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Motivation

1

•Geometric string compactifications have given much insight into  
quantum field theory and quantum gravity theory. 
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quantum field theory and quantum gravity theory. 

•String theory most powerful if the compactification manifold is singular  
 string theory treats singularities different from point-particle theories  

     e.g. at conifold or orbifold singularities. 
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•Local singularities  field theory subsector↔

•Of particular interest are, of course, Calabi-Yau manifolds for which  
the physics at local singularities is very well understood  
(see e.g.                                                           for conifolds in CY3-folds)[Strominger ’95; Ooguri, Vafa ’96] 
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Motivation

1

•Geometric string compactifications have given much insight into 
quantum field theory and quantum gravity theory. 

•String theory most powerful if the compactification manifold is singular  
 string theory treats singularities different from point-particle theories  

     e.g. at conifold or orbifold singularities. 
→

•Local singularities  field theory subsector↔

•Of particular interest are, of course, Calabi-Yau manifolds for which  
the physics at local singularities is very well understood  
(see e.g.                                                           for conifolds in CY3-folds)[Strominger ’95; Ooguri, Vafa ’96] 

•For quantum gravity: more severe singularities are interesting. 
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•To test string theory implications for quantum gravity, have to study  
compactifications on severely degenerating manifolds 
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•To test string theory implications for quantum gravity, have to study  
compactifications on severely degenerating manifolds 

•Unlike local degenerations these degenerations are at infinite distance in  
the classical complex structure moduli space. 
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Motivation

2

•Unlike local degenerations these degenerations are at infinite distance in  
the classical complex structure moduli space. 

[Ooguri, Vafa ’06; Lee, Lerche, Weigand ’19] 

•Infinite distance limits in c.s. moduli space have been studied extensively  
studied in the context of Distance and Emergent String Conjecture  

see [Grimm, Palti, Valenzuela ’18; Grimm, Li, Palti ’18; Joshi, Klemm ’19; Grimm, v.d. Heisteeg ’19;  
Grimm, Li, Valenzuela ’19; Grimm, Ruehle, v.d. Heisteeg ’19; Grimm, Monnee, v.d. Heisteeg ’21;  

Alvarez-Garcia, Kläwer, Weigand ’21;  Lee, (Lerche), Weigand ’21;  
Calderon-Infante, Ruiz, Valenzuela ’22; v.d. Heisteeg, Vafa, MW, Wu ’22; Alvarez-Garcia, Lee, Weigand  ’23;  

v.d. Heisteeg ’24; Hattab, Palti ’24-’26; Grimm, v.d. Heisteeg, Revello ’25; …] 

•To test string theory implications for quantum gravity, have to study  
compactifications on severely degenerating manifolds 
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•Many of these studies focus on the classical effective action obtained from  
dimensional reduction of  Type II string theory/F-theory  

 actual geometry does not play too much of a role! →
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•Many of these studies focus on the classical effective action obtained from  
dimensional reduction of  Type II string theory/F-theory  

 actual geometry does not play too much of a role! →

•Instead e.g. in 8d and 6d compactifications of F-theory, degenerate geometry  
plays  a crucial role in understanding the asymptotic theories of  
quantum gravity! [Lee, Lerche, Weigand ’21; Alvarez-Garcia, Lee, Weigand  ’23] 
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Alvarez-Garcia, Kläwer, Weigand ’21;  Lee, (Lerche), Weigand ’21;  
Calderon-Infante, Ruiz, Valenzuela ’22; v.d. Heisteeg, Vafa, MW, Wu ’22; Alvarez-Garcia, Lee, Weigand  ’23;  

v.d. Heisteeg ’24; Hattab, Palti ’24-’26; Grimm, v.d. Heisteeg, Revello ’25; …] 

•Many of these studies focus on the classical effective action obtained from  
dimensional reduction of  Type II string theory/F-theory  

 actual geometry does not play too much of a role! →

Here: study compactifications to 4d and use the relation  
geometry of semi-stable degenerations  string solutions  

to infer information about QG theory!
↔

[Lee, Lerche, Weigand ’21; Alvarez-Garcia, Lee, Weigand  ’23] 

•Instead e.g. in 8d and 6d compactifications of F-theory, degenerate geometry  
plays  a crucial role in understanding the asymptotic theories of  
quantum gravity!



  Max Wiesner       Geometry and Physics of Degenerating Calabi-Yau 3- and 4-folds           Strings & Geometry            20/05/2026

General Logic

4

Geometry of Degenerations of Calabi-Yau 3- or 4-fold 

[(Hassfeld), Monnee, Weigand, MW ’25, Kaufmann, Monnee, Weigand, MW ’26] 
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Non-perturbative Physics of the effective 4d action 

Classical effective  
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WS theory  
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WS theory  

on String Solutions🤝
Weakly-coupled  

duality frame

[(Hassfeld), Monnee, Weigand, MW ’25, Kaufmann, Monnee, Weigand, MW ’26] 



  Max Wiesner       Geometry and Physics of Degenerating Calabi-Yau 3- and 4-folds           Strings & Geometry            20/05/2026

General Logic

4

Geometry of Degenerations of Calabi-Yau 3- or 4-fold 

Worldsheet theory of String Solutions 

Non-perturbative Physics of the effective 4d action 

Classical effective  
Action

WS theory  
on String Solutions🤝

Non-perturbative  
corrections to effective action

Classical effective  
Action

WS theory  
on String Solutions🤝

Weakly-coupled  
duality frame

[(Hassfeld), Monnee, Weigand, MW ’25, Kaufmann, Monnee, Weigand, MW ’26] 



  Max Wiesner       Geometry and Physics of Degenerating Calabi-Yau 3- and 4-folds           Strings & Geometry            20/05/2026

General Logic

Geometry of Degenerations of Calabi-Yau 3- or 4-fold 

Worldsheet theory of String Solutions 

Non-perturbative Physics of the effective 4d action 

Classical effective  
Action

WS theory  
on String Solutions🤝

Non-perturbative  
corrections to effective action

Classical effective  
Action

WS theory  
on String Solutions🤝

Weakly-coupled  
duality frame



  Max Wiesner       Geometry and Physics of Degenerating Calabi-Yau 3- and 4-folds           Strings & Geometry            20/05/2026

Geometry of Calabi-Yau Degenerations
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•Consider a Calabi-Yau n-fold . V
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Geometry of Calabi-Yau Degenerations

5

•Consider a Calabi-Yau n-fold . V

•The complex structure moduli space  of  contains loci at which   
is singular

ℳc.s. V V

dimℂ(ℳc.s.(V )) = {h2,1 CY threefolds
h3,1 CY fourfolds

ℳcs(V )
Δ1

Δ2
ΔC
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Geometry of Calabi-Yau Degenerations

5

•Consider a Calabi-Yau n-fold . V

•The complex structure moduli space  of  contains loci at which   
is singular

ℳc.s. V V

•Here: interested in loci  where  undergoes  
           semi-stable degeneration

Δ = {z = 0} ⊂ ℳc.s. V

dimℂ(ℳc.s.(V )) = {h2,1 CY threefolds
h3,1 CY fourfolds

Vz → V0 =
m

⋃
i=1

Vi

Vi =̂ n − folds
c.f.  [Kulikov ’77, ’81; Persson, Pinkham ’81; Lee, (Lerche,) Weigand ’21] for 

K3 degenerations. 

ℳcs(V )
Δ1

Δ2
ΔC
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• Properties of the degeneration encoded in the intersection pattern of  in Vi

Classification of Semi-Stable Calabi-Yau Degenerations

6

[Monnee, Weigand, MW ’25 (1)] 

Vz → V0 =
m

⋃
i=1

Vi
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• Properties of the degeneration encoded in the intersection pattern of  in Vi

Classification of Semi-Stable Calabi-Yau Degenerations

6

[Monnee, Weigand, MW ’25 (1)] 

Vz → V0 =
m

⋃
i=1

Vi

• Simplest case: -   only one non-trivial double -fold  m = 2 → (n − 1)

V12 = V1 ∩ V2

- Calabi-Yau condition for  implies that  is CY -fold Vz V12 (n − 1)
- Dual intersection graph of  is simply an interval V0 V1 V2

Tyurin degeneration of n=3 
 [Tyurin ’03]
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• Properties of the degeneration encoded in the intersection pattern of  in Vi

Classification of Semi-Stable Calabi-Yau Degenerations

6

[Monnee, Weigand, MW ’25 (1)] 

Vz → V0 =
m

⋃
i=1

Vi

• Coarse classification of degeneration now depends highest co-dimension of non-trivial  
intersection:  

 can define an integer  such that for given degeneration → d

• Simplest case: -   only one non-trivial double -fold  m = 2 → (n − 1)

- Calabi-Yau condition for  implies that  is CY -fold Vz V12 (n − 1)
- Dual intersection graph of  is simply an interval V0 V1

Vi0,…,id = Vi0 ∩ … ∩ Vid ≠ ∅ , for some i0 < … < id

Vi0 ∩ … ∩ Vid+1
= ∅ , for all i0 < … < id+1

(  in the  
above  example)

d = 1
m = 2

V2

V12 = V1 ∩ V2
Tyurin degeneration of n=3 

 [Tyurin ’03]
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Classification of Semi-Stable Calabi-Yau Degenerations

7

• Define an integer  such that for given degeneration d

Vi0,…,id = Vi0 ∩ … ∩ Vid ≠ ∅ , for some i0 < … < id

Vi0 ∩ … ∩ Vid+1
= ∅ , for all i0 < … < id+1

- Calabi-Yau condition of    are Calabi-Yau -folds. Vz ⇒ Vi0…id (n − d)

- dimension of the dual intersection graph Π(V0) dimℝ(Π(V0)) = d

- for Calabi-Yau -fold have n d ∈ {1,…, n + 1}
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Classification of Semi-Stable Calabi-Yau Degenerations

7

- Calabi-Yau condition of    are Calabi-Yau -folds. Vz ⇒ Vi0…id (n − d)

• Define an integer  such that for given degeneration d

Vi0,…,id = Vi0 ∩ … ∩ Vid ≠ ∅ , for some i0 < … < id

Vi0 ∩ … ∩ Vid+1
= ∅ , for all i0 < … < id+1

- dimension of the dual intersection graph Π(V0) dimℝ(Π(V0)) = d

- for Calabi-Yau -fold have n d ∈ {1,…, n + 1}

 matches coarse classification obtained from Mixed Hodge Structure on .→ ℳc.s(V )
see [Grimm, Palti, Valenzuela ’18; Grimm, Li, Palti ’18; Grimm, Li, Valenzuela ’19] 
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Classification of Semi-Stable Calabi-Yau Degenerations

7

- Calabi-Yau condition of    are Calabi-Yau -folds. Vz ⇒ Vi0…id (n − d)

• Define an integer  such that for given degeneration d

Vi0,…,id = Vi0 ∩ … ∩ Vid ≠ ∅ , for some i0 < … < id

Vi0 ∩ … ∩ Vid+1
= ∅ , for all i0 < … < id+1

- dimension of the dual intersection graph Π(V0) dimℝ(Π(V0)) = d

- for Calabi-Yau -fold have n d ∈ {1,…, n + 1}

 matches coarse classification obtained from Mixed Hodge Structure on .→ ℳc.s(V )

• To match nomenclature in the literature we define primary degeneration type for  
Calabi-Yau three- and fourfolds:

Type II ( )d = 1

Type III ( )d = 2

Type IV ( )d = 3

Type V ( )d = 4

CY 3-fold V CY 4-fold V
Double surfaces  are K3sVi0i1

Triple curves  are sVi0i1i2
T2

Quadruple points  existVi0,i1,i2,i3
Quadruple curves  are sVi0,i1,i2,i3 T2

Quintuple points  existVi0,i1,i2,i3,i4N/A

Triple surfaces  are K3sVi0i1i2

Double threefolds  are CY3Vi0i1

see [Grimm, Palti, Valenzuela ’18; Grimm, Li, Palti ’18; Grimm, Li, Valenzuela ’19] 



  Max Wiesner       Geometry and Physics of Degenerating Calabi-Yau 3- and 4-folds           Strings & Geometry            20/05/2026

General Logic

Geometry of Degenerations of Calabi-Yau 3- or 4-fold 

Worldsheet theory of String Solutions 

Non-perturbative Physics of the effective 4d action 

Classical effective  
Action

WS theory  
on String Solutions🤝

Non-perturbative  
corrections to effective action

Classical effective  
Action

WS theory  
on String Solutions🤝

Weakly-coupled  
duality frame



  Max Wiesner       Geometry and Physics of Degenerating Calabi-Yau 3- and 4-folds           Strings & Geometry            20/05/2026

General Logic

Geometry of Degenerations of Calabi-Yau 3- or 4-fold 

Worldsheet theory of String Solutions 

Non-perturbative Physics of the effective 4d action 

Classical effective  
Action

WS theory  
on String Solutions🤝

Non-perturbative  
corrections to effective action

Classical effective  
Action

WS theory  
on String Solutions🤝

Weakly-coupled  
duality frame



  Max Wiesner       Geometry and Physics of Degenerating Calabi-Yau 3- and 4-folds           Strings & Geometry            20/05/2026

Semi-Stable Degenerations and String Solutions 

8

• Consider Calabi-Yau -fold  as compactification manifold 
of string/F-theory to four dimensions: 

n V

[(Hassfeld), Monnee, Weigand, MW ’25] 
[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

 Here: Type IIB string theory on  ( )  

             F-theory on  ( )

V n = 3
V n = 4
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Semi-Stable Degenerations and String Solutions 

8

• Consider Calabi-Yau -fold  as compactification manifold 
of string/F-theory to four dimensions: 

n V

• Consider the total space  of the stable degeneration: 𝒱

Vz ↪ 𝒱 → D ⊂ ℳc.s.(V )

 Here: Type IIB string theory on  ( )  

             F-theory on  ( )

V n = 3
V n = 4

[(Hassfeld), Monnee, Weigand, MW ’25] 
[Kaufmann, Monnee, Weigand, MW ’26 (2)] 
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• Consider Calabi-Yau -fold  as compactification manifold 
of string/F-theory to four dimensions: 

n V

• Consider the total space  of the stable degeneration: 𝒱

Vz ↪ 𝒱 → D ⊂ ℳc.s.(V )

• Interpret the open disk  has part of the 4d spacetime  
 obtain a BPS string solution in the 4d effective supergravity action. 

D ⊂ ℳc.s.(V )
→

• Can assume (under some mild assumptions) that  is a Calabi-Yau -fold𝒱 (n + 1)

[(Hassfeld), Monnee, Weigand, MW ’25] 
[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

 Here: Type IIB string theory on  ( )  

             F-theory on  ( )

V n = 3
V n = 4
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Semi-Stable Degenerations and String Solutions 

8

• Consider Calabi-Yau -fold  as compactification manifold 
of string/F-theory to four dimensions: 

n V

• Consider the total space  of the stable degeneration: 𝒱

Vz ↪ 𝒱 → D ⊂ ℳc.s.(V )

• Interpret the open disk  has part of the 4d spacetime  
 obtain a BPS string solution in the 4d effective supergravity action. 

D ⊂ ℳc.s.(V )
→

• Can assume (under some mild assumptions) that  is a Calabi-Yau -fold𝒱 (n + 1)

• The string solution is such that it realizes the degeneration limit  
 at the core of the string  candidate for the “EFT-strings” introduced byVz → V0 →

[Lanza, Marchesano, Martucci, Valenzuela ’21]

[(Hassfeld), Monnee, Weigand, MW ’25] 
[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

 Here: Type IIB string theory on  ( )  

             F-theory on  ( )

V n = 3
V n = 4
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• In 4d N=1 theories, infinite distance limits in moduli space are associated with certain 
string solutions describable within the validity of the EFT. 

Candidate EFT Strings and CY Degenerations 

9

D(r)u0

[Lanza, Marchesano, Martucci, Valenzuela ’21]EFT Strings
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• In 4d N=1 theories, infinite distance limits in moduli space are associated with certain 
string solutions describable within the validity of the EFT. 

Candidate EFT Strings and CY Degenerations 

9

D(r)u0ds2 = − dt2 + dx2 + e2Ddudū , with e2D = f0e−K ,

t(u) = it̄ +
1

2π i
log ( u − u0

r ) , Im(t) → ∞ for u → u0

[Lanza, Marchesano, Martucci, Valenzuela ’21]

• 4d theories with  supersymmetry have axionic string solutions that 
realize infinite distance limits ( ) in the moduli space: 

N ≥ 1
t → i∞

EFT Strings

: Kähler potentialK = K(t, t̄ )

EFT strings have also been studied in detail in [Marchesano, MW ’22; Martucci, Risso, Weigand ’22; MW ’22;  
Cota, Mininno, Weigand,  MW ’22; Marchesano, Melotti ’22; Martucci, Risso, Valenti, Vecchi ’24; Grieco, Ruiz, Valenzuela ’25] 



  Max Wiesner       Geometry and Physics of Degenerating Calabi-Yau 3- and 4-folds           Strings & Geometry            20/05/2026

• In 4d N=1 theories, infinite distance limits in moduli space are associated with certain 
string solutions describable within the validity of the EFT. 

Candidate EFT Strings and CY Degenerations 

9

D(r)u0ds2 = − dt2 + dx2 + e2Ddudū , with e2D = f0e−K ,

t(u) = it̄ +
1

2π i
log ( u − u0

r ) , Im(t) → ∞ for u → u0

[Lanza, Marchesano, Martucci, Valenzuela ’21]

• 4d theories with  supersymmetry have axionic string solutions that 
realize infinite distance limits ( ) in the moduli space: 

N ≥ 1
t → i∞

EFT Strings

: Kähler potentialK = K(t, t̄ )

• Stable degeneration limits are at infinite distance in the classical metric on  obtained 
from 

ℳc.s.(V )

Kc.s.,cl = − log∫V
Ωn ∧ Ω̄n : holomorphic -form Ωn (n,0)

EFT strings have also been studied in detail in [Marchesano, MW ’22; Martucci, Risso, Weigand ’22; MW ’22;  
Cota, Mininno, Weigand,  MW ’22; Marchesano, Melotti ’22; Martucci, Risso, Valenti, Vecchi ’24; Grieco, Ruiz, Valenzuela ’25] 
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• 4d theories with  supersymmetry have axionic string solutions that 
realize infinite distance limits ( ) in the moduli space: 

N ≥ 1
t → i∞

EFT Strings

: Kähler potentialK = K(t, t̄ )

Kc.s.,cl = − log∫V
Ωn ∧ Ω̄n : holomorphic -form Ωn (n,0)

• String solutions associated with total space of stable degeneration  
are candidate EFT strings for classical infinite distance limit  
in .ℳc.s.(V )

EFT strings have also been studied in detail in [Marchesano, MW ’22; Martucci, Risso, Weigand ’22; MW ’22;  
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Worldsheet Theory on Candidate EFT Strings 

10

• Goal: relate the geometry of the degeneration with the physics of the Type IIB/F-theory  
          compactifications in the corresponding limit of the effective action. 

[(Hassfeld), Monnee, Weigand, MW ’25] 
[Kaufmann, Monnee, Weigand, MW ’26 (2)] 
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• Goal: relate the geometry of the degeneration with the physics of the Type IIB/F-theory  
          compactifications in the corresponding limit of the effective action. 

• Tool: Worldsheet theory on the candidate EFT strings 

  determine the massless spectrum on the string →

- all massless fields have to arrange in supermultiplets of the right-moving 
  supersymmetry.

[(Hassfeld), Monnee, Weigand, MW ’25] 
[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

- Since supergravity is BPS, the string worldsheet has 
  supersymmetric right-moving sector  2d  QFT→ 𝒩 = (0,4) or (0,2)
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Worldsheet Theory on Candidate EFT Strings 

10

• Goal: relate the geometry of the degeneration with the physics of the Type IIB/F-theory  
          compactifications in the corresponding limit of the effective action. 

• Tool: Worldsheet theory on the candidate EFT strings 

  determine the massless spectrum on the string →

- Since supergravity is BPS, the string worldsheet has 
  supersymmetric right-moving sector  2d  QFT→ 𝒩 = (0,4) or (0,2)

- all massless fields have to arrange in supermultiplets of the right-moving 
  supersymmetry.

- Generally: two origins for massless modes 

1. Geometric zero modes  position of the string in  + geometric moduli 
                                                  of  

2. Localized modes of -forms of 10d supergravity to . 

→ D
Vi0,i1 ⊂ V0

p V0

[(Hassfeld), Monnee, Weigand, MW ’25] 
[Kaufmann, Monnee, Weigand, MW ’26 (2)] 
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Mode Counting: Type IIB on CY3

11

• Consider Type IIB compactified on a Calabi-Yau threefold  that undergoes  
a stable degeneration:

V

Vz → V0 =
m

⋃
i=1

Vi

[(Hassfeld), Monnee, Weigand, MW ’25] 
[Kaufmann, Monnee, Weigand, MW ’26 (2)] 
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1. Geometric moduli of string: 
 
 

 

2. Components of Type IIB -forms localized to string and propagating along it. p
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Mode Counting: Type IIB on CY3
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• Consider Type IIB compactified on a Calabi-Yau threefold  that undergoes  
a stable degeneration:

V

Vz → V0 =
m

⋃
i=1

Vi

• Massless worldsheet spectrum on corresponding string solution: 

1. Geometric moduli of string: 
 
 

 

2. Components of Type IIB -forms localized to string and propagating along it. p

- Position modulus   two left- & two right-moving scalars on the string worldsheet.  

- Moduli  of   coordinates on the dual graph   

 d = (1,2,3)  left- & right-moving scalars for Type (II, III, IV)

z0 ∈ D(r) →

Φi Vi0i1 ⊂ V0 ↔ Π(V0)
→

[(Hassfeld), Monnee, Weigand, MW ’25] 
[Kaufmann, Monnee, Weigand, MW ’26 (2)] 
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• Consider Type IIB compactified on a Calabi-Yau threefold  that undergoes  
a stable degeneration:

V

Vz → V0 =
m

⋃
i=1

Vi

• Massless worldsheet spectrum on corresponding string solution: 

1. Geometric moduli of string: 
 
 

 

2. Components of Type IIB -forms localized to string and propagating along it. p

- Position modulus   two left- & two right-moving scalars on the string worldsheet.  

- Moduli  of   coordinates on the dual graph   

 d = (1,2,3)  left- & right-moving scalars for Type (II, III, IV)

z0 ∈ D(r) →

Φi Vi0i1 ⊂ V0 ↔ Π(V0)
→

- Consider -forms of Type IIB string theory .  

- Gives rise to massless field on string if  harmonic -form localized to string: 

p Cp ∈ {C4, C̃6, B̃6}

∃ (p − 2)

Cp ⊃ ba dz ∧ dz̄ ∧ ωa ωa ∈ Hp−2(Vi0,i1) ⊕ Hp−2(Vi0,i1,i2
)

[(Hassfeld), Monnee, Weigand, MW ’25] 
[Kaufmann, Monnee, Weigand, MW ’26 (2)] 
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• Consider Type IIB compactified on a Calabi-Yau threefold  that undergoes  
a stable degeneration:

V

Vz → V0 =
m

⋃
i=1

Vi

• Massless worldsheet spectrum on corresponding string solution: 

1. Geometric moduli of string: 
 
 

 

2. Components of Type IIB -forms localized to string and propagating along it. p

- Position modulus   two left- & two right-moving scalars on the string worldsheet.  

- Moduli  of   coordinates on the dual graph   

 d = (1,2,3)  left- & right-moving scalars for Type (II, III, IV)

z0 ∈ D(r) →

Φi Vi0i1 ⊂ V0 ↔ Π(V0)
→

- Consider -forms of Type IIB string theory .  

- Gives rise to massless field on string if  harmonic -form localized to string: 

p Cp ∈ {C4, C̃6, B̃6}

∃ (p − 2)

Cp ⊃ ba dz ∧ dz̄ ∧ ωa ωa ∈ Hp−2(Vi0,i1) ⊕ Hp−2(Vi0,i1,i2
)

- Have to take into account relations between the  to avoid overcounting!  ba

[(Hassfeld), Monnee, Weigand, MW ’25] 
[Kaufmann, Monnee, Weigand, MW ’26 (2)] 
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Mode Counting: F-theory on CY4 

12

• Consider F-theory compactified on a elliptically fibered Calabi-Yau fourfold   
that undergoes a stable degeneration:

V

Vz → V0 =
m

⋃
i=1

Vi

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 
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• Consider F-theory compactified on a elliptically fibered Calabi-Yau fourfold   
that undergoes a stable degeneration:

V

Vz → V0 =
m

⋃
i=1

Vi

• Instead of describing the string WS directly in 4d,  
compactify on  and describe the SQM obtained from M-theory S1

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 
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compactify on  and describe the SQM obtained from M-theory S1

1. Geometric zero modes of SQM: 
 
 

 

2. Components of M-theory -forms localized to particle in M-theory:p

- Position modulus   two scalars in SQM.  

- Moduli  of   coordinates on the dual graph   

 d = (1,2,3,4) real scalars for Type (II, III, IV, V)

z0 ∈ D(r) →

Φi Vi0i1 ⊂ V0 ↔ Π(V0)
→
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Mode Counting: F-theory on CY4 

12

• Consider F-theory compactified on a elliptically fibered Calabi-Yau fourfold   
that undergoes a stable degeneration:

V

Vz → V0 =
m

⋃
i=1

Vi

• Instead of describing the string WS directly in 4d,  
compactify on  and describe the SQM obtained from M-theory S1

1. Geometric zero modes of SQM: 
 
 

 

2. Components of M-theory -forms localized to particle in M-theory:p

𝒞6 = baωa ∧ du ∧ dū , ωa ∈ H4(Vij) ⊕ H4(Vijk)

- Position modulus   two scalars in SQM.  

- Moduli  of   coordinates on the dual graph   

 d = (1,2,3,4) real scalars for Type (II, III, IV, V)

z0 ∈ D(r) →

Φi Vi0i1 ⊂ V0 ↔ Π(V0)
→

𝒞3 = cαγα ∧ du ∧ dū , γα ∈ H1(Vij) ⊕ H1(Vijk) ⊕ H1(Vijkl)

- -forms of M-theory yield additional modes of the SQMp

- Have to take into account relations between the  to avoid overcounting!  (ba, cα)

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 
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Mode Counting: F-theory uplift of SQM

13

• Now consider the uplift of the SQM to a string in the 4d SUGRA theory.  

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 
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• Can distinguish two types of fourfold degenerations  
 does the elliptic fiber degenerate or not? →
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• Now consider the uplift of the SQM to a string in the 4d SUGRA theory.  

• Can distinguish two types of fourfold degenerations  
 does the elliptic fiber degenerate or not? →

Regular Fiber Limit

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 
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Mode Counting: F-theory uplift of SQM

13

• Now consider the uplift of the SQM to a string in the 4d SUGRA theory.  

Definition: — A limit is of regular-fiber type if each double surface  is itself  

                           elliptically fibered with general fiber .  
                      — Instead for -type degenerations the generic fiber over at least one  
                          component of  is of Kodaira type  . 

Vi0,i1
ℰ

In
B3,0 In

Regular Fiber Limit -Type Limit In

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

• Can distinguish two types of fourfold degenerations  
 does the elliptic fiber degenerate or not? →
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Mode Counting: F-theory uplift of SQM

14

• Uplift of modes for regular-fiber limits: 

Regular Fiber Limit

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 
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Mode Counting: F-theory uplift of SQM

14

• Uplift of modes for regular-fiber limits: 

Regular Fiber Limit

- Position modulus        2 left-/right-moving scalars on WS z0 ∈ D(r) ⟶

- Moduli  of               all survive F-theory uplift Φi Vi0i1 ⊂ V0 ⟶
 d = (1,2,3) left-/right-moving scalars  

   for type (II, III, IV) [  type V w/ reg. fiber]
→

∄

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 
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• Uplift of modes for regular-fiber limits: 

Regular Fiber Limit

- Position modulus        2 left-/right-moving scalars on WS z0 ∈ D(r) ⟶

-  𝒞3 = cαγα ∧ du ∧ dū
γα ∈ H1(Vij) ⊕ H1(Vijk) ⊕ H1(Vijkl)

⟶ Only survive as scalars on string worldsheet 
if  is a one-form on elliptic fiber γα ℰ

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

- Moduli  of               all survive F-theory uplift Φi Vi0i1 ⊂ V0 ⟶
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⟶ Only survive as scalars on string worldsheet 
if  is a one-form on elliptic fiber γα ℰ

-  𝒞6 = baωa ∧ du ∧ dū
ωa ∈ H4(Vij) ⊕ H4(Vijk)

⟶
Survive as scalars if  is vertical w.r.t.   

 give mode arising from Type IIB -form along base  

 chirality of modes determined coming from  by 

ωa π : ℰ ↪ V → B3
→ C4 B3,0

→ H4(Vij) sgn(H1,1(B2,ij))
ℰ ↪ Vij → B2,ij

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

- Moduli  of               all survive F-theory uplift Φi Vi0i1 ⊂ V0 ⟶
 d = (1,2,3) left-/right-moving scalars  

   for type (II, III, IV) [  type V w/ reg. fiber]
→

∄
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• Uplift of modes for regular-fiber limits: 

Regular Fiber Limit

- Position modulus        2 left-/right-moving scalars on WS z0 ∈ D(r) ⟶

-  𝒞3 = cαγα ∧ du ∧ dū
γα ∈ H1(Vij) ⊕ H1(Vijk) ⊕ H1(Vijkl)

⟶ Only survive as scalars on string worldsheet 
if  is a one-form on elliptic fiber γα ℰ

-  𝒞6 = baωa ∧ du ∧ dū
ωa ∈ H4(Vij) ⊕ H4(Vijk)

⟶
Survive as scalars if  is vertical w.r.t.   

 give mode arising from Type IIB -form along base  

 chirality of modes determined coming from  by 

ωa π : ℰ ↪ V → B3
→ C4 B3,0

→ H4(Vij) sgn(H1,1(B2,ij))
ℰ ↪ Vij → B2,ij

Together with fermionic superpartners obtain a 2d N=(0,2)  
WS theory with chiral and Fermi multiplets. 

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

- Moduli  of               all survive F-theory uplift Φi Vi0i1 ⊂ V0 ⟶
 d = (1,2,3) left-/right-moving scalars  

   for type (II, III, IV) [  type V w/ reg. fiber]
→
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Mode Counting: F-theory uplift of SQM

15

• Uplift of modes for -Type Limits: In

-Type Limit In

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 
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Mode Counting: F-theory uplift of SQM

15

• Uplift of modes for -Type Limits: In

- Position modulus        2 left-/right-moving scalars on WS z0 ∈ D(r) ⟶

- - and -modes 𝒞3 𝒞6 ⟶
As in regular-fiber case  

 depends on relative position to  
      fibration. 
→

π : ℰ ↪ → V → B3

-Type Limit In

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 
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Mode Counting: F-theory uplift of SQM
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• Uplift of modes for -Type Limits: In

- Position modulus        2 left-/right-moving scalars on WS z0 ∈ D(r) ⟶

- Moduli  of               all but one survive F-theory uplift Φi Vi0i1 ⊂ V0 ⟶

 = (0,1,2,3) left-/right-moving scalars  
     for Type (II, III, IV, V) 

 remaining modulus is along elliptic fiber  Coulomb branch 
      parameter of vector multiplet on string. 

→ d − 1

→ →

- - and -modes 𝒞3 𝒞6 ⟶
As in regular-fiber case  

 depends on relative position to  
      fibration. 
→

π : ℰ ↪ → V → B3

-Type Limit In

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 
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• Uplift of modes for -Type Limits: In

- Position modulus        2 left-/right-moving scalars on WS z0 ∈ D(r) ⟶

- Moduli  of               all but one survive F-theory uplift Φi Vi0i1 ⊂ V0 ⟶

 = (0,1,2,3) left-/right-moving scalars  
     for Type (II, III, IV, V) 

 remaining modulus is along elliptic fiber  Coulomb branch 
      parameter of vector multiplet on string. 

→ d − 1

→ →

- - and -modes 𝒞3 𝒞6 ⟶
As in regular-fiber case  

 depends on relative position to  
      fibration. 
→

π : ℰ ↪ → V → B3

-Type Limit In

- M2-branes wrapping  
resolution curves of -sing. In

⟶ Massless W-bosons + charged chiral multiplets of  
  gauge group on WS. Sp([n /2])

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 
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• Uplift of modes for -Type Limits: In

- Position modulus        2 left-/right-moving scalars on WS z0 ∈ D(r) ⟶

- Moduli  of               all but one survive F-theory uplift Φi Vi0i1 ⊂ V0 ⟶

 = (0,1,2,3) left-/right-moving scalars  
     for Type (II, III, IV, V) 

 remaining modulus is along elliptic fiber  Coulomb branch 
      parameter of vector multiplet on string. 

→ d − 1

→ →

- - and -modes 𝒞3 𝒞6 ⟶
As in regular-fiber case  

 depends on relative position to  
      fibration. 
→

π : ℰ ↪ → V → B3

Together with fermionic superpartners obtain a 2d N=(0,2)  
WS theory with (charged) chiral and Fermi multiplets + vector multiplets. 

-Type Limit In

- M2-branes wrapping  
resolution curves of -sing. In

⟶ Massless W-bosons + charged chiral multiplets of  
  gauge group on WS. Sp([n /2])

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 
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General Logic

Geometry of Degenerations of Calabi-Yau 3- or 4-fold 

Worldsheet theory of String Solutions 

Non-perturbative Physics of the effective 4d action 

Classical effective  
Action

WS theory  
on String Solutions🤝

Non-perturbative  
corrections to effective action

Classical effective  
Action

WS theory  
on String Solutions🤝

Weakly-coupled  
duality frame
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Non-perturbative  
corrections to effective action

Classical effective  
Action

WS theory  
on String Solutions🤝

Weakly-coupled  
duality frame
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EFT Strings and Effective Physics in Type IIB on CY3

16

• EFT strings probe the non-perturbative (from the Type IIB perspective) physics  
in the (would-be) infinite distance limit. 
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16

• EFT strings probe the non-perturbative (from the Type IIB perspective) physics  
in the (would-be) infinite distance limit. 

• Consider for example a type II limit in : ℳc.s.(V )

- Mode counting demonstrates that candidate EFT string  
  is a heterotic string on K3 × T2

[Hassfeld, Monnee, Weigand, MW ’25]
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• EFT strings probe the non-perturbative (from the Type IIB perspective) physics  
in the (would-be) infinite distance limit. 

• Consider for example a type II limit in : ℳc.s.(V )

- Mode counting demonstrates that candidate EFT string  
  is a heterotic string on K3 × T2

- Indeed: the effective action derived from  agrees with  

                 perturbative heterotic string effective action! 

K = − log∫V
Ω3 ∧ Ω̄3

[Hassfeld, Monnee, Weigand, MW ’25]
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• EFT strings probe the non-perturbative (from the Type IIB perspective) physics  
in the (would-be) infinite distance limit. 

• Consider for example a type II limit in : ℳc.s.(V )

- Mode counting demonstrates that candidate EFT string  
  is a heterotic string on K3 × T2

- Indeed: the effective action derived from  agrees with  

                 perturbative heterotic string effective action! 

K = − log∫V
Ω3 ∧ Ω̄3

- in addition: from geometry can infer existence of tower of heterotic KK/winding  
                         tower from D3-branes wrapped on sLag 3-cycles given by 

S1 ↪ Γ → C , C ∈ H2(V12)

[Hassfeld, Monnee, Weigand, MW ’25]
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EFT Strings and Effective Physics in Type IIB on CY3

16

• EFT strings probe the non-perturbative (from the Type IIB perspective) physics  
in the (would-be) infinite distance limit. 

• Consider for example a type II limit in : ℳc.s.(V )

- Mode counting demonstrates that candidate EFT string  
  is a heterotic string on K3 × T2

- Indeed: the effective action derived from  agrees with  

                 perturbative heterotic string effective action! 

K = − log∫V
Ω3 ∧ Ω̄3

- in addition: from geometry can infer existence of tower of heterotic KK/winding  
                         tower from D3-branes wrapped on sLag 3-cycles given by 

S1 ↪ Γ → C , C ∈ H2(V12)

Geometry & EFT strings provide the weakly coupled duality frame that  
is non-perturbative from the original Type IIB perspective (  wrapped D3-branes)→

[Hassfeld, Monnee, Weigand, MW ’25]
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EFT Strings and Effective Physics in Type IIB on CY3

17

• As a concrete example consider 

V = {P = x18
1 + x18

2 + x18
3 + x3

4 + x2
5 − 18ψx1x2x3x4x5 − 3ϕx6

1 x6
2 x6

3 = 0} ⊂ ℙ1,1,1,6,9/(ℤ18 × ℤ6)

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 
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EFT Strings and Effective Physics in Type IIB on CY3

17

• As a concrete example consider 

• The limit  corresponds to a type III limit in which ϕ → ∞

V = {P = x18
1 + x18

2 + x18
3 + x3

4 + x2
5 − 18ψx1x2x3x4x5 − 3ϕx6

1 x6
2 x6

3 = 0} ⊂ ℙ1,1,1,6,9/(ℤ18 × ℤ6)

V0 = V1 ∪ V2 ∪ V3 = {x6
1 = 0} ∪ {x6

2 = 0} ∪ {x6
3 = 0}

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 
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• As a concrete example consider 

• The limit  corresponds to a type III limit in which ϕ → ∞

V = {P = x18
1 + x18

2 + x18
3 + x3

4 + x2
5 − 18ψx1x2x3x4x5 − 3ϕx6

1 x6
2 x6

3 = 0} ⊂ ℙ1,1,1,6,9/(ℤ18 × ℤ6)

V0 = V1 ∪ V2 ∪ V3 = {x6
1 = 0} ∪ {x6

2 = 0} ∪ {x6
3 = 0}

• Total mode counting reveals:   
 agrees with supergravity string in 6d  theory with   

     (hyperplane string on  in F-theory)  
 

cR = 18
→ N = (1,0) nT = 0

ℙ2

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

cf. G. Lockhart’s talk yesterday!
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• As a concrete example consider 

• The limit  corresponds to a type III limit in which ϕ → ∞

• Local geometry of :V0

S1 × S1 ↪ Γ → γ , γ ∈ H1(V123)

V = {P = x18
1 + x18

2 + x18
3 + x3

4 + x2
5 − 18ψx1x2x3x4x5 − 3ϕx6

1 x6
2 x6

3 = 0} ⊂ ℙ1,1,1,6,9/(ℤ18 × ℤ6)

V0 = V1 ∪ V2 ∪ V3 = {x6
1 = 0} ∪ {x6

2 = 0} ∪ {x6
3 = 0}

• Total mode counting reveals:   
 agrees with supergravity string in 6d  theory with   

     (hyperplane string on  in F-theory)  
 

cR = 18
→ N = (1,0) nT = 0

ℙ2

Vloc
0 = 𝒪 ⊕ 𝒪 → (V123 ≃ T2)

• Get two sLag 3-tori of the form:

 wrapped D3-branes give two-dimensional lattice of KK-states!→

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

 [Monnee, Weigand, MW ’25 (1)] 

cf. G. Lockhart’s talk yesterday!
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• As a concrete example consider 

• The limit  corresponds to a type III limit in which ϕ → ∞

• Local geometry of :V0

S1 × S1 ↪ Γ → γ , γ ∈ H1(V123)

Geometry & EFT strings provide the 6d duality frame that  
is non-perturbative from the original Type IIB perspective (  wrapped D3-branes)→

V = {P = x18
1 + x18

2 + x18
3 + x3

4 + x2
5 − 18ψx1x2x3x4x5 − 3ϕx6

1 x6
2 x6

3 = 0} ⊂ ℙ1,1,1,6,9/(ℤ18 × ℤ6)

V0 = V1 ∪ V2 ∪ V3 = {x6
1 = 0} ∪ {x6

2 = 0} ∪ {x6
3 = 0}

• Total mode counting reveals:   
 agrees with supergravity string in 6d  theory with   

     (hyperplane string on  in F-theory)  
 

cR = 18
→ N = (1,0) nT = 0

ℙ2

Vloc
0 = 𝒪 ⊕ 𝒪 → (V123 ≃ T2)

• Get two sLag 3-tori of the form:

 wrapped D3-branes give two-dimensional lattice of KK-states!→

 [Monnee, Weigand, MW ’25 (1)] 

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

cf. G. Lockhart’s talk yesterday!
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EFT Strings and Effective Physics in Type IIB on CY3

18

General lesson for EFT strings from CY3 degenerations in Type IIB:
[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

 [Monnee, Weigand, MW ’25 (1)] 
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General lesson for EFT strings from CY3 degenerations in Type IIB:

• Worldsheet theory on the string shows that these strings are  
gravitational strings of weakly coupled duality frame. 

Type II limit:    emergent heterotic (type II) string  
Type III limit:  supergravity string in 6d  
Type IV limit:   supergravity string in 5d 

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 
 [Monnee, Weigand, MW ’25 (1)] 
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General lesson for EFT strings from CY3 degenerations in Type IIB:

• Worldsheet theory on the string shows that these strings are  
gravitational strings of weakly coupled duality frame. 

Type II limit:    emergent heterotic (type II) string  
Type III limit:  supergravity string in 6d  
Type IV limit:   supergravity string in 5d 

• Geometry confirms the expectation from effective action from 
that realizes a weak-coupling limit for some  vector multiplets: U(1)

K = − log∫V
Ω3 ∧ Ω̄3

Type II limit:    heterotic U(1)s (winding + momentum from ) 
Type III limit:  KK U(1)s from decompactification to 6d  
Type IV limit:   KK U(1)s from decompactification to 5d 

T2

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 
 [Monnee, Weigand, MW ’25 (1)] 
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General lesson for EFT strings from CY3 degenerations in Type IIB:

• Worldsheet theory on the string shows that these strings are  
gravitational strings of weakly coupled duality frame. 

Type II limit:    emergent heterotic (type II) string  
Type III limit:  supergravity string in 6d  
Type IV limit:   supergravity string in 5d 

• Geometry confirms the expectation from effective action from 
that realizes a weak-coupling limit for some  vector multiplets: U(1)

K = − log∫V
Ω3 ∧ Ω̄3

Type II limit:    heterotic U(1)s (winding + momentum from ) 
Type III limit:  KK U(1)s from decompactification to 6d  
Type IV limit:   KK U(1)s from decompactification to 5d 

T2

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 
 [Monnee, Weigand, MW ’25 (1)] 

At infinite distance in moduli space (here degeneration of CY3)  
there is a tower of asymptotically massless states that is either a  

KK-tower or the tower of excitations of a critical string

• Test of the Distance Conjecture and Emergent String Conjecture
[Lee, Lerche, Weigand ’19][Ooguri, Vafa ’06]
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General lesson for EFT strings from CY3 degenerations in Type IIB:

• Worldsheet theory on the string shows that these strings are  
gravitational strings of weakly coupled duality frame. 

At infinite distance in moduli space (here degeneration of CY3)  
there is a tower of asymptotically massless states that is either a  

KK-tower or the tower of excitations of a critical string

Type II limit:    emergent heterotic (type II) string  
Type III limit:  supergravity string in 6d  
Type IV limit:   supergravity string in 5d 

• Geometry confirms the expectation from effective action 
from that realizes a weak-coupling limit for some  vector multiplets: U(1)

K = − log∫V
Ω3 ∧ Ω̄3

Type II limit:    heterotic U(1)s (winding + momentum from ) 
Type III limit:  KK U(1)s from decompactification to 6d  
Type IV limit:   KK U(1)s from decompactification to 5d 

T2

• Test of the Distance Conjecture and Emergent String Conjecture
[Lee, Lerche, Weigand ’19][Ooguri, Vafa ’06]

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 
 [Monnee, Weigand, MW ’25 (1)] 

Classical effective  
Action

WS theory  
on String Solutions

🤝
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Large complex structure limits in F-theory

19

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

• Consider now the analog degenerations for F-theory compactified on an elliptically 
fibered CY4-fold .  

• Obtain effective 4d N=1 theory with moduli counted by 

ℰ ↪ W → B3

h3,1(W ) : complex structure

h1,1(W ) : Kahler structure[Grimm ’10]
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[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

• Consider now the analog degenerations for F-theory compactified on an elliptically 
fibered CY4-fold .  

• Obtain effective 4d N=1 theory with moduli counted by 

ℰ ↪ W → B3

h3,1(W ) : complex structure

h1,1(W ) : Kahler structure

• 4d N=1 action determined by a Kähler potential 

KF = − log∫W
Ω4 ∧ Ω̄4 − log∫B3

J3 .

[Grimm ’10]
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• Obtain effective 4d N=1 theory with moduli counted by 

ℰ ↪ W → B3

h3,1(W ) : complex structure

h1,1(W ) : Kahler structure

• 4d N=1 action determined by a Kähler potential 

KF = − log∫W
Ω4 ∧ Ω̄4 − log∫B3
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• Degenerations of  correspond to infinite distances in the 
classical complex structure moduli space. 

W

[Grimm ’10]
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[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

• Consider now the analog degenerations for F-theory compactified on an elliptically 
fibered CY4-fold .  

• Obtain effective 4d N=1 theory with moduli counted by 

ℰ ↪ W → B3

h3,1(W ) : complex structure

h1,1(W ) : Kahler structure

• 4d N=1 action determined by a Kähler potential 

KF = − log∫W
Ω4 ∧ Ω̄4 − log∫B3

J3 .

• Degenerations of  correspond to infinite distances in the 
classical complex structure moduli space. 

W

[Grimm ’10]

• If the classical limit survives at quantum level:  
 candidate EFT strings is gravitational strings in the emerging duality frame. →
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19

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

• Consider now the analog degenerations for F-theory compactified on an elliptically 
fibered CY4-fold .  

• Obtain effective 4d N=1 theory with moduli counted by 

ℰ ↪ W → B3

h3,1(W ) : complex structure

h1,1(W ) : Kahler structure

• 4d N=1 action determined by a Kähler potential 

KF = − log∫W
Ω4 ∧ Ω̄4 − log∫B3

J3 .

• Degenerations of  correspond to infinite distances in the 
classical complex structure moduli space. 

W

• Question: Are the candidate EFT strings associated with degeneration supergravity  
                    strings of higher-dimensional theory or critical strings? 

[Grimm ’10]

• If the classical limit survives at quantum level:  
 candidate EFT strings is gravitational strings in the emerging duality frame. →
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20

Candidate EFT strings for -type degenerationsIn

• Upshot: candidate EFT strings for CY4-fold degenerations are neither* 
                supergravity strings of a higher-dimensional theory nor critical strings 

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

* in                                                                         we cannot establish this for all cases, but the remaining  
cases can be excluded via duality to Type IIA orientifolds/M-theory on , see G2

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

[Kaufmann, Weigand, MW ’26] 
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Candidate EFT strings for -type degenerationsIn

• Upshot: candidate EFT strings for CY4-fold degenerations are neither* 
                supergravity strings of a higher-dimensional theory nor critical strings 

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

• Consider two cases to illustrate the general logic: 

* in                                                                         we cannot establish this for all cases, but the remaining  
cases can be excluded via duality to Type IIA orientifolds/M-theory on , see G2

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

[Kaufmann, Weigand, MW ’26] 



  Max Wiesner       Geometry and Physics of Degenerating Calabi-Yau 3- and 4-folds           Strings & Geometry            20/05/2026

21

Candidate EFT strings for -type degenerationsIn

• Upshot: candidate EFT strings for CY4-fold degenerations are neither 
                supergravity strings of a higher-dimensional theory nor critical strings 

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

Case I: -type degeneration In

• Consider two cases to illustrate the general logic: 
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Candidate EFT strings for -type degenerationsIn

• Upshot: candidate EFT strings for CY4-fold degenerations are neither 
                supergravity strings of a higher-dimensional theory nor critical strings 

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

Case I: -type degeneration In

- due to -fiber: have  vector multiplets on WSIn Sp([n /2])

- generically have chiral multiplets charged under WS- and spacetime  
gauge symmetries on WS** 

** Argument can also be adapted to case without chiral charged matter … 

• Consider two cases to illustrate the general logic: 
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Candidate EFT strings for -type degenerationsIn

• Upshot: candidate EFT strings for CY4-fold degenerations are neither 
                supergravity strings of a higher-dimensional theory nor critical strings 

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

Case I: -type degeneration In

- due to -fiber: have  vector multiplets on WSIn Sp([n /2])

- generically have chiral multiplets charged under WS- and spacetime  
gauge symmetries on WS** 

- In 2d: vector multiplets are just constraints for the 2d field space 
             and theory explores entire scalar field space [Coleman ’73]

- If strings were supergravity/critical strings  
 charged modes would Higgs the spacetime gauge group →

(7-brane recombination in 5-fold )W ↪ 𝒲 → D

** Argument can also be adapted to case without chiral charged matter … 

• Consider two cases to illustrate the general logic: 
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21

Candidate EFT strings for -type degenerationsIn

• Upshot: candidate EFT strings for CY4-fold degenerations are neither 
                supergravity strings of a higher-dimensional theory nor critical strings 

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

Case I: -type degeneration In

- due to -fiber: have  vector multiplets on WSIn Sp([n /2])

- generically have chiral multiplets charged under WS- and spacetime  
gauge symmetries on WS** 

- If strings were supergravity/critical strings  
 charged modes would Higgs the spacetime gauge group →

(7-brane recombination in 5-fold )W ↪ 𝒲 → D

** Argument can also be adapted to case without chiral charged matter … 

String cannot  
be EFT string  

of original  
4d N=1 theory!

• Consider two cases to illustrate the general logic: 

- In 2d: vector multiplets are just constraints for the 2d field space 
             and theory explores entire scalar field space [Coleman ’73]
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Candidate EFT strings for regular fiber degenerations

• Upshot: candidate EFT strings for CY4-fold degenerations are neither 
                supergravity strings of a higher-dimensional theory nor critical strings 

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

Case II:  type II regular fiber degeneration

• Consider two cases to illustrate the general logic: 
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• Consider two cases to illustrate the general logic: 

22

Candidate EFT strings for regular fiber degenerations

• Upshot: candidate EFT strings for CY4-fold degenerations are neither 
                supergravity strings of a higher-dimensional theory nor critical strings 

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

Case II:  type II regular fiber degeneration

- Double threefold  are (equivalent) CY3-folds that 

are elliptically fibred over some base  

Wi0i1
B2



  Max Wiesner       Geometry and Physics of Degenerating Calabi-Yau 3- and 4-folds           Strings & Geometry            20/05/2026

22

Candidate EFT strings for regular fiber degenerations

• Upshot: candidate EFT strings for CY4-fold degenerations are neither 
                supergravity strings of a higher-dimensional theory nor critical strings 

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

Case II:  type II regular fiber degeneration

- Double threefold  are (equivalent) CY3-folds that 

are elliptically fibred over some base  

Wi0i1
B2

- Mode counting gives no vector multiplets, but only four right-moving scalars 

- Position modulus  

- One modulus  of    

- One modulus  from  ( )

z0 ∈ D
Φ1 Wi0i1 ⊂ W0

b0 C4 sgn H2(B2) = (1,ρ)

• Consider two cases to illustrate the general logic: 
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Candidate EFT strings for regular fiber degenerations

• Upshot: candidate EFT strings for CY4-fold degenerations are neither 
                supergravity strings of a higher-dimensional theory nor critical strings 

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

Case II:  type II regular fiber degeneration

- Double threefold  are (equivalent) CY3-folds that 

are elliptically fibred over some base  

Wi0i1
B2

- Mode counting gives no vector multiplets, but only four right-moving scalars 

- String has   string is subcritical ( )cR = 6 → cR < 12

- Position modulus  

- One modulus  of    

- One modulus  from  ( )

z0 ∈ D
Φ1 Wi0i1 ⊂ W0

b0 C4 sgn H2(B2) = (1,ρ)

• Consider two cases to illustrate the general logic: 
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Candidate EFT strings for regular fiber degenerations

• Upshot: candidate EFT strings for CY4-fold degenerations are neither 
                supergravity strings of a higher-dimensional theory nor critical strings 

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

Case II:  type II regular fiber degeneration

- Double threefold  are (equivalent) CY3-folds that 

are elliptically fibred over some base  

Wi0i1
B2

- Mode counting gives no vector multiplets, but only four right-moving scalars 

- String has   string is subcritical ( )cR = 6 → cR < 12

- Position modulus  

- One modulus  of    

- One modulus  from  ( )

z0 ∈ D
Φ1 Wi0i1 ⊂ W0

b0 C4 sgn H2(B2) = (1,ρ) String cannot  
be critical string  
or SUGRA string 

of higher-dim. Theory  

• Consider two cases to illustrate the general logic: 
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Effective Action Interpretation

23

• In F-theory on CY4-folds, the candidate EFT strings are not compatible with  
expectation from classical effective action. 

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

Classical effective action 
has infinite distance limit 

Candidate EFT strings do  
not lead to duality frame  

predicted by Emergent String Conj.
🤝
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Effective Action Interpretation

23

• In F-theory on CY4-folds, the candidate EFT strings are not compatible with  
expectation from classical effective action. 

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

Candidate EFT strings do  
not lead to duality frame  

predicted by Emergent String Conj.
🤝

• Solution: effective action has to receive corrections that mix Kähler and complex  
                  structure sector! (Would be forbidden for Type IIB on CY3)

Classical effective action 
has infinite distance limit 
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Effective Action Interpretation

23

• In F-theory on CY4-folds, the candidate EFT strings are not compatible with  
expectation from classical effective action. 

•  BPS instantons obtained from Euclidean D3-branes wrapping divisor   that 
contribute to some coupling in the effective action 

D

Fn = F(cl)
n + ∑

a

𝒜(n)
a e−Sa

cl , Scl = 𝒱(0)
Da

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

Candidate EFT strings do  
not lead to duality frame  

predicted by Emergent String Conj.
🤝

• Solution: effective action has to receive corrections that mix Kähler and complex  
                  structure sector! (Would be forbidden for Type IIB on CY3)

Classical effective action 
has infinite distance limit 
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Candidate EFT strings do  
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predicted by Emergent String Conj.
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• Solution: effective action has to receive corrections that mix Kähler and complex  
                  structure sector! (Would be forbidden for Type IIB on CY3)

complex structure modulizi =̂

  Field theory:  
expect mild or no -dependence of zi 𝒜(n)

a

Classical effective action 
has infinite distance limit 
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  Field theory:  
expect mild or no -dependence of zi 𝒜(n)

a

  Quantum gravity:  
expect strong -dependence of zi 𝒜(n)

a (zi)

Candidate EFT strings do  
not lead to duality frame  

predicted by Emergent String Conj.
🤝

• Solution: effective action has to receive corrections that mix Kähler and complex  
                  structure sector! (Would be forbidden for Type IIB on CY3)

complex structure modulizi =̂

Classical effective action 
has infinite distance limit 
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Mixing of complex structure and Kähler sector

24

  Quantum gravity: expect strong -dependence of zi 𝒜(n)
a (zi)

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 
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Mixing of complex structure and Kähler sector

24

  Quantum gravity: expect strong -dependence of zi 𝒜(n)
a (zi)

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

• Consistency with string worldsheet requires that dependence of  is indeed strong! 

• (Candidate) EFT string limits probe linear trajectories in moduli space:

𝒜(n)
a (zi)

zi(u) = iz̄i +
1

2π i
log ( u − u0

r )
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Mixing of complex structure and Kähler sector

24

  Quantum gravity: expect strong -dependence of zi 𝒜(n)
a (zi)

• D3-brane instantons on  is sensitive to EFT string limit if its action depends (at least) linearly 
on . 

Da
zi

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 
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log ( u − u0
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• Consistency with string worldsheet requires that dependence of  is indeed strong! 
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Mixing of complex structure and Kähler sector

24

  Quantum gravity: expect strong -dependence of zi 𝒜(n)
a (zi)

𝒱Da
= 𝒱(0)

Da
+ log 𝒜a(zi) ≡ 𝒱(0)

Da
+ fa(zi)

• D3-brane instantons on  is sensitive to EFT string limit if its action depends (at least) linearly 
on . 

Da
zi

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

zi(u) = iz̄i +
1

2π i
log ( u − u0

r )

• Express quantum corrected instanton action as quantum volume:

• Consistency with string worldsheet requires that dependence of  is indeed strong! 

• (Candidate) EFT string limits probe linear trajectories in moduli space:

𝒜(n)
a (zi)
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𝒱Da
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• D3-brane instantons on  is sensitive to EFT string limit if its action depends (at least) linearly 
on . 

Da
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[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

zi(u) = iz̄i +
1

2π i
log ( u − u0

r )

• Express quantum corrected instanton action as quantum volume:

• Study of candidate EFT strings in F-theory predicts:  at least for some  fa(zi) ≿ zi a ∈ {1,…, h1,1(B3)}

• Consistency with string worldsheet requires that dependence of  is indeed strong! 

• (Candidate) EFT string limits probe linear trajectories in moduli space:

𝒜(n)
a (zi)
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Mixing of complex structure and Kähler sector

24

  Quantum gravity: expect strong -dependence of zi 𝒜(n)
a (zi)

𝒱Da
= 𝒱(0)

Da
+ log 𝒜a(zi) ≡ 𝒱(0)

Da
+ fa(zi)

• D3-brane instantons on  is sensitive to EFT string limit if its action depends (at least) linearly 
on . 

Da
zi

Using dualities (F-theory in 6d, Heterotic String, …) we explicitly demonstrate that: 

𝒱D = 𝒱(0)
D + azα , 0 ≠ a ∈ ℝ , 1 ≤ α ∈ ℤ

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

zi(u) = iz̄i +
1

2π i
log ( u − u0

r )

• Express quantum corrected instanton action as quantum volume:

• Study of candidate EFT strings in F-theory predicts:  at least for some  fa(zi) ≿ zi a ∈ {1,…, h1,1(B3)}

• Consistency with string worldsheet requires that dependence of  is indeed strong! 

• (Candidate) EFT string limits probe linear trajectories in moduli space:

𝒜(n)
a (zi)
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Effective Action Interpretation

25

• In F-theory on CY4-folds, the candidate EFT strings are not compatible with  
expectation from classical effective action. 

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

Candidate EFT strings do  
not lead to duality frame  

predicted by Emergent String Conj.
🤝Classical effective action 

has infinite distance limit 
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Effective Action Interpretation

25

• In F-theory on CY4-folds, the candidate EFT strings are not compatible with  
expectation from classical effective action. 

• Consequence: degeneration limit for CY4-fold at finite Kähler moduli is not 
                           describable using the original supergravity effective action based on 

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

Candidate EFT strings do  
not lead to duality frame  

predicted by Emergent String Conj.
🤝

• Solution: effective action receives strong corrections mixing Kähler and complex  
                  structure sector! 

Classical effective action 
has infinite distance limit 

Kcl = − log∫W
Ω4 ∧ Ω̄4 − log∫B3

J3 .
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Effective Action Interpretation

25

• In F-theory on CY4-folds, the candidate EFT strings are not compatible with  
expectation from classical effective action. 

• Consequence: degeneration limit for CY4-fold at finite Kähler moduli is not 
                           describable using the original supergravity effective action based on 

[Kaufmann, Monnee, Weigand, MW ’26 (2)] 

Candidate EFT strings do  
not lead to duality frame  

predicted by Emergent String Conj.
🤝

• Solution: effective action receives strong corrections mixing Kähler and complex  
                  structure sector! 

Kcl = − log∫W
Ω4 ∧ Ω̄4 − log∫B3

J3 .

Comparison with dual M-theory on -manifold reveals that  
quantum corrections completely remove infinite distance  

  compactify moduli space in  limit at finite Kähler moduli

G2

→ zi → ∞
[Kaufmann, Weigand, MW ’26] 

Classical effective action 
has infinite distance limit 
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Summary

Geometry of Degenerations of Calabi-Yau 3- or 4-fold 

Worldsheet theory of String Solutions 

Non-perturbative Physics of the effective 4d action 

F-theory on CY4:

Classical effective  
Action

WS theory  
on String Solutions🤝

Non-perturbative  
corrections to effective action

Type IIB on CY3: 

Classical effective  
Action

WS theory  
on String Solutions🤝

Weakly-coupled  
duality frame
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Thank you!


