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On the Uses oF Antibranes
SCAPEZILLA

e —— R RS S,

| losit Bena
|
| IPhT, CEA-Saclay {
| { Johan Blaback, Alex Buchel, Ulf Danielsson, Oscar Dias,
| Mariana Grafia, Nick Halmaggi, Stanislav Kul:)erstein,
_? Stefano Massai, Giulio Pasini, Andrea Puhm,
f David Turton, Bert \/ercnocke, Thomas Van Riet

A Johr
gy Templeton

(S

.."n-...:;.
.9 S _ 908"
a o v
. -;"0000
" mee Qa0 »
‘Jee ® 0 ® Agence Nationale de la Recherche
a3 ] — N—
DR 1 1
e Y ’
%0 %age
‘o0 & °w oe®
- » “.0‘,093. |
« ® *eo 4"
- 9.‘ . o « -

Foundation BRNC | A Y




e T P—

- i e e P it ke e T el e i e ——— e B

i
B P it g, Rl sy, ] -

Metastable vacua

o Existin gauge theories

) 4 N:] SQCD Intriligator, Seiberg, Shih
2 4 LOtS OF Otl’!ér ’EI’ICOFiCS everybody and their brother

o No tgpe A realizations of metastable vacua

Bena, Gorbatov, Hellerman, Seiberg, Shih;
Ooguri, Ookouchi; Franco, Uranga
Mukhi, Suryanarayana
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No lJA brane realization

|
o N=] engineerecl with D4 + NS5

e D4 ends on codimension 2 line inside NS5 |

o Endof D4 branes sources log mode on NS5

* NSH brane bencliﬂg

/

& Log running O1C NERCOb Dling constant  witten

° Ting IR Perturbation = log = UV messed up

ditferent UV & not vacua of the same theorg
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Bena, Gorbatov, Hellerman, Seiberg, Shih ;
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Klebanov-Strassler (AdS-CFT)

125 charge

- . O
.......
s ~

dissolved in fluxes 2-sphere

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

3-sphere
Add anti-D?3 Probe at tiP

anti-D?% tunnel and annihilate D3 charge in flux
clecag to BPS solution

Kachru Pearson Verlinde

lgnoring backreaction = Metastable Maldacena Nastase (similar)

i
S — e - il . e ——
rr\-.-r_w AT —— = — e s



- - ——

—

- e il e e

B A e sgmn e — i i

| Big Question

s anti-D3 1n KS rea”g metastable 7

o Fluxes = KS field ~ Iog I "

/] Encocles Iog running oF coupling constant
1 1
RSy = / BQ ~ log’r
SZ

* Anti-D5 couple to this field

* [|A intution = metastabilitg = artifact of Probe ApProx.

Backreaction = log messed up =
strong effect at © (non-normalizable) = not metastable

Are any other anti-branes metastable 2
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- Whg imPortant? :

Antibranes = Bread & butter for two different felds
XS String Phenomenologg and Cosmologg

* Flux compacthqcations -> AdS lanclscape
* Antibranes uplhct A to get de Sitter, String | nflation

» Black Hole Information Paradox
o Need Structure @ Horizon (Fuzzball, Firewall)
o Constructed for extremal (5USY) black hole
= black-hole-like entropy ! talk by Shigemori

o Antibranes give onlg 595tematic method to build
structure @ non-extremal horizon

Bena, Puhm, Vercnocke; Gibbons, Warner
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Flux comPactiﬁcations - AdS
S

anti-D3 down long KS-like throat& =
redshift = tunably-small energy -

lift AdS to dS KKLT, ~2000 others

energy not tunably-small -

moduli stabilization messed up

if anti-D3 non—normalizably

Anti-branes in String Cosmologg




SCAPE - ZILLA
* 4D N=l gauge theories have log running = anti-

D3 in any Iong throat clﬁange NNM

+ No vacuum uplhct bg sma”~energ9 !
anti-D3 gjve O ) contribution !

* Similar for D7 + anti-D3, other uplhcting scenarios
. String Theorg has Lanclscape ot AdS vacua

@ | ands %F ds vacua

CBPC O
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3-sphere

==
First stcp -smear anti-D3’s
Solution (T)
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Perturbation theorg in anti-D% number

o 8 modes: second-order nonlinear egs.
r

‘ \;I
<O 501\/661 them a” 1] Havmgsmartgraci |

students does not hurt
\_ )

| dim A | non-norm/norm int. constant

| 8 e Yy/ Xy

i 7 R Y5/ Xe

| 0 7“2/7“_6 X3/Y3

| 5 i

| 4 s Y7,Ys, Y1/ X5, X4, Xg
3 7“_1/7“_3 X2,X7/Y6,Y2

| 2 e

_____( Solution MUST have infrared siﬂgularit9 1 |
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. M~theor9 version of KS - M2 charge in flux

Other anti-branes - similar singularities

Cvetic, Gibbons, Lu, Pope (CGLP)

) Probe anti-M2 = metastable \- v - |
Klebanov, Pufu 3—spher'e_i_

” , ; 4—sphere?
o Backreaction — singu arnty ! -

Bena, Giecold, Grana, Halmagyi, Kuperstein, Massai

e anti-D6 + D6 Charge in fluxes

Blébéck) Danielsson, Junghansj Van Riet, Zagermann

® anti—-DZ il’] CGLP) anti~DZ iﬂ A8 Giecold, Orsi, Puhm

* Localized anti-D3 also singular

Gautason, Junghans, Zagermann
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What can we do about singularitg

| It not Pﬂgﬁlcal ->no (KKLT) UPIHCtIﬂg mechanism -> no |
; ds lana scape . . . so it must be Ph?cal\kﬂ"omc by wishtul tlﬁmklﬂgj

One should a~Prxor| turn o non-normalizable modes in |
@AV and accel:)t whatever exists in thel\( Incorrect Ads- CF‘T)

)

Anti-D3 singularitg @ first-order backreaction Dymarsky

Magbe it goes away at full backrcac’ﬁ/ It doesn’t ! j

’ Bena, Grana, KuPerstein) Massai
N

~ ~ o3 clc—:nsitg but finite IR action.
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Singularitg may indicate new Phgsics 5

* | gﬂOf’CCl degrees O‘F Freeclom

« Polarization

< Tachgons / Other instabilities

* Probe anti-D?’s Polarize into NS5 branes/S2c S?

* Many anti-D3 near North Pole: solution ~ ACl55 x 57

* Singularitg could be resolved bﬂ brane Polarization
(3 la Polchinski-Strassler)
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Polchinski-Strassler in one slide

* ACLS5 x S’ Perturbed with 3 forms ©
N=4 SYM + fermion masses (N=1*)

& Force D% branes to Polarize~ D5/S*cR’
NS5/S*cR 1, (P q)ﬁ/obllque S*

brane-brane

MZin A<3154~><57 similar storg ] potential
S M5/S'CR* or M5/SICRY L /e tooey

Bena (ZOOO) :

VMo—M5 = ag a4




antiM2-M5 Polarization in CGLP

Calculate smeared transverse-channel Potential (M5/S3 < Stenzel)!:

2 2
TR 6 Ex e e 2N 3 U4 o 2
V= (p) = agp” — asp™ + azp Vasp® — 5 Tt oo

Same as localized transverse-channel Potential Hi |
SUSY +1.=2 part find K-Pufu channel (M5/5%c S*e Stenzel)

= e -

i
.’
i 2

? KP 3 a4 031 2 6 b A i
| VE5(0) = | Vagh® — Q1 + | — —ay |05 =agl0® = a0+ d>0
|

2./ag dag
2 3 o : ,
e _Ze—Gao(O) , (bl i §b2> Bena, Grana, Kupers’cem, Massali

| | anti-M2 branes are tachgonic Hi ]_ __ |




 What about anti-D%’s

& Transverse channel: D5/S2e T

« Potential has b, contributions ‘

Polchinski, Strassler; Zamora

® {: ., : »
susg/ ermion mass: m PN
* gaugino mass: m’ '
* | =2 modes: U1 and U2
6)4
e o, 3 T 2
VB3 ngs = G4 N azf” + Npgazl
D3
2 Disentangle (0,%) and (2,)) forms
4

®* 4,15 exactlg zero !

~
anti-D?3 also

* Other directions negative !!! h o |

Bena, Grana, Kuperstein, Massar, 410.7776 taC 9OHIC R
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*» “Good, Bad, Uglg”criterion: Gubser

Good singu arities can be cloaked bg a horizon

o If Phgsical = 3 BH in KS/KT with negative D% charge {

T]"HS Hack I"IOIC cannot l’xave

negative D% brane charge:
Bena, Buchel, Dias

Neither can a localized KS black hole
Blébéckj Danielsson) Junghansj Van Riet, Vargas

( Smeared black hole in

\KIebanov-StrassIer/ Tseytlin

Aharong, Buchelj Kerner; Buchel
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s singularitg Phgsical 23

Noboclg could have Preclicted it a~|:>riori !

No a~Posteriori Phgsical reason for accepting it

Severa

WO rkec

highlg nontrivial calculations - that could have

either for or against - all worked agaiﬂst

Underlying PFO]DlCm T brane~brane~repe”ingtachgon
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Romanian Proverb: if 3 People tell you h

that you are drun K, O and take a nap !
J

-

\_

Phgsics Version: it b, calculations tell you that
something does not work, magbc it is time to gyve it up)

\

s
Y — m—— - e -




- ————. d =

- e il e e

.

B B vl g, e s— iy

Caveats
« Antibranes in Klebanov-Strassler/CGLP

> Prototgpical long Warpccl throat - upli{:ting AdS

o Other antibranes in other regions may be OK Hartnett |
~ irrelevant 1Cor UPllpElﬂg and ClCSittCF Junghansj Schmicl‘tJ Zaggerman ir

» All our calculations so far done Forg N> 1

* KPPV Probe calculation e g N «I -~ whg not OK 7 hﬁ) f&t
* Anti-D3 branes in KS Polarized into NS5 branes kpv =

» tension of NS5 brane ~ g

* RPOIarization sz 4 String — stringy curvature for g N <
+ Correct regime for metastable anti-D3 in KS is g N>

Bena, Grana, Kupers’cein) Massai




Antibranes @ g N «]

Miche , Mintum, Po chinski, Puhm, Saad; Bena, Blébéck, Turton (to aPPCar)

& One or a few antibranes (sti” OK for ds uplhcting)

f « Brane effective action

B w8 e g il R g e

* Corrections to brane-brane potential
m2 ¢2
P06k

e R T T T T — - e o —— e - e —— ¥



iy =

e T P—

- i e e P it ke e T el e i e ——— e

i
e e g e — -

A few anti-D3 branes at the bottom of KS
= T [ Kmn®™ o™ + gyare™ ((S)U il + h.c.)
+ gyar€ " (Gimn @' 0™ ¢" + h.c.)
+ gymeij¥' |87, V"] + g9ar 0™, 9767, 0] }
1

i (6" Gris + 6" Grii)

Tree level:

Y EoE Flat potential alongtlﬁe 57
Vireo lovel = Mr0ij "9 , A
+myp(X7 + X5 + X5+ Y7 + Y5 +Y3)
+mp(X7 + X5 + X3 5 Yi s Y32))

N

i

N=4 = N=]* = N=0*

Bena, Blaback, Turton (to aPPear)

B oy 5 TR g S 2 S
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Loop corrections
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Truncation to massless open string states - gauge theorg |oops

This N=O* theory = Finite to all orders in perturbation theory !
& 2 'y
Parkes, West; Jack, Jones

Brane-brane Potential along S isflat!
Bena, Blaback, Turton (to 83P68r>

AlSO ﬂat at N > ] Bena, Grana, Kuperstein, Massai
5 P

Unlikelg to be nonzero at intemediate g N
If alwags ﬂat, brane-brane rePe”ing tachgon alwags there
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Conclusions

B 7

* Probe antibranes uPIiF’c AdS to ds

* Probe antibranes gjve structure at non-extremal horizons

* Backreacted antibranes have singularitg - no horizon cloaking.

* Brane~brane~repe”ing tachgon in two regimes

* No calculation for single anti-D?3 96‘[ (in the making, Iog clgnamics) gll
|

L ooks like ...

e Alotof string cosmologg and Phenomenologg to be revisited
e SCAPEZILLA: Ads landscape + ds landscape

e Find other ways to uplhct AdS to ds (nothing? )
e near-extremal fuzzba”s are in fact unstable

o imPIications for builcling firewalls in string theorg
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Other uplif’c mechanisms

XS Aﬂgthing that contains incarnations of anti-

D3 branes = essentia”g doomed

o D7 with anti-D3 charge on their worldvol

* Compactiﬁcations with flux-antiflux ©

geometric transitioned anti-D%’s
Aganagicj Heen, Seok, \/aFa; Aganagic, Beem, Kac

umec

U

o Certain Kahler uPIiFt models © flux-ant

p—
—

iﬂ |~ COrg Rummel, Westpha

Not too much left ...
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|s tachgon rea”g bad 7

XS Taclﬁyon favors brane Polarization

A].
R vl =g —-mr§—~mT r

tiP

2N

* | ooks metastable it one considers

spherica||3~55

® In Fact unstab

mmetric fluctuations onlg

e once you consider modes

Dreaking spherical sgmmetrg

* You can get clS vacua but theg are a” unstable




