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Introduction and  
general comments
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  Quantum consistent effective theories?

➡ Important Question:  
 

Which low energy effective theories are consistent with Quantum 
Gravity? What are the imprints of the underlying theory?

2



  Quantum consistent effective theories?

➡ Map out the set of four-dimensional effective theories from String Theory  
 
 
 
 
 
 
  

apparently  
consistent four-  
dimensional field  
theories

theories arising  
from string theory

➡ Important Question:  
 

Which low energy effective theories are consistent with Quantum 
Gravity? What are the imprints of the underlying theory?

2



  Quantum consistent effective theories?

➡ Map out the set of four-dimensional effective theories from String Theory  
 
 
 
 
 
 
  

apparently  
consistent four-  
dimensional field  
theories

theories arising  
from string theory

Landscape Swampland

➡ Important Question:  
 

Which low energy effective theories are consistent with Quantum 
Gravity? What are the imprints of the underlying theory?
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Many important works on the Swampland

Plenary talks at this conference about the landscape/swampland:  
Shiu, Montero, Marchesano, Savelli, Gray, Parameswaran, McAllister, Lukas, Anderson, 
Vafa, Valenzuela, Heidenreich, Grana, Blumenhagen, Wrase, Palti, Uranga, Taylor,  
Westphal, Van Riet, Hebecker, Ibanez, Tomasiello, Sethi, Halverson, Nelson, Krippendorf, 
Schafer-Nameki, Martucci, Garcia-Etxebarria, Quevedo, Cvetic, Faraggi, Choi, Heckman, 
Nilles, Dudas, Lüst

And important works of our organizers:    

Not possible to do justice!  

Andriot, [Lee, Lerche, Weigand], Ruehle

Many interesting parallel session talks!
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  Related motivation: Search for structure

➡ Well-known setting:   Large volume compactification  
‣ Couplings in the effective action are determined by intersection numbers,  

Chern classes of compact CY space

K = �Log
⇣

1
6KIJKvIvJvK + ⇣(3)�

32⇡2

⌘
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➡ What is the structure dictating ‘allowed’ couplings? 

{{{2, 2, 2}, {2, 0, 2}, {2, 2, 2}}, {{2, 0, 2}, {0, 0, 0}, {2, 0, 0}},  
 {{2, 2, 2}, {2, 0, 0}, {2, 0, 0}}}

Example from the Kreuzer-Skarke list:

{KIJK} =
<latexit sha1_base64="YPWzRjikvxtWHWm/WBPXKza2ppU=">AAACKHicbVBLSwMxGMzWV62vqkcvwSJ4kLJbFb2IRS9qLxWsLewuSzZN29DsgyQrlLA/x4t/xYuIIr36S8z2Ado6EBhm5ku+jB8zKqRpDo3cwuLS8kp+tbC2vrG5VdzeeRRRwjFp4IhFvOUjQRgNSUNSyUgr5gQFPiNNv3+d+c0nwgWNwgc5iIkboG5IOxQjqSWveOko5YyusXnXd5VZPjUzHJllc0rGSuoESPYwYqqWeur2rpamTnrhFUvTJJwn1oSUwAR1r/jutCOcBCSUmCEhbMuMpasQlxQzkhacRJAY4T7qElvTEAVEuGq0YQoPtNKGnYjrE0o4Un9PKBQIMQh8ncyWFbNeJv7n2YnsnLuKhnEiSYjHD3USBmUEs9Zgm3KCJRtogjCneleIe4gjLHW3BV2CNfvlefJYKVvH5cr9Sal6NakjD/bAPjgEFjgDVXAD6qABMHgGr+ADfBovxpvxZQzH0ZwxmdkFf2B8/wAa7aL6</latexit>
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{{{2, 2, 2}, {2, 0, 2}, {2, 2, 2}}, {{2, 0, 2}, {0, 0, 0}, {2, 0, 0}},  
 {{2, 2, 2}, {2, 0, 0}, {2, 0, 0}}}

Can one set the red numbers to zero?
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  Swampland Distance Conjecture as a Guide

[Ooguri,Vafa]  consider a moduli space and two points

P

Q
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  Swampland Distance Conjecture as a Guide

[Ooguri,Vafa]  consider a moduli space and two points

P

shortest geodesic between P, Q      
(length d(P,Q))

An infinite number of states become light on paths approaching an  
infinite distance point:
 
signaling the breakdown of an effective description  

m(P) ∝ MP e−γ d(P,G) as d(P, Q) ≫ 1

Q
Δϕ

5
⇒ universal structure near infinite distance points



  Limits in Moduli Space

infinite 

finite 
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  Limits in Moduli Space

infinite 

finite 

➡ In the following: restrict to geometric moduli spaces arising in  
Calabi-Yau compactifications:   T2, K3, CY3 , CY4  

⇒ Universal structure?!
6



Universal Structure at  
the Limits in Moduli Space
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  Moduli space of Calabi-Yau compactifications

➡ Consider complex structure moduli space              (Kähler as a mirror)  
 
 

2 Infinite distance divisors in Calabi-Yau moduli space

In this section we introduce the mathematical concepts that allow us to study points in moduli
space that are at infinite geodesic distance with respect to some specific metric g. We denote a
point of infinite distance as on for which all paths � to such a point are infinitely long when
measured with the metric g. Hence we want to make statements about the length of any smooth
path � connecting P,Q given by

d�(P,Q) =

Z

�

p
gIJ ẋ

I ẋJds , (2.1)

where xI(s) embeds the path and ẋ
I = @x

I
/@s. The key point will be to translate the information

about being at infinite distance into a more algebraic statement. Firstly, we note that infinite
geodesic distances can only occur when connecting a path to a singular point P in moduli space
as indicated in Figure 1. Secondly, we will see that such points are characterised by the existence
of an infinite order monodromy matrix T and by the action of the logarithm N = log(T ) of the
monodromy matrix acting on the unique holomorphic three-form at this point. This will allow
us to identify the universal asymptotic behaviour of the field metric g when approaching such
infinite distance points.

singular locus

P

Q

Figure 1: Smooth path connecting a regular point Q to a singular point P which might be at
infinite distance in moduli space.

2.1 Complex structure moduli space and monodromy

To start with we recall some basic facts about the complex structure moduli space Mcs and
introduce its natural metric, the Weil-Petersson metric gWP. The complex structure moduli
space for a Calabi-Yau manifold YD of complex dimension D is a h

D�1,1(YD)-dimensional Kähler
manifold. Locally, it can be parametrised by coordinates zI , I = 1, . . . , hD�1,1(YD), which are
often called the complex structure deformation moduli. The metric on Mcs is determined by
the holomorphic (D, 0)-form ⌦. The metric gWP is Kähler and locally obtained from the Kähler
potential [17, 18]

K = � log
h
� i

D
Z

YD

⌦ ^ ⌦̄
i
, (2.2)

i.e. one finds that gWP has components gIJ̄ = @zI@z̄JK.

The holomorphic (D, 0)-form ⌦ can be expanded into an appropriate real integral basis
�I . It is a non-trivial task to identify such an ‘appropriate’ integral basis �I . We refer to the

5

Kähler metric:

Mcs
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K = �log
h
i

Z

CYn

⌦^⌦̄
i
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➡ Periods of the (n,0)-from  ⌦
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⌦ = ⇧T�
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⇧I =

Z

�I

⌦
<latexit sha1_base64="VXzu7y25YaExUAm0CBlNzCKC7Sw=">AAACH3icbVDLSgNBEJz1GeMr6tHLYBA8hd0o6kUQPagnI5gHZOPSO5nEwZnZZWZWCMv+iRd/xYsHRcRb/sbJ4xATCxqKqm66u8KYM21ct+/MzS8sLi3nVvKra+sbm4Wt7ZqOEkVolUQ8Uo0QNOVM0qphhtNGrCiIkNN6+HQ58OvPVGkWyXvTi2lLQFeyDiNgrBQUjlPsV1j24AswjwR4epPhM+wzaYLUvwIhIJiwMuzfCtoFHBSKbskdAs8Sb0yKaIxKUPjx2xFJBJWGcNC66bmxaaWgDCOcZnk/0TQG8gRd2rRUgqC6lQ7/y/C+Vdq4Eylb0uChOjmRgtC6J0LbObhVT3sD8T+vmZjOaStlMk4MlWS0qJNwbCI8CAu3maLE8J4lQBSzt2LyCAqIsZHmbQje9MuzpFYueYel8t1R8fxiHEcO7aI9dIA8dILO0TWqoCoi6AW9oQ/06bw6786X8z1qnXPGMzvoD5z+L+ecouI=</latexit>
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  Moduli space of Calabi-Yau compactifications

➡ Consider complex structure moduli space              (Kähler as a mirror)  
 
 

2 Infinite distance divisors in Calabi-Yau moduli space

In this section we introduce the mathematical concepts that allow us to study points in moduli
space that are at infinite geodesic distance with respect to some specific metric g. We denote a
point of infinite distance as on for which all paths � to such a point are infinitely long when
measured with the metric g. Hence we want to make statements about the length of any smooth
path � connecting P,Q given by

d�(P,Q) =

Z

�

p
gIJ ẋ

I ẋJds , (2.1)

where xI(s) embeds the path and ẋ
I = @x

I
/@s. The key point will be to translate the information

about being at infinite distance into a more algebraic statement. Firstly, we note that infinite
geodesic distances can only occur when connecting a path to a singular point P in moduli space
as indicated in Figure 1. Secondly, we will see that such points are characterised by the existence
of an infinite order monodromy matrix T and by the action of the logarithm N = log(T ) of the
monodromy matrix acting on the unique holomorphic three-form at this point. This will allow
us to identify the universal asymptotic behaviour of the field metric g when approaching such
infinite distance points.

singular locus

P

Q

Figure 1: Smooth path connecting a regular point Q to a singular point P which might be at
infinite distance in moduli space.

2.1 Complex structure moduli space and monodromy

To start with we recall some basic facts about the complex structure moduli space Mcs and
introduce its natural metric, the Weil-Petersson metric gWP. The complex structure moduli
space for a Calabi-Yau manifold YD of complex dimension D is a h

D�1,1(YD)-dimensional Kähler
manifold. Locally, it can be parametrised by coordinates zI , I = 1, . . . , hD�1,1(YD), which are
often called the complex structure deformation moduli. The metric on Mcs is determined by
the holomorphic (D, 0)-form ⌦. The metric gWP is Kähler and locally obtained from the Kähler
potential [17, 18]

K = � log
h
� i

D
Z

YD

⌦ ^ ⌦̄
i
, (2.2)

i.e. one finds that gWP has components gIJ̄ = @zI@z̄JK.

The holomorphic (D, 0)-form ⌦ can be expanded into an appropriate real integral basis
�I . It is a non-trivial task to identify such an ‘appropriate’ integral basis �I . We refer to the

5

Kähler metric:

Mcs
<latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit><latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit><latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit><latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit>

K = �log
h
i

Z

CYn

⌦^⌦̄
i

<latexit sha1_base64="NMa+KkcyhFzBYdAo9mF3+QK7Fd0="></latexit>

➡ Periods of the (n,0)-from  ⌦
<latexit sha1_base64="QVBX8e4zCf9mhmucGAXuivVrC3k=">AAACGHicbZDLSsNAFIYnXmu9RV26CRbBhdRMFdtupODGnRXsBZJQJtNJOnRyYWYilNDHcOOruHGhiNvufBsnaRba+sPAx3/OmTnzuzGjQprmt7ayura+sVnaKm/v7O7t6weHXRElHJMOjljE+y4ShNGQdCSVjPRjTlDgMtJzx7dZvfdEuKBR+CgnMXEC5IfUoxhJZQ30i9TOL7G47zqpWTVNE0J4ngGsX5sKms1GDTam9n1AfDQd6JW8SclYBlhABRRqD/SZPYxwEpBQYoaEsKAZSydFXFLMyLRsJ4LECI+RTyyFIQqIcNJ8p6lxqpyh4UVcnVAauft7IkWBEJPAVZ0BkiOxWMvM/2pWIr2Gk9IwTiQJ8fwhL2GGjIwsJWNIOcGSTRQgzKna1cAjxBGWKsuyCgEufnkZurUqvKzWHq4qrZsijhI4BifgDEBQBy1wB9qgAzB4Bq/gHXxoL9qb9ql9zVtXtGLmCPyRNvsBVpKcLA==</latexit>

⌦ = ⇧T�
<latexit sha1_base64="TmO1kT1UnHNygSBJ0nK6CZM83y0="></latexit>

⇧I =

Z

�I

⌦
<latexit sha1_base64="VXzu7y25YaExUAm0CBlNzCKC7Sw=">AAACH3icbVDLSgNBEJz1GeMr6tHLYBA8hd0o6kUQPagnI5gHZOPSO5nEwZnZZWZWCMv+iRd/xYsHRcRb/sbJ4xATCxqKqm66u8KYM21ct+/MzS8sLi3nVvKra+sbm4Wt7ZqOEkVolUQ8Uo0QNOVM0qphhtNGrCiIkNN6+HQ58OvPVGkWyXvTi2lLQFeyDiNgrBQUjlPsV1j24AswjwR4epPhM+wzaYLUvwIhIJiwMuzfCtoFHBSKbskdAs8Sb0yKaIxKUPjx2xFJBJWGcNC66bmxaaWgDCOcZnk/0TQG8gRd2rRUgqC6lQ7/y/C+Vdq4Eylb0uChOjmRgtC6J0LbObhVT3sD8T+vmZjOaStlMk4MlWS0qJNwbCI8CAu3maLE8J4lQBSzt2LyCAqIsZHmbQje9MuzpFYueYel8t1R8fxiHEcO7aI9dIA8dILO0TWqoCoi6AW9oQ/06bw6786X8z1qnXPGMzvoD5z+L+ecouI=</latexit>

Question:   Is there a universal behavior of        at the limits of the  
                    moduli space?     

⇧
<latexit sha1_base64="MP5w9KLkIdvcEc7dWz9XH25+AqI=">AAACHnicbZDLSsNAFIYn9VbrLerSTbAILqRk6qXtrujGZQV7gSSUyXTSDp1cmJkIJeRJ3PgqblwoIrjSt3GSZqGtBwY+/v+cmTO/GzEqpGl+a6WV1bX1jfJmZWt7Z3dP3z/oiTDmmHRxyEI+cJEgjAakK6lkZBBxgnyXkb47vcn8/gPhgobBvZxFxPHROKAexUgqaahfJnZ+icXHrpOYNdM0IYRnGcDGlamg1WrWYTO1fSQnrpfYHZqmQ72at6oylgEWUAVFdYb6pz0KceyTQGKGhLCgGUknQVxSzEhasWNBIoSnaEwshQHyiXCSfLPUOFHKyPBCrk4gjVz9PZEgX4iZ76rObEmx6GXif54VS6/pJDSIYkkCPH/Ii5khQyPLyhhRTrBkMwUIc6p2NfAEcYSlSrSiQoCLX16GXr0Gz2v1u4tq+7qIowyOwDE4BRA0QBvcgg7oAgwewTN4BW/ak/aivWsf89aSVswcgj+lff0AfLefAg==</latexit>
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  Limits in complex structure moduli space

➡ Limits are the points where Calabi-Yau manifold degenerates!

Mcs
<latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit><latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit><latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit><latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit>
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  Limits in complex structure moduli space

➡ Limits are the points where Calabi-Yau manifold degenerates!

Mcs
<latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit><latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit><latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit><latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit>

t = x+ iy ! i1
<latexit sha1_base64="luhh6zD441F+jBOXMmLbsP3WGqY="></latexit>
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  Limits in complex structure moduli space

➡ Limits are the points where Calabi-Yau manifold degenerates!

Mcs
<latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit><latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit><latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit><latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit>

t = x+ iy ! i1
<latexit sha1_base64="luhh6zD441F+jBOXMmLbsP3WGqY="></latexit>

singular geometry
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  Limits in complex structure moduli space

➡ Limits are the points where Calabi-Yau manifold degenerates!

Mcs
<latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit><latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit><latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit><latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit>

t = x+ iy ! i1
<latexit sha1_base64="luhh6zD441F+jBOXMmLbsP3WGqY="></latexit>

T
<latexit sha1_base64="IPhkLkiIreccaCWQK6AB3TDIJjM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5baGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+Hobua3nlBpnsimGacYxHQgecQZNVZqNHvlilt15yCrxMtJBXLUe+Wvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMD52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7mvS5QmbE2BLKFLe3EjakijJjsynZELzll1eJf1G9qXqNy0rtNk+jCCdwCufgwRXU4B7q4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8eM4ys</latexit><latexit sha1_base64="IPhkLkiIreccaCWQK6AB3TDIJjM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5baGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+Hobua3nlBpnsimGacYxHQgecQZNVZqNHvlilt15yCrxMtJBXLUe+Wvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMD52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7mvS5QmbE2BLKFLe3EjakijJjsynZELzll1eJf1G9qXqNy0rtNk+jCCdwCufgwRXU4B7q4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8eM4ys</latexit><latexit sha1_base64="IPhkLkiIreccaCWQK6AB3TDIJjM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5baGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+Hobua3nlBpnsimGacYxHQgecQZNVZqNHvlilt15yCrxMtJBXLUe+Wvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMD52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7mvS5QmbE2BLKFLe3EjakijJjsynZELzll1eJf1G9qXqNy0rtNk+jCCdwCufgwRXU4B7q4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8eM4ys</latexit><latexit sha1_base64="IPhkLkiIreccaCWQK6AB3TDIJjM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5baGyhDWWznbRrN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoQSeZYuizRCSqHVKNgkv0DTcC26lCGocCW+Hobua3nlBpnsimGacYxHQgecQZNVZqNHvlilt15yCrxMtJBXLUe+Wvbj9hWYzSMEG17nhuaoIJVYYzgdNSN9OYUjaiA+xYKmmMOpjMD52SM6v0SZQoW9KQufp7YkJjrcdxaDtjaoZ62ZuJ/3mdzETXwYTLNDMo2WJRlAliEjL7mvS5QmbE2BLKFLe3EjakijJjsynZELzll1eJf1G9qXqNy0rtNk+jCCdwCufgwRXU4B7q4AMDhGd4hTfn0Xlx3p2PRWvByWeO4Q+czx8eM4ys</latexit>

⇒ monodromy around singular loci:         ⇧(t+1, ...) = T ·⇧(t, ...)
<latexit sha1_base64="K71PvV7F88zlo1x2u2w+xH4RmLc="></latexit>

singular geometry
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  Universal behavior of periods

(up to rescaling)

➡ Limiting behavior of 𝚷 near degeneration points                                

t1, ..., tn ! i1
<latexit sha1_base64="BL1o5S7g2fuOISZJfnq+20mNAzE=">AAACDXicbVC7TsMwFHV4lvIqMLJYFCSGKkoKEowVLIxFog+pSSvHdVqrjhPZN6Aq6g+w8CssDCDEys7G3+A+Bmg50pWOz7lXvvcEieAaHOfbWlpeWV1bz23kN7e2d3YLe/t1HaeKshqNRayaAdFMcMlqwEGwZqIYiQLBGsHgeuw37pnSPJZ3MEyYH5Ge5CGnBIzUKRxD2y3Ztl2CtsQe9hTv9YEoFT+YF8celyEMO4WiYzsT4EXizkgRzVDtFL68bkzTiEmggmjdcp0E/Iwo4FSwUd5LNUsIHZAeaxkqScS0n02uGeETo3RxGCtTEvBE/T2RkUjrYRSYzohAX897Y/E/r5VCeOlnXCYpMEmnH4WpwBDjcTS4yxWjIIaGEKq42RXTPlGEggkwb0Jw509eJPWy7Z7Z5dvzYuVqFkcOHaIjdIpcdIEq6AZVUQ1R9Iie0St6s56sF+vd+pi2LlmzmQP0B9bnD8tUmig=</latexit>

⇣ finite
<latexit sha1_base64="5EL+lHzPsXCnb2ae+fdcB/EWytg=">AAACBHicbVA9SwNBEN3z2/gVtUyzGASrcKeClkEbSwUThVwMc5s5XbK3d+zOifFIYeNfsbFQxNYfYee/cRNT+PVg4PHeDDPzokxJS77/4U1MTk3PzM7NlxYWl5ZXyqtrTZvmRmBDpCo15xFYVFJjgyQpPM8MQhIpPIt6h0P/7BqNlak+pX6G7QQutYylAHJSp1wJb5HgIuxBlkHIQ8IbKmKpJeGgU676NX8E/pcEY1JlYxx3yu9hNxV5gpqEAmtbgZ9RuwBDUigclMLcYgaiB5fYclRDgrZdjJ4Y8E2ndHmcGlea+Ej9PlFAYm0/iVxnAnRlf3tD8T+vlVO83y6kznJCLb4WxbnilPJhIrwrDQpSfUdAGOlu5eIKDAhyuZVcCMHvl/+S5nYt2Kltn+xW6wfjOOZYhW2wLRawPVZnR+yYNZhgd+yBPbFn79579F6816/WCW88s85+wHv7BIT5mKg=</latexit>

[Schmid] 

⇧ = et
iNia0 +O(e2⇡it)

<latexit sha1_base64="TcCfugHDuohcMN116ukN/GcIW2Y="></latexit>
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  Universal behavior of periods

(up to rescaling)

➡ Limiting behavior of 𝚷 near degeneration points                                

t1, ..., tn ! i1
<latexit sha1_base64="BL1o5S7g2fuOISZJfnq+20mNAzE=">AAACDXicbVC7TsMwFHV4lvIqMLJYFCSGKkoKEowVLIxFog+pSSvHdVqrjhPZN6Aq6g+w8CssDCDEys7G3+A+Bmg50pWOz7lXvvcEieAaHOfbWlpeWV1bz23kN7e2d3YLe/t1HaeKshqNRayaAdFMcMlqwEGwZqIYiQLBGsHgeuw37pnSPJZ3MEyYH5Ge5CGnBIzUKRxD2y3Ztl2CtsQe9hTv9YEoFT+YF8celyEMO4WiYzsT4EXizkgRzVDtFL68bkzTiEmggmjdcp0E/Iwo4FSwUd5LNUsIHZAeaxkqScS0n02uGeETo3RxGCtTEvBE/T2RkUjrYRSYzohAX897Y/E/r5VCeOlnXCYpMEmnH4WpwBDjcTS4yxWjIIaGEKq42RXTPlGEggkwb0Jw509eJPWy7Z7Z5dvzYuVqFkcOHaIjdIpcdIEq6AZVUQ1R9Iie0St6s56sF+vd+pi2LlmzmQP0B9bnD8tUmig=</latexit>

⇣ finite
<latexit sha1_base64="5EL+lHzPsXCnb2ae+fdcB/EWytg=">AAACBHicbVA9SwNBEN3z2/gVtUyzGASrcKeClkEbSwUThVwMc5s5XbK3d+zOifFIYeNfsbFQxNYfYee/cRNT+PVg4PHeDDPzokxJS77/4U1MTk3PzM7NlxYWl5ZXyqtrTZvmRmBDpCo15xFYVFJjgyQpPM8MQhIpPIt6h0P/7BqNlak+pX6G7QQutYylAHJSp1wJb5HgIuxBlkHIQ8IbKmKpJeGgU676NX8E/pcEY1JlYxx3yu9hNxV5gpqEAmtbgZ9RuwBDUigclMLcYgaiB5fYclRDgrZdjJ4Y8E2ndHmcGlea+Ej9PlFAYm0/iVxnAnRlf3tD8T+vlVO83y6kznJCLb4WxbnilPJhIrwrDQpSfUdAGOlu5eIKDAhyuZVcCMHvl/+S5nYt2Kltn+xW6wfjOOZYhW2wLRawPVZnR+yYNZhgd+yBPbFn79579F6816/WCW88s85+wHv7BIT5mKg=</latexit>

[Schmid] 

⇧ = et
iNia0 +O(e2⇡it)

<latexit sha1_base64="TcCfugHDuohcMN116ukN/GcIW2Y="></latexit>

Ni = logTu
i

<latexit sha1_base64="zOlYbevy60r4qnwHcSza0Vbidxo="></latexit>

‣ log-monodromy:                                  - nilpotent matrix   (Nk = 0, some k)
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  Universal behavior of periods

(up to rescaling)

➡ Limiting behavior of 𝚷 near degeneration points                                

t1, ..., tn ! i1
<latexit sha1_base64="BL1o5S7g2fuOISZJfnq+20mNAzE=">AAACDXicbVC7TsMwFHV4lvIqMLJYFCSGKkoKEowVLIxFog+pSSvHdVqrjhPZN6Aq6g+w8CssDCDEys7G3+A+Bmg50pWOz7lXvvcEieAaHOfbWlpeWV1bz23kN7e2d3YLe/t1HaeKshqNRayaAdFMcMlqwEGwZqIYiQLBGsHgeuw37pnSPJZ3MEyYH5Ge5CGnBIzUKRxD2y3Ztl2CtsQe9hTv9YEoFT+YF8celyEMO4WiYzsT4EXizkgRzVDtFL68bkzTiEmggmjdcp0E/Iwo4FSwUd5LNUsIHZAeaxkqScS0n02uGeETo3RxGCtTEvBE/T2RkUjrYRSYzohAX897Y/E/r5VCeOlnXCYpMEmnH4WpwBDjcTS4yxWjIIaGEKq42RXTPlGEggkwb0Jw509eJPWy7Z7Z5dvzYuVqFkcOHaIjdIpcdIEq6AZVUQ1R9Iie0St6s56sF+vd+pi2LlmzmQP0B9bnD8tUmig=</latexit>

⇣ finite
<latexit sha1_base64="5EL+lHzPsXCnb2ae+fdcB/EWytg=">AAACBHicbVA9SwNBEN3z2/gVtUyzGASrcKeClkEbSwUThVwMc5s5XbK3d+zOifFIYeNfsbFQxNYfYee/cRNT+PVg4PHeDDPzokxJS77/4U1MTk3PzM7NlxYWl5ZXyqtrTZvmRmBDpCo15xFYVFJjgyQpPM8MQhIpPIt6h0P/7BqNlak+pX6G7QQutYylAHJSp1wJb5HgIuxBlkHIQ8IbKmKpJeGgU676NX8E/pcEY1JlYxx3yu9hNxV5gpqEAmtbgZ9RuwBDUigclMLcYgaiB5fYclRDgrZdjJ4Y8E2ndHmcGlea+Ej9PlFAYm0/iVxnAnRlf3tD8T+vlVO83y6kznJCLb4WxbnilPJhIrwrDQpSfUdAGOlu5eIKDAhyuZVcCMHvl/+S5nYt2Kltn+xW6wfjOOZYhW2wLRawPVZnR+yYNZhgd+yBPbFn79579F6816/WCW88s85+wHv7BIT5mKg=</latexit>

[Schmid] 

⇧ = et
iNia0 +O(e2⇡it)

<latexit sha1_base64="TcCfugHDuohcMN116ukN/GcIW2Y="></latexit>

‣ ‘limiting’ vector               - can depend on the coords not send to limita0(⇣)
<latexit sha1_base64="2UAO582LAD6TBe5L4k0pnCDbHVs="></latexit>

Ni = logTu
i

<latexit sha1_base64="zOlYbevy60r4qnwHcSza0Vbidxo="></latexit>

‣ log-monodromy:                                  - nilpotent matrix   (Nk = 0, some k)
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  Universal behavior of periods

(up to rescaling)

➡ Limiting behavior of 𝚷 near degeneration points                                

t1, ..., tn ! i1
<latexit sha1_base64="BL1o5S7g2fuOISZJfnq+20mNAzE=">AAACDXicbVC7TsMwFHV4lvIqMLJYFCSGKkoKEowVLIxFog+pSSvHdVqrjhPZN6Aq6g+w8CssDCDEys7G3+A+Bmg50pWOz7lXvvcEieAaHOfbWlpeWV1bz23kN7e2d3YLe/t1HaeKshqNRayaAdFMcMlqwEGwZqIYiQLBGsHgeuw37pnSPJZ3MEyYH5Ge5CGnBIzUKRxD2y3Ztl2CtsQe9hTv9YEoFT+YF8celyEMO4WiYzsT4EXizkgRzVDtFL68bkzTiEmggmjdcp0E/Iwo4FSwUd5LNUsIHZAeaxkqScS0n02uGeETo3RxGCtTEvBE/T2RkUjrYRSYzohAX897Y/E/r5VCeOlnXCYpMEmnH4WpwBDjcTS4yxWjIIaGEKq42RXTPlGEggkwb0Jw509eJPWy7Z7Z5dvzYuVqFkcOHaIjdIpcdIEq6AZVUQ1R9Iie0St6s56sF+vd+pi2LlmzmQP0B9bnD8tUmig=</latexit>

⇣ finite
<latexit sha1_base64="5EL+lHzPsXCnb2ae+fdcB/EWytg=">AAACBHicbVA9SwNBEN3z2/gVtUyzGASrcKeClkEbSwUThVwMc5s5XbK3d+zOifFIYeNfsbFQxNYfYee/cRNT+PVg4PHeDDPzokxJS77/4U1MTk3PzM7NlxYWl5ZXyqtrTZvmRmBDpCo15xFYVFJjgyQpPM8MQhIpPIt6h0P/7BqNlak+pX6G7QQutYylAHJSp1wJb5HgIuxBlkHIQ8IbKmKpJeGgU676NX8E/pcEY1JlYxx3yu9hNxV5gpqEAmtbgZ9RuwBDUigclMLcYgaiB5fYclRDgrZdjJ4Y8E2ndHmcGlea+Ej9PlFAYm0/iVxnAnRlf3tD8T+vlVO83y6kznJCLb4WxbnilPJhIrwrDQpSfUdAGOlu5eIKDAhyuZVcCMHvl/+S5nYt2Kltn+xW6wfjOOZYhW2wLRawPVZnR+yYNZhgd+yBPbFn79579F6816/WCW88s85+wHv7BIT5mKg=</latexit>

[Schmid] 

⇧ = et
iNia0 +O(e2⇡it)

<latexit sha1_base64="TcCfugHDuohcMN116ukN/GcIW2Y="></latexit>

Strongly suppressed in the limit  
⟹ neglect  

(“non-perturbative part”)  

Polynomial in ti 
nilpotent orbit  

(“perturbative part”)  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  Emergence of an sl(2)n - algebra

➡ Remarkably:   can associate an sl(2)n - algebra to                                 Ni, a0
<latexit sha1_base64="2DysEbw1VgQN87AUpTaVtn3gjg8="></latexit>

[Cattani, Kaplan, 
 Schmid] 

aside: need to fix sector in moduli space, or enhancement chain…later

n commuting sl(2)-triples: N�
i , N+

i , Yi
<latexit sha1_base64="QTCtm8cB9l14/N/RKIjxoLV1PjU="></latexit>

⇒ raising, lowering, level-operator
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  Emergence of an sl(2)n - algebra

➡ Remarkably:   can associate an sl(2)n - algebra to                                 Ni, a0
<latexit sha1_base64="2DysEbw1VgQN87AUpTaVtn3gjg8="></latexit>

[Cattani, Kaplan, 
 Schmid] 

aside: need to fix sector in moduli space, or enhancement chain…later

n commuting sl(2)-triples: N�
i , N+

i , Yi
<latexit sha1_base64="QTCtm8cB9l14/N/RKIjxoLV1PjU="></latexit>

⇒ raising, lowering, level-operator

➡ Can split form into fine splitting associated to the asymptotic region                                

H
n(Yn,Q) =

X

l1,...,ln

Vl1,...,ln

<latexit sha1_base64="V34IzqEjGkAsFXZ4Zejm+cFoAFQ="></latexit>

eigenspaces of
Y(i) = Y1 + ...+ Yi

<latexit sha1_base64="o+dCtZCBucAhxcdRBp7T75t8dqk=">AAAB/HicdVDLSsNAFJ3UV62vaJduBotQKYSkvhdC0Y3LCra1tCFMppN26GQSZiZCCPVX3LhQxK0f4s6/cfoQfB64cDjnXu69x48Zlcq2343c3PzC4lJ+ubCyura+YW5uNWWUCEwaOGKRuPGRJIxy0lBUMXITC4JCn5GWP7wY+61bIiSN+LVKY+KGqM9pQDFSWvLMYtvLynRvdNb2nIplWZW2Rz2zZFuHtnN65MDfxLHsCUpghrpnvnV7EU5CwhVmSMqOY8fKzZBQFDMyKnQTSWKEh6hPOppyFBLpZpPjR3BXKz0YREIXV3Cifp3IUChlGvq6M0RqIH96Y/Evr5Oo4MTNKI8TRTieLgoSBlUEx0nAHhUEK5ZqgrCg+laIB0ggrHReBR3C56fwf9KsWs6+Vb06KNXOZ3HkwTbYAWXggGNQA5egDhoAgxTcg0fwZNwZD8az8TJtzRmzmSL4BuP1A0e3k0A=</latexit>

11



   Asymptotic of the Hodge norm

➡ Hodge norm is omnipresent in string compactifications:  

↵ 2 H
n(Yn,Q)

<latexit sha1_base64="ch5VZpYR1FUldP57Q0rmRpaifPc=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoICWpgi6LbrpswT6kiWEynbRDJ5MwMxFK6NaNv+LGhSJu/QN3/o2TNgttPXDhcM693HuPHzMqlWV9G4WV1bX1jeJmaWt7Z3fP3D/oyCgRmLRxxCLR85EkjHLSVlQx0osFQaHPSNcf32R+94EISSN+qyYxcUM05DSgGCkteSZ0EItHCDqUw8Y9r9x5HJ5BJ0Rq5Ptpa3rqmWWras0Al4mdkzLI0fTML2cQ4SQkXGGGpOzbVqzcFAlFMSPTkpNIEiM8RkPS15SjkEg3nX0yhSdaGcAgErq4gjP190SKQiknoa87sxPlopeJ/3n9RAVXbkp5nCjC8XxRkDCoIpjFAgdUEKzYRBOEBdW3QjxCAmGlwyvpEOzFl5dJp1a1z6u11kW5fp3HUQRH4BhUgA0uQR00QBO0AQaP4Bm8gjfjyXgx3o2PeWvByGcOwR8Ynz9KSJjO</latexit>

k↵k2 =

Z

CYn

↵ ^ ?↵
<latexit sha1_base64="YG9pZajYRt34vfY5wBeEvdxqvs8="></latexit>
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   Asymptotic of the Hodge norm

➡ Hodge norm is omnipresent in string compactifications:  

Type IIB / Y3  :  -              determines gauge coupling of  
                                           R-R gauge field  

For example:

C4 = A ^ ↵
<latexit sha1_base64="vq8EU0xtk6V36HBfr61lKzlcVDc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZJa0I1Q7cZlBfuAJoTJ5KYdOnkwM1FqKf6KGxeKuPU/3Pk3TtsstPXAhcM593LvPX7KmVSW9W0sLa+srq0XNoqbW9s7u+befksmmaDQpAlPRMcnEjiLoamY4tBJBZDI59D2B/WJ374HIVkS36lhCm5EejELGSVKS555WPeq+PLKeYCgB9ghPO0T7Jklq2xNgReJnZMSytHwzC8nSGgWQawoJ1J2bStV7ogIxSiHcdHJJKSEDkgPuprGJALpjqbXj/GJVgIcJkJXrPBU/T0xIpGUw8jXnRFRfTnvTcT/vG6mwgt3xOI0UxDT2aIw41gleBIFDpgAqvhQE0IF07di2ieCUKUDK+oQ7PmXF0mrUrbPypXbaql2ncdRQEfoGJ0iG52jGrpBDdREFD2iZ/SK3own48V4Nz5mrUtGPnOA/sD4/AF6lJP1</latexit>

k↵k2
<latexit sha1_base64="a2n7+3LbWLcGadjVQDV++oUPELc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkpSBT0WvXisYD+giWWz3bRLN5uwuxFq2l/ixYMiXv0p3vw3btsctPXBwOO9GWbmBQlnSjvOt1VYW9/Y3Cpul3Z29/bL9sFhS8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB6Gbmtx+pVCwW93qcUD/CA8FCRrA2Us8uexPkYZ4MMfImDzXUsytO1ZkDrRI3JxXI0ejZX14/JmlEhSYcK9V1nUT7GZaaEU6nJS9VNMFkhAe0a6jAEVV+Nj98ik6N0kdhLE0Jjebq74kMR0qNo8B0RlgP1bI3E//zuqkOr/yMiSTVVJDFojDlSMdolgLqM0mJ5mNDMJHM3IrIEEtMtMmqZEJwl19eJa1a1T2v1u4uKvXrPI4iHMMJnIELl1CHW2hAEwik8Ayv8GY9WS/Wu/WxaC1Y+cwR/IH1+QNrlpJH</latexit>

↵ 2 H
n(Yn,Q)

<latexit sha1_base64="ch5VZpYR1FUldP57Q0rmRpaifPc=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoICWpgi6LbrpswT6kiWEynbRDJ5MwMxFK6NaNv+LGhSJu/QN3/o2TNgttPXDhcM693HuPHzMqlWV9G4WV1bX1jeJmaWt7Z3fP3D/oyCgRmLRxxCLR85EkjHLSVlQx0osFQaHPSNcf32R+94EISSN+qyYxcUM05DSgGCkteSZ0EItHCDqUw8Y9r9x5HJ5BJ0Rq5Ptpa3rqmWWras0Al4mdkzLI0fTML2cQ4SQkXGGGpOzbVqzcFAlFMSPTkpNIEiM8RkPS15SjkEg3nX0yhSdaGcAgErq4gjP190SKQiknoa87sxPlopeJ/3n9RAVXbkp5nCjC8XxRkDCoIpjFAgdUEKzYRBOEBdW3QjxCAmGlwyvpEOzFl5dJp1a1z6u11kW5fp3HUQRH4BhUgA0uQR00QBO0AQaP4Bm8gjfjyXgx3o2PeWvByGcOwR8Ynz9KSJjO</latexit>

k↵k2 =

Z

CYn

↵ ^ ?↵
<latexit sha1_base64="YG9pZajYRt34vfY5wBeEvdxqvs8="></latexit>
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   Asymptotic of the Hodge norm

➡ Hodge norm is omnipresent in string compactifications:  

Type IIB / Y3  :  -              determines gauge coupling of  
                                           R-R gauge field  

For example:

C4 = A ^ ↵
<latexit sha1_base64="vq8EU0xtk6V36HBfr61lKzlcVDc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZJa0I1Q7cZlBfuAJoTJ5KYdOnkwM1FqKf6KGxeKuPU/3Pk3TtsstPXAhcM593LvPX7KmVSW9W0sLa+srq0XNoqbW9s7u+befksmmaDQpAlPRMcnEjiLoamY4tBJBZDI59D2B/WJ374HIVkS36lhCm5EejELGSVKS555WPeq+PLKeYCgB9ghPO0T7Jklq2xNgReJnZMSytHwzC8nSGgWQawoJ1J2bStV7ogIxSiHcdHJJKSEDkgPuprGJALpjqbXj/GJVgIcJkJXrPBU/T0xIpGUw8jXnRFRfTnvTcT/vG6mwgt3xOI0UxDT2aIw41gleBIFDpgAqvhQE0IF07di2ieCUKUDK+oQ7PmXF0mrUrbPypXbaql2ncdRQEfoGJ0iG52jGrpBDdREFD2iZ/SK3own48V4Nz5mrUtGPnOA/sD4/AF6lJP1</latexit>

k↵k2
<latexit sha1_base64="a2n7+3LbWLcGadjVQDV++oUPELc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkpSBT0WvXisYD+giWWz3bRLN5uwuxFq2l/ixYMiXv0p3vw3btsctPXBwOO9GWbmBQlnSjvOt1VYW9/Y3Cpul3Z29/bL9sFhS8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB6Gbmtx+pVCwW93qcUD/CA8FCRrA2Us8uexPkYZ4MMfImDzXUsytO1ZkDrRI3JxXI0ejZX14/JmlEhSYcK9V1nUT7GZaaEU6nJS9VNMFkhAe0a6jAEVV+Nj98ik6N0kdhLE0Jjebq74kMR0qNo8B0RlgP1bI3E//zuqkOr/yMiSTVVJDFojDlSMdolgLqM0mJ5mNDMJHM3IrIEEtMtMmqZEJwl19eJa1a1T2v1u4uKvXrPI4iHMMJnIELl1CHW2hAEwik8Ayv8GY9WS/Wu/WxaC1Y+cwR/IH1+QNrlpJH</latexit>

Type IIA / Y3  :   -             determines the decay constant of  
                                            R-R axion field  C3 = �↵

<latexit sha1_base64="mNCJsCoq1qunLDtX6pqO3AMyhZg=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFcSElaQTdCsRuXFewDmhAm00k7dDIZZiZCCPVX3LhQxK0f4s6/cdpmoa0HLhzOuZd77wkFo0o7zre1tr6xubVd2inv7u0fHNpHx12VpBKTDk5YIvshUoRRTjqaakb6QhIUh4z0wklr5vceiVQ04Q86E8SP0YjTiGKkjRTYlVbQgDfQE2PqXUAPMTFGgV11as4ccJW4BamCAu3A/vKGCU5jwjVmSKmB6wjt50hqihmZlr1UEYHwBI3IwFCOYqL8fH78FJ4ZZQijRJriGs7V3xM5ipXK4tB0xkiP1bI3E//zBqmOrv2ccpFqwvFiUZQyqBM4SwIOqSRYs8wQhCU1t0I8RhJhbfIqmxDc5ZdXSbdecxu1+v1ltXlbxFECJ+AUnAMXXIEmuANt0AEYZOAZvII368l6sd6tj0XrmlXMVMAfWJ8/gcaTZg==</latexit>

k↵k2
<latexit sha1_base64="a2n7+3LbWLcGadjVQDV++oUPELc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkpSBT0WvXisYD+giWWz3bRLN5uwuxFq2l/ixYMiXv0p3vw3btsctPXBwOO9GWbmBQlnSjvOt1VYW9/Y3Cpul3Z29/bL9sFhS8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB6Gbmtx+pVCwW93qcUD/CA8FCRrA2Us8uexPkYZ4MMfImDzXUsytO1ZkDrRI3JxXI0ejZX14/JmlEhSYcK9V1nUT7GZaaEU6nJS9VNMFkhAe0a6jAEVV+Nj98ik6N0kdhLE0Jjebq74kMR0qNo8B0RlgP1bI3E//zuqkOr/yMiSTVVJDFojDlSMdolgLqM0mJ5mNDMJHM3IrIEEtMtMmqZEJwl19eJa1a1T2v1u4uKvXrPI4iHMMJnIELl1CHW2hAEwik8Ayv8GY9WS/Wu/WxaC1Y+cwR/IH1+QNrlpJH</latexit>

↵ 2 H
n(Yn,Q)

<latexit sha1_base64="ch5VZpYR1FUldP57Q0rmRpaifPc=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoICWpgi6LbrpswT6kiWEynbRDJ5MwMxFK6NaNv+LGhSJu/QN3/o2TNgttPXDhcM693HuPHzMqlWV9G4WV1bX1jeJmaWt7Z3fP3D/oyCgRmLRxxCLR85EkjHLSVlQx0osFQaHPSNcf32R+94EISSN+qyYxcUM05DSgGCkteSZ0EItHCDqUw8Y9r9x5HJ5BJ0Rq5Ptpa3rqmWWras0Al4mdkzLI0fTML2cQ4SQkXGGGpOzbVqzcFAlFMSPTkpNIEiM8RkPS15SjkEg3nX0yhSdaGcAgErq4gjP190SKQiknoa87sxPlopeJ/3n9RAVXbkp5nCjC8XxRkDCoIpjFAgdUEKzYRBOEBdW3QjxCAmGlwyvpEOzFl5dJp1a1z6u11kW5fp3HUQRH4BhUgA0uQR00QBO0AQaP4Bm8gjfjyXgx3o2PeWvByGcOwR8Ynz9KSJjO</latexit>

k↵k2 =

Z

CYn

↵ ^ ?↵
<latexit sha1_base64="YG9pZajYRt34vfY5wBeEvdxqvs8="></latexit>
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   Asymptotic of the Hodge norm

➡ Hodge norm is omnipresent in string compactifications:  

Type IIB / Y3  :  -              determines gauge coupling of  
                                           R-R gauge field  

For example:

C4 = A ^ ↵
<latexit sha1_base64="vq8EU0xtk6V36HBfr61lKzlcVDc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZJa0I1Q7cZlBfuAJoTJ5KYdOnkwM1FqKf6KGxeKuPU/3Pk3TtsstPXAhcM593LvPX7KmVSW9W0sLa+srq0XNoqbW9s7u+befksmmaDQpAlPRMcnEjiLoamY4tBJBZDI59D2B/WJ374HIVkS36lhCm5EejELGSVKS555WPeq+PLKeYCgB9ghPO0T7Jklq2xNgReJnZMSytHwzC8nSGgWQawoJ1J2bStV7ogIxSiHcdHJJKSEDkgPuprGJALpjqbXj/GJVgIcJkJXrPBU/T0xIpGUw8jXnRFRfTnvTcT/vG6mwgt3xOI0UxDT2aIw41gleBIFDpgAqvhQE0IF07di2ieCUKUDK+oQ7PmXF0mrUrbPypXbaql2ncdRQEfoGJ0iG52jGrpBDdREFD2iZ/SK3own48V4Nz5mrUtGPnOA/sD4/AF6lJP1</latexit>

k↵k2
<latexit sha1_base64="a2n7+3LbWLcGadjVQDV++oUPELc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkpSBT0WvXisYD+giWWz3bRLN5uwuxFq2l/ixYMiXv0p3vw3btsctPXBwOO9GWbmBQlnSjvOt1VYW9/Y3Cpul3Z29/bL9sFhS8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB6Gbmtx+pVCwW93qcUD/CA8FCRrA2Us8uexPkYZ4MMfImDzXUsytO1ZkDrRI3JxXI0ejZX14/JmlEhSYcK9V1nUT7GZaaEU6nJS9VNMFkhAe0a6jAEVV+Nj98ik6N0kdhLE0Jjebq74kMR0qNo8B0RlgP1bI3E//zuqkOr/yMiSTVVJDFojDlSMdolgLqM0mJ5mNDMJHM3IrIEEtMtMmqZEJwl19eJa1a1T2v1u4uKvXrPI4iHMMJnIELl1CHW2hAEwik8Ayv8GY9WS/Wu/WxaC1Y+cwR/IH1+QNrlpJH</latexit>

Type IIA / Y3  :   -             determines the decay constant of  
                                            R-R axion field  C3 = �↵

<latexit sha1_base64="mNCJsCoq1qunLDtX6pqO3AMyhZg=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFcSElaQTdCsRuXFewDmhAm00k7dDIZZiZCCPVX3LhQxK0f4s6/cdpmoa0HLhzOuZd77wkFo0o7zre1tr6xubVd2inv7u0fHNpHx12VpBKTDk5YIvshUoRRTjqaakb6QhIUh4z0wklr5vceiVQ04Q86E8SP0YjTiGKkjRTYlVbQgDfQE2PqXUAPMTFGgV11as4ccJW4BamCAu3A/vKGCU5jwjVmSKmB6wjt50hqihmZlr1UEYHwBI3IwFCOYqL8fH78FJ4ZZQijRJriGs7V3xM5ipXK4tB0xkiP1bI3E//zBqmOrv2ccpFqwvFiUZQyqBM4SwIOqSRYs8wQhCU1t0I8RhJhbfIqmxDc5ZdXSbdecxu1+v1ltXlbxFECJ+AUnAMXXIEmuANt0AEYZOAZvII368l6sd6tj0XrmlXMVMAfWJ8/gcaTZg==</latexit>

k↵k2
<latexit sha1_base64="a2n7+3LbWLcGadjVQDV++oUPELc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkpSBT0WvXisYD+giWWz3bRLN5uwuxFq2l/ixYMiXv0p3vw3btsctPXBwOO9GWbmBQlnSjvOt1VYW9/Y3Cpul3Z29/bL9sFhS8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB6Gbmtx+pVCwW93qcUD/CA8FCRrA2Us8uexPkYZ4MMfImDzXUsytO1ZkDrRI3JxXI0ejZX14/JmlEhSYcK9V1nUT7GZaaEU6nJS9VNMFkhAe0a6jAEVV+Nj98ik6N0kdhLE0Jjebq74kMR0qNo8B0RlgP1bI3E//zuqkOr/yMiSTVVJDFojDlSMdolgLqM0mJ5mNDMJHM3IrIEEtMtMmqZEJwl19eJa1a1T2v1u4uKvXrPI4iHMMJnIELl1CHW2hAEwik8Ayv8GY9WS/Wu/WxaC1Y+cwR/IH1+QNrlpJH</latexit>

↵ 2 H
n(Yn,Q)

<latexit sha1_base64="ch5VZpYR1FUldP57Q0rmRpaifPc=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoICWpgi6LbrpswT6kiWEynbRDJ5MwMxFK6NaNv+LGhSJu/QN3/o2TNgttPXDhcM693HuPHzMqlWV9G4WV1bX1jeJmaWt7Z3fP3D/oyCgRmLRxxCLR85EkjHLSVlQx0osFQaHPSNcf32R+94EISSN+qyYxcUM05DSgGCkteSZ0EItHCDqUw8Y9r9x5HJ5BJ0Rq5Ptpa3rqmWWras0Al4mdkzLI0fTML2cQ4SQkXGGGpOzbVqzcFAlFMSPTkpNIEiM8RkPS15SjkEg3nX0yhSdaGcAgErq4gjP190SKQiknoa87sxPlopeJ/3n9RAVXbkp5nCjC8XxRkDCoIpjFAgdUEKzYRBOEBdW3QjxCAmGlwyvpEOzFl5dJp1a1z6u11kW5fp3HUQRH4BhUgA0uQR00QBO0AQaP4Bm8gjfjyXgx3o2PeWvByGcOwR8Ynz9KSJjO</latexit>

k↵k2 =

Z

CYn

↵ ^ ?↵
<latexit sha1_base64="YG9pZajYRt34vfY5wBeEvdxqvs8="></latexit>

F-theory / Y4  :   -              determine scalar potential for a  
                                             background flux                    on Y4

<latexit sha1_base64="NAdFSyKacvuspZmuUB76jNebIKc=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaRRI9ELx4xysPAhswOvTBhdnYzM2tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaHSPJYPZpygH9GB5CFn1Fjp/rFX7RVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE175Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNStm7KFfuqqXadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8A4kGNiA==</latexit>

↵ = G4
<latexit sha1_base64="AGt2mWbVw37W16xMPFqkxOftImQ=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hd0Y0IsQ9KDHCOaByRJ6J7PJkNnZZWZWCCF/4cWDIl79G2/+jZNkD5pY0FBUddPdFSSCa+O6387K6tr6xmZuK7+9s7u3Xzg4bOg4VZTVaSxi1QpQM8ElqxtuBGslimEUCNYMhjdTv/nElOaxfDCjhPkR9iUPOUVjpccOimSAV7fdSrdQdEvuDGSZeBkpQoZat/DV6cU0jZg0VKDWbc9NjD9GZTgVbJLvpJolSIfYZ21LJUZM++PZxRNyapUeCWNlSxoyU39PjDHSehQFtjNCM9CL3lT8z2unJrz0x1wmqWGSzheFqSAmJtP3SY8rRo0YWYJUcXsroQNUSI0NKW9D8BZfXiaNcsk7L5XvK8XqdRZHDo7hBM7Agwuowh3UoA4UJDzDK7w52nlx3p2PeeuKk80cwR84nz/SuZBb</latexit>

k↵k2
<latexit sha1_base64="a2n7+3LbWLcGadjVQDV++oUPELc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkpSBT0WvXisYD+giWWz3bRLN5uwuxFq2l/ixYMiXv0p3vw3btsctPXBwOO9GWbmBQlnSjvOt1VYW9/Y3Cpul3Z29/bL9sFhS8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB6Gbmtx+pVCwW93qcUD/CA8FCRrA2Us8uexPkYZ4MMfImDzXUsytO1ZkDrRI3JxXI0ejZX14/JmlEhSYcK9V1nUT7GZaaEU6nJS9VNMFkhAe0a6jAEVV+Nj98ik6N0kdhLE0Jjebq74kMR0qNo8B0RlgP1bI3E//zuqkOr/yMiSTVVJDFojDlSMdolgLqM0mJ5mNDMJHM3IrIEEtMtMmqZEJwl19eJa1a1T2v1u4uKvXrPI4iHMMJnIELl1CHW2hAEwik8Ayv8GY9WS/Wu/WxaC1Y+cwR/IH1+QNrlpJH</latexit>
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   Asymptotic of the Hodge norm

➡ Hodge norm is omnipresent in string compactifications:  

Type IIB / Y3  :  -              determines gauge coupling of  
                                           R-R gauge field  

For example:

C4 = A ^ ↵
<latexit sha1_base64="vq8EU0xtk6V36HBfr61lKzlcVDc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVZJa0I1Q7cZlBfuAJoTJ5KYdOnkwM1FqKf6KGxeKuPU/3Pk3TtsstPXAhcM593LvPX7KmVSW9W0sLa+srq0XNoqbW9s7u+befksmmaDQpAlPRMcnEjiLoamY4tBJBZDI59D2B/WJ374HIVkS36lhCm5EejELGSVKS555WPeq+PLKeYCgB9ghPO0T7Jklq2xNgReJnZMSytHwzC8nSGgWQawoJ1J2bStV7ogIxSiHcdHJJKSEDkgPuprGJALpjqbXj/GJVgIcJkJXrPBU/T0xIpGUw8jXnRFRfTnvTcT/vG6mwgt3xOI0UxDT2aIw41gleBIFDpgAqvhQE0IF07di2ieCUKUDK+oQ7PmXF0mrUrbPypXbaql2ncdRQEfoGJ0iG52jGrpBDdREFD2iZ/SK3own48V4Nz5mrUtGPnOA/sD4/AF6lJP1</latexit>

k↵k2
<latexit sha1_base64="a2n7+3LbWLcGadjVQDV++oUPELc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkpSBT0WvXisYD+giWWz3bRLN5uwuxFq2l/ixYMiXv0p3vw3btsctPXBwOO9GWbmBQlnSjvOt1VYW9/Y3Cpul3Z29/bL9sFhS8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB6Gbmtx+pVCwW93qcUD/CA8FCRrA2Us8uexPkYZ4MMfImDzXUsytO1ZkDrRI3JxXI0ejZX14/JmlEhSYcK9V1nUT7GZaaEU6nJS9VNMFkhAe0a6jAEVV+Nj98ik6N0kdhLE0Jjebq74kMR0qNo8B0RlgP1bI3E//zuqkOr/yMiSTVVJDFojDlSMdolgLqM0mJ5mNDMJHM3IrIEEtMtMmqZEJwl19eJa1a1T2v1u4uKvXrPI4iHMMJnIELl1CHW2hAEwik8Ayv8GY9WS/Wu/WxaC1Y+cwR/IH1+QNrlpJH</latexit>

Type IIA / Y3  :   -             determines the decay constant of  
                                            R-R axion field  C3 = �↵

<latexit sha1_base64="mNCJsCoq1qunLDtX6pqO3AMyhZg=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFcSElaQTdCsRuXFewDmhAm00k7dDIZZiZCCPVX3LhQxK0f4s6/cdpmoa0HLhzOuZd77wkFo0o7zre1tr6xubVd2inv7u0fHNpHx12VpBKTDk5YIvshUoRRTjqaakb6QhIUh4z0wklr5vceiVQ04Q86E8SP0YjTiGKkjRTYlVbQgDfQE2PqXUAPMTFGgV11as4ccJW4BamCAu3A/vKGCU5jwjVmSKmB6wjt50hqihmZlr1UEYHwBI3IwFCOYqL8fH78FJ4ZZQijRJriGs7V3xM5ipXK4tB0xkiP1bI3E//zBqmOrv2ccpFqwvFiUZQyqBM4SwIOqSRYs8wQhCU1t0I8RhJhbfIqmxDc5ZdXSbdecxu1+v1ltXlbxFECJ+AUnAMXXIEmuANt0AEYZOAZvII368l6sd6tj0XrmlXMVMAfWJ8/gcaTZg==</latexit>

k↵k2
<latexit sha1_base64="a2n7+3LbWLcGadjVQDV++oUPELc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkpSBT0WvXisYD+giWWz3bRLN5uwuxFq2l/ixYMiXv0p3vw3btsctPXBwOO9GWbmBQlnSjvOt1VYW9/Y3Cpul3Z29/bL9sFhS8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB6Gbmtx+pVCwW93qcUD/CA8FCRrA2Us8uexPkYZ4MMfImDzXUsytO1ZkDrRI3JxXI0ejZX14/JmlEhSYcK9V1nUT7GZaaEU6nJS9VNMFkhAe0a6jAEVV+Nj98ik6N0kdhLE0Jjebq74kMR0qNo8B0RlgP1bI3E//zuqkOr/yMiSTVVJDFojDlSMdolgLqM0mJ5mNDMJHM3IrIEEtMtMmqZEJwl19eJa1a1T2v1u4uKvXrPI4iHMMJnIELl1CHW2hAEwik8Ayv8GY9WS/Wu/WxaC1Y+cwR/IH1+QNrlpJH</latexit>

↵ 2 H
n(Yn,Q)

<latexit sha1_base64="ch5VZpYR1FUldP57Q0rmRpaifPc=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoICWpgi6LbrpswT6kiWEynbRDJ5MwMxFK6NaNv+LGhSJu/QN3/o2TNgttPXDhcM693HuPHzMqlWV9G4WV1bX1jeJmaWt7Z3fP3D/oyCgRmLRxxCLR85EkjHLSVlQx0osFQaHPSNcf32R+94EISSN+qyYxcUM05DSgGCkteSZ0EItHCDqUw8Y9r9x5HJ5BJ0Rq5Ptpa3rqmWWras0Al4mdkzLI0fTML2cQ4SQkXGGGpOzbVqzcFAlFMSPTkpNIEiM8RkPS15SjkEg3nX0yhSdaGcAgErq4gjP190SKQiknoa87sxPlopeJ/3n9RAVXbkp5nCjC8XxRkDCoIpjFAgdUEKzYRBOEBdW3QjxCAmGlwyvpEOzFl5dJp1a1z6u11kW5fp3HUQRH4BhUgA0uQR00QBO0AQaP4Bm8gjfjyXgx3o2PeWvByGcOwR8Ynz9KSJjO</latexit>

k↵k2 =

Z

CYn

↵ ^ ?↵
<latexit sha1_base64="YG9pZajYRt34vfY5wBeEvdxqvs8="></latexit>

F-theory / Y4  :   -              determine scalar potential for a  
                                             background flux                    on Y4

<latexit sha1_base64="NAdFSyKacvuspZmuUB76jNebIKc=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaRRI9ELx4xysPAhswOvTBhdnYzM2tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaHSPJYPZpygH9GB5CFn1Fjp/rFX7RVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE175Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNStm7KFfuqqXadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8A4kGNiA==</latexit>

↵ = G4
<latexit sha1_base64="AGt2mWbVw37W16xMPFqkxOftImQ=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hd0Y0IsQ9KDHCOaByRJ6J7PJkNnZZWZWCCF/4cWDIl79G2/+jZNkD5pY0FBUddPdFSSCa+O6387K6tr6xmZuK7+9s7u3Xzg4bOg4VZTVaSxi1QpQM8ElqxtuBGslimEUCNYMhjdTv/nElOaxfDCjhPkR9iUPOUVjpccOimSAV7fdSrdQdEvuDGSZeBkpQoZat/DV6cU0jZg0VKDWbc9NjD9GZTgVbJLvpJolSIfYZ21LJUZM++PZxRNyapUeCWNlSxoyU39PjDHSehQFtjNCM9CL3lT8z2unJrz0x1wmqWGSzheFqSAmJtP3SY8rRo0YWYJUcXsroQNUSI0NKW9D8BZfXiaNcsk7L5XvK8XqdRZHDo7hBM7Agwuowh3UoA4UJDzDK7w52nlx3p2PeeuKk80cwR84nz/SuZBb</latexit>

k↵k2
<latexit sha1_base64="a2n7+3LbWLcGadjVQDV++oUPELc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkpSBT0WvXisYD+giWWz3bRLN5uwuxFq2l/ixYMiXv0p3vw3btsctPXBwOO9GWbmBQlnSjvOt1VYW9/Y3Cpul3Z29/bL9sFhS8WpJLRJYh7LToAV5UzQpmaa004iKY4CTtvB6Gbmtx+pVCwW93qcUD/CA8FCRrA2Us8uexPkYZ4MMfImDzXUsytO1ZkDrRI3JxXI0ejZX14/JmlEhSYcK9V1nUT7GZaaEU6nJS9VNMFkhAe0a6jAEVV+Nj98ik6N0kdhLE0Jjebq74kMR0qNo8B0RlgP1bI3E//zuqkOr/yMiSTVVJDFojDlSMdolgLqM0mJ5mNDMJHM3IrIEEtMtMmqZEJwl19eJa1a1T2v1u4uKvXrPI4iHMMJnIELl1CHW2hAEwik8Ayv8GY9WS/Wu/WxaC1Y+cwR/IH1+QNrlpJH</latexit>

WGC
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   Asymptotic of the Hodge norm

➡ Hodge norm in asymptotic region:  

Mcs
<latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit><latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit><latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit><latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit>

ti = xi + iyi ! i1
<latexit sha1_base64="koPTw5V1wjSl6lbguxbHvPXBAzs="></latexit>

k↵k2 =

Z

CYn

↵ ^ ?↵
<latexit sha1_base64="YG9pZajYRt34vfY5wBeEvdxqvs8="></latexit>
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   Asymptotic of the Hodge norm

➡ Hodge norm in asymptotic region:  

Mcs
<latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit><latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit><latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit><latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit>

k↵k2 ⇠
X

l1,...,ln

(y1)l1�n(y2)l2�l1 ...(yn)ln�1�lnk⇢l1...lnk1
<latexit sha1_base64="QQ6qTm3YRoxe9zTctClLZL51ELw="></latexit>

ti = xi + iyi ! i1
<latexit sha1_base64="koPTw5V1wjSl6lbguxbHvPXBAzs="></latexit>

k↵k2 =

Z

CYn

↵ ^ ?↵
<latexit sha1_base64="YG9pZajYRt34vfY5wBeEvdxqvs8="></latexit>
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   Asymptotic of the Hodge norm

➡ Hodge norm in asymptotic region:  

Mcs
<latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit><latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit><latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit><latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit>

k↵k2 ⇠
X

l1,...,ln

(y1)l1�n(y2)l2�l1 ...(yn)ln�1�lnk⇢l1...lnk1
<latexit sha1_base64="QQ6qTm3YRoxe9zTctClLZL51ELw="></latexit>

ti = xi + iyi ! i1
<latexit sha1_base64="koPTw5V1wjSl6lbguxbHvPXBAzs="></latexit>

restriction of  

to subspaces Vl1...ln
<latexit sha1_base64="r83brIe4t+sDT07g+x72oc5Edmo="></latexit>

e�xiNi↵
<latexit sha1_base64="tpbmx7LW6GfAKIDRsrJBfxFLZaQ="></latexit>

k↵k2 =

Z

CYn

↵ ^ ?↵
<latexit sha1_base64="YG9pZajYRt34vfY5wBeEvdxqvs8="></latexit>
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   Asymptotic of the Hodge norm

➡ Hodge norm in asymptotic region:  

k↵k2 ⇠
X

l1,...,ln

(y1)l1�n(y2)l2�l1 ...(yn)ln�1�lnk⇢l1...lnk1
<latexit sha1_base64="QQ6qTm3YRoxe9zTctClLZL51ELw="></latexit>

restriction of  

to subspaces Vl1...ln
<latexit sha1_base64="r83brIe4t+sDT07g+x72oc5Edmo="></latexit>

e�xiNi↵
<latexit sha1_base64="tpbmx7LW6GfAKIDRsrJBfxFLZaQ="></latexit>

Can split 

H
n(Yn,Q) = Vlight � Vheavy � Vrest

<latexit sha1_base64="GG+Y9hkOIuKSR+XLFK2K9Lf+iI4="></latexit>

k↵k2 ! 0
<latexit sha1_base64="DrF2mrh/Ky5gh7oQIzE4EQsnNGk=">AAACBXicbVC7TsNAEDyHVwgvAyUUJyIkqsgOSFBG0FAGiTyk2ETryzk+5fzQ3RkUOWlo+BUaChCi5R/o+BsuiQtIGGml0cyudne8hDOpLOvbKCwtr6yuFddLG5tb2zvm7l5TxqkgtEFiHou2B5JyFtGGYorTdiIohB6nLW9wNfFb91RIFke3aphQN4R+xHxGQGmpax46I+wATwLAzuiuih3B+oECIeIHbHXNslWxpsCLxM5JGeWod80vpxeTNKSRIhyk7NhWotwMhGKE03HJSSVNgAygTzuaRhBS6WbTL8b4WCs97MdCV6TwVP09kUEo5TD0dGcIKpDz3kT8z+ukyr9wMxYlqaIRmS3yU45VjCeR4B4TlCg+1ASIYPpWTAIQQJQOrqRDsOdfXiTNasU+rVRvzsq1yzyOIjpAR+gE2egc1dA1qqMGIugRPaNX9GY8GS/Gu/Exay0Y+cw++gPj8wczx5e+</latexit>

k↵k2 ! 1
<latexit sha1_base64="f52avNUZ4VuWa3wXsWsCFAgtn/I=">AAACCnicbVC5TsNAEF1zhnAFKGkWIiSqyA5IUEbQUAaJHFJsovFmHa9Yr63dMSgK1DT8Cg0FCNHyBXT8DZuj4HrSSE/vzWhmXphJYdB1P52Z2bn5hcXCUnF5ZXVtvbSx2TRprhlvsFSmuh2C4VIo3kCBkrczzSEJJW+FV6cjv3XNtRGpusBBxoME+kpEggFaqVva8W+pDzKLgfq3l1Xqa9GPEbROb6gvVISDbqnsVtwx6F/iTUmZTFHvlj78XsryhCtkEozpeG6GwRA0Cib5XdHPDc+AXUGfdyxVkHATDMev3NE9q/RolGpbCulY/T4xhMSYQRLazgQwNr+9kfif18kxOg6GQmU5csUmi6JcUkzpKBfaE5ozlANLgGlhb6UsBg0MbXpFG4L3++W/pFmteAeV6vlhuXYyjaNAtsku2SceOSI1ckbqpEEYuSeP5Jm8OA/Ok/PqvE1aZ5zpzBb5Aef9C69pmkY=</latexit>
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   Asymptotic of the Hodge norm

➡ Hodge norm in asymptotic region:  

In the asymptotic regime the dependents  
on         (saxions) and        (axions) is explicit  
⇒ classification requires to classify all  
     asymptotic limits

Upshot:  

k↵k2 ⇠
X

l1,...,ln

(y1)l1�n(y2)l2�l1 ...(yn)ln�1�lnk⇢l1...lnk1
<latexit sha1_base64="QQ6qTm3YRoxe9zTctClLZL51ELw="></latexit>

restriction of  

to subspaces Vl1...ln
<latexit sha1_base64="r83brIe4t+sDT07g+x72oc5Edmo="></latexit>

e�xiNi↵
<latexit sha1_base64="tpbmx7LW6GfAKIDRsrJBfxFLZaQ="></latexit>

yi
<latexit sha1_base64="TOefDJJe2dzf18VpEdWhQpEbtIw=">AAACFXicbZBNS8MwGMdTX+d8q3r0EhyCh1Haqehx6MXjBPcCXR1plm5haVqSVCilX8KLX8WLB0W8Ct78NqZ7Ad18IPDj/3+e5MnfjxmVyra/jaXlldW19dJGeXNre2fX3NtvySgRmDRxxCLR8ZEkjHLSVFQx0okFQaHPSNsfXRd++4EISSN+p9KYeCEacBpQjJSWemY1644vccXA9zLbOreLqtqWPYOJkqf3NO+ZlZkBF8GZQgVMq9Ezv7r9CCch4QozJKXr2LHyMiQUxYzk5W4iSYzwCA2Iq5GjkEgvGy+Uw2Ot9GEQCX24gmP190SGQinT0NedIVJDOe8V4n+em6jg0ssojxNFOJ48FCQMqggWEcE+FQQrlmpAWFC9K8RDJBBWOsiyDsGZ//IitGqWc2rVbs8q9atpHCVwCI7ACXDABaiDG9AATYDBI3gGr+DNeDJejHfjY9K6ZExnDsCfMj5/APHImuE=</latexit>

xi
<latexit sha1_base64="1KtgcVVEXVCKchaYSgjHP2yIS7g=">AAACFXicbZC7TsMwFIadcivlFmBkiaiQGKoqLoi2WwULY5HoRUpD5bhOa9W5yHYQVZSXYOFVWBhAiBWJjbfBSTNAyy9Z+vSfc+zj3wkZFdI0v7XCyura+kZxs7S1vbO7p+8fdEUQcUw6OGAB7ztIEEZ90pFUMtIPOUGew0jPmV6l9d494YIG/q2chcT20NinLsVIKmuoV+JBdonFx44dm1XTNCGElRRg/cJU0Gw2arCRPNzRZKiXsw4lYxlgDmWQqz3UvwajAEce8SVmSAgLmqG0Y8QlxYwkpUEkSIjwFI2JpdBHHhF2nC2UGCfKGRluwNXxpZG5vydi5Akx8xzV6SE5EYu11PyvZkXSbdgx9cNIEh/PH3IjZsjASCMyRpQTLNlMAcKcql0NPEEcYamCLKkQ4OKXl6Fbq8Kzau3mvNy6zOMogiNwDE4BBHXQAtegDToAg0fwDF7Bm/akvWjv2se8taDlM4fgj7TPHzSMmww=</latexit>

related expression:  
[Herraez,Ibanez,   
 Marchesano,Zoccarato]
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   Classification of asymptotic limits

➡ K3 surface:   

➡ Calabi-Yau threefolds:   4 h2,1 types of limits

➡ Calabi-Yau fourfolds:   8 h3,1  types of limits

[Kerr,Pearlstein,Robles 2017]  
[Green,Griffiths,Robles]… 

[TG,Li,Zimmermann]
[TG,Li,Valenzuela]

Types: Ia, IIb, IIIc, IVd
<latexit sha1_base64="rjTTLGOSDo6Yh0gsFdE1qzk3h9Q=">AAACLHicbVBJSwMxFM641rpVPXoJFsFDKTNVUDwVe9FbhW7QGYZMmrahmYXkjViG+UFe/CuCeLCIV3+H6aLU1geBb3mPl/d5keAKTHNkrKyurW9sZray2zu7e/u5g8OGCmNJWZ2GIpQtjygmeMDqwEGwViQZ8T3Bmt6gMvabD0wqHgY1GEbM8Ukv4F1OCWjJzVVsYI+Q1LSlrlMbT+ld6pLCL9HMm2Oa0sIPa6Rux83lzaI5KbwMrBnIo1lV3dyr3Qlp7LMAqCBKtS0zAichEjgVLM3asWIRoQPSY20NA+Iz5SSTY1N8qpUO7oZSvwDwRJ2fSIiv1ND3dKdPoK8WvbH4n9eOoXvlJDyIYmABnS7qxgJDiMfJ4Q6XjIIYakCo5PqvmPaJJBR0vlkdgrV48jJolIrWebF0f5Ev38ziyKBjdILOkIUuURndoiqqI4qe0At6RyPj2XgzPozPaeuKMZs5Qn/K+PoG2DSojA==</latexit>

[Kulikov]

Types: I, II, III
<latexit sha1_base64="gp2cWtZVFQAnmFUn6V5k/Q3N33g=">AAACG3icbVDLSgMxFM34rPU16tJNsAgupMxUQXFVdGN3FfqCzlAyadqGZh4kd8QyzH+48VfcuFDEleDCvzFtB7GtBwLnnnMvN/d4keAKLOvbWFpeWV1bz23kN7e2d3bNvf2GCmNJWZ2GIpQtjygmeMDqwEGwViQZ8T3Bmt7wZuw375lUPAxqMIqY65N+wHucEtBSxyw5wB4gqWlLXaUOnpaVFJ/+8tmiknbMglW0JsCLxM5IAWWodsxPpxvS2GcBUEGUattWBG5CJHAqWJp3YsUiQoekz9qaBsRnyk0mt6X4WCtd3AulfgHgifp3IiG+UiPf050+gYGa98bif147ht6lm/AgioEFdLqoFwsMIR4HhbtcMgpipAmhkuu/YjogklDQceZ1CPb8yYukUSraZ8XS3XmhfJ3FkUOH6AidIBtdoDK6RVVURxQ9omf0it6MJ+PFeDc+pq1LRjZzgGZgfP0Ak56hGA==</latexit>

Types: Ia,a0 , IIb,b0 , IIIc,c0 , IVd,d0 , Ve,e0
<latexit sha1_base64="aTLAq+ApIz/pZ9lcDXDvPwiT8XQ="></latexit>
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   Classification of singularity enhancements

➡ multi-dimensional moduli spaces:   

Mcs
<latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit><latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit><latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit><latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit>

N1
<latexit sha1_base64="FDDLL/YWEYUJmsJ/CFuo2WWH7Cg=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04kkq2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzThBP6IDyUPOqLHSw13P65XKbsWdgSwTLydlyFHvlb66/ZilEUrDBNW647mJ8TOqDGcCJ8VuqjGhbEQH2LFU0gi1n81OnZBTq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0ijYEb/HlZdKsVrzzSvX+oly7zuMowDGcwBl4cAk1uIU6NIDBAJ7hFd4c4bw4787HvHXFyWeO4A+czx/M8416</latexit> N2

<latexit sha1_base64="VSRiS1ij+AfgdhMK+dml5RxpXFk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04kkq2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3Uz91hPXRsTqEccJ9yM6UCIUjKKVHu561V6p7FbcGcgy8XJShhz1Xumr249ZGnGFTFJjOp6boJ9RjYJJPil2U8MTykZ0wDuWKhpx42ezUyfk1Cp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMv2b9IXmDOXYEsq0sLcSNqSaMrTpFG0I3uLLy6RZrXjnler9Rbl2ncdRgGM4gTPw4BJqcAt1aACDATzDK7w50nlx3p2PeeuKk88cwR84nz/Od417</latexit>
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   Classification of singularity enhancements

➡ multi-dimensional moduli spaces:   

Mcs
<latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit><latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit><latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit><latexit sha1_base64="iOx2Q2SSrAS2xtcbFSNMt5qUotA=">AAAB/HicbVDLSsNAFJ34rPUVHzs3g0VwVRIR1F3RjRuhgrGFJoTJdNIOnZmEmYlQQ/BX3LhQceuHuPNvnLRZaOuBgcM593LPnChlVGnH+bYWFpeWV1Zra/X1jc2tbXtn914lmcTEwwlLZDdCijAqiKepZqSbSoJ4xEgnGl2VfueBSEUTcafHKQk4GggaU4y0kUJ73+dIDzFi+U0R5r7kEKsitBtO05kAzhO3Ig1QoR3aX34/wRknQmOGlOq5TqqDHElNMSNF3c8USREeoQHpGSoQJyrIJ+kLeGSUPowTaZ7QcKL+3sgRV2rMIzNZZlWzXin+5/UyHZ8HORVpponA00NxxqBOYFkF7FNJsGZjQxCW1GSFeIgkwtoUVjcluLNfnifeSfOi6d6eNlqXVRs1cAAOwTFwwRlogWvQBh7A4BE8g1fwZj1ZL9a79TEdXbCqnT3wB9bnDz9jlUo=</latexit>

N1
<latexit sha1_base64="FDDLL/YWEYUJmsJ/CFuo2WWH7Cg=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04kkq2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzThBP6IDyUPOqLHSw13P65XKbsWdgSwTLydlyFHvlb66/ZilEUrDBNW647mJ8TOqDGcCJ8VuqjGhbEQH2LFU0gi1n81OnZBTq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0ijYEb/HlZdKsVrzzSvX+oly7zuMowDGcwBl4cAk1uIU6NIDBAJ7hFd4c4bw4787HvHXFyWeO4A+czx/M8416</latexit> N2

<latexit sha1_base64="VSRiS1ij+AfgdhMK+dml5RxpXFk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04kkq2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3Uz91hPXRsTqEccJ9yM6UCIUjKKVHu561V6p7FbcGcgy8XJShhz1Xumr249ZGnGFTFJjOp6boJ9RjYJJPil2U8MTykZ0wDuWKhpx42ezUyfk1Cp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMv2b9IXmDOXYEsq0sLcSNqSaMrTpFG0I3uLLy6RZrXjnler9Rbl2ncdRgGM4gTPw4BJqcAt1aACDATzDK7w50nlx3p2PeeuKk88cwR84nz/Od417</latexit>

N1 +N2
<latexit sha1_base64="wFeu8k0BuRBJkXM++Wiw95Etu0o=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRZBEMpuFfRY9OKpVLAf0C5LNs22oUl2SbJCWfojvHhQxKu/x5v/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqK3jVBHaIjGPVTfEmnImacsww2k3URSLkNNOOL6b+Z0nqjSL5aOZJNQXeChZxAg2Vuo0Au+iEdSCcsWtunOgVeLlpAI5mkH5qz+ISSqoNIRjrXuemxg/w8owwum01E81TTAZ4yHtWSqxoNrP5udO0ZlVBiiKlS1p0Fz9PZFhofVEhLZTYDPSy95M/M/rpSa68TMmk9RQSRaLopQjE6PZ72jAFCWGTyzBRDF7KyIjrDAxNqGSDcFbfnmVtGtV77Jae7iq1G/zOIpwAqdwDh5cQx3uoQktIDCGZ3iFNydxXpx352PRWnDymWP4A+fzB/jZjqw=</latexit>
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➡ multi-dimensional moduli spaces:   

Mcs
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[TG,Li,Valenzuela], [TG,Li,Zimmermann] 

What enhancements are allowed?  

➡ Enhancement rules can be systematically determined:
‣ K3, CY3        [Kerr,Pearlstein,Robles]
‣ CY4 
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   An example:  general CY3, with 3 moduli
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Figure 4: Graphs of allowed type enhancements for field spaces with h
2,1 complex fields. In

terms of Calabi-Yau geometries, h2,1 is the associated Hodge number. An arrow denotes that a
starting type of locus may enhance over a sub-locus, corresponding to an intersection, to the
end type. Note that the enhancement relations are not transitive. For example, in the h

2,1 = 2
case, there is a chain of II0 ! II1 ! IV2 enhancements, but there is no direct enhancement
from II0 to IV2.

2.1 Complex Structure Moduli Spaces and Monodromy

The focus of this paper lies on a particular sector of Type II string compactifications on
Calabi-Yau threefolds. More precisely, we will investigate the geometry of the field space
spanned by the scalars in the N = 2 vector multiplets arising in these compactifications. These
scalars correspond to complex structure deformations of the Calabi-Yau threefold in Type IIB
string theory and complexified Kähler structure deformations in Type IIA. Since these two
compactifications are deeply linked via mirror symmetry, it will often su�ce to address only
one of the two sides. In particular, it is important to recall that the complex structure side
captures the more general perspective and hence will be the focus for the first part of our
exposition. Later on, we will address aspects of the Kähler structure side by discussing large
volume compactifications.

To begin with, let us denote the complex structure moduli space by Mcs and introduce
the Weil-Petersson metric gWP that arises in the Type IIB string theory comactification. The
space Mcs has complex dimension h

2,1, where h
p,q = dimC(Hp,q(Y3)) are the Hodge numbers of

the Calabi-Yau threefold Y3. In a local patch we can thus introduce complex coordinates zI ,
I = 1, . . . , h2,1, which are called the complex structure moduli. The metric gWP on Mcs is special
Kähler and determined by the complex structure variations of the holomorphic (3, 0)-form ⌦ on
Y3 [26–28]. Its components gIJ̄ = @zI@z̄JK can locally be obtained from the Kähler potential

K(z, z̄) = � log
h
i

Z

Y3

⌦ ^ ⌦̄
i
⌘ � log

h
i ⇧̄I

⌘IJ⇧
J
i
. (2.1)

In the second equality we have expanded ⌦ into a real integral basis �I , I = 1, . . . , 2h2,1 + 2
spanning H

3(Y3,Z). More precisely, we introduced

⌦ = ⇧I
�I , ⌘IJ = �

Z

Y3

�I ^ �J . (2.2)

In order to simplify notation we will introduce bold-faced letters to denote coe�cient vectors in

6
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starting type of locus may enhance over a sub-locus, corresponding to an intersection, to the
end type. Note that the enhancement relations are not transitive. For example, in the h

2,1 = 2
case, there is a chain of II0 ! II1 ! IV2 enhancements, but there is no direct enhancement
from II0 to IV2.

2.1 Complex Structure Moduli Spaces and Monodromy

The focus of this paper lies on a particular sector of Type II string compactifications on
Calabi-Yau threefolds. More precisely, we will investigate the geometry of the field space
spanned by the scalars in the N = 2 vector multiplets arising in these compactifications. These
scalars correspond to complex structure deformations of the Calabi-Yau threefold in Type IIB
string theory and complexified Kähler structure deformations in Type IIA. Since these two
compactifications are deeply linked via mirror symmetry, it will often su�ce to address only
one of the two sides. In particular, it is important to recall that the complex structure side
captures the more general perspective and hence will be the focus for the first part of our
exposition. Later on, we will address aspects of the Kähler structure side by discussing large
volume compactifications.

To begin with, let us denote the complex structure moduli space by Mcs and introduce
the Weil-Petersson metric gWP that arises in the Type IIB string theory comactification. The
space Mcs has complex dimension h

2,1, where h
p,q = dimC(Hp,q(Y3)) are the Hodge numbers of

the Calabi-Yau threefold Y3. In a local patch we can thus introduce complex coordinates zI ,
I = 1, . . . , h2,1, which are called the complex structure moduli. The metric gWP on Mcs is special
Kähler and determined by the complex structure variations of the holomorphic (3, 0)-form ⌦ on
Y3 [26–28]. Its components gIJ̄ = @zI@z̄JK can locally be obtained from the Kähler potential

K(z, z̄) = � log
h
i

Z

Y3

⌦ ^ ⌦̄
i
⌘ � log

h
i ⇧̄I

⌘IJ⇧
J
i
. (2.1)

In the second equality we have expanded ⌦ into a real integral basis �I , I = 1, . . . , 2h2,1 + 2
spanning H

3(Y3,Z). More precisely, we introduced

⌦ = ⇧I
�I , ⌘IJ = �

Z

Y3

�I ^ �J . (2.2)

In order to simplify notation we will introduce bold-faced letters to denote coe�cient vectors in
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terms of Calabi-Yau geometries, h2,1 is the associated Hodge number. An arrow denotes that a
starting type of locus may enhance over a sub-locus, corresponding to an intersection, to the
end type. Note that the enhancement relations are not transitive. For example, in the h

2,1 = 2
case, there is a chain of II0 ! II1 ! IV2 enhancements, but there is no direct enhancement
from II0 to IV2.

2.1 Complex Structure Moduli Spaces and Monodromy

The focus of this paper lies on a particular sector of Type II string compactifications on
Calabi-Yau threefolds. More precisely, we will investigate the geometry of the field space
spanned by the scalars in the N = 2 vector multiplets arising in these compactifications. These
scalars correspond to complex structure deformations of the Calabi-Yau threefold in Type IIB
string theory and complexified Kähler structure deformations in Type IIA. Since these two
compactifications are deeply linked via mirror symmetry, it will often su�ce to address only
one of the two sides. In particular, it is important to recall that the complex structure side
captures the more general perspective and hence will be the focus for the first part of our
exposition. Later on, we will address aspects of the Kähler structure side by discussing large
volume compactifications.

To begin with, let us denote the complex structure moduli space by Mcs and introduce
the Weil-Petersson metric gWP that arises in the Type IIB string theory comactification. The
space Mcs has complex dimension h

2,1, where h
p,q = dimC(Hp,q(Y3)) are the Hodge numbers of

the Calabi-Yau threefold Y3. In a local patch we can thus introduce complex coordinates zI ,
I = 1, . . . , h2,1, which are called the complex structure moduli. The metric gWP on Mcs is special
Kähler and determined by the complex structure variations of the holomorphic (3, 0)-form ⌦ on
Y3 [26–28]. Its components gIJ̄ = @zI@z̄JK can locally be obtained from the Kähler potential

K(z, z̄) = � log
h
i

Z

Y3

⌦ ^ ⌦̄
i
⌘ � log

h
i ⇧̄I

⌘IJ⇧
J
i
. (2.1)

In the second equality we have expanded ⌦ into a real integral basis �I , I = 1, . . . , 2h2,1 + 2
spanning H

3(Y3,Z). More precisely, we introduced

⌦ = ⇧I
�I , ⌘IJ = �

Z

Y3

�I ^ �J . (2.2)

In order to simplify notation we will introduce bold-faced letters to denote coe�cient vectors in
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2,1 = 2
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2.1 Complex Structure Moduli Spaces and Monodromy

The focus of this paper lies on a particular sector of Type II string compactifications on
Calabi-Yau threefolds. More precisely, we will investigate the geometry of the field space
spanned by the scalars in the N = 2 vector multiplets arising in these compactifications. These
scalars correspond to complex structure deformations of the Calabi-Yau threefold in Type IIB
string theory and complexified Kähler structure deformations in Type IIA. Since these two
compactifications are deeply linked via mirror symmetry, it will often su�ce to address only
one of the two sides. In particular, it is important to recall that the complex structure side
captures the more general perspective and hence will be the focus for the first part of our
exposition. Later on, we will address aspects of the Kähler structure side by discussing large
volume compactifications.

To begin with, let us denote the complex structure moduli space by Mcs and introduce
the Weil-Petersson metric gWP that arises in the Type IIB string theory comactification. The
space Mcs has complex dimension h

2,1, where h
p,q = dimC(Hp,q(Y3)) are the Hodge numbers of

the Calabi-Yau threefold Y3. In a local patch we can thus introduce complex coordinates zI ,
I = 1, . . . , h2,1, which are called the complex structure moduli. The metric gWP on Mcs is special
Kähler and determined by the complex structure variations of the holomorphic (3, 0)-form ⌦ on
Y3 [26–28]. Its components gIJ̄ = @zI@z̄JK can locally be obtained from the Kähler potential

K(z, z̄) = � log
h
i

Z

Y3

⌦ ^ ⌦̄
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⌘ � log

h
i ⇧̄I

⌘IJ⇧
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i
. (2.1)

In the second equality we have expanded ⌦ into a real integral basis �I , I = 1, . . . , 2h2,1 + 2
spanning H

3(Y3,Z). More precisely, we introduced

⌦ = ⇧I
�I , ⌘IJ = �

Z

Y3

�I ^ �J . (2.2)

In order to simplify notation we will introduce bold-faced letters to denote coe�cient vectors in

6

I0   ➝  III0  ➝  IV2  

16



   An example:  general CY3, with 3 moduli

I0

I1

I2

I3

II0

II1

II2

III0

III1

IV1

IV2

IV3

h
2,1 = 2 h

2,1 = 3

Figure 4: Graphs of allowed type enhancements for field spaces with h
2,1 complex fields. In

terms of Calabi-Yau geometries, h2,1 is the associated Hodge number. An arrow denotes that a
starting type of locus may enhance over a sub-locus, corresponding to an intersection, to the
end type. Note that the enhancement relations are not transitive. For example, in the h

2,1 = 2
case, there is a chain of II0 ! II1 ! IV2 enhancements, but there is no direct enhancement
from II0 to IV2.

2.1 Complex Structure Moduli Spaces and Monodromy

The focus of this paper lies on a particular sector of Type II string compactifications on
Calabi-Yau threefolds. More precisely, we will investigate the geometry of the field space
spanned by the scalars in the N = 2 vector multiplets arising in these compactifications. These
scalars correspond to complex structure deformations of the Calabi-Yau threefold in Type IIB
string theory and complexified Kähler structure deformations in Type IIA. Since these two
compactifications are deeply linked via mirror symmetry, it will often su�ce to address only
one of the two sides. In particular, it is important to recall that the complex structure side
captures the more general perspective and hence will be the focus for the first part of our
exposition. Later on, we will address aspects of the Kähler structure side by discussing large
volume compactifications.

To begin with, let us denote the complex structure moduli space by Mcs and introduce
the Weil-Petersson metric gWP that arises in the Type IIB string theory comactification. The
space Mcs has complex dimension h

2,1, where h
p,q = dimC(Hp,q(Y3)) are the Hodge numbers of

the Calabi-Yau threefold Y3. In a local patch we can thus introduce complex coordinates zI ,
I = 1, . . . , h2,1, which are called the complex structure moduli. The metric gWP on Mcs is special
Kähler and determined by the complex structure variations of the holomorphic (3, 0)-form ⌦ on
Y3 [26–28]. Its components gIJ̄ = @zI@z̄JK can locally be obtained from the Kähler potential
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In the second equality we have expanded ⌦ into a real integral basis �I , I = 1, . . . , 2h2,1 + 2
spanning H

3(Y3,Z). More precisely, we introduced

⌦ = ⇧I
�I , ⌘IJ = �

Z
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�I ^ �J . (2.2)

In order to simplify notation we will introduce bold-faced letters to denote coe�cient vectors in
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2,1 = 2
case, there is a chain of II0 ! II1 ! IV2 enhancements, but there is no direct enhancement
from II0 to IV2.

2.1 Complex Structure Moduli Spaces and Monodromy

The focus of this paper lies on a particular sector of Type II string compactifications on
Calabi-Yau threefolds. More precisely, we will investigate the geometry of the field space
spanned by the scalars in the N = 2 vector multiplets arising in these compactifications. These
scalars correspond to complex structure deformations of the Calabi-Yau threefold in Type IIB
string theory and complexified Kähler structure deformations in Type IIA. Since these two
compactifications are deeply linked via mirror symmetry, it will often su�ce to address only
one of the two sides. In particular, it is important to recall that the complex structure side
captures the more general perspective and hence will be the focus for the first part of our
exposition. Later on, we will address aspects of the Kähler structure side by discussing large
volume compactifications.

To begin with, let us denote the complex structure moduli space by Mcs and introduce
the Weil-Petersson metric gWP that arises in the Type IIB string theory comactification. The
space Mcs has complex dimension h

2,1, where h
p,q = dimC(Hp,q(Y3)) are the Hodge numbers of

the Calabi-Yau threefold Y3. In a local patch we can thus introduce complex coordinates zI ,
I = 1, . . . , h2,1, which are called the complex structure moduli. The metric gWP on Mcs is special
Kähler and determined by the complex structure variations of the holomorphic (3, 0)-form ⌦ on
Y3 [26–28]. Its components gIJ̄ = @zI@z̄JK can locally be obtained from the Kähler potential

K(z, z̄) = � log
h
i

Z

Y3

⌦ ^ ⌦̄
i
⌘ � log

h
i ⇧̄I

⌘IJ⇧
J
i
. (2.1)

In the second equality we have expanded ⌦ into a real integral basis �I , I = 1, . . . , 2h2,1 + 2
spanning H

3(Y3,Z). More precisely, we introduced

⌦ = ⇧I
�I , ⌘IJ = �

Z

Y3

�I ^ �J . (2.2)

In order to simplify notation we will introduce bold-faced letters to denote coe�cient vectors in

6

I0   ➝  III0  ➝  IV2  ➝  IV3  

➡ each enhancement chain has its associated sl(2)-algebra and highest  
weight states relevant in the limit   →  can be computed from a0, Ni

⟹    sl(2)3 - algebra
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  Limits in Moduli Space

I0   ➝  IV2  ➝  IV2  ➝  IV3  
 sl(2)3 , highest weight states

I0   ➝  III0  ➝  IV2  ➝  IV3  
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  Limits in Moduli Space

I0   ➝  IV2  ➝  IV2  ➝  IV3  
 sl(2)3 , highest weight states

I0   ➝  III0  ➝  IV2  ➝  IV3  

Large CS 
Large volume
➝  … ➝  IVn  

highest singularity  
type
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   New perspective on Kähler sector 

[TG,Li,Palti]  
[Corvilain,TG,Valenzuela] ➡ Monodromies in Kähler moduli spaces  (CY3):   

NA =

0

BB@

0 0 0 0
��AI 0 0 0

� 1
2KAAI �KAIJ 0 0

1
6KAAA

1
2KAJJ ��AJ 0

1

CCA

<latexit sha1_base64="ySpTfdCLgEQMGCpy4SmrEt1pvkQ="></latexit>

a0 =

0

BB@

1
0

�c2 I
i⇣(3)�
8⇡3

1

CCA

<latexit sha1_base64="vqW+wzJUp/8qesloq6aEKhjH/Oo="></latexit>
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‣ Arising singularities:      IIb, IIIc, IVd  and enhancements among them
⇒  distinguished by:   rank(N), rank(N2), rank(N3)

see also [Bloch, Kerr,Vanhove]
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‣ Enhancement rules allow to rule out non-consistent intersection numbers  
(⇾ example from the intro is forbidden, would be II2 → IV2)               MSc thesis S.Bruning
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‣ Can do much more!   ‘massless states’, other limits in moduli space 

NA =

0

BB@

0 0 0 0
��AI 0 0 0

� 1
2KAAI �KAIJ 0 0

1
6KAAA

1
2KAJJ ��AJ 0

1

CCA

<latexit sha1_base64="ySpTfdCLgEQMGCpy4SmrEt1pvkQ="></latexit>

a0 =

0

BB@

1
0

�c2 I
i⇣(3)�
8⇡3

1

CCA

<latexit sha1_base64="vqW+wzJUp/8qesloq6aEKhjH/Oo="></latexit>

‣ Arising singularities:      IIb, IIIc, IVd  and enhancements among them
⇒  distinguished by:   rank(N), rank(N2), rank(N3)

see also [Bloch, Kerr,Vanhove]

18

‣ Enhancement rules allow to rule out non-consistent intersection numbers  
(⇾ example from the intro is forbidden, would be II2 → IV2)               MSc thesis S.Bruning



Application to  
Swampland Conjectures 

19



  Swampland Distance conjecture

➡ Condition for limit to be at infinite distance:

exists Ni : ⇒  Type II, III, …  limitNia0 6= 0
<latexit sha1_base64="ZHnr7Z9m2YejpoftcoAxUlQ3Bxo="></latexit>

[Wang]    
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M2  kQ3k2
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➡ Candidate states to consider:  BPS - D3 branes wrapping three-cycles 

path-independently    ⇒   located in      kQ3k2 ! 0
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Vlight
<latexit sha1_base64="8QeyBzhE1NNO4rykDvJZwzuQFBM="></latexit>

[GPV]    

[Wang]    
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Vlight
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[GPV]    

[Wang]    

➡ Idea: start with a single BPS state                          (constructed using sl(2))         

infinite orbit of chargesQ3(m1, ...,mn) = em
iNiq0

<latexit sha1_base64="PpsvjS0VJ0j0DZF9vsamAaXDGbw="></latexit>

q0 2 Vlight
<latexit sha1_base64="8KvsCq1BFiAa0e57/OD/WKQJN5k="></latexit>

 stable BPS states? → talk of Markus Dierigl   

[GLP]    

[TG,van de Heisteeg]
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  Reasons for being anti de Sitter

➡ Consider F-theory with         -flux:

→ Irene’s talk

potential of an N = 1 compactification of F-theory on an elliptically fibered Y4. In subsection 2.2
we then recall how the F-theory setting reduces to a four-dimensional flux compactifications
Type IIB on an orientifold background. Restricting the allowed background fluxes we also show
how Type IIA flux vacua can be described within this setting.

2.1 Four-form flux and the scalar potential

Compactifications for M-theory, or rather eleven-dimensional supergravity, on a Calabi-Yau
fourfold leads to a three-dimensional e↵ective supergravity theory with N = 2 supersymmetry.
This theory is characterized by a Kähler potential, determining the metric of the dynamical
scalars, and a superpotential, inducing a non-trivial scalar potential for these fields. In case one
is considering a smooth Calabi-Yau fourfold the superpotential is only induced by four-form
fluxes G4, which parameterize non-vanishing vacuum expectation values of the field-strength Ĝ4

of the M-theory three-form Ĉ3 through four-cycles of the internal space Y4. Such fluxes Ĝ4 can
also induce a gauging of the theory [?], but we will not discuss this part of the e↵ective action
in any detail in the following.

Performing the dimensional reduction the three-dimensional scalar potential in the Einstein
frame takes the form

VM =
1

V3
4

⇣Z

Y4

G4 ^ ⇤G4 �

Z

Y4

G4 ^G4

⌘
(2.1)

where V4 is the volume of Y4 and ⇤ is the Hodge-star on Y4. Note that the derivation of VM

requires to perform a dimensional reduction with a non-trivial warp-factor and higher-derivative
terms [?, ?]. The warp-factor equation integrated over Y4 furthermore induces a non-trivial
consistency condition linking flux and curvature. This tadpole cancellation condition takes the
form

1

2

Z

Y4

G4 ^G4 =
�(Y4)

24
, (2.2)

where �(Y4) =
R
Y4

c4(Y4) is the Euler characteristic of Y4. The condition (2.2) has to be used
crucially in the derivation of (2.1) and leads to the second term.

The scalar potential (2.1) depends via the Hodge-star and V4 both on the complex structure
moduli and Kähler structure moduli of Y4. Since our main target will be to investigate the vacua
in complex structure moduli space, it is convenient to split the scalar potential with respect
to these two sets of moduli. We will do that by demanding that the flux under consideration
satisfies the primitivity condition J ^G4 = 0, which forces the scalar potential induced by this
flux to only depend on the complex structure moduli and the overall volume factor. In fact, one
shows [?] that it then can be written as

VM = e
K
G

IJ̄
DIWDJW , (2.3)

where K is a Kähler potential, determining the metric GIJ̄ and its inverse G
IJ̄ , and W a

holomorphic superpotential. The derivative appearing in (2.3) are given by DIW = @IW +
(@IK)W , with @I are derivatives with respect to the complex structure moduli fields of Y4. Note
that a term proportional to |W |

2 does not arise due to the no-scale condition for the Kähler
moduli.

Let us introduce the various quantities appearing in expression (2.3) in more detail. Firstly,
we have introduced the Kähler potential K = �3 logV4 + K

cs, which absorbs the overall

3

G4
<latexit sha1_base64="M+2LUv/bmpjUp9J9N/xXJjv8jk0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKezGgB6DHvQY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YRK81g+mnGCfkQHkoecUWOlh9tetVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjlT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2Xvoly5r5Zq11kceTiBUzgHDy6hBndQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBxtWNdg==</latexit>

Can be considered in all asymptotic regions of moduli space
⇒ asymptotic flux compactifications
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Can be considered in all asymptotic regions of moduli space
⇒ asymptotic flux compactifications

➡ Example:  2 moduli                                         :     

Enhancements Potential VM
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2
� c0

III0,m̂�4 V2,m̂
c1

⇢2⌧2 + c2
⇢⌧ + c3

⇢2 + c4⇢2

⌧2 + c5⇢
⌧ + c6⌧

⇢ + c7⌧2

⇢2 + c8⇢
2 + c9⇢⌧ + c10⇢

2
⌧
2
� c0

Table 4.4: Enhancements and their associated asymptotic scalar potential VM, part 2. In this
table, we list cases not in table 4.3. The coe�cients ci with i > 0 are positive, while the sign of
c0 is undetermined.

4.3 Main example: enhancement from type II singularity

In this subsection we focus on an enhancement from the type II singularity, i.e. II0,m̂�2 ! V2,m̂.
This is one case appearing in table 4.2 and we already noted around (4.10) that it plays a
special role, since it involves Sen’s weak coupling limit. In fact, we will see later that it precisely
reproduces the potential and de Sitter no-go result of [?].

Vlight Vrest Vheavy

Vmn V30 V32 V34 V36 V44 V52 V54 V56 V58

dimVmn 1 1 1 1 m̂� 2 1 1 1 1
Basis v30 v32 v34 v36 v


v52 v54 v56 v58

Flux number f6 f4 f2 f0 g h0 h1 h2 h3

Table 4.5: The data of the asymptotic splitting of the primitive middle cohomology H
4
p(Y4,R)

associated with the enhancement II0,m̂�2 ! V2,m̂. The basis and flux numbers of the subspace
V44 are denoted by g and v

 with  = 1, ..., m̂ � 2. Note that we assume m̂ � 4, so all the
subspaces are present in the asymptotic splitting.

Let us first record the asymptotic splitting associated to this enhancement. According to
table 4.2, we have Elight = {(3, 0), (3, 2)} and Erest = {(3, 4), (3, 6), (4, 4), (5, 2), (5, 4)}. Using
(3.11), we infer that Eheavy = {(5, 6), (5, 8)}. The asymptotic splitting is then explicitly given by

H
4

p(Y4,R) = V30 � V32 � V34 � V36 � V44 � V52 � V54 � V56 � V58 , (4.11)

where the dimension and basis of each subspace is summarised in table 4.5 and we have also
recorded our choice of notation for the flux numbers in the enhancement II0,m̂�2 ! V2,m̂. The
flux numbers are defined to be the coe�cient of a flux G4 in the basis shown in table 4.5 to the
asymptotic splitting, i.e.

G4 = f6v30 + f4v32 + f2v34 + f0v36 + gv
 + h0v52 + h1v54 + h2v56 + h3v58 . (4.12)
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(out of 46)Imt1 = ⌧ , Imt2 = ⇢
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  Reasons for being anti de Sitter

➡ Consider F-theory with         -flux:

→ Irene’s talk

potential of an N = 1 compactification of F-theory on an elliptically fibered Y4. In subsection 2.2
we then recall how the F-theory setting reduces to a four-dimensional flux compactifications
Type IIB on an orientifold background. Restricting the allowed background fluxes we also show
how Type IIA flux vacua can be described within this setting.

2.1 Four-form flux and the scalar potential

Compactifications for M-theory, or rather eleven-dimensional supergravity, on a Calabi-Yau
fourfold leads to a three-dimensional e↵ective supergravity theory with N = 2 supersymmetry.
This theory is characterized by a Kähler potential, determining the metric of the dynamical
scalars, and a superpotential, inducing a non-trivial scalar potential for these fields. In case one
is considering a smooth Calabi-Yau fourfold the superpotential is only induced by four-form
fluxes G4, which parameterize non-vanishing vacuum expectation values of the field-strength Ĝ4

of the M-theory three-form Ĉ3 through four-cycles of the internal space Y4. Such fluxes Ĝ4 can
also induce a gauging of the theory [?], but we will not discuss this part of the e↵ective action
in any detail in the following.

Performing the dimensional reduction the three-dimensional scalar potential in the Einstein
frame takes the form

VM =
1

V3
4

⇣Z

Y4

G4 ^ ⇤G4 �

Z

Y4

G4 ^G4

⌘
(2.1)

where V4 is the volume of Y4 and ⇤ is the Hodge-star on Y4. Note that the derivation of VM

requires to perform a dimensional reduction with a non-trivial warp-factor and higher-derivative
terms [?, ?]. The warp-factor equation integrated over Y4 furthermore induces a non-trivial
consistency condition linking flux and curvature. This tadpole cancellation condition takes the
form

1

2

Z

Y4

G4 ^G4 =
�(Y4)

24
, (2.2)

where �(Y4) =
R
Y4

c4(Y4) is the Euler characteristic of Y4. The condition (2.2) has to be used
crucially in the derivation of (2.1) and leads to the second term.

The scalar potential (2.1) depends via the Hodge-star and V4 both on the complex structure
moduli and Kähler structure moduli of Y4. Since our main target will be to investigate the vacua
in complex structure moduli space, it is convenient to split the scalar potential with respect
to these two sets of moduli. We will do that by demanding that the flux under consideration
satisfies the primitivity condition J ^G4 = 0, which forces the scalar potential induced by this
flux to only depend on the complex structure moduli and the overall volume factor. In fact, one
shows [?] that it then can be written as

VM = e
K
G

IJ̄
DIWDJW , (2.3)

where K is a Kähler potential, determining the metric GIJ̄ and its inverse G
IJ̄ , and W a

holomorphic superpotential. The derivative appearing in (2.3) are given by DIW = @IW +
(@IK)W , with @I are derivatives with respect to the complex structure moduli fields of Y4. Note
that a term proportional to |W |

2 does not arise due to the no-scale condition for the Kähler
moduli.

Let us introduce the various quantities appearing in expression (2.3) in more detail. Firstly,
we have introduced the Kähler potential K = �3 logV4 + K

cs, which absorbs the overall

3

G4
<latexit sha1_base64="M+2LUv/bmpjUp9J9N/xXJjv8jk0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKezGgB6DHvQY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YRK81g+mnGCfkQHkoecUWOlh9tetVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjlT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2Xvoly5r5Zq11kceTiBUzgHDy6hBndQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBxtWNdg==</latexit>

Can be considered in all asymptotic regions of moduli space
⇒ asymptotic flux compactifications

➡ Example:  2 moduli                                         :     

Enhancements Potential VM

II0,m̂ V1,m̂
c1
⇢3⌧ + c2⇢3

⌧ + c3⌧
⇢3 + c4⇢

3
⌧ � c0

II0,m̂ V1,m̂�2
c1
⇢3⌧ + c2

⇢ + c3⇢3

⌧ + c4⌧
⇢3 + c5⇢+ c6⇢

3
⌧ � c0

II0,m̂ V2,m̂
c1
⇢3⌧ + c2

⇢2 + c3⇢3

⌧ + c4⌧
⇢3 + c5⇢

2 + c6⇢
3
⌧ � c0

II1,m̂ V2,m̂
c1
⌧2 + c2

⇢3⌧ + c3⇢3

⌧ + c4⌧
⇢3 + c5⇢

3
⌧ + c6⌧

2
� c0

III0,m̂�2 V1,m̂
c1

⇢2⌧2 + c2
⇢2 + c3⇢2

⌧2 + c4⌧2

⇢2 + c5⇢
2 + c6⇢

2
⌧
2
� c0

III0,m̂�2 V1,m̂�2
c1

⇢2⌧2 + c2
⇢2 + c3

⇢ + c4⇢2

⌧2 + c5⌧2

⇢2 + c6⇢+ c7⇢
2 + c8⇢

2
⌧
2
� c0

III0,m̂�2 V2,m̂
c1

⇢2⌧2 + c2
⇢2 + c3⇢2

⌧2 + c4⌧2

⇢2 + c5⇢
2 + c6⇢

2
⌧
2
� c0

III0,m̂�4 V1,m̂�2
c1

⇢2⌧2 + c2
⌧ + c3

⇢2 + c4⇢2

⌧2 + c5⌧2

⇢2 + c6⇢
2 + c7⌧ + c8⇢

2
⌧
2
� c0

III0,m̂�4 V2,m̂
c1

⇢2⌧2 + c2
⇢⌧ + c3

⇢2 + c4⇢2

⌧2 + c5⇢
⌧ + c6⌧

⇢ + c7⌧2

⇢2 + c8⇢
2 + c9⇢⌧ + c10⇢

2
⌧
2
� c0

Table 4.4: Enhancements and their associated asymptotic scalar potential VM, part 2. In this
table, we list cases not in table 4.3. The coe�cients ci with i > 0 are positive, while the sign of
c0 is undetermined.

4.3 Main example: enhancement from type II singularity

In this subsection we focus on an enhancement from the type II singularity, i.e. II0,m̂�2 ! V2,m̂.
This is one case appearing in table 4.2 and we already noted around (4.10) that it plays a
special role, since it involves Sen’s weak coupling limit. In fact, we will see later that it precisely
reproduces the potential and de Sitter no-go result of [?].

Vlight Vrest Vheavy

Vmn V30 V32 V34 V36 V44 V52 V54 V56 V58

dimVmn 1 1 1 1 m̂� 2 1 1 1 1
Basis v30 v32 v34 v36 v


v52 v54 v56 v58

Flux number f6 f4 f2 f0 g h0 h1 h2 h3

Table 4.5: The data of the asymptotic splitting of the primitive middle cohomology H
4
p(Y4,R)

associated with the enhancement II0,m̂�2 ! V2,m̂. The basis and flux numbers of the subspace
V44 are denoted by g and v

 with  = 1, ..., m̂ � 2. Note that we assume m̂ � 4, so all the
subspaces are present in the asymptotic splitting.

Let us first record the asymptotic splitting associated to this enhancement. According to
table 4.2, we have Elight = {(3, 0), (3, 2)} and Erest = {(3, 4), (3, 6), (4, 4), (5, 2), (5, 4)}. Using
(3.11), we infer that Eheavy = {(5, 6), (5, 8)}. The asymptotic splitting is then explicitly given by

H
4

p(Y4,R) = V30 � V32 � V34 � V36 � V44 � V52 � V54 � V56 � V58 , (4.11)

where the dimension and basis of each subspace is summarised in table 4.5 and we have also
recorded our choice of notation for the flux numbers in the enhancement II0,m̂�2 ! V2,m̂. The
flux numbers are defined to be the coe�cient of a flux G4 in the basis shown in table 4.5 to the
asymptotic splitting, i.e.

G4 = f6v30 + f4v32 + f2v34 + f0v36 + gv
 + h0v52 + h1v54 + h2v56 + h3v58 . (4.12)
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⇒  exactly as in Type IIA flux compactifications

⇒  de Sitter no-go!                                  What about the other 45 cases?  [Hertzberg etal]
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  Axion Weak Gravity Conjecture

➡ Type IIA R-R axions from

‣ decay constants                   grow parametrically for  

➡ Can we find a D2-instanton with decreasing action           s.t.                           ?

‣ use distance conjecture to argue for instantons on   

f / k↵k
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→ talk of Damian van de Heisteeg
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➡ Connect (axion) Weak Gravity Conjecture with Distance conjecture
[TG,Palti,Valenzuela] [Lee,Lerche,Weigand] [Font,Herraez,Ibanez] [Marchesano,Wiesner]

[TG,van de Heisteeg]



  Conclusions

➡ Motivated by the Swampland Conjectures we uncovered a universal structure 
emerging in the asymptotic regimes of geometric moduli spaces  

➡ Numerous further questions
‣ control over numerical behavior:  important in conjectures  
‣ going beyond geometry:  what else is there in the landscape?

⇒ limits characterized by sl(2)n and its representations  
⇒ asymptotic of Hodge norm  
⇒ attainable for a classification

➡ New way to study the Kähler moduli sector: structure behind intersection 
numbers, Chern classes determining type of Calabi-Yau

limiting mixed  
Hodge structures

➡ New general evidence for the Conjectures at the limits of moduli space
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