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Motivations



   EFTs generically contain a Gauss-Bonnet (GB) term

<latexit sha1_base64="ZdRTEUG6xX8onCKM/v8C/JFe0A8="></latexit>

EGB ⌘ 1

32⇡2

�
RabcdR

abcd � 4RabR
ab +R2

�
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   Topological in 4d EFTs  
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   GB relevance to wormholes
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 Potentially important physical implications: axion physics 
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4d setting
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   Restrict to stretched saxionic convex hull:

cf. [Demirtas-Long-
McAllister-Stillman ’18]
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   Quantum consistency of EFT strings [LM-Risso-Weigand ’23]

<latexit sha1_base64="xBy66tqamU0TDRpY17xRcT5h0Hw="></latexit>

C̃ie
i 2 3Z�0 , 8e 2 CEFT

S

<latexit sha1_base64="ABHBCLB+5h261C3P4r4SMT0oFMo="></latexit>

r(e)  2C̃ie
i � 2 , 8e 2 CEFT

S

<latexit sha1_base64="/JJsRd9S8LMrExdM9cSMxXaM7Ig="></latexit>e

<latexit sha1_base64="xXqr+/jLxl9gi4vqIYJaKQn+tQQ="></latexit>

�(s) > 0



                    GB-term:  
<latexit sha1_base64="p4ww1veigXKOv5I7WfirjMIwVDs="></latexit>

N = 1
<latexit sha1_base64="r57oLw1ZN8caHZylZ6LwV9v2Xpw="></latexit>Z

M
�(s)EGB

<latexit sha1_base64="sHWkfazQmFwfRLPZjbqrHx6Qmj0="></latexit>

�(s) ⌘ ⇡

6
C̃is

i

<latexit sha1_base64="p4oH6mE9LvNd04Z+N3IKVE68FC8="></latexit>

�IR ' �⇤ =
⇡

6
C̃is

i
⇤

<latexit sha1_base64="l+SBiYcpoc85Nsbfau9Vv5dxCqc="></latexit>

�

<latexit sha1_base64="zVSalydJEy1AFWgIQQjdPjWTZVM="></latexit>•

<latexit sha1_base64="QYw4DeO7K5yt272ITxED9KG1/i8="></latexit>s⇤

<latexit sha1_base64="B+ZbmsN1W+Gwl4Alm2IwgtSAkKQ="></latexit>e

<latexit sha1_base64="Fw6YdKW4EMb+TlHssWef02vid30="></latexit>

�

<latexit sha1_base64="8qnPTy68CEyobyAAlF+wAGaum0Q="></latexit>

�̃
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   More generically: stretched 
saxionic convex hull
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Implications on 
wormholes                            



  Purely axionic wormholes   [Giddings-Strominger ’87, Lee ’88,…, Montero-Uranga-
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  GB-term induces large-      exponential suppression
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Outlook

  Gravitational path integral? [ … Loges-Shiu-Sudhir’ 22, AguilarGutierrez-
Hertog-Tielemans-van der Schaar-Van Riet 23]

  Scale separation and 10/11d uplift?
[ … Loges-Shiu-Van Riet ’23]

     -states and Baby Universe Hypothesis? [ Coleman-Giddings-Strominger 
’88… Marolf-Maxfield ’20, 
McNamara-Vafa ’20…]
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   Wormholes vs fundamental BPS instantons  

[Arkani-Hamed-Motl-Nicolis-Vafa ’07, 
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Harlow-Heidenreich-Reece-Rudelius ’22]
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