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➡ In this talk:

A key insight:

functions are algebraic        vs.       functions are transcendental
(polynomial)      (no polynomial relations, ‘instantons’)

Symmetry

susy? [Palti,Weigand,Vafa ‘22]

Very different behavior when solving  
problems with integer parameters  
→ change the distribution of flux vacua
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➡ W=0 vacua have been constructed in the past in Type IIB orientifolds
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➡ algebraicity reductions observed in Type IIB orientifolds  
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[S.Lüst,Wiesner ’22] [Becker etal.’22]
 [Kachru, Nally, Yang ’20] [Bönisch,Elmi,Kashani-Poor, Klemm ’22]
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➡ Hulek-Verrill fourfold: 

Its mirror is given by the complete intersection Calabi–Yau fourfold with configuration matrix
0

BBBBBB@

P
1 1 1

P
1 1 1

P
1 1 1

P
1 1 1

P
1 1 1

P
1 1 1

1

CCCCCCA
. (6.8)

The Hulek–Verrill fourfold itself is defined as the locus in the projective five-torus (X1, . . . , X6) 2
T
5 = P

5
\{X1 · · ·X6 = 0} described by

(X1 +X2 +X3 +X4 +X5 +X6)

✓
�1

X1
+

�2

X2
+

�3

X3
+

�4

X4
+

�5

X5
+

�6

X6

◆
= 1 , (6.9)

where �1, . . . ,�6 denote its six complex structure moduli. We refer to [32] for a careful study
of this manifold using toric geometry methods. Note that it has an S6 symmetry under sim-
ultaneous permutations of these moduli and the coordinates X1, . . . , X6. We will use the Z2

exchange symmetry between �1 and �2 in our discussion below.

Periods. Let us next set up the periods for the fundamental four-form of the Hulek–Verrill
fourfold. Many of these expressions parallel those of the Hulek–Verrill threefold discussed in
section 5.2. For instance, from the CICY expression (5.17) for the fundamental period we find
that

⇧0 =
1X

n1,...,n6=0

✓
(n1 + . . .+ n6)!

n1! · · ·n6!

◆2

(�1)n1 · · · (�6)n6 , (6.10)

as follows by using the configuration matrix (6.8) for the mirror fourfold. By the same meth-
odology we find the periods linear in the logarithms log � to be given by

⇧I = ⇧0 log �
I

2⇡i
+ 2

X

n1,...,n6

(Hn1+...+n6 �HnI )(�
1)n1 · · · (�6)n6 , (6.11)

where Hx denote harmonic numbers. We refer to appendix C.4 for the series expansions of
the quadratic, cubic and quartic periods, as their form is not particularly illuminating for the
discussion here. We will, however, write down their leading form in the large complex structure
regime |�1

|, . . . , |�6
| < 1. Using the methods developed in [14, 35–40], in [32] the integral basis

for these periods was determined to be

⇧ =

0

BBBB@

⇧0

⇧I

⇧IJ

⇧I

⇧0

1

CCCCA
=

0

BBBBB@

1
tI

2s2(t
cIJ) + 1

�2s3(tÎ)� s1(tÎ) +
80⇣(3)
(2⇡i)3

2s4(t) + s2(t)� s1(t) +
3
8

1

CCCCCA
+O(e2⇡it) , (6.12)

where we defined the covering coordinates tI = log �I/2⇡i. For the quadratic periods the basis
runs over 1  I < J  6, resulting in 15 of these.18 The sn stand for the elementary symmetric

18From a geometrical perspective this means that we take the mirror four-cycles to be spanned by intersections
DI \DJ of divisors DI . From the configuration matrix (6.8) it follows that DI \DI = 0, and hence we only
consider pairs with I < J .
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➡ Hulek-Verrill fourfold: 
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where �1, . . . ,�6 denote its six complex structure moduli. We refer to [32] for a careful study
of this manifold using toric geometry methods. Note that it has an S6 symmetry under sim-
ultaneous permutations of these moduli and the coordinates X1, . . . , X6. We will use the Z2

exchange symmetry between �1 and �2 in our discussion below.

Periods. Let us next set up the periods for the fundamental four-form of the Hulek–Verrill
fourfold. Many of these expressions parallel those of the Hulek–Verrill threefold discussed in
section 5.2. For instance, from the CICY expression (5.17) for the fundamental period we find
that
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as follows by using the configuration matrix (6.8) for the mirror fourfold. By the same meth-
odology we find the periods linear in the logarithms log � to be given by

⇧I = ⇧0 log �
I

2⇡i
+ 2

X

n1,...,n6

(Hn1+...+n6 �HnI )(�
1)n1 · · · (�6)n6 , (6.11)

where Hx denote harmonic numbers. We refer to appendix C.4 for the series expansions of
the quadratic, cubic and quartic periods, as their form is not particularly illuminating for the
discussion here. We will, however, write down their leading form in the large complex structure
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where we defined the covering coordinates tI = log �I/2⇡i. For the quadratic periods the basis
runs over 1  I < J  6, resulting in 15 of these.18 The sn stand for the elementary symmetric

18From a geometrical perspective this means that we take the mirror four-cycles to be spanned by intersections
DI \DJ of divisors DI . From the configuration matrix (6.8) it follows that DI \DI = 0, and hence we only
consider pairs with I < J .
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where �1, . . . ,�6 denote its six complex structure moduli. We refer to [32] for a careful study
of this manifold using toric geometry methods. Note that it has an S6 symmetry under sim-
ultaneous permutations of these moduli and the coordinates X1, . . . , X6. We will use the Z2

exchange symmetry between �1 and �2 in our discussion below.

Periods. Let us next set up the periods for the fundamental four-form of the Hulek–Verrill
fourfold. Many of these expressions parallel those of the Hulek–Verrill threefold discussed in
section 5.2. For instance, from the CICY expression (5.17) for the fundamental period we find
that
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as follows by using the configuration matrix (6.8) for the mirror fourfold. By the same meth-
odology we find the periods linear in the logarithms log � to be given by
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where Hx denote harmonic numbers. We refer to appendix C.4 for the series expansions of
the quadratic, cubic and quartic periods, as their form is not particularly illuminating for the
discussion here. We will, however, write down their leading form in the large complex structure
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where we defined the covering coordinates tI = log �I/2⇡i. For the quadratic periods the basis
runs over 1  I < J  6, resulting in 15 of these.18 The sn stand for the elementary symmetric

18From a geometrical perspective this means that we take the mirror four-cycles to be spanned by intersections
DI \DJ of divisors DI . From the configuration matrix (6.8) it follows that DI \DI = 0, and hence we only
consider pairs with I < J .
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➡ Periods:   expanded around large complex structure  [Jockers,Kotlewski,Kuusela ‘23]
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exchange symmetry between �1 and �2 in our discussion below.
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section 5.2. For instance, from the CICY expression (5.17) for the fundamental period we find
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the quadratic, cubic and quartic periods, as their form is not particularly illuminating for the
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where we defined the covering coordinates tI = log �I/2⇡i. For the quadratic periods the basis
runs over 1  I < J  6, resulting in 15 of these.18 The sn stand for the elementary symmetric

18From a geometrical perspective this means that we take the mirror four-cycles to be spanned by intersections
DI \DJ of divisors DI . From the configuration matrix (6.8) it follows that DI \DI = 0, and hence we only
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➡ W=0 flux vacua:                                                                 
<latexit sha1_base64="r+b4TDMr5d3rr2djMwmJnj0eg7w="></latexit>

G4
T⌃⇧ = G4

T⌃@�I⇧ = 0 
very transcendental → solve exactly?

<latexit sha1_base64="obuhY/k2eWiIvTqe4CJaBxw0BdQ=">AAAB8nicbVBNSwMxEM36WetX1aOXYBE8SNlVqV6EohePFewHbNeSTbNtaDZZklmhLP0ZXjwo4tVf481/Y9ruQVsfDDzem2FmXpgIbsB1v52l5ZXVtfXCRnFza3tnt7S33zQq1ZQ1qBJKt0NimOCSNYCDYO1EMxKHgrXC4e3Ebz0xbbiSDzBKWBCTvuQRpwSs5A8es/NTb4yvcbVbKrsVdwq8SLyclFGOerf01ekpmsZMAhXEGN9zEwgyooFTwcbFTmpYQuiQ9JlvqSQxM0E2PXmMj63Sw5HStiTgqfp7IiOxMaM4tJ0xgYGZ9ybif56fQnQVZFwmKTBJZ4uiVGBQePI/7nHNKIiRJYRqbm/FdEA0oWBTKtoQvPmXF0nzrOJVK9X7i3LtJo+jgA7RETpBHrpENXSH6qiBKFLoGb2iNwecF+fd+Zi1Ljn5zAH6A+fzB0SRj/Q=</latexit>

h3,1 = 6
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➡ Numerical approach:  start near a known limit - large complex structure - 
                                       and add corrections 
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➡ along slice                               in standard “Kähler coordinate”  
<latexit sha1_base64="QhaWXmnGoOlgmZu6DZZxvnONEzE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpl272YTdiVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94CThfkSHSoSCUbRSA/ulsltx5yCrxMtJGXLU+6Wv3iBmacQVMkmN6Xpugn5GNQom+bTYSw1PKBvTIe9aqmjEjZ/ND52Sc6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjjZ0IlKXLFFovCVBKMyexrMhCaM5QTSyjTwt5K2IhqytBmU7QheMsvr5LWZcWrVqqNq3LtNo+jAKdwBhfgwTXU4B7q0AQGHJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A47uNAw==</latexit>

t

<latexit sha1_base64="cD+st7fdu5WO1XMlPM6eSma+E4I=">AAAB9HicbVBNSwMxEM36WetX1aOXYBHqpeyKVI9FL3qrYD+gXUo2zbahSXZNZotl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzglhwA6777aysrq1vbOa28ts7u3v7hYPDhokSTVmdRiLSrYAYJrhideAgWCvWjMhAsGYwvJn6zRHThkfqAcYx8yXpKx5ySsBKfgfYE6R3coJLcNYtFN2yOwNeJl5GiihDrVv46vQimkimgApiTNtzY/BTooFTwSb5TmJYTOiQ9FnbUkUkM346O3qCT63Sw2GkbSnAM/X3REqkMWMZ2E5JYGAWvan4n9dOILzyU67iBJii80VhIjBEeJoA7nHNKIixJYRqbm/FdEA0oWBzytsQvMWXl0njvOxVypX7i2L1Oosjh47RCSohD12iKrpFNVRHFD2iZ/SK3pyR8+K8Ox/z1hUnmzlCf+B8/gAv2JG7</latexit>

Im(t)

<latexit sha1_base64="Leq9c8QYwwyWhHT1wtz+U1FSzn8=">AAAB9HicbVDLTgJBEJz1ifhCPXqZSEzwQnaNQY9ELx7RyCOBDZkdemHC7MOZXiLZ8B1ePGiMVz/Gm3/jAHtQsJJOKlXd6e7yYik02va3tbK6tr6xmdvKb+/s7u0XDg4bOkoUhzqPZKRaHtMgRQh1FCihFStggSeh6Q1vpn5zBEqLKHzAcQxuwPqh8AVnaCS3g/CE6T1MaAnPuoWiXbZnoMvEyUiRZKh1C1+dXsSTAELkkmndduwY3ZQpFFzCJN9JNMSMD1kf2oaGLADtprOjJ/TUKD3qR8pUiHSm/p5IWaD1OPBMZ8BwoBe9qfif107Qv3JTEcYJQsjni/xEUozoNAHaEwo4yrEhjCthbqV8wBTjaHLKmxCcxZeXSeO87FTKlbuLYvU6iyNHjskJKRGHXJIquSU1UiecPJJn8krerJH1Yr1bH/PWFSubOSJ/YH3+ADFqkbw=</latexit>

Re(t)
<latexit sha1_base64="TIs9yzEOpzpY0fcgh5m6vMgXd3k=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyERqW4KRTcuK9gHtCFMppN26OTBzESoofgrblwo4tb/cOffOE2z0NYDF86ccy9z7/ETzqSy7W+jtLK6tr5R3qxsbe/s7pn7B20Zp4LQFol5LLo+lpSziLYUU5x2E0Fx6HPa8cc3M7/zQIVkcXSvJgl1QzyMWMAIVlryzKN+MmKeg+rIsqw6yl81z6zalp0DLROnIFUo0PTMr/4gJmlII0U4lrLn2IlyMywUI5xOK/1U0gSTMR7SnqYRDql0s3z7KTrVygAFsdAVKZSrvycyHEo5CX3dGWI1koveTPzP66UquHIzFiWpohGZfxSkHKkYzaJAAyYoUXyiCSaC6V0RGWGBidKBVXQIzuLJy6R9bjk1q3Z3UW1cF3GU4RhO4AwcuIQG3EITWkDgEZ7hFd6MJ+PFeDc+5q0lo5g5hD8wPn8AXj6TQQ==</latexit>

�1 = ... = �6

Leading polynomial terms
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<latexit sha1_base64="Leq9c8QYwwyWhHT1wtz+U1FSzn8=">AAAB9HicbVDLTgJBEJz1ifhCPXqZSEzwQnaNQY9ELx7RyCOBDZkdemHC7MOZXiLZ8B1ePGiMVz/Gm3/jAHtQsJJOKlXd6e7yYik02va3tbK6tr6xmdvKb+/s7u0XDg4bOkoUhzqPZKRaHtMgRQh1FCihFStggSeh6Q1vpn5zBEqLKHzAcQxuwPqh8AVnaCS3g/CE6T1MaAnPuoWiXbZnoMvEyUiRZKh1C1+dXsSTAELkkmndduwY3ZQpFFzCJN9JNMSMD1kf2oaGLADtprOjJ/TUKD3qR8pUiHSm/p5IWaD1OPBMZ8BwoBe9qfif107Qv3JTEcYJQsjni/xEUozoNAHaEwo4yrEhjCthbqV8wBTjaHLKmxCcxZeXSeO87FTKlbuLYvU6iyNHjskJKRGHXJIquSU1UiecPJJn8krerJH1Yr1bH/PWFSubOSJ/YH3+ADFqkbw=</latexit>

Re(t)
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�1 = ... = �6

Leading polynomial terms 

➡ Numerical approach:  start near a known limit - large complex structure - 
                                       and add corrections 
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t

<latexit sha1_base64="cD+st7fdu5WO1XMlPM6eSma+E4I=">AAAB9HicbVBNSwMxEM36WetX1aOXYBHqpeyKVI9FL3qrYD+gXUo2zbahSXZNZotl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzglhwA6777aysrq1vbOa28ts7u3v7hYPDhokSTVmdRiLSrYAYJrhideAgWCvWjMhAsGYwvJn6zRHThkfqAcYx8yXpKx5ySsBKfgfYE6R3coJLcNYtFN2yOwNeJl5GiihDrVv46vQimkimgApiTNtzY/BTooFTwSb5TmJYTOiQ9FnbUkUkM346O3qCT63Sw2GkbSnAM/X3REqkMWMZ2E5JYGAWvan4n9dOILzyU67iBJii80VhIjBEeJoA7nHNKIixJYRqbm/FdEA0oWBzytsQvMWXl0njvOxVypX7i2L1Oosjh47RCSohD12iKrpFNVRHFD2iZ/SK3pyR8+K8Ox/z1hUnmzlCf+B8/gAv2JG7</latexit>

Im(t)

<latexit sha1_base64="Leq9c8QYwwyWhHT1wtz+U1FSzn8=">AAAB9HicbVDLTgJBEJz1ifhCPXqZSEzwQnaNQY9ELx7RyCOBDZkdemHC7MOZXiLZ8B1ePGiMVz/Gm3/jAHtQsJJOKlXd6e7yYik02va3tbK6tr6xmdvKb+/s7u0XDg4bOkoUhzqPZKRaHtMgRQh1FCihFStggSeh6Q1vpn5zBEqLKHzAcQxuwPqh8AVnaCS3g/CE6T1MaAnPuoWiXbZnoMvEyUiRZKh1C1+dXsSTAELkkmndduwY3ZQpFFzCJN9JNMSMD1kf2oaGLADtprOjJ/TUKD3qR8pUiHSm/p5IWaD1OPBMZ8BwoBe9qfif107Qv3JTEcYJQsjni/xEUozoNAHaEwo4yrEhjCthbqV8wBTjaHLKmxCcxZeXSeO87FTKlbuLYvU6iyNHjskJKRGHXJIquSU1UiecPJJn8krerJH1Yr1bH/PWFSubOSJ/YH3+ADFqkbw=</latexit>

Re(t)
<latexit sha1_base64="TIs9yzEOpzpY0fcgh5m6vMgXd3k=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyERqW4KRTcuK9gHtCFMppN26OTBzESoofgrblwo4tb/cOffOE2z0NYDF86ccy9z7/ETzqSy7W+jtLK6tr5R3qxsbe/s7pn7B20Zp4LQFol5LLo+lpSziLYUU5x2E0Fx6HPa8cc3M7/zQIVkcXSvJgl1QzyMWMAIVlryzKN+MmKeg+rIsqw6yl81z6zalp0DLROnIFUo0PTMr/4gJmlII0U4lrLn2IlyMywUI5xOK/1U0gSTMR7SnqYRDql0s3z7KTrVygAFsdAVKZSrvycyHEo5CX3dGWI1koveTPzP66UquHIzFiWpohGZfxSkHKkYzaJAAyYoUXyiCSaC6V0RGWGBidKBVXQIzuLJy6R9bjk1q3Z3UW1cF3GU4RhO4AwcuIQG3EITWkDgEZ7hFd6MJ+PFeDc+5q0lo5g5hD8wPn8AXj6TQQ==</latexit>

�1 = ... = �6

<latexit sha1_base64="98lvkeRinoj5n57c7sMwA+9iDdI=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEVyWRUl0WXeiygr1IU8JkctIOnUzizEQppSs3voobF4q49Rnc+TZOLwtt/WHg4z/ncOb8QcqZ0o7zbS0sLi2vrObW8usbm1vb9s5uXSWZpFCjCU9kMyAKOBNQ00xzaKYSSBxwaAS9i1G9cQ9SsUTc6H4K7Zh0BIsYJdpYvn3gMaH9W3zpl7D3AGEHJsjhDpcd3y44RWcsPA/uFApoqqpvf3lhQrMYhKacKNVynVS3B0RqRjkM816mICW0RzrQMihIDKo9GJ8xxEfGCXGUSPOExmP398SAxEr148B0xkR31WxtZP5Xa2U6OmsPmEgzDYJOFkUZxzrBo0xwyCRQzfsGCJXM/BXTLpGEapNc3oTgzp48D/WTolsulq9Lhcr5NI4c2keH6Bi56BRV0BWqohqi6BE9o1f0Zj1ZL9a79TFpXbCmM3voj6zPHxR4lvc=</latexit>Z

Y
G4 ^G4  60with tadpole

Leading polynomial terms 

➡ Numerical approach:  start near a known limit - large complex structure - 
                                       and add corrections 



11
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➡ along slice                               in standard “Kähler coordinate”  
<latexit sha1_base64="QhaWXmnGoOlgmZu6DZZxvnONEzE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpl272YTdiVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94CThfkSHSoSCUbRSA/ulsltx5yCrxMtJGXLU+6Wv3iBmacQVMkmN6Xpugn5GNQom+bTYSw1PKBvTIe9aqmjEjZ/ND52Sc6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjjZ0IlKXLFFovCVBKMyexrMhCaM5QTSyjTwt5K2IhqytBmU7QheMsvr5LWZcWrVqqNq3LtNo+jAKdwBhfgwTXU4B7q0AQGHJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A47uNAw==</latexit>

t

<latexit sha1_base64="cD+st7fdu5WO1XMlPM6eSma+E4I=">AAAB9HicbVBNSwMxEM36WetX1aOXYBHqpeyKVI9FL3qrYD+gXUo2zbahSXZNZotl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzglhwA6777aysrq1vbOa28ts7u3v7hYPDhokSTVmdRiLSrYAYJrhideAgWCvWjMhAsGYwvJn6zRHThkfqAcYx8yXpKx5ySsBKfgfYE6R3coJLcNYtFN2yOwNeJl5GiihDrVv46vQimkimgApiTNtzY/BTooFTwSb5TmJYTOiQ9FnbUkUkM346O3qCT63Sw2GkbSnAM/X3REqkMWMZ2E5JYGAWvan4n9dOILzyU67iBJii80VhIjBEeJoA7nHNKIixJYRqbm/FdEA0oWBzytsQvMWXl0njvOxVypX7i2L1Oosjh47RCSohD12iKrpFNVRHFD2iZ/SK3pyR8+K8Ox/z1hUnmzlCf+B8/gAv2JG7</latexit>

Im(t)

<latexit sha1_base64="Leq9c8QYwwyWhHT1wtz+U1FSzn8=">AAAB9HicbVDLTgJBEJz1ifhCPXqZSEzwQnaNQY9ELx7RyCOBDZkdemHC7MOZXiLZ8B1ePGiMVz/Gm3/jAHtQsJJOKlXd6e7yYik02va3tbK6tr6xmdvKb+/s7u0XDg4bOkoUhzqPZKRaHtMgRQh1FCihFStggSeh6Q1vpn5zBEqLKHzAcQxuwPqh8AVnaCS3g/CE6T1MaAnPuoWiXbZnoMvEyUiRZKh1C1+dXsSTAELkkmndduwY3ZQpFFzCJN9JNMSMD1kf2oaGLADtprOjJ/TUKD3qR8pUiHSm/p5IWaD1OPBMZ8BwoBe9qfif107Qv3JTEcYJQsjni/xEUozoNAHaEwo4yrEhjCthbqV8wBTjaHLKmxCcxZeXSeO87FTKlbuLYvU6iyNHjskJKRGHXJIquSU1UiecPJJn8krerJH1Yr1bH/PWFSubOSJ/YH3+ADFqkbw=</latexit>

Re(t)
<latexit sha1_base64="TIs9yzEOpzpY0fcgh5m6vMgXd3k=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyERqW4KRTcuK9gHtCFMppN26OTBzESoofgrblwo4tb/cOffOE2z0NYDF86ccy9z7/ETzqSy7W+jtLK6tr5R3qxsbe/s7pn7B20Zp4LQFol5LLo+lpSziLYUU5x2E0Fx6HPa8cc3M7/zQIVkcXSvJgl1QzyMWMAIVlryzKN+MmKeg+rIsqw6yl81z6zalp0DLROnIFUo0PTMr/4gJmlII0U4lrLn2IlyMywUI5xOK/1U0gSTMR7SnqYRDql0s3z7KTrVygAFsdAVKZSrvycyHEo5CX3dGWI1koveTPzP66UquHIzFiWpohGZfxSkHKkYzaJAAyYoUXyiCSaC6V0RGWGBidKBVXQIzuLJy6R9bjk1q3Z3UW1cF3GU4RhO4AwcuIQG3EITWkDgEZ7hFd6MJ+PFeDc+5q0lo5g5hD8wPn8AXj6TQQ==</latexit>

�1 = ... = �6

<latexit sha1_base64="98lvkeRinoj5n57c7sMwA+9iDdI=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEVyWRUl0WXeiygr1IU8JkctIOnUzizEQppSs3voobF4q49Rnc+TZOLwtt/WHg4z/ncOb8QcqZ0o7zbS0sLi2vrObW8usbm1vb9s5uXSWZpFCjCU9kMyAKOBNQ00xzaKYSSBxwaAS9i1G9cQ9SsUTc6H4K7Zh0BIsYJdpYvn3gMaH9W3zpl7D3AGEHJsjhDpcd3y44RWcsPA/uFApoqqpvf3lhQrMYhKacKNVynVS3B0RqRjkM816mICW0RzrQMihIDKo9GJ8xxEfGCXGUSPOExmP398SAxEr148B0xkR31WxtZP5Xa2U6OmsPmEgzDYJOFkUZxzrBo0xwyCRQzfsGCJXM/BXTLpGEapNc3oTgzp48D/WTolsulq9Lhcr5NI4c2keH6Bi56BRV0BWqohqi6BE9o1f0Zj1ZL9a79TFpXbCmM3voj6zPHxR4lvc=</latexit>Z

Y
G4 ^G4  60with tadpole

Leading polynomial terms 

➡ Numerical approach:  start near a known limit - large complex structure - 
                                       and add corrections 

all allowed vacua not close to the limit  
e.g. not (very) weak string coupling
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➡ along slice                               in standard “Kähler coordinate”  
<latexit sha1_base64="QhaWXmnGoOlgmZu6DZZxvnONEzE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpl272YTdiVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94CThfkSHSoSCUbRSA/ulsltx5yCrxMtJGXLU+6Wv3iBmacQVMkmN6Xpugn5GNQom+bTYSw1PKBvTIe9aqmjEjZ/ND52Sc6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjjZ0IlKXLFFovCVBKMyexrMhCaM5QTSyjTwt5K2IhqytBmU7QheMsvr5LWZcWrVqqNq3LtNo+jAKdwBhfgwTXU4B7q0AQGHJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A47uNAw==</latexit>

t
<latexit sha1_base64="TIs9yzEOpzpY0fcgh5m6vMgXd3k=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyERqW4KRTcuK9gHtCFMppN26OTBzESoofgrblwo4tb/cOffOE2z0NYDF86ccy9z7/ETzqSy7W+jtLK6tr5R3qxsbe/s7pn7B20Zp4LQFol5LLo+lpSziLYUU5x2E0Fx6HPa8cc3M7/zQIVkcXSvJgl1QzyMWMAIVlryzKN+MmKeg+rIsqw6yl81z6zalp0DLROnIFUo0PTMr/4gJmlII0U4lrLn2IlyMywUI5xOK/1U0gSTMR7SnqYRDql0s3z7KTrVygAFsdAVKZSrvycyHEo5CX3dGWI1koveTPzP66UquHIzFiWpohGZfxSkHKkYzaJAAyYoUXyiCSaC6V0RGWGBidKBVXQIzuLJy6R9bjk1q3Z3UW1cF3GU4RhO4AwcuIQG3EITWkDgEZ7hFd6MJ+PFeDc+5q0lo5g5hD8wPn8AXj6TQQ==</latexit>

�1 = ... = �6

<latexit sha1_base64="cD+st7fdu5WO1XMlPM6eSma+E4I=">AAAB9HicbVBNSwMxEM36WetX1aOXYBHqpeyKVI9FL3qrYD+gXUo2zbahSXZNZotl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzglhwA6777aysrq1vbOa28ts7u3v7hYPDhokSTVmdRiLSrYAYJrhideAgWCvWjMhAsGYwvJn6zRHThkfqAcYx8yXpKx5ySsBKfgfYE6R3coJLcNYtFN2yOwNeJl5GiihDrVv46vQimkimgApiTNtzY/BTooFTwSb5TmJYTOiQ9FnbUkUkM346O3qCT63Sw2GkbSnAM/X3REqkMWMZ2E5JYGAWvan4n9dOILzyU67iBJii80VhIjBEeJoA7nHNKIixJYRqbm/FdEA0oWBzytsQvMWXl0njvOxVypX7i2L1Oosjh47RCSohD12iKrpFNVRHFD2iZ/SK3pyR8+K8Ox/z1hUnmzlCf+B8/gAv2JG7</latexit>

Im(t)

<latexit sha1_base64="Leq9c8QYwwyWhHT1wtz+U1FSzn8=">AAAB9HicbVDLTgJBEJz1ifhCPXqZSEzwQnaNQY9ELx7RyCOBDZkdemHC7MOZXiLZ8B1ePGiMVz/Gm3/jAHtQsJJOKlXd6e7yYik02va3tbK6tr6xmdvKb+/s7u0XDg4bOkoUhzqPZKRaHtMgRQh1FCihFStggSeh6Q1vpn5zBEqLKHzAcQxuwPqh8AVnaCS3g/CE6T1MaAnPuoWiXbZnoMvEyUiRZKh1C1+dXsSTAELkkmndduwY3ZQpFFzCJN9JNMSMD1kf2oaGLADtprOjJ/TUKD3qR8pUiHSm/p5IWaD1OPBMZ8BwoBe9qfif107Qv3JTEcYJQsjni/xEUozoNAHaEwo4yrEhjCthbqV8wBTjaHLKmxCcxZeXSeO87FTKlbuLYvU6iyNHjskJKRGHXJIquSU1UiecPJJn8krerJH1Yr1bH/PWFSubOSJ/YH3+ADFqkbw=</latexit>

Re(t)

Leading polynomial terms 

➡ Numerical approach:  start near a known limit - large complex structure - 
                                       and add corrections 

<latexit sha1_base64="98lvkeRinoj5n57c7sMwA+9iDdI=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEVyWRUl0WXeiygr1IU8JkctIOnUzizEQppSs3voobF4q49Rnc+TZOLwtt/WHg4z/ncOb8QcqZ0o7zbS0sLi2vrObW8usbm1vb9s5uXSWZpFCjCU9kMyAKOBNQ00xzaKYSSBxwaAS9i1G9cQ9SsUTc6H4K7Zh0BIsYJdpYvn3gMaH9W3zpl7D3AGEHJsjhDpcd3y44RWcsPA/uFApoqqpvf3lhQrMYhKacKNVynVS3B0RqRjkM816mICW0RzrQMihIDKo9GJ8xxEfGCXGUSPOExmP398SAxEr148B0xkR31WxtZP5Xa2U6OmsPmEgzDYJOFkUZxzrBo0xwyCRQzfsGCJXM/BXTLpGEapNc3oTgzp48D/WTolsulq9Lhcr5NI4c2keH6Bi56BRV0BWqohqi6BE9o1f0Zj1ZL9a79TFpXbCmM3voj6zPHxR4lvc=</latexit>Z

Y
G4 ^G4  60with tadpole
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➡ along slice                               in standard “Kähler coordinate”  
<latexit sha1_base64="QhaWXmnGoOlgmZu6DZZxvnONEzE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpl272YTdiVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94CThfkSHSoSCUbRSA/ulsltx5yCrxMtJGXLU+6Wv3iBmacQVMkmN6Xpugn5GNQom+bTYSw1PKBvTIe9aqmjEjZ/ND52Sc6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjjZ0IlKXLFFovCVBKMyexrMhCaM5QTSyjTwt5K2IhqytBmU7QheMsvr5LWZcWrVqqNq3LtNo+jAKdwBhfgwTXU4B7q0AQGHJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A47uNAw==</latexit>

t

<latexit sha1_base64="cD+st7fdu5WO1XMlPM6eSma+E4I=">AAAB9HicbVBNSwMxEM36WetX1aOXYBHqpeyKVI9FL3qrYD+gXUo2zbahSXZNZotl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzglhwA6777aysrq1vbOa28ts7u3v7hYPDhokSTVmdRiLSrYAYJrhideAgWCvWjMhAsGYwvJn6zRHThkfqAcYx8yXpKx5ySsBKfgfYE6R3coJLcNYtFN2yOwNeJl5GiihDrVv46vQimkimgApiTNtzY/BTooFTwSb5TmJYTOiQ9FnbUkUkM346O3qCT63Sw2GkbSnAM/X3REqkMWMZ2E5JYGAWvan4n9dOILzyU67iBJii80VhIjBEeJoA7nHNKIixJYRqbm/FdEA0oWBzytsQvMWXl0njvOxVypX7i2L1Oosjh47RCSohD12iKrpFNVRHFD2iZ/SK3pyR8+K8Ox/z1hUnmzlCf+B8/gAv2JG7</latexit>

Im(t)

<latexit sha1_base64="Leq9c8QYwwyWhHT1wtz+U1FSzn8=">AAAB9HicbVDLTgJBEJz1ifhCPXqZSEzwQnaNQY9ELx7RyCOBDZkdemHC7MOZXiLZ8B1ePGiMVz/Gm3/jAHtQsJJOKlXd6e7yYik02va3tbK6tr6xmdvKb+/s7u0XDg4bOkoUhzqPZKRaHtMgRQh1FCihFStggSeh6Q1vpn5zBEqLKHzAcQxuwPqh8AVnaCS3g/CE6T1MaAnPuoWiXbZnoMvEyUiRZKh1C1+dXsSTAELkkmndduwY3ZQpFFzCJN9JNMSMD1kf2oaGLADtprOjJ/TUKD3qR8pUiHSm/p5IWaD1OPBMZ8BwoBe9qfif107Qv3JTEcYJQsjni/xEUozoNAHaEwo4yrEhjCthbqV8wBTjaHLKmxCcxZeXSeO87FTKlbuLYvU6iyNHjskJKRGHXJIquSU1UiecPJJn8krerJH1Yr1bH/PWFSubOSJ/YH3+ADFqkbw=</latexit>

Re(t)

<latexit sha1_base64="TIs9yzEOpzpY0fcgh5m6vMgXd3k=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyERqW4KRTcuK9gHtCFMppN26OTBzESoofgrblwo4tb/cOffOE2z0NYDF86ccy9z7/ETzqSy7W+jtLK6tr5R3qxsbe/s7pn7B20Zp4LQFol5LLo+lpSziLYUU5x2E0Fx6HPa8cc3M7/zQIVkcXSvJgl1QzyMWMAIVlryzKN+MmKeg+rIsqw6yl81z6zalp0DLROnIFUo0PTMr/4gJmlII0U4lrLn2IlyMywUI5xOK/1U0gSTMR7SnqYRDql0s3z7KTrVygAFsdAVKZSrvycyHEo5CX3dGWI1koveTPzP66UquHIzFiWpohGZfxSkHKkYzaJAAyYoUXyiCSaC6V0RGWGBidKBVXQIzuLJy6R9bjk1q3Z3UW1cF3GU4RhO4AwcuIQG3EITWkDgEZ7hFd6MJ+PFeDc+5q0lo5g5hD8wPn8AXj6TQQ==</latexit>

�1 = ... = �6

Include exponential corrections 
(“instantons”)  and

<latexit sha1_base64="98lvkeRinoj5n57c7sMwA+9iDdI=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEVyWRUl0WXeiygr1IU8JkctIOnUzizEQppSs3voobF4q49Rnc+TZOLwtt/WHg4z/ncOb8QcqZ0o7zbS0sLi2vrObW8usbm1vb9s5uXSWZpFCjCU9kMyAKOBNQ00xzaKYSSBxwaAS9i1G9cQ9SsUTc6H4K7Zh0BIsYJdpYvn3gMaH9W3zpl7D3AGEHJsjhDpcd3y44RWcsPA/uFApoqqpvf3lhQrMYhKacKNVynVS3B0RqRjkM816mICW0RzrQMihIDKo9GJ8xxEfGCXGUSPOExmP398SAxEr148B0xkR31WxtZP5Xa2U6OmsPmEgzDYJOFkUZxzrBo0xwyCRQzfsGCJXM/BXTLpGEapNc3oTgzp48D/WTolsulq9Lhcr5NI4c2keH6Bi56BRV0BWqohqi6BE9o1f0Zj1ZL9a79TFpXbCmM3voj6zPHxR4lvc=</latexit>Z

Y
G4 ^G4  60

➡ Numerical approach:  start near a known limit - large complex structure - 
                                       and add corrections 
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➡ along slice                               in standard “Kähler coordinate”  
<latexit sha1_base64="QhaWXmnGoOlgmZu6DZZxvnONEzE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpl272YTdiVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94CThfkSHSoSCUbRSA/ulsltx5yCrxMtJGXLU+6Wv3iBmacQVMkmN6Xpugn5GNQom+bTYSw1PKBvTIe9aqmjEjZ/ND52Sc6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjjZ0IlKXLFFovCVBKMyexrMhCaM5QTSyjTwt5K2IhqytBmU7QheMsvr5LWZcWrVqqNq3LtNo+jAKdwBhfgwTXU4B7q0AQGHJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A47uNAw==</latexit>

t

<latexit sha1_base64="cD+st7fdu5WO1XMlPM6eSma+E4I=">AAAB9HicbVBNSwMxEM36WetX1aOXYBHqpeyKVI9FL3qrYD+gXUo2zbahSXZNZotl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzglhwA6777aysrq1vbOa28ts7u3v7hYPDhokSTVmdRiLSrYAYJrhideAgWCvWjMhAsGYwvJn6zRHThkfqAcYx8yXpKx5ySsBKfgfYE6R3coJLcNYtFN2yOwNeJl5GiihDrVv46vQimkimgApiTNtzY/BTooFTwSb5TmJYTOiQ9FnbUkUkM346O3qCT63Sw2GkbSnAM/X3REqkMWMZ2E5JYGAWvan4n9dOILzyU67iBJii80VhIjBEeJoA7nHNKIixJYRqbm/FdEA0oWBzytsQvMWXl0njvOxVypX7i2L1Oosjh47RCSohD12iKrpFNVRHFD2iZ/SK3pyR8+K8Ox/z1hUnmzlCf+B8/gAv2JG7</latexit>

Im(t)

<latexit sha1_base64="Leq9c8QYwwyWhHT1wtz+U1FSzn8=">AAAB9HicbVDLTgJBEJz1ifhCPXqZSEzwQnaNQY9ELx7RyCOBDZkdemHC7MOZXiLZ8B1ePGiMVz/Gm3/jAHtQsJJOKlXd6e7yYik02va3tbK6tr6xmdvKb+/s7u0XDg4bOkoUhzqPZKRaHtMgRQh1FCihFStggSeh6Q1vpn5zBEqLKHzAcQxuwPqh8AVnaCS3g/CE6T1MaAnPuoWiXbZnoMvEyUiRZKh1C1+dXsSTAELkkmndduwY3ZQpFFzCJN9JNMSMD1kf2oaGLADtprOjJ/TUKD3qR8pUiHSm/p5IWaD1OPBMZ8BwoBe9qfif107Qv3JTEcYJQsjni/xEUozoNAHaEwo4yrEhjCthbqV8wBTjaHLKmxCcxZeXSeO87FTKlbuLYvU6iyNHjskJKRGHXJIquSU1UiecPJJn8krerJH1Yr1bH/PWFSubOSJ/YH3+ADFqkbw=</latexit>

Re(t)

<latexit sha1_base64="TIs9yzEOpzpY0fcgh5m6vMgXd3k=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyERqW4KRTcuK9gHtCFMppN26OTBzESoofgrblwo4tb/cOffOE2z0NYDF86ccy9z7/ETzqSy7W+jtLK6tr5R3qxsbe/s7pn7B20Zp4LQFol5LLo+lpSziLYUU5x2E0Fx6HPa8cc3M7/zQIVkcXSvJgl1QzyMWMAIVlryzKN+MmKeg+rIsqw6yl81z6zalp0DLROnIFUo0PTMr/4gJmlII0U4lrLn2IlyMywUI5xOK/1U0gSTMR7SnqYRDql0s3z7KTrVygAFsdAVKZSrvycyHEo5CX3dGWI1koveTPzP66UquHIzFiWpohGZfxSkHKkYzaJAAyYoUXyiCSaC6V0RGWGBidKBVXQIzuLJy6R9bjk1q3Z3UW1cF3GU4RhO4AwcuIQG3EITWkDgEZ7hFd6MJ+PFeDc+5q0lo5g5hD8wPn8AXj6TQQ==</latexit>

�1 = ... = �6

Include exponential corrections 
(“instantons”)  and

<latexit sha1_base64="98lvkeRinoj5n57c7sMwA+9iDdI=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEVyWRUl0WXeiygr1IU8JkctIOnUzizEQppSs3voobF4q49Rnc+TZOLwtt/WHg4z/ncOb8QcqZ0o7zbS0sLi2vrObW8usbm1vb9s5uXSWZpFCjCU9kMyAKOBNQ00xzaKYSSBxwaAS9i1G9cQ9SsUTc6H4K7Zh0BIsYJdpYvn3gMaH9W3zpl7D3AGEHJsjhDpcd3y44RWcsPA/uFApoqqpvf3lhQrMYhKacKNVynVS3B0RqRjkM816mICW0RzrQMihIDKo9GJ8xxEfGCXGUSPOExmP398SAxEr148B0xkR31WxtZP5Xa2U6OmsPmEgzDYJOFkUZxzrBo0xwyCRQzfsGCJXM/BXTLpGEapNc3oTgzp48D/WTolsulq9Lhcr5NI4c2keH6Bi56BRV0BWqohqi6BE9o1f0Zj1ZL9a79TFpXbCmM3voj6zPHxR4lvc=</latexit>Z

Y
G4 ^G4  60

➡ Numerical approach:  start near a known limit - large complex structure - 
                                       and add corrections 

0.2 0.4 0.6 0.8 1.0
b

0.1

0.2

0.3

0.4

0.5

0.6

t

<latexit sha1_base64="kEhbVsgPpXYc6vWpoIo9tcDwz/I="></latexit>

t1 = i0.6320278644

t2 = i0.5530843018

t3 = 0.02241387778 + i0.4419999955
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➡ along slice                               in standard “Kähler coordinate”  
<latexit sha1_base64="QhaWXmnGoOlgmZu6DZZxvnONEzE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpl272YTdiVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94CThfkSHSoSCUbRSA/ulsltx5yCrxMtJGXLU+6Wv3iBmacQVMkmN6Xpugn5GNQom+bTYSw1PKBvTIe9aqmjEjZ/ND52Sc6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjjZ0IlKXLFFovCVBKMyexrMhCaM5QTSyjTwt5K2IhqytBmU7QheMsvr5LWZcWrVqqNq3LtNo+jAKdwBhfgwTXU4B7q0AQGHJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A47uNAw==</latexit>

t

<latexit sha1_base64="cD+st7fdu5WO1XMlPM6eSma+E4I=">AAAB9HicbVBNSwMxEM36WetX1aOXYBHqpeyKVI9FL3qrYD+gXUo2zbahSXZNZotl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzglhwA6777aysrq1vbOa28ts7u3v7hYPDhokSTVmdRiLSrYAYJrhideAgWCvWjMhAsGYwvJn6zRHThkfqAcYx8yXpKx5ySsBKfgfYE6R3coJLcNYtFN2yOwNeJl5GiihDrVv46vQimkimgApiTNtzY/BTooFTwSb5TmJYTOiQ9FnbUkUkM346O3qCT63Sw2GkbSnAM/X3REqkMWMZ2E5JYGAWvan4n9dOILzyU67iBJii80VhIjBEeJoA7nHNKIixJYRqbm/FdEA0oWBzytsQvMWXl0njvOxVypX7i2L1Oosjh47RCSohD12iKrpFNVRHFD2iZ/SK3pyR8+K8Ox/z1hUnmzlCf+B8/gAv2JG7</latexit>

Im(t)

<latexit sha1_base64="Leq9c8QYwwyWhHT1wtz+U1FSzn8=">AAAB9HicbVDLTgJBEJz1ifhCPXqZSEzwQnaNQY9ELx7RyCOBDZkdemHC7MOZXiLZ8B1ePGiMVz/Gm3/jAHtQsJJOKlXd6e7yYik02va3tbK6tr6xmdvKb+/s7u0XDg4bOkoUhzqPZKRaHtMgRQh1FCihFStggSeh6Q1vpn5zBEqLKHzAcQxuwPqh8AVnaCS3g/CE6T1MaAnPuoWiXbZnoMvEyUiRZKh1C1+dXsSTAELkkmndduwY3ZQpFFzCJN9JNMSMD1kf2oaGLADtprOjJ/TUKD3qR8pUiHSm/p5IWaD1OPBMZ8BwoBe9qfif107Qv3JTEcYJQsjni/xEUozoNAHaEwo4yrEhjCthbqV8wBTjaHLKmxCcxZeXSeO87FTKlbuLYvU6iyNHjskJKRGHXJIquSU1UiecPJJn8krerJH1Yr1bH/PWFSubOSJ/YH3+ADFqkbw=</latexit>

Re(t)

<latexit sha1_base64="TIs9yzEOpzpY0fcgh5m6vMgXd3k=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyERqW4KRTcuK9gHtCFMppN26OTBzESoofgrblwo4tb/cOffOE2z0NYDF86ccy9z7/ETzqSy7W+jtLK6tr5R3qxsbe/s7pn7B20Zp4LQFol5LLo+lpSziLYUU5x2E0Fx6HPa8cc3M7/zQIVkcXSvJgl1QzyMWMAIVlryzKN+MmKeg+rIsqw6yl81z6zalp0DLROnIFUo0PTMr/4gJmlII0U4lrLn2IlyMywUI5xOK/1U0gSTMR7SnqYRDql0s3z7KTrVygAFsdAVKZSrvycyHEo5CX3dGWI1koveTPzP66UquHIzFiWpohGZfxSkHKkYzaJAAyYoUXyiCSaC6V0RGWGBidKBVXQIzuLJy6R9bjk1q3Z3UW1cF3GU4RhO4AwcuIQG3EITWkDgEZ7hFd6MJ+PFeDc+5q0lo5g5hD8wPn8AXj6TQQ==</latexit>

�1 = ... = �6

Include exponential corrections 
(“instantons”)  and

<latexit sha1_base64="98lvkeRinoj5n57c7sMwA+9iDdI=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEVyWRUl0WXeiygr1IU8JkctIOnUzizEQppSs3voobF4q49Rnc+TZOLwtt/WHg4z/ncOb8QcqZ0o7zbS0sLi2vrObW8usbm1vb9s5uXSWZpFCjCU9kMyAKOBNQ00xzaKYSSBxwaAS9i1G9cQ9SsUTc6H4K7Zh0BIsYJdpYvn3gMaH9W3zpl7D3AGEHJsjhDpcd3y44RWcsPA/uFApoqqpvf3lhQrMYhKacKNVynVS3B0RqRjkM816mICW0RzrQMihIDKo9GJ8xxEfGCXGUSPOExmP398SAxEr148B0xkR31WxtZP5Xa2U6OmsPmEgzDYJOFkUZxzrBo0xwyCRQzfsGCJXM/BXTLpGEapNc3oTgzp48D/WTolsulq9Lhcr5NI4c2keH6Bi56BRV0BWqohqi6BE9o1f0Zj1ZL9a79TFpXbCmM3voj6zPHxR4lvc=</latexit>Z

Y
G4 ^G4  60

➡ Numerical approach:  start near a known limit - large complex structure - 
                                       and add corrections 

0.2 0.4 0.6 0.8 1.0
b
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0.5

0.6

t

<latexit sha1_base64="kEhbVsgPpXYc6vWpoIo9tcDwz/I="></latexit>

t1 = i0.6320278644

t2 = i0.5530843018

t3 = 0.02241387778 + i0.4419999955

What are the exact values of all these vacua? 

Are these 10 vacua special?
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➡ Magic of symmetry: Monodromy         <latexit sha1_base64="wju1PP//oDNnuo3CylUFwlhitnw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiQi1WXRjRuhgn1AE8JkMmmHTmbCzEQoIbjxV9y4UMStX+HOv3HaZqGtBy6cOede5t4Tpowq7Tjf1tLyyuraemWjurm1vbNr7+13lMgkJm0smJC9ECnCKCdtTTUjvVQSlISMdMPR9cTvPhCpqOD3epwSP0EDTmOKkTZSYB/eBrknE6gK6OFIaFi+syKwa07dmQIuErckNVCiFdhfXiRwlhCuMUNK9V0n1X6OpKaYkaLqZYqkCI/QgPQN5Sghys+nJxTwxCgRjIU0xTWcqr8ncpQoNU5C05kgPVTz3kT8z+tnOr70c8rTTBOOZx/FGYNawEkeMKKSYM3GhiAsqdkV4iGSCGuTWtWE4M6fvEg6Z3W3UW/cndeaV2UcFXAEjsEpcMEFaIIb0AJtgMEjeAav4M16sl6sd+tj1rpklTMH4A+szx95LJbc</latexit>

Ms ·Mu
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➡ Magic of symmetry: Monodromy         <latexit sha1_base64="wju1PP//oDNnuo3CylUFwlhitnw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiQi1WXRjRuhgn1AE8JkMmmHTmbCzEQoIbjxV9y4UMStX+HOv3HaZqGtBy6cOede5t4Tpowq7Tjf1tLyyuraemWjurm1vbNr7+13lMgkJm0smJC9ECnCKCdtTTUjvVQSlISMdMPR9cTvPhCpqOD3epwSP0EDTmOKkTZSYB/eBrknE6gK6OFIaFi+syKwa07dmQIuErckNVCiFdhfXiRwlhCuMUNK9V0n1X6OpKaYkaLqZYqkCI/QgPQN5Sghys+nJxTwxCgRjIU0xTWcqr8ncpQoNU5C05kgPVTz3kT8z+tnOr70c8rTTBOOZx/FGYNawEkeMKKSYM3GhiAsqdkV4iGSCGuTWtWE4M6fvEg6Z3W3UW/cndeaV2UcFXAEjsEpcMEFaIIb0AJtgMEjeAav4M16sl6sd+tj1rpklTMH4A+szx95LJbc</latexit>

Ms ·Mu
used to classify/study infinite  
distance limits    
                 [TG,Palti,Valenzuela],…
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➡ Magic of symmetry: Monodromy         <latexit sha1_base64="wju1PP//oDNnuo3CylUFwlhitnw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiQi1WXRjRuhgn1AE8JkMmmHTmbCzEQoIbjxV9y4UMStX+HOv3HaZqGtBy6cOede5t4Tpowq7Tjf1tLyyuraemWjurm1vbNr7+13lMgkJm0smJC9ECnCKCdtTTUjvVQSlISMdMPR9cTvPhCpqOD3epwSP0EDTmOKkTZSYB/eBrknE6gK6OFIaFi+syKwa07dmQIuErckNVCiFdhfXiRwlhCuMUNK9V0n1X6OpKaYkaLqZYqkCI/QgPQN5Sghys+nJxTwxCgRjIU0xTWcqr8ncpQoNU5C05kgPVTz3kT8z+tnOr70c8rTTBOOZx/FGYNawEkeMKKSYM3GhiAsqdkV4iGSCGuTWtWE4M6fvEg6Z3W3UW/cndeaV2UcFXAEjsEpcMEFaIIb0AJtgMEjeAav4M16sl6sd+tj1rpklTMH4A+szx95LJbc</latexit>

Ms ·Mu
used to classify/study infinite  
distance limits    
                 [TG,Palti,Valenzuela],…

used here!



  Flux vacua from symmetries
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➡ Magic of symmetry: Monodromy         <latexit sha1_base64="wju1PP//oDNnuo3CylUFwlhitnw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiQi1WXRjRuhgn1AE8JkMmmHTmbCzEQoIbjxV9y4UMStX+HOv3HaZqGtBy6cOede5t4Tpowq7Tjf1tLyyuraemWjurm1vbNr7+13lMgkJm0smJC9ECnCKCdtTTUjvVQSlISMdMPR9cTvPhCpqOD3epwSP0EDTmOKkTZSYB/eBrknE6gK6OFIaFi+syKwa07dmQIuErckNVCiFdhfXiRwlhCuMUNK9V0n1X6OpKaYkaLqZYqkCI/QgPQN5Sghys+nJxTwxCgRjIU0xTWcqr8ncpQoNU5C05kgPVTz3kT8z+tnOr70c8rTTBOOZx/FGYNawEkeMKKSYM3GhiAsqdkV4iGSCGuTWtWE4M6fvEg6Z3W3UW/cndeaV2UcFXAEjsEpcMEFaIIb0AJtgMEjeAav4M16sl6sd+tj1rpklTMH4A+szx95LJbc</latexit>

Ms ·Mu
used to classify/study infinite  
distance limits    
                 [TG,Palti,Valenzuela],…

used here!

e.g.         - orbifold         symmetry:
<latexit sha1_base64="EXiFyShkfTeq6TAvYTDC71aE+FM=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL16ECOaByRJmJ7PJkHksM7NCWPIXXjwo4tW/8ebfOEn2oNGChqKqm+6uKOHMWN//8gorq2vrG8XN0tb2zu5eef+gZVSqCW0SxZXuRNhQziRtWmY57SSaYhFx2o7G1zO//Ui1YUre20lCQ4GHksWMYOukh9t+1tMCmSnqlyt+1Z8D/SVBTiqQo9Evf/YGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbH7xFJ04ZYBipV1Ji+bqz4kMC2MmInKdAtuRWfZm4n9eN7XxZZgxmaSWSrJYFKccWYVm76MB05RYPnEEE83crYiMsMbEupBKLoRg+eW/pHVWDWrV2t15pX6Vx1GEIziGUwjgAupwAw1oAgEJT/ACr57xnr03733RWvDymUP4Be/jG/q8kHs=</latexit>

Ms
<latexit sha1_base64="Zj7ryNUKDodSnP7EfM2UVkY0pIo=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBFclZki1WXRjcsK9oGdoSRppg3NZIYkI5Shv+HGhSJu/Rl3/o2ZdhbaeiBwOOde7skhieDauO63s7a+sbm1Xdop7+7tHxxWjo47Ok4VZW0ai1j1CNZMcMnahhvBeoliOCKCdcnkNve7T0xpHssHM01YEOGR5CGn2FjJ9yNsxoRkj7NBfVCpujV3DrRKvIJUoUBrUPnyhzFNIyYNFVjrvucmJsiwMpwKNiv7qWYJphM8Yn1LJY6YDrJ55hk6t8oQhbGyTxo0V39vZDjSehoRO5ln1MteLv7n9VMTXgcZl0lqmKSLQ2EqkIlRXgAacsWoEVNLMFXcZkV0jBWmxtZUtiV4y19eJZ16zWvUGveX1eZNUUcJTuEMLsCDK2jCHbSgDRQSeIZXeHNS58V5dz4Wo2tOsXMCf+B8/gD7cZGq</latexit>Z2

<latexit sha1_base64="RGYEl7Ev6l+hZdTuOT4Xtbbo8y0="></latexit>

Ms ·⇧(�1,�2) = ⇧(�2,�1)
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symmetry locus:     
<latexit sha1_base64="+e/aPX0MaoZE7upLVB0zEceCFeI=">AAACAnicbVDLSgMxFL3js9bXqCtxEyyCqzJTpLoRim5cVrAP6Iwlk2ba0MzDJFMopbjxV9y4UMStX+HOvzEznYW2Hgg5Oedebu7xYs6ksqxvY2l5ZXVtvbBR3Nza3tk19/abMkoEoQ0S8Ui0PSwpZyFtKKY4bceC4sDjtOUNr1O/NaJCsii8U+OYugHuh8xnBCstdc1DJx6we/syuyrIoQ8JG6H01TVLVtnKgBaJnZMS5Kh3zS+nF5EkoKEiHEvZsa1YuRMsFCOcTotOImmMyRD3aUfTEAdUupNshSk60UoP+ZHQJ1QoU393THAg5TjwdGWA1UDOe6n4n9dJlH/hTlgYJ4qGZDbITzhSEUrzQD0mKFF8rAkmgum/IjLAAhOlUyvqEOz5lRdJs1K2q+Xq7VmpdpXHUYAjOIZTsOEcanADdWgAgUd4hld4M56MF+Pd+JiVLhl5zwH8gfH5AylClqk=</latexit>

�1 = �2 ⌘ �
<latexit sha1_base64="JYiCkkLQcYcrjrJdhmvrZt35hDk="></latexit>

Ms ·⇧(�) = ⇧(�)

➡ Magic of symmetry: Monodromy         <latexit sha1_base64="wju1PP//oDNnuo3CylUFwlhitnw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiQi1WXRjRuhgn1AE8JkMmmHTmbCzEQoIbjxV9y4UMStX+HOv3HaZqGtBy6cOede5t4Tpowq7Tjf1tLyyuraemWjurm1vbNr7+13lMgkJm0smJC9ECnCKCdtTTUjvVQSlISMdMPR9cTvPhCpqOD3epwSP0EDTmOKkTZSYB/eBrknE6gK6OFIaFi+syKwa07dmQIuErckNVCiFdhfXiRwlhCuMUNK9V0n1X6OpKaYkaLqZYqkCI/QgPQN5Sghys+nJxTwxCgRjIU0xTWcqr8ncpQoNU5C05kgPVTz3kT8z+tnOr70c8rTTBOOZx/FGYNawEkeMKKSYM3GhiAsqdkV4iGSCGuTWtWE4M6fvEg6Z3W3UW/cndeaV2UcFXAEjsEpcMEFaIIb0AJtgMEjeAav4M16sl6sd+tj1rpklTMH4A+szx95LJbc</latexit>

Ms ·Mu
used to classify/study infinite  
distance limits    
                 [TG,Palti,Valenzuela],…

used here!

e.g.         - orbifold         symmetry:
<latexit sha1_base64="EXiFyShkfTeq6TAvYTDC71aE+FM=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL16ECOaByRJmJ7PJkHksM7NCWPIXXjwo4tW/8ebfOEn2oNGChqKqm+6uKOHMWN//8gorq2vrG8XN0tb2zu5eef+gZVSqCW0SxZXuRNhQziRtWmY57SSaYhFx2o7G1zO//Ui1YUre20lCQ4GHksWMYOukh9t+1tMCmSnqlyt+1Z8D/SVBTiqQo9Evf/YGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbH7xFJ04ZYBipV1Ji+bqz4kMC2MmInKdAtuRWfZm4n9eN7XxZZgxmaSWSrJYFKccWYVm76MB05RYPnEEE83crYiMsMbEupBKLoRg+eW/pHVWDWrV2t15pX6Vx1GEIziGUwjgAupwAw1oAgEJT/ACr57xnr03733RWvDymUP4Be/jG/q8kHs=</latexit>

Ms
<latexit sha1_base64="Zj7ryNUKDodSnP7EfM2UVkY0pIo=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBFclZki1WXRjcsK9oGdoSRppg3NZIYkI5Shv+HGhSJu/Rl3/o2ZdhbaeiBwOOde7skhieDauO63s7a+sbm1Xdop7+7tHxxWjo47Ok4VZW0ai1j1CNZMcMnahhvBeoliOCKCdcnkNve7T0xpHssHM01YEOGR5CGn2FjJ9yNsxoRkj7NBfVCpujV3DrRKvIJUoUBrUPnyhzFNIyYNFVjrvucmJsiwMpwKNiv7qWYJphM8Yn1LJY6YDrJ55hk6t8oQhbGyTxo0V39vZDjSehoRO5ln1MteLv7n9VMTXgcZl0lqmKSLQ2EqkIlRXgAacsWoEVNLMFXcZkV0jBWmxtZUtiV4y19eJZ16zWvUGveX1eZNUUcJTuEMLsCDK2jCHbSgDRQSeIZXeHNS58V5dz4Wo2tOsXMCf+B8/gD7cZGq</latexit>Z2

<latexit sha1_base64="RGYEl7Ev6l+hZdTuOT4Xtbbo8y0="></latexit>

Ms ·⇧(�1,�2) = ⇧(�2,�1)
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symmetry locus:     
<latexit sha1_base64="+e/aPX0MaoZE7upLVB0zEceCFeI=">AAACAnicbVDLSgMxFL3js9bXqCtxEyyCqzJTpLoRim5cVrAP6Iwlk2ba0MzDJFMopbjxV9y4UMStX+HOvzEznYW2Hgg5Oedebu7xYs6ksqxvY2l5ZXVtvbBR3Nza3tk19/abMkoEoQ0S8Ui0PSwpZyFtKKY4bceC4sDjtOUNr1O/NaJCsii8U+OYugHuh8xnBCstdc1DJx6we/syuyrIoQ8JG6H01TVLVtnKgBaJnZMS5Kh3zS+nF5EkoKEiHEvZsa1YuRMsFCOcTotOImmMyRD3aUfTEAdUupNshSk60UoP+ZHQJ1QoU393THAg5TjwdGWA1UDOe6n4n9dJlH/hTlgYJ4qGZDbITzhSEUrzQD0mKFF8rAkmgum/IjLAAhOlUyvqEOz5lRdJs1K2q+Xq7VmpdpXHUYAjOIZTsOEcanADdWgAgUd4hld4M56MF+Pd+JiVLhl5zwH8gfH5AylClqk=</latexit>

�1 = �2 ⌘ �
<latexit sha1_base64="JYiCkkLQcYcrjrJdhmvrZt35hDk="></latexit>

Ms ·⇧(�) = ⇧(�)

➡ Magic of symmetry: Monodromy         <latexit sha1_base64="wju1PP//oDNnuo3CylUFwlhitnw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiQi1WXRjRuhgn1AE8JkMmmHTmbCzEQoIbjxV9y4UMStX+HOv3HaZqGtBy6cOede5t4Tpowq7Tjf1tLyyuraemWjurm1vbNr7+13lMgkJm0smJC9ECnCKCdtTTUjvVQSlISMdMPR9cTvPhCpqOD3epwSP0EDTmOKkTZSYB/eBrknE6gK6OFIaFi+syKwa07dmQIuErckNVCiFdhfXiRwlhCuMUNK9V0n1X6OpKaYkaLqZYqkCI/QgPQN5Sghys+nJxTwxCgRjIU0xTWcqr8ncpQoNU5C05kgPVTz3kT8z+tnOr70c8rTTBOOZx/FGYNawEkeMKKSYM3GhiAsqdkV4iGSCGuTWtWE4M6fvEg6Z3W3UW/cndeaV2UcFXAEjsEpcMEFaIIb0AJtgMEjeAav4M16sl6sd+tj1rpklTMH4A+szx95LJbc</latexit>

Ms ·Mu
used to classify/study infinite  
distance limits    
                 [TG,Palti,Valenzuela],…

used here!

e.g.         - orbifold         symmetry:
<latexit sha1_base64="EXiFyShkfTeq6TAvYTDC71aE+FM=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL16ECOaByRJmJ7PJkHksM7NCWPIXXjwo4tW/8ebfOEn2oNGChqKqm+6uKOHMWN//8gorq2vrG8XN0tb2zu5eef+gZVSqCW0SxZXuRNhQziRtWmY57SSaYhFx2o7G1zO//Ui1YUre20lCQ4GHksWMYOukh9t+1tMCmSnqlyt+1Z8D/SVBTiqQo9Evf/YGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbH7xFJ04ZYBipV1Ji+bqz4kMC2MmInKdAtuRWfZm4n9eN7XxZZgxmaSWSrJYFKccWYVm76MB05RYPnEEE83crYiMsMbEupBKLoRg+eW/pHVWDWrV2t15pX6Vx1GEIziGUwjgAupwAw1oAgEJT/ACr57xnr03733RWvDymUP4Be/jG/q8kHs=</latexit>

Ms
<latexit sha1_base64="Zj7ryNUKDodSnP7EfM2UVkY0pIo=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBFclZki1WXRjcsK9oGdoSRppg3NZIYkI5Shv+HGhSJu/Rl3/o2ZdhbaeiBwOOde7skhieDauO63s7a+sbm1Xdop7+7tHxxWjo47Ok4VZW0ai1j1CNZMcMnahhvBeoliOCKCdcnkNve7T0xpHssHM01YEOGR5CGn2FjJ9yNsxoRkj7NBfVCpujV3DrRKvIJUoUBrUPnyhzFNIyYNFVjrvucmJsiwMpwKNiv7qWYJphM8Yn1LJY6YDrJ55hk6t8oQhbGyTxo0V39vZDjSehoRO5ln1MteLv7n9VMTXgcZl0lqmKSLQ2EqkIlRXgAacsWoEVNLMFXcZkV0jBWmxtZUtiV4y19eJZ16zWvUGveX1eZNUUcJTuEMLsCDK2jCHbSgDRQSeIZXeHNS58V5dz4Wo2tOsXMCf+B8/gD7cZGq</latexit>Z2

<latexit sha1_base64="RGYEl7Ev6l+hZdTuOT4Xtbbo8y0="></latexit>

Ms ·⇧(�1,�2) = ⇧(�2,�1)

Observe:  Periods split off a piece that are K3 periods 
                  →  K3 parts of periods are algebraic in coords   
                        (after using transcendental K3 mirror map)

<latexit sha1_base64="JpMxKjdDdNATGNU58j6PyWc7FEc=">AAAB/XicdVDLSsNAFJ34rPUVHzs3g0Wom5C06cNd0Y3LCvYBTSyT6aQdOnkwMxFqKP6KGxeKuPU/3Pk3TtoKKnpg4HDOvdwzx4sZFdI0P7Sl5ZXVtfXcRn5za3tnV9/bb4so4Zi0cMQi3vWQIIyGpCWpZKQbc4ICj5GON77I/M4t4YJG4bWcxMQN0DCkPsVIKqmvHzoBkiOfo3Eqpze06MQjetrXC6Zh2XatVoemUbIqZ/WqImWrYpctaBnmDAWwQLOvvzuDCCcBCSVmSIieZcbSTRGXFDMyzTuJIDHCYzQkPUVDFBDhprP0U3iilAH0I65eKOFM/b6RokCISeCpySyr+O1l4l9eL5F+3U1pGCeShHh+yE8YlBHMqoADygmWbKIIwpyqrBCPEEdYqsLyqoSvn8L/SbtkWFWjemUXGueLOnLgCByDIrBADTTAJWiCFsDgDjyAJ/Cs3WuP2ov2Oh9d0hY7B+AHtLdP+w+VmA==</latexit>

ti(�)
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➡         - odd flux:                                                             → breaks symmetry
<latexit sha1_base64="aUJGUN/NdYS6raZN1KbWVXzY1Fk="></latexit>

G4 = g0v� + givi + g0v�
<latexit sha1_base64="7tysQ4kv6shNYhOxPaqACo66VqM=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL16ECOYhyRJmJ7PJkHksM7NCWPIVXjwo4tXP8ebfOEn2oNGChqKqm+6uKOHMWN//8gorq2vrG8XN0tb2zu5eef+gZVSqCW0SxZXuRNhQziRtWmY57SSaYhFx2o7G1zO//Ui1YUre20lCQ4GHksWMYOukh9t+1tMCmWm/XPGr/hzoLwlyUoEcjX75szdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm84On6MQpAxQr7UpaNFd/TmRYGDMRkesU2I7MsjcT//O6qY0vw4zJJLVUksWiOOXIKjT7Hg2YpsTyiSOYaOZuRWSENSbWZVRyIQTLL/8lrbNqUKvW7s4r9as8jiIcwTGcQgAXUIcbaEATCAh4ghd49bT37L1574vWgpfPHMIveB/fodaQUQ==</latexit>

Ms
→ pick out the K3 periods
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➡  on symmetric locus                   :
<latexit sha1_base64="opn/m2qhABx1njTfzBAWWofEjGs=">AAAB+HicbZDLSsNAFIZPvNZ6adSlm8EiuCpJkepGKLpxWcFeoA1hMp20QyeTMDMRauiTuHGhiFsfxZ1v4zTNQlt/GPj4zzmcM3+QcKa043xba+sbm1vbpZ3y7t7+QcU+POqoOJWEtknMY9kLsKKcCdrWTHPaSyTFUcBpN5jczuvdRyoVi8WDnibUi/BIsJARrI3l25VBMma+i65RDnXfrjo1JxdaBbeAKhRq+fbXYBiTNKJCE46V6rtOor0MS80Ip7PyIFU0wWSCR7RvUOCIKi/LD5+hM+MMURhL84RGuft7IsORUtMoMJ0R1mO1XJub/9X6qQ6vvIyJJNVUkMWiMOVIx2ieAhoySYnmUwOYSGZuRWSMJSbaZFU2IbjLX16FTr3mNmqN+4tq86aIowQncArn4MIlNOEOWtAGAik8wyu8WU/Wi/VufSxa16xi5hj+yPr8ASuukiQ=</latexit>

�1 = �2
<latexit sha1_base64="5nV9MwF90tS8SxKF+fxFHW01lLA=">AAACC3icbVDLSsNAFL3xWesr6tLN0CIIQklEqhuh6MZlBfuANoTJdNIOnTyYmQgldO/GX3HjQhG3/oA7/8ZJGkRbD1w499zHzD1ezJlUlvVlLC2vrK6tlzbKm1vbO7vm3n5bRokgtEUiHomuhyXlLKQtxRSn3VhQHHicdrzxdVbv3FMhWRTeqUlMnQAPQ+YzgpWWXLPSj7FQDHP3BHXQJfpJWZ7qsFyzatWsHGiR2AWpQoGma372BxFJAhoqwrGUPduKlZNmiwmn03I/kTTGZIyHtKdpiAMqnTS/ZYqOtDJAfiR0hArl6u+JFAdSTgJPdwZYjeR8LRP/q/US5V84KQvjRNGQzB7yE45UhDJj0IAJShSfaIKJYPqviIywwERp+8raBHv+5EXSPq3Z9Vr99qzauCrsKMEhVOAYbDiHBtxAE1pA4AGe4AVejUfj2Xgz3metS0YxcwB/YHx8A2fwmLo=</latexit>

@+W = @iW = W = 0

➡         - odd flux:                                                             → breaks symmetry
<latexit sha1_base64="aUJGUN/NdYS6raZN1KbWVXzY1Fk="></latexit>

G4 = g0v� + givi + g0v�
<latexit sha1_base64="7tysQ4kv6shNYhOxPaqACo66VqM=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL16ECOYhyRJmJ7PJkHksM7NCWPIVXjwo4tXP8ebfOEn2oNGChqKqm+6uKOHMWN//8gorq2vrG8XN0tb2zu5eef+gZVSqCW0SxZXuRNhQziRtWmY57SSaYhFx2o7G1zO//Ui1YUre20lCQ4GHksWMYOukh9t+1tMCmWm/XPGr/hzoLwlyUoEcjX75szdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm84On6MQpAxQr7UpaNFd/TmRYGDMRkesU2I7MsjcT//O6qY0vw4zJJLVUksWiOOXIKjT7Hg2YpsTyiSOYaOZuRWSENSbWZVRyIQTLL/8lrbNqUKvW7s4r9as8jiIcwTGcQgAXUIcbaEATCAh4ghd49bT37L1574vWgpfPHMIveB/fodaQUQ==</latexit>

Ms
→ pick out the K3 periods
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We stress that there are no exponential corrections suppressed in this identity, even in the
period along v0. Where for Calabi–Yau threefolds and higher the mirror map does not su�ce
to make all periods polynomial, for K3 surfaces it does achieve exactly that. Compared to the
polynomial approximation given before in (6.33), this means that we absorbed all exponential
corrections by a coordinate redefinition of the ti.

Algebraic scalar potential. Having characterized the periods on the symmetric locus in
great detail, we now turn on fluxes and study the corresponding vacua. We take the four-form
flux to be the most general integer vector in the (�1)-eigenspace of Mswap, namely

G4 = g0v� +
6X

i=3

givi + g0v� . (6.39)

where g0, gi, g0 2 Z. For convenience we redefine the flux quanta gi as [DH: Double-check
whether we should take the inverse?]

0

BB@

g3
g4
g5
g6

1

CCA =

0

BB@

0 1 1 1
1 0 1 1
1 1 0 1
1 1 1 0

1

CCA

0

BB@

g3

g4

g5

g6

1

CCA , (6.40)

which corresponds to contracting with the K3 pairing (6.34). As was explained in section
3.2, for odd fluxes the flux superpotential automatically vanishes at the symmetric locus: this
follows because along �1 = �2 the (4, 0)-form is given by ⇧+, which is orthogonal to G4 by
charge conservation. Similarly all F-terms @+,iW vanish along the symmetric locus, apart from
the one along the non-invariant modulus @�W . By using the expression (6.35) for the period
vector @�⇧�, this F-term defines a superpotential on the K3 surface

WK3(�
i) = @�W

��
�1=�2 = g0$

0 + gi$
i + g0$0 , (6.41)

where $0,$i,$0 are the periods of the K3 surface. In the moduli �i this superpotential is
given as an infinite series of terms through these periods, but by using the mirror maps (6.37)
we found that these periods become polynomial after this change of coordinates. Our K3
superpotential reduces similarly to

WK3(�
i) = g0 + git

i + 2g0
X

i<j

titj . (6.42)

In order to write down the scalar potential we also need the Kähler potential eK and the
inverse Kähler metric component K�� of the fourfold. As explained in section 3.2, these
factors together combine into the Kähler potential of the K3 surface as

eKK3 = eKcsK����
�1=�2 =

1

h@�⇧�, @̄�⇧̄�i

= 2
X

i<j

Im(ti) Im(tj) ,
(6.43)

where in the last step we again used the mirror map (6.37) to cancel the infinite series in �i.
Putting this K3 superpotential and Kähler potential together we find as scalar potential along
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We stress that there are no exponential corrections suppressed in this identity, even in the
period along v0. Where for Calabi–Yau threefolds and higher the mirror map does not su�ce
to make all periods polynomial, for K3 surfaces it does achieve exactly that. Compared to the
polynomial approximation given before in (6.33), this means that we absorbed all exponential
corrections by a coordinate redefinition of the ti.

Algebraic scalar potential. Having characterized the periods on the symmetric locus in
great detail, we now turn on fluxes and study the corresponding vacua. We take the four-form
flux to be the most general integer vector in the (�1)-eigenspace of Mswap, namely

G4 = g0v� +
6X

i=3

givi + g0v� . (6.39)

where g0, gi, g0 2 Z. For convenience we redefine the flux quanta gi as [DH: Double-check
whether we should take the inverse?]

0

BB@

g3
g4
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g6
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BB@

0 1 1 1
1 0 1 1
1 1 0 1
1 1 1 0

1
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0
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g5
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CCA , (6.40)

which corresponds to contracting with the K3 pairing (6.34). As was explained in section
3.2, for odd fluxes the flux superpotential automatically vanishes at the symmetric locus: this
follows because along �1 = �2 the (4, 0)-form is given by ⇧+, which is orthogonal to G4 by
charge conservation. Similarly all F-terms @+,iW vanish along the symmetric locus, apart from
the one along the non-invariant modulus @�W . By using the expression (6.35) for the period
vector @�⇧�, this F-term defines a superpotential on the K3 surface

WK3(�
i) = @�W

��
�1=�2 = g0$

0 + gi$
i + g0$0 , (6.41)

where $0,$i,$0 are the periods of the K3 surface. In the moduli �i this superpotential is
given as an infinite series of terms through these periods, but by using the mirror maps (6.37)
we found that these periods become polynomial after this change of coordinates. Our K3
superpotential reduces similarly to

WK3(�
i) = g0 + git

i + 2g0
X

i<j

titj . (6.42)

In order to write down the scalar potential we also need the Kähler potential eK and the
inverse Kähler metric component K�� of the fourfold. As explained in section 3.2, these
factors together combine into the Kähler potential of the K3 surface as

eKK3 = eKcsK����
�1=�2 =

1

h@�⇧�, @̄�⇧̄�i

= 2
X

i<j

Im(ti) Im(tj) ,
(6.43)

where in the last step we again used the mirror map (6.37) to cancel the infinite series in �i.
Putting this K3 superpotential and Kähler potential together we find as scalar potential along

49

<latexit sha1_base64="11qLo6lvrx3oOBqMIy8XjT5rHc8="></latexit>

= $0
⇣
g0 + git

i + 2g0
X

i<j

titj
⌘

➡  on symmetric locus                   :
<latexit sha1_base64="opn/m2qhABx1njTfzBAWWofEjGs=">AAAB+HicbZDLSsNAFIZPvNZ6adSlm8EiuCpJkepGKLpxWcFeoA1hMp20QyeTMDMRauiTuHGhiFsfxZ1v4zTNQlt/GPj4zzmcM3+QcKa043xba+sbm1vbpZ3y7t7+QcU+POqoOJWEtknMY9kLsKKcCdrWTHPaSyTFUcBpN5jczuvdRyoVi8WDnibUi/BIsJARrI3l25VBMma+i65RDnXfrjo1JxdaBbeAKhRq+fbXYBiTNKJCE46V6rtOor0MS80Ip7PyIFU0wWSCR7RvUOCIKi/LD5+hM+MMURhL84RGuft7IsORUtMoMJ0R1mO1XJub/9X6qQ6vvIyJJNVUkMWiMOVIx2ieAhoySYnmUwOYSGZuRWSMJSbaZFU2IbjLX16FTr3mNmqN+4tq86aIowQncArn4MIlNOEOWtAGAik8wyu8WU/Wi/VufSxa16xi5hj+yPr8ASuukiQ=</latexit>

�1 = �2
<latexit sha1_base64="5nV9MwF90tS8SxKF+fxFHW01lLA=">AAACC3icbVDLSsNAFL3xWesr6tLN0CIIQklEqhuh6MZlBfuANoTJdNIOnTyYmQgldO/GX3HjQhG3/oA7/8ZJGkRbD1w499zHzD1ezJlUlvVlLC2vrK6tlzbKm1vbO7vm3n5bRokgtEUiHomuhyXlLKQtxRSn3VhQHHicdrzxdVbv3FMhWRTeqUlMnQAPQ+YzgpWWXLPSj7FQDHP3BHXQJfpJWZ7qsFyzatWsHGiR2AWpQoGma372BxFJAhoqwrGUPduKlZNmiwmn03I/kTTGZIyHtKdpiAMqnTS/ZYqOtDJAfiR0hArl6u+JFAdSTgJPdwZYjeR8LRP/q/US5V84KQvjRNGQzB7yE45UhDJj0IAJShSfaIKJYPqviIywwERp+8raBHv+5EXSPq3Z9Vr99qzauCrsKMEhVOAYbDiHBtxAE1pA4AGe4AVejUfj2Xgz3metS0YxcwB/YHx8A2fwmLo=</latexit>

@+W = @iW = W = 0

➡         - odd flux:                                                             → breaks symmetry
<latexit sha1_base64="aUJGUN/NdYS6raZN1KbWVXzY1Fk="></latexit>

G4 = g0v� + givi + g0v�
<latexit sha1_base64="7tysQ4kv6shNYhOxPaqACo66VqM=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL16ECOYhyRJmJ7PJkHksM7NCWPIVXjwo4tXP8ebfOEn2oNGChqKqm+6uKOHMWN//8gorq2vrG8XN0tb2zu5eef+gZVSqCW0SxZXuRNhQziRtWmY57SSaYhFx2o7G1zO//Ui1YUre20lCQ4GHksWMYOukh9t+1tMCmWm/XPGr/hzoLwlyUoEcjX75szdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm84On6MQpAxQr7UpaNFd/TmRYGDMRkesU2I7MsjcT//O6qY0vw4zJJLVUksWiOOXIKjT7Hg2YpsTyiSOYaOZuRWSENSbWZVRyIQTLL/8lrbNqUKvW7s4r9as8jiIcwTGcQgAXUIcbaEATCAh4ghd49bT37L1574vWgpfPHMIveB/fodaQUQ==</latexit>

Ms
→ pick out the K3 periods
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We stress that there are no exponential corrections suppressed in this identity, even in the
period along v0. Where for Calabi–Yau threefolds and higher the mirror map does not su�ce
to make all periods polynomial, for K3 surfaces it does achieve exactly that. Compared to the
polynomial approximation given before in (6.33), this means that we absorbed all exponential
corrections by a coordinate redefinition of the ti.

Algebraic scalar potential. Having characterized the periods on the symmetric locus in
great detail, we now turn on fluxes and study the corresponding vacua. We take the four-form
flux to be the most general integer vector in the (�1)-eigenspace of Mswap, namely

G4 = g0v� +
6X

i=3

givi + g0v� . (6.39)

where g0, gi, g0 2 Z. For convenience we redefine the flux quanta gi as [DH: Double-check
whether we should take the inverse?]
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1

CCA , (6.40)

which corresponds to contracting with the K3 pairing (6.34). As was explained in section
3.2, for odd fluxes the flux superpotential automatically vanishes at the symmetric locus: this
follows because along �1 = �2 the (4, 0)-form is given by ⇧+, which is orthogonal to G4 by
charge conservation. Similarly all F-terms @+,iW vanish along the symmetric locus, apart from
the one along the non-invariant modulus @�W . By using the expression (6.35) for the period
vector @�⇧�, this F-term defines a superpotential on the K3 surface

WK3(�
i) = @�W

��
�1=�2 = g0$

0 + gi$
i + g0$0 , (6.41)

where $0,$i,$0 are the periods of the K3 surface. In the moduli �i this superpotential is
given as an infinite series of terms through these periods, but by using the mirror maps (6.37)
we found that these periods become polynomial after this change of coordinates. Our K3
superpotential reduces similarly to

WK3(�
i) = g0 + git

i + 2g0
X

i<j

titj . (6.42)

In order to write down the scalar potential we also need the Kähler potential eK and the
inverse Kähler metric component K�� of the fourfold. As explained in section 3.2, these
factors together combine into the Kähler potential of the K3 surface as

eKK3 = eKcsK����
�1=�2 =

1

h@�⇧�, @̄�⇧̄�i

= 2
X

i<j

Im(ti) Im(tj) ,
(6.43)

where in the last step we again used the mirror map (6.37) to cancel the infinite series in �i.
Putting this K3 superpotential and Kähler potential together we find as scalar potential along
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We stress that there are no exponential corrections suppressed in this identity, even in the
period along v0. Where for Calabi–Yau threefolds and higher the mirror map does not su�ce
to make all periods polynomial, for K3 surfaces it does achieve exactly that. Compared to the
polynomial approximation given before in (6.33), this means that we absorbed all exponential
corrections by a coordinate redefinition of the ti.

Algebraic scalar potential. Having characterized the periods on the symmetric locus in
great detail, we now turn on fluxes and study the corresponding vacua. We take the four-form
flux to be the most general integer vector in the (�1)-eigenspace of Mswap, namely
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where g0, gi, g0 2 Z. For convenience we redefine the flux quanta gi as [DH: Double-check
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which corresponds to contracting with the K3 pairing (6.34). As was explained in section
3.2, for odd fluxes the flux superpotential automatically vanishes at the symmetric locus: this
follows because along �1 = �2 the (4, 0)-form is given by ⇧+, which is orthogonal to G4 by
charge conservation. Similarly all F-terms @+,iW vanish along the symmetric locus, apart from
the one along the non-invariant modulus @�W . By using the expression (6.35) for the period
vector @�⇧�, this F-term defines a superpotential on the K3 surface
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where $0,$i,$0 are the periods of the K3 surface. In the moduli �i this superpotential is
given as an infinite series of terms through these periods, but by using the mirror maps (6.37)
we found that these periods become polynomial after this change of coordinates. Our K3
superpotential reduces similarly to
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In order to write down the scalar potential we also need the Kähler potential eK and the
inverse Kähler metric component K�� of the fourfold. As explained in section 3.2, these
factors together combine into the Kähler potential of the K3 surface as
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where in the last step we again used the mirror map (6.37) to cancel the infinite series in �i.
Putting this K3 superpotential and Kähler potential together we find as scalar potential along
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We stress that there are no exponential corrections suppressed in this identity, even in the
period along v0. Where for Calabi–Yau threefolds and higher the mirror map does not su�ce
to make all periods polynomial, for K3 surfaces it does achieve exactly that. Compared to the
polynomial approximation given before in (6.33), this means that we absorbed all exponential
corrections by a coordinate redefinition of the ti.

Algebraic scalar potential. Having characterized the periods on the symmetric locus in
great detail, we now turn on fluxes and study the corresponding vacua. We take the four-form
flux to be the most general integer vector in the (�1)-eigenspace of Mswap, namely

G4 = g0v� +
6X

i=3

givi + g0v� . (6.39)

where g0, gi, g0 2 Z. For convenience we redefine the flux quanta gi as [DH: Double-check
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which corresponds to contracting with the K3 pairing (6.34). As was explained in section
3.2, for odd fluxes the flux superpotential automatically vanishes at the symmetric locus: this
follows because along �1 = �2 the (4, 0)-form is given by ⇧+, which is orthogonal to G4 by
charge conservation. Similarly all F-terms @+,iW vanish along the symmetric locus, apart from
the one along the non-invariant modulus @�W . By using the expression (6.35) for the period
vector @�⇧�, this F-term defines a superpotential on the K3 surface
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where $0,$i,$0 are the periods of the K3 surface. In the moduli �i this superpotential is
given as an infinite series of terms through these periods, but by using the mirror maps (6.37)
we found that these periods become polynomial after this change of coordinates. Our K3
superpotential reduces similarly to
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In order to write down the scalar potential we also need the Kähler potential eK and the
inverse Kähler metric component K�� of the fourfold. As explained in section 3.2, these
factors together combine into the Kähler potential of the K3 surface as
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where in the last step we again used the mirror map (6.37) to cancel the infinite series in �i.
Putting this K3 superpotential and Kähler potential together we find as scalar potential along
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which corresponds to contracting with the K3 pairing (6.34). As was explained in section
3.2, for odd fluxes the flux superpotential automatically vanishes at the symmetric locus: this
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given as an infinite series of terms through these periods, but by using the mirror maps (6.37)
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In order to write down the scalar potential we also need the Kähler potential eK and the
inverse Kähler metric component K�� of the fourfold. As explained in section 3.2, these
factors together combine into the Kähler potential of the K3 surface as

eKK3 = eKcsK����
�1=�2 =

1

h@�⇧�, @̄�⇧̄�i

= 2
X

i<j

Im(ti) Im(tj) ,
(6.43)

where in the last step we again used the mirror map (6.37) to cancel the infinite series in �i.
Putting this K3 superpotential and Kähler potential together we find as scalar potential along
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  all exponentials absent    →   polynomial, not transcendental 

[TG,van Heisteeg]

→ exact flux vacua in the middle of the moduli space 
→ Type IIB:  stabilize dilaton-axion, complex structure,  
                       7-brane moduli exactly

➡         - odd flux:                                                             → breaks symmetry
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Figure 2: Plot of W = 0 vacua (5.71) within the fundamental domain (5.61). The blue dots
represent vacua up to tadpole L̂  300. The red dots indicate the 10 distinct vacua satisfying
the tadpole bound L̂  5.

Vacua below tadpole bound. Let us begin with the flux vacua that obey the tadpole
bound, which is set by L̂vac

 5 since � = 720 for the Hulek–Verrill fourfold [9]. We find
that there are only ten distinct vacua20 by imposing this tadpole bound and restricting to the
fundamental domain (5.61). Their positions in the coordinates t and � have been listed in
table 5.1, together with the values of the flux quanta (a, b, c) and the tadpole L̂vac. In figure
2 these vacua are plotted as red dots on the fundamental domain. We find that two of these
ten vacua are located at conifold points of the K3 surface and Calabi-Yau fourfold — � = 1/16
and � = 1/4 — while the other eight are at regular points in the interior of the moduli space.
The remaining conifold point � = 1/36 of the Calabi–Yau fourfold does not host a vacuum.

Landscape of vacua above tadpole bound. In figure 2 we have plotted all vacua up to
tadpole L̂vac

 300 as blue dots. While vacua with L̂vac > 5 are not of physical relevance,
it is still instructive to study the patterns arising in this landscape. Some of these patterns
are reminiscent of those observed in [44] for flux vacua of rigid Calabi–Yau threefolds. Namely,
similar to [44], we see that certain vacua are concentrated at a particular point, while this point
is surrounded by a void of no vacua at all. But we also encounter new features in figure 2, such
as half-circles centered on the real line

(x� x0)
2 + y2 = R2 (5.81)

20Here we count vacua only by their position in moduli space, and disregard di↵erent flux configurations
leading to the same vevs for the moduli. For instance, (a, b, c) = (2, 0, 2) also leads to a vacuum at t = i/2

p
3,

with tadpole L̂
vac = 4 instead of L̂vac = 1. On top of that, there are also di↵erent choices of nI as well as flux

quanta of Gglobal
4 (discussed below (3.23)) to be considered. We leave the precise counting of the number of flux

configurations to future work.
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CY fourfolds containing 
‘attractive K3 surfaces’ 
                                [Moore ‘98]

where in the last step we again used the mirror map (5.38) to cancel the infinite series in �i.
Putting this K3 superpotential and Kähler potential together we find as scalar potential along
the symmetric locus
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where we recall that the base volume V appears as one of the factors in eK . The minimum of
the scalar potential is given by the locus where the K3 superpotential vanishes

g0 + git
i + 2g0

X
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titj = 0 . (5.46)

This extremization condition is manifestly an algebraic condition in the coordinates ti, even
though before applying the mirror map (5.38) we had in infinite series of terms in �i. From the
perspective of the K3 surface this locus is where the fluxes we turn on are of Hodge type (1, 1).

K3 submanifold. Let us finally describe how we may identify the K3 surface as a submanifold
of the Calabi–Yau fourfold. This argument parallels the Hulek–Verrill threefold discussed in
section 4.2. We again start from the defining equation of the fourfold at the symmetric locus
�1 = �2 = � given by
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inside the projective five-torus (X1, . . . , X6) 2 T
5. We then pick a submanifold by setting

X1 = 1 and X2 = �1, which is described by the equation

(X3 +X4 +X5 +X6)
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◆
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inside (X3, . . . , X6) 2 T
3. This is precisely the K3 surface of Hulek and Verrill, whose periods

we encountered along the symmetric locus.

5.3 Stabilizing all complex structure moduli for the HV fourfold

In this section we study the stabilization of all complex structure moduli for the Hulek–Verrill
fourfold by using the full S6 permutation group rather than a Z2 subgroup. Let us briefly
summarize the setup and results. We turn on fluxes that break this S6 symmetry completely,
fixing us to the diagonal locus �1 = . . . = �6. Along this S6 orbifold locus we find a non-trivial
polynomial scalar potential specified by the periods of the Hulek–Verrill K3 surface. This scalar
potential is a rational function in the diagonal mirror coordinate t, and it is minimized at a
complex multiplication points of the K3 surface t 2 Q(i

p
D) with D > 0 determined by the

fluxes; see also figure 2 for an illustration.

43

<latexit sha1_base64="7ZYOfEniN2yqBfOD4VO/cTZQ6+Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRE8S1IPHiOYByRJmJ5NkyOzsMtMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0c3Ubz5xbUSkHnEccz+kAyX6glG00sPtldstltyyOwNZJl5GSpCh1i1+dXoRS0KukElqTNtzY/RTqlEwySeFTmJ4TNmIDnjbUkVDbvx0duqEnFilR/qRtqWQzNTfEykNjRmHge0MKQ7NojcV//PaCfYv/VSoOEGu2HxRP5EEIzL9m/SE5gzl2BLKtLC3EjakmjK06RRsCN7iy8ukcVb2KuXK/Xmpep3FkYcjOIZT8OACqnAHNagDgwE8wyu8OdJ5cd6dj3lrzslmDuEPnM8fjFKNVQ==</latexit>

D > 0

given by flux

➡ fix all complex structure moduli:   first use       monodromy symmetry 
<latexit sha1_base64="SnzTYLX0yJPJ1g25Pm5MGY3I9cY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF4+VWltoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFSs9mv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKnm8qHq1au3+slK/yeMowgmcwjl4cAV1uIMGtIDBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/eaY2L</latexit>

S6

→ one remaining modulus
<latexit sha1_base64="wCTEtdyBTeF9CuQ6hazo4A4d/+Q=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi1WXRjcsK9gFNKZPppB06mYSZG6GE/oYbF4q49Wfc+TdO2iy0emDgcM693DMnSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqxtsslrHuBdRwKRRvo0DJe4nmNAok7wbT29zvPnJtRKwecJbwQUTHSoSCUbSS70cUJ6Gm0wznw2rNrbsLkL/EK0gNCrSG1U9/FLM04gqZpMb0PTfBQUY1Cib5vOKnhieUTemY9y1VNOJmkC0yz8mZVUYkjLV9CslC/bmR0ciYWRTYyTyjWfVy8T+vn2J4PciESlLkii0PhakkGJO8ADISmjOUM0so08JmJWxCNWVoa6rYErzVL/8lnYu616g37i9rzZuijjKcwCmcgwdX0IQ7aEEbGCTwBC/w6qTOs/PmvC9HS06xcwy/4Hx8A5rokhM=</latexit>

t



0.0 0.2 0.4 0.6 0.8 1.0

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

Figure 2: Plot of W = 0 vacua (5.71) within the fundamental domain (5.61). The blue dots
represent vacua up to tadpole L̂  300. The red dots indicate the 10 distinct vacua satisfying
the tadpole bound L̂  5.

Vacua below tadpole bound. Let us begin with the flux vacua that obey the tadpole
bound, which is set by L̂vac

 5 since � = 720 for the Hulek–Verrill fourfold [9]. We find
that there are only ten distinct vacua20 by imposing this tadpole bound and restricting to the
fundamental domain (5.61). Their positions in the coordinates t and � have been listed in
table 5.1, together with the values of the flux quanta (a, b, c) and the tadpole L̂vac. In figure
2 these vacua are plotted as red dots on the fundamental domain. We find that two of these
ten vacua are located at conifold points of the K3 surface and Calabi-Yau fourfold — � = 1/16
and � = 1/4 — while the other eight are at regular points in the interior of the moduli space.
The remaining conifold point � = 1/36 of the Calabi–Yau fourfold does not host a vacuum.

Landscape of vacua above tadpole bound. In figure 2 we have plotted all vacua up to
tadpole L̂vac

 300 as blue dots. While vacua with L̂vac > 5 are not of physical relevance,
it is still instructive to study the patterns arising in this landscape. Some of these patterns
are reminiscent of those observed in [44] for flux vacua of rigid Calabi–Yau threefolds. Namely,
similar to [44], we see that certain vacua are concentrated at a particular point, while this point
is surrounded by a void of no vacua at all. But we also encounter new features in figure 2, such
as half-circles centered on the real line

(x� x0)
2 + y2 = R2 (5.81)

20Here we count vacua only by their position in moduli space, and disregard di↵erent flux configurations
leading to the same vevs for the moduli. For instance, (a, b, c) = (2, 0, 2) also leads to a vacuum at t = i/2

p
3,

with tadpole L̂
vac = 4 instead of L̂vac = 1. On top of that, there are also di↵erent choices of nI as well as flux

quanta of Gglobal
4 (discussed below (3.23)) to be considered. We leave the precise counting of the number of flux

configurations to future work.
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CY fourfolds containing 
‘attractive K3 surfaces’ 
                                [Moore ‘98]

where in the last step we again used the mirror map (5.38) to cancel the infinite series in �i.
Putting this K3 superpotential and Kähler potential together we find as scalar potential along
the symmetric locus

V
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(5.45)

where we recall that the base volume V appears as one of the factors in eK . The minimum of
the scalar potential is given by the locus where the K3 superpotential vanishes

g0 + git
i + 2g0

X

i<j

titj = 0 . (5.46)

This extremization condition is manifestly an algebraic condition in the coordinates ti, even
though before applying the mirror map (5.38) we had in infinite series of terms in �i. From the
perspective of the K3 surface this locus is where the fluxes we turn on are of Hodge type (1, 1).

K3 submanifold. Let us finally describe how we may identify the K3 surface as a submanifold
of the Calabi–Yau fourfold. This argument parallels the Hulek–Verrill threefold discussed in
section 4.2. We again start from the defining equation of the fourfold at the symmetric locus
�1 = �2 = � given by
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inside the projective five-torus (X1, . . . , X6) 2 T
5. We then pick a submanifold by setting

X1 = 1 and X2 = �1, which is described by the equation

(X3 +X4 +X5 +X6)
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inside (X3, . . . , X6) 2 T
3. This is precisely the K3 surface of Hulek and Verrill, whose periods

we encountered along the symmetric locus.

5.3 Stabilizing all complex structure moduli for the HV fourfold

In this section we study the stabilization of all complex structure moduli for the Hulek–Verrill
fourfold by using the full S6 permutation group rather than a Z2 subgroup. Let us briefly
summarize the setup and results. We turn on fluxes that break this S6 symmetry completely,
fixing us to the diagonal locus �1 = . . . = �6. Along this S6 orbifold locus we find a non-trivial
polynomial scalar potential specified by the periods of the Hulek–Verrill K3 surface. This scalar
potential is a rational function in the diagonal mirror coordinate t, and it is minimized at a
complex multiplication points of the K3 surface t 2 Q(i

p
D) with D > 0 determined by the

fluxes; see also figure 2 for an illustration.
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D > 0

given by flux

where t = x+ iy. The most striking new feature is the triangular void next to the lines x = 0
and x = 1. These boundaries are set by the straight lines
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These bounds are obtained by fixing the axion to a rational value x = b/c, and then using the
tadpole condition to bound the saxion vev (5.71) from above. For L̂max = 300 they intersect at
the uppermost vacuum given by (a, b, c) = (156, 1, 2) and t = 1
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a 1 2 7 3 5 4 4 13 8 5

b 0 0 1 0 1 0 1 2 1 0

c 1 1 2 1 3 1 4 4 2 1

L̂vac 1 2 2 3 3 4 4 4 4 5

Table 5.1: Summary of vacua we found satisfying the tadpole bound. The columns with an
asterisk indicate vacua located at a singular point of the K3 surface and Calabi–Yau fourfold.

Number of vacua. In [30] it was conjectured that the number of vacua scales subpolyno-
mially with the tadpole, unless there are rational Hodge tensors. While we refer to section ??
and appendix D for a general discussion on Hodge tensors, for the moment it is enough to note
that the Z6 symmetry operator (??) indeed defines a Hodge tensor on the symmetric locus. It
is then natural to wonder whether we indeed encounter a polynomial scaling of the number of
vacua. A straightforward lower bound on this number is given by

Nvac(L
⇤) &

p

L⇤ , (5.83)

where Nvac(L⇤) denotes the number of vacua with tadpole charge equal to L = L⇤. This
estimate is obtained by counting the number of flux quanta (a, b, c) that satisfy the tadpole
bound ac� b2 = L⇤ and lie within the fundamental domain (5.61).21 Thus we find indeed that
the presence of a Hodge tensor permits a polynomial scaling in the number of vacua.

Attractive K3 surfaces. At these vacua the K3 surface has an additional integral (1,1)-
form given by G2 2 H2(K3,Z). As it previously had Picard rank 19, it means it now increases
to the maximum ⇢(K3)) = 20. In the mathematics literature such K3 surfaces are referred
to as singular, while in the physics literature these were coined to be attractive [10, 11]. It
is also known that attractive K3 surfaces have complex multiplication [45]. In order to make

21Note that this problem is almost identical to counting the number of binary quadratic forms at a fixed
discriminant, which is also known to scale as a squareroot with the discriminant.
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10 vacua satisfying the tadpole bound                : red dots

Figure 2: Plot of W = 0 vacua (5.71) within the fundamental domain (5.61). The blue dots
represent vacua up to tadpole L̂  300. The red dots indicate the 10 distinct vacua satisfying
the tadpole bound L̂  5.

Vacua below tadpole bound. Let us begin with the flux vacua that obey the tadpole
bound, which is set by L̂vac

 5 since � = 720 for the Hulek–Verrill fourfold [9]. We find
that there are only ten distinct vacua20 by imposing this tadpole bound and restricting to the
fundamental domain (5.61). Their positions in the coordinates t and � have been listed in
table 5.1, together with the values of the flux quanta (a, b, c) and the tadpole L̂vac. In figure
2 these vacua are plotted as red dots on the fundamental domain. We find that two of these
ten vacua are located at conifold points of the K3 surface and Calabi-Yau fourfold — � = 1/16
and � = 1/4 — while the other eight are at regular points in the interior of the moduli space.
The remaining conifold point � = 1/36 of the Calabi–Yau fourfold does not host a vacuum.

Landscape of vacua above tadpole bound. In figure 2 we have plotted all vacua up to
tadpole L̂vac

 300 as blue dots. While vacua with L̂vac > 5 are not of physical relevance,
it is still instructive to study the patterns arising in this landscape. Some of these patterns
are reminiscent of those observed in [44] for flux vacua of rigid Calabi–Yau threefolds. Namely,
similar to [44], we see that certain vacua are concentrated at a particular point, while this point
is surrounded by a void of no vacua at all. But we also encounter new features in figure 2, such
as half-circles centered on the real line

(x� x0)
2 + y2 = R2 (5.81)

20Here we count vacua only by their position in moduli space, and disregard di↵erent flux configurations
leading to the same vevs for the moduli. For instance, (a, b, c) = (2, 0, 2) also leads to a vacuum at t = i/2

p
3,

with tadpole L̂
vac = 4 instead of L̂vac = 1. On top of that, there are also di↵erent choices of nI as well as flux

quanta of Gglobal
4 (discussed below (3.23)) to be considered. We leave the precise counting of the number of flux

configurations to future work.
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<latexit sha1_base64="1Lym2pIKMt9vtZz8fhSf8X6lEpk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX/jps1Bqw8GHu/NMDMvTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51TJxqyto0FrHuhcQwwRVrI0fBeolmRIaCdcPpbe53H5k2PFYPOEtYIMlY8YhTgrk0QJIOqzWv7i3g/iV+QWpQoDWsfg5GMU0lU0gFMabvewkGGdHIqWDzyiA1LCF0Ssasb6kikpkgW9w6d8+sMnKjWNtS6C7UnxMZkcbMZGg7JcGJWfVy8T+vn2J0HWRcJSkyRZeLolS4GLv54+6Ia0ZRzCwhVHN7q0snRBOKNp6KDcFfffkv6VzU/Ua9cX9Za94UcZThBE7hHHy4gibcQQvaQGECT/ACr450np03533ZWnKKmWP4BefjGyS/jlM=</latexit>⌧<latexit sha1_base64="v6xj/JJiL0Awf0au9+omAX/20SE=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkYeBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALrPjOg=</latexit>

Y

[TG ’10]



  Exact vacua are very special !

➡ Gauge coupling function for RR U(1)s in IIB orientifolds and F-theory

17

N=1 mirror symmetry:
<latexit sha1_base64="28dxe6RkpOl5eUn+Xn3ix66BSz0="></latexit>

f(t) = itmKm +
X

m

cme2⇡it
mm

                special? Potential answer to theta-problem                         ?
[Cecotti,Vafa ‘18]

<latexit sha1_base64="rASaaQb1VLLMHjV3rjQYwTrUUlY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQPYRdkegx6MVjBPOAZAmzk9lkzOzsMtMrhJB/8OJBEa/+jzf/xkmyB40WNBRV3XR3BYkUBl33y8mtrK6tb+Q3C1vbO7t7xf2DpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDPzW49cGxGrexwn3I/oQIlQMIpWaoZl7J2d9oolt+LOQf4SLyMlyFDvFT+7/ZilEVfIJDWm47kJ+hOqUTDJp4VuanhC2YgOeMdSRSNu/Mn82ik5sUqfhLG2pZDM1Z8TExoZM44C2xlRHJplbyb+53VSDK/8iVBJilyxxaIwlQRjMnud9IXmDOXYEsq0sLcSNqSaMrQBFWwI3vLLf0nzvOJVK9W7i1LtOosjD0dwDGXw4BJqcAt1aACDB3iCF3h1YufZeXPeF605J5s5hF9wPr4BhlKOdQ==</latexit>

f(t⇤)
<latexit sha1_base64="EmbWVX8VKpNbItc48FRrQRlMqFI=">AAACA3icbVDJSgNBEO2JW4xb1JteGoMQPYQZkehFCHrRWwSzQBJCT6cmadKz0F0jhiHgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnRlJotO1vK7WwuLS8kl7NrK1vbG5lt3eqOowVhwoPZajqLtMgRQAVFCihHilgviuh5vavRn7tHpQWYXCHgwhaPusGwhOcoZHa2b0m9gAZvaBNhAdMbvwh9fLYPj6i7WzOLthj0HniTEmOTFFuZ7+anZDHPgTIJdO64dgRthKmUHAJw0wz1hAx3mddaBgaMB90Kxn/MKSHRulQL1SmAqRj9fdEwnytB75rOn2GPT3rjcT/vEaM3nkrEUEUIwR8ssiLJcWQjgKhHaGAoxwYwrgS5lbKe0wxjia2jAnBmX15nlRPCk6xULw9zZUup3GkyT45IHnikDNSItekTCqEk0fyTF7Jm/VkvVjv1sekNWVNZ3bJH1ifP+0Mlmw=</latexit>

✓ = Imf(t⇤)

→  holomorphic function          of complex structure of      (includes    )
<latexit sha1_base64="F3f7j8XyhaY9oSWjVV03iuYNLek=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4b0+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCye3c7zxRpVkkH8w0pr7AI8lCRrCx0mNY7cdjdo7QoFxxa24GtEq8nFQgR3NQ/uoPI5IIKg3hWOue58bGT7EyjHA6K/UTTWNMJnhEe5ZKLKj20+zgGTqzyhCFkbIlDcrU3xMpFlpPRWA7BTZjvezNxf+8XmLCaz9lMk4MlWSxKEw4MhGaf4+GTFFi+NQSTBSztyIyxgoTYzMq2RC85ZdXSfui5tVr9fvLSuMmj6MIJ3AKVfDgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB0/Lj3M=</latexit>

f(�)
<latexit sha1_base64="1Lym2pIKMt9vtZz8fhSf8X6lEpk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX/jps1Bqw8GHu/NMDMvTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51TJxqyto0FrHuhcQwwRVrI0fBeolmRIaCdcPpbe53H5k2PFYPOEtYIMlY8YhTgrk0QJIOqzWv7i3g/iV+QWpQoDWsfg5GMU0lU0gFMabvewkGGdHIqWDzyiA1LCF0Ssasb6kikpkgW9w6d8+sMnKjWNtS6C7UnxMZkcbMZGg7JcGJWfVy8T+vn2J0HWRcJSkyRZeLolS4GLv54+6Ia0ZRzCwhVHN7q0snRBOKNp6KDcFfffkv6VzU/Ua9cX9Za94UcZThBE7hHHy4gibcQQvaQGECT/ACr450np03533ZWnKKmWP4BefjGyS/jlM=</latexit>⌧<latexit sha1_base64="v6xj/JJiL0Awf0au9+omAX/20SE=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkYeBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALrPjOg=</latexit>

Y

[TG ’10]

➡ Surprising observations:   

[TG,Heisteeg ’24] + in progress

(1)   Hodge theory:  must exist coords to make it algebraic
<latexit sha1_base64="Pc4LgocO3Iz1sHuJ7h1xzZkF4js=">AAACGXicbVDLSgMxFM34rPU16tJNsAh1U2ZEqhuh6EZwU8E+oB2HTJppQ5PMkGSEMvQ33Pgrblwo4lJX/o2Zdha19UDg5Jx7ufeeIGZUacf5sZaWV1bX1gsbxc2t7Z1de2+/qaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwvM781iORikbiXo9i4nHUFzSkGGkj+bYTlrsc6UEo0TDV4xN4CSmcVR749IsRS2/HPvftklNxJoCLxM1JCeSo+/ZXtxfhhBOhMUNKdVwn1l6KpKaYkXGxmygSIzxEfdIxVCBOlJdOLhvDY6P0YBhJ84SGE3W2I0VcqREPTGW2pJr3MvE/r5Po8MJLqYgTTQSeDgoTBnUEs5hgj0qCNRsZgrCkZleIB0girE2YRROCO3/yImmeVtxqpXp3Vqpd5XEUwCE4AmXggnNQAzegDhoAgyfwAt7Au/VsvVof1ue0dMnKew7AH1jfv4wuoK8=</latexit>

f(t) = itmKm



  Exact vacua are very special !

➡ Gauge coupling function for RR U(1)s in IIB orientifolds and F-theory
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N=1 mirror symmetry:
<latexit sha1_base64="28dxe6RkpOl5eUn+Xn3ix66BSz0="></latexit>

f(t) = itmKm +
X

m

cme2⇡it
mm

                special? Potential answer to theta-problem                         ?
[Cecotti,Vafa ‘18]

<latexit sha1_base64="rASaaQb1VLLMHjV3rjQYwTrUUlY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQPYRdkegx6MVjBPOAZAmzk9lkzOzsMtMrhJB/8OJBEa/+jzf/xkmyB40WNBRV3XR3BYkUBl33y8mtrK6tb+Q3C1vbO7t7xf2DpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDPzW49cGxGrexwn3I/oQIlQMIpWaoZl7J2d9oolt+LOQf4SLyMlyFDvFT+7/ZilEVfIJDWm47kJ+hOqUTDJp4VuanhC2YgOeMdSRSNu/Mn82ik5sUqfhLG2pZDM1Z8TExoZM44C2xlRHJplbyb+53VSDK/8iVBJilyxxaIwlQRjMnud9IXmDOXYEsq0sLcSNqSaMrQBFWwI3vLLf0nzvOJVK9W7i1LtOosjD0dwDGXw4BJqcAt1aACDB3iCF3h1YufZeXPeF605J5s5hF9wPr4BhlKOdQ==</latexit>

f(t⇤)
<latexit sha1_base64="EmbWVX8VKpNbItc48FRrQRlMqFI=">AAACA3icbVDJSgNBEO2JW4xb1JteGoMQPYQZkehFCHrRWwSzQBJCT6cmadKz0F0jhiHgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnRlJotO1vK7WwuLS8kl7NrK1vbG5lt3eqOowVhwoPZajqLtMgRQAVFCihHilgviuh5vavRn7tHpQWYXCHgwhaPusGwhOcoZHa2b0m9gAZvaBNhAdMbvwh9fLYPj6i7WzOLthj0HniTEmOTFFuZ7+anZDHPgTIJdO64dgRthKmUHAJw0wz1hAx3mddaBgaMB90Kxn/MKSHRulQL1SmAqRj9fdEwnytB75rOn2GPT3rjcT/vEaM3nkrEUEUIwR8ssiLJcWQjgKhHaGAoxwYwrgS5lbKe0wxjia2jAnBmX15nlRPCk6xULw9zZUup3GkyT45IHnikDNSItekTCqEk0fyTF7Jm/VkvVjv1sekNWVNZ3bJH1ifP+0Mlmw=</latexit>

✓ = Imf(t⇤)

→  holomorphic function          of complex structure of      (includes    )
<latexit sha1_base64="F3f7j8XyhaY9oSWjVV03iuYNLek=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquSPVY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4b0+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCye3c7zxRpVkkH8w0pr7AI8lCRrCx0mNY7cdjdo7QoFxxa24GtEq8nFQgR3NQ/uoPI5IIKg3hWOue58bGT7EyjHA6K/UTTWNMJnhEe5ZKLKj20+zgGTqzyhCFkbIlDcrU3xMpFlpPRWA7BTZjvezNxf+8XmLCaz9lMk4MlWSxKEw4MhGaf4+GTFFi+NQSTBSztyIyxgoTYzMq2RC85ZdXSfui5tVr9fvLSuMmj6MIJ3AKVfDgChpwB01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB0/Lj3M=</latexit>

f(�)
<latexit sha1_base64="1Lym2pIKMt9vtZz8fhSf8X6lEpk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX/jps1Bqw8GHu/NMDMvTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51TJxqyto0FrHuhcQwwRVrI0fBeolmRIaCdcPpbe53H5k2PFYPOEtYIMlY8YhTgrk0QJIOqzWv7i3g/iV+QWpQoDWsfg5GMU0lU0gFMabvewkGGdHIqWDzyiA1LCF0Ssasb6kikpkgW9w6d8+sMnKjWNtS6C7UnxMZkcbMZGg7JcGJWfVy8T+vn2J0HWRcJSkyRZeLolS4GLv54+6Ia0ZRzCwhVHN7q0snRBOKNp6KDcFfffkv6VzU/Ua9cX9Za94UcZThBE7hHHy4gibcQQvaQGECT/ACr450np03533ZWnKKmWP4BefjGyS/jlM=</latexit>⌧<latexit sha1_base64="v6xj/JJiL0Awf0au9+omAX/20SE=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkYeBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALrPjOg=</latexit>

Y

[TG ’10]

➡ Surprising observations:   

[TG,Heisteeg ’24] + in progress

(1)   Hodge theory:  must exist coords to make it algebraic
<latexit sha1_base64="Pc4LgocO3Iz1sHuJ7h1xzZkF4js=">AAACGXicbVDLSgMxFM34rPU16tJNsAh1U2ZEqhuh6EZwU8E+oB2HTJppQ5PMkGSEMvQ33Pgrblwo4lJX/o2Zdha19UDg5Jx7ufeeIGZUacf5sZaWV1bX1gsbxc2t7Z1de2+/qaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwvM781iORikbiXo9i4nHUFzSkGGkj+bYTlrsc6UEo0TDV4xN4CSmcVR749IsRS2/HPvftklNxJoCLxM1JCeSo+/ZXtxfhhBOhMUNKdVwn1l6KpKaYkXGxmygSIzxEfdIxVCBOlJdOLhvDY6P0YBhJ84SGE3W2I0VcqREPTGW2pJr3MvE/r5Po8MJLqYgTTQSeDgoTBnUEs5hgj0qCNRsZgrCkZleIB0girE2YRROCO3/yImmeVtxqpXp3Vqpd5XEUwCE4AmXggnNQAzegDhoAgyfwAt7Au/VsvVof1ue0dMnKew7AH1jfv4wuoK8=</latexit>

f(t) = itmKm

<latexit sha1_base64="tStoikNyx5yFXLvA13278+Q6+jg=">AAACK3icbVDJSgNBEO1xN25Rj14ag+AhhJkYohdB4sVjFGOETAg9nRrTpGehu0YMw/yPF3/Fgx5c8Op/2IlziEtBw6v3qqh+z4ul0Gjbb9bM7Nz8wuLScmFldW19o7i5daWjRHFo8UhG6tpjGqQIoYUCJVzHCljgSWh7w9Ox3r4FpUUUXuIohm7AbkLhC87QUL1iw0W4w/QCMrfsBgwHvmLDFDN6TO2yi6bjqZOltWyqOZhuqlmvWLIr9qToX+DkoETyavaKT24/4kkAIXLJtO44dozdlCkUXEJWcBMNMeNDdgMdA0MWgO6mE68Z3TNMn/qRMi9EOmGnN1IWaD0KPDM5tqN/a2PyP62ToH/UTUUYJwgh/z7kJ5JiRMfB0b5QwFGODGBcCfNXygfMpIAm3oIJwflt+S+4qlaceqV+XiudNPI4lsgO2SX7xCGH5ISckSZpEU7uySN5Ia/Wg/VsvVsf36MzVr6zTX6U9fkFATWoKQ==</latexit>

Re t = 0, 1
4 ,

1
3 ,

1
2

generalizing [Cecotti,Vafa ’18] [Bönisch,Elmi,Kashani-Poor,Klemm ’22]

<latexit sha1_base64="dtG2Uvpsj+J8vuR7A/6jFTw10Ks="></latexit>

! � = Re�
(2)  Tadpole bound is key:

 e.g. in example



Structure of  
W=0 Flux Landscape



  Intuition behind general structure

➡ search for W=0 vacua: 

[TG,Monnee]

<latexit sha1_base64="ocQlQ2jIG2/ZgRY2GmdkmHooPy4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBah9VASkepFKHrxWMHaQhvCZrtpl242YXdTKKH/xIsHRbz6T7z5b9y2OWjrg4HHezPMzAsSzpR2nG+rsLa+sblV3C7t7O7tH9iHR08qTiWhLRLzWHYCrChngrY005x2EklxFHDaDkZ3M789plKxWDzqSUK9CA8ECxnB2ki+bbcrvWTI/POKqFbRDXJ8u+zUnDnQKnFzUoYcTd/+6vVjkkZUaMKxUl3XSbSXYakZ4XRa6qWKJpiM8IB2DRU4osrL5pdP0ZlR+iiMpSmh0Vz9PZHhSKlJFJjOCOuhWvZm4n9eN9XhtZcxkaSaCrJYFKYc6RjNYkB9JinRfGIIJpKZWxEZYomJNmGVTAju8sur5Omi5tZr9YfLcuM2j6MIJ3AKFXDhChpwD01oAYExPMMrvFmZ9WK9Wx+L1oKVzxzDH1ifP2LhkZA=</latexit>

W (�⇤(n)) = 0 → solve problem over integers



  Intuition behind general structure

➡ search for W=0 vacua: 

[TG,Monnee]

<latexit sha1_base64="ocQlQ2jIG2/ZgRY2GmdkmHooPy4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBah9VASkepFKHrxWMHaQhvCZrtpl242YXdTKKH/xIsHRbz6T7z5b9y2OWjrg4HHezPMzAsSzpR2nG+rsLa+sblV3C7t7O7tH9iHR08qTiWhLRLzWHYCrChngrY005x2EklxFHDaDkZ3M789plKxWDzqSUK9CA8ECxnB2ki+bbcrvWTI/POKqFbRDXJ8u+zUnDnQKnFzUoYcTd/+6vVjkkZUaMKxUl3XSbSXYakZ4XRa6qWKJpiM8IB2DRU4osrL5pdP0ZlR+iiMpSmh0Vz9PZHhSKlJFJjOCOuhWvZm4n9eN9XhtZcxkaSaCrJYFKYc6RjNYkB9JinRfGIIJpKZWxEZYomJNmGVTAju8sur5Omi5tZr9YfLcuM2j6MIJ3AKFXDhChpwD01oAYExPMMrvFmZ9WK9Wx+L1oKVzxzDH1ifP2LhkZA=</latexit>

W (�⇤(n)) = 0 → solve problem over integers

➡ Intuitively:   
                     <latexit sha1_base64="xABbhfcwniwnLdfy5BRA89Wn8ik=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquSPUiFL14rGA/oF1KNs22sdlkSbJiWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyK6tr6xv5zcLW9s7uXnH/oKlloghtEMmlagdYU84EbRhmOG3HiuIo4LQVjG6mfuuRKs2kuDfjmPoRHggWMoKNlZqt8tPpldsrltyKOwNaJl5GSpCh3it+dfuSJBEVhnCsdcdzY+OnWBlGOJ0UuommMSYjPKAdSwWOqPbT2bUTdGKVPgqlsiUMmqm/J1IcaT2OAtsZYTPUi95U/M/rJCa89FMm4sRQQeaLwoQjI9H0ddRnihLDx5Zgopi9FZEhVpgYG1DBhuAtvrxMmmcVr1qp3p2XatdZHHk4gmMogwcXUINbqEMDCDzAM7zCmyOdF+fd+Zi35pxs5hD+wPn8AUqejk4=</latexit>

W (x) = 0If                      is tame (not too wild) and  
transcendental it hits the integers rarely. 



  Intuition behind general structure

➡ search for W=0 vacua: 

[TG,Monnee]
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W (�⇤(n)) = 0 → solve problem over integers

➡ Intuitively:   
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W (x) = 0If                      is tame (not too wild) and  
transcendental it hits the integers rarely. 

However: This changes if it has an algebraic  
part. This part is due to symmetry.  



  Intuition behind general structure

➡ search for W=0 vacua: 

[TG,Monnee]

<latexit sha1_base64="ocQlQ2jIG2/ZgRY2GmdkmHooPy4=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBah9VASkepFKHrxWMHaQhvCZrtpl242YXdTKKH/xIsHRbz6T7z5b9y2OWjrg4HHezPMzAsSzpR2nG+rsLa+sblV3C7t7O7tH9iHR08qTiWhLRLzWHYCrChngrY005x2EklxFHDaDkZ3M789plKxWDzqSUK9CA8ECxnB2ki+bbcrvWTI/POKqFbRDXJ8u+zUnDnQKnFzUoYcTd/+6vVjkkZUaMKxUl3XSbSXYakZ4XRa6qWKJpiM8IB2DRU4osrL5pdP0ZlR+iiMpSmh0Vz9PZHhSKlJFJjOCOuhWvZm4n9eN9XhtZcxkaSaCrJYFKYc6RjNYkB9JinRfGIIJpKZWxEZYomJNmGVTAju8sur5Omi5tZr9YfLcuM2j6MIJ3AKFXDhChpwD01oAYExPMMrvFmZ9WK9Wx+L1oKVzxzDH1ifP2LhkZA=</latexit>

W (�⇤(n)) = 0 → solve problem over integers

→ Pila-Wilkie and Ax-Schanuel theorems  
  

[Bakker,Tsimerman ’17],[Gao,Klingler ’21], 
[Chiu ’21]…

➡ made precise in theory of unlikely intersections (part of ‘tameness revolution’)

‣ Zilber–Pink conjecture for the Hodge locus (partial proof) 
[Baldi,Klingler,Ullmo ‘21]

➡ Intuitively:   
                     <latexit sha1_base64="xABbhfcwniwnLdfy5BRA89Wn8ik=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquSPUiFL14rGA/oF1KNs22sdlkSbJiWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyK6tr6xv5zcLW9s7uXnH/oKlloghtEMmlagdYU84EbRhmOG3HiuIo4LQVjG6mfuuRKs2kuDfjmPoRHggWMoKNlZqt8tPpldsrltyKOwNaJl5GSpCh3it+dfuSJBEVhnCsdcdzY+OnWBlGOJ0UuommMSYjPKAdSwWOqPbT2bUTdGKVPgqlsiUMmqm/J1IcaT2OAtsZYTPUi95U/M/rJCa89FMm4sRQQeaLwoQjI9H0ddRnihLDx5Zgopi9FZEhVpgYG1DBhuAtvrxMmmcVr1qp3p2XatdZHHk4gmMogwcXUINbqEMDCDzAM7zCmyOdF+fd+Zi35pxs5hD+wPn8AUqejk4=</latexit>

W (x) = 0If                      is tame (not too wild) and  
transcendental it hits the integers rarely. 

However: This changes if it has an algebraic  
part. This part is due to symmetry.  
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→  measure of transcendentality    [Baldi,Klingler,Ullmo ‘21]

➡ Key lies in understanding the transcendentality of periods (without computing them)



  A picture of the landscape

21

→  measure of transcendentality    [Baldi,Klingler,Ullmo ‘21]

level of Hodge structure         at generic point in a locus  
<latexit sha1_base64="5olaCZ87QRSc7bAc24F4TWdsYY8=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4KolIdVl040aoaB/QhDKZ3rRDJw9mJkIJWbrxV9y4UMStn+DOv3HSBtHWAxcO59zLvfd4MWdSWdaXsbC4tLyyWlorr29sbm2bO7stGSWCQpNGPBIdj0jgLISmYopDJxZAAo9D2xtd5n77HoRkUXinxjG4ARmEzGeUKC31zAMnIGpICU9vM+zIxJOg8I92nfXMilW1JsDzxC5IBRVo9MxPpx/RJIBQUU6k7NpWrNyUCMUoh6zsJBJiQkdkAF1NQxKAdNPJIxk+0kof+5HQFSo8UX9PpCSQchx4ujM/Uc56ufif102Uf+6mLIwTBSGdLvITjlWE81Rwnwmgio81IVQwfSumQyIIVTq7sg7Bnn15nrROqnatWrs5rdQvijhKaB8domNkozNUR1eogZqIogf0hF7Qq/FoPBtvxvu0dcEoZvbQHxgf3zDCmho=</latexit>

S ⇢ M
<latexit sha1_base64="RXSw6Bkj37l6S8UCx/LqkUGN7NQ="></latexit>

`S
compare with classification  
of boundaries using HT

➡ Key lies in understanding the transcendentality of periods (without computing them)
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→  measure of transcendentality    [Baldi,Klingler,Ullmo ‘21]

level of Hodge structure         at generic point in a locus  
<latexit sha1_base64="5olaCZ87QRSc7bAc24F4TWdsYY8=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4KolIdVl040aoaB/QhDKZ3rRDJw9mJkIJWbrxV9y4UMStn+DOv3HSBtHWAxcO59zLvfd4MWdSWdaXsbC4tLyyWlorr29sbm2bO7stGSWCQpNGPBIdj0jgLISmYopDJxZAAo9D2xtd5n77HoRkUXinxjG4ARmEzGeUKC31zAMnIGpICU9vM+zIxJOg8I92nfXMilW1JsDzxC5IBRVo9MxPpx/RJIBQUU6k7NpWrNyUCMUoh6zsJBJiQkdkAF1NQxKAdNPJIxk+0kof+5HQFSo8UX9PpCSQchx4ujM/Uc56ufif102Uf+6mLIwTBSGdLvITjlWE81Rwnwmgio81IVQwfSumQyIIVTq7sg7Bnn15nrROqnatWrs5rdQvijhKaB8domNkozNUR1eogZqIogf0hF7Qq/FoPBtvxvu0dcEoZvbQHxgf3zDCmho=</latexit>

S ⇢ M
<latexit sha1_base64="RXSw6Bkj37l6S8UCx/LqkUGN7NQ="></latexit>

`S
compare with classification  
of boundaries using HT

<latexit sha1_base64="ZqgsZk1rv2+iufa824A5Oeg4054=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2ge0Q8mkmTY0k4xJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uScniDnTxnW/ncLa+sbmVnG7tLO7t39QPjxqaZkoQptEcqk6AdaUM0GbhhlOO7GiOAo4bQfj28xvT6jSTIpHM42pH+GhYCEj2FjJ70XYjAjm6cOs7/XLFbfqzoFWiZeTCuRo9MtfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhNd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfVq1dr9ZaV+k9dRhBM4hXPw4ArqcAcNaAKBJ3iGV3hzJs6L8+58LEYLTr5zDH/gfP4AvNySGA==</latexit>

S1<latexit sha1_base64="Q6XaziKelLWqV3wp9E02j7LMcRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjRuhgn3AdCiZNNOGZpIhuSOUoZ/hxoUibv0ad/6NmXYW2nogcDjnXnLuCRPBDbjut1NaW9/Y3CpvV3Z29/YPqodHHaNSTVmbKqF0LySGCS5ZGzgI1ks0I3EoWDec3OZ+94lpw5V8hGnCgpiMJI84JWAlvx8TGFMisvvZoFpz6+4ceJV4BamhAq1B9as/VDSNmQQqiDG+5yYQZEQDp4LNKv3UsITQCRkx31JJYmaCbB55hs+sMsSR0vZJwHP190ZGYmOmcWgn84hm2cvF/zw/heg6yLhMUmCSLj6KUoFB4fx+POSaURBTSwjV3GbFdEw0oWBbqtgSvOWTV0nnou416o2Hy1rzpqijjE7QKTpHHrpCTXSHWqiNKFLoGb2iNwecF+fd+ViMlpxi5xj9gfP5A4YckW4=</latexit>

M

<latexit sha1_base64="WenY2UjQ+qPUmZvaLhKaiE4HNHQ=">AAAB9HicbVDLSgMxFL3xWeur6tJNsAiuykyR6rLoxmVF+4B2KJk004ZmMmOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7snxY8G1cZxvtLa+sbm1Xdgp7u7tHxyWjo5bOkoUZU0aiUh1fKKZ4JI1DTeCdWLFSOgL1vbHt5nfnjCleSQfzTRmXkiGkgecEmMlrxcSM6JEpA+zfrVfKjsVZw68StyclCFHo1/66g0imoRMGiqI1l3XiY2XEmU4FWxW7CWaxYSOyZB1LZUkZNpL56Fn+NwqAxxEyj5p8Fz9vZGSUOtp6NvJLKRe9jLxP6+bmODaS7mME8MkXRwKEoFNhLMG8IArRo2YWkKo4jYrpiOiCDW2p6ItwV3+8ippVSturVK7vyzXb/I6CnAKZ3ABLlxBHe6gAU2g8ATP8ApvaIJe0Dv6WIyuoXznBP4Aff4AvmCSGQ==</latexit>

S2

➡ Key lies in understanding the transcendentality of periods (without computing them)
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→  measure of transcendentality    [Baldi,Klingler,Ullmo ‘21]

level of Hodge structure         at generic point in a locus  
<latexit sha1_base64="5olaCZ87QRSc7bAc24F4TWdsYY8=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4KolIdVl040aoaB/QhDKZ3rRDJw9mJkIJWbrxV9y4UMStn+DOv3HSBtHWAxcO59zLvfd4MWdSWdaXsbC4tLyyWlorr29sbm2bO7stGSWCQpNGPBIdj0jgLISmYopDJxZAAo9D2xtd5n77HoRkUXinxjG4ARmEzGeUKC31zAMnIGpICU9vM+zIxJOg8I92nfXMilW1JsDzxC5IBRVo9MxPpx/RJIBQUU6k7NpWrNyUCMUoh6zsJBJiQkdkAF1NQxKAdNPJIxk+0kof+5HQFSo8UX9PpCSQchx4ujM/Uc56ufif102Uf+6mLIwTBSGdLvITjlWE81Rwnwmgio81IVQwfSumQyIIVTq7sg7Bnn15nrROqnatWrs5rdQvijhKaB8domNkozNUR1eogZqIogf0hF7Qq/FoPBtvxvu0dcEoZvbQHxgf3zDCmho=</latexit>

S ⇢ M
<latexit sha1_base64="RXSw6Bkj37l6S8UCx/LqkUGN7NQ="></latexit>

`S
compare with classification  
of boundaries using HT

<latexit sha1_base64="ZqgsZk1rv2+iufa824A5Oeg4054=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2ge0Q8mkmTY0k4xJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uScniDnTxnW/ncLa+sbmVnG7tLO7t39QPjxqaZkoQptEcqk6AdaUM0GbhhlOO7GiOAo4bQfj28xvT6jSTIpHM42pH+GhYCEj2FjJ70XYjAjm6cOs7/XLFbfqzoFWiZeTCuRo9MtfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhNd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfVq1dr9ZaV+k9dRhBM4hXPw4ArqcAcNaAKBJ3iGV3hzJs6L8+58LEYLTr5zDH/gfP4AvNySGA==</latexit>

S1<latexit sha1_base64="Q6XaziKelLWqV3wp9E02j7LMcRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjRuhgn3AdCiZNNOGZpIhuSOUoZ/hxoUibv0ad/6NmXYW2nogcDjnXnLuCRPBDbjut1NaW9/Y3CpvV3Z29/YPqodHHaNSTVmbKqF0LySGCS5ZGzgI1ks0I3EoWDec3OZ+94lpw5V8hGnCgpiMJI84JWAlvx8TGFMisvvZoFpz6+4ceJV4BamhAq1B9as/VDSNmQQqiDG+5yYQZEQDp4LNKv3UsITQCRkx31JJYmaCbB55hs+sMsSR0vZJwHP190ZGYmOmcWgn84hm2cvF/zw/heg6yLhMUmCSLj6KUoFB4fx+POSaURBTSwjV3GbFdEw0oWBbqtgSvOWTV0nnou416o2Hy1rzpqijjE7QKTpHHrpCTXSHWqiNKFLoGb2iNwecF+fd+ViMlpxi5xj9gfP5A4YckW4=</latexit>

M

<latexit sha1_base64="WenY2UjQ+qPUmZvaLhKaiE4HNHQ=">AAAB9HicbVDLSgMxFL3xWeur6tJNsAiuykyR6rLoxmVF+4B2KJk004ZmMmOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7snxY8G1cZxvtLa+sbm1Xdgp7u7tHxyWjo5bOkoUZU0aiUh1fKKZ4JI1DTeCdWLFSOgL1vbHt5nfnjCleSQfzTRmXkiGkgecEmMlrxcSM6JEpA+zfrVfKjsVZw68StyclCFHo1/66g0imoRMGiqI1l3XiY2XEmU4FWxW7CWaxYSOyZB1LZUkZNpL56Fn+NwqAxxEyj5p8Fz9vZGSUOtp6NvJLKRe9jLxP6+bmODaS7mME8MkXRwKEoFNhLMG8IArRo2YWkKo4jYrpiOiCDW2p6ItwV3+8ippVSturVK7vyzXb/I6CnAKZ3ABLlxBHe6gAU2g8ATP8ApvaIJe0Dv6WIyuoXznBP4Aff4AvmCSGQ==</latexit>

S2

<latexit sha1_base64="MrSJThkVLljgxD31xts/wPM0Mcg=">AAACJnicbVDNS8MwHE39nPOr6tFLcAgeZLQi04sw9OJxovuAtpQ0y7awNC1JKozSv8aL/4oXDxMRb/4ppl0F3XwQeLz3fskvL4gZlcqyPo2l5ZXVtfXKRnVza3tn19zb78goEZi0ccQi0QuQJIxy0lZUMdKLBUFhwEg3GN/kfveRCEkj/qAmMfFCNOR0QDFSWvLNq9QtLnHEMPBSq24VOF0gmUsY81M3RGqEEUvvM9/OMt+s/QTgIrFLUgMlWr45dfsRTkLCFWZISse2YuWlSCiKGcmqbiJJjPAYDYmjKUchkV5abJjBY6304SAS+nAFC/X3RIpCKSdhoJP5mnLey8X/PCdRg0svpTxOFOF49tAgYVBFMO8M9qkgWLGJJggLqneFeIQEwko3W9Ul2PNfXiSds7rdqDfuzmvN67KOCjgER+AE2OACNMEtaIE2wOAJvIApeDOejVfj3fiYRZeMcuYA/IHx9Q2lcaJJ</latexit>

`S1

<latexit sha1_base64="M2BpPTjWC/dBKYy0DZwwWcL8C1E=">AAACJHicbVDNS8MwHE39nPOr6tFLcQgeZLQiU/Ay9OJFmOA+YC0lzdItLE1Lkgoj9I/x4r/ixYMfePDi32LaVdDNB4HHe79f8vKChBIhbfvTWFhcWl5ZraxV1zc2t7bNnd2OiFOOcBvFNOa9AApMCcNtSSTFvYRjGAUUd4PxVe537zEXJGZ3cpJgL4JDRkKCoNSSb14ot7ikz4eBp+y6XeB4jmQuptRXbgTlCEGqbrIs883aj23NE6ckNVCi5Ztv7iBGaYSZRBQK0XfsRHoKckkQxVnVTQVOIBrDIe5rymCEhaeKfJl1qJWBFcZcHyatQv29oWAkxCQK9GQeUsx6ufif109leO4pwpJUYoamD4UptWRs5Y1ZA8IxknSiCUSc6KwWGkEOkdS9VnUJzuyX50nnpO406o3b01rzsqyjAvbBATgCDjgDTXANWqANEHgAT+AFvBqPxrPxbnxMRxeMcmcP/IHx9Q1SO6Gf</latexit>

`M

<latexit sha1_base64="tknIg9k6DySQH7zhy2BcKlBpT7c=">AAACJnicbVBLS8NAGNzUV62vqEcvwSJ4kJIUqV6EohePFe0DkhA22027dPNgdyOUJb/Gi3/Fi4eKiDd/ips0grYOLAwz8+1+O35CCRem+alVVlbX1jeqm7Wt7Z3dPX3/oMfjlCHcRTGN2cCHHFMS4a4gguJBwjAMfYr7/uQm9/uPmHESRw9immA3hKOIBARBoSRPv5JOcYnNRr4rzYZZ4GyJZA6m1JNOCMUYQSrvM6+ZZZ5e/wkYy8QqSR2U6Hj6zBnGKA1xJBCFnNuWmQhXQiYIojirOSnHCUQTOMK2ohEMMXdlsWFmnChlaAQxUycSRqH+npAw5Hwa+iqZr8kXvVz8z7NTEVy6kkRJKnCE5g8FKTVEbOSdGUPCMBJ0qghEjKhdDTSGDCKhmq2pEqzFLy+TXrNhtRqtu/N6+7qsowqOwDE4BRa4AG1wCzqgCxB4Ai9gBt60Z+1Ve9c+5tGKVs4cgj/Qvr4BpveiSg==</latexit>

`S2

➡ Key lies in understanding the transcendentality of periods (without computing them)
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→  measure of transcendentality    [Baldi,Klingler,Ullmo ‘21]

level of Hodge structure         at generic point in a locus  
<latexit sha1_base64="5olaCZ87QRSc7bAc24F4TWdsYY8=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4KolIdVl040aoaB/QhDKZ3rRDJw9mJkIJWbrxV9y4UMStn+DOv3HSBtHWAxcO59zLvfd4MWdSWdaXsbC4tLyyWlorr29sbm2bO7stGSWCQpNGPBIdj0jgLISmYopDJxZAAo9D2xtd5n77HoRkUXinxjG4ARmEzGeUKC31zAMnIGpICU9vM+zIxJOg8I92nfXMilW1JsDzxC5IBRVo9MxPpx/RJIBQUU6k7NpWrNyUCMUoh6zsJBJiQkdkAF1NQxKAdNPJIxk+0kof+5HQFSo8UX9PpCSQchx4ujM/Uc56ufif102Uf+6mLIwTBSGdLvITjlWE81Rwnwmgio81IVQwfSumQyIIVTq7sg7Bnn15nrROqnatWrs5rdQvijhKaB8domNkozNUR1eogZqIogf0hF7Qq/FoPBtvxvu0dcEoZvbQHxgf3zDCmho=</latexit>

S ⇢ M
<latexit sha1_base64="RXSw6Bkj37l6S8UCx/LqkUGN7NQ="></latexit>

`S
compare with classification  
of boundaries using HT

<latexit sha1_base64="ZqgsZk1rv2+iufa824A5Oeg4054=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2ge0Q8mkmTY0k4xJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uScniDnTxnW/ncLa+sbmVnG7tLO7t39QPjxqaZkoQptEcqk6AdaUM0GbhhlOO7GiOAo4bQfj28xvT6jSTIpHM42pH+GhYCEj2FjJ70XYjAjm6cOs7/XLFbfqzoFWiZeTCuRo9MtfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhNd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfVq1dr9ZaV+k9dRhBM4hXPw4ArqcAcNaAKBJ3iGV3hzJs6L8+58LEYLTr5zDH/gfP4AvNySGA==</latexit>

S1<latexit sha1_base64="Q6XaziKelLWqV3wp9E02j7LMcRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjRuhgn3AdCiZNNOGZpIhuSOUoZ/hxoUibv0ad/6NmXYW2nogcDjnXnLuCRPBDbjut1NaW9/Y3CpvV3Z29/YPqodHHaNSTVmbKqF0LySGCS5ZGzgI1ks0I3EoWDec3OZ+94lpw5V8hGnCgpiMJI84JWAlvx8TGFMisvvZoFpz6+4ceJV4BamhAq1B9as/VDSNmQQqiDG+5yYQZEQDp4LNKv3UsITQCRkx31JJYmaCbB55hs+sMsSR0vZJwHP190ZGYmOmcWgn84hm2cvF/zw/heg6yLhMUmCSLj6KUoFB4fx+POSaURBTSwjV3GbFdEw0oWBbqtgSvOWTV0nnou416o2Hy1rzpqijjE7QKTpHHrpCTXSHWqiNKFLoGb2iNwecF+fd+ViMlpxi5xj9gfP5A4YckW4=</latexit>

M

<latexit sha1_base64="WenY2UjQ+qPUmZvaLhKaiE4HNHQ=">AAAB9HicbVDLSgMxFL3xWeur6tJNsAiuykyR6rLoxmVF+4B2KJk004ZmMmOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7snxY8G1cZxvtLa+sbm1Xdgp7u7tHxyWjo5bOkoUZU0aiUh1fKKZ4JI1DTeCdWLFSOgL1vbHt5nfnjCleSQfzTRmXkiGkgecEmMlrxcSM6JEpA+zfrVfKjsVZw68StyclCFHo1/66g0imoRMGiqI1l3XiY2XEmU4FWxW7CWaxYSOyZB1LZUkZNpL56Fn+NwqAxxEyj5p8Fz9vZGSUOtp6NvJLKRe9jLxP6+bmODaS7mME8MkXRwKEoFNhLMG8IArRo2YWkKo4jYrpiOiCDW2p6ItwV3+8ippVSturVK7vyzXb/I6CnAKZ3ABLlxBHe6gAU2g8ATP8ApvaIJe0Dv6WIyuoXznBP4Aff4AvmCSGQ==</latexit>

S2

<latexit sha1_base64="v+YPvKMAdPlMivOxHM9O9RtHDpA=">AAACCnicbVC7SgNBFJ31GeMramkzGgQLCbsq0TJoI9hEMA/IhjA7uUmGzD6YuRsMS2obf8XGQhFbv8DOv3GySaGJBy4czrkP7vEiKTTa9re1sLi0vLKaWcuub2xubed2dqs6jBWHCg9lqOoe0yBFABUUKKEeKWC+J6Hm9a/Hfm0ASoswuMdhBE2fdQPREZyhkVq5AxfhAROQUkQoOOWxGsDoxKUT/fZs1Mrl7YKdgs4TZ0ryZIpyK/fltkMe+xAgl0zrhmNH2EyYMvsljLJurCFivM+60DA0YD7oZpK+MqJHRmnTTqhMBUhT9fdEwnyth75nOn2GPT3rjcX/vEaMnctmIoIoRgj45FAnlhRDOs6FtoUCjnJoCONKpFn0mGIcTXpZE4Iz+/I8qZ4WnGKheHeeL11N48iQfXJIjolDLkiJ3JAyqRBOHskzeSVv1pP1Yr1bH5PWBWs6s0f+wPr8AcVMmvM=</latexit>

elliptic curve, K3
<latexit sha1_base64="7CRtSoJh6qIk/31qxFnNUagzeL0=">AAACG3icbVDLSgMxFM3UV62vUZdugkVwIWWmleqy2I3gpkJf0qklk6ZtaOZBckcsQ//Djb/ixoUirgQX/o1pO4i2Hgice8693NzjhoIrsKwvI7W0vLK6ll7PbGxube+Yu3t1FUSSshoNRCCbLlFMcJ/VgINgzVAy4rmCNdxheeI37phUPPCrMApZ2yN9n/c4JaCljpl3gN1DfFUYO8A9pvBPfeIkvHwz7hRwYldv8x0za+WsKfAisROSRQkqHfPD6QY08pgPVBClWrYVQjsmEjgVbJxxIsVCQoekz1qa+kQvasfT28b4SCtd3Aukfj7gqfp7IiaeUiPP1Z0egYGa9ybif14rgt55O+Z+GAHz6WxRLxIYAjwJCne5ZBTESBNCJdd/xXRAJKGg48zoEOz5kxdJPZ+zi7ni9Wm2dJHEkUYH6BAdIxudoRK6RBVUQxQ9oCf0gl6NR+PZeDPeZ60pI5nZR39gfH4Dc3ahBw==</latexit>

K3⇥K3, CY3 ⇥ T 2

<latexit sha1_base64="mZ1842Xs7jM2+wzL3Z6+hxY5mnk=">AAACJ3icbVBLS8NAGNzUV62vqEcvi0XwICURqV6UohcvQgX7gCSEzXbTLt082N0IJeTfePGveBFURI/+EzdpBG0dWBhm5tv9dryYUSEN41OrLCwuLa9UV2tr6xubW/r2TldECcekgyMW8b6HBGE0JB1JJSP9mBMUeIz0vPFV7vfuCRc0Cu/kJCZOgIYh9SlGUkmufpHaxSUWH3pOajSMAkdzJLMJY25qB0iOMGLpTZbBczNz9fpPAs4TsyR1UKLt6i/2IMJJQEKJGRLCMo1YOinikmJGspqdCBIjPEZDYikaooAIJy1WzOCBUgbQj7g6oYSF+nsiRYEQk8BTyXxPMevl4n+elUj/zElpGCeShHj6kJ8wKCOYlwYHlBMs2UQRhDlVu0I8QhxhqaqtqRLM2S/Pk+5xw2w2mrcn9dZlWUcV7IF9cAhMcApa4Bq0QQdg8ACewCt40x61Z+1d+5hGK1o5swv+QPv6BtFSoks=</latexit>

`M = 1

<latexit sha1_base64="MrSJThkVLljgxD31xts/wPM0Mcg=">AAACJnicbVDNS8MwHE39nPOr6tFLcAgeZLQi04sw9OJxovuAtpQ0y7awNC1JKozSv8aL/4oXDxMRb/4ppl0F3XwQeLz3fskvL4gZlcqyPo2l5ZXVtfXKRnVza3tn19zb78goEZi0ccQi0QuQJIxy0lZUMdKLBUFhwEg3GN/kfveRCEkj/qAmMfFCNOR0QDFSWvLNq9QtLnHEMPBSq24VOF0gmUsY81M3RGqEEUvvM9/OMt+s/QTgIrFLUgMlWr45dfsRTkLCFWZISse2YuWlSCiKGcmqbiJJjPAYDYmjKUchkV5abJjBY6304SAS+nAFC/X3RIpCKSdhoJP5mnLey8X/PCdRg0svpTxOFOF49tAgYVBFMO8M9qkgWLGJJggLqneFeIQEwko3W9Ul2PNfXiSds7rdqDfuzmvN67KOCjgER+AE2OACNMEtaIE2wOAJvIApeDOejVfj3fiYRZeMcuYA/IHx9Q2lcaJJ</latexit>

`S1

<latexit sha1_base64="M2BpPTjWC/dBKYy0DZwwWcL8C1E=">AAACJHicbVDNS8MwHE39nPOr6tFLcQgeZLQiU/Ay9OJFmOA+YC0lzdItLE1Lkgoj9I/x4r/ixYMfePDi32LaVdDNB4HHe79f8vKChBIhbfvTWFhcWl5ZraxV1zc2t7bNnd2OiFOOcBvFNOa9AApMCcNtSSTFvYRjGAUUd4PxVe537zEXJGZ3cpJgL4JDRkKCoNSSb14ot7ikz4eBp+y6XeB4jmQuptRXbgTlCEGqbrIs883aj23NE6ckNVCi5Ztv7iBGaYSZRBQK0XfsRHoKckkQxVnVTQVOIBrDIe5rymCEhaeKfJl1qJWBFcZcHyatQv29oWAkxCQK9GQeUsx6ufif109leO4pwpJUYoamD4UptWRs5Y1ZA8IxknSiCUSc6KwWGkEOkdS9VnUJzuyX50nnpO406o3b01rzsqyjAvbBATgCDjgDTXANWqANEHgAT+AFvBqPxrPxbnxMRxeMcmcP/IHx9Q1SO6Gf</latexit>

`M

<latexit sha1_base64="tknIg9k6DySQH7zhy2BcKlBpT7c=">AAACJnicbVBLS8NAGNzUV62vqEcvwSJ4kJIUqV6EohePFe0DkhA22027dPNgdyOUJb/Gi3/Fi4eKiDd/ips0grYOLAwz8+1+O35CCRem+alVVlbX1jeqm7Wt7Z3dPX3/oMfjlCHcRTGN2cCHHFMS4a4gguJBwjAMfYr7/uQm9/uPmHESRw9immA3hKOIBARBoSRPv5JOcYnNRr4rzYZZ4GyJZA6m1JNOCMUYQSrvM6+ZZZ5e/wkYy8QqSR2U6Hj6zBnGKA1xJBCFnNuWmQhXQiYIojirOSnHCUQTOMK2ohEMMXdlsWFmnChlaAQxUycSRqH+npAw5Hwa+iqZr8kXvVz8z7NTEVy6kkRJKnCE5g8FKTVEbOSdGUPCMBJ0qghEjKhdDTSGDCKhmq2pEqzFLy+TXrNhtRqtu/N6+7qsowqOwDE4BRa4AG1wCzqgCxB4Ai9gBt60Z+1Ve9c+5tGKVs4cgj/Qvr4BpveiSg==</latexit>

`S2

➡ Key lies in understanding the transcendentality of periods (without computing them)
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→  measure of transcendentality    [Baldi,Klingler,Ullmo ‘21]

<latexit sha1_base64="+E89X36kyFNK33L1Ch4aJW1x3Pc=">AAACKHicbVBLS8NAGNz4rPUV9ehlsQgepCQq1YtY9OJFqGAfkISw2W7apZsHuxuhhPwcL/4VLyKK9OovcZNG0NaBhWFmvt1vx4sZFdIwJtrC4tLyymplrbq+sbm1re/sdkSUcEzaOGIR73lIEEZD0pZUMtKLOUGBx0jXG93kfveRcEGj8EGOY+IEaBBSn2IkleTqV6ldXGLxgeekRt0ocDxHMpsw5qZ2gOQQI5beZRm8hKeZq9d+InCemCWpgRItV3+z+xFOAhJKzJAQlmnE0kkRlxQzklXtRJAY4REaEEvREAVEOGmxYwYPldKHfsTVCSUs1N8TKQqEGAeeSuaLilkvF//zrET6F05KwziRJMTTh/yEQRnBvDXYp5xgycaKIMyp2hXiIeIIS9VtVZVgzn55nnRO6maj3rg/qzWvyzoqYB8cgCNggnPQBLegBdoAgyfwAt7Bh/asvWqf2mQaXdDKmT3wB9rXNz0jonc=</latexit>

`M = 3
<latexit sha1_base64="R7+GgSxS2wRvToNOzVe6wJc/ej0=">AAACB3icbVDLSgNBEJyNrxhfUY+CDAbBg4RdDdFjMBePEcxDskuYnUySIbOz60yvGJbcvPgrXjwo4tVf8ObfOHmAmljQUFR1093lR4JrsO0vK7WwuLS8kl7NrK1vbG5lt3dqOowVZVUailA1fKKZ4JJVgYNgjUgxEviC1f1+eeTX75jSPJTXMIiYF5Cu5B1OCRipld13gd1DUr4Ztk6PsXsbkzb+kQqtbM7O22PgeeJMSQ5NUWllP912SOOASaCCaN107Ai8hCjgVLBhxo01iwjtky5rGipJwLSXjP8Y4kOjtHEnVKYk4LH6eyIhgdaDwDedAYGenvVG4n9eM4bOuZdwGcXAJJ0s6sQCQ4hHoeA2V4yCGBhCqOLmVkx7RBEKJrqMCcGZfXme1E7yTjFfvCrkShfTONJoDx2gI+SgM1RCl6iCqoiiB/SEXtCr9Wg9W2/W+6Q1ZU1ndtEfWB/fMFiY5A==</latexit>

CY3, CY4

level of Hodge structure         at generic point in a locus  
<latexit sha1_base64="5olaCZ87QRSc7bAc24F4TWdsYY8=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4KolIdVl040aoaB/QhDKZ3rRDJw9mJkIJWbrxV9y4UMStn+DOv3HSBtHWAxcO59zLvfd4MWdSWdaXsbC4tLyyWlorr29sbm2bO7stGSWCQpNGPBIdj0jgLISmYopDJxZAAo9D2xtd5n77HoRkUXinxjG4ARmEzGeUKC31zAMnIGpICU9vM+zIxJOg8I92nfXMilW1JsDzxC5IBRVo9MxPpx/RJIBQUU6k7NpWrNyUCMUoh6zsJBJiQkdkAF1NQxKAdNPJIxk+0kof+5HQFSo8UX9PpCSQchx4ujM/Uc56ufif102Uf+6mLIwTBSGdLvITjlWE81Rwnwmgio81IVQwfSumQyIIVTq7sg7Bnn15nrROqnatWrs5rdQvijhKaB8domNkozNUR1eogZqIogf0hF7Qq/FoPBtvxvu0dcEoZvbQHxgf3zDCmho=</latexit>

S ⇢ M
<latexit sha1_base64="RXSw6Bkj37l6S8UCx/LqkUGN7NQ="></latexit>

`S
compare with classification  
of boundaries using HT

<latexit sha1_base64="ZqgsZk1rv2+iufa824A5Oeg4054=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2ge0Q8mkmTY0k4xJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uScniDnTxnW/ncLa+sbmVnG7tLO7t39QPjxqaZkoQptEcqk6AdaUM0GbhhlOO7GiOAo4bQfj28xvT6jSTIpHM42pH+GhYCEj2FjJ70XYjAjm6cOs7/XLFbfqzoFWiZeTCuRo9MtfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhNd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfVq1dr9ZaV+k9dRhBM4hXPw4ArqcAcNaAKBJ3iGV3hzJs6L8+58LEYLTr5zDH/gfP4AvNySGA==</latexit>

S1<latexit sha1_base64="Q6XaziKelLWqV3wp9E02j7LMcRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjRuhgn3AdCiZNNOGZpIhuSOUoZ/hxoUibv0ad/6NmXYW2nogcDjnXnLuCRPBDbjut1NaW9/Y3CpvV3Z29/YPqodHHaNSTVmbKqF0LySGCS5ZGzgI1ks0I3EoWDec3OZ+94lpw5V8hGnCgpiMJI84JWAlvx8TGFMisvvZoFpz6+4ceJV4BamhAq1B9as/VDSNmQQqiDG+5yYQZEQDp4LNKv3UsITQCRkx31JJYmaCbB55hs+sMsSR0vZJwHP190ZGYmOmcWgn84hm2cvF/zw/heg6yLhMUmCSLj6KUoFB4fx+POSaURBTSwjV3GbFdEw0oWBbqtgSvOWTV0nnou416o2Hy1rzpqijjE7QKTpHHrpCTXSHWqiNKFLoGb2iNwecF+fd+ViMlpxi5xj9gfP5A4YckW4=</latexit>

M

<latexit sha1_base64="WenY2UjQ+qPUmZvaLhKaiE4HNHQ=">AAAB9HicbVDLSgMxFL3xWeur6tJNsAiuykyR6rLoxmVF+4B2KJk004ZmMmOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7snxY8G1cZxvtLa+sbm1Xdgp7u7tHxyWjo5bOkoUZU0aiUh1fKKZ4JI1DTeCdWLFSOgL1vbHt5nfnjCleSQfzTRmXkiGkgecEmMlrxcSM6JEpA+zfrVfKjsVZw68StyclCFHo1/66g0imoRMGiqI1l3XiY2XEmU4FWxW7CWaxYSOyZB1LZUkZNpL56Fn+NwqAxxEyj5p8Fz9vZGSUOtp6NvJLKRe9jLxP6+bmODaS7mME8MkXRwKEoFNhLMG8IArRo2YWkKo4jYrpiOiCDW2p6ItwV3+8ippVSturVK7vyzXb/I6CnAKZ3ABLlxBHe6gAU2g8ATP8ApvaIJe0Dv6WIyuoXznBP4Aff4AvmCSGQ==</latexit>

S2

<latexit sha1_base64="v+YPvKMAdPlMivOxHM9O9RtHDpA=">AAACCnicbVC7SgNBFJ31GeMramkzGgQLCbsq0TJoI9hEMA/IhjA7uUmGzD6YuRsMS2obf8XGQhFbv8DOv3GySaGJBy4czrkP7vEiKTTa9re1sLi0vLKaWcuub2xubed2dqs6jBWHCg9lqOoe0yBFABUUKKEeKWC+J6Hm9a/Hfm0ASoswuMdhBE2fdQPREZyhkVq5AxfhAROQUkQoOOWxGsDoxKUT/fZs1Mrl7YKdgs4TZ0ryZIpyK/fltkMe+xAgl0zrhmNH2EyYMvsljLJurCFivM+60DA0YD7oZpK+MqJHRmnTTqhMBUhT9fdEwnyth75nOn2GPT3rjcX/vEaMnctmIoIoRgj45FAnlhRDOs6FtoUCjnJoCONKpFn0mGIcTXpZE4Iz+/I8qZ4WnGKheHeeL11N48iQfXJIjolDLkiJ3JAyqRBOHskzeSVv1pP1Yr1bH5PWBWs6s0f+wPr8AcVMmvM=</latexit>

elliptic curve, K3
<latexit sha1_base64="7CRtSoJh6qIk/31qxFnNUagzeL0=">AAACG3icbVDLSgMxFM3UV62vUZdugkVwIWWmleqy2I3gpkJf0qklk6ZtaOZBckcsQ//Djb/ixoUirgQX/o1pO4i2Hgice8693NzjhoIrsKwvI7W0vLK6ll7PbGxube+Yu3t1FUSSshoNRCCbLlFMcJ/VgINgzVAy4rmCNdxheeI37phUPPCrMApZ2yN9n/c4JaCljpl3gN1DfFUYO8A9pvBPfeIkvHwz7hRwYldv8x0za+WsKfAisROSRQkqHfPD6QY08pgPVBClWrYVQjsmEjgVbJxxIsVCQoekz1qa+kQvasfT28b4SCtd3Aukfj7gqfp7IiaeUiPP1Z0egYGa9ybif14rgt55O+Z+GAHz6WxRLxIYAjwJCne5ZBTESBNCJdd/xXRAJKGg48zoEOz5kxdJPZ+zi7ni9Wm2dJHEkUYH6BAdIxudoRK6RBVUQxQ9oCf0gl6NR+PZeDPeZ60pI5nZR39gfH4Dc3ahBw==</latexit>

K3⇥K3, CY3 ⇥ T 2

<latexit sha1_base64="mZ1842Xs7jM2+wzL3Z6+hxY5mnk=">AAACJ3icbVBLS8NAGNzUV62vqEcvi0XwICURqV6UohcvQgX7gCSEzXbTLt082N0IJeTfePGveBFURI/+EzdpBG0dWBhm5tv9dryYUSEN41OrLCwuLa9UV2tr6xubW/r2TldECcekgyMW8b6HBGE0JB1JJSP9mBMUeIz0vPFV7vfuCRc0Cu/kJCZOgIYh9SlGUkmufpHaxSUWH3pOajSMAkdzJLMJY25qB0iOMGLpTZbBczNz9fpPAs4TsyR1UKLt6i/2IMJJQEKJGRLCMo1YOinikmJGspqdCBIjPEZDYikaooAIJy1WzOCBUgbQj7g6oYSF+nsiRYEQk8BTyXxPMevl4n+elUj/zElpGCeShHj6kJ8wKCOYlwYHlBMs2UQRhDlVu0I8QhxhqaqtqRLM2S/Pk+5xw2w2mrcn9dZlWUcV7IF9cAhMcApa4Bq0QQdg8ACewCt40x61Z+1d+5hGK1o5swv+QPv6BtFSoks=</latexit>

`M = 1

<latexit sha1_base64="MrSJThkVLljgxD31xts/wPM0Mcg=">AAACJnicbVDNS8MwHE39nPOr6tFLcAgeZLQi04sw9OJxovuAtpQ0y7awNC1JKozSv8aL/4oXDxMRb/4ppl0F3XwQeLz3fskvL4gZlcqyPo2l5ZXVtfXKRnVza3tn19zb78goEZi0ccQi0QuQJIxy0lZUMdKLBUFhwEg3GN/kfveRCEkj/qAmMfFCNOR0QDFSWvLNq9QtLnHEMPBSq24VOF0gmUsY81M3RGqEEUvvM9/OMt+s/QTgIrFLUgMlWr45dfsRTkLCFWZISse2YuWlSCiKGcmqbiJJjPAYDYmjKUchkV5abJjBY6304SAS+nAFC/X3RIpCKSdhoJP5mnLey8X/PCdRg0svpTxOFOF49tAgYVBFMO8M9qkgWLGJJggLqneFeIQEwko3W9Ul2PNfXiSds7rdqDfuzmvN67KOCjgER+AE2OACNMEtaIE2wOAJvIApeDOejVfj3fiYRZeMcuYA/IHx9Q2lcaJJ</latexit>

`S1

<latexit sha1_base64="M2BpPTjWC/dBKYy0DZwwWcL8C1E=">AAACJHicbVDNS8MwHE39nPOr6tFLcQgeZLQiU/Ay9OJFmOA+YC0lzdItLE1Lkgoj9I/x4r/ixYMfePDi32LaVdDNB4HHe79f8vKChBIhbfvTWFhcWl5ZraxV1zc2t7bNnd2OiFOOcBvFNOa9AApMCcNtSSTFvYRjGAUUd4PxVe537zEXJGZ3cpJgL4JDRkKCoNSSb14ot7ikz4eBp+y6XeB4jmQuptRXbgTlCEGqbrIs883aj23NE6ckNVCi5Ztv7iBGaYSZRBQK0XfsRHoKckkQxVnVTQVOIBrDIe5rymCEhaeKfJl1qJWBFcZcHyatQv29oWAkxCQK9GQeUsx6ufif109leO4pwpJUYoamD4UptWRs5Y1ZA8IxknSiCUSc6KwWGkEOkdS9VnUJzuyX50nnpO406o3b01rzsqyjAvbBATgCDjgDTXANWqANEHgAT+AFvBqPxrPxbnxMRxeMcmcP/IHx9Q1SO6Gf</latexit>

`M

<latexit sha1_base64="tknIg9k6DySQH7zhy2BcKlBpT7c=">AAACJnicbVBLS8NAGNzUV62vqEcvwSJ4kJIUqV6EohePFe0DkhA22027dPNgdyOUJb/Gi3/Fi4eKiDd/ips0grYOLAwz8+1+O35CCRem+alVVlbX1jeqm7Wt7Z3dPX3/oMfjlCHcRTGN2cCHHFMS4a4gguJBwjAMfYr7/uQm9/uPmHESRw9immA3hKOIBARBoSRPv5JOcYnNRr4rzYZZ4GyJZA6m1JNOCMUYQSrvM6+ZZZ5e/wkYy8QqSR2U6Hj6zBnGKA1xJBCFnNuWmQhXQiYIojirOSnHCUQTOMK2ohEMMXdlsWFmnChlaAQxUycSRqH+npAw5Hwa+iqZr8kXvVz8z7NTEVy6kkRJKnCE5g8FKTVEbOSdGUPCMBJ0qghEjKhdDTSGDCKhmq2pEqzFLy+TXrNhtRqtu/N6+7qsowqOwDE4BRa4AG1wCzqgCxB4Ai9gBt60Z+1Ve9c+5tGKVs4cgj/Qvr4BpveiSg==</latexit>

`S2

➡ Key lies in understanding the transcendentality of periods (without computing them)
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→  measure of transcendentality    [Baldi,Klingler,Ullmo ‘21]

<latexit sha1_base64="+E89X36kyFNK33L1Ch4aJW1x3Pc=">AAACKHicbVBLS8NAGNz4rPUV9ehlsQgepCQq1YtY9OJFqGAfkISw2W7apZsHuxuhhPwcL/4VLyKK9OovcZNG0NaBhWFmvt1vx4sZFdIwJtrC4tLyymplrbq+sbm1re/sdkSUcEzaOGIR73lIEEZD0pZUMtKLOUGBx0jXG93kfveRcEGj8EGOY+IEaBBSn2IkleTqV6ldXGLxgeekRt0ocDxHMpsw5qZ2gOQQI5beZRm8hKeZq9d+InCemCWpgRItV3+z+xFOAhJKzJAQlmnE0kkRlxQzklXtRJAY4REaEEvREAVEOGmxYwYPldKHfsTVCSUs1N8TKQqEGAeeSuaLilkvF//zrET6F05KwziRJMTTh/yEQRnBvDXYp5xgycaKIMyp2hXiIeIIS9VtVZVgzn55nnRO6maj3rg/qzWvyzoqYB8cgCNggnPQBLegBdoAgyfwAt7Bh/asvWqf2mQaXdDKmT3wB9rXNz0jonc=</latexit>

`M = 3
<latexit sha1_base64="R7+GgSxS2wRvToNOzVe6wJc/ej0=">AAACB3icbVDLSgNBEJyNrxhfUY+CDAbBg4RdDdFjMBePEcxDskuYnUySIbOz60yvGJbcvPgrXjwo4tVf8ObfOHmAmljQUFR1093lR4JrsO0vK7WwuLS8kl7NrK1vbG5lt3dqOowVZVUailA1fKKZ4JJVgYNgjUgxEviC1f1+eeTX75jSPJTXMIiYF5Cu5B1OCRipld13gd1DUr4Ztk6PsXsbkzb+kQqtbM7O22PgeeJMSQ5NUWllP912SOOASaCCaN107Ai8hCjgVLBhxo01iwjtky5rGipJwLSXjP8Y4kOjtHEnVKYk4LH6eyIhgdaDwDedAYGenvVG4n9eM4bOuZdwGcXAJJ0s6sQCQ4hHoeA2V4yCGBhCqOLmVkx7RBEKJrqMCcGZfXme1E7yTjFfvCrkShfTONJoDx2gI+SgM1RCl6iCqoiiB/SEXtCr9Wg9W2/W+6Q1ZU1ndtEfWB/fMFiY5A==</latexit>

CY3, CY4

<latexit sha1_base64="Av8/2lr5vyOxv0jhHf5ZHPKObiI=">AAACKHicbVBLS8NAGNz4rPUV9ehlsQgepCQq1ZMWvXgRKtgHJCFstpt26ebB7kYoIT/Hi3/Fi4givfpL3KQRtHVgYZiZb/fb8WJGhTSMibawuLS8slpZq65vbG5t6zu7HRElHJM2jljEex4ShNGQtCWVjPRiTlDgMdL1Rje5330kXNAofJDjmDgBGoTUpxhJJbn6VWoXl1h84DmpUTcKHM+RzCaMuakdIDnEiKV3WQYv4Wnm6rWfCJwnZklqoETL1d/sfoSTgIQSMySEZRqxdFLEJcWMZFU7ESRGeIQGxFI0RAERTlrsmMFDpfShH3F1QgkL9fdEigIhxoGnkvmiYtbLxf88K5H+hZPSME4kCfH0IT9hUEYwbw32KSdYsrEiCHOqdoV4iDjCUnVbVSWYs1+eJ52TutmoN+7Pas3rso4K2AcH4AiY4Bw0wS1ogTbA4Am8gHfwoT1rr9qnNplGF7RyZg/8gfb1DT6qong=</latexit>

`M > 3
<latexit sha1_base64="Ntj6eTWgzdDc03FuaXrp8ZMvfPA=">AAAB+3icbVBNS8NAEN34WetXrUcvi0XwICWRUj1JsRePFeyHNCFsttt26WYTdifSEvpXvHhQxKt/xJv/xm2bg7Y+GHi8N8PMvCAWXINtf1tr6xubW9u5nfzu3v7BYeGo2NJRoihr0khEqhMQzQSXrAkcBOvEipEwEKwdjOozv/3ElOaRfIBJzLyQDCTvc0rASH6h6AIbQ1p/nPryArtY3lT8Qsku23PgVeJkpIQyNPzCl9uLaBIyCVQQrbuOHYOXEgWcCjbNu4lmMaEjMmBdQyUJmfbS+e1TfGaUHu5HypQEPFd/T6Qk1HoSBqYzJDDUy95M/M/rJtC/9lIu4wSYpItF/URgiPAsCNzjilEQE0MIVdzciumQKELBxJU3ITjLL6+S1mXZqZar95VS7TaLI4dO0Ck6Rw66QjV0hxqoiSgao2f0it6sqfVivVsfi9Y1K5s5Rn9gff4As1iTlA==</latexit>

CYn, n > 4

level of Hodge structure         at generic point in a locus  
<latexit sha1_base64="5olaCZ87QRSc7bAc24F4TWdsYY8=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4KolIdVl040aoaB/QhDKZ3rRDJw9mJkIJWbrxV9y4UMStn+DOv3HSBtHWAxcO59zLvfd4MWdSWdaXsbC4tLyyWlorr29sbm2bO7stGSWCQpNGPBIdj0jgLISmYopDJxZAAo9D2xtd5n77HoRkUXinxjG4ARmEzGeUKC31zAMnIGpICU9vM+zIxJOg8I92nfXMilW1JsDzxC5IBRVo9MxPpx/RJIBQUU6k7NpWrNyUCMUoh6zsJBJiQkdkAF1NQxKAdNPJIxk+0kof+5HQFSo8UX9PpCSQchx4ujM/Uc56ufif102Uf+6mLIwTBSGdLvITjlWE81Rwnwmgio81IVQwfSumQyIIVTq7sg7Bnn15nrROqnatWrs5rdQvijhKaB8domNkozNUR1eogZqIogf0hF7Qq/FoPBtvxvu0dcEoZvbQHxgf3zDCmho=</latexit>

S ⇢ M
<latexit sha1_base64="RXSw6Bkj37l6S8UCx/LqkUGN7NQ="></latexit>

`S
compare with classification  
of boundaries using HT

<latexit sha1_base64="ZqgsZk1rv2+iufa824A5Oeg4054=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2ge0Q8mkmTY0k4xJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uScniDnTxnW/ncLa+sbmVnG7tLO7t39QPjxqaZkoQptEcqk6AdaUM0GbhhlOO7GiOAo4bQfj28xvT6jSTIpHM42pH+GhYCEj2FjJ70XYjAjm6cOs7/XLFbfqzoFWiZeTCuRo9MtfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhNd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfVq1dr9ZaV+k9dRhBM4hXPw4ArqcAcNaAKBJ3iGV3hzJs6L8+58LEYLTr5zDH/gfP4AvNySGA==</latexit>

S1<latexit sha1_base64="Q6XaziKelLWqV3wp9E02j7LMcRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjRuhgn3AdCiZNNOGZpIhuSOUoZ/hxoUibv0ad/6NmXYW2nogcDjnXnLuCRPBDbjut1NaW9/Y3CpvV3Z29/YPqodHHaNSTVmbKqF0LySGCS5ZGzgI1ks0I3EoWDec3OZ+94lpw5V8hGnCgpiMJI84JWAlvx8TGFMisvvZoFpz6+4ceJV4BamhAq1B9as/VDSNmQQqiDG+5yYQZEQDp4LNKv3UsITQCRkx31JJYmaCbB55hs+sMsSR0vZJwHP190ZGYmOmcWgn84hm2cvF/zw/heg6yLhMUmCSLj6KUoFB4fx+POSaURBTSwjV3GbFdEw0oWBbqtgSvOWTV0nnou416o2Hy1rzpqijjE7QKTpHHrpCTXSHWqiNKFLoGb2iNwecF+fd+ViMlpxi5xj9gfP5A4YckW4=</latexit>

M

<latexit sha1_base64="WenY2UjQ+qPUmZvaLhKaiE4HNHQ=">AAAB9HicbVDLSgMxFL3xWeur6tJNsAiuykyR6rLoxmVF+4B2KJk004ZmMmOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7snxY8G1cZxvtLa+sbm1Xdgp7u7tHxyWjo5bOkoUZU0aiUh1fKKZ4JI1DTeCdWLFSOgL1vbHt5nfnjCleSQfzTRmXkiGkgecEmMlrxcSM6JEpA+zfrVfKjsVZw68StyclCFHo1/66g0imoRMGiqI1l3XiY2XEmU4FWxW7CWaxYSOyZB1LZUkZNpL56Fn+NwqAxxEyj5p8Fz9vZGSUOtp6NvJLKRe9jLxP6+bmODaS7mME8MkXRwKEoFNhLMG8IArRo2YWkKo4jYrpiOiCDW2p6ItwV3+8ippVSturVK7vyzXb/I6CnAKZ3ABLlxBHe6gAU2g8ATP8ApvaIJe0Dv6WIyuoXznBP4Aff4AvmCSGQ==</latexit>

S2

<latexit sha1_base64="v+YPvKMAdPlMivOxHM9O9RtHDpA=">AAACCnicbVC7SgNBFJ31GeMramkzGgQLCbsq0TJoI9hEMA/IhjA7uUmGzD6YuRsMS2obf8XGQhFbv8DOv3GySaGJBy4czrkP7vEiKTTa9re1sLi0vLKaWcuub2xubed2dqs6jBWHCg9lqOoe0yBFABUUKKEeKWC+J6Hm9a/Hfm0ASoswuMdhBE2fdQPREZyhkVq5AxfhAROQUkQoOOWxGsDoxKUT/fZs1Mrl7YKdgs4TZ0ryZIpyK/fltkMe+xAgl0zrhmNH2EyYMvsljLJurCFivM+60DA0YD7oZpK+MqJHRmnTTqhMBUhT9fdEwnyth75nOn2GPT3rjcX/vEaMnctmIoIoRgj45FAnlhRDOs6FtoUCjnJoCONKpFn0mGIcTXpZE4Iz+/I8qZ4WnGKheHeeL11N48iQfXJIjolDLkiJ3JAyqRBOHskzeSVv1pP1Yr1bH5PWBWs6s0f+wPr8AcVMmvM=</latexit>

elliptic curve, K3
<latexit sha1_base64="7CRtSoJh6qIk/31qxFnNUagzeL0=">AAACG3icbVDLSgMxFM3UV62vUZdugkVwIWWmleqy2I3gpkJf0qklk6ZtaOZBckcsQ//Djb/ixoUirgQX/o1pO4i2Hgice8693NzjhoIrsKwvI7W0vLK6ll7PbGxube+Yu3t1FUSSshoNRCCbLlFMcJ/VgINgzVAy4rmCNdxheeI37phUPPCrMApZ2yN9n/c4JaCljpl3gN1DfFUYO8A9pvBPfeIkvHwz7hRwYldv8x0za+WsKfAisROSRQkqHfPD6QY08pgPVBClWrYVQjsmEjgVbJxxIsVCQoekz1qa+kQvasfT28b4SCtd3Aukfj7gqfp7IiaeUiPP1Z0egYGa9ybif14rgt55O+Z+GAHz6WxRLxIYAjwJCne5ZBTESBNCJdd/xXRAJKGg48zoEOz5kxdJPZ+zi7ni9Wm2dJHEkUYH6BAdIxudoRK6RBVUQxQ9oCf0gl6NR+PZeDPeZ60pI5nZR39gfH4Dc3ahBw==</latexit>

K3⇥K3, CY3 ⇥ T 2

<latexit sha1_base64="mZ1842Xs7jM2+wzL3Z6+hxY5mnk=">AAACJ3icbVBLS8NAGNzUV62vqEcvi0XwICURqV6UohcvQgX7gCSEzXbTLt082N0IJeTfePGveBFURI/+EzdpBG0dWBhm5tv9dryYUSEN41OrLCwuLa9UV2tr6xubW/r2TldECcekgyMW8b6HBGE0JB1JJSP9mBMUeIz0vPFV7vfuCRc0Cu/kJCZOgIYh9SlGUkmufpHaxSUWH3pOajSMAkdzJLMJY25qB0iOMGLpTZbBczNz9fpPAs4TsyR1UKLt6i/2IMJJQEKJGRLCMo1YOinikmJGspqdCBIjPEZDYikaooAIJy1WzOCBUgbQj7g6oYSF+nsiRYEQk8BTyXxPMevl4n+elUj/zElpGCeShHj6kJ8wKCOYlwYHlBMs2UQRhDlVu0I8QhxhqaqtqRLM2S/Pk+5xw2w2mrcn9dZlWUcV7IF9cAhMcApa4Bq0QQdg8ACewCt40x61Z+1d+5hGK1o5swv+QPv6BtFSoks=</latexit>

`M = 1

<latexit sha1_base64="MrSJThkVLljgxD31xts/wPM0Mcg=">AAACJnicbVDNS8MwHE39nPOr6tFLcAgeZLQi04sw9OJxovuAtpQ0y7awNC1JKozSv8aL/4oXDxMRb/4ppl0F3XwQeLz3fskvL4gZlcqyPo2l5ZXVtfXKRnVza3tn19zb78goEZi0ccQi0QuQJIxy0lZUMdKLBUFhwEg3GN/kfveRCEkj/qAmMfFCNOR0QDFSWvLNq9QtLnHEMPBSq24VOF0gmUsY81M3RGqEEUvvM9/OMt+s/QTgIrFLUgMlWr45dfsRTkLCFWZISse2YuWlSCiKGcmqbiJJjPAYDYmjKUchkV5abJjBY6304SAS+nAFC/X3RIpCKSdhoJP5mnLey8X/PCdRg0svpTxOFOF49tAgYVBFMO8M9qkgWLGJJggLqneFeIQEwko3W9Ul2PNfXiSds7rdqDfuzmvN67KOCjgER+AE2OACNMEtaIE2wOAJvIApeDOejVfj3fiYRZeMcuYA/IHx9Q2lcaJJ</latexit>

`S1

<latexit sha1_base64="M2BpPTjWC/dBKYy0DZwwWcL8C1E=">AAACJHicbVDNS8MwHE39nPOr6tFLcQgeZLQiU/Ay9OJFmOA+YC0lzdItLE1Lkgoj9I/x4r/ixYMfePDi32LaVdDNB4HHe79f8vKChBIhbfvTWFhcWl5ZraxV1zc2t7bNnd2OiFOOcBvFNOa9AApMCcNtSSTFvYRjGAUUd4PxVe537zEXJGZ3cpJgL4JDRkKCoNSSb14ot7ikz4eBp+y6XeB4jmQuptRXbgTlCEGqbrIs883aj23NE6ckNVCi5Ztv7iBGaYSZRBQK0XfsRHoKckkQxVnVTQVOIBrDIe5rymCEhaeKfJl1qJWBFcZcHyatQv29oWAkxCQK9GQeUsx6ufif109leO4pwpJUYoamD4UptWRs5Y1ZA8IxknSiCUSc6KwWGkEOkdS9VnUJzuyX50nnpO406o3b01rzsqyjAvbBATgCDjgDTXANWqANEHgAT+AFvBqPxrPxbnxMRxeMcmcP/IHx9Q1SO6Gf</latexit>

`M

<latexit sha1_base64="tknIg9k6DySQH7zhy2BcKlBpT7c=">AAACJnicbVBLS8NAGNzUV62vqEcvwSJ4kJIUqV6EohePFe0DkhA22027dPNgdyOUJb/Gi3/Fi4eKiDd/ips0grYOLAwz8+1+O35CCRem+alVVlbX1jeqm7Wt7Z3dPX3/oMfjlCHcRTGN2cCHHFMS4a4gguJBwjAMfYr7/uQm9/uPmHESRw9immA3hKOIBARBoSRPv5JOcYnNRr4rzYZZ4GyJZA6m1JNOCMUYQSrvM6+ZZZ5e/wkYy8QqSR2U6Hj6zBnGKA1xJBCFnNuWmQhXQiYIojirOSnHCUQTOMK2ohEMMXdlsWFmnChlaAQxUycSRqH+npAw5Hwa+iqZr8kXvVz8z7NTEVy6kkRJKnCE5g8FKTVEbOSdGUPCMBJ0qghEjKhdDTSGDCKhmq2pEqzFLy+TXrNhtRqtu/N6+7qsowqOwDE4BRa4AG1wCzqgCxB4Ai9gBt60Z+1Ve9c+5tGKVs4cgj/Qvr4BpveiSg==</latexit>

`S2

➡ Key lies in understanding the transcendentality of periods (without computing them)



  A picture of the landscape

22

➡  Level can reduce along symmetry loci             
<latexit sha1_base64="8tYk8sP2uq8caYL9XyB8T1CeueQ=">AAACJXicbVDLSsNAFJ3UV62vqEs3g0VwVRKV6sJC0Y0boaJ9QBPCZDpph04mYWailJCfceOvuHFhEcGVv+Kk7UJbDwycOede7r3HjxmVyrK+jMLS8srqWnG9tLG5tb1j7u61ZJQITJo4YpHo+EgSRjlpKqoY6cSCoNBnpO0Pr3O//UiEpBF/UKOYuCHqcxpQjJSWPPPSIYx5qRMiNcCIpbdZVjuFDnQE7Q8UEiJ60j84V3WfZbAGbc8sWxVrArhI7Bkpgxkanjl2ehFOQsIVZkjKrm3Fyk2RUBQzkpWcRJIY4SHqk66mHIVEuunkygweaaUHg0joxxWcqL87UhRKOQp9XZnvKee9XPzP6yYquHBTyuNEEY6ng4KEQRXBPDLYo4JgxUaaICyo3hXiARIIKx1sSYdgz5+8SFonFbtaqd6dletXsziK4AAcgmNgg3NQBzegAZoAg2fwCt7B2Hgx3owP43NaWjBmPfvgD4zvHyd5pQU=</latexit>

`M = 3 ! `S = 1
<latexit sha1_base64="ZCHLoLLZZuuL4sI3tPgl0+R7B4k=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI/FXjxWsB+yXUo2zbah2WRJZsWy9Gd48aCIV3+NN/+NabsHbX0w8Hhvhpl5YSK4Adf9dgpr6xubW8Xt0s7u3v5B+fCobVSqKWtRJZTuhsQwwSVrAQfBuolmJA4F64TjxszvPDJtuJL3MElYEJOh5BGnBKzk94A9QdZ4mPYv++WKW3XnwKvEy0kF5Wj2y1+9gaJpzCRQQYzxPTeBICMaOBVsWuqlhiWEjsmQ+ZZKEjMTZPOTp/jMKgMcKW1LAp6rvycyEhsziUPbGRMYmWVvJv7n+SlE10HGZZICk3SxKEoFBoVn/+MB14yCmFhCqOb2VkxHRBMKNqWSDcFbfnmVtC+qXq1au7us1G/yOIroBJ2ic+ShK1RHt6iJWogihZ7RK3pzwHlx3p2PRWvByWeO0R84nz85cJE7</latexit>

CY4

<latexit sha1_base64="ZqgsZk1rv2+iufa824A5Oeg4054=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2ge0Q8mkmTY0k4xJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uScniDnTxnW/ncLa+sbmVnG7tLO7t39QPjxqaZkoQptEcqk6AdaUM0GbhhlOO7GiOAo4bQfj28xvT6jSTIpHM42pH+GhYCEj2FjJ70XYjAjm6cOs7/XLFbfqzoFWiZeTCuRo9MtfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhNd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfVq1dr9ZaV+k9dRhBM4hXPw4ArqcAcNaAKBJ3iGV3hzJs6L8+58LEYLTr5zDH/gfP4AvNySGA==</latexit>

S1<latexit sha1_base64="Q6XaziKelLWqV3wp9E02j7LMcRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjRuhgn3AdCiZNNOGZpIhuSOUoZ/hxoUibv0ad/6NmXYW2nogcDjnXnLuCRPBDbjut1NaW9/Y3CpvV3Z29/YPqodHHaNSTVmbKqF0LySGCS5ZGzgI1ks0I3EoWDec3OZ+94lpw5V8hGnCgpiMJI84JWAlvx8TGFMisvvZoFpz6+4ceJV4BamhAq1B9as/VDSNmQQqiDG+5yYQZEQDp4LNKv3UsITQCRkx31JJYmaCbB55hs+sMsSR0vZJwHP190ZGYmOmcWgn84hm2cvF/zw/heg6yLhMUmCSLj6KUoFB4fx+POSaURBTSwjV3GbFdEw0oWBbqtgSvOWTV0nnou416o2Hy1rzpqijjE7QKTpHHrpCTXSHWqiNKFLoGb2iNwecF+fd+ViMlpxi5xj9gfP5A4YckW4=</latexit>

M

<latexit sha1_base64="WenY2UjQ+qPUmZvaLhKaiE4HNHQ=">AAAB9HicbVDLSgMxFL3xWeur6tJNsAiuykyR6rLoxmVF+4B2KJk004ZmMmOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7snxY8G1cZxvtLa+sbm1Xdgp7u7tHxyWjo5bOkoUZU0aiUh1fKKZ4JI1DTeCdWLFSOgL1vbHt5nfnjCleSQfzTRmXkiGkgecEmMlrxcSM6JEpA+zfrVfKjsVZw68StyclCFHo1/66g0imoRMGiqI1l3XiY2XEmU4FWxW7CWaxYSOyZB1LZUkZNpL56Fn+NwqAxxEyj5p8Fz9vZGSUOtp6NvJLKRe9jLxP6+bmODaS7mME8MkXRwKEoFNhLMG8IArRo2YWkKo4jYrpiOiCDW2p6ItwV3+8ippVSturVK7vyzXb/I6CnAKZ3ABLlxBHe6gAU2g8ATP8ApvaIJe0Dv6WIyuoXznBP4Aff4AvmCSGQ==</latexit>

S2

<latexit sha1_base64="MrSJThkVLljgxD31xts/wPM0Mcg=">AAACJnicbVDNS8MwHE39nPOr6tFLcAgeZLQi04sw9OJxovuAtpQ0y7awNC1JKozSv8aL/4oXDxMRb/4ppl0F3XwQeLz3fskvL4gZlcqyPo2l5ZXVtfXKRnVza3tn19zb78goEZi0ccQi0QuQJIxy0lZUMdKLBUFhwEg3GN/kfveRCEkj/qAmMfFCNOR0QDFSWvLNq9QtLnHEMPBSq24VOF0gmUsY81M3RGqEEUvvM9/OMt+s/QTgIrFLUgMlWr45dfsRTkLCFWZISse2YuWlSCiKGcmqbiJJjPAYDYmjKUchkV5abJjBY6304SAS+nAFC/X3RIpCKSdhoJP5mnLey8X/PCdRg0svpTxOFOF49tAgYVBFMO8M9qkgWLGJJggLqneFeIQEwko3W9Ul2PNfXiSds7rdqDfuzmvN67KOCjgER+AE2OACNMEtaIE2wOAJvIApeDOejVfj3fiYRZeMcuYA/IHx9Q2lcaJJ</latexit>

`S1

<latexit sha1_base64="M2BpPTjWC/dBKYy0DZwwWcL8C1E=">AAACJHicbVDNS8MwHE39nPOr6tFLcQgeZLQiU/Ay9OJFmOA+YC0lzdItLE1Lkgoj9I/x4r/ixYMfePDi32LaVdDNB4HHe79f8vKChBIhbfvTWFhcWl5ZraxV1zc2t7bNnd2OiFOOcBvFNOa9AApMCcNtSSTFvYRjGAUUd4PxVe537zEXJGZ3cpJgL4JDRkKCoNSSb14ot7ikz4eBp+y6XeB4jmQuptRXbgTlCEGqbrIs883aj23NE6ckNVCi5Ztv7iBGaYSZRBQK0XfsRHoKckkQxVnVTQVOIBrDIe5rymCEhaeKfJl1qJWBFcZcHyatQv29oWAkxCQK9GQeUsx6ufif109leO4pwpJUYoamD4UptWRs5Y1ZA8IxknSiCUSc6KwWGkEOkdS9VnUJzuyX50nnpO406o3b01rzsqyjAvbBATgCDjgDTXANWqANEHgAT+AFvBqPxrPxbnxMRxeMcmcP/IHx9Q1SO6Gf</latexit>

`M

<latexit sha1_base64="tknIg9k6DySQH7zhy2BcKlBpT7c=">AAACJnicbVBLS8NAGNzUV62vqEcvwSJ4kJIUqV6EohePFe0DkhA22027dPNgdyOUJb/Gi3/Fi4eKiDd/ips0grYOLAwz8+1+O35CCRem+alVVlbX1jeqm7Wt7Z3dPX3/oMfjlCHcRTGN2cCHHFMS4a4gguJBwjAMfYr7/uQm9/uPmHESRw9immA3hKOIBARBoSRPv5JOcYnNRr4rzYZZ4GyJZA6m1JNOCMUYQSrvM6+ZZZ5e/wkYy8QqSR2U6Hj6zBnGKA1xJBCFnNuWmQhXQiYIojirOSnHCUQTOMK2ohEMMXdlsWFmnChlaAQxUycSRqH+npAw5Hwa+iqZr8kXvVz8z7NTEVy6kkRJKnCE5g8FKTVEbOSdGUPCMBJ0qghEjKhdDTSGDCKhmq2pEqzFLy+TXrNhtRqtu/N6+7qsowqOwDE4BRa4AG1wCzqgCxB4Ai9gBt60Z+1Ve9c+5tGKVs4cgj/Qvr4BpveiSg==</latexit>

`S2

[TG,van de Heisteeg ‘24]
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new symmetry operator:                                  new Hodge tensor  

➡  Level can reduce along symmetry loci             
<latexit sha1_base64="8tYk8sP2uq8caYL9XyB8T1CeueQ=">AAACJXicbVDLSsNAFJ3UV62vqEs3g0VwVRKV6sJC0Y0boaJ9QBPCZDpph04mYWailJCfceOvuHFhEcGVv+Kk7UJbDwycOede7r3HjxmVyrK+jMLS8srqWnG9tLG5tb1j7u61ZJQITJo4YpHo+EgSRjlpKqoY6cSCoNBnpO0Pr3O//UiEpBF/UKOYuCHqcxpQjJSWPPPSIYx5qRMiNcCIpbdZVjuFDnQE7Q8UEiJ60j84V3WfZbAGbc8sWxVrArhI7Bkpgxkanjl2ehFOQsIVZkjKrm3Fyk2RUBQzkpWcRJIY4SHqk66mHIVEuunkygweaaUHg0joxxWcqL87UhRKOQp9XZnvKee9XPzP6yYquHBTyuNEEY6ng4KEQRXBPDLYo4JgxUaaICyo3hXiARIIKx1sSYdgz5+8SFonFbtaqd6dletXsziK4AAcgmNgg3NQBzegAZoAg2fwCt7B2Hgx3owP43NaWjBmPfvgD4zvHyd5pQU=</latexit>

`M = 3 ! `S = 1
<latexit sha1_base64="ZCHLoLLZZuuL4sI3tPgl0+R7B4k=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI/FXjxWsB+yXUo2zbah2WRJZsWy9Gd48aCIV3+NN/+NabsHbX0w8Hhvhpl5YSK4Adf9dgpr6xubW8Xt0s7u3v5B+fCobVSqKWtRJZTuhsQwwSVrAQfBuolmJA4F64TjxszvPDJtuJL3MElYEJOh5BGnBKzk94A9QdZ4mPYv++WKW3XnwKvEy0kF5Wj2y1+9gaJpzCRQQYzxPTeBICMaOBVsWuqlhiWEjsmQ+ZZKEjMTZPOTp/jMKgMcKW1LAp6rvycyEhsziUPbGRMYmWVvJv7n+SlE10HGZZICk3SxKEoFBoVn/+MB14yCmFhCqOb2VkxHRBMKNqWSDcFbfnmVtC+qXq1au7us1G/yOIroBJ2ic+ShK1RHt6iJWogihZ7RK3pzwHlx3p2PRWvByWeO0R84nz85cJE7</latexit>

CY4

<latexit sha1_base64="ZqgsZk1rv2+iufa824A5Oeg4054=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2ge0Q8mkmTY0k4xJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uScniDnTxnW/ncLa+sbmVnG7tLO7t39QPjxqaZkoQptEcqk6AdaUM0GbhhlOO7GiOAo4bQfj28xvT6jSTIpHM42pH+GhYCEj2FjJ70XYjAjm6cOs7/XLFbfqzoFWiZeTCuRo9MtfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhNd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfVq1dr9ZaV+k9dRhBM4hXPw4ArqcAcNaAKBJ3iGV3hzJs6L8+58LEYLTr5zDH/gfP4AvNySGA==</latexit>

S1<latexit sha1_base64="Q6XaziKelLWqV3wp9E02j7LMcRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjRuhgn3AdCiZNNOGZpIhuSOUoZ/hxoUibv0ad/6NmXYW2nogcDjnXnLuCRPBDbjut1NaW9/Y3CpvV3Z29/YPqodHHaNSTVmbKqF0LySGCS5ZGzgI1ks0I3EoWDec3OZ+94lpw5V8hGnCgpiMJI84JWAlvx8TGFMisvvZoFpz6+4ceJV4BamhAq1B9as/VDSNmQQqiDG+5yYQZEQDp4LNKv3UsITQCRkx31JJYmaCbB55hs+sMsSR0vZJwHP190ZGYmOmcWgn84hm2cvF/zw/heg6yLhMUmCSLj6KUoFB4fx+POSaURBTSwjV3GbFdEw0oWBbqtgSvOWTV0nnou416o2Hy1rzpqijjE7QKTpHHrpCTXSHWqiNKFLoGb2iNwecF+fd+ViMlpxi5xj9gfP5A4YckW4=</latexit>

M

<latexit sha1_base64="WenY2UjQ+qPUmZvaLhKaiE4HNHQ=">AAAB9HicbVDLSgMxFL3xWeur6tJNsAiuykyR6rLoxmVF+4B2KJk004ZmMmOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7snxY8G1cZxvtLa+sbm1Xdgp7u7tHxyWjo5bOkoUZU0aiUh1fKKZ4JI1DTeCdWLFSOgL1vbHt5nfnjCleSQfzTRmXkiGkgecEmMlrxcSM6JEpA+zfrVfKjsVZw68StyclCFHo1/66g0imoRMGiqI1l3XiY2XEmU4FWxW7CWaxYSOyZB1LZUkZNpL56Fn+NwqAxxEyj5p8Fz9vZGSUOtp6NvJLKRe9jLxP6+bmODaS7mME8MkXRwKEoFNhLMG8IArRo2YWkKo4jYrpiOiCDW2p6ItwV3+8ippVSturVK7vyzXb/I6CnAKZ3ABLlxBHe6gAU2g8ATP8ApvaIJe0Dv6WIyuoXznBP4Aff4AvmCSGQ==</latexit>

S2

<latexit sha1_base64="MrSJThkVLljgxD31xts/wPM0Mcg=">AAACJnicbVDNS8MwHE39nPOr6tFLcAgeZLQi04sw9OJxovuAtpQ0y7awNC1JKozSv8aL/4oXDxMRb/4ppl0F3XwQeLz3fskvL4gZlcqyPo2l5ZXVtfXKRnVza3tn19zb78goEZi0ccQi0QuQJIxy0lZUMdKLBUFhwEg3GN/kfveRCEkj/qAmMfFCNOR0QDFSWvLNq9QtLnHEMPBSq24VOF0gmUsY81M3RGqEEUvvM9/OMt+s/QTgIrFLUgMlWr45dfsRTkLCFWZISse2YuWlSCiKGcmqbiJJjPAYDYmjKUchkV5abJjBY6304SAS+nAFC/X3RIpCKSdhoJP5mnLey8X/PCdRg0svpTxOFOF49tAgYVBFMO8M9qkgWLGJJggLqneFeIQEwko3W9Ul2PNfXiSds7rdqDfuzmvN67KOCjgER+AE2OACNMEtaIE2wOAJvIApeDOejVfj3fiYRZeMcuYA/IHx9Q2lcaJJ</latexit>

`S1

<latexit sha1_base64="M2BpPTjWC/dBKYy0DZwwWcL8C1E=">AAACJHicbVDNS8MwHE39nPOr6tFLcQgeZLQiU/Ay9OJFmOA+YC0lzdItLE1Lkgoj9I/x4r/ixYMfePDi32LaVdDNB4HHe79f8vKChBIhbfvTWFhcWl5ZraxV1zc2t7bNnd2OiFOOcBvFNOa9AApMCcNtSSTFvYRjGAUUd4PxVe537zEXJGZ3cpJgL4JDRkKCoNSSb14ot7ikz4eBp+y6XeB4jmQuptRXbgTlCEGqbrIs883aj23NE6ckNVCi5Ztv7iBGaYSZRBQK0XfsRHoKckkQxVnVTQVOIBrDIe5rymCEhaeKfJl1qJWBFcZcHyatQv29oWAkxCQK9GQeUsx6ufif109leO4pwpJUYoamD4UptWRs5Y1ZA8IxknSiCUSc6KwWGkEOkdS9VnUJzuyX50nnpO406o3b01rzsqyjAvbBATgCDjgDTXANWqANEHgAT+AFvBqPxrPxbnxMRxeMcmcP/IHx9Q1SO6Gf</latexit>

`M

<latexit sha1_base64="tknIg9k6DySQH7zhy2BcKlBpT7c=">AAACJnicbVBLS8NAGNzUV62vqEcvwSJ4kJIUqV6EohePFe0DkhA22027dPNgdyOUJb/Gi3/Fi4eKiDd/ips0grYOLAwz8+1+O35CCRem+alVVlbX1jeqm7Wt7Z3dPX3/oMfjlCHcRTGN2cCHHFMS4a4gguJBwjAMfYr7/uQm9/uPmHESRw9immA3hKOIBARBoSRPv5JOcYnNRr4rzYZZ4GyJZA6m1JNOCMUYQSrvM6+ZZZ5e/wkYy8QqSR2U6Hj6zBnGKA1xJBCFnNuWmQhXQiYIojirOSnHCUQTOMK2ohEMMXdlsWFmnChlaAQxUycSRqH+npAw5Hwa+iqZr8kXvVz8z7NTEVy6kkRJKnCE5g8FKTVEbOSdGUPCMBJ0qghEjKhdDTSGDCKhmq2pEqzFLy+TXrNhtRqtu/N6+7qsowqOwDE4BRa4AG1wCzqgCxB4Ai9gBt60Z+1Ve9c+5tGKVs4cgj/Qvr4BpveiSg==</latexit>

`S2

[TG,van de Heisteeg ‘24]



  A picture of the landscape

22

new symmetry operator:                                  new Hodge tensor  

➡  Level can reduce along symmetry loci             
<latexit sha1_base64="8tYk8sP2uq8caYL9XyB8T1CeueQ=">AAACJXicbVDLSsNAFJ3UV62vqEs3g0VwVRKV6sJC0Y0boaJ9QBPCZDpph04mYWailJCfceOvuHFhEcGVv+Kk7UJbDwycOede7r3HjxmVyrK+jMLS8srqWnG9tLG5tb1j7u61ZJQITJo4YpHo+EgSRjlpKqoY6cSCoNBnpO0Pr3O//UiEpBF/UKOYuCHqcxpQjJSWPPPSIYx5qRMiNcCIpbdZVjuFDnQE7Q8UEiJ60j84V3WfZbAGbc8sWxVrArhI7Bkpgxkanjl2ehFOQsIVZkjKrm3Fyk2RUBQzkpWcRJIY4SHqk66mHIVEuunkygweaaUHg0joxxWcqL87UhRKOQp9XZnvKee9XPzP6yYquHBTyuNEEY6ng4KEQRXBPDLYo4JgxUaaICyo3hXiARIIKx1sSYdgz5+8SFonFbtaqd6dletXsziK4AAcgmNgg3NQBzegAZoAg2fwCt7B2Hgx3owP43NaWjBmPfvgD4zvHyd5pQU=</latexit>

`M = 3 ! `S = 1
<latexit sha1_base64="ZCHLoLLZZuuL4sI3tPgl0+R7B4k=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI/FXjxWsB+yXUo2zbah2WRJZsWy9Gd48aCIV3+NN/+NabsHbX0w8Hhvhpl5YSK4Adf9dgpr6xubW8Xt0s7u3v5B+fCobVSqKWtRJZTuhsQwwSVrAQfBuolmJA4F64TjxszvPDJtuJL3MElYEJOh5BGnBKzk94A9QdZ4mPYv++WKW3XnwKvEy0kF5Wj2y1+9gaJpzCRQQYzxPTeBICMaOBVsWuqlhiWEjsmQ+ZZKEjMTZPOTp/jMKgMcKW1LAp6rvycyEhsziUPbGRMYmWVvJv7n+SlE10HGZZICk3SxKEoFBoVn/+MB14yCmFhCqOb2VkxHRBMKNqWSDcFbfnmVtC+qXq1au7us1G/yOIroBJ2ic+ShK1RHt6iJWogihZ7RK3pzwHlx3p2PRWvByWeO0R84nz85cJE7</latexit>

CY4

‣       on orbifold locus  
               

<latexit sha1_base64="XbKS701gd3eDwKVTt3oy5s7Z76U="></latexit>

Ms 2
M

p,q

H
p,q ⌦ (Hp,q)_

<latexit sha1_base64="7tysQ4kv6shNYhOxPaqACo66VqM=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL16ECOYhyRJmJ7PJkHksM7NCWPIVXjwo4tXP8ebfOEn2oNGChqKqm+6uKOHMWN//8gorq2vrG8XN0tb2zu5eef+gZVSqCW0SxZXuRNhQziRtWmY57SSaYhFx2o7G1zO//Ui1YUre20lCQ4GHksWMYOukh9t+1tMCmWm/XPGr/hzoLwlyUoEcjX75szdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm84On6MQpAxQr7UpaNFd/TmRYGDMRkesU2I7MsjcT//O6qY0vw4zJJLVUksWiOOXIKjT7Hg2YpsTyiSOYaOZuRWSENSbWZVRyIQTLL/8lrbNqUKvW7s4r9as8jiIcwTGcQgAXUIcbaEATCAh4ghd49bT37L1574vWgpfPHMIveB/fodaQUQ==</latexit>

Ms

<latexit sha1_base64="ZqgsZk1rv2+iufa824A5Oeg4054=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2ge0Q8mkmTY0k4xJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uScniDnTxnW/ncLa+sbmVnG7tLO7t39QPjxqaZkoQptEcqk6AdaUM0GbhhlOO7GiOAo4bQfj28xvT6jSTIpHM42pH+GhYCEj2FjJ70XYjAjm6cOs7/XLFbfqzoFWiZeTCuRo9MtfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhNd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfVq1dr9ZaV+k9dRhBM4hXPw4ArqcAcNaAKBJ3iGV3hzJs6L8+58LEYLTr5zDH/gfP4AvNySGA==</latexit>

S1<latexit sha1_base64="Q6XaziKelLWqV3wp9E02j7LMcRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjRuhgn3AdCiZNNOGZpIhuSOUoZ/hxoUibv0ad/6NmXYW2nogcDjnXnLuCRPBDbjut1NaW9/Y3CpvV3Z29/YPqodHHaNSTVmbKqF0LySGCS5ZGzgI1ks0I3EoWDec3OZ+94lpw5V8hGnCgpiMJI84JWAlvx8TGFMisvvZoFpz6+4ceJV4BamhAq1B9as/VDSNmQQqiDG+5yYQZEQDp4LNKv3UsITQCRkx31JJYmaCbB55hs+sMsSR0vZJwHP190ZGYmOmcWgn84hm2cvF/zw/heg6yLhMUmCSLj6KUoFB4fx+POSaURBTSwjV3GbFdEw0oWBbqtgSvOWTV0nnou416o2Hy1rzpqijjE7QKTpHHrpCTXSHWqiNKFLoGb2iNwecF+fd+ViMlpxi5xj9gfP5A4YckW4=</latexit>

M

<latexit sha1_base64="WenY2UjQ+qPUmZvaLhKaiE4HNHQ=">AAAB9HicbVDLSgMxFL3xWeur6tJNsAiuykyR6rLoxmVF+4B2KJk004ZmMmOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7snxY8G1cZxvtLa+sbm1Xdgp7u7tHxyWjo5bOkoUZU0aiUh1fKKZ4JI1DTeCdWLFSOgL1vbHt5nfnjCleSQfzTRmXkiGkgecEmMlrxcSM6JEpA+zfrVfKjsVZw68StyclCFHo1/66g0imoRMGiqI1l3XiY2XEmU4FWxW7CWaxYSOyZB1LZUkZNpL56Fn+NwqAxxEyj5p8Fz9vZGSUOtp6NvJLKRe9jLxP6+bmODaS7mME8MkXRwKEoFNhLMG8IArRo2YWkKo4jYrpiOiCDW2p6ItwV3+8ippVSturVK7vyzXb/I6CnAKZ3ABLlxBHe6gAU2g8ATP8ApvaIJe0Dv6WIyuoXznBP4Aff4AvmCSGQ==</latexit>

S2

<latexit sha1_base64="MrSJThkVLljgxD31xts/wPM0Mcg=">AAACJnicbVDNS8MwHE39nPOr6tFLcAgeZLQi04sw9OJxovuAtpQ0y7awNC1JKozSv8aL/4oXDxMRb/4ppl0F3XwQeLz3fskvL4gZlcqyPo2l5ZXVtfXKRnVza3tn19zb78goEZi0ccQi0QuQJIxy0lZUMdKLBUFhwEg3GN/kfveRCEkj/qAmMfFCNOR0QDFSWvLNq9QtLnHEMPBSq24VOF0gmUsY81M3RGqEEUvvM9/OMt+s/QTgIrFLUgMlWr45dfsRTkLCFWZISse2YuWlSCiKGcmqbiJJjPAYDYmjKUchkV5abJjBY6304SAS+nAFC/X3RIpCKSdhoJP5mnLey8X/PCdRg0svpTxOFOF49tAgYVBFMO8M9qkgWLGJJggLqneFeIQEwko3W9Ul2PNfXiSds7rdqDfuzmvN67KOCjgER+AE2OACNMEtaIE2wOAJvIApeDOejVfj3fiYRZeMcuYA/IHx9Q2lcaJJ</latexit>

`S1

<latexit sha1_base64="M2BpPTjWC/dBKYy0DZwwWcL8C1E=">AAACJHicbVDNS8MwHE39nPOr6tFLcQgeZLQiU/Ay9OJFmOA+YC0lzdItLE1Lkgoj9I/x4r/ixYMfePDi32LaVdDNB4HHe79f8vKChBIhbfvTWFhcWl5ZraxV1zc2t7bNnd2OiFOOcBvFNOa9AApMCcNtSSTFvYRjGAUUd4PxVe537zEXJGZ3cpJgL4JDRkKCoNSSb14ot7ikz4eBp+y6XeB4jmQuptRXbgTlCEGqbrIs883aj23NE6ckNVCi5Ztv7iBGaYSZRBQK0XfsRHoKckkQxVnVTQVOIBrDIe5rymCEhaeKfJl1qJWBFcZcHyatQv29oWAkxCQK9GQeUsx6ufif109leO4pwpJUYoamD4UptWRs5Y1ZA8IxknSiCUSc6KwWGkEOkdS9VnUJzuyX50nnpO406o3b01rzsqyjAvbBATgCDjgDTXANWqANEHgAT+AFvBqPxrPxbnxMRxeMcmcP/IHx9Q1SO6Gf</latexit>

`M

<latexit sha1_base64="tknIg9k6DySQH7zhy2BcKlBpT7c=">AAACJnicbVBLS8NAGNzUV62vqEcvwSJ4kJIUqV6EohePFe0DkhA22027dPNgdyOUJb/Gi3/Fi4eKiDd/ips0grYOLAwz8+1+O35CCRem+alVVlbX1jeqm7Wt7Z3dPX3/oMfjlCHcRTGN2cCHHFMS4a4gguJBwjAMfYr7/uQm9/uPmHESRw9immA3hKOIBARBoSRPv5JOcYnNRr4rzYZZ4GyJZA6m1JNOCMUYQSrvM6+ZZZ5e/wkYy8QqSR2U6Hj6zBnGKA1xJBCFnNuWmQhXQiYIojirOSnHCUQTOMK2ohEMMXdlsWFmnChlaAQxUycSRqH+npAw5Hwa+iqZr8kXvVz8z7NTEVy6kkRJKnCE5g8FKTVEbOSdGUPCMBJ0qghEjKhdDTSGDCKhmq2pEqzFLy+TXrNhtRqtu/N6+7qsowqOwDE4BRa4AG1wCzqgCxB4Ai9gBt60Z+1Ve9c+5tGKVs4cgj/Qvr4BpveiSg==</latexit>

`S2

[TG,van de Heisteeg ‘24]
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new symmetry operator:                                  new Hodge tensor  

➡  Level can reduce along symmetry loci             
<latexit sha1_base64="8tYk8sP2uq8caYL9XyB8T1CeueQ=">AAACJXicbVDLSsNAFJ3UV62vqEs3g0VwVRKV6sJC0Y0boaJ9QBPCZDpph04mYWailJCfceOvuHFhEcGVv+Kk7UJbDwycOede7r3HjxmVyrK+jMLS8srqWnG9tLG5tb1j7u61ZJQITJo4YpHo+EgSRjlpKqoY6cSCoNBnpO0Pr3O//UiEpBF/UKOYuCHqcxpQjJSWPPPSIYx5qRMiNcCIpbdZVjuFDnQE7Q8UEiJ60j84V3WfZbAGbc8sWxVrArhI7Bkpgxkanjl2ehFOQsIVZkjKrm3Fyk2RUBQzkpWcRJIY4SHqk66mHIVEuunkygweaaUHg0joxxWcqL87UhRKOQp9XZnvKee9XPzP6yYquHBTyuNEEY6ng4KEQRXBPDLYo4JgxUaaICyo3hXiARIIKx1sSYdgz5+8SFonFbtaqd6dletXsziK4AAcgmNgg3NQBzegAZoAg2fwCt7B2Hgx3owP43NaWjBmPfvgD4zvHyd5pQU=</latexit>

`M = 3 ! `S = 1
<latexit sha1_base64="ZCHLoLLZZuuL4sI3tPgl0+R7B4k=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI/FXjxWsB+yXUo2zbah2WRJZsWy9Gd48aCIV3+NN/+NabsHbX0w8Hhvhpl5YSK4Adf9dgpr6xubW8Xt0s7u3v5B+fCobVSqKWtRJZTuhsQwwSVrAQfBuolmJA4F64TjxszvPDJtuJL3MElYEJOh5BGnBKzk94A9QdZ4mPYv++WKW3XnwKvEy0kF5Wj2y1+9gaJpzCRQQYzxPTeBICMaOBVsWuqlhiWEjsmQ+ZZKEjMTZPOTp/jMKgMcKW1LAp6rvycyEhsziUPbGRMYmWVvJv7n+SlE10HGZZICk3SxKEoFBoVn/+MB14yCmFhCqOb2VkxHRBMKNqWSDcFbfnmVtC+qXq1au7us1G/yOIroBJ2ic+ShK1RHt6iJWogihZ7RK3pzwHlx3p2PRWvByWeO0R84nz85cJE7</latexit>

CY4

‣       on orbifold locus  
               

<latexit sha1_base64="XbKS701gd3eDwKVTt3oy5s7Z76U="></latexit>

Ms 2
M

p,q

H
p,q ⌦ (Hp,q)_

<latexit sha1_base64="7tysQ4kv6shNYhOxPaqACo66VqM=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL16ECOYhyRJmJ7PJkHksM7NCWPIVXjwo4tXP8ebfOEn2oNGChqKqm+6uKOHMWN//8gorq2vrG8XN0tb2zu5eef+gZVSqCW0SxZXuRNhQziRtWmY57SSaYhFx2o7G1zO//Ui1YUre20lCQ4GHksWMYOukh9t+1tMCmWm/XPGr/hzoLwlyUoEcjX75szdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm84On6MQpAxQr7UpaNFd/TmRYGDMRkesU2I7MsjcT//O6qY0vw4zJJLVUksWiOOXIKjT7Hg2YpsTyiSOYaOZuRWSENSbWZVRyIQTLL/8lrbNqUKvW7s4r9as8jiIcwTGcQgAXUIcbaEATCAh4ghd49bT37L1574vWgpfPHMIveB/fodaQUQ==</latexit>

Ms

<latexit sha1_base64="OL2IKVrBCuEVQZMIQppY+pFKX/o=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9SIUvXisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDv1W09cGxGrRxwn3I/oQIlQMIpWemhdu71S2a24M5Bl4uWkDDnqvdJXtx+zNOIKmaTGdDw3QT+jGgWTfFLspoYnlI3ogHcsVTTixs9mp07IqVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdoQvMWXl0nzvOJVK9X7i3LtJo+jAMdwAmfgwSXU4A7q0AAGA3iGV3hzpPPivDsf89YVJ585gj9wPn8Ap7+NZw==</latexit>

W = 0
<latexit sha1_base64="0HSIsQXp6kYYFJGJcsBArv42Jzg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKiB6DHvQY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YRK81g+mnGCfkQHkoecUWOlh9tepVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjlT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0L8petVy9r5Rq11kceTiBUzgHDy6hBndQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwByRmNfQ==</latexit>

G4‣      with                 on vacuum locus  
<latexit sha1_base64="/fAI229elKQV7Og1fcQoBBTQR8Q=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBg5SklOqx6MEeK9gPaGPYbLft0s0m7G6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvCDmTGnH+bbW1jc2t7ZzO/ndvf2Dgn141FJRIgltkohHshNgRTkTtKmZ5rQTS4rDgNN2ML6Z+e1HKhWLxL2exNQL8VCwASNYG8m3C7d+BfWYQPWHtHxRnvp20Sk5c6BV4makCBkavv3V60ckCanQhGOluq4Tay/FUjPC6TTfSxSNMRnjIe0aKnBIlZfOD5+iM6P00SCSpoRGc/X3RIpDpSZhYDpDrEdq2ZuJ/3ndRA+uvJSJONFUkMWiQcKRjtAsBdRnkhLNJ4ZgIpm5FZERlphok1XehOAuv7xKWuWSWy1V7yrF2nUWRw5O4BTOwYVLqEEdGtAEAgk8wyu8WU/Wi/VufSxa16xs5hj+wPr8AZpxkcc=</latexit>

G4 2 H
2,2

<latexit sha1_base64="ZqgsZk1rv2+iufa824A5Oeg4054=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2ge0Q8mkmTY0k4xJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uScniDnTxnW/ncLa+sbmVnG7tLO7t39QPjxqaZkoQptEcqk6AdaUM0GbhhlOO7GiOAo4bQfj28xvT6jSTIpHM42pH+GhYCEj2FjJ70XYjAjm6cOs7/XLFbfqzoFWiZeTCuRo9MtfvYEkSUSFIRxr3fXc2PgpVoYRTmelXqJpjMkYD2nXUoEjqv10HnqGzqwyQKFU9gmD5urvjRRHWk+jwE5mIfWyl4n/ed3EhNd+ykScGCrI4lCYcGQkyhpAA6YoMXxqCSaK2ayIjLDCxNieSrYEb/nLq6R1UfVq1dr9ZaV+k9dRhBM4hXPw4ArqcAcNaAKBJ3iGV3hzJs6L8+58LEYLTr5zDH/gfP4AvNySGA==</latexit>

S1<latexit sha1_base64="Q6XaziKelLWqV3wp9E02j7LMcRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjRuhgn3AdCiZNNOGZpIhuSOUoZ/hxoUibv0ad/6NmXYW2nogcDjnXnLuCRPBDbjut1NaW9/Y3CpvV3Z29/YPqodHHaNSTVmbKqF0LySGCS5ZGzgI1ks0I3EoWDec3OZ+94lpw5V8hGnCgpiMJI84JWAlvx8TGFMisvvZoFpz6+4ceJV4BamhAq1B9as/VDSNmQQqiDG+5yYQZEQDp4LNKv3UsITQCRkx31JJYmaCbB55hs+sMsSR0vZJwHP190ZGYmOmcWgn84hm2cvF/zw/heg6yLhMUmCSLj6KUoFB4fx+POSaURBTSwjV3GbFdEw0oWBbqtgSvOWTV0nnou416o2Hy1rzpqijjE7QKTpHHrpCTXSHWqiNKFLoGb2iNwecF+fd+ViMlpxi5xj9gfP5A4YckW4=</latexit>

M

<latexit sha1_base64="WenY2UjQ+qPUmZvaLhKaiE4HNHQ=">AAAB9HicbVDLSgMxFL3xWeur6tJNsAiuykyR6rLoxmVF+4B2KJk004ZmMmOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7snxY8G1cZxvtLa+sbm1Xdgp7u7tHxyWjo5bOkoUZU0aiUh1fKKZ4JI1DTeCdWLFSOgL1vbHt5nfnjCleSQfzTRmXkiGkgecEmMlrxcSM6JEpA+zfrVfKjsVZw68StyclCFHo1/66g0imoRMGiqI1l3XiY2XEmU4FWxW7CWaxYSOyZB1LZUkZNpL56Fn+NwqAxxEyj5p8Fz9vZGSUOtp6NvJLKRe9jLxP6+bmODaS7mME8MkXRwKEoFNhLMG8IArRo2YWkKo4jYrpiOiCDW2p6ItwV3+8ippVSturVK7vyzXb/I6CnAKZ3ABLlxBHe6gAU2g8ATP8ApvaIJe0Dv6WIyuoXznBP4Aff4AvmCSGQ==</latexit>

S2

<latexit sha1_base64="MrSJThkVLljgxD31xts/wPM0Mcg=">AAACJnicbVDNS8MwHE39nPOr6tFLcAgeZLQi04sw9OJxovuAtpQ0y7awNC1JKozSv8aL/4oXDxMRb/4ppl0F3XwQeLz3fskvL4gZlcqyPo2l5ZXVtfXKRnVza3tn19zb78goEZi0ccQi0QuQJIxy0lZUMdKLBUFhwEg3GN/kfveRCEkj/qAmMfFCNOR0QDFSWvLNq9QtLnHEMPBSq24VOF0gmUsY81M3RGqEEUvvM9/OMt+s/QTgIrFLUgMlWr45dfsRTkLCFWZISse2YuWlSCiKGcmqbiJJjPAYDYmjKUchkV5abJjBY6304SAS+nAFC/X3RIpCKSdhoJP5mnLey8X/PCdRg0svpTxOFOF49tAgYVBFMO8M9qkgWLGJJggLqneFeIQEwko3W9Ul2PNfXiSds7rdqDfuzmvN67KOCjgER+AE2OACNMEtaIE2wOAJvIApeDOejVfj3fiYRZeMcuYA/IHx9Q2lcaJJ</latexit>

`S1

<latexit sha1_base64="M2BpPTjWC/dBKYy0DZwwWcL8C1E=">AAACJHicbVDNS8MwHE39nPOr6tFLcQgeZLQiU/Ay9OJFmOA+YC0lzdItLE1Lkgoj9I/x4r/ixYMfePDi32LaVdDNB4HHe79f8vKChBIhbfvTWFhcWl5ZraxV1zc2t7bNnd2OiFOOcBvFNOa9AApMCcNtSSTFvYRjGAUUd4PxVe537zEXJGZ3cpJgL4JDRkKCoNSSb14ot7ikz4eBp+y6XeB4jmQuptRXbgTlCEGqbrIs883aj23NE6ckNVCi5Ztv7iBGaYSZRBQK0XfsRHoKckkQxVnVTQVOIBrDIe5rymCEhaeKfJl1qJWBFcZcHyatQv29oWAkxCQK9GQeUsx6ufif109leO4pwpJUYoamD4UptWRs5Y1ZA8IxknSiCUSc6KwWGkEOkdS9VnUJzuyX50nnpO406o3b01rzsqyjAvbBATgCDjgDTXANWqANEHgAT+AFvBqPxrPxbnxMRxeMcmcP/IHx9Q1SO6Gf</latexit>

`M

<latexit sha1_base64="tknIg9k6DySQH7zhy2BcKlBpT7c=">AAACJnicbVBLS8NAGNzUV62vqEcvwSJ4kJIUqV6EohePFe0DkhA22027dPNgdyOUJb/Gi3/Fi4eKiDd/ips0grYOLAwz8+1+O35CCRem+alVVlbX1jeqm7Wt7Z3dPX3/oMfjlCHcRTGN2cCHHFMS4a4gguJBwjAMfYr7/uQm9/uPmHESRw9immA3hKOIBARBoSRPv5JOcYnNRr4rzYZZ4GyJZA6m1JNOCMUYQSrvM6+ZZZ5e/wkYy8QqSR2U6Hj6zBnGKA1xJBCFnNuWmQhXQiYIojirOSnHCUQTOMK2ohEMMXdlsWFmnChlaAQxUycSRqH+npAw5Hwa+iqZr8kXvVz8z7NTEVy6kkRJKnCE5g8FKTVEbOSdGUPCMBJ0qghEjKhdDTSGDCKhmq2pEqzFLy+TXrNhtRqtu/N6+7qsowqOwDE4BRa4AG1wCzqgCxB4Ai9gBt60Z+1Ve9c+5tGKVs4cgj/Qvr4BpveiSg==</latexit>

`S2

[TG,van de Heisteeg ‘24]
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➡ reductions in Calabi-Yau fourfolds:           
→  periods are generically transcendental 
      finite enhanced symmetry loci  
      finite flux vacua not on an enhanced symmetry locus

<latexit sha1_base64="4vNG1fiL5sjNYwaowPJXRkvMOPk=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KoVDdC0Y0boYJ9QBPCZHrbDp08mJkIJWbhr7hxoYhbf8Odf+OkzUJbDwwczrmXe+b4MWdSWda3sbC4tLyyWlorr29sbm2bO7stGSWCQpNGPBIdn0jgLISmYopDJxZAAp9D2x9d5377AYRkUXivxjG4ARmErM8oUVryzH0HOPdSJyBqSAlPb7MMX+JTz6xYVWsCPE/sglRQgYZnfjm9iCYBhIpyImXXtmLlpkQoRjlkZSeREBM6IgPoahqSAKSbTvJn+EgrPdyPhH6hwhP190ZKAinHga8n85xy1svF/7xuovoXbsrCOFEQ0umhfsKxinBeBu4xAVTxsSaECqazYjokglClKyvrEuzZL8+T1knVrlVrd2eV+lVRRwkdoEN0jGx0juroBjVQE1H0iJ7RK3oznowX4934mI4uGMXOHvoD4/MHWxiVrQ==</latexit>

`M = 3

<latexit sha1_base64="Q6XaziKelLWqV3wp9E02j7LMcRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjRuhgn3AdCiZNNOGZpIhuSOUoZ/hxoUibv0ad/6NmXYW2nogcDjnXnLuCRPBDbjut1NaW9/Y3CpvV3Z29/YPqodHHaNSTVmbKqF0LySGCS5ZGzgI1ks0I3EoWDec3OZ+94lpw5V8hGnCgpiMJI84JWAlvx8TGFMisvvZoFpz6+4ceJV4BamhAq1B9as/VDSNmQQqiDG+5yYQZEQDp4LNKv3UsITQCRkx31JJYmaCbB55hs+sMsSR0vZJwHP190ZGYmOmcWgn84hm2cvF/zw/heg6yLhMUmCSLj6KUoFB4fx+POSaURBTSwjV3GbFdEw0oWBbqtgSvOWTV0nnou416o2Hy1rzpqijjE7QKTpHHrpCTXSHWqiNKFLoGb2iNwecF+fd+ViMlpxi5xj9gfP5A4YckW4=</latexit>

M
<latexit sha1_base64="bJMahMp9ooFdVqU7kjATwLwCVr8=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2gdMh5JJM21oJhmSjFCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTDjTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkqQttEcql6IdaUM0HbhhlOe4miOA457YaT29zvPlGlmRSPZprQIMYjwSJGsLGS34+xGRPMs4fZoFpz6+4caJV4BalBgdag+tUfSpLGVBjCsda+5yYmyLAyjHA6q/RTTRNMJnhEfUsFjqkOsnnkGTqzyhBFUtknDJqrvzcyHGs9jUM7mUfUy14u/uf5qYmug4yJJDVUkMVHUcqRkSi/Hw2ZosTwqSWYKGazIjLGChNjW6rYErzlk1dJ56LuNeqN+8ta86aoowwncArn4MEVNOEOWtAGAhKe4RXeHOO8OO/Ox2K05BQ7x/AHzucPjzqRdA==</latexit>

S
[Baldi,Klingler,Ullmo ’21] 
  [TG,van de Heisteeg ‘24]
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➡ reductions in Calabi-Yau fourfolds:           
→  periods are generically transcendental 
      finite enhanced symmetry loci  
      finite flux vacua not on an enhanced symmetry locus

<latexit sha1_base64="4vNG1fiL5sjNYwaowPJXRkvMOPk=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KoVDdC0Y0boYJ9QBPCZHrbDp08mJkIJWbhr7hxoYhbf8Odf+OkzUJbDwwczrmXe+b4MWdSWda3sbC4tLyyWlorr29sbm2bO7stGSWCQpNGPBIdn0jgLISmYopDJxZAAp9D2x9d5377AYRkUXivxjG4ARmErM8oUVryzH0HOPdSJyBqSAlPb7MMX+JTz6xYVWsCPE/sglRQgYZnfjm9iCYBhIpyImXXtmLlpkQoRjlkZSeREBM6IgPoahqSAKSbTvJn+EgrPdyPhH6hwhP190ZKAinHga8n85xy1svF/7xuovoXbsrCOFEQ0umhfsKxinBeBu4xAVTxsSaECqazYjokglClKyvrEuzZL8+T1knVrlVrd2eV+lVRRwkdoEN0jGx0juroBjVQE1H0iJ7RK3oznowX4934mI4uGMXOHvoD4/MHWxiVrQ==</latexit>

`M = 3

<latexit sha1_base64="Q6XaziKelLWqV3wp9E02j7LMcRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjRuhgn3AdCiZNNOGZpIhuSOUoZ/hxoUibv0ad/6NmXYW2nogcDjnXnLuCRPBDbjut1NaW9/Y3CpvV3Z29/YPqodHHaNSTVmbKqF0LySGCS5ZGzgI1ks0I3EoWDec3OZ+94lpw5V8hGnCgpiMJI84JWAlvx8TGFMisvvZoFpz6+4ceJV4BamhAq1B9as/VDSNmQQqiDG+5yYQZEQDp4LNKv3UsITQCRkx31JJYmaCbB55hs+sMsSR0vZJwHP190ZGYmOmcWgn84hm2cvF/zw/heg6yLhMUmCSLj6KUoFB4fx+POSaURBTSwjV3GbFdEw0oWBbqtgSvOWTV0nnou416o2Hy1rzpqijjE7QKTpHHrpCTXSHWqiNKFLoGb2iNwecF+fd+ViMlpxi5xj9gfP5A4YckW4=</latexit>

M
<latexit sha1_base64="bJMahMp9ooFdVqU7kjATwLwCVr8=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2gdMh5JJM21oJhmSjFCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTDjTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkqQttEcql6IdaUM0HbhhlOe4miOA457YaT29zvPlGlmRSPZprQIMYjwSJGsLGS34+xGRPMs4fZoFpz6+4caJV4BalBgdag+tUfSpLGVBjCsda+5yYmyLAyjHA6q/RTTRNMJnhEfUsFjqkOsnnkGTqzyhBFUtknDJqrvzcyHGs9jUM7mUfUy14u/uf5qYmug4yJJDVUkMVHUcqRkSi/Hw2ZosTwqSWYKGazIjLGChNjW6rYErzlk1dJ56LuNeqN+8ta86aoowwncArn4MEVNOEOWtAGAhKe4RXeHOO8OO/Ox2K05BQ7x/AHzucPjzqRdA==</latexit>

S

<latexit sha1_base64="dB6p9nV5dYDBvA+jnSHUa9vLBOk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUlEqhuh6MZlRfuAJoTJ9KYdOpmEmYlQQ/BX3LhQxK3/4c6/cdpmoa0HBg7n3Ms9c4KEUals+9soLS2vrK6V1ysbm1vbO+buXlvGqSDQIjGLRTfAEhjl0FJUMegmAnAUMOgEo+uJ33kAIWnM79U4AS/CA05DSrDSkm8euMCYn7kRVkOCWXaX55eOb1btmj2FtUicglRRgaZvfrn9mKQRcEUYlrLn2InyMiwUJQzyiptKSDAZ4QH0NOU4Aull0/S5dayVvhXGQj+urKn6eyPDkZTjKNCTk5Ry3puI/3m9VIUXXkZ5kirgZHYoTJmlYmtShdWnAohiY00wEVRntcgQC0yULqyiS3Dmv7xI2qc1p16r355VG1dFHWV0iI7QCXLQOWqgG9RELUTQI3pGr+jNeDJejHfjYzZaMoqdffQHxucPpkqVXQ==</latexit>

`S = 1 →  part of the periods must become algebraic 
      enhanced symmetry loci or flux vacua in      are dense  

<latexit sha1_base64="bJMahMp9ooFdVqU7kjATwLwCVr8=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2gdMh5JJM21oJhmSjFCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTDjTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkqQttEcql6IdaUM0HbhhlOe4miOA457YaT29zvPlGlmRSPZprQIMYjwSJGsLGS34+xGRPMs4fZoFpz6+4caJV4BalBgdag+tUfSpLGVBjCsda+5yYmyLAyjHA6q/RTTRNMJnhEfUsFjqkOsnnkGTqzyhBFUtknDJqrvzcyHGs9jUM7mUfUy14u/uf5qYmug4yJJDVUkMVHUcqRkSi/Hw2ZosTwqSWYKGazIjLGChNjW6rYErzlk1dJ56LuNeqN+8ta86aoowwncArn4MEVNOEOWtAGAhKe4RXeHOO8OO/Ox2K05BQ7x/AHzucPjzqRdA==</latexit>

S
(no tadpole bound)

[Baldi,Klingler,Ullmo ’21] 
  [TG,van de Heisteeg ‘24]
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➡ reductions in Calabi-Yau fourfolds:           
→  periods are generically transcendental 
      finite enhanced symmetry loci  
      finite flux vacua not on an enhanced symmetry locus

<latexit sha1_base64="4vNG1fiL5sjNYwaowPJXRkvMOPk=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KoVDdC0Y0boYJ9QBPCZHrbDp08mJkIJWbhr7hxoYhbf8Odf+OkzUJbDwwczrmXe+b4MWdSWda3sbC4tLyyWlorr29sbm2bO7stGSWCQpNGPBIdn0jgLISmYopDJxZAAp9D2x9d5377AYRkUXivxjG4ARmErM8oUVryzH0HOPdSJyBqSAlPb7MMX+JTz6xYVWsCPE/sglRQgYZnfjm9iCYBhIpyImXXtmLlpkQoRjlkZSeREBM6IgPoahqSAKSbTvJn+EgrPdyPhH6hwhP190ZKAinHga8n85xy1svF/7xuovoXbsrCOFEQ0umhfsKxinBeBu4xAVTxsSaECqazYjokglClKyvrEuzZL8+T1knVrlVrd2eV+lVRRwkdoEN0jGx0juroBjVQE1H0iJ7RK3oznowX4934mI4uGMXOHvoD4/MHWxiVrQ==</latexit>

`M = 3

<latexit sha1_base64="Q6XaziKelLWqV3wp9E02j7LMcRw=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjRuhgn3AdCiZNNOGZpIhuSOUoZ/hxoUibv0ad/6NmXYW2nogcDjnXnLuCRPBDbjut1NaW9/Y3CpvV3Z29/YPqodHHaNSTVmbKqF0LySGCS5ZGzgI1ks0I3EoWDec3OZ+94lpw5V8hGnCgpiMJI84JWAlvx8TGFMisvvZoFpz6+4ceJV4BamhAq1B9as/VDSNmQQqiDG+5yYQZEQDp4LNKv3UsITQCRkx31JJYmaCbB55hs+sMsSR0vZJwHP190ZGYmOmcWgn84hm2cvF/zw/heg6yLhMUmCSLj6KUoFB4fx+POSaURBTSwjV3GbFdEw0oWBbqtgSvOWTV0nnou416o2Hy1rzpqijjE7QKTpHHrpCTXSHWqiNKFLoGb2iNwecF+fd+ViMlpxi5xj9gfP5A4YckW4=</latexit>

M
<latexit sha1_base64="bJMahMp9ooFdVqU7kjATwLwCVr8=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2gdMh5JJM21oJhmSjFCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTDjTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkqQttEcql6IdaUM0HbhhlOe4miOA457YaT29zvPlGlmRSPZprQIMYjwSJGsLGS34+xGRPMs4fZoFpz6+4caJV4BalBgdag+tUfSpLGVBjCsda+5yYmyLAyjHA6q/RTTRNMJnhEfUsFjqkOsnnkGTqzyhBFUtknDJqrvzcyHGs9jUM7mUfUy14u/uf5qYmug4yJJDVUkMVHUcqRkSi/Hw2ZosTwqSWYKGazIjLGChNjW6rYErzlk1dJ56LuNeqN+8ta86aoowwncArn4MEVNOEOWtAGAhKe4RXeHOO8OO/Ox2K05BQ7x/AHzucPjzqRdA==</latexit>

S

<latexit sha1_base64="dB6p9nV5dYDBvA+jnSHUa9vLBOk=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUlEqhuh6MZlRfuAJoTJ9KYdOpmEmYlQQ/BX3LhQxK3/4c6/cdpmoa0HBg7n3Ms9c4KEUals+9soLS2vrK6V1ysbm1vbO+buXlvGqSDQIjGLRTfAEhjl0FJUMegmAnAUMOgEo+uJ33kAIWnM79U4AS/CA05DSrDSkm8euMCYn7kRVkOCWXaX55eOb1btmj2FtUicglRRgaZvfrn9mKQRcEUYlrLn2InyMiwUJQzyiptKSDAZ4QH0NOU4Aull0/S5dayVvhXGQj+urKn6eyPDkZTjKNCTk5Ry3puI/3m9VIUXXkZ5kirgZHYoTJmlYmtShdWnAohiY00wEVRntcgQC0yULqyiS3Dmv7xI2qc1p16r355VG1dFHWV0iI7QCXLQOWqgG9RELUTQI3pGr+jNeDJejHfjYzZaMoqdffQHxucPpkqVXQ==</latexit>

`S = 1 →  part of the periods must become algebraic 
      enhanced symmetry loci or flux vacua in      are dense  

<latexit sha1_base64="bJMahMp9ooFdVqU7kjATwLwCVr8=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2gdMh5JJM21oJhmSjFCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTDjTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkqQttEcql6IdaUM0HbhhlOe4miOA457YaT29zvPlGlmRSPZprQIMYjwSJGsLGS34+xGRPMs4fZoFpz6+4caJV4BalBgdag+tUfSpLGVBjCsda+5yYmyLAyjHA6q/RTTRNMJnhEfUsFjqkOsnnkGTqzyhBFUtknDJqrvzcyHGs9jUM7mUfUy14u/uf5qYmug4yJJDVUkMVHUcqRkSi/Hw2ZosTwqSWYKGazIjLGChNjW6rYErzlk1dJ56LuNeqN+8ta86aoowwncArn4MEVNOEOWtAGAhKe4RXeHOO8OO/Ox2K05BQ7x/AHzucPjzqRdA==</latexit>

S
(no tadpole bound)

→  only if        is a point, e.g. complex multiplication points
<latexit sha1_base64="YfA6gpwY95th0JY4truQdzP2vf4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUlEqhuh6MZlRfuAJoTJ9KYdOpmEmYlQQ/BX3LhQxK3/4c6/cdpmoa0HBg7n3Ms9c4KEUals+9soLS2vrK6V1ysbm1vbO+buXlvGqSDQIjGLRTfAEhjl0FJUMegmAnAUMOgEo+uJ33kAIWnM79U4AS/CA05DSrDSkm8euMCYn7kRVkOCWXaX55e2b1btmj2FtUicglRRgaZvfrn9mKQRcEUYlrLn2InyMiwUJQzyiptKSDAZ4QH0NOU4Aull0/S5dayVvhXGQj+urKn6eyPDkZTjKNCTk5Ry3puI/3m9VIUXXkZ5kirgZHYoTJmlYmtShdWnAohiY00wEVRntcgQC0yULqyiS3Dmv7xI2qc1p16r355VG1dFHWV0iI7QCXLQOWqgG9RELUTQI3pGr+jNeDJejHfjYzZaMoqdffQHxucPpMaVXA==</latexit>

`S = 0
<latexit sha1_base64="bJMahMp9ooFdVqU7kjATwLwCVr8=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2gdMh5JJM21oJhmSjFCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTDjTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkqQttEcql6IdaUM0HbhhlOe4miOA457YaT29zvPlGlmRSPZprQIMYjwSJGsLGS34+xGRPMs4fZoFpz6+4caJV4BalBgdag+tUfSpLGVBjCsda+5yYmyLAyjHA6q/RTTRNMJnhEfUsFjqkOsnnkGTqzyhBFUtknDJqrvzcyHGs9jUM7mUfUy14u/uf5qYmug4yJJDVUkMVHUcqRkSi/Hw2ZosTwqSWYKGazIjLGChNjW6rYErzlk1dJ56LuNeqN+8ta86aoowwncArn4MEVNOEOWtAGAhKe4RXeHOO8OO/Ox2K05BQ7x/AHzucPjzqRdA==</latexit>

S

generalizing [Gukov,Vafa ’02]

[Baldi,Klingler,Ullmo ’21] 
  [TG,van de Heisteeg ‘24]
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➡ Transcendental (instantons)     or      Algebraic ⟺ Symmetry 

finite (rare) number of vacua dense set of vacua

➡ excluding point-like loci: pattern predicted by a theorem   [Baldi,Klingler,Ullmo ‘21]

→  understanding point-like loci related to some hard math conjectures 

(finite after imposing tadpole bound 
[Cattani,Deligne,Kaplan] [Bakker,TG,Schnell,Tsimerman])

➡ observed in examples that algebraicity of periods is related to symmetry of  
compactification space    
                                 → Generalized symmetry for higher Hodge tensors?  2D CFT interpretation?

→  tadpole conjecture quantifies when point-like loci are absent 
[Bena,Blaback,Graña,Lüst ‘20]
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  Conclusions

➡ Starting to see how powerful tools from Hodge theory and tame 
geometry allow us to uncover structure of the W=0 flux landscape

➡ Explained interplay between  
symmetry    vs.    transcendentality (presence of exp. corrections)

➡ First explicit landscape of exact W=0 vacua in F-theory  
(genuine CY fourfold) →  flat directions or all moduli fixed

Future:  ‣ extend beyond W=0 vacua
‣ sharp o-minimal structures (have notion of complexity) 
→ precise statements about the number of vacua 

initiated in [TG, Schlechter, van Vliet ‘23][TG,Monnee ’23]



Thanks!


