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R mediation of dynamical supersymmetry breaking

Noriaki Kitazawa*
Department of Physics, Tokyo Metropolitan University, Hachioji, Tokyo 192-0397, Japan

Nobuhito Maru†

Department of Physics, University of Tokyo, Tokyo 113-0033, Japan

Nobuchika Okada‡

Theory Group, KEK, Tsukuba, Ibaraki 305-0801, Japan
~Received 24 July 2000; published 30 November 2000!

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 U(1)R gauge interactions, and supersymme-
try breaking is mediated by the superconformal anomaly and U(1)R gauge interaction. Supersymmetry is
dynamically broken by the interplay between the nonperturbative effect of the gauge interaction and the
Fayet-IliopoulosD term of U(1)R which necessarily exists in supergravity theories with gauged U(1)R sym-
metry. We construct an explicit model which gives a phenomenologically acceptable mass spectrum of super-
partners with a vanishing~or very small! cosmological constant.

DOI: 10.1103/PhysRevD.63.015005 PACS number~s!: 12.60.Jv, 11.30.Na
in
se
p
t
h

ou
w
de

i
ith

er
gi
an
ie
e
a
t
in
a
in
n

he

n
ta
it
e

tra
se-
at
only

t low
but

be-
nal

, it
s
gs

rm
ty,
try
can
et-
ge

and
rav-
e

we
ith

he
)
en
d
n in
I. INTRODUCTION

Low energy supersymmetry may play an important role
solving many problems of particle physics. If this is the ca
supersymmetry must be spontaneously broken, and all su
partners must have appropriate masses, since their effec
not been observed yet. Therefore, finding a simple mec
nism of supersymmetry breaking and its mediation with
any phenomenological problems is an important task. If
believe low energy supersymmetry, it is natural to consi
the supergravity framework.

The simplest scenario of supersymmetry breaking and
mediation in supergravity theories is gravity mediation w
a Polonyi potential in the hidden sector@1#, but supersym-
metry is not dynamically broken in this scenario. Moreov
it is well known that gravity mediation has a phenomenolo
cal problem: the degeneracy of squark masses at the Pl
scale is distorted by the quantum effect at low energ
which causes the supersymmetric flavor problem. Ther
another conceptual problem with gravity mediation
pointed out in Ref.@2#: it is not the mediation by gravity, bu
the mediation by higher dimensional contact interactions
troduced by hand. Although it is possible that the supersp
density, which defines the supergravity Lagrangian, conta
an infinite number of higher dimensional contact interactio
so that the Ka¨hler potential has a simple canonical form, t
origin of these interactions is mysterious.

There is another possibility, that the visible sector a
hidden sector are completely separated, namely, no con
interaction among them in the superspace density. This s
ation would be naturally realized if two sectors are confin
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in the different branes separated in the direction of ex
dimensions~now the hidden sector should be called the
questered sector@2#!. In this case supersymmetry breaking
the sequestered sector is transmitted to the visible sector
through the superconformal anomaly@2–4#. In this anomaly
mediation the masses of squarks are highly degenerate a
energies and there is no supersymmetric flavor problem,
sleptons have negative masses (mslepton

2 ,0). There have
been many attempts to solve this problem@2,5–7#, and we
usually need some additional fields which bring contact
tween two sectors. In this paper we introduce this additio
communication by gauging U(1)R symmetry in four-
dimensional supergravity theories@8–10#. Since the charge
of U(1)R symmetry does not commute with supercharges
is natural to consider that the U(1)R gauge boson propagate
in whole space-time including extra dimensions, and brin
contact between two sectors.

It is also interesting to note that the Fayet-Iliopoulos te
for U(1)R must exist due to the symmetry of supergravi
and this term can play an important role in supersymme
breaking. In fact it has been shown that supersymmetry
be dynamically broken by the interplay between this Fay
Iliopoulos term and the nonperturbative effect of a gau
interaction@11#. Since the auxiliary field of the U(1)R gauge
multiplet has vacuum expectation value, both squarks
sleptons can have positive masses of the order of the g
itino mass in an appropriateR-charge assignment, and th
problem of the anomaly mediation can be avoided.

This paper is organized as follows. In the next section
give a general argument on the supergravity Lagrangian w
U(1)R gauge symmetry. We give a general formula for t
chirality-conserving scalar mass in the presence of U(1R
gauge symmetry, which is an extension of the formula giv
in Ref. @12#. An explicit model is constructed in Sec. III, an
the analysis of the dynamics and mass spectrum is give
Sec. IV. Section V contains our conclusions.
©2000 The American Physical Society05-1
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II. SUPERGRAVITY WITH U „1…R GAUGE SYMMETRY

In the superconformal framework@13–15# the general su-
pergravity Lagrangian with U(1)R gauge symmetry is given
by

L52
1

2
@S̄ce

22gRVRScF~SI ,S̄Ie2QIgRVRe2gGVG!#D

1@W~SI !Sc
3#F2

1

4
@ f R~SI !WRWR#F

2
1

4
@ f ab~SI !WG

a WG
b #F , ~1!

where we use the notation in Ref.@14#. Here,SI are matter
chiral multiplets with flavor indexI and U(1)R chargeQI ,
andVR andVG (WR andWG) are vector~chiral! multiplets
corresponding to the gauge group of U(1)R and G, respec-
tively. The multiplet Sc is the compensating multiplet
whose component should be appropriately fixed to ob
Poincare´ supergravity. The functionsF and W are su-
perspace densities in which interactions are described by
products of multiplets. Following the arguments in the p
vious section, we assume that there is no interaction betw
the visible sector fieldsSi andVGv and the hidden~seques-
tered! sector fieldsSa andVGh in these superspace densitie
namely,

F~SI ,S̄Ie
2QIgRVRe2gGVG!5Fv~Si ,S̄ie2QigRVRe2gGvVGv!

1Fh~Sa ,S̄ae2QagRVRe2gGhVGh!,

~2!

W~SI !5Wv~Si !1Wh~Sa!, ~3!

where the indicesi and a denote the flavors in the visibl
and hidden sectors, respectively, andGv andGh are gauge
groups in each sector. The gauge kinetic functionf ab(SI)
should also be restricted as follows:

@ f ab~SI !WG
a WG

b #F→@ f ab
Gv~Si !WGv

a WGv
b #F

1@ f ab
Gh~Sa!WGh

a WGh
b #F . ~4!

In the following we assumef R(SI)51 and f ab
Gv5 f ab

Gh5dab ,
for simplicity.

Note that the compensating multipletSc must haveR
charge, since the superpotentialW hasR charge. Therefore
the usual gauge choice to give Poincare´ supergravity,

zc5A3, xRc50, bm50, ~5!

does not preserve U(1)R symmetry, wherezc and xRc are
scalar and spinor components of the compensating mult
Sc andbm is one of the gauge fields of the superconform
gauge group. We have to rescale the compensating mult
to obtain theR symmetric Poincare´ supergravity:

S0[Sc@W~SI !#
1/3. ~6!
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The Lagrangian becomes

L52
1

2
@S̄0S0F̃~SI ,S̄Ie2QIgRVRe2gGVG!#D1@S0

3#F

2
1

4
@WRWR#F2

1

4
@WGvWGv#F2

1

4
@WGhWGh#F ,

~7!

where

F̃~SI ,S̄Ie2QIgRVRe2gGVG!

[
F~SI ,S̄Ie2QIgRVRe2gGVG!

@W̄~S̄Ie2QIgRVRe2gGVG!W~SI !#
1/3

. ~8!

The compensating multipletS0 is U(1)R singlet now. It was
shown in Ref.@14# that the gauge fixing conditions of

z05A3F̃21/2~zI ,zI* !, xR052z0F̃21F̃JxRJ , bm50
~9!

directly give the standard form of the supergravity Lagran
ian given in Ref.@16#, where z0 and xR0 are scalar and

spinor components of the compensating multipletS0 , F̃J

[]F̃(zI ,z* I)/]zJ , andzJ is the scalar components ofSJ .
After all, the resultant Lagrangian in component fields h
the standard form of Ref.@16# including covariant deriva-
tives for U(1)R gauge symmetry. The Lagrangian is dete
mined by a function

G~zI ,z* I ![23 ln F̃~zI ,z* I !523 lnF~zI ,z* I !

1 lnuW~zI !u2, ~10!

whereF and W satisfy the conditions of Eqs.~2! and ~3!.
The difference ofR charges in covariant derivatives for eac
component field in a multiplet automatically appears due
the fact thatW has nontrivialR charge~see Ref.@8#!.

The potential for scalar fields is given as follows:

V5VF1VD , ~11!

where theF-term contribution is

VF5eG@GI~G21!J
I GJ23# ~12!

and the U(1)R D-term contribution is

VD5
gR

2

2
~GIQIzI !

2. ~13!

We take the reduced Planck scale as a unit of the mass s
The chirality-conserving scalar mass can be obtained by
ferentiating this potential byzi and z* j and taking its
vacuum expectation value. In addition to the conditions
Eqs.~2! and ~3!, we introduce the conditions of
5-2
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^Fv i&, ^Wv i&, ^zi&50 or !1. ~14!

These conditions mean the assumption that the brea
scales of gauge symmetries in the visible sector should
much smaller than the reduced Planck scale. We obtain

^VF j
i &5mik^~G21!k

l &ml j 1
2

3
^VF&^Gj

i &, ~15!

^VD j
i &5

2

3
^VD&^Gj

i &1gR
2 S Qi2

2

3D ^D&^Gj
i &,

~16!

wheremik is the supersymmetric mass andD[GIQIzI . The
superpotentialW hasR charge 2 in our convention. There
fore, the chirality-conserving supersymmetry-breaking sca
mass is obtained as

m̃R
2

j
i 5F2

3
^V&1gR

2 S Qi2
2

3D ^D&G^Gj
i &. ~17!

The vacuum expectation value of the potential itself cor
sponds to the cosmological constant which should vanis
realistic models. We see that there is no gravity mediat
but there is ‘‘R mediation’’ which is the tree-level contribu
tion due to^D&Þ0.

III. CONSTRUCTING A MODEL

We construct an explicit model to show that the scena
which is described in the first section is possible. The part
contents of the model are summarized in Table I. In
following we simply introduce the role of each field witho
mentioning the dynamics in detail. The dynamics will
discussed in the next section.

As for the hidden sector, we take the same system wh
was introduced in Ref.@11#. It consists of two fieldsQ1 and
Q2 in the fundamental representation of the SU(2)H gauge
group and a Yukawa interaction with a SU(2)H singlet field
S:

Wh5lS@Q1Q2#, ~18!

where square brackets denote the contraction of SU(2)H in-
dices. Supersymmetry is dynamically broken by the interp
between the nonperturbative effect of the SU(2)H interaction
and U(1)R Fayet-Iliopoulos term, if there is no other fiel
with R charge less than 2/3.

The visible sector is based on a system of the minim
supersymmetric standard model. At least theR charges of
leptons must be larger than 2/3 so that sleptons obtain p
tive masses throughR mediation of Eq.~17! ~assuming
^D&.0 in this section!. We simply assume that all quark
and leptons have unitR charge. This means that theR
charges of Higgs fields must be zero~note that this is less
than 2/3), since we need Yukawa couplings of

Wv
Y5guHQŪ1gdH̄QD̄1gnHLN̄1geH̄LĒ, ~19!

where we suppress generation indices, for simplicity.
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To ensure dynamical supersymmetry breaking we int
duce two other Higgs fieldsH8 and H̄8 with mass terms of

Wv85muHH̄81mdH̄H8. ~20!

Although there are negative contributions to the masses oH

andH̄ from Eq. ~17!, these mass terms can make all mas
of Higgs fields positive at the tree level. Therefore, the el
troweak symmetry must be broken radiatively@17#.

At this stage, all the gauge anomalies are canceled
except for @SU(3)c#

2U(1)R , @SU(2)L#2U(1)R , @U(1)R#3,
and U(1)R(gravity)2 anomalies. To cancel@SU(3)c#

2U(1)R
and @SU(2)L#2U(1)R anomalies, we further introduce add
tional fieldsV i andS i and Yukawa interactions withX:

Wv
X5gX~V iV i1S iS i !1mXX8. ~21!

The fieldX8 and the mass term withX are required to have
positive mass forX and to ensure dynamical supersymme
breaking, sinceX hasR charge less than 2/3. The fieldsV i
andS i become heavy by the vacuum expectation value oX
which is generated by the one-loop effect of the Yuka
coupling in Eq.~21!. The remaining anomalies@U(1)R#3 and
U(1)R(gravity)2 can be canceled out by introducing, for e
ample, many fields ofR charge 2 with appropriate values o
q1 andq2. There may be much more sophisticated and c
vincing ways to cancel these anomalies, but we leave thi
further studies.

TABLE I. Particle contents of the model. The system of t
fields Q1 , Q2, andS with SU(2)H gauge symmetry constitutes th
hidden ~sequestered! sector. Other fields are the member of th
visible sector. The indexi runs from 1 to 4 forV i and S i . The
chargesq1 andq2 follow the constraint ofq11q2522. The con-
crete values of these charges are determined through the can
tions of @U(1)R#3 and U(1)R(gravity)2 anomalies~see text!.

SU(3)c SU(2)L U(1)Y SU(2)H U(1)R

Q 3 2 1/6 1 1

Ū 3* 1 22/3 1 1

D̄ 3* 1 1/3 1 1

L 1 2 21/2 1 1

N̄ 1 1 0 1 1

Ē 1 1 1 1 1

H 1 2 1/2 1 0

H̄ 1 2 21/2 1 0

H8 1 2 1/2 1 2

H̄8 1 2 21/2 1 2

V i 8 1 0 1 3/4
S i 1 3 0 1 3/4
X 1 1 1 1 1/2
X8 1 1 1 1 3/2

Q1 1 1 1 2 q1

Q2 1 1 1 2 q2

S 1 1 1 1 4
5-3
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IV. DYNAMICS OF THE MODEL

Before discussing the dynamics of the model in detail,
have to make an assumption about the superspace de
F. We simply assume as

F~zI ,z* I !512
1

3 (
I

z* IzI , ~22!

respecting the condition of Eq.~2!, wherezI are the scalar
components of all the chiral multiplets in the model. Th
gives canonical kinetic terms in the first order of the 1/M P

expansion, whereM P5MPlanck/A8p is the reduced Planck
scale. In this case the scalar potential can be written as

V5VF1VD , ~23!

with

VF5
1

F2 H WI* WI2
1

3
uzIW

I u21~W* WIzI1WWI* z* I !

23uWu2J , ~24!

VD5
1

F2

gR
2

2 H S QI2
2

3D z* IzI12J 2

, ~25!

where we neglect theD-term contributions from other gaug
interactions.

First, we discuss the dynamics of the supersymme
breaking. The instanton effect of the SU(2)H gauge interac-
tion can be described as a dynamically generated supe
tential @18#. The effective superpotential for the hidden se
tor is

Wh
eff5lS@Q1Q2#1

L5

@Q1Q2#
, ~26!

where L is the scale of the dynamics of SU(2)H . If we
assume that the vacuum expectation values ofQ1 andQ2 lie
on the flat direction of SU(2)H , we have

VF5
1

F2 H ~lv2!212v2S ls2
L5

v4 D 2

2
25

3 S L5

v2 D 2

1~visible sector!J , ~27!

VD5
gR

2

2
D2, ~28!

where

F512
1

3
s22

2

3
v22

1

3
@z* IzI #visible, ~29!
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D5
1

FH S qS2
2

3D s21S q11q22
4

3D v212

1F S QI2
2

3D z* IzI G
visible

J , ~30!

wherev describes the flat direction of SU(2)H , ands andqS
are the vacuum expectation value andR charge ofS (qS
54 andq11q2522). It can be shown that all visible secto
fields do not have vacuum expectation values at the
level. It is rather trivial for fields withR charge larger than
2/3, but it is nontrivial for the fieldsH, H̄, andX, since the
vacuum expectation values of these fields negatively cont
ute to the vacuum energy inVD . These fields do not have
vacuum expectation values at the tree level if the mass
rametersmu , md , andm are appropriately large, as will b
explained at the end of this section. Therefore, in the follo
ing we consider stationary conditions forv ands, neglecting
all contributions from the visible sector.

The analysis is almost the same as in Ref.@11#. In the case
of gR

2@l;L5 there should be a solution of stationary co
ditions so thatv.A3/5 ands!1, which results in almost
vanishingD. In this case the scalar potential approximate
becomes

V.
1

F2 S 3

5D 2H l223S 5

3D 5

L10J . ~31!

Therefore, we can expect that there is a solution of a van
ing ~or very small! cosmological constant withl
;A5(5/3)2L5;6.2L5. Indeed, we can approximately obta
such a solution as

v.A3

5
1A15

6
s22

1

gR
2

243l216250L10

900A15
, ~32!

s.
675lL5

486l216250L10 ~33!

with vanishing cosmological constant, by tuningl.6.9L5.
A complete numerical analysis gives a solution

v.A3/510.012, s.0.14, ~34!

with vanishing cosmological constant, wheregR510212, L
51023, and l.6.9L5. At this vacuum the gravitino mas
m3/2 becomes

m3/2[^eG/2&.5.0
L5

M P
4 . ~35!

The contribution to the mass of the scalar field due to^D&
Þ0 can also be obtained from Eq.~17! as

m̃R
2~Q!5gR

2^D&S Q2
2

3D.S 7.2
L5

M P
4 D 2S Q2

2

3D , ~36!
5-4



s
m
es

try
s

n
de
.

ta
-

-
e

s
bu

1
)
u
to

c
er
pe

tr
to
th

f
, it

rs
wa
ing
hat
le is

on.
uge
int
ce
of

um
l-

ing

can
oop
-

hich
mal
-
in

lay
tion

ion
per-

no
d a
eld

ard
s
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whereQ is theR charge of the scalar field. We see that the
supersymmetry-breaking masses are the same order of
nitude. Phenomenologically acceptable values of th
masses can be obtained by changing the value ofL within
the same order of magnitude.

We summarize the spectrum of the supersymme
breaking masses and other supersymmetry breaking term
the visible sector.

Gauginos in the visible sector can have masses o
through anomaly mediation, since there should be no hid
~sequestered! sector field in the gauge kinetic function
Therefore,

ml i
.

b~gi
2!

2gi
2 m3/2, ~37!

where gi and b(gi
2) are the gauge coupling and its be

function of the gauge groupi in the visible sector, respec
tively ~see Ref.@4# for a more precise formula!. There are
two contributions to the scalar mass:

m̃2.2
1

4

dg

d ln m
m3/2

2 1m̃R
2~Q!, ~38!

wherem is the renormalization scale, andg and Q are the
anomalous dimension andR charge of the scalar field, re
spectively. The first term is the contribution by anomaly m
diation and the second term is the contribution byR media-
tion given by Eq. ~36!. The second contribution alway
dominates the first contribution, since the second contri
tion is the tree-level one. Therefore, the scalar field withQ
.2/3 naturally has positive mass. If we takem3/2
;10 TeV to have gaugino masses heavier than about
GeV, the scalar mass becomes of the order of (10 TeV2.

Other supersymmetry breaking terms also emerge thro
anomaly mediation. TheA term emerges corresponding
each Yukawa coupling through anomaly mediation:

AF1F2F3
52

1

2
~gF1

1gF2
1gF3

!m3/2, ~39!

where the Yukawa coupling ofWYukawa5lF1F2F3 is con-
sidered, andg denotes the anomalous dimension of ea
field. TheB term emerges corresponding to each mass t
at the tree level, since the mass term explicitly breaks su
conformal symmetry:

B.2m3/2. ~40!

Note that the order of the magnitude ofA is always smaller
than that ofB, since theB term emerges at the tree level.

Next, we discuss the radiative electroweak symme
breaking in our model. When we neglect the hidden sec
Higgs fields do not have vacuum expectation values at
tree level, if the following conditions are satisfied:

@mu
21m̃R

2~qH!#@mu
21m̃R

2~qH8!#2mu
2B2.0, ~41!
01500
e
ag-
e

-
in

ly
n

-

-

00

gh

h
m
r-

y
r,
e

@md
21m̃R

2~qH!#@md
21m̃R

2~qH8!#2md
2B2.0,

~42!

whereqH is theR charge ofH andH̄ andqH8 is theR charge
of H8 and H̄8. This condition is satisfied ifmu and md are
slightly larger thanm3/2. On the other hand,mu

2 andmd
2 must

be larger thanum̃R
2(qH)u. 2

3 m3/2
2 so that our mechanism o

the dynamical supersymmetry breaking works. Therefore
is natural to consider that the massesmu andmd are slightly
larger thanm3/2 and electroweak symmetry breaking occu
radiatively at the one-loop level through the large Yuka
coupling of the top quark and the supersymmetry-break
mass of the scalar top quark. We can analytically show t
radiative electroweak symmetry breaking at the weak sca
possible in this model.

Finally, we discuss radiative mass generation forV i and
S i which are introduced for the gauge anomaly cancellati
These fields should become heavy so that running ga
couplings do not blow up before the Planck scale. The po
is whetherX has a vacuum expectation value or not, sin
^X&Þ0 makes these fields massive through the first term
Eq. ~21!. When we neglect the hidden sector, the vacu
expectation value ofX vanishes at the tree level if the fo
lowing condition is satisfied:

@m21m̃R
2~qX!#@m21m̃R

2~qX8!#2m2B2.0, ~43!

whereqX and qX8 are theR charges ofX and X8, respec-
tively. This condition is satisfied ifm is larger thanm3/2. On
the other hand,m2 must be larger thanum̃R

2(qX)u. 1
6 m3/2

2 so
that our mechanism of dynamical supersymmetry break
works. Therefore, if we naturally takem2.m3/2

2 , X cannot
have a vacuum expectation value at the tree level. But it
have a vacuum expectation value radiatively at the one-l
level by the large couplingg and the supersymmetry
breaking masses of the scalar components ofV i andS i . We
can analytically show that the value ofg^X& can be large
enough (g^X&.1022M P , for example! with m;m3/2, g
;1 and very smallgR;10212.

V. CONCLUSION

We have proposed a sequestered sector scenario in w
supersymmetry breaking is mediated by the superconfor
anomaly and U(1)R gauge interaction without gravity media
tion at the tree level. We constructed an explicit model
which supersymmetry is dynamically broken by the interp
between the nonperturbative effect of the gauge interac
and the Fayet-Iliopoulos term of U(1)R . It was found that
the problem of the tachyonic slepton in anomaly mediat
can be avoided in this scenario. The spectrum of the su
symmetry breaking masses is very simple and there is
supersymmetric flavor problem. We have also propose
mechanism to radiatively generate the mass of the fi
which should not appear at low energies.

We mention a remarkable fact in this model:R parity is
not necessary. In the minimal supersymmetric stand
model R parity is usually assumed to forbid interaction
5-5
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which violate baryon number symmetry. In our model U(1R
gauge symmetry naturally acts the same or a rather stro
role. It forbids in the superpotential not only renormalizab
terms but also all higher dimensional terms which viola
baryon number symmetry. This is a simple realization of
idea proposed in Ref.@19#.

We briefly summarize the phenomenological con
quences of this model. All gauginos have masses of the o
of 100 GeV, and the lightest superparticle would be a n
tralino (B-ino or Z-ino!. Further understanding of th
gaugino spectrum and the nature of the lightest superpar
requires a more detailed analysis of the radiative correc
to the spectrum as described in Ref.@3#. All scalar fermions
have masses of the order of 10 TeV. Therefore, in near fu
collider experiments we could not discover scalar fermio
but gauginos. The Higgs sector in this model is very differ
from the one in the minimal supersymmetric standard mo
since it includes four Higgs doublets. There would be th
charged Higgs bosons and seven neutral Higgs bosons
all of them would have masses of the order of 10 TeV,
cept for oneCP-even neutral Higgs boson which would ha
mass of the order of the weak scale. Therefore, we could
one Higgs boson in near future collider experiments, bu
would be impossible to see other Higgs particles.

There is an important point which has to be investiga
in future: that is, to derive the four-dimensional effecti
theory from the fundamental theory in higher dimensio
For example, if we consider a five-dimensional theory as
fundamental theory, we have to integrate out the degree
freedom which can propagate in the fifth dimension. In o
scenario such degrees of freedom are gravity and theRgauge
interaction. Especially, it has to be investigated how a U~1!
component of largerR gauge symmetry in five dimensions
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projected out to U(1)R gauge symmetry in four-dimensiona
effective theories. It is also to be investigated how co
pletely two sectors are separated in the superspace den
in four-dimensional effective theories.

Although we still do not have a comprehensive analy
of deriving four-dimensional effective theories from high
dimensional gauged supergravity theories, it is possible
expect that the very small value of the U(1)R gauge coupling
in this model could be naturally obtained in the large ex
dimension scenario. The result of Ref.@20# suggests that the
natural ~dimensionful! value of the gauge coupling in th
higher dimensional theory could naturally result in a ve
small ~dimensionless! value of the gauge coupling in th
four-dimensional effective theory if the extra dimensio
have a relatively large volume. Other gauge and Yuka
couplings in this model are not suppressed by this mec
nism, since the visible and sequestered sectors are ass
to be confined in each three-brane and only the supergra
multiplet and U(1)R gauge boson can propagate the bulk.
the volume of the extra dimensions is very large, the U(1R
gauge boson and graviton would be observed in near fu
collider experiments.

Finally, we want to emphasize that the proposed scen
is very simple, and we can rather easily construct calcula
models which have concrete predictions. We believe that
direction is worth investigating further.
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@17# L. Ibañez and G.G. Ross, Phys. Lett.110B, 215 ~1982!; K.

Inoue, A. Kakuto, H. Komatsu, and S. Takeshita, Prog. The
Phys.68, 927 ~1982!; L. Alvarez-Gaume, M. Claudson, an
M.B. Wise, Nucl. Phys.B207, 96 ~1982!.

@18# I. Affleck, M. Dine, and N. Seiberg, Nucl. Phys.B241, 493
~1984!.

@19# S. Weinberg, Phys. Rev. D26, 287 ~1982!; L.J. Hall and I.
Hinchliffe, Phys. Lett.112B, 351 ~1982!.

@20# E.A. Mirabelli and M.E. Peskin, Phys. Rev. D58, 065002
~1998!.
5-6


