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Motivations



   In string theory models, plenty of fundamental 4d 
axions 
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� = veia
[Reece ’18]

   Naturally associated with fundamental axionic strings
[Reece ’18]



  More generically, fundamental strings are required by quantum gravity 
principles:

[Polchinski ’03, Banks & Seiberg ’11, 
Halow-Ooguri ’18,…]

Completeness hypothesis    
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No global symmetries in QG 
[Misner-Wheeler ’56,…, 

Kallosh-Linde-Linde-Susskind ’95, …, 
Banks & Seiberg ’06,…, 

Harlow-Ooguri ’19]
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 Completeness really justifi
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 at best, perturbative axionic shift 
symmetries w.r.t.           
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   No adjustable couplings in quantum gravity:
 [Ooguri-Vafa ’06]

<latexit sha1_base64="tTqMrEqkzZSvfh3yrxtL1645Gec="></latexit>

g = g(�)

   Fundamental strings as natural probes of asymptotic field space regions



            models and EFT strings
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N = 1
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N = 1 I’ll focus on ‘fundamental’ BPS strings in d=4              EFT [Reece ’18]

 [Lanza-Marchesano-LM-Sorokin ’19]

   Warning: strong back-reaction:

IR effects out of control

bulk vacuum destroyed  

 

fields possibly driven to strongly coupled regions    [Marchesano-Wiesner ’22]



   However, strings can still have a well defined EFT description 
[…, Goldberger&Wise ’01, 

Michel-Mintun-Polchiski-Puhm-Saad ’14, Polchinski ’15…, ]

 [Lanza-Marchesano-LM-Valenzuela ’20-’21]
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   Perturbative region:
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EFT strings

 
<latexit sha1_base64="cAzbX+f9385SyxbVLFhyGP1D/Hw="></latexit>

{si} 2 {saxionic cone}

<latexit sha1_base64="CVLA5mem+z9ZvGmEqMSm3DquCOM="></latexit>

M

<latexit sha1_base64="yotv2BHBwjNjuBpcULi03LORq1A="></latexit>

ai ' ai + 1
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   Perturbative region:
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EFT strings

 [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]

[Marchesano, Wiesner`21]

[Wiesner`22] [Marchesano, Melotti`22]
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Quantum consistency?

 BPS strings as quantum probes of             supergravities!
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d � 5

[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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Quantum consistency?

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

   EFT string completeness

EFT quantum gravity constraints!

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

+ bulk+string EFT quantum consistency
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   F1 strings in heterotic models

EFT strings in UV-complete models

  D3 on movable curves in F-theory

  NS5 on nef divisors in IIA and 
heterotic models 

 

CS strings in IIB & heterotic 

M5/D4 on calibrated cycles 
dual to stable 3-forms

… 
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EFT strings probing
gauge and (curvature)  terms2

[LM-Risso-Weigand ’22]



  Bulk perturbative gauge group: 
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  Gauss-Bonnet and Pontryagin terms
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<latexit sha1_base64="EgYhEr7mCtOGWzrk6k92Wtow8lo="></latexit>

� 1

48

Z
(C̃is

i + . . .) [Tr(R ^ ⇤R) + . . .]� 1

48

Z
(C̃ia

i + . . .) Tr(R ^R)

<latexit sha1_base64="J/z/qhcAJvIuQR4rcgf32piK1Sg="></latexit>

Cis
i > 0



  The axionic couplings detect the presence of EFT strings:
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  Anomaly inflow must be cancelled by total world-sheet anomaly [Callan-Harvey ’85]
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   Weakly-coupled (0,2) NLSM on EFT string:
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   Weakly-coupled (0,2) NLSM on EFT string:

  Anomaly inflow must be cancelled by total world-sheet anomaly [Callan-Harvey ’85]
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   World-sheet anomaly:
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  completness + anomaly matching                                      QG bounds!

<latexit sha1_base64="Qu8xzw/Cf7+15F7jplVZvdEnTRQ="></latexit>

C̃is
i > 0

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

C̃ie
i 2 3Z�0 , 8e 2 CEFT

S
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  possible stricter bound                                   from UV information                                          
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Examples and UV tests



Simplest example
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UV test: O3/D3 models
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UV test: F-theory models

  Detailed world-sheet spectrum worked out in                                     [Lawrie, Schafer-Nameki, Weigand ’16]
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UV test: F-theory models
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UV test: F-theory models

  Example 2:                                    
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r(e2)
strict
max = 28 + 10n

<latexit sha1_base64="IWO70yMul8i/19qQhOvP/maqor0="></latexit>

⌃e1

<latexit sha1_base64="7ywfhSDvzErEAj861mf1XlyEsog="></latexit>

⌃e2

 

 
<latexit sha1_base64="WxN5X/FAOCTr6UD/r9fsvopPcCU="></latexit>

< r(e2)max = 34 + 12n

<latexit sha1_base64="0tDMleLxGiRndcCkGg6xjHPHS0c="></latexit>

< r(e1)max = 22

<latexit sha1_base64="/44EfnC97U6s0F9q0z8qAijnAEY="></latexit>

n � 0

<latexit sha1_base64="N/Z45tt7JCzmrzhoSK94OjUjAjo="></latexit>

CEFT
S = {movable curves ⌃e}



NS5/M5 on nef divisors

 

 

UV test: heterotic models

+ bundle + bulk NS5s
<latexit sha1_base64="aYqtPa4W6QBOkotdmYAQoU9AxBo="></latexit>

C̃i                                    
<latexit sha1_base64="nwHU/HjeecpbW/9gWtz7TF5MQk8="></latexit>

c2(CY3)

F1/M2

<latexit sha1_base64="/BgxDG73ENPG4pXEfPgfXOouO94="></latexit>

r(eF1/M2)  22 [Kim-Tarazi-Vafa ’20]

<latexit sha1_base64="seHEsfg0RvQPNbpDSPlcapbJiXA="></latexit>

r(eNS5/M5)  34 + 12n

  EFT strings:                                

<latexit sha1_base64="MDwiMFLTQUsO1ekCPfdbQvsXrUo="></latexit>

P2

 

 



A subtle contribution

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

[Becker-Becker `99]
<latexit sha1_base64="g8Hzrv6o09RW2JqBEoazT87T/rc="></latexit>

� 1

24
Ĉijke

jek
Z

⌃
dai ^AN

   It appears on EFT strings whose flow identifies a preferred 5th dimension                                 

<latexit sha1_base64="OSfmUa65J1Guwcd/3O6IoSXeTpU="></latexit>

U(1)N

<latexit sha1_base64="UwJX1dnUFNxFBwOnfwvvB5+ZJTU="></latexit>

⌃

<latexit sha1_base64="nii0XHtmqtQ2DR6C0CUQYn87WaI="></latexit>

De



A subtle contribution

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

[Becker-Becker `99]

contributes to anomaly matching

<latexit sha1_base64="g8Hzrv6o09RW2JqBEoazT87T/rc="></latexit>

� 1

24
Ĉijke

jek
Z

⌃
dai ^AN

<latexit sha1_base64="OSfmUa65J1Guwcd/3O6IoSXeTpU="></latexit>

U(1)N

<latexit sha1_base64="UwJX1dnUFNxFBwOnfwvvB5+ZJTU="></latexit>

⌃

<latexit sha1_base64="TKx5/eRvvQJtzz/NGQmsj0EG8m4="></latexit>

r(e)  2C̃ie
i + Ĉijke

iejek � 2 , 8e 2 CEFT
S

<latexit sha1_base64="XFQacbMmzS83+vg84nbJcJy+jDk="></latexit>

C̃ie
i + Ĉijke

iejek 2 3Z�0 , 8e 2 CEFT
S



Conclusions

   EFT strings are physical probes of asymptotic field space regions 

   Bounds on gauge and (curvature)   sectors 

   Positivity of GB terms  

   All bounds microscopically satisfied (… so far) 

 

 

2

   In UV-complete models, these QG bounds may provide non-trivial 
geometrical information

   Upper bounds on gauge group ranks set by GB term   



Future directions

   Phenomenological implications?    

   Extension to fundamental membranes?  

   Stückelberg gauging of axion and 2-form symmetries?

   Bounds on matter representations? 





   Perturbative region:
<latexit sha1_base64="HXK9A1ub/vC6NMctV09cm5zCuRU="></latexit>

ti ⌘ ai + i si

EFT strings

   BPS string flows:
<latexit sha1_base64="hQeNcXL2lRwPSjvZ4GDbGPul2mQ="></latexit>

e = {ei}
[… Greene-Shapere-Vafa-Yau ’90,

Dabholkar-Gibbons-Harvey-Ruiz Ruiz ’90, … ]

<latexit sha1_base64="gaRncO04qSgAp0bSS87VZQLEcLM="></latexit>e

<latexit sha1_base64="CVLA5mem+z9ZvGmEqMSm3DquCOM="></latexit>

M

<latexit sha1_base64="yotv2BHBwjNjuBpcULi03LORq1A="></latexit>

ai ' ai + 1



 

[Grimm, Lanza, Li ’22]

<latexit sha1_base64="b9x9o3Seqvb1KGkHRHrXJ7HOrX8="></latexit>

Te ! 0

 

[Ooguri-Vafa ’06]

<latexit sha1_base64="COl+Cxw2Pa8eRkGz5fo4EyUCWIs="></latexit>

e 2 CEFT
S

<latexit sha1_base64="CVLA5mem+z9ZvGmEqMSm3DquCOM="></latexit>

M

<latexit sha1_base64="LNMmdsMDkzW76S9wC5a7q6ZTRNw="></latexit>

m2
UV-tower ⇠ M2

P

✓
Te
M2

P

◆we
<latexit sha1_base64="IlBZYuVg+DiDCqLZuVYXg8XVC2A="></latexit>

we = 1, 2, 3

 

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

EFT strings and infinite distances



                                      
<latexit sha1_base64="XQnWT+2WslMB5i2r1cVUDbq6U/I="></latexit>

CEFT
S = {movable curves Se}

<latexit sha1_base64="OFxBRqBaQ7aqaYGklOW2g4YEanY="></latexit>

C̃ie
i = 6⌃e ·KX 2 3Z�0

<latexit sha1_base64="xYW2rl+PzGoJ9R15aQr4oTZDG9I="></latexit>

⌃e

<latexit sha1_base64="g1XG0JrCp/L/i4jBz/BxIfNCm4o="></latexit>D

<latexit sha1_base64="5nBWrxI+ppoj3nTqhSxdz3HDK78="></latexit>

X

UV test: F-theory models

  Example 1:                                    
<latexit sha1_base64="w+Ns3dyS4y+CxmNJCfGp1GdRihQ="></latexit>

X = P3
<latexit sha1_base64="F7+d803fA+wXA6gkNy+DNVPRq+I="></latexit>

⌃e = P1 ⇢ P3,

<latexit sha1_base64="QxCJm5qdE+P9K3PCn/xnx+PvYXY="></latexit>

r(e)strictmax = 10⌃e ·KX � 2 = 38
<latexit sha1_base64="MiHmqysC2nl3qjzcbCwiS+V01H0="></latexit>

P1

<latexit sha1_base64="fjAg6wt3vv7DEwAUg+IqeV4mqeA="></latexit>

P3


