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  Recent swampland conjectures imply no de Sitter vacua in string theory!    

  Popular KKLT-like de Sitter models:  

crucially involves anti-branes 

combines 10d and 4d EFT arguments 
Is there anything 

WRONG?

  In this talk:  

4d EFTs for anti-brane goldstino  

KKLT from 10d 

[Ooguri, Palti, Shiu, Vafa `18]

[Obied, Ooguri, Spodyneiko, Vafa `18]

[Dvali, Gomez  `18]

[Bandos-LM-Sorokin-Tonin`16]

[Bandos-Heller-Kuzenko-LM-Sorokin`16]

[Koerber, L.M. `08]

[Dymarsky, L.M. `10]

[Baumann, Dymarsky, Kachru, Klebanov, McAllister `10]

[Hamada, Hebecker, Shiu, Soler `18-`19]

[Moriz, Retolaza Westaphal `17]

[Carta, Moritz, Westphal `19]

[Gautason, Van Hemelryck, Van Riet, Venken `19]

[Bena, Graña, Kovensky, Retolaza `19]

[Kachru, Kim, McAllister, Zimet `19]

[Kallosh `18]



Anti-branes, goldstino and EFTs 



   KKLT anti-brane ideology h��i 6= 0
<latexit sha1_base64="erpLBlZEQwSSuq/hrOYni5Srzos="></latexit>

ds210 = e2Ads24 + e�2Ads6
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[Kachru-Kallosh-
Linde,Trivedi `03]



   KKLT anti-brane ideology h��i 6= 0
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ds210 = e2Ads24 + e�2Ads6
<latexit sha1_base64="KEdf36RRmB9V86CGTi4hISOrf+I="></latexit>

[Kachru-Kallosh-
Linde,Trivedi `03]



K = �3 log(Im⇢)
<latexit sha1_base64="ihm+152ugHNpWWAc5uc2swdmCsA="></latexit> + VD3 =

µ4

(Im⇢)2
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KKL(MM)T `03

  4d EFT? by  probe approach:

W = W0 +Ae
2⇡i⇢
N

<latexit sha1_base64="mCH/SGROHBhGaPJOugh8LPJzJZo="></latexit>

N=1 SUSY EFT

  Non-linear realizations through nilpotent superfield   

W = W0 +Ae2⇡i⇢+µ2MPS
<latexit sha1_base64="BKnjj1q5VrDhRtQxGFAcRIb+ygQ="></latexit>

S2 = 0
<latexit sha1_base64="4neLEU2NQbEwYVR3Acos2baJN8Y="></latexit>

[Ferrara-Kallosh-
Linde `14]
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K = �3 log(Im⇢�SS̄)
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(neglecting scalar and U(1) gauge field on      )D3
<latexit sha1_base64="77hLkrt3ibAHICDUmmRnLsgouP4="></latexit>

[KKLT+ Maldacena & McAllister `03]



  Does it support probe result?    Not really!

basically any potential (and non-susy interaction) can be 
supersymmetrized! 

 

  “Elementary” constrained superfields:

natural EFT in 4d spontaneous SUSY-breaking 

  Not the case in anti-brane models: alternative formulation? 

Goldstino brane [Bandos-LM-Sorokin-Tonin`16]

[Bandos-Heller-Kuzenko-LM-Sorokin`16]



Goldstino Brane

B4<latexit sha1_base64="qvflrVtd3aFHlc7Woo0742aUuFI="></latexit>

M4|4
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induced vielbein: ea(⇠) = @iz
MEM

a(z(⇠))d⇠i
<latexit sha1_base64="OyfmuIbGMKpkUTCR1/JeKoNF+bY="></latexit>

 

Simplest brane action: [f ] = (mass)2
<latexit sha1_base64="h1aM+N/PVvoMVuva4rqN9/lWLdg="></latexit>

SG = �f2

Z

B4

d4⇠ det e(⇠)
<latexit sha1_base64="ovZHeiUZ2XEjF49o/sx1f9uxg1o="></latexit>

 SDi↵(M4|4)
<latexit sha1_base64="Vd8llNdIF62rNsjFUZPkpu4XtqM="></latexit>

+ local Lorentz (local) N = 1
<latexit sha1_base64="hRwYQ51qV2t8NBdqHvto7DPlYhA="></latexit>

zM (⇠) = (xm(⇠), ✓↵(⇠), ✓̄↵̇(⇠))
<latexit sha1_base64="2XF03ha56cm3TGW8UL09CZZyl7U="></latexit>

world-volume fields: 
 Di↵(B4)
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✓↵(⇠)
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 Goldstino
<latexit sha1_base64="DL+Pgl4AfXmKxvDiV0VflvygPN8="></latexit>

xm(⇠) pure gauge
<latexit sha1_base64="fQi5Pg9c0G7MS6YZPq5u5J3tGfM="></latexit>



Goldstino Brane
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M4|4
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Simplest example: flat superspace 

 

 static gauge: xm(⇠) = �mi ⇠i
<latexit sha1_base64="3YhuOp2WiPdNOBux4eYwG00CWv8="></latexit>

Ea = �amdxm + i✓�ad✓̄ � id✓�a✓̄
<latexit sha1_base64="nqSXldXohlcOghznBsZZXHbrnJU="></latexit>

 �↵(x) ⌘ f✓↵(x)
<latexit sha1_base64="2Qub3ZBaOvpwulH4MFbmxYuraMk="></latexit>

canonical goldstino:

 ea = �amdxm + i f�2 (��ad�̄� d��a�̄)
<latexit sha1_base64="tY6NAUBnbyLDXG8nj/Z0nAJng14="></latexit>

 Volkov-Akulov 
goldstino action!

SG = �f2

Z

B4

d4⇠ det e(⇠) = �f2 + i�̄/@�+ . . . ⌘ LVA
<latexit sha1_base64="0uS7eBmDpwXK2I4P/i3NqUWPD1s="></latexit>



Goldstino Brane
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Coupling to supergravity immediate: 

S = �3M2
P

Z
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✓
W0

Z
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� f2
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Goldstino Brane
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M4|4
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Coupling to NON-supersymmetric matter, e.g. world-volume scalar         : '(⇠)
<latexit sha1_base64="+kCypiDbtiQkNmpMA0gIObal1TY="></latexit>

S = �
Z

d4⇠ det e(⇠)
�
gij@i'@j'+ V (')

�
<latexit sha1_base64="yGDMGQJ4SGgNw1K54DTbLfYUGP4="></latexit>

can be applied to scalars and vector on    

in KKLTD3

<latexit sha1_base64="77hLkrt3ibAHICDUmmRnLsgouP4="></latexit>

= �
Z

d4x
p
�g [gmn@m'@n'+ V (')] + (goldstino+gravity multiplet)

<latexit sha1_base64="pfuaoFY/eXHz+2p1jdpOXE8BJKk="></latexit>



Goldstino Brane
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M4|4
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Coupling to supersymmetric matter: 

any potential can be directly supersymmetrized! 

=

Z
d4x

p
�g V (�) + (goldstino + gravity & matter multiplets)

<latexit sha1_base64="fnIv2NyQVVEOED+9Bv4EwNIVHGU="></latexit>

�(z) = �(x) + ✓ (x) + . . .
<latexit sha1_base64="PO/DHFa821R6ZCOWv/znksh/7Do="></latexit>

�(z(⇠)) = �(x(⇠)) + f�1�(⇠) (x(⇠)) + . . .
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SG = �
Z

V (�(z(⇠))) det e(⇠)
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E.g. VD3 =
µ4

(Im⇢)2
<latexit sha1_base64="g6VE2cCQBE1/NFEq3oDVJb7Y+dM="></latexit>

in KKLT



  Nice… but a lot of freedom!

 Main point, so far: Goldstino brane as natural EFT for anti-branes 

 Matching with UV-theory?

 geometrizes (compensator) Stückelberg trick  [Delacretaz-Gorbenko-Senatore `16]

 manifest “brany” nature (GS-formulation) 

 natural coupling of brane non-susy and bulk susy matter 

application to Carlo’s constructions?

 immediate generalization to              models d 6= 4
<latexit sha1_base64="1mPbyBpwUz9MOKQGjalbRxvxAtI="></latexit>



Back to string compactifications



The KKLT scenario

 Tree-level solution
[Giddings-Kachru-Polchinski `01]

 4d EFT:
no-scale Minkowski 

vacuum

ds210 = e2Ads24 + e�2Ads6
<latexit sha1_base64="KEdf36RRmB9V86CGTi4hISOrf+I="></latexit>

W = W0 =

Z
⌦ ^G3

<latexit sha1_base64="9WZ/3yFIonH+rgLguGeQT57UoTk="></latexit>

K = �3 log(Im⇢)
<latexit sha1_base64="ihm+152ugHNpWWAc5uc2swdmCsA="></latexit>



The KKLT scenario

K = �3 log(Im⇢)
<latexit sha1_base64="ihm+152ugHNpWWAc5uc2swdmCsA="></latexit>

 4d EFT:
AdS vacuum

h��i 6= 0
<latexit sha1_base64="erpLBlZEQwSSuq/hrOYni5Srzos="></latexit>

ds210 = e2Ads24 + e�2Ads6
<latexit sha1_base64="KEdf36RRmB9V86CGTi4hISOrf+I="></latexit>

 Tree-level solution + gaugino 
condensate 

under control if: hIm⇢i ⇠ 2⇡

N
log

����
A
W0

���� � 1
<latexit sha1_base64="gXRez4qO67yLZ//+l6967ZXuwzE="></latexit>

|W0| ⇠ e�
2⇡hIm⇢i

N ⌧ 1
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|hV i| ⇠ e�
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N ⌧ 1
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W = W0+A e
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<latexit sha1_base64="Dhl38GO3gh1tZGSoeH2LS6M2lAo="></latexit>



The KKLT scenario

 Tree-level solution + gaugino 
condensate+ anti-D3-brane 

dS vacuum

h��i 6= 0
<latexit sha1_base64="erpLBlZEQwSSuq/hrOYni5Srzos="></latexit>

ds210 = e2Ads24 + e�2Ads6
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K = �3 log(Im⇢)
<latexit sha1_base64="ihm+152ugHNpWWAc5uc2swdmCsA="></latexit>

 4d EFT:
W = W0+A e

2⇡i⇢
N
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VD3 =
µ4

(Im⇢)2
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, µ4 / e4Amin
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+
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The KKLT scenario

dS vacuum

Matching with 10d?

h��i 6= 0
<latexit sha1_base64="erpLBlZEQwSSuq/hrOYni5Srzos="></latexit>

K = �3 log(Im⇢)
<latexit sha1_base64="ihm+152ugHNpWWAc5uc2swdmCsA="></latexit>

 4d EFT:
W = W0+A e

2⇡i⇢
N

<latexit sha1_base64="Dhl38GO3gh1tZGSoeH2LS6M2lAo="></latexit>

VD3 =
µ4

(Im⇢)2
<latexit sha1_base64="GCxCZcahhTH+Ir45bo9ftcWilCU="></latexit>

 Tree-level solution + gaugino 
condensate+ anti-D3-brane 

ds210 = e2Ads24 + e�2Ads6
<latexit sha1_base64="KEdf36RRmB9V86CGTi4hISOrf+I="></latexit>

, µ4 / e4Amin
<latexit sha1_base64="4MjxJGux5lyZBuz8SfRxXkAYqc4="></latexit>

+
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 The 10d perspective

 Gaugino condensate in 10d?

 Combination with anti-branes?

 Matching 4d-10d vacua:

 

 

h��i 6= 0
<latexit sha1_base64="erpLBlZEQwSSuq/hrOYni5Srzos="></latexit>

[Koerber, L.M. `08]

[Dymarsky, L.M. `10]

[Baumann, Dymarsky, Kachru, Klebanov, McAllister `10]

[Hamada, Hebecker, Shiu, Soler `18-`19]

[Moriz, Retolaza Westaphal `17]

[Carta, Moritz, Westphal `19]

[Gautason, Van Hemelryck, Van Riet, Venken `19]

[Bena, Graña, Kovensky, Retolaza `19]

[Kachru, Kim, McAllister, Zimet `19]



 The 10d perspective

 Gaugino condensate in 10d?

 Combination with anti-branes?

 Matching 4d-10d vacua:

 

 

 Strategy:

h��i 6= 0
<latexit sha1_base64="erpLBlZEQwSSuq/hrOYni5Srzos="></latexit>

 compute 10d:     

ds210 = e2Ads24 + e�2Ads6
<latexit sha1_base64="KEdf36RRmB9V86CGTi4hISOrf+I="></latexit>

TMN = T susy
MN + T h��i

MN + TD3
MN

<latexit sha1_base64="O+dcv4HEskZTHbYiTrXCumt0fSE="></latexit>

bulk + D7s

 integrated 10d EoM:   M2
P R4

<latexit sha1_base64="VgGvjr3puEYAhsfQsYLEqki0mUc="></latexit>

= �
Z

dvol6
�
e�4Agµ⌫Tµ⌫ + . . .

�
<latexit sha1_base64="bqrxixaWwP+HTebsP032nf5g4Tg="></latexit>

4Ve↵
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= 4
⇣
V bulk
e↵ + V h��i

e↵ + V D3
e↵

⌘
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Gaugino condensate in 10d? h��i 6= 0
<latexit sha1_base64="erpLBlZEQwSSuq/hrOYni5Srzos="></latexit>

 Localized gaugino coupling

SD7 �
Z

d4�

Z

⌃
dvol⌃ �� (G3 + . . .) · (⌦+ . . .)
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[Dymarsky, L.M. `10] [Kachru, Kim, McAllister, Zimet `19]

+

Z
d4�

Z

⌃
dvol⌃ |��|2 ⌦ · ⌦

<latexit sha1_base64="JNXbZTZVioHO46Ndr6gvIwgJjYE="></latexit>

�� ! h��i ⇠ e
2⇡i⇢
N

<latexit sha1_base64="ziIcuagzApoJExCKZOSehvalDQg="></latexit>

+ back-reaction (?)
[Kachru, Kim, 
McAllister, Zimet `19]

with W = WKKLT =

Z
⌦ ^G3 +Ae

2⇡i⇢
N
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= M4
P eK

�
K⇢⇢̄D⇢WD⇢̄W̄ � 3|W |2

�
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V h��i
e↵
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integrating over 
internal space

= M4
P e

K
⇥
(K⇢⇢̄K⇢W@⇢̄W̄ + c.c.) +K⇢⇢̄@⇢W@⇢̄W̄

⇤
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Summing 10d contributions h��i 6= 0
<latexit sha1_base64="erpLBlZEQwSSuq/hrOYni5Srzos="></latexit>

 Localized gaugino coupling

[Kachru, Kim, McAllister, Zimet `19]

V h��i
e↵
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= V susy
KKLT
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 Anti D3-brane: V D3
e↵ = V D3

KKLT + (subleading)
<latexit sha1_base64="rM9uC42+V4ENLlsyDtwSFYhCmGY="></latexit>

probe +        backreactionD3
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h��i
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Ve↵ = V susy
KKLT + V D3

KKLT
<latexit sha1_base64="3pzKI9NTv/YpejkwOp71VEADKuU="></latexit>

10d-4d match! [Kachru, Kim, 
McAllister, Zimet `19]

 Hence: SUSY completion through 
Goldstino brane or   S2 = 0
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Conclusion

  Goldistino brane as efficient and natural way to parametrize anti-brane EFT 
contributions 

  Main weakness: very unconstrained 

  Main (technical) issue: 10d-4d matching   

  Promising recent progress, but details to be clarified   

  dS from anti-branes require further inspection   



  E.g. More accurate probe potential from wEFT:    [LM`14-`16]

[Bandos-Heller-Kuzenko-LM-
Sorokin`16]

corrected KKLT 

KKLMMT 

e�4A = a+ e�4A0
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