauge symmetry in four-dimensional

gauge symmetry naturally acts the same or a rather strongeffective theories. It is also to be investigated how com-

role. It forbids in the superpotential not only renormalizablepletely two sectors are separated in the superspace densities

terms but also all higher dimensional terms which violatein four-dimensional effective theories.

baryon number symmetry. This is a simple realization of the Although we still do not have a comprehensive analysis

idea proposed in Ref19]. of deriving four-dimensional effective theories from higher
We briefly summarize the phenomenological consedimensional gauged supergravity theories, it is possible to

quences of this model. All gauginos have masses of the ord&XPect that the very small value of the Uglgauge coupling

of 100 GeV, and the lightest superparticle would be a neul” this model could be naturally obtained in the large extra

tralino (B-ino or Z-ino). Further understanding of the dimension scenario. The result of RE20] suggests that the
Ilaatural (dimensionful value of the gauge coupling in the

Higher dimensional theory could naturally result in a very

to the spectrum as described in RH]. All scalar fermions small (dimensionles)s vqlue of the gauge couplin_g in t'he
have masses of the order of 10 TeV. Therefore, in near futurhour-dlmensmnal effective theory if the extra dimensions

collider experiments we could not discover scalar fermions, avel_a rel_at|;/ﬁly Iargel volumet. Other gaudgeb a?:_ Yuka\;]va
but gauginos. The Higgs sector in this model is very differenCUP!INGS [N INIS MOdel are not suppressed by this mecha-

from the one in the minimal supersymmetric standard modelnism’ sincg thg visible and sequestered sectors are ass“’.“ed
since it includes four Higgs doublets. There would be threé0 be confined in each three-brane and only the supergravity

charged Higgs bosons and seven neutral Higgs bosons ar’ﬁl“ltipllet andel(qlbz gaugdg bosop can propa?ate thﬁ bulk. If
all of them would have masses of the order of 10 TeV, ex-n€ Vo léme oft 3 eXtrat mens:gns IS \éery a&gg, the l"lf(lt)
cept for oneC P-even neutral Higgs boson which would have 9&U9€ boson and graviton would beé observed in near future

mass of the order of the weak scale. Therefore, we could Se%ollléqler"expenmenttst. hasize that th d .
one Higgs boson in near future collider experiments, but it inafly, we want to émphasiz€ that the proposed scenario

would be impossible to see other Higgs particles Is very simple, and we can rather easily construct calculable
There is an important point which has to be iﬁvestigated“Odels which have concrete predictions. We believe that this

in future: that is, to derive the four-dimensional effective direction is worth investigating further.
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