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  In QG models, EFTs are populated by strings (and other extended objects) 

[Polchinski ’03, Banks & Seiberg ’11, 
Halow-Ooguri ’18,…]
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N = 1 I’ll focus on ‘fundamental’ BPS strings in d=4              EFT 
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Strings in 4d?

   Perturbative axionic shift symmetries   

   Fundamental BPS strings as natural probes of asymptotic field space regions

[Misner-Wheeler ’56,…,  
Kallosh-Linde-Linde-Susskind ’95, …, 
Banks & Seiberg ’06,…,  
Harlow-Ooguri ’19]



   Warning: strong back-reaction:

IR effects out of control

bulk vacuum destroyed  

 

fields possibly driven to strongly coupled regions   

Strings in 4d?

 [Marchesano-Wiesner ’22]
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Strings in 4d?

   However, strings can still have a well defined EFT description 
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 [Lanza-Marchesano-LM-Valenzuela ’20-’21]

[…, Goldberger&Wise ’01,  
Michel-Mintun-Polchiski-Puhm-Saad ’14, Polchinski ’15…, ]

 [Marchesano-Wiesner ’22]
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  EFT string charges:

 [Lanza-Marchesano-LM-Valenzuela ’20-’21]

[Buratti, Calderón-Infante, Delgado, Uranga `21]

[Grimm, Lanza, Li `22]

[Angius, Calderón-Infante, Delgado, Huertas, Uranga `22]

[Fierro Cota, Mininno, Weigand, Wiesner`22]



Quantum consistency?

 BPS strings as quantum probes of             supergravities!
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[Kim-Shiu-Vafa `19]

[Katz-Kim-Tarazi-Vafa ’20]

[Lee-Weigand `19]

[Kim-Tarazi-Vafa ’20]

[Tarazi-Vafa ’21]

[Angelantonj-Bonnefoy-
Condeescu-Dudas’20]

  In                we cannot assume IR SCFT, 
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d = 4

   … EFT strings support weakly-coupled (0,2) NLSM!

   EFT string completeness EFT quantum gravity constraints!
 [Lanza-Marchesano-LM-Valenzuela ’20-’21]



EFT strings probing
gauge and (curvature)  terms2

[LM-Risso-Weigand ’22]
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  Gauss-Bonnet and Pontryagin terms

[…, Kallosh-Linde-Linde-Susskind ‘95, Cheung-Remmen ’16,  
GarcíaEtxebarria-Montero-Sousa-Valenzuela ’20, Aalsma-Shiu ’22, Chin Ong ’22, …]
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  The axionic couplings detect the presence of EFT strings:

 
<latexit sha1_base64="W5Z0afGHMgZtxtbF3YzMebm1RGU="></latexit>

Sbulk �
Z

aiI4,i = �
Z

dai ^ I3,i

<latexit sha1_base64="ujd2YM0FgGB4FJyuBKp9nAH7Io0="></latexit>

I4,i = dI3,i = �1

2
Ci Tr(F ^ F )� 1

48
C̃i Tr(R ^R)



  The axionic couplings detect the presence of EFT strings:

 
<latexit sha1_base64="W5Z0afGHMgZtxtbF3YzMebm1RGU="></latexit>

Sbulk �
Z

aiI4,i = �
Z

dai ^ I3,i

<latexit sha1_base64="ujd2YM0FgGB4FJyuBKp9nAH7Io0="></latexit>

I4,i = dI3,i = �1

2
Ci Tr(F ^ F )� 1

48
C̃i Tr(R ^R)

[Callan-Harvey ’85]

<latexit sha1_base64="poqxZZY3zHbb4+HToaSmTX4HwCA="></latexit>

d�I2,i = �I3,i

<latexit sha1_base64="iKgA0iiuCJxUqy1n+4cRVJPCImw="></latexit>

� Sbulk = �ei
Z

⌃
�I2,i

<latexit sha1_base64="rbYzAD2DXZC0YeMHw+cSopF3+es="></latexit>

6= 0

<latexit sha1_base64="LNe19NKbnf+qwjhvkmWkgvQ3Clc="></latexit>

d2ai = ei�2(⌃) 
<latexit sha1_base64="UwJX1dnUFNxFBwOnfwvvB5+ZJTU="></latexit>

⌃



  Anomaly inflow must be cancelled by world-sheet `t Hooft anomaly
[Callan-Harvey ’85]
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   Weakly-coupled (0,2) NLSM on EFT string:
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  Anomaly matching +                                      EFT constraints!
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Simplest example
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UV test: O3/D3 models
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UV test: heterotic models
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Conclusions

   EFT strings are physical probes of asymptotic field space regions 

   Constraints on gauge and (curvature)   sectors 

   Positivity of GB terms and upper bounds on gauge group ranks   

   All bounds microscopically satisfied (… so far) 
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   Richest testing class of models: F-theory! -> Timo’s talk
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A subtle contribution

   Axionic strings in 4 dimensions can support additional term                                  [Witten `96]

[Becker-Becker `99]

contributes to anomaly inflow and anomaly matching
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