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                             Abstract

  We  study  the  relations  among  R-symmetry, supersymrnetry  breaking and  metastability

in N  =  1 supergravity  with  a  continuous  global U(1)R symmetry,  First we  show  that
the general argument  by Nelson and  Seiberg (NS) for dyriamicai supersymmetry  (SUSY)
breaking stM  holds with  local SUSY,  except  for a  certain  nontrivial  case.  Then, we  discuss
the relation  between explicit  R-symmetry  breaking terms and  the metastabilities  of SUSY
breaking vacua  in O'Rnifeartaigh model.  We  .shcvw that the R-breaking terms  are  basically
divided into two  categories. One of  them  generates SUSY  solutions  which  disappear if
we  uplift the original  SUSY  breaking minimum  to a  Minkowski vacttum.  In such  sense,

not  all of  the explicit  Rrbreaking terms  leads to a metastability  of  the SUSY  breaking
vacuum,

1Introduction

Supersymmetric extensions  of  the  standard  model  are  promising candidate  for the physics
around  [[leV scale  and  haMe some  special  features : stabilizing  the huge hierarchy between the.
weak  scale  and  the Planck scale,  and  so  on.  However,  the supersymmetry  must  be broken with
certain  amount  of  the gaugino apd scalar  masses  in our  real  world.  The  dynarnical supersym-
metry  breaking has a  big predictability of  the structure  of  such  supersymmetric  particles. It
was  shcswn  by Nelson and  Seiberg [2] that a  g]obal U(1)R symmetry  is neeessary  fdr a  spon-
taneous F-term supersymmetry  breaking at the ground  state of generic modeis  with  a  global
superSymmetry.  This predicts an  appearance  of massless  Goldstone boson, R:-axion, in models
with a  dynamical supersymmetry  breaking with  nonyanishing  Majorana gaugino masses  which

breaks U(1)R  symmetry,  Rece]itly, Intriligator, Seiberg and  Shih suggest  (ISS) [3, 4] that the
supersymmetry  breaking vacuum  we  are  living can  be metastable  for avoiding  the Rraxion in
O'Raifeartaigh(OR) model,  They- add explicit  R-symmetry breaking term, whose  rnagnitude

is denoted by E, to R-symmetrie OR  Model  to avoid  R-axion. The R-symmetry breaking terms
would  not  affect  the original SUSY  breaking minimum  if they are  tiny(f is enough  small).

Hpwever, they can  lead to a  supersymmetric  minimum  newly.  The distance between the  orinaJ

SUSY  breaking vacuurn  and  the new  supersymmetric  vacua  would  be estimated  by O(11E) in
the  field space.  Thus  if R-symmetry breaking terms are  suMcieritly  small,  the original  SUSY
breaking vacuum  would  be Iong-lived and  metastable.

   On  the other  hand, the globai SUSY  model  always  has positive va £ uum  energy  at  the SUSY
breaking minimum.  Therefbre, supergravity  effects should  be also considered  to realize  the
almost  vanishing  vacuum  energy.  Besides in the above  global SUSY  model  with  metastable

SUSY  breaking vacuum,  some  fields harve 1arge vacuum  values  at  the supersymmetric  vacua.

In such  case,  supergraMity  effects  might  be sizeable.

  In this talk, we  reconsider  the above  argument  for the dynamical supersymmetry  break-
ing and  its metastability  within  the fra[rnework of  supergrayity.  Aetually we  find the special
condition  about  Kahler  potential that R=symmetry brealcing is suficient  for dynamical  SUSY
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breaking in supergrovity.  Besides we'  find out  the relation  between R-symmetry and  SUSY

breaking in R-symmetric OR  model,  and  we  suggest  explicit  Rrsymmetry breaking terms also

lead the metastability  of  SUSY  brealcing vacuum  under  a  certain  condition  about  Kahler poten-
tial in local SUSY,  However,  an  R=symmetry  breaking term  must  be tuned to  realize  the almost

vanishing  vacuum  energy,  R)r that reason,  the R-symmetry breaking terms harve to be sizea;ble,

and  tha:t would  affect  vacuum  structure  such  as  the  metastability,  Therefore, we  classify  the

explicit Rrsymmetry breaking terms and  show  that the R-breaking terms are basically divided

into two  categories.  One  of  them  generates SUSY  solutions  which  disappear if we  uplift  the

priginal SUSY  bTeaking minimum  to a  Minkowski vacuum.  In such  sense, we  suggest  that not

a:il of the explicit  R=breaking terms leads to a  metasta:bility  of the SUSY breakng vacuum.  We

show  these discussions more  concretely  in the next  sections.

2 Nelson-Seiberg  argument  in supergravity

We  study the Nelson-Seiberg argument  within  the framework of  supergravity.  Let us  consider

the SUSY  model  with  chiral superfields zi(i =:  1･ ny ･n) and  superpotential  W(zD. The U(1)R

charge  of  2i is qi. Suppose that the n-th  component  a  is nozero  and  q. - O.

                           W=  (Xn);' f(Xl ''" Xn-1),  (1)
where  xi  

==

 (/i;ftffi,.) 
.).
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 supergraMity  
F-fla;t

 
conditions

 
are

 
DJVV

 
==

 
Wl+KiW

 
=

 
O,
 
where

 
Planck

scale is set  to unit.  Especially, concerned  with  z., we  obtain

                        Dz.VV =(-2'  +  znK}.)xt9'H'f  =O･  (2)
                                gn

   If :i.r +  znK}.  I O, we  obtain  f =

 O, Then, putting D.,W  
==

 O together,  we  find f5, ==

 f =

 O.

These are  n  complex  equations  with  n  -  1 unknowns  , so  these are  no  solutions                                                                   generally.
Fbr example,  in the model  that Rrcharges of  al1 superfields  are  positive and  Kahler metric

is canonical,  Rrsymmetry breaking is suMcient  condition  for SUSY  breaking, (We find the
exception  of  NS. See Il]. )

3the  metastability  of  SUSY  breaking  vacuum  in super-

gravity

We  discuss the relation  between the metastability  amd  explicit  R-symmetry  breaking in OR

model.

3.1 GeneralizedORModel

In Generalized OR  Model  [4], the superpotential  is

                                    n

                             WoR  =  2  Xhga(dii);
                                   a=1

where  R[Xt] =  2, R[ipi] =  O, i =  1･･･s, and  g.(ipi) are  generic functions. n  is set  to

In globa! SUSY,  SUSY  is always  broken because F-flat conditions  ax.WoR =  ga =  O

equations  fbr s(<  n)  unknows.  On  the other  hand, in supergravity,  F-flat conditions

are

(3)

n>  s.are

 n-of

 Xa
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                  Dx.VVIoR=M}tbgb(ipD (Adhb=iab+Kx.Xb)･ (4)
If det(M) =

 1 +  £ .
 Kx.Xl, f O, these mean  g. =  O. Eor exa  rnple,  if KahIer metric  is canonical,

SUSY  is always  broken. In this case, we  find V  >  O. This means  SUSY  breaking vacua  always
have positive vacuum  energy  in OR  model.

3.2 Explicit R-symmetry  breaking  in supergravity

Rrsymmetry should  be broken exp!icitiy  not  only  to avoid  RLaxion but also to make  Mikowski
vacuum  if Kahler metric  is canouical.  Explicit R=symmetry breaking terms are

                             vvR=wff)+whB),  (s)
where

              Wff)(Xas; ipi) =  C(ipi)+i2MCab(ipi)XaX8+''',  (6)
                                      a,b#1

           TVif)(Xi;Xa;i,ipO ==  2MCai(dii)XaXi+SMcii(dii)Xi2+'''･ (7)
                               all

   Superpotential XroR is written  as  WoR  ==  fXi +  E. X.g.(ipi) by changing the base of  X.,
where  all of  g.(¢D satisfy  g.(O) =  O. If VV ==!  VVoR +  Wre the solutions  which  satisfy  the F-
fiat conditions  could  appear  generally. [rhey depend  on  VVR as  the amgument  in global SUSY.
However, the  size of  WR  must  be tuned  to set  the  vacuum  energy  te almost  zero.  This uplift
causes  the disappears of  the  supersymmetTic  vacua.

  We  set  SUSY  breaking vacuum  with  V  =  O to the point in the slice, X.-  =  ipi =  O. In the
model  that W  =  WoR+  WSA), we  discuss that the SUSY  breaking vacuum  would  be stable.  On
the other  hand, in the modekhat  W  =  WoR  +  Wre the SUSY  breaking vacuum  is metastable
or  unstable,  The stability  of  the vacuum  is estimated  by c. If E is tiny, the SUSY  breaking
vacuum  with  V  =  O becomes long-lived.

4 Summary

First we  discuss that global U(1)R symmetry  breaking is sufficient  condition  fbr SUSY  break-
ing in supergravity  where  the Kahler potential  satisfies  :l.7 + z.K..  : O. Then we  discuss
the metasta;bility  in explicit  R=symmetry breaking OR  model.  Generally explieit  R-symmetry
breaking causes  metastable  SUSY breaking vacua  in supergraMity,  but we  find the superpoten-
tial which  makes  the SUSY  breaking vacuum  with  V  

--
 O stable,
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