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The construction of (meta)stable vacua which
break supersymmeyrin string compactibPcations,
a problem of signibcant intest or several reasons.

My talk will mak contact with two:

1) We now have technigques (grwing out ofAdS/CFT and th
study of geometric transitions) that can teach us aboutah
SUSY beaking models that arhad to understand diectly
In weaky coupled quantum Peld thegr.e. are in some

sen Sef)stringé KachruPearsonyerlinde;

AganagiBeem SeqVafa;
DouglasSheltonJorroba,;

) Some of these models mhave features that could be
useful or (LHC-related) model building.

| will try to illustrate both of these possibilitias, this talk.




|. Stringy SUSY keaking vidnti-branes

The simplestandmost explicit exampleof a gravity dualto a
conbninggaugetheory is the warped, deformed conild
solution.

The stating point is the singular cooifl geomety:
X°+y°+z°+w=0! C*

The singularity can be vied as a conewer S°! S° .

There are two Interesting gauge/graly dualities associate
with this geomety:




I. Placing N D3 branes at the tip of the cone

-
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one Pnds a near horizon geometrAdSs ! T1?

The metric and Pa~form In the graity solution ae :
ds? = h' Y2y, dx*dx' + h¥/2(dr? + r2ds?..)
(FS)rtx 1x2x3 = O h' *

where: h(r) = E ~(")?gsN




This Is dual to a conformal Peld theory described by
Klebanw andwitten, with the quiner diagram (with
equal occupationumbers at the nodes) :

D==—(®

I I

and with superpotential:
W = h!"1A;BLAB .
. Addlng M (<< N) Wrepped D5s: Kleban%fs;rassler

"he quier and superpotentialamain as abe, but the

theory i1s no longerconformal. While the larger behaior of
the gravity solutionis asbefre (only modibPedoy alogarithir
In h(r)),the small r behaor (Peld theoy IR) is dirent.




It Is useful to think of this modiPed solution as beia@ted
to the OdedrmedO confld geomety:

X2+ Yo+ 2%+ we = 14

This geomety has tvo 3-cyclesa so-called\-cycle

which Is the thee-cycle generatedytreal choices

of X,yz,wand a B-cycle which isvept out by the
2-sphee and the radial dacton of the cone

For N = KM, we can think of this geomejrbeing soured
by Bwes:

FRR =M HY? =1 K
A B




Using the standarconibld periods
Z
/Q: Z, / ()= —log(z) + reqgular
A B 2! |

and plugging into the GVW superpotential
W= (F!IH)"!

one bnds that the defmation of the conibld is dynamicall
generatedand the debrmation parameter is gan by

1 exp(" "K/gsM)




The metric at the tip in the graty dual is gen by:

ds® = a§ dx,dx" + gsM b5 (dr + d! 5+ red! %)

l.e.there Is a thee sphee of size set  gM while
the two-sphee vanishes at r=0.The coefpcients ar

ag ! e! 4! K/BgSM’ tbl O(l)

The RR thee brm (which has [3ux tlough the Pnite
sized thee-sphee at the tip) tales the brm:
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This solution is supersymmetricand camries N units of D3
brane charge but has no explicit probe D3s. So If one
wishesto breaksupersymmety by modifyingthe solution,an
obviousoption is to add some number p (<< M,N) of anti-
D3 branes' Kachru Pearsonyerlinde

The resulting theoy will hare a total D3-brane charge
Q3= Hz! F3" p=KM" p

which matchesthat of a theory with one lessunit of NS
[ux,and M-p pobe D3-branesThe latter is SUSYs0 one

should think of the anti-D dynamicsas describingsome
state in that supersymmetridheory. (To realy justify this
one should worry about the full asymptoticsin the

cascadingolution and interpret these statesviaAdS/CFT
this Is in ppgress). ChuangDeWolfe,

KachruMulligan




The resulting dynamics of the anti-D3s Is alovs:

I: They will be attracted to the tip of the warpedieformed
conibld. The graity solution has a nontrivial Bxorm (3ux
which we described at large and the anti-D3sdel a brce:

Fradial (1) = ! 2u3F5(r)

II: They will under@ the famous Mgrs efeéct. Namel,,
the presence of the nontrivial RR 8+im [3ux threading the
three-sphee at the tip of the dedrmed conibld, will
cause them t@®blev upO into NS 5 branes wrping
a two-sphee In the three-sphee.




Plugging the backmund RR and NS Pelds at the tip intt
the Born-Inéld + Chern-Simons action whiclowerns the
anti-D3,we Pnd a potentiabf its worldvolume scalars:

n 2
a2
Os

It Is then a moments ok to see that critical points oV

occur when the phi matrices satisfy the comiation
relations: o
IR A I

These ae (after rescaling) the comuotation relations of a
p dimensional matrixapresentation of SU(2)! So the
critical points ae in 1-1 corespondence with (generall
reducible) SU(2)apsithe solution with lavest enery is
the p-dimensional reducible epresentation.

GoVer (1)1 € B KI30M (o (2 g e gy
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Intuitively, what hapens is that the anti-D3 bran®blevs
upO into a 5-brane wpaing 2-sphex in the 3-sphes. The
resulting statedr p<<M Is a metastable state whichdaks
supersymmety;it can decwg to the supersymmetric vacuur
with the same global quantunumberspy a tunneling
process.

For p closer to M (the dividing line is about p = M/1)je
size of the 2-spher goproaches and surmounts the size o
the equator of the S*3n the full string theoy, at this point,
the 5-brane becomes paurbatively unstableand diectly
rolls back to a supersymmetric vacuum with the same
guantum mmbers as the initial state




Summay: For p << M,N the system of p anti-D3s In
the warped-dedrmed conibld giwes rise to a stable
non-supersymmetric state with exponentyadimall

supersymmetly breaking scale (due to warping of the

anti-D3 tensions)!

Two natural questions about these states:

1) Receny, Intriligator, Seiberg and Shih disered that
very simple ector-like SUSY quantum Peld theories€lik
SUSY QCD with slightlmassig 3aors) hare metastable
SUSY beaking vacuaThe conibld quiver (and its
generalizations) @vQCD-like theories (with gauged fiar
groups).Are there cases whex these anti-D states at
large gN ae present in a theoy which has ISS vacua at sr
gN?




1) It is easy to compactify this situationy(bonstructing
compact solutions with awarped, deformed conifold regon).
In such modeldiow do branes in the bulk of the CalabalY
feel the anti-D SUSY baking?Are there novel features that

could be useful? GiddingsKachru Polchinski;
KKLT

ll. Conifold quivers and metastable states

The KS Peld theoritself does not ha evident metastable
vacua at wak gauge couplinglowever, simple
generalizations of it do A ancoUrangabogun. Ookoudh |
Giveon,Kutaso/; Hirano;...
There exist simple Z_K quotients of the conlfl whose
quiver diagrams ta& the orm (e.g.for K=3):

Uranga




The comresponding superpotentials &khe brm:
!ZI\I

W=h (! 1)i+1Xi,i+1Xi+1,i+2xi+2,i+1xi+1,i ,

For suitable choiceslalf occupatiommbersihese theories
also hae RG cascades and simplewisaduals in
an gpropriate large gN limit.

The simplest model which seems tovaaclose elatives
of the metastable states of massQCD, is the K=3 model
with quiver:




This theoty has a superpotential:
W = h(X 12X 23X 32X 21 ! X23X34X 43X 32) + MX43X34 .

(I will explain the origin of the mass term momentgil
In the regime whee: ' 3>> | (>> 1,
It can be angkzed ly standad Peld theoy techniques.

Intuitively, one should think of node 3 as SQCD with

N _f=N_c + 1. The other nodes a either [3&or nodes,or
present to dynamicallgenerate the needed light quark
masses (so theris no Pne tuning).




Roughy this hapens asdllows. Since the gyup at node 1
has N_f=N_gits moduli space is quantum modiPed.

Seiberg

If we call the node 1 meson hen on the mesonic branc
detM = I Ne

Taking M to hge equal eigeraluesit is easy to see that the
guattic couplings in the superpotential then generate ma
for N_c of the [3aors of node 3:

hX 19X 23X 39X 51 ! h! X 93X 35

This dynamicallgenerates the tymquark masse®f all
but the last Rgor. The last (3gor, coming fom node 4,
receies a contribution to its superpotentialdm a Euclidea
brane wraping (unoccupied) node 5 of the gerv




"

In suitable crumstancedhis generates a mass m with
scale that can be tuned/lvalying theOsizeO of node 5 In
the dual geomety. Similar string instantons ha been

Investigated g mary groups and used to generategemu
terms In recent P@ErS. BlumenhageCetic,Weigand;

IbanezUranga;
Florea,KachruMcGreevy, Saulina,

Inarycasefor h! {<m<< 13 =

the resulting theoy at node 3 is ough

SQCD in the egime whee it has been shen to hae a
metastable SUSY &aking false vacuumne can @ back
and justify that the assumption of the mesonic branch ol
node 1 is justibped (novedent local instability to me to the

baryonic branch andelax the quark masseshe full quatic
W is crucial in doing this.




This model and itsalatives hae three intelesting ¢atures:

a)All mass scales aigenerated dynamicgltoughy speakin
the Pne tuned small mass of ISS has kesropbttedO
Dine, Feng Silherstein
b) The quatic superpotential in fact defms the original IS
theory by a quadratic in the magnetic meson Pdldis
breaks the R-symmegrwhich is god if one is inteested Iin
model bUIIdlng Kitang Ooguri,Ookouchi

c) There is a easonalyl simple dual geomegrfor these
modelspased on defrmation of (xy)*3 = zwwhere one cal
propose concete graity duals imolving also wrpped D5
branes and anti-D3 branefhe understanding is kaever
very incomplete at pesent.




Ill. Warped Sequestering of SUSYaking

OSequesteringO is an idea to helgdbk bllowing
problem (the so-called supersymmetricvBaproblem).

In gravity mediated supersymmatibreakingthe squark
and slepton masses of the MSSM arieenfterms of the
form

1
d*0 A X Xcj Qi(Q;)
P




Here, X is the chiral nultiplet with the dominant SUSY
breaking F-term:

X = ...+ 1°1Fx"
and the Qs age the three generations of squark superpels
It has been preciated 6r mary years that if
| Fx " # (1011 GeV)?

then one can successfutieneratdeV scale squark/slept
masses with this type of couplinBut the past tventy
years of absent ne sources of FCNCs / EDMs has led t«
the following nystery:why is

Cij | (5”‘
to such high pecision?




The idea ofOsequesteringO wasposed ly Randall and
Sundrum in 1998 to sodvthis pioblem. They adwcated a
scenario whee (due to locality in extra dimensions and
spatial separation of the SUSYebking and StandhModel
branes) the dangeus dimension six terms in Kaisimpy
absent(or exponentialf suppessed).

Then,one can use anomamediation or some other high-
scale mediation mechanism (gaugino mediatigi, scale
gauge mediatiomirage mediation,...) to generate thevBa
blind squark masses.

We will just worry about the Prst pdrsequestering is a

guestion of dimension si®lanck supmssed operatorslt is

UV sensitie. Can one sequester in string theg? In man
casesDine et al hae argued that the amger Is no.




In recent work with McAllister and Sundrumye argue that,
If one breaks SUSY at the end of a warpedaat (as in the
prst half of g talk),the breakingcanrobustly be
sequesteed from OStanddrModelO or GUT branes
localized elsghere in the Calabi-au.

The basic intuitiondllows from AdS/CFT dualityand uses
CFT languagaNe should think of SUSY &aking at the
end of a warped thoat asAdS/CFT dual to

an gpproximate CFT which undengs

RG Rav starting at a high scaldéyy  and then conbnes
and beaks SUSY at a (roh) lover scale! rr .




In CFT languag# some operatorO of the CFT (made o
the X Pelds) couples taQ Q

d*l' cOQO0

then the coefPcient ¢ runs beegn the UV scale and IR
scale whee SUSY leraking occursSo ifO has anomalou
dimension” on top of ary standad suppessions

AI R \I
Ci ! |
1) (AUV )
So br order 1 anomalous dimensiomnghich ae generic
In strongly coupled CF,Jand normal choices of the SUS

breaking and UV scaléhbis kills the unwanted oss
couplings.




In gravity dual languagthis has a straigldfward translation

* The hierachy between the IR and UV scales translate
Into the requirement that the thoat length L be grater thar
a ew AdS radii

* The conbrmal dimension ofO mas to the KK mass of
the gravity mode dual toO

* Then the suppession of c Is just théukava fall off of the
propagator of the dual gvaty mode as it traels Oup the
throatO!

This leaes a questions it common br strongly coupled
CFTs not to hae non-chiral operators of dimension 2,
but only non-chiral operators of dimensioh 3




Unfortunatel, the ansver is no:if the CFT has anglobal
symmetr group G,then the supermltiplet of the G
conseiled curent includes a component whose dimensi
IS precisey 2 and Is potected by curent consewation.

X T2X has ! =2

So wly doesn@his couple to squarks and sleptosd ruin
sequestering?

Theorem:If G is not expliciy broken by the CFT dynamics
that lead to conbPnement and SUSYed@king,then the
SUSYoreaking F-component of this operator vanishes.

SchmaltzZSundrum




Sqagsuch operators do NOQ harm sequestering.

And,in common exampleg]l non-chiral operators which
arenOprotected in this manneDO have dimension larger
than 3 due to large anomalous dimensiomsrirstrong
dynamics.

In paticular the SUSY lwraking l§ anti-D3 branes in the
warped debrmed conibld satisbes all of oueguirements.
Hence such SUSY leiaking Is sequested from ary
realization of the StandamModel in the bulk of the Calabi-
Yau space

This Is one example of a phenomenologiealdie that
certain OstringO examples of SUSYehaking natural
exhibit. Are there others? Could the be relevant at LHC?




