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[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 boundaries
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infinite 

finite 

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

⇒ Universal structure?!
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Here:  develop tools for scalar potentials   
            ⇒ asymptotic flux compactifications
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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>

8

⇒  knowing the field dependence defines of               the geometry of  
      the moduli space 

⌦(z)
<latexit sha1_base64="89Z9sCaMKFmdEvhE8bwydl2/FzI=">AAACG3icbZDLSsNAFIYnXmu9RV26CRahgpRMFNvuim7cWcFeIAllMp20QycXZiZCDX0PN76KGxeKuBJc+DZO0i609YeBj/+cM3Pm92JGhTTNb21peWV1bb2wUdzc2t7Z1ff22yJKOCYtHLGIdz0kCKMhaUkqGenGnKDAY6Tjja6yeueecEGj8E6OY+IGaBBSn2IkldXTrdTJL7H5wHNTs2KaJoTwNANYvTAV1Os1C9Ymzk1ABqj8cDLp6aW8T8lYBDiDEpip2dM/nX6Ek4CEEjMkhA3NWLop4pJiRiZFJxEkRniEBsRWGKKACDfN15oYx8rpG37E1Qmlkbu/J1IUCDEOPNUZIDkU87XM/K9mJ9KvuSkN40SSEE8f8hNmyMjIgjL6lBMs2VgBwpyqXQ08RBxhqeIsqhDg/JcXoW1V4FnFuj0vNS5ncRTAITgCZQBBFTTANWiCFsDgETyDV/CmPWkv2rv2MW1d0mYzB+CPtK8fJNKdGQ==</latexit>



  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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➡ Limits are the points where Calabi-Yau manifold degenerates/blows up!
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➡ Limits are the points where Calabi-Yau manifold degenerates/blows up!
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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="gUWxzREGcKigu0m96dg7HD/nywU="></latexit>

singular geometry
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t = �+ is ! i1
<latexit sha1_base64="Qns7ex879czoL6TbTg+4Si2sIRI="></latexit>



  Universal behavior of periods

(up to rescaling)

➡ Limiting behavior of        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] 
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⌦
<latexit sha1_base64="IsbWWcn7AobB6BJEGJIx2e8+NYQ=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hd0o6DHoxZsRzAOSJcxOepMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJzW7dwIGpFcq+xV/BrxMgpyUUY56r/TV7SuaCpCWcmJMJ/ATG2ZEW0Y5TIrd1EBC6IgMoOOoJAJMmM2uneBTp/RxrLQrafFM/T2REWHMWESuUxA7NIveVPzP66Q2vgozJpPUgqTzRXHKsVV4+jruMw3U8rEjhGrmbsV0SDSh1gVUdCEEiy8vk2a1EpxXqvcX5dp1HkcBHaMTdIYCdIlq6BbVUQNR9Iie0St685T34r17H/PWFS+fOUJ/4H3+AGB/jv8=</latexit>

⌦ = et
iNia0 +O(e2⇡it)

<latexit sha1_base64="7HQkNRiB+XRuaHSB3C1sKL8G9W0="></latexit>



  Universal behavior of periods

(up to rescaling)

➡ Limiting behavior of        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] 

Ni = logTu
i

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

‣ log-monodromy:                                  - nilpotent matrix   (Nk = 0, some k)
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⌦
<latexit sha1_base64="IsbWWcn7AobB6BJEGJIx2e8+NYQ=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hd0o6DHoxZsRzAOSJcxOepMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJzW7dwIGpFcq+xV/BrxMgpyUUY56r/TV7SuaCpCWcmJMJ/ATG2ZEW0Y5TIrd1EBC6IgMoOOoJAJMmM2uneBTp/RxrLQrafFM/T2REWHMWESuUxA7NIveVPzP66Q2vgozJpPUgqTzRXHKsVV4+jruMw3U8rEjhGrmbsV0SDSh1gVUdCEEiy8vk2a1EpxXqvcX5dp1HkcBHaMTdIYCdIlq6BbVUQNR9Iie0St685T34r17H/PWFS+fOUJ/4H3+AGB/jv8=</latexit>

⌦ = et
iNia0 +O(e2⇡it)

<latexit sha1_base64="7HQkNRiB+XRuaHSB3C1sKL8G9W0="></latexit>



  Universal behavior of periods

(up to rescaling)

➡ Limiting behavior of        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] 

‣ ‘limiting’ form                 - 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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⌦
<latexit sha1_base64="IsbWWcn7AobB6BJEGJIx2e8+NYQ=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hd0o6DHoxZsRzAOSJcxOepMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJzW7dwIGpFcq+xV/BrxMgpyUUY56r/TV7SuaCpCWcmJMJ/ATG2ZEW0Y5TIrd1EBC6IgMoOOoJAJMmM2uneBTp/RxrLQrafFM/T2REWHMWESuUxA7NIveVPzP66Q2vgozJpPUgqTzRXHKsVV4+jruMw3U8rEjhGrmbsV0SDSh1gVUdCEEiy8vk2a1EpxXqvcX5dp1HkcBHaMTdIYCdIlq6BbVUQNR9Iie0St685T34r17H/PWFS+fOUJ/4H3+AGB/jv8=</latexit>

⌦ = et
iNia0 +O(e2⇡it)

<latexit sha1_base64="7HQkNRiB+XRuaHSB3C1sKL8G9W0="></latexit>



  Universal behavior of periods

(up to rescaling)

➡ Limiting behavior of        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] 

Strongly suppressed in the limit  
⟹ neglect  

(“non-perturbative part”)  

Polynomial in ti 
nilpotent orbit  

(“perturbative part”)  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⌦
<latexit sha1_base64="IsbWWcn7AobB6BJEGJIx2e8+NYQ=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hd0o6DHoxZsRzAOSJcxOepMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJzW7dwIGpFcq+xV/BrxMgpyUUY56r/TV7SuaCpCWcmJMJ/ATG2ZEW0Y5TIrd1EBC6IgMoOOoJAJMmM2uneBTp/RxrLQrafFM/T2REWHMWESuUxA7NIveVPzP66Q2vgozJpPUgqTzRXHKsVV4+jruMw3U8rEjhGrmbsV0SDSh1gVUdCEEiy8vk2a1EpxXqvcX5dp1HkcBHaMTdIYCdIlq6BbVUQNR9Iie0St685T34r17H/PWFS+fOUJ/4H3+AGB/jv8=</latexit>

⌦ = et
iNia0 +O(e2⇡it)

<latexit sha1_base64="7HQkNRiB+XRuaHSB3C1sKL8G9W0="></latexit>



  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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s1 � s2 � ... � sn
<latexit sha1_base64="1cF5XsrBSfWcnuveVM7FMtfkYBA=">AAACAnicdVDLSgMxFL3js9ZX1ZW4CRbB1TBTRV0W3bisYB/QTksmzUxDM5khyQhlKG78FTcuFHHrV7jzb8y0FXweCPfknHtJ7vETzpR2nHdrbn5hcWm5sFJcXVvf2CxtbTdUnEpC6yTmsWz5WFHOBK1rpjltJZLiyOe06Q8vcr95Q6VisbjWo4R6EQ4FCxjB2ki90q7qup0wRKpbQXm1bXt6NV7ZsU+cHOg3ce1JdcowQ61Xeuv0Y5JGVGjCsVJt10m0l2GpGeF0XOykiiaYDHFI24YKHFHlZZMVxujAKH0UxNIcodFE/TqR4UipUeSbzgjrgfrp5eJfXjvVwZmXMZGkmgoyfShIOdIxyvNAfSYp0XxkCCaSmb8iMsASE21SK5oQPjdF/5NGxXaP7MrVcbl6PoujAHuwD4fgwilU4RJqUAcCt3APj/Bk3VkP1rP1Mm2ds2YzO/AN1usHbHqVhw==</latexit>



  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

11

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

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

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

H
n(Yn,R) =

X

l1,...,ln

Vl1,...,ln

<latexit sha1_base64="D5JWAo7agD+SLKgbce4Dv5cNpTQ="></latexit>

⇒ full structure:   limiting mixed Hodge structure 
[Deligne,Schmid] 

s1 � s2 � ... � sn
<latexit sha1_base64="1cF5XsrBSfWcnuveVM7FMtfkYBA=">AAACAnicdVDLSgMxFL3js9ZX1ZW4CRbB1TBTRV0W3bisYB/QTksmzUxDM5khyQhlKG78FTcuFHHrV7jzb8y0FXweCPfknHtJ7vETzpR2nHdrbn5hcWm5sFJcXVvf2CxtbTdUnEpC6yTmsWz5WFHOBK1rpjltJZLiyOe06Q8vcr95Q6VisbjWo4R6EQ4FCxjB2ki90q7qup0wRKpbQXm1bXt6NV7ZsU+cHOg3ce1JdcowQ61Xeuv0Y5JGVGjCsVJt10m0l2GpGeF0XOykiiaYDHFI24YKHFHlZZMVxujAKH0UxNIcodFE/TqR4UipUeSbzgjrgfrp5eJfXjvVwZmXMZGkmgoyfShIOdIxyvNAfSYp0XxkCCaSmb8iMsASE21SK5oQPjdF/5NGxXaP7MrVcbl6PoujAHuwD4fgwilU4RJqUAcCt3APj/Bk3VkP1rP1Mm2ds2YzO/AN1usHbHqVhw==</latexit>



   Asymptotic of the Hodge norm

➡ Hodge norm is omnipresent in string compactifications:  

k↵k2 =

Z

CYn

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

12

↵ 2 H
n(Yn,R)

<latexit sha1_base64="r0v+giH20JDC9QW4u7wTNYgHouI=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoICWpgi6LbrqsYh/SxDCZTtqhk0mYmQgldOvGX3HjQhG3/oE7/8ZJm4W2HrhwOOde7r3HjxmVyrK+jcLS8srqWnG9tLG5tb1j7u61ZZQITFo4YpHo+kgSRjlpKaoY6caCoNBnpOOPrjK/80CEpBG/VeOYuCEacBpQjJSWPBM6iMVDBB3KYeOeV+48Dk+gEyI19P30ZnLsmWWrak0BF4mdkzLI0fTML6cf4SQkXGGGpOzZVqzcFAlFMSOTkpNIEiM8QgPS05SjkEg3nX4ygUda6cMgErq4glP190SKQinHoa87sxPlvJeJ/3m9RAUXbkp5nCjC8WxRkDCoIpjFAvtUEKzYWBOEBdW3QjxEAmGlwyvpEOz5lxdJu1a1T6u167Ny/TKPowgOwCGoABucgzpogCZoAQwewTN4BW/Gk/FivBsfs9aCkc/sgz8wPn8AS86Yzw==</latexit>



   Asymptotic of the Hodge norm

➡ Hodge norm is omnipresent in string compactifications:  

k↵k2 =

Z

CYn

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

12

↵ 2 H
n(Yn,R)

<latexit sha1_base64="r0v+giH20JDC9QW4u7wTNYgHouI=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoICWpgi6LbrqsYh/SxDCZTtqhk0mYmQgldOvGX3HjQhG3/oE7/8ZJm4W2HrhwOOde7r3HjxmVyrK+jcLS8srqWnG9tLG5tb1j7u61ZZQITFo4YpHo+kgSRjlpKaoY6caCoNBnpOOPrjK/80CEpBG/VeOYuCEacBpQjJSWPBM6iMVDBB3KYeOeV+48Dk+gEyI19P30ZnLsmWWrak0BF4mdkzLI0fTML6cf4SQkXGGGpOzZVqzcFAlFMSOTkpNIEiM8QgPS05SjkEg3nX4ygUda6cMgErq4glP190SKQinHoa87sxPlvJeJ/3m9RAUXbkp5nCjC8WxRkDCoIpjFAvtUEKzYWBOEBdW3QjxEAmGlwyvpEOz5lxdJu1a1T6u167Ny/TKPowgOwCGoABucgzpogCZoAQwewTN4BW/Gk/FivBsfs9aCkc/sgz8wPn8AS86Yzw==</latexit>

Of importance here:     F-theory on Calabi-Yau fourfold    
                                        Flux scalar potential due to background G4

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

Y4
<latexit sha1_base64="NAdFSyKacvuspZmuUB76jNebIKc=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaRRI9ELx4xysPAhswOvTBhdnYzM2tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaHSPJYPZpygH9GB5CFn1Fjp/rFX7RVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE175Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNStm7KFfuqqXadRZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8A4kGNiA==</latexit>

kG4k2
<latexit sha1_base64="zXo7M9s4GfejNw/nNK37Jfon0Ts=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FD3qsYD+giWWz3bRLN5uwuxFK2r/hxYMiXv0z3vw3btoctPXBwOO9GWbm+TFnStv2t1VYW9/Y3Cpul3Z29/YPyodHbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe3445vM7zxRqVgkHvQkpl6Ih4IFjGBtJNedott+HbnTxxrqlyt21Z4DrRInJxXI0eyXv9xBRJKQCk04Vqrn2LH2Uiw1I5zOSm6iaIzJGA9pz1CBQ6q8dH7zDJ0ZZYCCSJoSGs3V3xMpDpWahL7pDLEeqWUvE//zeokOrryUiTjRVJDFoiDhSEcoCwANmKRE84khmEhmbkVkhCUm2sRUMiE4yy+vknat6lxUa/f1SuM6j6MIJ3AK5+DAJTTgDprQAgIxPMMrvFmJ9WK9Wx+L1oKVzxzDH1ifPyGZkHA=</latexit>

VF =
1

V2
b

⇣Z

Y4

G4 ^ ?G4 �
Z

Y4

G4 ^G4

⌘

<latexit sha1_base64="ewDAOcpj9PyiswMFumPXw4m00WY="></latexit>



   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 =

Z

CYn

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

13

ti = �i + isi ! i1
<latexit sha1_base64="1u71kDjnWGAZHp6ZhdVt0UyEs1s="></latexit>



   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 =

Z

CYn

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

13

ti = �i + isi ! i1
<latexit sha1_base64="1u71kDjnWGAZHp6ZhdVt0UyEs1s="></latexit>

k↵k2 ⇠
X

l1,...,ln

(s1)l1�n(s2)l2�l1 ...(sn)ln�1�lnk⇢l1...lnk1
<latexit sha1_base64="b8uNQw8tDUebrJo6xzcJLzEJvj8="></latexit>

restriction of  

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

e�
iNi↵

<latexit sha1_base64="WRQ1RtRm8QKRE9WKhiF7KPjFe90="></latexit>



   Asymptotic of the Hodge norm

➡ Hodge norm in asymptotic region:  

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

Upshot:  
restriction of  

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

e�
iNi↵

<latexit sha1_base64="WRQ1RtRm8QKRE9WKhiF7KPjFe90="></latexit>

13

si
<latexit sha1_base64="gF8vghStsCxztI3hoONdnsDVc0c=">AAACFXicbZBNS8MwGMdTX+d8q3r0EhyCh1Haqehx6MXjBPcCXR1plm5haVqSVBilX8KLX8WLB0W8Ct78NqZbB7r5QODH//88yZO/HzMqlW1/G0vLK6tr66WN8ubW9s6uubffklEiMGniiEWi4yNJGOWkqahipBMLgkKfkbY/us799gMRkkb8To1j4oVowGlAMVJa6pnVtDu5xBUD30tt69zOq2pb9gymSibvadYzKzMDLoJTQAUU1eiZX91+hJOQcIUZktJ17Fh5KRKKYkaycjeRJEZ4hAbE1chRSKSXThbK4LFW+jCIhD5cwYn6eyJFoZTj0NedIVJDOe/l4n+em6jg0kspjxNFOJ4+FCQMqgjmEcE+FQQrNtaAsKB6V4iHSCCsdJBlHYIz/+VFaNUs59Sq3Z5V6ldFHCVwCI7ACXDABaiDG9AATYDBI3gGr+DNeDJejHfjY9q6ZBQzB+BPGZ8/6J6a2w==</latexit>

�i
<latexit sha1_base64="AneaN6yuiMyPNyXRZRpTvdAIv2E=">AAACGHicbZC7TsMwFIYdrqXcAowsERUSAypxQbTdKlgYi0QvUhIqx3Vaq85FtoNURXkMFl6FhQGEWLvxNjhpBmj5JUuf/nOOffy7EaNCmua3trK6tr6xWdoqb+/s7u3rB4ddEcYckw4OWcj7LhKE0YB0JJWM9CNOkO8y0nMnt1m990S4oGHwIKcRcXw0CqhHMZLKGugXiZ1fYvGR6yRm1TRNCOF5BrB+bSpoNhs12EjtaEwfaTrQK3mTkrEMsIAKKNQe6DN7GOLYJ4HEDAlhQTOSToK4pJiRtGzHgkQIT9CIWAoD5BPhJPlOqXGqnKHhhVydQBq5+3siQb4QU99VnT6SY7FYy8z/alYsvYaT0CCKJQnw/CEvZoYMjSwlY0g5wZJNFSDMqdrVwGPEEZYqy7IKAS5+eRm6tSq8rNburyqtmyKOEjgGJ+AMQFAHLXAH2qADMHgGr+AdfGgv2pv2qX3NW1e0YuYI/JE2+wGHVZxP</latexit>

Remarkable:   there exists a finite            at each boundary splitting  
                         into sl(2)-pieces of the sl(2)n-algebra

⇤1
<latexit sha1_base64="8cXu/mwqv28m3F54Je1b8XUaCfo=">AAACGnicbZBNS8MwGMfT+TbnW9Wjl+IQRGQ0U9x2G3rxOMG9wFpKmqVbWJqWJBVG2efw4lfx4kERb+LFb2Pa7aCbfwj8+D/Pkzz5+zGjUtn2t1FYWV1b3yhulra2d3b3zP2DjowSgUkbRywSPR9JwignbUUVI71YEBT6jHT98U1W7z4QIWnE79UkJm6IhpwGFCOlLc+EqZNf0hdD303tim3bEMLzDGDtytbQaNSrsD498xzKAzWZemY5b9OylgHOoQzmannmpzOIcBISrjBDUvahHSs3RUJRzMi05CSSxAiP0ZD0NXIUEumm+VZT60Q7AyuIhD5cWbn7eyJFoZST0NedIVIjuVjLzP9q/UQFdTelPE4U4Xj2UJAwS0VWlpM1oIJgxSYaEBZU72rhERIIK51mSYcAF7+8DJ1qBV5UqneX5eb1PI4iOALH4BRAUANNcAtaoA0weATP4BW8GU/Gi/FufMxaC8Z85hD8kfH1A+8znQ4=</latexit>

k↵k2 ⇠
X

l1,...,ln

(s1)l1�n(s2)l2�l1 ...(sn)ln�1�lnk⇢l1...lnk1
<latexit sha1_base64="b8uNQw8tDUebrJo6xzcJLzEJvj8="></latexit>



   Classification of asymptotic limits (1-parameter)

➡ 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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   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>
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What enhancements are allowed?  

➡ Enhancement rules can be systematically determined:
‣ K3, CY3        [Kerr,Pearlstein,Robles]
‣ CY4 

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>

15



   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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Figure 4: Graphs of allowed type enhancements for field spaces with h
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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
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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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II2   ➝  IV2     not possible  
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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
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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⇧
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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
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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

⌦ ^ ⌦̄
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⌘ � log

h
i ⇧̄I
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. (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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Figure 4: Graphs of allowed type enhancements for field spaces with h
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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
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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

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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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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Classifying Calabi-Yau  
manifolds
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  Prospects for classification

➡ 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

⌘

<latexit sha1_base64="Y/Nbrw4d2kaUefkJJe2DgcLzb40="></latexit>

4

⇒ determines also Hodge star in IIA flux potential 
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4

➡ Can we classify the ‘allowed’ Calabi-Yau couplings?
‣ Wall’s theorem:   Homotopy types of Calabi-Yau manifolds are  

                               classified by the numerical characteristics:  

h1,1, h2,1
Hodge numbers
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c2 I second Chern class
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KIJK triple intersections
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⇒ determines also Hodge star in IIA flux potential 
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<latexit sha1_base64="NQGFsnpbRhDy6CvnAdbjrD+cvU8="></latexit>  Hard to classify?!

⇒ determines also Hodge star in IIA flux potential 



   Classifying Calabi-Yau manifolds

[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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   Classifying Calabi-Yau manifolds

[TG,Li,Palti]  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0
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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]
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see also [Bloch,Kerr,Vanhove]
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‣ Enhancement rules allow us to rule out non-consistent  
intersection numbers  



  Enhancement patters and diagrams

!24

➡ Consider successive limits   (example from Kreuzer-Skarke with                  )h1,1 = 3
<latexit sha1_base64="1SjIQ65H9Qd0uW76GH998E56Shk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4kGGmM31shKIblxXsQ9qxZNK0DU0yQ5IRytCvcONCEbd+jjv/xvQhqOiBC4dz7uXee8KYUaUd58PKrKyurW9kN3Nb2zu7e/n9g6aKEolJA0csku0QKcKoIA1NNSPtWBLEQ0Za4fhy5rfuiVQ0Ejd6EpOAo6GgA4qRNtLt6C51z9zpudfLFxzb8Sulsgcd2yv51UrZEL/qlYsl6NrOHAWwRL2Xf+/2I5xwIjRmSKmO68Q6SJHUFDMyzXUTRWKEx2hIOoYKxIkK0vnBU3hilD4cRNKU0HCufp9IEVdqwkPTyZEeqd/eTPzL6yR6UA1SKuJEE4EXiwYJgzqCs+9hn0qCNZsYgrCk5laIR0girE1GORPC16fwf9Is2q5nF6/9Qu1iGUcWHIFjcApcUAE1cAXqoAEw4OABPIFnS1qP1ov1umjNWMuZQ/AD1tsnBreP6g==</latexit>



  Enhancement patters and diagrams

!24

t1 ! i1
<latexit sha1_base64="guLzkzeP+ffpgLRQwZQ2QBWNoEw=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FSSKuix6MVjBfsBTSyb7aZdutmE3YkSQi/+FS8eFPHqz/Dmv3Hb5qCtDwYe780wMy9IBNfgON/W0vLK6tp6aaO8ubW9s2vv7bd0nCrKmjQWseoERDPBJWsCB8E6iWIkCgRrB6Prid9+YErzWN5BljA/IgPJQ04JGKlnH8K96yk+GAJRKn7EHHtchpD17IpTdabAi8QtSAUVaPTsL68f0zRiEqggWnddJwE/Jwo4FWxc9lLNEkJHZMC6hkoSMe3n0wfG+MQofRzGypQEPFV/T+Qk0jqLAtMZERjqeW8i/ud1Uwgv/ZzLJAUm6WxRmAoMMZ6kgftcMQoiM4RQxc2tmA6JIhRMZmUTgjv/8iJp1aruWbV2e16pXxVxlNAROkanyEUXqI5uUAM1EUVj9Ixe0Zv1ZL1Y79bHrHXJKmYO0B9Ynz+fEZZs</latexit> II2

<latexit sha1_base64="KROBR0Qzhuofja1BbPFacI4XIpc=">AAAB8nicdVDLSgNBEJyNrxhfUY9eBoPgKexEMckt6MXcIpgHbJYwO5lNhsw+mOkVw5LP8OJBEa9+jTf/xtkkgooWNBRV3XR3ebEUGmz7w8qtrK6tb+Q3C1vbO7t7xf2Djo4SxXibRTJSPY9qLkXI2yBA8l6sOA08ybve5Crzu3dcaRGFtzCNuRvQUSh8wSgYyekDv4e02ZwNKoNiyS7btk0IwRkh1QvbkHq9ViE1TDLLoISWaA2K7/1hxJKAh8Ak1dohdgxuShUIJvms0E80jymb0BF3DA1pwLWbzk+e4ROjDLEfKVMh4Ln6fSKlgdbTwDOdAYWx/u1l4l+ek4Bfc1MRxgnwkC0W+YnEEOHsfzwUijOQU0MoU8LcitmYKsrApFQwIXx9iv8nnUqZnJUrN+elxuUyjjw6QsfoFBFURQ10jVqojRiK0AN6Qs8WWI/Wi/W6aM1Zy5lD9APW2ydx2pFe</latexit>

➡ Consider successive limits   (example from Kreuzer-Skarke with                  )h1,1 = 3
<latexit sha1_base64="1SjIQ65H9Qd0uW76GH998E56Shk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4kGGmM31shKIblxXsQ9qxZNK0DU0yQ5IRytCvcONCEbd+jjv/xvQhqOiBC4dz7uXee8KYUaUd58PKrKyurW9kN3Nb2zu7e/n9g6aKEolJA0csku0QKcKoIA1NNSPtWBLEQ0Za4fhy5rfuiVQ0Ejd6EpOAo6GgA4qRNtLt6C51z9zpudfLFxzb8Sulsgcd2yv51UrZEL/qlYsl6NrOHAWwRL2Xf+/2I5xwIjRmSKmO68Q6SJHUFDMyzXUTRWKEx2hIOoYKxIkK0vnBU3hilD4cRNKU0HCufp9IEVdqwkPTyZEeqd/eTPzL6yR6UA1SKuJEE4EXiwYJgzqCs+9hn0qCNZsYgrCk5laIR0girE1GORPC16fwf9Is2q5nF6/9Qu1iGUcWHIFjcApcUAE1cAXqoAEw4OABPIFnS1qP1ov1umjNWMuZQ/AD1tsnBreP6g==</latexit>



  Enhancement patters and diagrams

!24

t2 ! i1
<latexit sha1_base64="iORmOfvTho+O6AOd1EEObkd4+18=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FSSKuix6MVjBfsBTSyb7aZdutmE3YkSQi/+FS8eFPHqz/Dmv3Hb5qCtDwYe780wMy9IBNfgON/W0vLK6tp6aaO8ubW9s2vv7bd0nCrKmjQWseoERDPBJWsCB8E6iWIkCgRrB6Prid9+YErzWN5BljA/IgPJQ04JGKlnH8J9zVN8MASiVPyIOfa4DCHr2RWn6kyBF4lbkAoq0OjZX14/pmnEJFBBtO66TgJ+ThRwKti47KWaJYSOyIB1DZUkYtrPpw+M8YlR+jiMlSkJeKr+nshJpHUWBaYzIjDU895E/M/rphBe+jmXSQpM0tmiMBUYYjxJA/e5YhREZgihiptbMR0SRSiYzMomBHf+5UXSqlXds2rt9rxSvyriKKEjdIxOkYsuUB3doAZqIorG6Bm9ojfryXqx3q2PWeuSVcwcoD+wPn8AoKmWbQ==</latexit> III0

<latexit sha1_base64="04eQrLOk9TbwV7WkP6CADfCLXk0=">AAACHnicbZDLTgIxFIY7eEO8oS7dTCQmLgxp8QLsiG5kh4mACUxIpxRo6FzSnjGSyTyJG1/FjQuNMXGlb2O5LBT8kyZf/nNOe/q7oRQaMP62UkvLK6tr6fXMxubW9k52d6+hg0gxXmeBDNSdSzWXwud1ECD5Xag49VzJm+7walxv3nOlReDfwijkjkf7vugJRsFYnex53J5c0lJ914lxHmNMCDkZAyleYAPlcqlASkkb+APE1Wo16eCkk81NWo3sRSAzyKGZap3sZ7sbsMjjPjBJtW4RHIITUwWCSZ5k2pHmIWVD2uctgz71uHbiyWaJfWScrt0LlDk+2BP390RMPa1Hnms6PQoDPV8bm//VWhH0Sk4s/DAC7rPpQ71I2hDY46zsrlCcgRwZoEwJs6vNBlRRBibRjAmBzH95ERqFPDnNF27OcpXLWRxpdIAO0TEiqIgq6BrVUB0x9Iie0St6s56sF+vd+pi2pqzZzD76I+vrB/cinqo=</latexit>

t1 ! i1
<latexit sha1_base64="guLzkzeP+ffpgLRQwZQ2QBWNoEw=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FSSKuix6MVjBfsBTSyb7aZdutmE3YkSQi/+FS8eFPHqz/Dmv3Hb5qCtDwYe780wMy9IBNfgON/W0vLK6tp6aaO8ubW9s2vv7bd0nCrKmjQWseoERDPBJWsCB8E6iWIkCgRrB6Prid9+YErzWN5BljA/IgPJQ04JGKlnH8K96yk+GAJRKn7EHHtchpD17IpTdabAi8QtSAUVaPTsL68f0zRiEqggWnddJwE/Jwo4FWxc9lLNEkJHZMC6hkoSMe3n0wfG+MQofRzGypQEPFV/T+Qk0jqLAtMZERjqeW8i/ud1Uwgv/ZzLJAUm6WxRmAoMMZ6kgftcMQoiM4RQxc2tmA6JIhRMZmUTgjv/8iJp1aruWbV2e16pXxVxlNAROkanyEUXqI5uUAM1EUVj9Ixe0Zv1ZL1Y79bHrHXJKmYO0B9Ynz+fEZZs</latexit> II2

<latexit sha1_base64="KROBR0Qzhuofja1BbPFacI4XIpc=">AAAB8nicdVDLSgNBEJyNrxhfUY9eBoPgKexEMckt6MXcIpgHbJYwO5lNhsw+mOkVw5LP8OJBEa9+jTf/xtkkgooWNBRV3XR3ebEUGmz7w8qtrK6tb+Q3C1vbO7t7xf2Djo4SxXibRTJSPY9qLkXI2yBA8l6sOA08ybve5Crzu3dcaRGFtzCNuRvQUSh8wSgYyekDv4e02ZwNKoNiyS7btk0IwRkh1QvbkHq9ViE1TDLLoISWaA2K7/1hxJKAh8Ak1dohdgxuShUIJvms0E80jymb0BF3DA1pwLWbzk+e4ROjDLEfKVMh4Ln6fSKlgdbTwDOdAYWx/u1l4l+ek4Bfc1MRxgnwkC0W+YnEEOHsfzwUijOQU0MoU8LcitmYKsrApFQwIXx9iv8nnUqZnJUrN+elxuUyjjw6QsfoFBFURQ10jVqojRiK0AN6Qs8WWI/Wi/W6aM1Zy5lD9APW2ydx2pFe</latexit>

➡ Consider successive limits   (example from Kreuzer-Skarke with                  )h1,1 = 3
<latexit sha1_base64="1SjIQ65H9Qd0uW76GH998E56Shk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4kGGmM31shKIblxXsQ9qxZNK0DU0yQ5IRytCvcONCEbd+jjv/xvQhqOiBC4dz7uXee8KYUaUd58PKrKyurW9kN3Nb2zu7e/n9g6aKEolJA0csku0QKcKoIA1NNSPtWBLEQ0Za4fhy5rfuiVQ0Ejd6EpOAo6GgA4qRNtLt6C51z9zpudfLFxzb8Sulsgcd2yv51UrZEL/qlYsl6NrOHAWwRL2Xf+/2I5xwIjRmSKmO68Q6SJHUFDMyzXUTRWKEx2hIOoYKxIkK0vnBU3hilD4cRNKU0HCufp9IEVdqwkPTyZEeqd/eTPzL6yR6UA1SKuJEE4EXiwYJgzqCs+9hn0qCNZsYgrCk5laIR0girE1GORPC16fwf9Is2q5nF6/9Qu1iGUcWHIFjcApcUAE1cAXqoAEw4OABPIFnS1qP1ov1umjNWMuZQ/AD1tsnBreP6g==</latexit>



  Enhancement patters and diagrams

!24

t2 ! i1
<latexit sha1_base64="iORmOfvTho+O6AOd1EEObkd4+18=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FSSKuix6MVjBfsBTSyb7aZdutmE3YkSQi/+FS8eFPHqz/Dmv3Hb5qCtDwYe780wMy9IBNfgON/W0vLK6tp6aaO8ubW9s2vv7bd0nCrKmjQWseoERDPBJWsCB8E6iWIkCgRrB6Prid9+YErzWN5BljA/IgPJQ04JGKlnH8J9zVN8MASiVPyIOfa4DCHr2RWn6kyBF4lbkAoq0OjZX14/pmnEJFBBtO66TgJ+ThRwKti47KWaJYSOyIB1DZUkYtrPpw+M8YlR+jiMlSkJeKr+nshJpHUWBaYzIjDU895E/M/rphBe+jmXSQpM0tmiMBUYYjxJA/e5YhREZgihiptbMR0SRSiYzMomBHf+5UXSqlXds2rt9rxSvyriKKEjdIxOkYsuUB3doAZqIorG6Bm9ojfryXqx3q2PWeuSVcwcoD+wPn8AoKmWbQ==</latexit> III0

<latexit sha1_base64="04eQrLOk9TbwV7WkP6CADfCLXk0=">AAACHnicbZDLTgIxFIY7eEO8oS7dTCQmLgxp8QLsiG5kh4mACUxIpxRo6FzSnjGSyTyJG1/FjQuNMXGlb2O5LBT8kyZf/nNOe/q7oRQaMP62UkvLK6tr6fXMxubW9k52d6+hg0gxXmeBDNSdSzWXwud1ECD5Xag49VzJm+7walxv3nOlReDfwijkjkf7vugJRsFYnex53J5c0lJ914lxHmNMCDkZAyleYAPlcqlASkkb+APE1Wo16eCkk81NWo3sRSAzyKGZap3sZ7sbsMjjPjBJtW4RHIITUwWCSZ5k2pHmIWVD2uctgz71uHbiyWaJfWScrt0LlDk+2BP390RMPa1Hnms6PQoDPV8bm//VWhH0Sk4s/DAC7rPpQ71I2hDY46zsrlCcgRwZoEwJs6vNBlRRBibRjAmBzH95ERqFPDnNF27OcpXLWRxpdIAO0TEiqIgq6BrVUB0x9Iie0St6s56sF+vd+pi2pqzZzD76I+vrB/cinqo=</latexit>

t1 ! i1
<latexit sha1_base64="guLzkzeP+ffpgLRQwZQ2QBWNoEw=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FSSKuix6MVjBfsBTSyb7aZdutmE3YkSQi/+FS8eFPHqz/Dmv3Hb5qCtDwYe780wMy9IBNfgON/W0vLK6tp6aaO8ubW9s2vv7bd0nCrKmjQWseoERDPBJWsCB8E6iWIkCgRrB6Prid9+YErzWN5BljA/IgPJQ04JGKlnH8K96yk+GAJRKn7EHHtchpD17IpTdabAi8QtSAUVaPTsL68f0zRiEqggWnddJwE/Jwo4FWxc9lLNEkJHZMC6hkoSMe3n0wfG+MQofRzGypQEPFV/T+Qk0jqLAtMZERjqeW8i/ud1Uwgv/ZzLJAUm6WxRmAoMMZ6kgftcMQoiM4RQxc2tmA6JIhRMZmUTgjv/8iJp1aruWbV2e16pXxVxlNAROkanyEUXqI5uUAM1EUVj9Ixe0Zv1ZL1Y79bHrHXJKmYO0B9Ynz+fEZZs</latexit> II2

<latexit sha1_base64="KROBR0Qzhuofja1BbPFacI4XIpc=">AAAB8nicdVDLSgNBEJyNrxhfUY9eBoPgKexEMckt6MXcIpgHbJYwO5lNhsw+mOkVw5LP8OJBEa9+jTf/xtkkgooWNBRV3XR3ebEUGmz7w8qtrK6tb+Q3C1vbO7t7xf2Djo4SxXibRTJSPY9qLkXI2yBA8l6sOA08ybve5Crzu3dcaRGFtzCNuRvQUSh8wSgYyekDv4e02ZwNKoNiyS7btk0IwRkh1QvbkHq9ViE1TDLLoISWaA2K7/1hxJKAh8Ak1dohdgxuShUIJvms0E80jymb0BF3DA1pwLWbzk+e4ROjDLEfKVMh4Ln6fSKlgdbTwDOdAYWx/u1l4l+ek4Bfc1MRxgnwkC0W+YnEEOHsfzwUijOQU0MoU8LcitmYKsrApFQwIXx9iv8nnUqZnJUrN+elxuUyjjw6QsfoFBFURQ10jVqojRiK0AN6Qs8WWI/Wi/W6aM1Zy5lD9APW2ydx2pFe</latexit>

t3 ! i1
<latexit sha1_base64="OSRcJHFrrIXSRbI7Ps5E4LcS2+M=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeStIIei148VrAf0May2W7apZtN2J0oIfTiX/HiQRGv/gxv/hu3bQ7a+mDg8d4MM/P8WHANjvNtFVZW19Y3ipulre2d3T17/6Clo0RR1qSRiFTHJ5oJLlkTOAjWiRUjoS9Y2x9fT/32A1OaR/IO0ph5IRlKHnBKwEh9+wjuaz3FhyMgSkWPmOMelwGkfbvsVJwZ8DJxc1JGORp9+6s3iGgSMglUEK27rhODlxEFnAo2KfUSzWJCx2TIuoZKEjLtZbMHJvjUKAMcRMqUBDxTf09kJNQ6DX3TGRIY6UVvKv7ndRMILr2MyzgBJul8UZAIDBGepoEHXDEKIjWEUMXNrZiOiCIUTGYlE4K7+PIyaVUrbq1SvT0v16/yOIroGJ2gM+SiC1RHN6iBmoiiCXpGr+jNerJerHfrY95asPKZQ/QH1ucPokGWbg==</latexit> IV2

<latexit sha1_base64="R/OmqyPs8MzkYZbKnrJu8zNO5KM=">AAAB8nicdVDLSgNBEJz1GeMr6tHLYBA8hZ1VTHILetFbBPOAzRJmJ7PJkNkHM71iWPIZXjwo4tWv8ebfOJtEUNGChqKqm+4uP5FCg21/WEvLK6tr64WN4ubW9s5uaW+/reNUMd5isYxV16eaSxHxFgiQvJsoTkNf8o4/vsz9zh1XWsTRLUwS7oV0GIlAMApGcnvA7yG7bk/7Tr9Utiu2bRNCcE5I9dw2pF6vOaSGSW4ZlNECzX7pvTeIWRryCJikWrvETsDLqALBJJ8We6nmCWVjOuSuoRENufay2clTfGyUAQ5iZSoCPFO/T2Q01HoS+qYzpDDSv71c/MtzUwhqXiaiJAUesfmiIJUYYpz/jwdCcQZyYghlSphbMRtRRRmYlIomhK9P8f+k7VTIacW5OSs3LhZxFNAhOkIniKAqaqAr1EQtxFCMHtATerbAerRerNd565K1mDlAP2C9fQKFtZFr</latexit>

➡ Consider successive limits   (example from Kreuzer-Skarke with                  )h1,1 = 3
<latexit sha1_base64="1SjIQ65H9Qd0uW76GH998E56Shk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4kGGmM31shKIblxXsQ9qxZNK0DU0yQ5IRytCvcONCEbd+jjv/xvQhqOiBC4dz7uXee8KYUaUd58PKrKyurW9kN3Nb2zu7e/n9g6aKEolJA0csku0QKcKoIA1NNSPtWBLEQ0Za4fhy5rfuiVQ0Ejd6EpOAo6GgA4qRNtLt6C51z9zpudfLFxzb8Sulsgcd2yv51UrZEL/qlYsl6NrOHAWwRL2Xf+/2I5xwIjRmSKmO68Q6SJHUFDMyzXUTRWKEx2hIOoYKxIkK0vnBU3hilD4cRNKU0HCufp9IEVdqwkPTyZEeqd/eTPzL6yR6UA1SKuJEE4EXiwYJgzqCs+9hn0qCNZsYgrCk5laIR0girE1GORPC16fwf9Is2q5nF6/9Qu1iGUcWHIFjcApcUAE1cAXqoAEw4OABPIFnS1qP1ov1umjNWMuZQ/AD1tsnBreP6g==</latexit>



  Enhancement patters and diagrams

!24

t2 ! i1
<latexit sha1_base64="iORmOfvTho+O6AOd1EEObkd4+18=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FSSKuix6MVjBfsBTSyb7aZdutmE3YkSQi/+FS8eFPHqz/Dmv3Hb5qCtDwYe780wMy9IBNfgON/W0vLK6tp6aaO8ubW9s2vv7bd0nCrKmjQWseoERDPBJWsCB8E6iWIkCgRrB6Prid9+YErzWN5BljA/IgPJQ04JGKlnH8J9zVN8MASiVPyIOfa4DCHr2RWn6kyBF4lbkAoq0OjZX14/pmnEJFBBtO66TgJ+ThRwKti47KWaJYSOyIB1DZUkYtrPpw+M8YlR+jiMlSkJeKr+nshJpHUWBaYzIjDU895E/M/rphBe+jmXSQpM0tmiMBUYYjxJA/e5YhREZgihiptbMR0SRSiYzMomBHf+5UXSqlXds2rt9rxSvyriKKEjdIxOkYsuUB3doAZqIorG6Bm9ojfryXqx3q2PWeuSVcwcoD+wPn8AoKmWbQ==</latexit> III0

<latexit sha1_base64="04eQrLOk9TbwV7WkP6CADfCLXk0=">AAACHnicbZDLTgIxFIY7eEO8oS7dTCQmLgxp8QLsiG5kh4mACUxIpxRo6FzSnjGSyTyJG1/FjQuNMXGlb2O5LBT8kyZf/nNOe/q7oRQaMP62UkvLK6tr6fXMxubW9k52d6+hg0gxXmeBDNSdSzWXwud1ECD5Xag49VzJm+7walxv3nOlReDfwijkjkf7vugJRsFYnex53J5c0lJ914lxHmNMCDkZAyleYAPlcqlASkkb+APE1Wo16eCkk81NWo3sRSAzyKGZap3sZ7sbsMjjPjBJtW4RHIITUwWCSZ5k2pHmIWVD2uctgz71uHbiyWaJfWScrt0LlDk+2BP390RMPa1Hnms6PQoDPV8bm//VWhH0Sk4s/DAC7rPpQ71I2hDY46zsrlCcgRwZoEwJs6vNBlRRBibRjAmBzH95ERqFPDnNF27OcpXLWRxpdIAO0TEiqIgq6BrVUB0x9Iie0St6s56sF+vd+pi2pqzZzD76I+vrB/cinqo=</latexit>

t1 ! i1
<latexit sha1_base64="guLzkzeP+ffpgLRQwZQ2QBWNoEw=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FSSKuix6MVjBfsBTSyb7aZdutmE3YkSQi/+FS8eFPHqz/Dmv3Hb5qCtDwYe780wMy9IBNfgON/W0vLK6tp6aaO8ubW9s2vv7bd0nCrKmjQWseoERDPBJWsCB8E6iWIkCgRrB6Prid9+YErzWN5BljA/IgPJQ04JGKlnH8K96yk+GAJRKn7EHHtchpD17IpTdabAi8QtSAUVaPTsL68f0zRiEqggWnddJwE/Jwo4FWxc9lLNEkJHZMC6hkoSMe3n0wfG+MQofRzGypQEPFV/T+Qk0jqLAtMZERjqeW8i/ud1Uwgv/ZzLJAUm6WxRmAoMMZ6kgftcMQoiM4RQxc2tmA6JIhRMZmUTgjv/8iJp1aruWbV2e16pXxVxlNAROkanyEUXqI5uUAM1EUVj9Ixe0Zv1ZL1Y79bHrHXJKmYO0B9Ynz+fEZZs</latexit> II2

<latexit sha1_base64="KROBR0Qzhuofja1BbPFacI4XIpc=">AAAB8nicdVDLSgNBEJyNrxhfUY9eBoPgKexEMckt6MXcIpgHbJYwO5lNhsw+mOkVw5LP8OJBEa9+jTf/xtkkgooWNBRV3XR3ebEUGmz7w8qtrK6tb+Q3C1vbO7t7xf2Djo4SxXibRTJSPY9qLkXI2yBA8l6sOA08ybve5Crzu3dcaRGFtzCNuRvQUSh8wSgYyekDv4e02ZwNKoNiyS7btk0IwRkh1QvbkHq9ViE1TDLLoISWaA2K7/1hxJKAh8Ak1dohdgxuShUIJvms0E80jymb0BF3DA1pwLWbzk+e4ROjDLEfKVMh4Ln6fSKlgdbTwDOdAYWx/u1l4l+ek4Bfc1MRxgnwkC0W+YnEEOHsfzwUijOQU0MoU8LcitmYKsrApFQwIXx9iv8nnUqZnJUrN+elxuUyjjw6QsfoFBFURQ10jVqojRiK0AN6Qs8WWI/Wi/W6aM1Zy5lD9APW2ydx2pFe</latexit>

III0
<latexit sha1_base64="04eQrLOk9TbwV7WkP6CADfCLXk0=">AAACHnicbZDLTgIxFIY7eEO8oS7dTCQmLgxp8QLsiG5kh4mACUxIpxRo6FzSnjGSyTyJG1/FjQuNMXGlb2O5LBT8kyZf/nNOe/q7oRQaMP62UkvLK6tr6fXMxubW9k52d6+hg0gxXmeBDNSdSzWXwud1ECD5Xag49VzJm+7walxv3nOlReDfwijkjkf7vugJRsFYnex53J5c0lJ914lxHmNMCDkZAyleYAPlcqlASkkb+APE1Wo16eCkk81NWo3sRSAzyKGZap3sZ7sbsMjjPjBJtW4RHIITUwWCSZ5k2pHmIWVD2uctgz71uHbiyWaJfWScrt0LlDk+2BP390RMPa1Hnms6PQoDPV8bm//VWhH0Sk4s/DAC7rPpQ71I2hDY46zsrlCcgRwZoEwJs6vNBlRRBibRjAmBzH95ERqFPDnNF27OcpXLWRxpdIAO0TEiqIgq6BrVUB0x9Iie0St6s56sF+vd+pi2pqzZzD76I+vrB/cinqo=</latexit>

t3 ! i1
<latexit sha1_base64="OSRcJHFrrIXSRbI7Ps5E4LcS2+M=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeStIIei148VrAf0May2W7apZtN2J0oIfTiX/HiQRGv/gxv/hu3bQ7a+mDg8d4MM/P8WHANjvNtFVZW19Y3ipulre2d3T17/6Clo0RR1qSRiFTHJ5oJLlkTOAjWiRUjoS9Y2x9fT/32A1OaR/IO0ph5IRlKHnBKwEh9+wjuaz3FhyMgSkWPmOMelwGkfbvsVJwZ8DJxc1JGORp9+6s3iGgSMglUEK27rhODlxEFnAo2KfUSzWJCx2TIuoZKEjLtZbMHJvjUKAMcRMqUBDxTf09kJNQ6DX3TGRIY6UVvKv7ndRMILr2MyzgBJul8UZAIDBGepoEHXDEKIjWEUMXNrZiOiCIUTGYlE4K7+PIyaVUrbq1SvT0v16/yOIroGJ2gM+SiC1RHN6iBmoiiCXpGr+jNerJerHfrY95asPKZQ/QH1ucPokGWbg==</latexit> IV2

<latexit sha1_base64="R/OmqyPs8MzkYZbKnrJu8zNO5KM=">AAAB8nicdVDLSgNBEJz1GeMr6tHLYBA8hZ1VTHILetFbBPOAzRJmJ7PJkNkHM71iWPIZXjwo4tWv8ebfOJtEUNGChqKqm+4uP5FCg21/WEvLK6tr64WN4ubW9s5uaW+/reNUMd5isYxV16eaSxHxFgiQvJsoTkNf8o4/vsz9zh1XWsTRLUwS7oV0GIlAMApGcnvA7yG7bk/7Tr9Utiu2bRNCcE5I9dw2pF6vOaSGSW4ZlNECzX7pvTeIWRryCJikWrvETsDLqALBJJ8We6nmCWVjOuSuoRENufay2clTfGyUAQ5iZSoCPFO/T2Q01HoS+qYzpDDSv71c/MtzUwhqXiaiJAUesfmiIJUYYpz/jwdCcQZyYghlSphbMRtRRRmYlIomhK9P8f+k7VTIacW5OSs3LhZxFNAhOkIniKAqaqAr1EQtxFCMHtATerbAerRerNd565K1mDlAP2C9fQKFtZFr</latexit>

➡ Consider successive limits   (example from Kreuzer-Skarke with                  )h1,1 = 3
<latexit sha1_base64="1SjIQ65H9Qd0uW76GH998E56Shk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4kGGmM31shKIblxXsQ9qxZNK0DU0yQ5IRytCvcONCEbd+jjv/xvQhqOiBC4dz7uXee8KYUaUd58PKrKyurW9kN3Nb2zu7e/n9g6aKEolJA0csku0QKcKoIA1NNSPtWBLEQ0Za4fhy5rfuiVQ0Ejd6EpOAo6GgA4qRNtLt6C51z9zpudfLFxzb8Sulsgcd2yv51UrZEL/qlYsl6NrOHAWwRL2Xf+/2I5xwIjRmSKmO68Q6SJHUFDMyzXUTRWKEx2hIOoYKxIkK0vnBU3hilD4cRNKU0HCufp9IEVdqwkPTyZEeqd/eTPzL6yR6UA1SKuJEE4EXiwYJgzqCs+9hn0qCNZsYgrCk5laIR0girE1GORPC16fwf9Is2q5nF6/9Qu1iGUcWHIFjcApcUAE1cAXqoAEw4OABPIFnS1qP1ov1umjNWMuZQ/AD1tsnBreP6g==</latexit>
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t2 ! i1
<latexit sha1_base64="iORmOfvTho+O6AOd1EEObkd4+18=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FSSKuix6MVjBfsBTSyb7aZdutmE3YkSQi/+FS8eFPHqz/Dmv3Hb5qCtDwYe780wMy9IBNfgON/W0vLK6tp6aaO8ubW9s2vv7bd0nCrKmjQWseoERDPBJWsCB8E6iWIkCgRrB6Prid9+YErzWN5BljA/IgPJQ04JGKlnH8J9zVN8MASiVPyIOfa4DCHr2RWn6kyBF4lbkAoq0OjZX14/pmnEJFBBtO66TgJ+ThRwKti47KWaJYSOyIB1DZUkYtrPpw+M8YlR+jiMlSkJeKr+nshJpHUWBaYzIjDU895E/M/rphBe+jmXSQpM0tmiMBUYYjxJA/e5YhREZgihiptbMR0SRSiYzMomBHf+5UXSqlXds2rt9rxSvyriKKEjdIxOkYsuUB3doAZqIorG6Bm9ojfryXqx3q2PWeuSVcwcoD+wPn8AoKmWbQ==</latexit> III0

<latexit sha1_base64="04eQrLOk9TbwV7WkP6CADfCLXk0=">AAACHnicbZDLTgIxFIY7eEO8oS7dTCQmLgxp8QLsiG5kh4mACUxIpxRo6FzSnjGSyTyJG1/FjQuNMXGlb2O5LBT8kyZf/nNOe/q7oRQaMP62UkvLK6tr6fXMxubW9k52d6+hg0gxXmeBDNSdSzWXwud1ECD5Xag49VzJm+7walxv3nOlReDfwijkjkf7vugJRsFYnex53J5c0lJ914lxHmNMCDkZAyleYAPlcqlASkkb+APE1Wo16eCkk81NWo3sRSAzyKGZap3sZ7sbsMjjPjBJtW4RHIITUwWCSZ5k2pHmIWVD2uctgz71uHbiyWaJfWScrt0LlDk+2BP390RMPa1Hnms6PQoDPV8bm//VWhH0Sk4s/DAC7rPpQ71I2hDY46zsrlCcgRwZoEwJs6vNBlRRBibRjAmBzH95ERqFPDnNF27OcpXLWRxpdIAO0TEiqIgq6BrVUB0x9Iie0St6s56sF+vd+pi2pqzZzD76I+vrB/cinqo=</latexit>

t1 ! i1
<latexit sha1_base64="guLzkzeP+ffpgLRQwZQ2QBWNoEw=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FSSKuix6MVjBfsBTSyb7aZdutmE3YkSQi/+FS8eFPHqz/Dmv3Hb5qCtDwYe780wMy9IBNfgON/W0vLK6tp6aaO8ubW9s2vv7bd0nCrKmjQWseoERDPBJWsCB8E6iWIkCgRrB6Prid9+YErzWN5BljA/IgPJQ04JGKlnH8K96yk+GAJRKn7EHHtchpD17IpTdabAi8QtSAUVaPTsL68f0zRiEqggWnddJwE/Jwo4FWxc9lLNEkJHZMC6hkoSMe3n0wfG+MQofRzGypQEPFV/T+Qk0jqLAtMZERjqeW8i/ud1Uwgv/ZzLJAUm6WxRmAoMMZ6kgftcMQoiM4RQxc2tmA6JIhRMZmUTgjv/8iJp1aruWbV2e16pXxVxlNAROkanyEUXqI5uUAM1EUVj9Ixe0Zv1ZL1Y79bHrHXJKmYO0B9Ynz+fEZZs</latexit> II2

<latexit sha1_base64="KROBR0Qzhuofja1BbPFacI4XIpc=">AAAB8nicdVDLSgNBEJyNrxhfUY9eBoPgKexEMckt6MXcIpgHbJYwO5lNhsw+mOkVw5LP8OJBEa9+jTf/xtkkgooWNBRV3XR3ebEUGmz7w8qtrK6tb+Q3C1vbO7t7xf2Djo4SxXibRTJSPY9qLkXI2yBA8l6sOA08ybve5Crzu3dcaRGFtzCNuRvQUSh8wSgYyekDv4e02ZwNKoNiyS7btk0IwRkh1QvbkHq9ViE1TDLLoISWaA2K7/1hxJKAh8Ak1dohdgxuShUIJvms0E80jymb0BF3DA1pwLWbzk+e4ROjDLEfKVMh4Ln6fSKlgdbTwDOdAYWx/u1l4l+ek4Bfc1MRxgnwkC0W+YnEEOHsfzwUijOQU0MoU8LcitmYKsrApFQwIXx9iv8nnUqZnJUrN+elxuUyjjw6QsfoFBFURQ10jVqojRiK0AN6Qs8WWI/Wi/W6aM1Zy5lD9APW2ydx2pFe</latexit>

IV3
<latexit sha1_base64="sVgQy52Jcz7ciu/cKlUTe0msUJc=">AAAB8nicdVDLSgNBEJyNrxhfUY9eBoPgKewkYpJb0IveIpgHbJYwO5lNhsw+mOkVw5LP8OJBEa9+jTf/xtkkgooWNBRV3XR3ebEUGmz7w8qtrK6tb+Q3C1vbO7t7xf2Djo4SxXibRTJSPY9qLkXI2yBA8l6sOA08ybve5DLzu3dcaRGFtzCNuRvQUSh8wSgYyekDv4f0ujMbVAfFkl22bZsQgjNCaue2IY1GvULqmGSWQQkt0RoU3/vDiCUBD4FJqrVD7BjclCoQTPJZoZ9oHlM2oSPuGBrSgGs3nZ88wydGGWI/UqZCwHP1+0RKA62ngWc6Awpj/dvLxL88JwG/7qYijBPgIVss8hOJIcLZ/3goFGcgp4ZQpoS5FbMxVZSBSalgQvj6FP9POpUyqZYrN2el5sUyjjw6QsfoFBFUQ010hVqojRiK0AN6Qs8WWI/Wi/W6aM1Zy5lD9APW2yeHOZFs</latexit>

t3 ! i1
<latexit sha1_base64="OSRcJHFrrIXSRbI7Ps5E4LcS2+M=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeStIIei148VrAf0May2W7apZtN2J0oIfTiX/HiQRGv/gxv/hu3bQ7a+mDg8d4MM/P8WHANjvNtFVZW19Y3ipulre2d3T17/6Clo0RR1qSRiFTHJ5oJLlkTOAjWiRUjoS9Y2x9fT/32A1OaR/IO0ph5IRlKHnBKwEh9+wjuaz3FhyMgSkWPmOMelwGkfbvsVJwZ8DJxc1JGORp9+6s3iGgSMglUEK27rhODlxEFnAo2KfUSzWJCx2TIuoZKEjLtZbMHJvjUKAMcRMqUBDxTf09kJNQ6DX3TGRIY6UVvKv7ndRMILr2MyzgBJul8UZAIDBGepoEHXDEKIjWEUMXNrZiOiCIUTGYlE4K7+PIyaVUrbq1SvT0v16/yOIroGJ2gM+SiC1RHN6iBmoiiCXpGr+jNerJerHfrY95asPKZQ/QH1ucPokGWbg==</latexit> IV2

<latexit sha1_base64="R/OmqyPs8MzkYZbKnrJu8zNO5KM=">AAAB8nicdVDLSgNBEJz1GeMr6tHLYBA8hZ1VTHILetFbBPOAzRJmJ7PJkNkHM71iWPIZXjwo4tWv8ebfOJtEUNGChqKqm+4uP5FCg21/WEvLK6tr64WN4ubW9s5uaW+/reNUMd5isYxV16eaSxHxFgiQvJsoTkNf8o4/vsz9zh1XWsTRLUwS7oV0GIlAMApGcnvA7yG7bk/7Tr9Utiu2bRNCcE5I9dw2pF6vOaSGSW4ZlNECzX7pvTeIWRryCJikWrvETsDLqALBJJ8We6nmCWVjOuSuoRENufay2clTfGyUAQ5iZSoCPFO/T2Q01HoS+qYzpDDSv71c/MtzUwhqXiaiJAUesfmiIJUYYpz/jwdCcQZyYghlSphbMRtRRRmYlIomhK9P8f+k7VTIacW5OSs3LhZxFNAhOkIniKAqaqAr1EQtxFCMHtATerbAerRerNd565K1mDlAP2C9fQKFtZFr</latexit>

➡ Consider successive limits   (example from Kreuzer-Skarke with                  )h1,1 = 3
<latexit sha1_base64="1SjIQ65H9Qd0uW76GH998E56Shk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4kGGmM31shKIblxXsQ9qxZNK0DU0yQ5IRytCvcONCEbd+jjv/xvQhqOiBC4dz7uXee8KYUaUd58PKrKyurW9kN3Nb2zu7e/n9g6aKEolJA0csku0QKcKoIA1NNSPtWBLEQ0Za4fhy5rfuiVQ0Ejd6EpOAo6GgA4qRNtLt6C51z9zpudfLFxzb8Sulsgcd2yv51UrZEL/qlYsl6NrOHAWwRL2Xf+/2I5xwIjRmSKmO68Q6SJHUFDMyzXUTRWKEx2hIOoYKxIkK0vnBU3hilD4cRNKU0HCufp9IEVdqwkPTyZEeqd/eTPzL6yR6UA1SKuJEE4EXiwYJgzqCs+9hn0qCNZsYgrCk5laIR0girE1GORPC16fwf9Is2q5nF6/9Qu1iGUcWHIFjcApcUAE1cAXqoAEw4OABPIFnS1qP1ov1umjNWMuZQ/AD1tsnBreP6g==</latexit>
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t2 ! i1
<latexit sha1_base64="iORmOfvTho+O6AOd1EEObkd4+18=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FSSKuix6MVjBfsBTSyb7aZdutmE3YkSQi/+FS8eFPHqz/Dmv3Hb5qCtDwYe780wMy9IBNfgON/W0vLK6tp6aaO8ubW9s2vv7bd0nCrKmjQWseoERDPBJWsCB8E6iWIkCgRrB6Prid9+YErzWN5BljA/IgPJQ04JGKlnH8J9zVN8MASiVPyIOfa4DCHr2RWn6kyBF4lbkAoq0OjZX14/pmnEJFBBtO66TgJ+ThRwKti47KWaJYSOyIB1DZUkYtrPpw+M8YlR+jiMlSkJeKr+nshJpHUWBaYzIjDU895E/M/rphBe+jmXSQpM0tmiMBUYYjxJA/e5YhREZgihiptbMR0SRSiYzMomBHf+5UXSqlXds2rt9rxSvyriKKEjdIxOkYsuUB3doAZqIorG6Bm9ojfryXqx3q2PWeuSVcwcoD+wPn8AoKmWbQ==</latexit> III0

<latexit sha1_base64="04eQrLOk9TbwV7WkP6CADfCLXk0=">AAACHnicbZDLTgIxFIY7eEO8oS7dTCQmLgxp8QLsiG5kh4mACUxIpxRo6FzSnjGSyTyJG1/FjQuNMXGlb2O5LBT8kyZf/nNOe/q7oRQaMP62UkvLK6tr6fXMxubW9k52d6+hg0gxXmeBDNSdSzWXwud1ECD5Xag49VzJm+7walxv3nOlReDfwijkjkf7vugJRsFYnex53J5c0lJ914lxHmNMCDkZAyleYAPlcqlASkkb+APE1Wo16eCkk81NWo3sRSAzyKGZap3sZ7sbsMjjPjBJtW4RHIITUwWCSZ5k2pHmIWVD2uctgz71uHbiyWaJfWScrt0LlDk+2BP390RMPa1Hnms6PQoDPV8bm//VWhH0Sk4s/DAC7rPpQ71I2hDY46zsrlCcgRwZoEwJs6vNBlRRBibRjAmBzH95ERqFPDnNF27OcpXLWRxpdIAO0TEiqIgq6BrVUB0x9Iie0St6s56sF+vd+pi2pqzZzD76I+vrB/cinqo=</latexit>

t1 ! i1
<latexit sha1_base64="guLzkzeP+ffpgLRQwZQ2QBWNoEw=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FSSKuix6MVjBfsBTSyb7aZdutmE3YkSQi/+FS8eFPHqz/Dmv3Hb5qCtDwYe780wMy9IBNfgON/W0vLK6tp6aaO8ubW9s2vv7bd0nCrKmjQWseoERDPBJWsCB8E6iWIkCgRrB6Prid9+YErzWN5BljA/IgPJQ04JGKlnH8K96yk+GAJRKn7EHHtchpD17IpTdabAi8QtSAUVaPTsL68f0zRiEqggWnddJwE/Jwo4FWxc9lLNEkJHZMC6hkoSMe3n0wfG+MQofRzGypQEPFV/T+Qk0jqLAtMZERjqeW8i/ud1Uwgv/ZzLJAUm6WxRmAoMMZ6kgftcMQoiM4RQxc2tmA6JIhRMZmUTgjv/8iJp1aruWbV2e16pXxVxlNAROkanyEUXqI5uUAM1EUVj9Ixe0Zv1ZL1Y79bHrHXJKmYO0B9Ynz+fEZZs</latexit> II2

<latexit sha1_base64="KROBR0Qzhuofja1BbPFacI4XIpc=">AAAB8nicdVDLSgNBEJyNrxhfUY9eBoPgKexEMckt6MXcIpgHbJYwO5lNhsw+mOkVw5LP8OJBEa9+jTf/xtkkgooWNBRV3XR3ebEUGmz7w8qtrK6tb+Q3C1vbO7t7xf2Djo4SxXibRTJSPY9qLkXI2yBA8l6sOA08ybve5Crzu3dcaRGFtzCNuRvQUSh8wSgYyekDv4e02ZwNKoNiyS7btk0IwRkh1QvbkHq9ViE1TDLLoISWaA2K7/1hxJKAh8Ak1dohdgxuShUIJvms0E80jymb0BF3DA1pwLWbzk+e4ROjDLEfKVMh4Ln6fSKlgdbTwDOdAYWx/u1l4l+ek4Bfc1MRxgnwkC0W+YnEEOHsfzwUijOQU0MoU8LcitmYKsrApFQwIXx9iv8nnUqZnJUrN+elxuUyjjw6QsfoFBFURQ10jVqojRiK0AN6Qs8WWI/Wi/W6aM1Zy5lD9APW2ydx2pFe</latexit>

IV3
<latexit sha1_base64="sVgQy52Jcz7ciu/cKlUTe0msUJc=">AAAB8nicdVDLSgNBEJyNrxhfUY9eBoPgKewkYpJb0IveIpgHbJYwO5lNhsw+mOkVw5LP8OJBEa9+jTf/xtkkgooWNBRV3XR3ebEUGmz7w8qtrK6tb+Q3C1vbO7t7xf2Djo4SxXibRTJSPY9qLkXI2yBA8l6sOA08ybve5DLzu3dcaRGFtzCNuRvQUSh8wSgYyekDv4f0ujMbVAfFkl22bZsQgjNCaue2IY1GvULqmGSWQQkt0RoU3/vDiCUBD4FJqrVD7BjclCoQTPJZoZ9oHlM2oSPuGBrSgGs3nZ88wydGGWI/UqZCwHP1+0RKA62ngWc6Awpj/dvLxL88JwG/7qYijBPgIVss8hOJIcLZ/3goFGcgp4ZQpoS5FbMxVZSBSalgQvj6FP9POpUyqZYrN2el5sUyjjw6QsfoFBFUQ010hVqojRiK0AN6Qs8WWI/Wi/W6aM1Zy5lD9APW2yeHOZFs</latexit>

t3 ! i1
<latexit sha1_base64="OSRcJHFrrIXSRbI7Ps5E4LcS2+M=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeStIIei148VrAf0May2W7apZtN2J0oIfTiX/HiQRGv/gxv/hu3bQ7a+mDg8d4MM/P8WHANjvNtFVZW19Y3ipulre2d3T17/6Clo0RR1qSRiFTHJ5oJLlkTOAjWiRUjoS9Y2x9fT/32A1OaR/IO0ph5IRlKHnBKwEh9+wjuaz3FhyMgSkWPmOMelwGkfbvsVJwZ8DJxc1JGORp9+6s3iGgSMglUEK27rhODlxEFnAo2KfUSzWJCx2TIuoZKEjLtZbMHJvjUKAMcRMqUBDxTf09kJNQ6DX3TGRIY6UVvKv7ndRMILr2MyzgBJul8UZAIDBGepoEHXDEKIjWEUMXNrZiOiCIUTGYlE4K7+PIyaVUrbq1SvT0v16/yOIroGJ2gM+SiC1RHN6iBmoiiCXpGr+jNerJerHfrY95asPKZQ/QH1ucPokGWbg==</latexit> IV2

<latexit sha1_base64="R/OmqyPs8MzkYZbKnrJu8zNO5KM=">AAAB8nicdVDLSgNBEJz1GeMr6tHLYBA8hZ1VTHILetFbBPOAzRJmJ7PJkNkHM71iWPIZXjwo4tWv8ebfOJtEUNGChqKqm+4uP5FCg21/WEvLK6tr64WN4ubW9s5uaW+/reNUMd5isYxV16eaSxHxFgiQvJsoTkNf8o4/vsz9zh1XWsTRLUwS7oV0GIlAMApGcnvA7yG7bk/7Tr9Utiu2bRNCcE5I9dw2pF6vOaSGSW4ZlNECzX7pvTeIWRryCJikWrvETsDLqALBJJ8We6nmCWVjOuSuoRENufay2clTfGyUAQ5iZSoCPFO/T2Q01HoS+qYzpDDSv71c/MtzUwhqXiaiJAUesfmiIJUYYpz/jwdCcQZyYghlSphbMRtRRRmYlIomhK9P8f+k7VTIacW5OSs3LhZxFNAhOkIniKAqaqAr1EQtxFCMHtATerbAerRerNd565K1mDlAP2C9fQKFtZFr</latexit>

➡ Consider successive limits   (example from Kreuzer-Skarke with                  )h1,1 = 3
<latexit sha1_base64="1SjIQ65H9Qd0uW76GH998E56Shk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4kGGmM31shKIblxXsQ9qxZNK0DU0yQ5IRytCvcONCEbd+jjv/xvQhqOiBC4dz7uXee8KYUaUd58PKrKyurW9kN3Nb2zu7e/n9g6aKEolJA0csku0QKcKoIA1NNSPtWBLEQ0Za4fhy5rfuiVQ0Ejd6EpOAo6GgA4qRNtLt6C51z9zpudfLFxzb8Sulsgcd2yv51UrZEL/qlYsl6NrOHAWwRL2Xf+/2I5xwIjRmSKmO68Q6SJHUFDMyzXUTRWKEx2hIOoYKxIkK0vnBU3hilD4cRNKU0HCufp9IEVdqwkPTyZEeqd/eTPzL6yR6UA1SKuJEE4EXiwYJgzqCs+9hn0qCNZsYgrCk5laIR0girE1GORPC16fwf9Is2q5nF6/9Qu1iGUcWHIFjcApcUAE1cAXqoAEw4OABPIFnS1qP1ov1umjNWMuZQ/AD1tsnBreP6g==</latexit>
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t2 ! i1
<latexit sha1_base64="iORmOfvTho+O6AOd1EEObkd4+18=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FSSKuix6MVjBfsBTSyb7aZdutmE3YkSQi/+FS8eFPHqz/Dmv3Hb5qCtDwYe780wMy9IBNfgON/W0vLK6tp6aaO8ubW9s2vv7bd0nCrKmjQWseoERDPBJWsCB8E6iWIkCgRrB6Prid9+YErzWN5BljA/IgPJQ04JGKlnH8J9zVN8MASiVPyIOfa4DCHr2RWn6kyBF4lbkAoq0OjZX14/pmnEJFBBtO66TgJ+ThRwKti47KWaJYSOyIB1DZUkYtrPpw+M8YlR+jiMlSkJeKr+nshJpHUWBaYzIjDU895E/M/rphBe+jmXSQpM0tmiMBUYYjxJA/e5YhREZgihiptbMR0SRSiYzMomBHf+5UXSqlXds2rt9rxSvyriKKEjdIxOkYsuUB3doAZqIorG6Bm9ojfryXqx3q2PWeuSVcwcoD+wPn8AoKmWbQ==</latexit> III0

<latexit sha1_base64="04eQrLOk9TbwV7WkP6CADfCLXk0=">AAACHnicbZDLTgIxFIY7eEO8oS7dTCQmLgxp8QLsiG5kh4mACUxIpxRo6FzSnjGSyTyJG1/FjQuNMXGlb2O5LBT8kyZf/nNOe/q7oRQaMP62UkvLK6tr6fXMxubW9k52d6+hg0gxXmeBDNSdSzWXwud1ECD5Xag49VzJm+7walxv3nOlReDfwijkjkf7vugJRsFYnex53J5c0lJ914lxHmNMCDkZAyleYAPlcqlASkkb+APE1Wo16eCkk81NWo3sRSAzyKGZap3sZ7sbsMjjPjBJtW4RHIITUwWCSZ5k2pHmIWVD2uctgz71uHbiyWaJfWScrt0LlDk+2BP390RMPa1Hnms6PQoDPV8bm//VWhH0Sk4s/DAC7rPpQ71I2hDY46zsrlCcgRwZoEwJs6vNBlRRBibRjAmBzH95ERqFPDnNF27OcpXLWRxpdIAO0TEiqIgq6BrVUB0x9Iie0St6s56sF+vd+pi2pqzZzD76I+vrB/cinqo=</latexit>

t1 ! i1
<latexit sha1_base64="guLzkzeP+ffpgLRQwZQ2QBWNoEw=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FSSKuix6MVjBfsBTSyb7aZdutmE3YkSQi/+FS8eFPHqz/Dmv3Hb5qCtDwYe780wMy9IBNfgON/W0vLK6tp6aaO8ubW9s2vv7bd0nCrKmjQWseoERDPBJWsCB8E6iWIkCgRrB6Prid9+YErzWN5BljA/IgPJQ04JGKlnH8K96yk+GAJRKn7EHHtchpD17IpTdabAi8QtSAUVaPTsL68f0zRiEqggWnddJwE/Jwo4FWxc9lLNEkJHZMC6hkoSMe3n0wfG+MQofRzGypQEPFV/T+Qk0jqLAtMZERjqeW8i/ud1Uwgv/ZzLJAUm6WxRmAoMMZ6kgftcMQoiM4RQxc2tmA6JIhRMZmUTgjv/8iJp1aruWbV2e16pXxVxlNAROkanyEUXqI5uUAM1EUVj9Ixe0Zv1ZL1Y79bHrHXJKmYO0B9Ynz+fEZZs</latexit> II2

<latexit sha1_base64="KROBR0Qzhuofja1BbPFacI4XIpc=">AAAB8nicdVDLSgNBEJyNrxhfUY9eBoPgKexEMckt6MXcIpgHbJYwO5lNhsw+mOkVw5LP8OJBEa9+jTf/xtkkgooWNBRV3XR3ebEUGmz7w8qtrK6tb+Q3C1vbO7t7xf2Djo4SxXibRTJSPY9qLkXI2yBA8l6sOA08ybve5Crzu3dcaRGFtzCNuRvQUSh8wSgYyekDv4e02ZwNKoNiyS7btk0IwRkh1QvbkHq9ViE1TDLLoISWaA2K7/1hxJKAh8Ak1dohdgxuShUIJvms0E80jymb0BF3DA1pwLWbzk+e4ROjDLEfKVMh4Ln6fSKlgdbTwDOdAYWx/u1l4l+ek4Bfc1MRxgnwkC0W+YnEEOHsfzwUijOQU0MoU8LcitmYKsrApFQwIXx9iv8nnUqZnJUrN+elxuUyjjw6QsfoFBFURQ10jVqojRiK0AN6Qs8WWI/Wi/W6aM1Zy5lD9APW2ydx2pFe</latexit>

IV3
<latexit sha1_base64="sVgQy52Jcz7ciu/cKlUTe0msUJc=">AAAB8nicdVDLSgNBEJyNrxhfUY9eBoPgKewkYpJb0IveIpgHbJYwO5lNhsw+mOkVw5LP8OJBEa9+jTf/xtkkgooWNBRV3XR3ebEUGmz7w8qtrK6tb+Q3C1vbO7t7xf2Djo4SxXibRTJSPY9qLkXI2yBA8l6sOA08ybve5DLzu3dcaRGFtzCNuRvQUSh8wSgYyekDv4f0ujMbVAfFkl22bZsQgjNCaue2IY1GvULqmGSWQQkt0RoU3/vDiCUBD4FJqrVD7BjclCoQTPJZoZ9oHlM2oSPuGBrSgGs3nZ88wydGGWI/UqZCwHP1+0RKA62ngWc6Awpj/dvLxL88JwG/7qYijBPgIVss8hOJIcLZ/3goFGcgp4ZQpoS5FbMxVZSBSalgQvj6FP9POpUyqZYrN2el5sUyjjw6QsfoFBFUQ010hVqojRiK0AN6Qs8WWI/Wi/W6aM1Zy5lD9APW2yeHOZFs</latexit>

t3 ! i1
<latexit sha1_base64="OSRcJHFrrIXSRbI7Ps5E4LcS2+M=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeStIIei148VrAf0May2W7apZtN2J0oIfTiX/HiQRGv/gxv/hu3bQ7a+mDg8d4MM/P8WHANjvNtFVZW19Y3ipulre2d3T17/6Clo0RR1qSRiFTHJ5oJLlkTOAjWiRUjoS9Y2x9fT/32A1OaR/IO0ph5IRlKHnBKwEh9+wjuaz3FhyMgSkWPmOMelwGkfbvsVJwZ8DJxc1JGORp9+6s3iGgSMglUEK27rhODlxEFnAo2KfUSzWJCx2TIuoZKEjLtZbMHJvjUKAMcRMqUBDxTf09kJNQ6DX3TGRIY6UVvKv7ndRMILr2MyzgBJul8UZAIDBGepoEHXDEKIjWEUMXNrZiOiCIUTGYlE4K7+PIyaVUrbq1SvT0v16/yOIroGJ2gM+SiC1RHN6iBmoiiCXpGr+jNerJerHfrY95asPKZQ/QH1ucPokGWbg==</latexit> IV2

<latexit sha1_base64="R/OmqyPs8MzkYZbKnrJu8zNO5KM=">AAAB8nicdVDLSgNBEJz1GeMr6tHLYBA8hZ1VTHILetFbBPOAzRJmJ7PJkNkHM71iWPIZXjwo4tWv8ebfOJtEUNGChqKqm+4uP5FCg21/WEvLK6tr64WN4ubW9s5uaW+/reNUMd5isYxV16eaSxHxFgiQvJsoTkNf8o4/vsz9zh1XWsTRLUwS7oV0GIlAMApGcnvA7yG7bk/7Tr9Utiu2bRNCcE5I9dw2pF6vOaSGSW4ZlNECzX7pvTeIWRryCJikWrvETsDLqALBJJ8We6nmCWVjOuSuoRENufay2clTfGyUAQ5iZSoCPFO/T2Q01HoS+qYzpDDSv71c/MtzUwhqXiaiJAUesfmiIJUYYpz/jwdCcQZyYghlSphbMRtRRRmYlIomhK9P8f+k7VTIacW5OSs3LhZxFNAhOkIniKAqaqAr1EQtxFCMHtATerbAerRerNd565K1mDlAP2C9fQKFtZFr</latexit>

➡ Consider successive limits   (example from Kreuzer-Skarke with                  )h1,1 = 3
<latexit sha1_base64="1SjIQ65H9Qd0uW76GH998E56Shk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4kGGmM31shKIblxXsQ9qxZNK0DU0yQ5IRytCvcONCEbd+jjv/xvQhqOiBC4dz7uXee8KYUaUd58PKrKyurW9kN3Nb2zu7e/n9g6aKEolJA0csku0QKcKoIA1NNSPtWBLEQ0Za4fhy5rfuiVQ0Ejd6EpOAo6GgA4qRNtLt6C51z9zpudfLFxzb8Sulsgcd2yv51UrZEL/qlYsl6NrOHAWwRL2Xf+/2I5xwIjRmSKmO68Q6SJHUFDMyzXUTRWKEx2hIOoYKxIkK0vnBU3hilD4cRNKU0HCufp9IEVdqwkPTyZEeqd/eTPzL6yR6UA1SKuJEE4EXiwYJgzqCs+9hn0qCNZsYgrCk5laIR0girE1GORPC16fwf9Is2q5nF6/9Qu1iGUcWHIFjcApcUAE1cAXqoAEw4OABPIFnS1qP1ov1umjNWMuZQ/AD1tsnBreP6g==</latexit>
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t2 ! i1
<latexit sha1_base64="iORmOfvTho+O6AOd1EEObkd4+18=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FSSKuix6MVjBfsBTSyb7aZdutmE3YkSQi/+FS8eFPHqz/Dmv3Hb5qCtDwYe780wMy9IBNfgON/W0vLK6tp6aaO8ubW9s2vv7bd0nCrKmjQWseoERDPBJWsCB8E6iWIkCgRrB6Prid9+YErzWN5BljA/IgPJQ04JGKlnH8J9zVN8MASiVPyIOfa4DCHr2RWn6kyBF4lbkAoq0OjZX14/pmnEJFBBtO66TgJ+ThRwKti47KWaJYSOyIB1DZUkYtrPpw+M8YlR+jiMlSkJeKr+nshJpHUWBaYzIjDU895E/M/rphBe+jmXSQpM0tmiMBUYYjxJA/e5YhREZgihiptbMR0SRSiYzMomBHf+5UXSqlXds2rt9rxSvyriKKEjdIxOkYsuUB3doAZqIorG6Bm9ojfryXqx3q2PWeuSVcwcoD+wPn8AoKmWbQ==</latexit> III0

<latexit sha1_base64="04eQrLOk9TbwV7WkP6CADfCLXk0=">AAACHnicbZDLTgIxFIY7eEO8oS7dTCQmLgxp8QLsiG5kh4mACUxIpxRo6FzSnjGSyTyJG1/FjQuNMXGlb2O5LBT8kyZf/nNOe/q7oRQaMP62UkvLK6tr6fXMxubW9k52d6+hg0gxXmeBDNSdSzWXwud1ECD5Xag49VzJm+7walxv3nOlReDfwijkjkf7vugJRsFYnex53J5c0lJ914lxHmNMCDkZAyleYAPlcqlASkkb+APE1Wo16eCkk81NWo3sRSAzyKGZap3sZ7sbsMjjPjBJtW4RHIITUwWCSZ5k2pHmIWVD2uctgz71uHbiyWaJfWScrt0LlDk+2BP390RMPa1Hnms6PQoDPV8bm//VWhH0Sk4s/DAC7rPpQ71I2hDY46zsrlCcgRwZoEwJs6vNBlRRBibRjAmBzH95ERqFPDnNF27OcpXLWRxpdIAO0TEiqIgq6BrVUB0x9Iie0St6s56sF+vd+pi2pqzZzD76I+vrB/cinqo=</latexit>

t1 ! i1
<latexit sha1_base64="guLzkzeP+ffpgLRQwZQ2QBWNoEw=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FSSKuix6MVjBfsBTSyb7aZdutmE3YkSQi/+FS8eFPHqz/Dmv3Hb5qCtDwYe780wMy9IBNfgON/W0vLK6tp6aaO8ubW9s2vv7bd0nCrKmjQWseoERDPBJWsCB8E6iWIkCgRrB6Prid9+YErzWN5BljA/IgPJQ04JGKlnH8K96yk+GAJRKn7EHHtchpD17IpTdabAi8QtSAUVaPTsL68f0zRiEqggWnddJwE/Jwo4FWxc9lLNEkJHZMC6hkoSMe3n0wfG+MQofRzGypQEPFV/T+Qk0jqLAtMZERjqeW8i/ud1Uwgv/ZzLJAUm6WxRmAoMMZ6kgftcMQoiM4RQxc2tmA6JIhRMZmUTgjv/8iJp1aruWbV2e16pXxVxlNAROkanyEUXqI5uUAM1EUVj9Ixe0Zv1ZL1Y79bHrHXJKmYO0B9Ynz+fEZZs</latexit> II2

<latexit sha1_base64="KROBR0Qzhuofja1BbPFacI4XIpc=">AAAB8nicdVDLSgNBEJyNrxhfUY9eBoPgKexEMckt6MXcIpgHbJYwO5lNhsw+mOkVw5LP8OJBEa9+jTf/xtkkgooWNBRV3XR3ebEUGmz7w8qtrK6tb+Q3C1vbO7t7xf2Djo4SxXibRTJSPY9qLkXI2yBA8l6sOA08ybve5Crzu3dcaRGFtzCNuRvQUSh8wSgYyekDv4e02ZwNKoNiyS7btk0IwRkh1QvbkHq9ViE1TDLLoISWaA2K7/1hxJKAh8Ak1dohdgxuShUIJvms0E80jymb0BF3DA1pwLWbzk+e4ROjDLEfKVMh4Ln6fSKlgdbTwDOdAYWx/u1l4l+ek4Bfc1MRxgnwkC0W+YnEEOHsfzwUijOQU0MoU8LcitmYKsrApFQwIXx9iv8nnUqZnJUrN+elxuUyjjw6QsfoFBFURQ10jVqojRiK0AN6Qs8WWI/Wi/W6aM1Zy5lD9APW2ydx2pFe</latexit>

IV3
<latexit sha1_base64="sVgQy52Jcz7ciu/cKlUTe0msUJc=">AAAB8nicdVDLSgNBEJyNrxhfUY9eBoPgKewkYpJb0IveIpgHbJYwO5lNhsw+mOkVw5LP8OJBEa9+jTf/xtkkgooWNBRV3XR3ebEUGmz7w8qtrK6tb+Q3C1vbO7t7xf2Djo4SxXibRTJSPY9qLkXI2yBA8l6sOA08ybve5DLzu3dcaRGFtzCNuRvQUSh8wSgYyekDv4f0ujMbVAfFkl22bZsQgjNCaue2IY1GvULqmGSWQQkt0RoU3/vDiCUBD4FJqrVD7BjclCoQTPJZoZ9oHlM2oSPuGBrSgGs3nZ88wydGGWI/UqZCwHP1+0RKA62ngWc6Awpj/dvLxL88JwG/7qYijBPgIVss8hOJIcLZ/3goFGcgp4ZQpoS5FbMxVZSBSalgQvj6FP9POpUyqZYrN2el5sUyjjw6QsfoFBFUQ010hVqojRiK0AN6Qs8WWI/Wi/W6aM1Zy5lD9APW2yeHOZFs</latexit>

t3 ! i1
<latexit sha1_base64="OSRcJHFrrIXSRbI7Ps5E4LcS2+M=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeStIIei148VrAf0May2W7apZtN2J0oIfTiX/HiQRGv/gxv/hu3bQ7a+mDg8d4MM/P8WHANjvNtFVZW19Y3ipulre2d3T17/6Clo0RR1qSRiFTHJ5oJLlkTOAjWiRUjoS9Y2x9fT/32A1OaR/IO0ph5IRlKHnBKwEh9+wjuaz3FhyMgSkWPmOMelwGkfbvsVJwZ8DJxc1JGORp9+6s3iGgSMglUEK27rhODlxEFnAo2KfUSzWJCx2TIuoZKEjLtZbMHJvjUKAMcRMqUBDxTf09kJNQ6DX3TGRIY6UVvKv7ndRMILr2MyzgBJul8UZAIDBGepoEHXDEKIjWEUMXNrZiOiCIUTGYlE4K7+PIyaVUrbq1SvT0v16/yOIroGJ2gM+SiC1RHN6iBmoiiCXpGr+jNerJerHfrY95asPKZQ/QH1ucPokGWbg==</latexit> IV2

<latexit sha1_base64="R/OmqyPs8MzkYZbKnrJu8zNO5KM=">AAAB8nicdVDLSgNBEJz1GeMr6tHLYBA8hZ1VTHILetFbBPOAzRJmJ7PJkNkHM71iWPIZXjwo4tWv8ebfOJtEUNGChqKqm+4uP5FCg21/WEvLK6tr64WN4ubW9s5uaW+/reNUMd5isYxV16eaSxHxFgiQvJsoTkNf8o4/vsz9zh1XWsTRLUwS7oV0GIlAMApGcnvA7yG7bk/7Tr9Utiu2bRNCcE5I9dw2pF6vOaSGSW4ZlNECzX7pvTeIWRryCJikWrvETsDLqALBJJ8We6nmCWVjOuSuoRENufay2clTfGyUAQ5iZSoCPFO/T2Q01HoS+qYzpDDSv71c/MtzUwhqXiaiJAUesfmiIJUYYpz/jwdCcQZyYghlSphbMRtRRRmYlIomhK9P8f+k7VTIacW5OSs3LhZxFNAhOkIniKAqaqAr1EQtxFCMHtATerbAerRerNd565K1mDlAP2C9fQKFtZFr</latexit>

t2 ! i1
<latexit sha1_base64="iORmOfvTho+O6AOd1EEObkd4+18=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FSSKuix6MVjBfsBTSyb7aZdutmE3YkSQi/+FS8eFPHqz/Dmv3Hb5qCtDwYe780wMy9IBNfgON/W0vLK6tp6aaO8ubW9s2vv7bd0nCrKmjQWseoERDPBJWsCB8E6iWIkCgRrB6Prid9+YErzWN5BljA/IgPJQ04JGKlnH8J9zVN8MASiVPyIOfa4DCHr2RWn6kyBF4lbkAoq0OjZX14/pmnEJFBBtO66TgJ+ThRwKti47KWaJYSOyIB1DZUkYtrPpw+M8YlR+jiMlSkJeKr+nshJpHUWBaYzIjDU895E/M/rphBe+jmXSQpM0tmiMBUYYjxJA/e5YhREZgihiptbMR0SRSiYzMomBHf+5UXSqlXds2rt9rxSvyriKKEjdIxOkYsuUB3doAZqIorG6Bm9ojfryXqx3q2PWeuSVcwcoD+wPn8AoKmWbQ==</latexit> III0

<latexit sha1_base64="04eQrLOk9TbwV7WkP6CADfCLXk0=">AAACHnicbZDLTgIxFIY7eEO8oS7dTCQmLgxp8QLsiG5kh4mACUxIpxRo6FzSnjGSyTyJG1/FjQuNMXGlb2O5LBT8kyZf/nNOe/q7oRQaMP62UkvLK6tr6fXMxubW9k52d6+hg0gxXmeBDNSdSzWXwud1ECD5Xag49VzJm+7walxv3nOlReDfwijkjkf7vugJRsFYnex53J5c0lJ914lxHmNMCDkZAyleYAPlcqlASkkb+APE1Wo16eCkk81NWo3sRSAzyKGZap3sZ7sbsMjjPjBJtW4RHIITUwWCSZ5k2pHmIWVD2uctgz71uHbiyWaJfWScrt0LlDk+2BP390RMPa1Hnms6PQoDPV8bm//VWhH0Sk4s/DAC7rPpQ71I2hDY46zsrlCcgRwZoEwJs6vNBlRRBibRjAmBzH95ERqFPDnNF27OcpXLWRxpdIAO0TEiqIgq6BrVUB0x9Iie0St6s56sF+vd+pi2pqzZzD76I+vrB/cinqo=</latexit>

t1 ! i1
<latexit sha1_base64="guLzkzeP+ffpgLRQwZQ2QBWNoEw=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FSSKuix6MVjBfsBTSyb7aZdutmE3YkSQi/+FS8eFPHqz/Dmv3Hb5qCtDwYe780wMy9IBNfgON/W0vLK6tp6aaO8ubW9s2vv7bd0nCrKmjQWseoERDPBJWsCB8E6iWIkCgRrB6Prid9+YErzWN5BljA/IgPJQ04JGKlnH8K96yk+GAJRKn7EHHtchpD17IpTdabAi8QtSAUVaPTsL68f0zRiEqggWnddJwE/Jwo4FWxc9lLNEkJHZMC6hkoSMe3n0wfG+MQofRzGypQEPFV/T+Qk0jqLAtMZERjqeW8i/ud1Uwgv/ZzLJAUm6WxRmAoMMZ6kgftcMQoiM4RQxc2tmA6JIhRMZmUTgjv/8iJp1aruWbV2e16pXxVxlNAROkanyEUXqI5uUAM1EUVj9Ixe0Zv1ZL1Y79bHrHXJKmYO0B9Ynz+fEZZs</latexit> II2

<latexit sha1_base64="KROBR0Qzhuofja1BbPFacI4XIpc=">AAAB8nicdVDLSgNBEJyNrxhfUY9eBoPgKexEMckt6MXcIpgHbJYwO5lNhsw+mOkVw5LP8OJBEa9+jTf/xtkkgooWNBRV3XR3ebEUGmz7w8qtrK6tb+Q3C1vbO7t7xf2Djo4SxXibRTJSPY9qLkXI2yBA8l6sOA08ybve5Crzu3dcaRGFtzCNuRvQUSh8wSgYyekDv4e02ZwNKoNiyS7btk0IwRkh1QvbkHq9ViE1TDLLoISWaA2K7/1hxJKAh8Ak1dohdgxuShUIJvms0E80jymb0BF3DA1pwLWbzk+e4ROjDLEfKVMh4Ln6fSKlgdbTwDOdAYWx/u1l4l+ek4Bfc1MRxgnwkC0W+YnEEOHsfzwUijOQU0MoU8LcitmYKsrApFQwIXx9iv8nnUqZnJUrN+elxuUyjjw6QsfoFBFURQ10jVqojRiK0AN6Qs8WWI/Wi/W6aM1Zy5lD9APW2ydx2pFe</latexit>

III0
<latexit sha1_base64="04eQrLOk9TbwV7WkP6CADfCLXk0=">AAACHnicbZDLTgIxFIY7eEO8oS7dTCQmLgxp8QLsiG5kh4mACUxIpxRo6FzSnjGSyTyJG1/FjQuNMXGlb2O5LBT8kyZf/nNOe/q7oRQaMP62UkvLK6tr6fXMxubW9k52d6+hg0gxXmeBDNSdSzWXwud1ECD5Xag49VzJm+7walxv3nOlReDfwijkjkf7vugJRsFYnex53J5c0lJ914lxHmNMCDkZAyleYAPlcqlASkkb+APE1Wo16eCkk81NWo3sRSAzyKGZap3sZ7sbsMjjPjBJtW4RHIITUwWCSZ5k2pHmIWVD2uctgz71uHbiyWaJfWScrt0LlDk+2BP390RMPa1Hnms6PQoDPV8bm//VWhH0Sk4s/DAC7rPpQ71I2hDY46zsrlCcgRwZoEwJs6vNBlRRBibRjAmBzH95ERqFPDnNF27OcpXLWRxpdIAO0TEiqIgq6BrVUB0x9Iie0St6s56sF+vd+pi2pqzZzD76I+vrB/cinqo=</latexit>

IV3
<latexit sha1_base64="sVgQy52Jcz7ciu/cKlUTe0msUJc=">AAAB8nicdVDLSgNBEJyNrxhfUY9eBoPgKewkYpJb0IveIpgHbJYwO5lNhsw+mOkVw5LP8OJBEa9+jTf/xtkkgooWNBRV3XR3ebEUGmz7w8qtrK6tb+Q3C1vbO7t7xf2Djo4SxXibRTJSPY9qLkXI2yBA8l6sOA08ybve5DLzu3dcaRGFtzCNuRvQUSh8wSgYyekDv4f0ujMbVAfFkl22bZsQgjNCaue2IY1GvULqmGSWQQkt0RoU3/vDiCUBD4FJqrVD7BjclCoQTPJZoZ9oHlM2oSPuGBrSgGs3nZ88wydGGWI/UqZCwHP1+0RKA62ngWc6Awpj/dvLxL88JwG/7qYijBPgIVss8hOJIcLZ/3goFGcgp4ZQpoS5FbMxVZSBSalgQvj6FP9POpUyqZYrN2el5sUyjjw6QsfoFBFUQ010hVqojRiK0AN6Qs8WWI/Wi/W6aM1Zy5lD9APW2yeHOZFs</latexit>

IV3
<latexit sha1_base64="sVgQy52Jcz7ciu/cKlUTe0msUJc=">AAAB8nicdVDLSgNBEJyNrxhfUY9eBoPgKewkYpJb0IveIpgHbJYwO5lNhsw+mOkVw5LP8OJBEa9+jTf/xtkkgooWNBRV3XR3ebEUGmz7w8qtrK6tb+Q3C1vbO7t7xf2Djo4SxXibRTJSPY9qLkXI2yBA8l6sOA08ybve5DLzu3dcaRGFtzCNuRvQUSh8wSgYyekDv4f0ujMbVAfFkl22bZsQgjNCaue2IY1GvULqmGSWQQkt0RoU3/vDiCUBD4FJqrVD7BjclCoQTPJZoZ9oHlM2oSPuGBrSgGs3nZ88wydGGWI/UqZCwHP1+0RKA62ngWc6Awpj/dvLxL88JwG/7qYijBPgIVss8hOJIcLZ/3goFGcgp4ZQpoS5FbMxVZSBSalgQvj6FP9POpUyqZYrN2el5sUyjjw6QsfoFBFUQ010hVqojRiK0AN6Qs8WWI/Wi/W6aM1Zy5lD9APW2yeHOZFs</latexit>

IV3
<latexit sha1_base64="sVgQy52Jcz7ciu/cKlUTe0msUJc=">AAAB8nicdVDLSgNBEJyNrxhfUY9eBoPgKewkYpJb0IveIpgHbJYwO5lNhsw+mOkVw5LP8OJBEa9+jTf/xtkkgooWNBRV3XR3ebEUGmz7w8qtrK6tb+Q3C1vbO7t7xf2Djo4SxXibRTJSPY9qLkXI2yBA8l6sOA08ybve5DLzu3dcaRGFtzCNuRvQUSh8wSgYyekDv4f0ujMbVAfFkl22bZsQgjNCaue2IY1GvULqmGSWQQkt0RoU3/vDiCUBD4FJqrVD7BjclCoQTPJZoZ9oHlM2oSPuGBrSgGs3nZ88wydGGWI/UqZCwHP1+0RKA62ngWc6Awpj/dvLxL88JwG/7qYijBPgIVss8hOJIcLZ/3goFGcgp4ZQpoS5FbMxVZSBSalgQvj6FP9POpUyqZYrN2el5sUyjjw6QsfoFBFUQ010hVqojRiK0AN6Qs8WWI/Wi/W6aM1Zy5lD9APW2yeHOZFs</latexit>

t3 ! i1
<latexit sha1_base64="OSRcJHFrrIXSRbI7Ps5E4LcS2+M=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeStIIei148VrAf0May2W7apZtN2J0oIfTiX/HiQRGv/gxv/hu3bQ7a+mDg8d4MM/P8WHANjvNtFVZW19Y3ipulre2d3T17/6Clo0RR1qSRiFTHJ5oJLlkTOAjWiRUjoS9Y2x9fT/32A1OaR/IO0ph5IRlKHnBKwEh9+wjuaz3FhyMgSkWPmOMelwGkfbvsVJwZ8DJxc1JGORp9+6s3iGgSMglUEK27rhODlxEFnAo2KfUSzWJCx2TIuoZKEjLtZbMHJvjUKAMcRMqUBDxTf09kJNQ6DX3TGRIY6UVvKv7ndRMILr2MyzgBJul8UZAIDBGepoEHXDEKIjWEUMXNrZiOiCIUTGYlE4K7+PIyaVUrbq1SvT0v16/yOIroGJ2gM+SiC1RHN6iBmoiiCXpGr+jNerJerHfrY95asPKZQ/QH1ucPokGWbg==</latexit> IV2

<latexit sha1_base64="R/OmqyPs8MzkYZbKnrJu8zNO5KM=">AAAB8nicdVDLSgNBEJz1GeMr6tHLYBA8hZ1VTHILetFbBPOAzRJmJ7PJkNkHM71iWPIZXjwo4tWv8ebfOJtEUNGChqKqm+4uP5FCg21/WEvLK6tr64WN4ubW9s5uaW+/reNUMd5isYxV16eaSxHxFgiQvJsoTkNf8o4/vsz9zh1XWsTRLUwS7oV0GIlAMApGcnvA7yG7bk/7Tr9Utiu2bRNCcE5I9dw2pF6vOaSGSW4ZlNECzX7pvTeIWRryCJikWrvETsDLqALBJJ8We6nmCWVjOuSuoRENufay2clTfGyUAQ5iZSoCPFO/T2Q01HoS+qYzpDDSv71c/MtzUwhqXiaiJAUesfmiIJUYYpz/jwdCcQZyYghlSphbMRtRRRmYlIomhK9P8f+k7VTIacW5OSs3LhZxFNAhOkIniKAqaqAr1EQtxFCMHtATerbAerRerNd565K1mDlAP2C9fQKFtZFr</latexit>

➡ Consider successive limits   (example from Kreuzer-Skarke with                  )h1,1 = 3
<latexit sha1_base64="1SjIQ65H9Qd0uW76GH998E56Shk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4kGGmM31shKIblxXsQ9qxZNK0DU0yQ5IRytCvcONCEbd+jjv/xvQhqOiBC4dz7uXee8KYUaUd58PKrKyurW9kN3Nb2zu7e/n9g6aKEolJA0csku0QKcKoIA1NNSPtWBLEQ0Za4fhy5rfuiVQ0Ejd6EpOAo6GgA4qRNtLt6C51z9zpudfLFxzb8Sulsgcd2yv51UrZEL/qlYsl6NrOHAWwRL2Xf+/2I5xwIjRmSKmO68Q6SJHUFDMyzXUTRWKEx2hIOoYKxIkK0vnBU3hilD4cRNKU0HCufp9IEVdqwkPTyZEeqd/eTPzL6yR6UA1SKuJEE4EXiwYJgzqCs+9hn0qCNZsYgrCk5laIR0girE1GORPC16fwf9Is2q5nF6/9Qu1iGUcWHIFjcApcUAE1cAXqoAEw4OABPIFnS1qP1ov1umjNWMuZQ/AD1tsnBreP6g==</latexit>
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t2 ! i1
<latexit sha1_base64="iORmOfvTho+O6AOd1EEObkd4+18=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FSSKuix6MVjBfsBTSyb7aZdutmE3YkSQi/+FS8eFPHqz/Dmv3Hb5qCtDwYe780wMy9IBNfgON/W0vLK6tp6aaO8ubW9s2vv7bd0nCrKmjQWseoERDPBJWsCB8E6iWIkCgRrB6Prid9+YErzWN5BljA/IgPJQ04JGKlnH8J9zVN8MASiVPyIOfa4DCHr2RWn6kyBF4lbkAoq0OjZX14/pmnEJFBBtO66TgJ+ThRwKti47KWaJYSOyIB1DZUkYtrPpw+M8YlR+jiMlSkJeKr+nshJpHUWBaYzIjDU895E/M/rphBe+jmXSQpM0tmiMBUYYjxJA/e5YhREZgihiptbMR0SRSiYzMomBHf+5UXSqlXds2rt9rxSvyriKKEjdIxOkYsuUB3doAZqIorG6Bm9ojfryXqx3q2PWeuSVcwcoD+wPn8AoKmWbQ==</latexit> III0

<latexit sha1_base64="04eQrLOk9TbwV7WkP6CADfCLXk0=">AAACHnicbZDLTgIxFIY7eEO8oS7dTCQmLgxp8QLsiG5kh4mACUxIpxRo6FzSnjGSyTyJG1/FjQuNMXGlb2O5LBT8kyZf/nNOe/q7oRQaMP62UkvLK6tr6fXMxubW9k52d6+hg0gxXmeBDNSdSzWXwud1ECD5Xag49VzJm+7walxv3nOlReDfwijkjkf7vugJRsFYnex53J5c0lJ914lxHmNMCDkZAyleYAPlcqlASkkb+APE1Wo16eCkk81NWo3sRSAzyKGZap3sZ7sbsMjjPjBJtW4RHIITUwWCSZ5k2pHmIWVD2uctgz71uHbiyWaJfWScrt0LlDk+2BP390RMPa1Hnms6PQoDPV8bm//VWhH0Sk4s/DAC7rPpQ71I2hDY46zsrlCcgRwZoEwJs6vNBlRRBibRjAmBzH95ERqFPDnNF27OcpXLWRxpdIAO0TEiqIgq6BrVUB0x9Iie0St6s56sF+vd+pi2pqzZzD76I+vrB/cinqo=</latexit>

t1 ! i1
<latexit sha1_base64="guLzkzeP+ffpgLRQwZQ2QBWNoEw=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FSSKuix6MVjBfsBTSyb7aZdutmE3YkSQi/+FS8eFPHqz/Dmv3Hb5qCtDwYe780wMy9IBNfgON/W0vLK6tp6aaO8ubW9s2vv7bd0nCrKmjQWseoERDPBJWsCB8E6iWIkCgRrB6Prid9+YErzWN5BljA/IgPJQ04JGKlnH8K96yk+GAJRKn7EHHtchpD17IpTdabAi8QtSAUVaPTsL68f0zRiEqggWnddJwE/Jwo4FWxc9lLNEkJHZMC6hkoSMe3n0wfG+MQofRzGypQEPFV/T+Qk0jqLAtMZERjqeW8i/ud1Uwgv/ZzLJAUm6WxRmAoMMZ6kgftcMQoiM4RQxc2tmA6JIhRMZmUTgjv/8iJp1aruWbV2e16pXxVxlNAROkanyEUXqI5uUAM1EUVj9Ixe0Zv1ZL1Y79bHrHXJKmYO0B9Ynz+fEZZs</latexit> II2

<latexit sha1_base64="KROBR0Qzhuofja1BbPFacI4XIpc=">AAAB8nicdVDLSgNBEJyNrxhfUY9eBoPgKexEMckt6MXcIpgHbJYwO5lNhsw+mOkVw5LP8OJBEa9+jTf/xtkkgooWNBRV3XR3ebEUGmz7w8qtrK6tb+Q3C1vbO7t7xf2Djo4SxXibRTJSPY9qLkXI2yBA8l6sOA08ybve5Crzu3dcaRGFtzCNuRvQUSh8wSgYyekDv4e02ZwNKoNiyS7btk0IwRkh1QvbkHq9ViE1TDLLoISWaA2K7/1hxJKAh8Ak1dohdgxuShUIJvms0E80jymb0BF3DA1pwLWbzk+e4ROjDLEfKVMh4Ln6fSKlgdbTwDOdAYWx/u1l4l+ek4Bfc1MRxgnwkC0W+YnEEOHsfzwUijOQU0MoU8LcitmYKsrApFQwIXx9iv8nnUqZnJUrN+elxuUyjjw6QsfoFBFURQ10jVqojRiK0AN6Qs8WWI/Wi/W6aM1Zy5lD9APW2ydx2pFe</latexit>

IV3
<latexit sha1_base64="sVgQy52Jcz7ciu/cKlUTe0msUJc=">AAAB8nicdVDLSgNBEJyNrxhfUY9eBoPgKewkYpJb0IveIpgHbJYwO5lNhsw+mOkVw5LP8OJBEa9+jTf/xtkkgooWNBRV3XR3ebEUGmz7w8qtrK6tb+Q3C1vbO7t7xf2Djo4SxXibRTJSPY9qLkXI2yBA8l6sOA08ybve5DLzu3dcaRGFtzCNuRvQUSh8wSgYyekDv4f0ujMbVAfFkl22bZsQgjNCaue2IY1GvULqmGSWQQkt0RoU3/vDiCUBD4FJqrVD7BjclCoQTPJZoZ9oHlM2oSPuGBrSgGs3nZ88wydGGWI/UqZCwHP1+0RKA62ngWc6Awpj/dvLxL88JwG/7qYijBPgIVss8hOJIcLZ/3goFGcgp4ZQpoS5FbMxVZSBSalgQvj6FP9POpUyqZYrN2el5sUyjjw6QsfoFBFUQ010hVqojRiK0AN6Qs8WWI/Wi/W6aM1Zy5lD9APW2yeHOZFs</latexit>

t3 ! i1
<latexit sha1_base64="OSRcJHFrrIXSRbI7Ps5E4LcS2+M=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeStIIei148VrAf0May2W7apZtN2J0oIfTiX/HiQRGv/gxv/hu3bQ7a+mDg8d4MM/P8WHANjvNtFVZW19Y3ipulre2d3T17/6Clo0RR1qSRiFTHJ5oJLlkTOAjWiRUjoS9Y2x9fT/32A1OaR/IO0ph5IRlKHnBKwEh9+wjuaz3FhyMgSkWPmOMelwGkfbvsVJwZ8DJxc1JGORp9+6s3iGgSMglUEK27rhODlxEFnAo2KfUSzWJCx2TIuoZKEjLtZbMHJvjUKAMcRMqUBDxTf09kJNQ6DX3TGRIY6UVvKv7ndRMILr2MyzgBJul8UZAIDBGepoEHXDEKIjWEUMXNrZiOiCIUTGYlE4K7+PIyaVUrbq1SvT0v16/yOIroGJ2gM+SiC1RHN6iBmoiiCXpGr+jNerJerHfrY95asPKZQ/QH1ucPokGWbg==</latexit> IV2

<latexit sha1_base64="R/OmqyPs8MzkYZbKnrJu8zNO5KM=">AAAB8nicdVDLSgNBEJz1GeMr6tHLYBA8hZ1VTHILetFbBPOAzRJmJ7PJkNkHM71iWPIZXjwo4tWv8ebfOJtEUNGChqKqm+4uP5FCg21/WEvLK6tr64WN4ubW9s5uaW+/reNUMd5isYxV16eaSxHxFgiQvJsoTkNf8o4/vsz9zh1XWsTRLUwS7oV0GIlAMApGcnvA7yG7bk/7Tr9Utiu2bRNCcE5I9dw2pF6vOaSGSW4ZlNECzX7pvTeIWRryCJikWrvETsDLqALBJJ8We6nmCWVjOuSuoRENufay2clTfGyUAQ5iZSoCPFO/T2Q01HoS+qYzpDDSv71c/MtzUwhqXiaiJAUesfmiIJUYYpz/jwdCcQZyYghlSphbMRtRRRmYlIomhK9P8f+k7VTIacW5OSs3LhZxFNAhOkIniKAqaqAr1EQtxFCMHtATerbAerRerNd565K1mDlAP2C9fQKFtZFr</latexit>

t2 ! i1
<latexit sha1_base64="iORmOfvTho+O6AOd1EEObkd4+18=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FSSKuix6MVjBfsBTSyb7aZdutmE3YkSQi/+FS8eFPHqz/Dmv3Hb5qCtDwYe780wMy9IBNfgON/W0vLK6tp6aaO8ubW9s2vv7bd0nCrKmjQWseoERDPBJWsCB8E6iWIkCgRrB6Prid9+YErzWN5BljA/IgPJQ04JGKlnH8J9zVN8MASiVPyIOfa4DCHr2RWn6kyBF4lbkAoq0OjZX14/pmnEJFBBtO66TgJ+ThRwKti47KWaJYSOyIB1DZUkYtrPpw+M8YlR+jiMlSkJeKr+nshJpHUWBaYzIjDU895E/M/rphBe+jmXSQpM0tmiMBUYYjxJA/e5YhREZgihiptbMR0SRSiYzMomBHf+5UXSqlXds2rt9rxSvyriKKEjdIxOkYsuUB3doAZqIorG6Bm9ojfryXqx3q2PWeuSVcwcoD+wPn8AoKmWbQ==</latexit> III0

<latexit sha1_base64="04eQrLOk9TbwV7WkP6CADfCLXk0=">AAACHnicbZDLTgIxFIY7eEO8oS7dTCQmLgxp8QLsiG5kh4mACUxIpxRo6FzSnjGSyTyJG1/FjQuNMXGlb2O5LBT8kyZf/nNOe/q7oRQaMP62UkvLK6tr6fXMxubW9k52d6+hg0gxXmeBDNSdSzWXwud1ECD5Xag49VzJm+7walxv3nOlReDfwijkjkf7vugJRsFYnex53J5c0lJ914lxHmNMCDkZAyleYAPlcqlASkkb+APE1Wo16eCkk81NWo3sRSAzyKGZap3sZ7sbsMjjPjBJtW4RHIITUwWCSZ5k2pHmIWVD2uctgz71uHbiyWaJfWScrt0LlDk+2BP390RMPa1Hnms6PQoDPV8bm//VWhH0Sk4s/DAC7rPpQ71I2hDY46zsrlCcgRwZoEwJs6vNBlRRBibRjAmBzH95ERqFPDnNF27OcpXLWRxpdIAO0TEiqIgq6BrVUB0x9Iie0St6s56sF+vd+pi2pqzZzD76I+vrB/cinqo=</latexit>

t1 ! i1
<latexit sha1_base64="guLzkzeP+ffpgLRQwZQ2QBWNoEw=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FSSKuix6MVjBfsBTSyb7aZdutmE3YkSQi/+FS8eFPHqz/Dmv3Hb5qCtDwYe780wMy9IBNfgON/W0vLK6tp6aaO8ubW9s2vv7bd0nCrKmjQWseoERDPBJWsCB8E6iWIkCgRrB6Prid9+YErzWN5BljA/IgPJQ04JGKlnH8K96yk+GAJRKn7EHHtchpD17IpTdabAi8QtSAUVaPTsL68f0zRiEqggWnddJwE/Jwo4FWxc9lLNEkJHZMC6hkoSMe3n0wfG+MQofRzGypQEPFV/T+Qk0jqLAtMZERjqeW8i/ud1Uwgv/ZzLJAUm6WxRmAoMMZ6kgftcMQoiM4RQxc2tmA6JIhRMZmUTgjv/8iJp1aruWbV2e16pXxVxlNAROkanyEUXqI5uUAM1EUVj9Ixe0Zv1ZL1Y79bHrHXJKmYO0B9Ynz+fEZZs</latexit> II2

<latexit sha1_base64="KROBR0Qzhuofja1BbPFacI4XIpc=">AAAB8nicdVDLSgNBEJyNrxhfUY9eBoPgKexEMckt6MXcIpgHbJYwO5lNhsw+mOkVw5LP8OJBEa9+jTf/xtkkgooWNBRV3XR3ebEUGmz7w8qtrK6tb+Q3C1vbO7t7xf2Djo4SxXibRTJSPY9qLkXI2yBA8l6sOA08ybve5Crzu3dcaRGFtzCNuRvQUSh8wSgYyekDv4e02ZwNKoNiyS7btk0IwRkh1QvbkHq9ViE1TDLLoISWaA2K7/1hxJKAh8Ak1dohdgxuShUIJvms0E80jymb0BF3DA1pwLWbzk+e4ROjDLEfKVMh4Ln6fSKlgdbTwDOdAYWx/u1l4l+ek4Bfc1MRxgnwkC0W+YnEEOHsfzwUijOQU0MoU8LcitmYKsrApFQwIXx9iv8nnUqZnJUrN+elxuUyjjw6QsfoFBFURQ10jVqojRiK0AN6Qs8WWI/Wi/W6aM1Zy5lD9APW2ydx2pFe</latexit>

III0
<latexit sha1_base64="04eQrLOk9TbwV7WkP6CADfCLXk0=">AAACHnicbZDLTgIxFIY7eEO8oS7dTCQmLgxp8QLsiG5kh4mACUxIpxRo6FzSnjGSyTyJG1/FjQuNMXGlb2O5LBT8kyZf/nNOe/q7oRQaMP62UkvLK6tr6fXMxubW9k52d6+hg0gxXmeBDNSdSzWXwud1ECD5Xag49VzJm+7walxv3nOlReDfwijkjkf7vugJRsFYnex53J5c0lJ914lxHmNMCDkZAyleYAPlcqlASkkb+APE1Wo16eCkk81NWo3sRSAzyKGZap3sZ7sbsMjjPjBJtW4RHIITUwWCSZ5k2pHmIWVD2uctgz71uHbiyWaJfWScrt0LlDk+2BP390RMPa1Hnms6PQoDPV8bm//VWhH0Sk4s/DAC7rPpQ71I2hDY46zsrlCcgRwZoEwJs6vNBlRRBibRjAmBzH95ERqFPDnNF27OcpXLWRxpdIAO0TEiqIgq6BrVUB0x9Iie0St6s56sF+vd+pi2pqzZzD76I+vrB/cinqo=</latexit>
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t3 ! i1
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<latexit sha1_base64="R/OmqyPs8MzkYZbKnrJu8zNO5KM=">AAAB8nicdVDLSgNBEJz1GeMr6tHLYBA8hZ1VTHILetFbBPOAzRJmJ7PJkNkHM71iWPIZXjwo4tWv8ebfOJtEUNGChqKqm+4uP5FCg21/WEvLK6tr64WN4ubW9s5uaW+/reNUMd5isYxV16eaSxHxFgiQvJsoTkNf8o4/vsz9zh1XWsTRLUwS7oV0GIlAMApGcnvA7yG7bk/7Tr9Utiu2bRNCcE5I9dw2pF6vOaSGSW4ZlNECzX7pvTeIWRryCJikWrvETsDLqALBJJ8We6nmCWVjOuSuoRENufay2clTfGyUAQ5iZSoCPFO/T2Q01HoS+qYzpDDSv71c/MtzUwhqXiaiJAUesfmiIJUYYpz/jwdCcQZyYghlSphbMRtRRRmYlIomhK9P8f+k7VTIacW5OSs3LhZxFNAhOkIniKAqaqAr1EQtxFCMHtATerbAerRerNd565K1mDlAP2C9fQKFtZFr</latexit>

➡ Consider successive limits   (example from Kreuzer-Skarke with                  )h1,1 = 3
<latexit sha1_base64="1SjIQ65H9Qd0uW76GH998E56Shk=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4kGGmM31shKIblxXsQ9qxZNK0DU0yQ5IRytCvcONCEbd+jjv/xvQhqOiBC4dz7uXee8KYUaUd58PKrKyurW9kN3Nb2zu7e/n9g6aKEolJA0csku0QKcKoIA1NNSPtWBLEQ0Za4fhy5rfuiVQ0Ejd6EpOAo6GgA4qRNtLt6C51z9zpudfLFxzb8Sulsgcd2yv51UrZEL/qlYsl6NrOHAWwRL2Xf+/2I5xwIjRmSKmO68Q6SJHUFDMyzXUTRWKEx2hIOoYKxIkK0vnBU3hilD4cRNKU0HCufp9IEVdqwkPTyZEeqd/eTPzL6yR6UA1SKuJEE4EXiwYJgzqCs+9hn0qCNZsYgrCk5laIR0girE1GORPC16fwf9Is2q5nF6/9Qu1iGUcWHIFjcApcUAE1cAXqoAEw4OABPIFnS1qP1ov1umjNWMuZQ/AD1tsnBreP6g==</latexit>

⇒  distinctive enhancement pattern associated to a CY manifold  
      replace by enhancement diagram (Hasse diagrams)

[TG,van de Heisteeg,Ruehle]

‣ group examples into equivalence classes
‣ correlate features of the geometry with the diagram 

(e.g. count elliptic fibers,…)
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  Reasons for being anti de Sitter

➡ Consider F-theory with         -flux:

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
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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
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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
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satisfies the primitivity condition J ^G4 = 0, which forces the scalar potential induced by this
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shows [?] that it then can be written as
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Can be considered in all asymptotic regions of moduli space
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Z

Y4

G4 ^ ⇤G4 ⇠
X

l1,...,ln

(s1)l1�n(s2)l2�l1 ...(sn)ln�1�lnk⇢l1...lnk1
<latexit sha1_base64="AfvpztxIvWG8J0FNyqaj1qfmC1c="></latexit>

related expression:[Herraez,Ibanez,  
Marchesano,Zoccarato]  
[Marchesano,Quirant]

⇢l1...ln = e�
iNiG4|Vl1...ln

<latexit sha1_base64="0QOA11+pCNeJ8/SPt8rykXQa274="></latexit>
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The complete list of  
scalar potentials that  
are geometrically  
possible for any  
CY4 at any strict  
asymptotic limit.

➡ Examples:   2 moduli                                             
Imt1 = s, Imt2 = u

<latexit sha1_base64="b0KsrETEs/NbCdo+OtbZR9bVYpU="></latexit>

Enhancements Potential VM

I0,m̂�2 V1,m̂�2
c1
s
+ c2

u4 + c3
u2 + c4u2 + c5u4 + c6s� c0V1,m̂

I0,m̂�2 V2,m̂
c1
us

+ c2
u4 + c3

u2 + c4u

s
+ c5s

u
+ c6u2 + c7u4 + c8us� c0V1,m̂�2

I1,m̂ V2,m̂
c1
s2

+ c2
u4 + c3

u2 + c4u2 + c5u4 + c6s2 � c0V1,m̂

II0,m̂�2 V2,m̂
c1
u3s

+ c2
us

+ c3u

s
+ c4u

3

s
+ c5s

u3 + c6s

u
+ c7us+ c8u3s� c0IV0,m̂�2

I0,m̂�2 I1,m̂�2

c1
us

+ c2
u
+ c3u

s
+ c4s

u
+ c5u+ c6us� c0

I0,m̂�4

I0,m̂�2 II1,m̂II0,m̂�2

I0,m̂�2 I1,m̂�2

c1
s
+ c2

u2 + c3u2 + c4s� c0

I1,m̂
I0,m̂�2 III0,m̂�4III0,m̂�2

I1,m̂ II1,m̂II0,m̂

I0,m̂�2 I2,m̂
c1
us

+ c2
u2 + c3u

s
+ c4s

u
+ c5u2 + c6us� c0

I1,m̂�2

I0,m̂�2 III1,m̂�2III0,m̂�4

I0,m̂�2 I0,m̂�4

c1
s
+ c2

u
+ c3u+ c4s� c0

I0,m̂�2 II0,m̂�2

II0,m̂ II0,m̂�2

I0,m̂�2 II0,m̂�2II0,m̂

I0,m̂�2 I1,m̂
c1
us

+ c2u

s
+ c3s

u
+ c4us� c0I0,m̂�4 I2,m̂

II0,m̂�2 III0,m̂�2

I1,m̂ I2,m̂

c1
s2

+ c2
u2 + c3u2 + c4s2 � c0

I1,m̂ III1,m̂�2

III0,m̂�2 III1,m̂�2

I1,m̂ III1,m̂�2III0,m̂�2

III1,m̂�2 V2,m̂
c1

u2s2
+ c2

s2
+ c3

u2 + c4u
2

s2
+ c5s

2

u2 + c6u2 + c7s2 + c8u2s2 � c0

a

b

Table 5.3: Enhancements and their associated asymptotic scalar potential VM. In this table,
we group together the enhancements that are simply identical or identical as we exchange the
growth sector R12 and R21, i.e., exchange s with u. In each box there are two arrows with
the upper one valid for the growth sector R12 and the lower one valid for the growth sector
R21. The double-arrow cases, e.g. III1,m̂�2 ! V2,m̂ in the last row, have the scalar potential
VM symmetric in s and u. The coe�cients ci with i > 0 are positive, while the sign of c0 is
undetermined.
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  Self-dual fluxes

➡ Minkowski ‘no-scale’ vacua from self-dual fluxes

!28

⇤G4 = G4
<latexit sha1_base64="CyPpk3xUtPJwGeMc9ie3pBHp/ws=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIsgLspMLehGKLrQZQX7wHYomTTThmaSIckIZehfuHGhiFv/xp1/Y9rOQlsPJBzOuZd77wlizrRx3W8nt7K6tr6R3yxsbe/s7hX3D5paJorQBpFcqnaANeVM0IZhhtN2rCiOAk5bwehm6reeqNJMigczjqkf4YFgISPYWOnx7LZXRVfI/r1iyS27M6Bl4mWkBBnqveJXty9JElFhCMdadzw3Nn6KlWGE00mhm2gaYzLCA9qxVOCIaj+dbTxBJ1bpo1Aq+4RBM/V3R4ojrcdRYCsjbIZ60ZuK/3mdxISXfspEnBgqyHxQmHBkJJqej/pMUWL42BJMFLO7IjLEChNjQyrYELzFk5dJs1L2zsuV+2qpdp3FkYcjOIZT8OACanAHdWgAAQHP8ApvjnZenHfnY16ac7KeQ/gD5/MHGo6PPQ==</latexit>

fixes the moduli:  ‘discrete’ set of vacua



  Self-dual fluxes

➡ Minkowski ‘no-scale’ vacua from self-dual fluxes

!28

⇤G4 = G4
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fixes the moduli:  ‘discrete’ set of vacua

➡ Evaluate in the strict asymptotic regime for two moduli

use ⇤1Vl1,...,ln = V8�l1,...,8�ln
<latexit sha1_base64="p/XXfe6W0CL/2iwqVvBiDZtGELk=">AAACGHicbZDLSsNAFIYn9VbrLerSzWARRGpMqmA3QtGNywr2Am0Jk+mkHTqZhJmJEEIfw42v4saFIm67822ctBG0+sPAz3fO4cz5vYhRqWz70ygsLa+srhXXSxubW9s75u5eS4axwKSJQxaKjockYZSTpqKKkU4kCAo8Rtre+Cartx+IkDTk9yqJSD9AQ059ipHSyDXPTtwe5b5KYMtNmetULMuqMJdP4FVGaqffLHOaumbZtuyZ4F/j5KYMcjVcc9obhDgOCFeYISm7jh2pfoqEopiRSakXSxIhPEZD0tWWo4DIfjo7bAKPNBlAPxT6cQVn9OdEigIpk8DTnQFSI7lYy+B/tW6s/Fo/pTyKFeF4vsiPGVQhzFKCAyoIVizRBmFB9V8hHiGBsNJZlnQIzuLJf02rajnnVvXuoly/zuMoggNwCI6BAy5BHdyCBmgCDB7BM3gFb8aT8WK8Gx/z1oKRz+yDXzKmXxKMnKM=</latexit>

sl�4um�l =
gl�4,m�4

gl,m
<latexit sha1_base64="x/D8SuwvImc3pWO8qw32a/4qH7w="></latexit>

flux ratio



  Self-dual fluxes

➡ Minkowski ‘no-scale’ vacua from self-dual fluxes
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⇤G4 = G4
<latexit sha1_base64="CyPpk3xUtPJwGeMc9ie3pBHp/ws=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIsgLspMLehGKLrQZQX7wHYomTTThmaSIckIZehfuHGhiFv/xp1/Y9rOQlsPJBzOuZd77wlizrRx3W8nt7K6tr6R3yxsbe/s7hX3D5paJorQBpFcqnaANeVM0IZhhtN2rCiOAk5bwehm6reeqNJMigczjqkf4YFgISPYWOnx7LZXRVfI/r1iyS27M6Bl4mWkBBnqveJXty9JElFhCMdadzw3Nn6KlWGE00mhm2gaYzLCA9qxVOCIaj+dbTxBJ1bpo1Aq+4RBM/V3R4ojrcdRYCsjbIZ60ZuK/3mdxISXfspEnBgqyHxQmHBkJJqej/pMUWL42BJMFLO7IjLEChNjQyrYELzFk5dJs1L2zsuV+2qpdp3FkYcjOIZT8OACanAHdWgAAQHP8ApvjnZenHfnY16ac7KeQ/gD5/MHGo6PPQ==</latexit>

fixes the moduli:  ‘discrete’ set of vacua

➡ Show generally for all Calabi-Yau fourfolds:    number of self-dual flux vacua  
                                                                                  is finite                   [TG, in progress]                  

⇒ key point:  control the asymptotic regimes
Z

G4 ^G4 =

Z
G4 ^ ⇤G4 < K

<latexit sha1_base64="VLeVuB1w6n1GZiN1BK/DMz2kJKw=">AAACGHicbVDLSgMxFM34rPU16tJNsAjios7Ugi4Uii4U3FSwD2hLyaS3bWgmMyQZpQz9DDf+ihsXirjtzr8xnc5CWw8ETs65l3vv8ULOlHacb2thcWl5ZTWzll3f2Nzatnd2qyqIJIUKDXgg6x5RwJmAimaaQz2UQHyPQ80bXE/82iNIxQLxoIchtHzSE6zLKNFGatsnTSY0vmkXcfMJOj1I6CWeVY+TzwW+a9s5J+8kwPPETUkOpSi37XGzE9DIB6EpJ0o1XCfUrZhIzSiHUbYZKQgJHZAeNAwVxAfVipPDRvjQKB3cDaR5ZqFE/d0RE1+poe+ZSp/ovpr1JuJ/XiPS3fNWzEQYaRB0OqgbcawDPEkJd5gEqvnQEEIlM7ti2ieSUG2yzJoQ3NmT50m1kHdP84X7Yq50lcaRQfvoAB0hF52hErpFZVRBFD2jV/SOPqwX6836tL6mpQtW2rOH/sAa/wCez5xZ</latexit>

➡ Evaluate in the strict asymptotic regime for two moduli

use ⇤1Vl1,...,ln = V8�l1,...,8�ln
<latexit sha1_base64="p/XXfe6W0CL/2iwqVvBiDZtGELk=">AAACGHicbZDLSsNAFIYn9VbrLerSzWARRGpMqmA3QtGNywr2Am0Jk+mkHTqZhJmJEEIfw42v4saFIm67822ctBG0+sPAz3fO4cz5vYhRqWz70ygsLa+srhXXSxubW9s75u5eS4axwKSJQxaKjockYZSTpqKKkU4kCAo8Rtre+Cartx+IkDTk9yqJSD9AQ059ipHSyDXPTtwe5b5KYMtNmetULMuqMJdP4FVGaqffLHOaumbZtuyZ4F/j5KYMcjVcc9obhDgOCFeYISm7jh2pfoqEopiRSakXSxIhPEZD0tWWo4DIfjo7bAKPNBlAPxT6cQVn9OdEigIpk8DTnQFSI7lYy+B/tW6s/Fo/pTyKFeF4vsiPGVQhzFKCAyoIVizRBmFB9V8hHiGBsNJZlnQIzuLJf02rajnnVvXuoly/zuMoggNwCI6BAy5BHdyCBmgCDB7BM3gFb8aT8WK8Gx/z1oKRz+yDXzKmXxKMnKM=</latexit>

sl�4um�l =
gl�4,m�4

gl,m
<latexit sha1_base64="x/D8SuwvImc3pWO8qw32a/4qH7w="></latexit>

flux ratio



  de Sitter vacua
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  de Sitter vacua
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Irene’s talk➡ No de Sitter vacua at parametric control 
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➡ Examples:   2 moduli                                             
Enhancements Potential VM

I0,m̂�2 V1,m̂�2
c1
s
+ c2

u4 + c3
u2 + c4u2 + c5u4 + c6s� c0V1,m̂

I0,m̂�2 V2,m̂
c1
us

+ c2
u4 + c3

u2 + c4u

s
+ c5s

u
+ c6u2 + c7u4 + c8us� c0V1,m̂�2

I1,m̂ V2,m̂
c1
s2

+ c2
u4 + c3

u2 + c4u2 + c5u4 + c6s2 � c0V1,m̂

II0,m̂�2 V2,m̂
c1
u3s

+ c2
us

+ c3u

s
+ c4u

3

s
+ c5s

u3 + c6s

u
+ c7us+ c8u3s� c0IV0,m̂�2

I0,m̂�2 I1,m̂�2

c1
us

+ c2
u
+ c3u

s
+ c4s

u
+ c5u+ c6us� c0

I0,m̂�4

I0,m̂�2 II1,m̂II0,m̂�2

I0,m̂�2 I1,m̂�2

c1
s
+ c2

u2 + c3u2 + c4s� c0

I1,m̂
I0,m̂�2 III0,m̂�4III0,m̂�2

I1,m̂ II1,m̂II0,m̂

I0,m̂�2 I2,m̂
c1
us

+ c2
u2 + c3u

s
+ c4s

u
+ c5u2 + c6us� c0

I1,m̂�2

I0,m̂�2 III1,m̂�2III0,m̂�4

I0,m̂�2 I0,m̂�4

c1
s
+ c2

u
+ c3u+ c4s� c0

I0,m̂�2 II0,m̂�2

II0,m̂ II0,m̂�2

I0,m̂�2 II0,m̂�2II0,m̂

I0,m̂�2 I1,m̂
c1
us

+ c2u

s
+ c3s

u
+ c4us� c0I0,m̂�4 I2,m̂

II0,m̂�2 III0,m̂�2

I1,m̂ I2,m̂

c1
s2

+ c2
u2 + c3u2 + c4s2 � c0

I1,m̂ III1,m̂�2

III0,m̂�2 III1,m̂�2

I1,m̂ III1,m̂�2III0,m̂�2

III1,m̂�2 V2,m̂
c1

u2s2
+ c2

s2
+ c3

u2 + c4u
2

s2
+ c5s

2

u2 + c6u2 + c7s2 + c8u2s2 � c0

a

b

Table 5.3: Enhancements and their associated asymptotic scalar potential VM. In this table,
we group together the enhancements that are simply identical or identical as we exchange the
growth sector R12 and R21, i.e., exchange s with u. In each box there are two arrows with
the upper one valid for the growth sector R12 and the lower one valid for the growth sector
R21. The double-arrow cases, e.g. III1,m̂�2 ! V2,m̂ in the last row, have the scalar potential
VM symmetric in s and u. The coe�cients ci with i > 0 are positive, while the sign of c0 is
undetermined.
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Imt1 = s, Imt2 = u
<latexit sha1_base64="b0KsrETEs/NbCdo+OtbZR9bVYpU="></latexit>

The complete list of  
scalar potentials that  
are geometrically  
possible for any  
CY4 at any strict  
asymptotic limit.



  Asymptotically massless fluxes

➡ Keeping coefficients unrelated:   list contains the well-known IIA potential
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[TG,Louis]

→ weak string coupling, large volume  
      is an asymptotic limit 

VIIA / 1

s3

h c1
u3s

+
c2
us

+
c3u

s
+

c4u3

s
+

c5s

u3
+

c6s

u
+ c7us+ c8u

3s� c0
i

<latexit sha1_base64="dwlOzf4TfzCzBMiavYKt8rhd8e4="></latexit>

s = e��AV1/2
A u = V1/3

A
<latexit sha1_base64="t/6FkWU1xRzLY1GqnzSY7pBkCv4="></latexit>



  Asymptotically massless fluxes

➡ Keeping coefficients unrelated:   list contains the well-known IIA potential

!31

[TG,Louis]

➡ infinite family of AdS4 vacua at parametric control  
What is the generalization? [DeWolfe,Giryavets,Kachru,Taylor]

→ weak string coupling, large volume  
      is an asymptotic limit 

VIIA / 1

s3

h c1
u3s

+
c2
us

+
c3u

s
+

c4u3

s
+

c5s

u3
+

c6s

u
+ c7us+ c8u

3s� c0
i

<latexit sha1_base64="dwlOzf4TfzCzBMiavYKt8rhd8e4="></latexit>

s = e��AV1/2
A u = V1/3

A
<latexit sha1_base64="t/6FkWU1xRzLY1GqnzSY7pBkCv4="></latexit>



  Asymptotically massless fluxes
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➡ special flux        that mildly violates the self-duality constraint: Ĝ4
<latexit sha1_base64="DL419su2GKRe9ly5JfF15i+BZpc=">AAACGnicbZDLSsNAFIYnXmu9RV26GSyCCwlJreiy6EKXFewFkhAm00k7dHJhZiKUkOdw46u4caGIO3Hj2zhpU9DWAwMf/3/OzJnfTxgV0jS/taXlldW19cpGdXNre2dX39vviDjlmLRxzGLe85EgjEakLalkpJdwgkKfka4/ui787gPhgsbRvRwnxA3RIKIBxUgqydOtzJlcYvOB72amcW4WdWoa5gymSu4MkYQ3XiP39NrMhYtglVADZbU8/dPpxzgNSSQxQ0LYlplIN0NcUsxIXnVSQRKER2hAbIURColws8lWOTxWSh8GMVcnknCi/p7IUCjEOPRVZ4jkUMx7hfifZ6cyuHQzGiWpJBGePhSkDMoYFjnBPuUESzZWgDCnaleIh4gjLFWaVRWCNf/lRejUDevMqN81as2rMo4KOARH4ARY4AI0wS1ogTbA4BE8g1fwpj1pL9q79jFtXdLKmQPwp7SvH+48nGY=</latexit>

unbounded (no tadpole):
Z

Y4

Ĝ4 ^ Ĝ4 =

Z

Y4

Ĝ4 ^G0
4 = 0

<latexit sha1_base64="1RDs+kybKWKx6I3yWKf/8CGBEAE="></latexit>

asymptotically massless: kĜ4k2 ! 0 in the asymptotic limit
<latexit sha1_base64="nHQLGCk6O6Rzzp/JQOvKUHf5/us="></latexit>

G4 = Ĝ4 +G0
4

<latexit sha1_base64="yD74bxiaYEL6evGxnHBzMxkFtuE=">AAACJ3icbVDLSgMxFM34rPU16tJNsAiCMszUim6UogtdVrAPmBmHTJq2oZkHSUYow/yNG3/FjaAiuvRPzPQB2noh5HDOPTc3x48ZFdI0v7S5+YXFpeXCSnF1bX1jU9/abogo4ZjUccQi3vKRIIyGpC6pZKQVc4ICn5Gm37/K9eYD4YJG4Z0cxMQNUDekHYqRVJSnX1x7lXOYOsNJNu/6bmoaJ2ZeR6ZhTsCIyZweklA5MniYX/emp5cmXXAWWGNQAuOqefqr045wEpBQYoaEsC0zlm6KuKSYkazoJILECPdRl9gKhiggwk2H22VwXzFt2Im4OqGEQ/a3I0WBEIPAV50Bkj0xreXkf5qdyM6Zm9IwTiQJ8eihTsKgjGAeGmxTTrBkAwUQ5lTtCnEPcYSliraoQrCmvzwLGmXDOjbKt5VS9XIcRwHsgj1wACxwCqrgBtRAHWDwCJ7BG3jXnrQX7UP7HLXOaWPPDvhT2vcPLIWf8g==</latexit>



  Asymptotically massless fluxes
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➡ special flux        that mildly violates the self-duality constraint: Ĝ4
<latexit sha1_base64="DL419su2GKRe9ly5JfF15i+BZpc=">AAACGnicbZDLSsNAFIYnXmu9RV26GSyCCwlJreiy6EKXFewFkhAm00k7dHJhZiKUkOdw46u4caGIO3Hj2zhpU9DWAwMf/3/OzJnfTxgV0jS/taXlldW19cpGdXNre2dX39vviDjlmLRxzGLe85EgjEakLalkpJdwgkKfka4/ui787gPhgsbRvRwnxA3RIKIBxUgqydOtzJlcYvOB72amcW4WdWoa5gymSu4MkYQ3XiP39NrMhYtglVADZbU8/dPpxzgNSSQxQ0LYlplIN0NcUsxIXnVSQRKER2hAbIURColws8lWOTxWSh8GMVcnknCi/p7IUCjEOPRVZ4jkUMx7hfifZ6cyuHQzGiWpJBGePhSkDMoYFjnBPuUESzZWgDCnaleIh4gjLFWaVRWCNf/lRejUDevMqN81as2rMo4KOARH4ARY4AI0wS1ogTbA4BE8g1fwpj1pL9q79jFtXdLKmQPwp7SvH+48nGY=</latexit>

unbounded (no tadpole):
Z

Y4

Ĝ4 ^ Ĝ4 =

Z

Y4

Ĝ4 ^G0
4 = 0

<latexit sha1_base64="1RDs+kybKWKx6I3yWKf/8CGBEAE="></latexit>

asymptotically massless: kĜ4k2 ! 0 in the asymptotic limit
<latexit sha1_base64="nHQLGCk6O6Rzzp/JQOvKUHf5/us="></latexit>

G4 = Ĝ4 +G0
4

<latexit sha1_base64="yD74bxiaYEL6evGxnHBzMxkFtuE=">AAACJ3icbVDLSgMxFM34rPU16tJNsAiCMszUim6UogtdVrAPmBmHTJq2oZkHSUYow/yNG3/FjaAiuvRPzPQB2noh5HDOPTc3x48ZFdI0v7S5+YXFpeXCSnF1bX1jU9/abogo4ZjUccQi3vKRIIyGpC6pZKQVc4ICn5Gm37/K9eYD4YJG4Z0cxMQNUDekHYqRVJSnX1x7lXOYOsNJNu/6bmoaJ2ZeR6ZhTsCIyZweklA5MniYX/emp5cmXXAWWGNQAuOqefqr045wEpBQYoaEsC0zlm6KuKSYkazoJILECPdRl9gKhiggwk2H22VwXzFt2Im4OqGEQ/a3I0WBEIPAV50Bkj0xreXkf5qdyM6Zm9IwTiQJ8eihTsKgjGAeGmxTTrBkAwUQ5lTtCnEPcYSliraoQrCmvzwLGmXDOjbKt5VS9XIcRwHsgj1wACxwCqrgBtRAHWDwCJ7BG3jXnrQX7UP7HLXOaWPPDvhT2vcPLIWf8g==</latexit>

➡ unbounded, asymptotically massless fluxes are necessary to have  
infinite family AdS4 vacua at parametric control

⇒ can be classified using limiting mixed Hodge structures  
⇒ reminiscent of the constructions for the Distance Conjecture  
     at infinite distance singularities [TG,Palti,Valenzuela] [TG,Li,Palti]

Note:   models appear to be in conflict with AdS conjecture of  [Lüst,Palti,Vafa]  



  Conclusions

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

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

Hodge structures
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➡ New way to classify Calabi-Yau manifolds using limits in Kähler moduli 
space: structure behind intersection numbers, Chern classes determining type 

⇒ diagrams representing classes of ‘allowed’ manifolds
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➡ Motivated by the Swampland Conjectures we uncovered a universal structure 
emerging in the asymptotic regimes of geometric moduli spaces  

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

Hodge structures

23

➡ New way to classify Calabi-Yau manifolds using limits in Kähler moduli 
space: structure behind intersection numbers, Chern classes determining type 

⇒ diagrams representing classes of ‘allowed’ manifolds

➡ Asymptotic flux compactification:  general analysis of flux vacua at all limits  
                                                              in Calabi-Yau fourfolds 
⇒ no de Sitter, finitely many Mink., parametrically controlled AdS (?)  
      remarkable constraints on axions
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