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* For quantum gravity: more severe singularities are interesting.
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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
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Here: study compactifications to 4d and use the relation

geometry of semi-stable degenerations < string solutions
to infer information about QG theory!




General Logic

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

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




General Logic

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

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

7 — W

Worldsheet theory of String Solutions




General Logic

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

Geometry of Degenerations of Calabi-Yau 3- or 4-fold
| .
.y
[/ .

Worldsheet theory of String Solutions

Non-perturbative Physics of the effective 4d action




General Logic

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

Geometry of Degenerations of Calabi-Yau 3- or 4-fold
| .
.y
[/ .

Worldsheet theory of String Solutions

Non-perturbative Physics of the effective 4d action

Classical effective WS theory 4//

Action on String Solutions




General Logic

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

Geometry of Degenerations of Calabi-Yau 3- or 4-fold
| .
.y
[/ .

Worldsheet theory of String Solutions

Non-perturbative Physics of the effective 4d action

Classical effective s WS theory

Action \a§

on String Solutions

Weakly-coupled

duality frame




General Logic

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

Geometry of Degenerations of Calabi-Yau 3- or 4-fold
| .
.y
[/ .

Worldsheet theory of String Solutions

Non-perturbative Physics of the effective 4d action

Classical effective s WS theory h Classical effective - WS theory
Action \f§f \&

7 on String Solutions Action on String Solutions

Weakly-coupled

duality frame




General Logic

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

Geometry of Degenerations of Calabi-Yau 3- or 4-fold
| .
.y
[/ .

Worldsheet theory of String Solutions

Non-perturbative Physics of the effective 4d action

Classical effective L§/ WS theory h Classical effective \& WS theory
Action Y on String Solutions Action on String Solutions
Weakly-coupled Non-perturbative

duality frame corrections to effective action




General Logic

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




Geometry of Calabi-Yau Degenerations

e Consider a Calabi-Yau n-fold V. ﬂ




Geometry of Calabi-Yau Degenerations

e Consider a Calabi-Yau n-fold V. g

« The complex structure moduli space ./ . of V contains loci at which V

is singular . A,
C

M (V)
A

h%! CY threefolds
h31  CY fourfolds

dime(AZ . (V)) = {

~




Geometry of Calabi-Yau Degenerations

e Consider a Calabi-Yau n-fold V. g

« The complex structure moduli space ./ . of V contains loci at which V

is singular . A,
C

~

« Here: interested inloci A = {z = 0} C ./, where V undergoes

M (V)

A

h*! CY threefolds
h31  CY fourfolds

dime(AZ . (V)) = {

0

\%
{—1—\ -

.

i=1

e s
c.f. [Kulikov’77,’81; Persson, Pinkham ’81; Lee, (Lerche,) Weigand ’21] for

K3 degenerations.

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

CY 3-fold V CY 4-fold V
TypeIL(d = 1) | DoublesurfacesV,; areK3s Double threefolds V, ; are CY3
Type III (d = 2) Triple curves V; ; ; are s Triple surfaces V, ;; are K3s
Type IV (d = 3) | Quadruple points V. i.i,i, €xist = Quadruple curves Vi iy, 8T T?s
Type V (d = 4) N/A Quintuple points V, ; ; ; ; exist
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— obtain a BPS string solution in the 4d effective supergravity action.

 The string solution is such that it realizes the degeneration limit
V, — V|, at the core of the string — candidate for the “EFT-strings” introduced by

[Lanza, Marchesano, Martucci, Valenzuela '21]
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« Stable degeneration limits are at infinite distance in the classical metric on .Z_ (V) obtained

from
Kc.s.,cl = — logJ Qn A Qn €2 : holomorphic (n,0)-form g ‘
v ®
e String solutions associated with total space of stable degeneration ﬂ @ L
are candidate EFT strings for classical infinite distance limit \d
in A . (V). -
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[Kaufmann, Monnee, Weigand, MW '26 (2)]

* 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 /4 = (0,4) or (0,2) QFT

- 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 D + geometric moduli
of V, i C Vo
2. Localized modes of p-forms of 10d supergravity to V.
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[(Hassfeld), Monnee, Weigand, MW ’25]
[Kaufmann, Monnee, Weigand, MW '26 (2)]

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

Vz_>VO=LmJVi
i=1

* Massless worldsheet spectrum on corresponding string solution:

1. Geometric moduli of string:

- Position modulus z, € D(r) — two left- & two right-moving scalars on the string worldsheet.

- Moduli ®; of V; ; C V|, <> coordinates on the dual graph I1(V;)
— d=(1,2,3) left- & right-moving scalars for Type (II, III, IV)

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

- Consider p-forms of Type IIB string theory C, € {C,, C,, B:}.
p 4> =66

- Gives rise to massless field on string if 3 harmonic (p — 2)-form localized to string:

) @ HP(V,

iO’il’iZ)

C,Db%dzAdZANw,  o,eHV,

lO’i]
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* Massless worldsheet spectrum on corresponding string solution:

1. Geometric moduli of string:

- Position modulus z, € D(r) — two left- & two right-moving scalars on the string worldsheet.

- Moduli ®; of V; ; C V|, <> coordinates on the dual graph I1(V;)
— d=(1,2,3) left- & right-moving scalars for Type (II, III, IV)

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

- Consider p-forms of Type IIB string theory C, € {C,, C,, B:}.
p 4> =66

- Gives rise to massless field on string if 3 harmonic (p — 2)-form localized to string:

lo,il) @ Hp_z(‘/io,l.l,iz)

C,Db%dzAdZANw,  o,eHV,

- Have to take into account relations between the b¢ to avoid overcounting!
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Mode Counting: F-theory on CY4

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

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

Vz_>VO=LmJVi

i=1
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e Consider F-theory compactified on a elliptically fibered Calabi-Yau fourfold V
that undergoes a stable degeneration:
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e Instead of describing the string WS directly in 4d,
compactify on S I'and describe the SQM obtained from M-theory
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e Consider F-theory compactified on a elliptically fibered Calabi-Yau fourfold V
that undergoes a stable degeneration:
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T

e Instead of describing the string WS directly in 4d,
compactify on S I'and describe the SQM obtained from M-theory

1. Geometric zero modes of SQM:

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




Mode Counting: F-theory on CY4

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

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

Vz_>VO=LmJVi E
7

e Instead of describing the string WS directly in 4d,
compactify on S I'and describe the SQM obtained from M-theory

1. Geometric zero modes of SQM:

- Position modulus z, € D(r) — two scalars in SQM.

- Moduli @; of V; ; C V,, <> coordinates on the dual graph I1(V))
— d =(1,8,3,4) real scalars for Type (II, III, IV, V)

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




Mode Counting: F-theory on CY4

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

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

Vz_>VO=LmJVi E
7

e Instead of describing the string WS directly in 4d,
compactify on S I'and describe the SQM obtained from M-theory

1. Geometric zero modes of SQM:

- Position modulus z, € D(r) — two scalars in SQM.

- Moduli @; of V; ; C V,, <> coordinates on the dual graph I1(V))
— d =(1,8,3,4) real scalars for Type (11, III, IV, V)
. Components of M-theory p-forms localized to particle in M-theory:
- p-forms of M-theory yield additional modes of the SQM
s = bw,Adundii, w,eH(V;)®H V)
Gy =Y ANdundi, y,e H' (V) @®H (Vy) @ H (V)

- Have to take into account relations between the (b, c%) to avoid overcounting|!
12



Mode Counting: F-theory uplift of SQM

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

 Now consider the uplift of the SQM to a string in the 4d SUGRA theory.
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[Kaufmann, Monnee, Weigand, MW '26 (2)]

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

e Can distinguish two types of fourfold degenerations

— does the elliptic fiber degenerate or not?




Mode Counting: F-theory uplift of SQM

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

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

e Can distinguish two types of fourfold degenerations
— does the elliptic fiber degenerate or not?

Wo ,>< |
=<

Regular Fiber Limit 13
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 Now consider the uplift of the SQM to a string in the 4d SUGRA theory.

e Can distinguish two types of fourfold degenerations
— does the elliptic fiber degenerate or not?

Regular Fiber Limit [ -Type Limit 13



Mode Counting: F-theory uplift of SQM

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

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

e Can distinguish two types of fourfold degenerations
— does the elliptic fiber degenerate or not?

__ I —

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

] is itself

| elliptically fibered with general fiber &.

— Instead for / -type degenerations the generic fiber over at least one |

component of Bj  is of Kodaira type /.

B 33,0 B 83,0
Regular Fiber Limit [ -Type Limit 13



Mode Counting: F-theory uplift of SQM

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

—

e Uplift of modes for regular-fiber limits: @ £
Wo >< |

_ p—

Regular Fiber Limit




Mode Counting: F-theory uplift of SQM

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

—

e Uplift of modes for regular-fiber limits: @ £

- Position modulus z, € D(r) — 2 left-/right-moving scalars on WS

Wo ] ,>< |

- Moduli ®;of V; ; C 'V}, —  all survive F-theory uplift 5
— d =(1,2,3) left-/right-moving scalars > <

— p—

for type (I, I1I, IV) [A type V w/ reg. fiber] Regular Fiber Limit




Mode Counting: F-theory uplift of SQM

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

—

e Uplift of modes for regular-fiber limits: @ £

- Position modulus z, € D(r) — 2 left-/right-moving scalars on WS

041

- Gy =c%,Ndundi
Ya € Hl(Vij) @ Hl(Vijk) SY Hl(vijkz)

Wo ] ,>< |

all survive F-theory uplift -
— d = (1,8,3) left-/right-moving scalars > <

—

for type (I, I1I, IV) [A type V w/ reg. fiber] Regular Fiber Limit

Only survive as scalars on string worldsheet

if y, is a one-form on elliptic fiber &




Mode Counting: F-theory uplift of SQM

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

—

e Uplift of modes for regular-fiber limits: @ £

- Position modulus z, € D(r) — 2 left-/right-moving scalars on WS

041

- Gy =c%,Ndundi
Ya € Hl(Vij) @ Hl(Vijk) SY Hl(vijkz)

- G =b"w, ANdu A dii
w, € H4(Vij) @ H4(Vljk)

Wo ] ,>< |

all survive F-theory uplift -
— d = (1,8,3) left-/right-moving scalars > <

for type (11, 111, IV) [A type V w/ reg. fiber] Regular Fiber Limit

Only survive as scalars on string worldsheet
if y, is a one-form on elliptic fiber &

Survive as scalars if w, is verticalw.rt. 7 : & & V — B;
— give mode arising from Type IIB C;-form along base Bj

— chirality of modes determined coming from H 4(Vl-j) by sgn(H 1’I(Bz,,-j))




Mode Counting: F-theory uplift of SQM

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

—

Uplift of modes for regular-fiber limits: @ £

- Position modulus z, € D(r) — 2 left-/right-moving scalars on WS

Wo ] ,>< |

- Moduli ®;of V; ; C 'V}, —  all survive F-theory uplift g
— d = (1,8,3) left-/right-moving scalars > <

for type (I, I1I, IV) [A type V w/ reg. fiber] Regular Fiber Limit

— p—

- €3 =c%,AduAdi Only survive as scalars on string worldsheet
Yo € H'(V) @ H' (V) ® H' (Vi) if y, is a one-form on elliptic fiber &

Survive as scalars if w, is verticalw.rt. 7 : & & V — B;
- G =b"w, ANdu A dii

— give mode arising from Type IIB C,-form along base B;
w, € H (V) @ H*(Vy) :

— chirality of modes determined coming from H 4(Vl-j) by sgn(H 1’I(Bz,,-j))

Together with fermionic superpartners obtain a 8d N=(0,2)
WS theory with chiral and Fermi multiplets.
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Mode Counting: F-theory uplift of SQM

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

« Uplift of modes for [ -Type Limits:

.
Wo ,>< )

B

[ -Type Limit




Mode Counting: F-theory uplift of SQM

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

e Uplift of modes for / -Type Limits: |
- Position modulus z, € D(r) — 2 left-/right-moving scalars on WS ‘ j
Wy ,>< )

As in regular-fiber case
- ©¥5- and G -modes

—> — depends on relative position to - B3

r:& < — V — B;fibration. ><

[ -Type Limit




Mode Counting: F-theory uplift of SQM

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

« Uplift of modes for [ -Type Limits:
- Position modulus z, € D(r) — 2 left-/right-moving scalars on WS ‘ j

Wy ,>< )
—> — depends on relative position to - B3

r:& < — V — B;fibration. ><

[ -Type Limit

As in regular-fiber case
- ©¥5- and G -modes

- Moduli @;of V;; C V — all but one survive F-theory uplift

— d — 1=(0,1,2,3) left-/right-moving scalars
for Type (11, IIL, IV, V)

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




Mode Counting: F-theory uplift of SQM

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

« Uplift of modes for [ -Type Limits:
- Position modulus z, € D(r) — 2 left-/right-moving scalars on WS ‘ j

Wy ,>< )
—> — depends on relative position to - B3

r:& < — V — B;fibration. ><

[ -Type Limit

As in regular-fiber case
- ©¥5- and G -modes

- Moduli @;of V;; C V — all but one survive F-theory uplift

— d — 1=(0,1,2,3) left-/right-moving scalars
for Type (11, IIL, IV, V)

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

- MR-branes wrapping Massless W-bosons + charged chiral multiplets of

resolution curves of In-sing._> Sp([n/2]) gauge group on WS.




Mode Counting: F-theory uplift of SQM

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

« Uplift of modes for [ -Type Limits:
- Position modulus z, € D(r) — 2 left-/right-moving scalars on WS ‘ [

Wy ,>< )
—> — depends on relative position to - B3

r:& < — V — B;fibration. ><

[ -Type Limit

As in regular-fiber case
- ©¥3- and G-modes

- Moduli @;of V;; C V — all but one survive F-theory uplift

— d — 1=(0,1,2,3) left-/right-moving scalars
for Type (11, IIL, IV, V)

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

- MR-branes wrapping Massless W-bosons + charged chiral multiplets of
resolution curves of / -sing. Sp([n/2]) gauge group on WS.

Together with fermionic superpartners obtain a 8d N=(0,2)

WS theory with (charged) chiral and Fermi multiplets + vector multiplets.
15



General Logic

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

Worldsheet theory of String Solutions




General Logic

Worldsheet theory of String Solutions

Non-perturbative Physics of the effective 4d action




EFT Strings and Effective Physics in Type |IB on CY3

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

d. M|
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 EFT strings probe the non-perturbative (from the Type IIB perspective) physics

Vo
I

in the (would-be) infinite distance limit.

* Consider for example a type II limit in 4 (V):
[Hassfeld, Monnee, Weigand, MW ’25]
- Mode counting demonstrates that candidate EFT string

is a heterotic string on K3 x T2

B




EFT Strings and Effective Physics in Type |IB on CY3

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

« Consider for example a type II limit in A, (V): g Ej m

[Hassfeld, Monnee, Weigand, MW ’25]
- Mode counting demonstrates that candidate EFT string

is a heterotic string on K3 x T2

- Indeed: the effective action derived from K = — log[ Qi A Q3 agrees with
14

perturbative heterotic string effective action!




EFT Strings and Effective Physics in Type |IB on CY3

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

« Consider for example a type II limit in A, (V): Q Ej m

[Hassfeld, Monnee, Weigand, MW ’25]
- Mode counting demonstrates that candidate EFT string

is a heterotic string on K3 x T2

- Indeed: the effective action derived from K = — logJ Qi A Q3 agrees with
14

perturbative heterotic string effective action!

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

SleT - C, CeHy (V)
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EFT Strings and Effective Physics in Type |IB on CY3

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

« Consider for example a type II limit in A, (V): Q Ej m

[Hassfeld, Monnee, Weigand, MW ’25]
- Mode counting demonstrates that candidate EFT string

is a heterotic string on K3 x T2

- Indeed: the effective action derived from K = — logJ Qi A Q3 agrees with
14

perturbative heterotic string effective action!

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

SleT - C, CeHy (V)

Geometry & EFT strings provide the weakly coupled duality frame that

is non-perturbative from the original Type IIB perspective (— wrapped D3-branes) i,



EFT Strings and Effective Physics in Type |IB on CY3

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

 As a concrete example consider

V={P=x/"+x,°+ x318 +x; + x52 — 18y Xy x3x4 X5 — 3¢x16x26x§ =0} CPy160/(Z1gX Zy)
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 As a concrete example consider

V={P=x/"+x,°+ x318 +x; + x52 — 18y Xy x3x4 X5 — 3¢x16x26x§ =0} CPy160/(Z1gX Zy)

 The limit ¢ — oo corresponds to a type III limit in which

Vo= V,UV,u Vs = {x6 =0} U {xf =0} U {xf = 0}




EFT Strings and Effective Physics in Type |IB on CY3

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

 As a concrete example consider

V={P=x/"+x,°+ x318 +x; + x52 — 18y Xy x3x4 X5 — 3q§x16x26x§ =0} CPy160/(Z1gX Zy)

 The limit ¢ — oo corresponds to a type III limit in which

Vo= V,UV,u Vs = {x6 =0} U {xf =0} U {xf = 0}

 Total mode counting reveals: cp = 18
— agrees with supergravity string in 6d N = (1,0) theory with n; =0

(hyperplane string on [|:D2 in F-theory) cf. G. Lockhart’s talk yesterday!




EFT Strings and Effective Physics in Type |IB on CY3

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

V={P=x/"+x,°+ x318 +x; + x52 — 18y Xy x3x4 X5 — 3q§x16x26x§ =0} CPy160/(Z1gX Zy)

e The limit ¢p - oo corresponds to a type III limit in which

Vo=V,uV,uVa={x*=0}u{x2=0}u {x2 =0}

 Total mode counting reveals: cp = 18
— agrees with supergravity string in 6d N = (1,0) theory with n; =0
(hyperplane string on ”:1)2 in F-theory) cf. G. Lockhart’s talk yesterday!

1 2
 Local geometry of V: VOOC =0 0 — (V123 ~ T°)
[Monnee, Weigand, MW ’25 (1)]
* Get two sLag 3-tori of the form: SIxSloeT sy, yeH(V,y)

— wrapped D3-branes give two-dimensional lattice of KK-states!
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EFT Strings and Effective Physics in Type |IB on CY3

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

V={P=x/"+x,°+ x318 +x; + x52 — 18y Xy x3x4 X5 — 3¢x16x26x§ =0} CPy160/(Z1gX Zy)

 The limit ¢ — oo corresponds to a type III limit in which

Vo=V,uV,uVa={x*=0}u{x2=0}u {x2 =0}

 Total mode counting reveals: cp = 18
— agrees with supergravity string in 6d N = (1,0) theory with n; =0
(hyperplane string on ”:1)2 in F-theory) cf. G. Lockhart’s talk yesterday!

1 2
 Local geometry of V: VOOC =0 0 — (V123 ~ T°)
[Monnee, Weigand, MW ’25 (1)]
* Get two sLag 3-tori of the form: SIxSloeT sy, yeH(V,y)

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

Geometry & EFT strings provide the 6d duality frame that

is non-perturbative from the original Type IIB perspective (— wrapped D3-branes) .



EFT Strings and Effective Physics in Type |IB on CY3

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

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

General lesson for EFT strings from CY3 degenerations in Type ITB; | e Meeaud M=s (1)

 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




EFT Strings and Effective Physics in Type |IB on CY3

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

General lesson for EFT strings from CY3 degenerations in Type ITB; | e Meeaud M=s (1)

 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 K= — logJ Q; A Q,

that realizes a weak-coupling limit for some U(1) vector multiplets: Y

Type II limit: heterotic U(1)s (winding + momentum from 7°)
Type III limit: KK U(1)s from decompactification to 6d
Type IV limit: KK U(1)s from decompactification to 5d




EFT Strings and Effective Physics in Type |IB on CY3

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

General lesson for EFT strings from CY3 degenerations in Type ITB; | e Meeaud M=s (1)

 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 K= — logJ Q; A Q,
Vv

that realizes a weak-coupling limit for some U(1) vector multiplets:
Type II limit: heterotic U(1)s (winding + momentum from 7°)
Type III limit: KK U(1)s from decompactification to 6d
Type IV limit: KK U(1)s from decompactification to 5d

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

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 i




EFT Strings and Effective Physics in Type |IB on CY3

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

General lesson for EFT strings from CY3 degenerations in Type ITB; | e Meeaud M=s (1)

 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
WS theory

Type IV limit: supergravity string in 5d
on String Solutions

g * Geometry confirms the expectation from effective action K= - log[ Q; A Q,
~ 4 V
gt from that realizes a, weak-coupling limit for some U(1) vector multiplets:

Classical effective 5
Type II limit: heterotic U(1)s (winding + momentum from 7<)

Type III limit: KK U(1)s from decompactification to 6d
Type IV limit: KK U(1)s from decompactification to 5d

Action

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

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 i




Large complex structure limits in F-theory

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

 Consider now the analog degenerations for F-theory compactified on an elliptically
fibered CY4-fold & < W — B;.

(W) - complex structure

e Obtain effective 4d N=1 theory with moduli counted by
[Grimm '10] (W) : Kahler structure
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 Consider now the analog degenerations for F-theory compactified on an elliptically
fibered CY4-fold & < W — B;.

(W) - complex structure
e Obtain effective 4d N=1 theory with moduli counted by
[Grimm '10] (W) : Kahler structure

 4d N=1 action determined by a Kéahler potential

Ky = —logJ Q4AQ4—logJ J.
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Large complex structure limits in F-theory

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

 Consider now the analog degenerations for F-theory compactified on an elliptically
fibered CY4-fold & < W — B;.

(W) - complex structure
e Obtain effective 4d N=1 theory with moduli counted by
[Grimm '10] (W) : Kahler structure

* 4d N=1 action determined by a Kahler potential <T> J@ -

KF - - IOgJ Q4 A Q4 — logJ J3. E@ }B E@ }w
W B ) i

3

» Degenerations of W correspond to infinite distances in the

classical complex structure moduli space.
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 Consider now the analog degenerations for F-theory compactified on an elliptically
fibered CY4-fold & < W — B;.

(W) - complex structure
e Obtain effective 4d N=1 theory with moduli counted by
[Grimm '10] (W) : Kahler structure

* 4d N=1 action determined by a Kahler potential <T> J@ -
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» Degenerations of W correspond to infinite distances in the

M<¢>

classical complex structure moduli space.

e If the classical limit survives at quantum level.:

— candidate EFT strings is gravitational strings in the emerging duality frame.




Large complex structure limits in F-theory

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

 Consider now the analog degenerations for F-theory compactified on an elliptically
fibered CY4-fold & < W — B;.

(W) - complex structure
e Obtain effective 4d N=1 theory with moduli counted by
[Grimm '10] (W) : Kahler structure

* 4d N=1 action determined by a Kahler potential <T> J@ -

KF - - IOgJ Q4 A Q4 — logJ J3. E@ }B E@ }w
W B ) i

3

» Degenerations of W correspond to infinite distances in the

M<¢>

classical complex structure moduli space.

e If the classical limit survives at quantum level.:
— candidate EFT strings is gravitational strings in the emerging duality frame.

* Question: Are the candidate EFT strings associated with degeneration supergravity

strings of higher-dimensional theory or critical strings?




Candidate EFT strings for / -type degenerations

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

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

* in [Kaufmann, Monnee, Weigand, MW ’26 (2)] we cannot establish this for all cases, but the remaining

cases can be excluded via duality to Type IIA orientifolds/M-theory on G,, see [Kaufmann, Weigand, MW '26]
20
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[Kaufmann, Monnee, Weigand, MW '26 (2)]

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

» Consider two cases to illustrate the general logic:

in [Kaufmann, Monnee, Weigand, MW ’26 (2)] we cannot establish this for all cases, but the remaining

cases can be excluded via duality to Type IIA orientifolds/M-theory on G,, see [Kaufmann, Weigand, MW '26]
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Candidate EFT strings for / -type degenerations

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

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

» Consider two cases to illustrate the general logic: J J

Case I: [ -type degeneration Wo >ﬂ |

>

B 63,0




Candidate EFT strings for / -type degenerations

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

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

» Consider two cases to illustrate the general logic: } j
Case I: / -type degeneration Wo | >ﬂ ‘
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Using dualities (F-theory in 6d, Heterotic String, ...) we explicitly demonstrate that:

%D=‘7§g)+az“, O#f#aeR,1<ae”
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Comparison with dual M-theory on G,-manifold reveals that
quantum corrections completely remove infinite distance

— compactify moduli space in 7' — oo limit at finite K&hler moduli

[Kaufmann, Weigand, MW Q6] 25



Summary

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

Worldsheet theory of String Solutions

Non-perturbative Physics of the effective 4d action

Type IIB on CY3: N F-theory on CY4:
Classical effective ~¢§ WS theory Classical effective \& WS theory
Action p on String Solutions Action ~v on String Solutions

Weakly-coupled Non-perturbative

duality frame corrections to effective action




Thank you!




