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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 tgpe 1A realizations of metastable

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

‘ .
* N=i engineerec] with D4 + NS5 / m

* D4 ends on codimension 2 line inside NS5 | /

o Endof D4 branes sources log mode on NS5

& Log running of N=1 cou Qling constant  witten

* NSH brane bencling /

® 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

o No asmpt-AdSs metastable solutions

) OHC Cd ﬂChCla’tC: Kachru Pearson Verlinde

o Anti-D3 branes in Klebanov Strassler

o Codimension & 2> modes ~ 1/r*

® Normalizable — metas’table vacuum

» Much used in string cosmologg



Klebanov-Strassler

fr=co  (J\
--------------- 2-sphere
3-sphere
= IR
1 D3 charge dissolved in Huxes
F® =M
A2/ g3 iSia X Isa > I

F5s x F3 - Hjs



Metastable Proposal -

Add anti-D3 at til:)

------------
-------
L4 >

2-sphere

~~~~~
---------

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  wm 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 r

s encodes log running of coupling constant
1 1

: N/ By ~ logr
91 92 52

2

* Anti-D3 couple to this field

* [IA intution: log messed up = non-normalizable

* every dual of non-conformal 4D theorg = log modes




Big Implications if NNM

o No AdS-CFT metastable 4D YRCUA

2 String cosmologg/ Ianciscat @S / s
_ Lo
anti-D3 down long KS throats — \ 7%%/\

redshift = tunably-small energy -

lift to dS KKLT, etc.
anti-D3 non-normalizable /
energy not tunably-small

moduli stabilization messed up

A —ao 1 s
A <§JaAea0 + Wy +Ae‘w> e R >

202




5ca Pe~zi 3
4D N=I gauge theories - log running — generic

Phenomcnon, not restricted to KS

Same I’laPPens in LARGE volume scenarios

No vacuum uplhct }39 sma”»-energg !
anti-D? give O contribution !

Lanclscape of AdS vacua

X

l_anclscal:)e of dS vacua






Can we Hind Scapezi”a ?
1%

-- -
--------
-------

.....
---------

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




The Hunting Method

* Solve first 8 equations for . lntegration constants

o Use & +others €gs. to get . lntegration constants Y

dim A | non-norm/norm int. constant
8 T4/T_8 Y4/X1
e 7"3/7“_7 Y5/X6
§ 7“2/7“_6 Xg/Yg
5 ol
4 o Y7,Ys, Y1/ X5, X4, X3
3 in X0, X7/Y6,Ys
2 oL e

Xoand X7~ 1/r non-normalizable



o

XS lml:)!icit solution - 8 nested integrals

® Smart gracl students = nested integrals

can be simPthiecJ:

+ & -solvedinterms of one integral !

s 0 ~-20r3 nested integrals !

|

* LCasyto find all mode Promes numerica”g




The silver bullet 11

16 constants - 14 Phgsical ones

Probe D3 brane attracted ]:)9 anti-D?’s

Force is universal: kcomr Nt
P
We get b

X1 1
. rb O(ﬁ>

On|9 clepencls on 1 of the 14 constants !l

Onlg force-mode is &,



| 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 singularity Phgsical:

* Anti-D3inKS s normalizable

) Dual to gauge theory metas’cable vacuum

* Nice Phgsics - vev’s etc. Dymarsky
Klebanov
o Hunt for gauge theorg dual Seiberg

o AdS canbe uplhcted to ds
* Landscape of dS vacua alive and ?riskg

* No Scapezi“a




Ik singularitg unphgsical:
anti-D? sources non-normalizable modes

IR couplings to log mode (H3) - mess up UV

No more dS lanclscape SR RO

Reminder -BPS solution:
EsxFs > Hs - -

Hs x F3 = Fs e i
3-sphere

2-sphere
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It 5ingularitg unphgsicalz

s ks E T = Tl

Y H e ke SR

* Sign of 23 chargc—: dissolved in Hux not fixed 1!

* Onlg F3 Hux on S3 fixed.

. -

e

anti-D3
L dissolved in flux

e L P, e A, Sy g R Y e
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Is this gencric ?
Do anti-branes alwags hate charge dissolved in Hlux 7

lhopenot“.
M~theor9 version of Klebanov-Strassler - CGLP

Cvetic, Gibbonsj [ u, PoPe
M2 + transverse 8D Stenzel SPace, magnetic F4+F4

M2 charge in Huxes

add anti-M2 = metastable
Klebanov, Pufu

------------
- ~
.

e
o
-------

Perturbative solution = singular !

dem for anti-D2 in CGLP, A8

3-sphere

4-sphere
Insane antibranes Giecold, Orsi, Puhm

—— s o e —
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What about non-extremal fuzzballs 7

We have many many many BPS or extremal

horizonless microstate geometries (Fuzzba”s):

N\

J

Bena, Bobev) Bossard, Da”’Agata, deBoer, Giusto, Niehog, Rueﬂ S}Ngemori) Vasilakis, Warner
& friends

e | [ ——— e _ - —;



Extremal Black Hole

o

----
------
——————
______
______
______
______
______
.....

Non-Extremal

Resolution “backwards in time” !!!



Non-extremal microstates ?

Add metastable 5u|:>ertube wraPPing GH fiber:

Bena, Puhm, Vercnocke /JL
~_ O\ f(\‘ 5 /)/T /
N

-

A\l

% °
Decays via brane-Hux annihi latlon

Mag be onlg way to construct stationaxy non-
extremal microstate geometries Gibbons, Warner






s singularitg Phgsical ? .

| o fnot Phgsical:

+ antibranes cannot coexist with Charge in Huxes

* magbe no more dS lanciscape @

) magbe Nno sgstematic way to buiH non~e><trema|

stationar9 microstate geometries (Fuzzba”s) ®

* brane O{: COdiméﬂSiOﬂ 6 - HUXCS = lOg mocles

So it must

be physical !!

\

\\f

- —k

Proof bg h
wishful thinking
_ —




s 5ingularit9 Ph sical 7

Incorrect Acl5~Cf:T) -

/

/
One should a—-Priori take onlg normalizable modes in UV,

and accePt whatever exists in the IR

Magbe, but not in AdS~-CFT

IR regulari':y crucial to relate NNM with NM. Otherwise

get wrong Dhgsic&
s AdS-QCD-CMT without incoming b.c. at black hole

o Confinement from Klebanovfrseytlin

[ Scapezi”a not easy to kill ]




s 5ingu|arit9 Phgsical ? .

* Anti-D?3 singularitg @ first-order backreaction

* Mag g0 away at full backreaction Dymarsky

+ No intention: Bena, Grana, KuPerstein, Massai

I. Eliminate IR singularitg

2a. Find full solution in an IR expansion to order T

Anti-M2‘s as well ]

2b. Examine r.h.s. of nonlinear e

> Onlg Possible solution with anti-

| [ Anti-D3‘s are siﬂgular to the bitter end ]




= s 5ingularit9 Phgsical ’?
I * lr@o@l ot J?vergent energy clensity is finite !

0%5@@ t about origjn of singularitg
- Ptgye ‘EZ@ w

\_

Klebanov

(D ki)
9mar5 9/

Prte IR action

° A]Cter Nivers {0 rest€s bulk . ~d boun&arg actions
/\ 1.’ ‘
Counter~argument: j

Horowitz-Myers

divergent IR action




s singularitg Phgsical ? -

5ingu|arit3 indicates new Plﬁgsics

~ Instabilities

~ Polarization:

Probe anti-D3’s Polarize into NS5 branes/ SEe S

this could resolve singulari‘cg 3 la Polchinski-Strassler

Smearing wipes out this Polarization channel:

PS has many channels: D5 branes/SZC T survive smearing

No smeared anti-D3+D5 — no localized anti-D3+D5 =

no localized anti-D3+NS55 branes either !l




Whg Polchinski-Strassler does not save

th@ aﬂCZlSCaPC ( revenge on Bousso-Polchinski @)

Same potential terms as in PS ! e
P Good intuition

1
Vil ) e :
(7) ~ (27n) aa7” — asT TR
T : 32
No Polarlzatlon it (gt o 0204
lLong, calculation:
| 2 1
- 3p2( PR e AR

[Coulcl have worked, but it does not ll!j




s si ngularitg Ph 95ica| >
Magbe we are not smart—-enough to understand resolution

“Good, Bad, Uglg”criterion: Gubser

Good singu arities can be cloaked bg horizon

is Phgsical DR S KT with negativc: charge

All Ks/KT black holes must have
Positive charge:
Bena, Buchel, Dias

-
Black hole in Klebanov-

Strassler/Tseytlin

y - —

Aharongj Buchel, Kerner; Buchel



s singularitg Phgsical ?
> Magbe artifact of smearing

* Localizecl anti~bran<—:s may Bl@ir ha\/e this Problem

o & | ocalized BH with anti-D?3 charge in KS exists

Can be angwhere on S’
Could be smeared

Smeared BH with negative

charge does not exist
Bena, Buchel, Dias




s singularitg Phgsical ? -

Noboclg could have Preclictecl it a~[:>riori !
No a~[:>osteriori Phgsical reason for accePting it

Severa highlg nontrivial calculations that could have

worked either for or against - all worked against




What would help

| oca

| oca

* Non-BPS solution) 2 variables

ized

Ized

anti-D?% 1in KS
BHin KS

. Separation of scales

No smeared BH solution — no localized BH solution

o |sthis alwags true 7 If not Whg 2

Solution for smeared anti-M2, anti-D2 black holes in CGLP, A8

o Would confirm whether anti-D5 story IS generic or not

o One variable - shooting or relaxation - straight?orward.



What would help i =l

) Metastable sul:)ertube solution \

* cannot smear — 2 variables !

) 4 SUPCI"tU]Z)C charges: (")") or <+;">

! & Numerics 7 ... BlackFold 7 ...

Separation of scales 7 .. Inverse scattcring ? ... Perturbative 7

* ﬁrst Fu”g-bac creacted microstate geometrg cnc a non-

extremal BH with macroscopic horizon

* existence of gazi”ions of microstates - resolve info Paraciox

» mechanism that keeps them from co”apsing into BH
(which nobocly else has ©)



Conclusions

* Probe antibranes uPIth AdS to ds

& Probe antibranes give stationarg near-extremal fuzzballs
o Backreacted antibranes have singularitg

¢ Noreasonto accept it. So far all evidence against.

Ix unphgsicalz
o Alotof string cosmolog9 and Phenomenologg to be revisited.
» SCAPEZILLA: Ads Iandscape + ds Iandscape

s Find other ways to uplhct AdS to ds (Kahler uPIiFting?

non :)Crtur]:)ative etfects 7 rxothing )

» Find other ways to build non-extremal fuzzballs (JMaRTthP@

centers ? motion on moduli space ? inverse scattering ? numerics ?)
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