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Metastable vacua

o Existin gauge theories

D 4 N:] SQCD Intriligator, Seiberg, Shih

o | ots of other theories

everybody and their brother

* NO tHPC LA realizations of metastable

vacua Bena, Gorbatov, Hellerman, Seiberg, Shih
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No A brane realization

| ’-
o N=| engineerecl with D4 + NSH / |

e D4 ends on codimension 2

o Endof D4 branes sources

* NSH brane bencling

ine inside NS5 | /
og, mode on NS5

S Log running of N=1 cou Qling constant  witten \

® Ting IR Perturbation = log = UV messed up

ditferent UV & not vacua of the same theorg

—

Bena, Gorbatov, Hellerman, Seiberg, Shih
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What about AdS-CFT (Famiase

Maldacena Nastase Y

o No asmpt-AdSs metastable Solutions

) Oﬂé CaﬂChClatC: Kachru Pearson Verlinde

* Anti-D?3 branes in Klebanov Strassler

+ Codimension & 3 modes ~ 1/r*

» Normalizable = metastable vacuum



Klebanov-Strassler

fr=co  (J\
--------------- 2-sphere
3-sphere
= IR
1 D3 charge dissolved in Huxes
F® =M
A2/ g3 55 X 597 13

Hs x F3 - F5



Metastable Proposal -

Add anti-D3 at til:)
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L4 >

2-sphere

~~~~~
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3-sphere

D3 Charge in Hux

anti-D3 tunnel and annihilate D3 charge in Hux

) — . : N\
decag to BPS solution brane polarization
(Myers effect)

MCtBStBbI@ vacuum Kachru Pearson Verlinde




AdS-CFT modes s s

Normalizable mocles (NM) e Non-Normalizable

* clual to vevs

» S ERte energy, IR
Non-normalizable (NNM)

P
o deformations of Lagrangian
=5 Normalizable
* Infinite energy, UV =
, , , ERcroit
DiHferent NNM = different theories =

Same NNM = different vacua, same theorg

metastable & NNM=0




Big Question

Anti-D? = normalizable or non-normalizable modes?

o Fluxes = KS feld ~ log i

s encodes log running of coupling constant
1 1

~ By ~ logr
g 9 ./52

* Anti-D3 CouPle to this field

+ |IA inturtion: log messed up, = non-normalizable

& V non—-comcormal D clual l"]aS lOg mocles




Dig lmplncatlons £ NNM
* anti-D?3 SUSY breaking explici’c, not spontaneous
* No AdS-CFT metastable 4D vacua
* Stri logy/landscape: S
riNg cosmo ogg/ andscape: ’
anti-D3 down long KS throats - \ ?/
redshift = tunably-small energy — }\1 /[) ’

lift to dS KKLT, etc. N .

>
anti-D3 non-normalizable / \q
energy not tunably-small b

moduli stabilization messed up

A —ao 1 s
= = <§0aAea" + Wy +Ae‘w> e R |
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Big lmplications
* 4D N=l gauge theories - log running~

generic Phenomenon, not restricted to KS

* Same happcns in LARGE Volume scenarios

+ No vacuum ul:)lhct ]33 sma”»@nergg !
anti-D? give O contribution !

2 4 Lanclscape O‘F ACIS vacud

X

Lanclscal:)e of dS vacua



How can we show this 7
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3-sphere

il
Smear anti-D?3’s
SU(2) x SU(2) x Zo
Solution (1)



1 ; ; ; 1
Ferturbation theorg N anti-D3% number

* 8 modes satisgging second-order egs.

® 16 integration constants

® expanclecl around BPS solution =

Hrst-order sgstem:

dé&,,
b
| <
d | ng a(gb()) % 07 Papadopoulos, Tseytlin 2000
T
i Borokhov, Gubser 2002
dof

= UoEha’ =  (0p NwcistetiagRmnenschigin 208




Y o) calcul

* Solve first 8 equations for . lntegration constants

o Use & +others egs. to get . lntegration constants Y

dim A | non-norm/norm int. constant
8 T4/T_8 Y4/X1
0 7"3/7“_7 Y5/X6
0 7“2/7“_6 Xg/Yg
5 ol
4 7“0/7“_4 Y7,Y8,Y1/X5,X4,X8
3 T_l/T_S XQ,X7/Y6,Y2
2 e <

Xoand X7~ 1/r non-normalizable



7 e force Nl

16 constants - 14 Phgsical ones

Probe By brane attracted }39 anti-D?’s

Force is universal: i Nt
Fonlit
We get @

X1 1
. rb O(ﬁ>

On19 depencls on 1 of the 14 constants !l

Onlg force-mode is &,



Ze stratégle -y
r’ Cannot a~Priori Fix both NM and NNM ‘

¢ |R Phgsics (e.g. incoming waves at horizon)

* Fix relation between NM and NNM = physics

‘N - A

Cannot a~Priori decide NNM=0

Phgsical IR bounclarg conditions

Nonzero &,

Trg to see whether NNM can be zero.




| ook in the infrared
* Kill very Ai\/ergent guys Tt &, must be nonzero 1!
) J Phgsical clivergence: anti-D? smeared on S
* WarP factor di\/erges cep

o (Curvature cliverges: R ~ F(25) ~ 7-_4

s Another divergeﬂce - no obvious reason

H(23) = F(QS) Y T_QMUS’E be there lll)

. SUBICaAingsingularity e E]

\ E\/ergthing clel:)encls on it ! )




It singularitg Phgsical:

* Anti-D31inKS s normalizable

TS Dua| to gauge theory metastable vacuum

* Nice Physics ~-vev’s etc. Dymarsky

Klebanov

o Hunt for gauge theorg dual Seiberg

o AdS upligtable to ds
o KKIT, LVS, etc. alive and Frisky




ik singularitg unphgsical:
anti-D?3 has non-normalizable modes

IR couplingto |og mode (H3) - mess up A

Reminder ~-BPS solution:
FsXeFs = H3 - 0

R e o (e /a3y
3-sphere

2-sphere
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I 5ingularitg unphgsicalz
s ks E T = Tl

Y H e ke SR
) Sign of 2% charge dissolved in Hux not fixed 11!

* Onlg F3 Hux on S3 fixed.

e

anti-D3
L dissolved in flux




s singuléritg Phgsical ? ‘

o Fate of dS dependeth on siﬂgularit9

o I not Phgsica :

o fnd new ways of constructing deSitter

* magbe No More ancﬂscape

* |ots omc wor|< needs to be redone

o brane of codimension é + Huxes — log modes

So it must be Phgsical 1

\

¢ o Proof bg h

wishful thinking
_/




s 5ingularit9 Ph sical 7

Incorrect Acl5~Cf:T) -

_—

One should a~|:>riori take onlg normalizable modes in

UV, and accept whatever exists in the IR

Magbe, but not in AdS-CFT ©

IR rcgularitg crucial to relate NNM with NM.
Otherwise get wrong Plﬁgsics:

o AdS-QCD without incoming b.c. at black hole

o Conftinement from K|ebanov~Tsegt|in




s singularitg Phgsical ? .

Magbe divergence has brane interpretation
anti-D3 Polarizes into NS5 branes. Source H

Wrong |cgs. Also divergent -, and no D5 brane

i SN

—_ ——
No brane

| nterl:)retation

NSS branes wrap S? inside S°. Tunnel to BPS solution.

Brane-Hux annihilation. Smearing — Singu arit9 2

Qe singularitg inear in anti-D3 brane number

Brane-Hux annihilation nonlinear in anti-D3 number-.




s singularitg Phgsical ? .

* lntegral of cli\/ergent energy clensitg is Finite !
*» Wecanbe agnostic about origin of singuyldebanovj
* Accept evergtl’ling with finite IR action
o After a”) AdS-CFT relates bulk and boundarg actions
( Cou nter-argument:
* Negative-mass Schwarzschild = g Horowitz-Myers
* lntegral of di\/ergent energy densit9 is Finite
o Must be eliminated if AdS-CFT is to make any sense

|




s 5ingularit3 Phgsical ? .

* Noboclg could have Predicted it a~Priori 1

* No a~|:>osterlor1 Phgslcal reason For acceptmg it

(One more chance q\\[rhrow to the garbage 1 ]

* [wo CllVCT'gCHCCS In tI’TC mFrarecl

* Smeared anti-D?% — Pthlcalz D F(25) e, 1
S Unphgsicaﬂsubleading: H(23> =5 F(23) e

* | eading divergence resolved in strin eory.
| ead gd o lved £ gth Yy

«» Resolution may also cure unphgsical cli\/ergcnce.




How can we check this 7

MAY CURE #+ WILL CURE

needed to attract D3 branes

anti-D?3 or some brane~attractiﬂg Piece cncjunk 4

Force bg anti-D3 on Probe DA known KKLMMT

Does give correct force per anti-D% number 7

\/Messg numerical integrali)
Y IES r T , 2
Phgsmal smgularltg.
NO 5 Too much coincidence otherwise
\| Singularitg most likelg unphgsical I

.




Conclusions
* R singularitg — anti-D?3 branes in KS likelg

source non—-normalizable mocles

o Need final nails in coffin: numerics, nonlinear

o Extend to other sgstems — generic 2

o Alotof string cosmolog9 to be revisited
o Find new ways of constructing deSitter
* Find new ways of uplhcting AdS to dS

o AdS lanclscal:)e + ds lanclscape



