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Motivation



Introduction to CY metrics

Challenger: 
CY metrics

Lara: 
CY + SU(3) structure  
metrics

Robin:
Introduction to cymetric  
package



‣ The cymetric package 
‣ CY metrics for manifolds with arbitrary number of Kähler and CS moduli 

• Fixing the Kähler class 

• CY metrics for toric varieties and CICYs 
✦ Constructing the patches 

✦ Constructing the holomorphic top form 

✦ Constructing a canonical Kähler metric 

✦ Sampling points and finding weights 

‣ Conclusion

Outline
[Robin’s talk]



The cymetric package



‣ Provide a package that 
• Is very fast and can deal with large number of complex structure 

parameters 
• Can deal with                 in a user-specified, fixed Kähler class 
• Works in principle for any of the CY constructions typically explored: 

✦ The CICY list 
✦ The KS list 

• Integrates into current workflow (Mathematica, Sage)

Our goal
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The cymetric package in Mathematica



The cymetric package in Sage



Fixing the Kähler class

NN : 



‣ Optimizing                requires 4 derivatives       look at surrogate loss 
‣ The condition                  can be turned into a (Monge-Ampere) PDE 

‣ …but actually we are in a peculiar situation here: We have a PDE in   , 
but we do not care about    ; this would be the Kähler potential of the CY 
manifold, so it is not even unique 

‣ Rather, we care about                             , and learn this correction via a 
NN     

Previous metric ansatze
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J3 = |⌦|2
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gCY = greference + @@̄�
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det(greference + @@�) = ⌦ ^ ⌦̄
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Ricµ⌫ = 0
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‣ … so learn                    , turning the surrogate loss into an algebraic equation 

‣ Hence the MA loss in previous works is not even a PDE (let alone of MA type) 

‣ Need to impose that the metric is Kähler, which requires taking one derivative 
 
 
 
  

‣ Possibile ansatze:                                                         

Previous metric ansatze
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gCY = greference( + gNN)
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Ricci flat (4 derivatives) MA equation (2 derivatives) MA loss (0 derivatives)

Kähler loss (1 derivative)
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[Anderson, Gray, Gerdes, Krippendorf, Raghuram, FR: 2012.04656]
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‣ But if we just learn                   rather than    , we will (generically) 
change the Kähler class. So we have 2 options: 
• Since the Kähler class      is fixed by 

 
 
 
we could fix it by sampling points on curves and divisors and impose 
that the volume stays fixed during training (not yet implemented) 

• In contrast, learning     as an exact correction to  
the Kähler class cannot change. We call this the Phi Network.

Fixing the Kähler class
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C
J = vol(C)
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<latexit sha1_base64="XT5/sH2Peof7gE03zqtCWeDOzSU=">AAACL3icbVDLSgMxFM34tr6qLt0Ei6ibMiNF3QiiG3GlYLXQKSWTua3BTDIkd9Qy9BP8GHGr3yFuxK1L/8C0FnzUA+EezjkXck+USmHR91+8kdGx8YnJqenCzOzc/EJxcenc6sxwqHIttalFzIIUCqooUEItNcCSSMJFdHXY8y+uwVih1Rl2UmgkrK1ES3CGTmoW10OhsFmjx+ENxG34nns0RLjF/FrL7kZts1ks+WW/DzpMggEpkQFOmsWPMNY8S0Ahl8zaeuCn2MiZQcEldAthZiFl/Iq1oe6oYgnYRt4/qEvXnBLTljbuKaR99edGHkWJS0VaxtR2EjftL5sltie7SMLwcsjrif959Qxbu41cqDRDUPzrH61MUtS0Vx6NhQGOsuMI40a4Uyi/ZIZxdBUXXEfB30aGyflWOdguV04rpf2DQVtTZIWskg0SkB2yT47ICakSTu7IA3kkT9699+y9em9f0RFvsLNMfsF7/wSPzaiH</latexit>Z

X
J ^ J ^ J = vol(X)

<latexit sha1_base64="jeNm4WuszPotXEg21A47y3xcnQU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi3iqaD8gDWWznbRLN5uwuxFK6U/w4kERr/4ib/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpk4yxbDBEpGodkg1Ci6xYbgR2E4V0jgU2AqHN1O/9YRK80Q+mlGKQUz7kkecUWOlB/8u6JYrbtWdgSwTLycVyFHvlr86vYRlMUrDBNXa99zUBGOqDGcCJ6VOpjGlbEj76FsqaYw6GM9OnZATq/RIlChb0pCZ+ntiTGOtR3FoO2NqBnrRm4r/eX5moqtgzGWaGZRsvijKBDEJmf5NelwhM2JkCWWK21sJG1BFmbHplGwI3uLLy6R5VvUuquf355XadR5HEY7gGE7Bg0uowS3UoQEM+vAMr/DmCOfFeXc+5q0FJ585hD9wPn8ABTeNow==</latexit>

[J ]



CY metrics for toric varieties and CICYs



‣ For CICYs, this is easy enough: Just divide by one of the homogeneous 
coordinates of each projective ambient space factor 

‣ For toric varieties, the patches can be constructed from the toric polytope and 
its dual 
 
 
 
 
 

Constructing the patches

<latexit sha1_base64="2e+GfhytgzXmvcrvBK/ljwO0CM8=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2Fpol5JNs21sNlmSbKEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqGZVqyppUCaXbITFMcMmallvB2olmJA4FewxHtzP/ccy04Uo+2EnCgpgMJI84JdZJrXGPd7nslSte1ZsDrxI/JxXI0eiVv7p9RdOYSUsFMabje4kNMqItp4JNS93UsITQERmwjqOSxMwE2fzaKT5zSh9HSruSFs/V3xMZiY2ZxKHrjIkdmmVvJv7ndVIbXQcZl0lqmaSLRVEqsFV49jruc82oFRNHCNXc3YrpkGhCrQuo5ELwl19eJa2Lqn9Zrd3XKvWbPI4inMApnIMPV1CHO2hAEyg8wTO8whtS6AW9o49FawHlM8fwB+jzB6V1jzA=</latexit>

vi 2
<latexit sha1_base64="KOMNB3OU//iWw1/np71wt7myI5I=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9mVoh6LXjxWsB/QXUo2zbahSXabZJWy9E948aCIV/+ON/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8epIrRJYh6rTog15UzSpmGG006iKBYhp+1wdDvz249UaRbLBzNJaCDwQLKIEWys1Hnq+SL1meyVK27VnQOtEi8nFcjR6JW//H5MUkGlIRxr3fXcxAQZVoYRTqclP9U0wWSEB7RrqcSC6iCb3ztFZ1bpoyhWtqRBc/X3RIaF1hMR2k6BzVAvezPxP6+bmug6yJhMUkMlWSyKUo5MjGbPoz5TlBg+sQQTxeytiAyxwsTYiEo2BG/55VXSuqh6l9Xafa1Sv8njKMIJnMI5eHAFdbiDBjSBAIdneIU3Z+y8OO/Ox6K14OQzx/AHzucPOR6QGg==</latexit>

wµ 2

The transition functions are just the Jacobians of the coordinate change:
<latexit sha1_base64="EKTauSO82e70qdqsQMmTRa38iDg=">AAACGnicbVDLSgMxFM3UV62vUZdugkVwVWakqBuh6MZlhb6gU0smzbShmcyQh1CH+Q43/oobF4q4Ezf+jZl2Frb1QODknHtvco8fMyqV4/xYhZXVtfWN4mZpa3tnd8/eP2jJSAtMmjhikej4SBJGOWkqqhjpxIKg0Gek7Y9vMr/9QISkEW+oSUx6IRpyGlCMlJH6ttu4Tzyu074X6isvEAgnXoyEoojBx0xM5+5ZpV12Ks4UcJm4OSmDHPW+/eUNIqxDwhVmSMqu68Sql2RDMSNpydOSxAiP0ZB0DeUoJLKXTFdL4YlRBjCIhDlcwan6tyNBoZST0DeVIVIjuehl4n9eV6vgspdQHmtFOJ49FGgGVQSznOCACoIVmxiCsKDmrxCPkMlHmTRLJgR3ceVl0jqruOeV6l21XLvO4yiCI3AMToELLkAN3II6aAIMnsALeAPv1rP1an1Yn7PSgpX3HII5WN+/S/CiSg==</latexit>

T ⌫
µ =

@zµ
@z⌫



‣ This can be done in complete generality (i.e. for nef partitions in toric ambient 
spaces). But we focus here on 

• KS models (toric hypersurfaces): 
 
 
 

• CICYs in projective spaces:

Constructing the holomorphic (3,0) form

<latexit sha1_base64="yOysLCTL2niPlD0kyYY5uE5OPTI="></latexit>

! =
dz1 ! dz2 ! dz3

! p/ ! z4

<latexit sha1_base64="VRa4GCl+K8+AUKQWLLucVK8BZ1I="></latexit>

! =
dz1 ! dz2 ! dz3

det(! p! / ! za)



‣ For CICYs, this is easy enough: 

• Go to an affine patch 

• Construct the FS metric in each         : 

• Put them into one big, block-diagonal matrix 

• Pull the ambient space metric back to the CY using the defining equations

Constructing a Kähler metric for CICYs

<latexit sha1_base64="A5lym0d/0+eLXg9S2q6QVH5nNTo=">AAAB/nicbVDLSgMxFM3UV62vqS7dBIvgQsqMFHVZdOOygn1AOw6ZNNOGJpkhyShlGPBH3NaVuPVLBP/GTDsLbT0QOJxzL/fkBDGjSjvOt1VaW9/Y3CpvV3Z29/YP7OphR0WJxKSNIxbJXoAUYVSQtqaakV4sCeIBI91gcpv73SciFY3Eg57GxONoJGhIMdJG8u3qgCM9DgKetrLHVPg08+2aU3fmgKvELUgNFGj59tdgGOGEE6ExQ0r1XSfWXoqkppiRrDJIFIkRnqAR6RsqECfKS+fRM3hqlCEMI2me0HCu/t5IEVdqygMzmQdVy14unpv4//n9RIfXXkpFnGgi8OJYmDCoI5h3AYdUEqzZ1BCEJTV5IR4jibA2jVVMEe7yt1dJ56LuXtYb941a86aopAyOwQk4Ay64Ak1wB1qgDTB4Bq9gBt6sF2tmvVsfi9GSVewcgT+wPn8AlL+V3g==</latexit> n i

<latexit sha1_base64="f4F5buiBsjlWvE3xEtwOqQ/XAzI="></latexit>

g(n i )
FS =

t i

2!
" " ln

n i!

µ=1

|zµ |2



‣ For toric varieties, let me do something that might look overly complicated 

‣ First, we compute the sections of the Kähler cone generators 
 
 

‣ The basic point is that the sections of base-point-free divisors cannot all vanish 
in any given patch 

‣ Moreover, they are all homogeneous (after all, they are all sections of the same 
line bundle)

Constructing a Kähler metric for KS

<latexit sha1_base64="nPXJWvXxmS8y5PaZ6pnAgjAtS5w="></latexit>

D =
n!

i =1

ci D i ! ! (D ) "

"
n#

i =1

x! vi ,w "+ ci
i

$
$
$
$
$

#vi , w$+ ci % 0, w & M

%

.



‣ This should look familiar (from just a standard      ): 
• All sections have the same scaling 
• In each patch, one section is always non-vanishing 

‣ I can construct maps      from the toric ambient space coordinates into the  
projectivization  

‣ If the ambient space itself is      :             ,               , and this is the Kodaira embedding 
for 

Constructing a Kähler metric for KS

<latexit sha1_base64="F/O5GlWANFQ8+wZdFsLQ/sFkvzQ=">AAAB8XicbVBNSwMxEJ34WetX1aOXYBE8SNmVoh6LXjxWsB/QLiWbZtvYJLskWaEs/Q9e60m8+n8E/41puwdtfTDweG+GmXlhIrixnveN1tY3Nre2CzvF3b39g8PS0XHTxKmmrEFjEet2SAwTXLGG5VawdqIZkaFgrXB0P/NbL0wbHqsnO05YIMlA8YhTYp3U7NaHvMd7pbJX8ebAq8TPSRly1Hulr24/pqlkylJBjOn4XmKDjGjLqWCTYjc1LCF0RAas46gikpkgm187wedO6eMo1q6UxXP190RGpDFjGbpOSezQLHsz8TIM5X9+J7XRbZBxlaSWKbpYFqUC2xjP3sd9rhm1YuwIoZq7ezEdEk2odSEVXRD+8turpHlV8a8r1cdquXaXR1KAUziDC/DhBmrwAHVoAIVneIUpvCGDpugdfSxa11A+cwJ/gD5/AAP9kHk=</latexit>

! i

<latexit sha1_base64="o6PDakF+6khU0Oik/2btPHzhUx0=">AAAB+HicbVDLSgMxFL3js9ZX1aWbYBFcSJmRoi6LblxWsA9ox5JJM21okhmTjFCHfofbuhK3fozg35hpZ6GtBwKHc+7lnpwg5kwb1/12VlbX1jc2C1vF7Z3dvf3SwWFTR4kitEEiHql2gDXlTNKGYYbTdqwoFgGnrWB0m/mtZ6o0i+SDGcfUF3ggWcgINlbyuwKbYRCItD55lL1S2a24M6Bl4uWkDDnqvdJXtx+RRFBpCMdadzw3Nn6KlWGE00mxm2gaYzLCA9qxVGJBtZ/OQk/QqVX6KIyUfdKgmfp7I8VC67EI7GQWUi96mXhuo//ndxITXvspk3FiqCTzY2HCkYlQ1gLqM0WJ4WNLMFHM5kVkiBUmxnZVtEV4i99eJs2LindZqd5Xy7WbvJICHMMJnIEHV1CDO6hDAwg8wStM4c15cabOu/MxH11x8p0j+APn8wfCN5PF</latexit> n

<latexit sha1_base64="fKnFY06FI+xmPykHPBTnSAN58tI="></latexit>

H 0(D i ) ! h0 (D i ) ! 1 := r i

<latexit sha1_base64="o6PDakF+6khU0Oik/2btPHzhUx0=">AAAB+HicbVDLSgMxFL3js9ZX1aWbYBFcSJmRoi6LblxWsA9ox5JJM21okhmTjFCHfofbuhK3fozg35hpZ6GtBwKHc+7lnpwg5kwb1/12VlbX1jc2C1vF7Z3dvf3SwWFTR4kitEEiHql2gDXlTNKGYYbTdqwoFgGnrWB0m/mtZ6o0i+SDGcfUF3ggWcgINlbyuwKbYRCItD55lL1S2a24M6Bl4uWkDDnqvdJXtx+RRFBpCMdadzw3Nn6KlWGE00mxm2gaYzLCA9qxVGJBtZ/OQk/QqVX6KIyUfdKgmfp7I8VC67EI7GQWUi96mXhuo//ndxITXvspk3FiqCTzY2HCkYlQ1gLqM0WJ4WNLMFHM5kVkiBUmxnZVtEV4i99eJs2LindZqd5Xy7WbvJICHMMJnIEHV1CDO6hDAwg8wStM4c15cabOu/MxH11x8p0j+APn8wfCN5PF</latexit> n <latexit sha1_base64="FkqfQSYVkB2tdj+JauzgCTgyYo4=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgQcquFPUiFL14rGA/oF2WbJptQ5PsksyKZemP8FpP4tXfI/hvTNs9aOuDgcd7M8zMCxPBDbjut1NYW9/Y3Cpul3Z29/YPyodHLROnmrImjUWsOyExTHDFmsBBsE6iGZGhYO1wdD/z289MGx6rJxgnzJdkoHjEKQErtU3Ab18CHpQrbtWdA68SLycVlKMRlL96/ZimkimgghjT9dwE/Ixo4FSwSamXGpYQOiID1rVUEcmMn83PneAzq/RxFGtbCvBc/T2REWnMWIa2UxIYmmVvJl6EofzP76YQ3fgZV0kKTNHFsigVGGI8+x/3uWYUxNgSQjW392I6JJpQsCmVbBDe8turpHVZ9a6qtcdapX6XR1JEJ+gUnSMPXaM6ekAN1EQUjdArmqI3B5yp8+58LFoLTj5zjP7A+fwB28mQ9g==</latexit>si = xi
<latexit sha1_base64="Mp8QXSg2JwpUkp5SKXOulJ6IP/I=">AAAB+XicbVDLSgMxFL1TX7W+qi7dBItQQcqMFHVZdOPOCvYB7VgyadqGJpkhyQhl6H+4rStx678I/o2ZdhbaeiBwOOde7skJIs60cd1vJ7e2vrG5ld8u7Ozu7R8UD4+aOowVoQ0S8lC1A6wpZ5I2DDOctiNFsQg4bQXju9RvvVClWSifzCSivsBDyQaMYGOl567AZkQwTx6mZe+8Vyy5FXcOtEq8jJQgQ71X/Or2QxILKg3hWOuO50bGT7AyjHA6LXRjTSNMxnhIO5ZKLKj2k3nqKTqzSh8NQmWfNGiu/t5IsNB6IgI7mabUy14qXgSB+M/vxGZw4ydMRrGhkiyODWKOTIjSGlCfKUoMn1iCiWI2LyIjrDAxtqyCLcJb/vYqaV5WvKtK9bFaqt1mleThBE6hDB5cQw3uoQ4NIKDgFWbw5iTOzHl3PhajOSfbOYY/cD5/AHdwk4M=</latexit>

O(1)

<latexit sha1_base64="z7ErCP6brDz+HEKF7uowJKHVqpg=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4kLIrRb0IRS/FUwX7Ae2yZNNsG5pklyQrlNI/4bWexKt/R/DfmG33oK0PBh7vzTAzL0w408Z1v5219Y3Nre3CTnF3b//gsHR03NJxqghtkpjHqhNiTTmTtGmY4bSTKIpFyGk7HD1kfvuFKs1i+WzGCfUFHkgWMYKNlTqPAburB6wYlMpuxZ0DrRIvJ2XI0QhKX71+TFJBpSEca9313MT4E6wMI5xOi71U0wSTER7QrqUSC6r9yfzeKTq3Sh9FsbIlDZqrvycmWGg9FqHtFNgM9bKXiZdhKP7zu6mJbv0Jk0lqqCSLZVHKkYlRFgDqM0WJ4WNLMFHM3ovIECtMjI0pC8JbfnuVtK4q3nWl+lQt1+7zSApwCmdwAR7cQA3q0IAmEODwCjN4c1Jn5rw7H4vWNSefOYE/cD5/AIjOkLE=</latexit>

Ji = H i

<latexit sha1_base64="r6tsY4kWceW7p8/D58ND7qLyzVM="></latexit>

! i : [x0 : x1 : . . . : xN ] ! [s( i )
0 (x) : s( i )

1 (x) : . . . : s( i )
r i

(x)]
<latexit sha1_base64="+ESSjkic8xq3C2iyA6oXinrnGXA=">AAACDnicbVDLSsNAFJ3UV62vqEs30SJUCCVTiroRqm5cVrAPaGKZTCbt0MmDmYlQQtZu/RG3dSVu/QLBv3HSdqGtBy4czrmXe+9xY0aFtKxvrbCyura+UdwsbW3v7O7p+wdtESUckxaOWMS7LhKE0ZC0JJWMdGNOUOAy0nFHt7nfeSJc0Ch8kOOYOAEahNSnGEkl9fVjegXNmmkzL5LCHD6m0IRZxQ6QHGLE0uvsrK+Xrao1hbFM4JyUwRzNvv5lexFOAhJKzJAQPWjF0kkRlxQzkpXsRJAY4REakJ6iIQqIcNLpK5lxqhTP8COuKpTGVP09kaJAiHHgqs78RrHo5aLpusF/fi+R/qWT0jBOJAnxbJmfMENGRp6N4VFOsGRjRRDmVN1r4CHiCEuVYEkFARffXibtWhWeV+v39XLjZh5JERyBE1ABEFyABrgDTdACGDyDVzABb9qLNtHetY9Za0GbzxyCP9A+fwCSzpqO</latexit>

i = 1 , 2, . . . , h1,1(A ),



‣ Now I can write down a Kähler metric in this projectivized KC section 
space 

‣ This is well defined since not all sj vanish 
‣ For            , get the standard FS metric in projectivized section space 

 
 
 
 

‣ Construct this FS metric in    for each KC generator and write it as a 
(non-block-diagonal) metric in terms of the toric coordinates 

Constructing a Kähler metric for KS
<latexit sha1_base64="VdS44NbfTZtG9R1CDgaX0CRXOIk=">AAAB/XicbVDLSgMxFM34rPU16tJNsAgupMxIUZdFNy4r2Ae045CkmTY0yQxJplCG4o+4rStx658I/o2ZdhbaeiBwOOde7snBCWfaeN63s7a+sbm1Xdop7+7tHxy6R8ctHaeK0CaJeaw6GGnKmaRNwwynnURRJDCnbTy6z/32mCrNYvlkJgkNBBpIFjGCjJVC1+0JZIYYZ43pc6ZCNg3dilf15oCrxC9IBRRohO5Xrx+TVFBpCEdad30vMUGGlGGE02m5l2qaIDJCA9q1VCJBdZDNk0/huVX6MIqVfdLAufp7I0NC64nAdjLPqZe9XLzEWPznd1MT3QYZk0lqqCSLY1HKoYlhXgXsM0WJ4RNLEFHM5oVkiBQixhZWtkX4y99eJa2rqn9drT3WKvW7opISOAVn4AL44AbUwQNogCYgYAxewQy8OS/OzHl3Phaja06xcwL+wPn8AcgwlWs=</latexit>

Pr i

<latexit sha1_base64="qNhv+3mmt+fAYVAXbVibVDeUfiQ=">AAACCnicbVDLSsNAFJ3UV62vqksRgkWoICWRom6EopuCmwr2AW0aJtNpO83MJMxMhBLajVt/xG1diVu/QfBvnLZZaOuBC4dz7uXee7yQEqks69tIrayurW+kNzNb2zu7e9n9g5oMIoFwFQU0EA0PSkwJx1VFFMWNUGDIPIrrnn839etPWEgS8Ec1DLHDYI+TLkFQacnNHt/ftCjPS3fQbnVgr4fFuNyOB/5oLF3/zM3mrII1g7lM7ITkQIKKm/1qdQIUMcwVolDKpm2FyomhUARRPMq0IolDiHzYw01NOWRYOvHsjZF5qpWO2Q2ELq7Mmfp7IoZMyiHzdCeDqi8Xval47nnsP78Zqe61ExMeRgpzNF/WjaipAnOai9khAiNFh5pAJIi+10R9KCBSOr2MDsJefHuZ1C4K9mWh+FDMlW6TSNLgCJyAPLDBFSiBMqiAKkDgGbyCCXgzXoyJ8W58zFtTRjJzCP7A+PwB6zOaZg==</latexit>

K = ln( s 
j H jk sk ) , , H hermitian

<latexit sha1_base64="iz1uWFRR6xm9E+HlHip9rkubavU=">AAACH3icbZDLSsNAFIYnXmu9RV26CRahhVCSUtSNUHTjsoK9QBPDZDJph84kYWZSKCHv4dYXcVtX4kro2zi9CNp6YODj/8/hzPn9hBIhLWuqbWxube/sFvaK+weHR8f6yWlbxClHuIViGvOuDwWmJMItSSTF3YRjyHyKO/7wfuZ3RpgLEkdPcpxgl8F+REKCoFSSp9ecEUaZyG/L4jkrk0ruWabw7AWbDg1iKcwfK+MeySueXrKq1ryMdbCXUALLanr6lxPEKGU4kohCIXq2lUg3g1wSRHFedFKBE4iGsI97CiPIsHCz+W25camUwAhjrl4kjbn6eyKDTIgx81Ung3IgVr2ZaPo++8/vpTK8cTMSJanEEVosC1NqyNiYhWUEhGMk6VgBRJyo/xpoADlEUkVaVEHYq2evQ7tWta+q9cd6qXG3jKQAzsEFKAMbXIMGeABN0AIIvIA3MAHv2qs20T60z0XrhracOQN/Spt+A2GSoe8=</latexit>

!s = ( s( i )
0 , s( i )

1 , . . . , s( i )
r i

)

<latexit sha1_base64="rCSUcrv6NP9nrOYXgwgomr+pMJw=">AAAB+HicbVDLSgMxFL1TX7W+qi7dBIvgQsqMFHUjFN10WcE+oB1KJs20oUlmTDJCHfodbutK3Poxgn9j2s5CWw8EDufcyz05QcyZNq777eTW1jc2t/LbhZ3dvf2D4uFRU0eJIrRBIh6pdoA15UzShmGG03asKBYBp61gdD/zW89UaRbJRzOOqS/wQLKQEWys5NduuwKbYRCI1Jv0iiW37M6BVomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Og89QWdW6aMwUvZJg+bq740UC63HIrCTs4h62ZuJFzb4f34nMeGNnzIZJ4ZKsjgWJhyZCM1aQH2mKDF8bAkmitm8iAyxwsTYrgq2CG/526ukeVn2rsqVh0qpepdVkocTOIVz8OAaqlCDOjSAwBO8whTenBdn6rw7H4vRnJPtHMMfOJ8/IouTXw==</latexit>

H =

This metric is also a well-defined (non-FS) Kähler metric for the toric  
ambient space (when written in terms of x rather than s)

<latexit sha1_base64="VdS44NbfTZtG9R1CDgaX0CRXOIk=">AAAB/XicbVDLSgMxFM34rPU16tJNsAgupMxIUZdFNy4r2Ae045CkmTY0yQxJplCG4o+4rStx658I/o2ZdhbaeiBwOOde7snBCWfaeN63s7a+sbm1Xdop7+7tHxy6R8ctHaeK0CaJeaw6GGnKmaRNwwynnURRJDCnbTy6z/32mCrNYvlkJgkNBBpIFjGCjJVC1+0JZIYYZ43pc6ZCNg3dilf15oCrxC9IBRRohO5Xrx+TVFBpCEdad30vMUGGlGGE02m5l2qaIDJCA9q1VCJBdZDNk0/huVX6MIqVfdLAufp7I0NC64nAdjLPqZe9XLzEWPznd1MT3QYZk0lqqCSLY1HKoYlhXgXsM0WJ4RNLEFHM5oVkiBQixhZWtkX4y99eJa2rqn9drT3WKvW7opISOAVn4AL44AbUwQNogCYgYAxewQy8OS/OzHl3Phaja06xcwL+wPn8AcgwlWs=</latexit>

Pr i



Sampling points and computing weights



‣ To sample points, we want to use a theorem by Shiffman and Zelditch 
 
 
 
 

‣ More concretely, we look at the projectivized KC sections 
• We build random sections                         with iid Gaussian  
• Here, iid means w.r.t. the orthogonal sections as defined by H previously 

• So what we need are the zeros of these random sections intersected with the 
locus that defines the CY

Sampling points - I

The zeros of random sections are distributed according to the FS measure.

<latexit sha1_base64="PFW8RxHwn6Gi89BLn1/UQCl4C8A=">AAAB/nicbVDLSgMxFM3UV62vqS7dBIvgQsqMFHVZdOOygn1AOw6ZNNOGJpkhyShlGPBH3NaVuPVLBP/GTDsLbT0QOJxzL/fkBDGjSjvOt1VaW9/Y3CpvV3Z29/YP7OphR0WJxKSNIxbJXoAUYVSQtqaakV4sCeIBI91gcpv73SciFY3Eg57GxONoJGhIMdJG8u3qgCM9DgKetrLHVPo08+2aU3fmgKvELUgNFGj59tdgGOGEE6ExQ0r1XSfWXoqkppiRrDJIFIkRnqAR6RsqECfKS+fRM3hqlCEMI2me0HCu/t5IEVdqygMzmQdVy14unpv4//n9RIfXXkpFnGgi8OJYmDCoI5h3AYdUEqzZ1BCEJTV5IR4jibA2jVVMEe7yt1dJ56LuXtYb941a86aopAyOwQk4Ay64Ak1wB1qgDTB4Bq9gBt6sF2tmvVsfi9GSVewcgT+wPn8AmuuV4g==</latexit> r i

<latexit sha1_base64="z5ICCC5RKLKiIIR4GKGb7C02uMQ=">AAACDHicbVDLSsNAFJ3UV62vqEsXBovQQimJFHVZdONKKtgHNDFMppN27EwSZiZCCVm69Ufc1pW49RME/8ZJm4W2HrhwOOde7r3HiygR0jS/tcLK6tr6RnGztLW9s7un7x90RBhzhNsopCHveVBgSgLclkRS3Is4hsyjuOuNrzO/+4S5IGFwLycRdhgcBsQnCEolufoxfEgqpJq6yWNqC8JsBuUIQZrcphWzZlVdvWzWzRmMZWLlpAxytFz9yx6EKGY4kIhCIfqWGUkngVwSRHFasmOBI4jGcIj7igaQYeEks0dS41QpA8MPuapAGjP190QCmRAT5qnO7E6x6GVizfPYf34/lv6lk5AgiiUO0HyZH1NDhkaWjDEgHCNJJ4pAxIm610AjyCGSKr+SCsJafHuZdM7q1nm9cdcoN6/ySIrgCJyACrDABWiCG9ACbYDAM3gFU/CmvWhT7V37mLcWtHzmEPyB9vkDc5makA==</latexit>

a( i )
j ! N (0, 1)

<latexit sha1_base64="hop3HnvSRkqUYMXGTT9o6bk+fqY=">AAACIHicbZDLSsNAFIYn9VbrLerSzWARKkhJtKibQtGNy4r2Am0aJtNpO3YmCTMToYQ8iFtfxG1diRtBn8ZpG1BbDwx8/P85nDm/FzIqlWV9Gpml5ZXVtex6bmNza3vH3N2ryyASmNRwwALR9JAkjPqkpqhipBkKgrjHSMMbXk/8xiMRkgb+vRqFxOGo79MexUhpyTXP7jpxgR4nbvyQlNsy4hrKVtKJhUsT9ONB+cOumbeK1rTgItgp5EFaVdf8aHcDHHHiK8yQlC3bCpUTI6EoZiTJtSNJQoSHqE9aGn3EiXTi6XEJPNJKF/YCoZ+v4FT9PREjLuWIe7qTIzWQ895EPPE8/p/filTv0ompH0aK+Hi2rBcxqAI4SQt2qSBYsZEGhAXV/4V4gATCSmea00HY82cvQv20aJ8XS7elfOUqjSQLDsAhKAAbXIAKuAFVUAMYPIEXMAavxrMxNt6M91lrxkhn9sGfMr6+AR+lo40=</latexit>

S( i )
j =

r i!

j =0

a( i )
j s( i )

j

[Shiffman,Zelditch `98; Douglas,Karp,Lukic,Reinbacher `06; Braun,Brelidze,Douglas,Ovrut `08]



‣ However, there are two problems 
• The CY hypersurface is expressed in terms of xa and not in terms of  

• There are more sections than toric coordinates      relations among sections 

‣ Can write the CY hypersurface in terms of sections of the Kähler cone generators 

‣ Then we have a hypersurface in a product of projective spaces   

‣ But                          one hypersurface will not cut out the original threefold 

‣ We need to add the relation among the sections (which are higher syzygies), 
and the degree of the sections plus the degree of the hypersurface does not 
sum up to                  we get a non-complete intersection CY 

Sampling points - II

<latexit sha1_base64="yYEIgib1V+2356OPFr9UotKJTEY=">AAAB9nicbVBNSwMxEJ31s9avqkcvwSJ4kLIrRT0WvXisYj9gu5Rsmm1Ds8mSZNWy9Gd4rSfx6q8R/Dem7R609cHA470ZZuaFCWfauO63s7K6tr6xWdgqbu/s7u2XDg6bWqaK0AaRXKp2iDXlTNCGYYbTdqIojkNOW+Hwduq3nqjSTIpHM0poEOO+YBEj2FjJ7zyw/sBgpeRzt1R2K+4MaJl4OSlDjnq39NXpSZLGVBjCsda+5yYmyLAyjHA6LnZSTRNMhrhPfUsFjqkOstnJY3RqlR6KpLIlDJqpvycyHGs9ikPbGWMz0IveVDwPw/g/309NdB1kTCSpoYLMl0UpR0aiaQaoxxQlho8swUQxey8iA6wwMTapog3CW3x7mTQvKt5lpXpfLddu8kgKcAwncAYeXEEN7qAODSAg4RUm8Oa8OBPn3fmYt644+cwR/IHz+QM/BpLr</latexit>!

<latexit sha1_base64="U8KHe8bi/rMTQyUXB3WKZsIY76c=">AAACFXicbVDLSsNAFJ34rPUVdelmsAhdSEmkqCBC1Y3LCvYBTQyT6bQdOpOEmYlQQn7BrT/itq7ErTvBv3GSZqGtBy4czrmXe+/xI0alsqxvY2l5ZXVtvbRR3tza3tk19/bbMowFJi0cslB0fSQJowFpKaoY6UaCIO4z0vHHt5nfeSJC0jB4UJOIuBwNAzqgGCkteWbV4UiNMGLJdXrlhIpyIj3qXOay7/OkmT4mwqOpZ1asmpUDLhK7IBVQoOmZX04/xDEngcIMSdmzrUi5CRKKYkbSshNLEiE8RkPS0zRAerOb5B+l8FgrfTgIha5AwVz9PZEgLuWE+7ozO1TOe5l4os//z+/FanDhJjSIYkUCPFs2iBlUIcwign0qCFZsognCgup7IR4hgbDSQZZ1EPb824ukfVqzz2r1+3qlcVNEUgKH4AhUgQ3OQQPcgSZoAQyewSuYgjfjxZga78bHrHXJKGYOwB8Ynz+tGp/A</latexit>

A = ! i
r i

<latexit sha1_base64="jdCHC2Qsm/JNQtt5D6Y6vb4DusI=">AAACDnicbVDLSsNAFJ3UV62vqEs3o0VwISWRoi6LblxWsQ9oQphMJunQmSTOTJQSunbrj7itK3HrFwj+jdM2C209cOFwzr3ce4+fMiqVZX0bpaXlldW18nplY3Nre8fc3WvLJBOYtHDCEtH1kSSMxqSlqGKkmwqCuM9Ixx9cT/zOIxGSJvG9GqbE5SiKaUgxUlryzENHZtyjUOhyogjWnYcMBdC5o1FfISGSJ8+sWjVrCrhI7IJUQYGmZ345QYIzTmKFGZKyZ1upcnMkFMWMjCpOJkmK8ABFpKdpjDiRbj59ZQSPtRLAMBG6YgWn6u+JHHEph9zXnRypvpz3JuKp7/P//F6mwks3p3GaKRLj2bIwY1AlcJINDKggWLGhJggLqu+FuI8EwkonWNFB2PNvL5L2Wc0+r9Vv69XGVRFJGRyAI3ACbHABGuAGNEELYPAMXsEYvBkvxth4Nz5mrSWjmNkHf2B8/gAxqpuQ</latexit>!

i

r i ! 4 "

<latexit sha1_base64="yYEIgib1V+2356OPFr9UotKJTEY=">AAAB9nicbVBNSwMxEJ31s9avqkcvwSJ4kLIrRT0WvXisYj9gu5Rsmm1Ds8mSZNWy9Gd4rSfx6q8R/Dem7R609cHA470ZZuaFCWfauO63s7K6tr6xWdgqbu/s7u2XDg6bWqaK0AaRXKp2iDXlTNCGYYbTdqIojkNOW+Hwduq3nqjSTIpHM0poEOO+YBEj2FjJ7zyw/sBgpeRzt1R2K+4MaJl4OSlDjnq39NXpSZLGVBjCsda+5yYmyLAyjHA6LnZSTRNMhrhPfUsFjqkOstnJY3RqlR6KpLIlDJqpvycyHGs9ikPbGWMz0IveVDwPw/g/309NdB1kTCSpoYLMl0UpR0aiaQaoxxQlho8swUQxey8iA6wwMTapog3CW3x7mTQvKt5lpXpfLddu8kgKcAwncAYeXEEN7qAODSAg4RUm8Oa8OBPn3fmYt644+cwR/IHz+QM/BpLr</latexit>!
<latexit sha1_base64="VxFYHp5OsJFR9RA8g3AOBh149N8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRZBUMpuKeqx6MVjBbcttEvJptk2NMkuSVYoS3+D13oSr/4gwX9j2u5BWx8MPN6bYWZemHCmjet+O4WNza3tneJuaW//4PCofHzS0nGqCPVJzGPVCbGmnEnqG2Y47SSKYhFy2g7HD3O//UKVZrF8NpOEBgIPJYsYwcZKvuqzK69frrhVdwG0TrycVCBHs1/+6g1ikgoqDeFY667nJibIsDKMcDot9VJNE0zGeEi7lkosqA6yxbFTdGGVAYpiZUsatFB/T2RYaD0Roe0U2Iz0qjcXr8NQ/Od3UxPdBRmTSWqoJMtlUcqRidH8ezRgihLDJ5Zgopi9F5ERVpgYm1HJBuGtvr1OWrWqd1OtP9Urjfs8kiKcwTlcgge30IBHaIIPBBi8wgzeHOXMnHfnY9lacPKZU/gD5/MH0WSPwA==</latexit>

r i + 1

<latexit sha1_base64="f34y+rr9qrGTNQ8W39SMx2sotTY=">AAAB9nicbVDLSsNAFJ3UV62vqks3g0WoICWRoi6LblxWsA9IY5lMJ+3YeYSZiVhCPsNtXYlbv0bwb5y2WWj1wIXDOfdy7z1hzKg2rvvlFFZW19Y3ipulre2d3b3y/kFby0Rh0sKSSdUNkSaMCtIy1DDSjRVBPGSkE45vZn7niShNpbg3k5gEHA0FjShGxkq+fkir9DTrp49Zv1xxa+4c8C/xclIBOZr98mdvIHHCiTCYIa19z41NkCJlKGYkK/USTWKEx2hIfEsF4kQH6fzkDJ5YZQAjqWwJA+fqz4kUca0nPLSdHJmRXvZm4lkY8v98PzHRVZBSESeGCLxYFiUMGglnGcABVQQbNrEEYUXtvRCPkELY2KRKNghv+e2/pH1e8y5q9bt6pXGdR1IER+AYVIEHLkED3IImaAEMJHgBU/DqPDtT5815X7QWnHzmEPyC8/EN2muSqg==</latexit>

s( i )
j



‣ How do we find the relation among sections? 

‣ General (commutative algebra) way (luckily Sage interfaces to Singular): 
• Start with the coordinate ring of the toric variety, plus all sections 
• Define the quotient ring of the coordinate ring (which is already a quotient 

ring) modulo the ideal defining the sections, i.e.  
• Find the defining ideal of the quotient ring 
• Find the primary decomposition of the defining ideal 
• Find the elimination ideal of the quotient ring 
• Express the ideals obtained from the primary decomposition in terms of si

Sampling points - III

<latexit sha1_base64="rptkQF2SRNmL95e0vyFtgKohZ9s="></latexit>

K [V ] / !si "
!

x! v,w "+ c#



‣ Alternative (linear algebra) way 
• Want relations of the form 
• Now 
• Hence, we want                , i.e. a primitive basis of the integer kernel of the 

integer matrix  

‣ The first way requires Groebner basis techniques, the latter solving a shortest 
vector problem in a lattice. We implement both in cymetric and the user can 
choose 

‣ My feeling is that before this becomes a computational issue, you run into 
different complexity problems with Sage

Sampling points - IV

<latexit sha1_base64="ZWjwAvlTqBcPhwmGh6iNbnChKpU=">AAACJ3icbVBNSwMxFMz6WetX1aOXxSJ4KGVXioqnohePClbFppS36WsbTLJrkhXKUn+LV/+I13oSPfpPzNYetDoQGGbeI/MmSgQ3Ngg+vJnZufmFxcJScXlldW29tLF5ZeJUM2ywWMT6JgKDgitsWG4F3iQaQUYCr6O709y/fkBteKwu7SDBloSe4l3OwDqpXTqmIJI+VGiEFihXVILtR5HMboftjPbwPhjSSuWR9kDKab9UDqrBGP5fEk5ImUxw3i690U7MUonKMgHGNMMgsa0MtOVM4LBIU4MJsDvoYdNRBRJNKxvfOPR3ndLxu7F2T1l/rP7cyEAaM5CRm8wjmmkvFysu+H9+M7Xdo1bGVZJaVOz7s24qfBv7eWl+h2tkVgwcAaa5y+uzPmhg1lVbdEWE02f/JVf71fCgWruolesnk0oKZJvskD0SkkNSJ2fknDQII0/khYzIq/fsjbw37/17dMab7GyRX/A+vwDMFacc</latexit>

! , " ! ! 0 , # !,
<latexit sha1_base64="pBHlroVUxV0WBHKEHRcnkcmiKOk=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgoZREinoRql48VrAf0oSy2W7atbubsLsplNBf4bWexKs/R/DfuG1z0NYHA4/3ZpiZF8SMKu0431ZubX1jcyu/XdjZ3ds/KB4eNVWUSEwaOGKRbAdIEUYFaWiqGWnHkiAeMNIKhvczvzUiUtFIPOlxTHyO+oKGFCNtpOfbGy9F5Rdv0i2WnIozh71K3IyUIEO9W/zyehFOOBEaM6RUx3Vi7adIaooZmRS8RJEY4SHqk46hAnGi/HR+8MQ+M0rPDiNpSmh7rv6eSBFXaswD08mRHqhlbyaWg4D/53cSHV77KRVxoonAi2Vhwmwd2bME7B6VBGs2NgRhSc29Nh4gibA2ORVMEO7y26ukeVFxLyvVx2qpdpdFkocTOIVzcOEKavAAdWgABg6vMIU3a2RNrXfrY9Gas7KZY/gD6/MHz+2Rdw==</latexit>

A = { a, j },

<latexit sha1_base64="ecrp6wlq4c2UJWhK6I5J0gVhcgE=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hLArQT1GvXgRIpgHJEuYnUySIbOzy0yvEJZ8hNd4Eq9+j+DfOEn2oIkFDUVVN91dQSyFQdf9dtbWNza3tnM7+d29/YPDwtFxw0SJZrzOIhnpVkANl0LxOgqUvBVrTsNA8mYwup/5zReujYjUM45j7od0oERfMIpWaj5209uSmHQLRbfszkFWiZeRImSodQtfnV7EkpArZJIa0/bcGP2UahRM8km+kxgeUzaiA962VNGQGz+dnzsh51bpkX6kbSkkc/X3REpDY8ZhYDtDikOz7M3EUhCE//ntBPs3fipUnCBXbLGsn0iCEZn9T3pCc4ZybAllWth7CRtSTRnalPI2CG/57VXSuCx7V+XKU6VYvcsiycEpnMEFeHANVXiAGtSBwQheYQpvDjpT5935WLSuOdnMCfyB8/kDe7uQuA==</latexit>

M A,i

<latexit sha1_base64="LPWcSxIm7Fzh4NurLsJDc3UQkeI=">AAAB+XicbVDLSgNBEJz1GeMr6tHLYhA8SNiVoF6EoBcvQgTzgOwaZmcnyZB5LDO9QljyH17jSbz6L4J/4yTZgyYWNBRV3XR3RQlnBjzv21lZXVvf2CxsFbd3dvf2SweHTaNSTWiDKK50O8KGciZpAxhw2k40xSLitBUN76Z+64Vqw5R8glFCQ4H7kvUYwWCl54eAxAqCPhYC33jdUtmreDO4y8TPSRnlqHdLX0GsSCqoBMKxMR3fSyDMsAZGOB0Xg9TQBJMh7tOOpRILasJsdvXYPbVK7PaUtiXBnam/JzIsjBmJyHYKDAOz6E3F8ygS//mdFHrXYcZkkgKVZL6sl3IXlDuNwY2ZpgT4yBJMNLP3umSANSZgwyraIPzFt5dJ86LiX1aqj9Vy7TaPpICO0Qk6Qz66QjV0j+qogQjS6BVN0JuTORPn3fmYt644+cwR+gPn8wenIZOj</latexit>

M á! = 0

<latexit sha1_base64="zdA58a+FqmV4lVNxZsvPR+Qcq3E="></latexit>!

i,j

"
s( i )

j

#! i,j

=
!

a,b

"
s(a)

b

#" a,b

!
!

i,j

"
s( i )

j

##i,j

= 1

<latexit sha1_base64="Dr4BvDtj/OwJ8uWoPOuZ8iRgFbA="></latexit>

s( i )
j =

!

a

x! va ,w j "+ ci
a :=

!

a

xM Ai
a



‣ Now that we have the equations defining the toric variety as a non-complete 
intersection in a product of projectivized KC generator section space, we can 
look at the simultaneous zeros of the non-CICY and the appropriate number (i.e. 
3 for a CY threefold) of random sections in these spaces 
 
 
 

‣ So we can construct the weights using the pullbacks via the maps  
 
 
where the (i,j,k ) are the (not necessarily distinct) indices of the random KC 
generator sections in

Computing weights

These zeros will be distributed according to the FS metric pulled back to the CY 
But this pullback is the pullback of the canonical Kähler metric of the toric variety.

<latexit sha1_base64="F/O5GlWANFQ8+wZdFsLQ/sFkvzQ=">AAAB8XicbVBNSwMxEJ34WetX1aOXYBE8SNmVoh6LXjxWsB/QLiWbZtvYJLskWaEs/Q9e60m8+n8E/41puwdtfTDweG+GmXlhIrixnveN1tY3Nre2CzvF3b39g8PS0XHTxKmmrEFjEet2SAwTXLGG5VawdqIZkaFgrXB0P/NbL0wbHqsnO05YIMlA8YhTYp3U7NaHvMd7pbJX8ebAq8TPSRly1Hulr24/pqlkylJBjOn4XmKDjGjLqWCTYjc1LCF0RAas46gikpkgm187wedO6eMo1q6UxXP190RGpDFjGbpOSezQLHsz8TIM5X9+J7XRbZBxlaSWKbpYFqUC2xjP3sd9rhm1YuwIoZq7ezEdEk2odSEVXRD+8turpHlV8a8r1cdquXaXR1KAUziDC/DhBmrwAHVoAIVneIUpvCGDpugdfSxa11A+cwJ/gD5/AAP9kHk=</latexit>

! i
<latexit sha1_base64="+NQqoPx8hQ6EYX1EepDr33aRDMw=">AAACHXicbZDLSsNAFIYn9VbrLerSTbAIVaQkUtSNUHUjrirYC7Q1TCYn7djJhZmJUkJfw60v4rauxKXi2zhNs9DqDwM/3zmHM+d3IkaFNM0vLTc3v7C4lF8urKyurW/om1sNEcacQJ2ELOQtBwtgNIC6pJJBK+KAfYdB0xlcTurNB+CChsGtHEbQ9XEvoB4lWCpk66Z7ftap9alN7w5K1/udR3B7kIL7WTBIga0XzbKZyvhrrMwUUaaarX903JDEPgSSMCxE2zIj2U0wl5QwGBU6sYAIkwHuQVvZAPsgukl62cjYU8Q1vJCrF0gjpT8nEuwLMfQd1elj2ReztQk8dBz/v3o7lt5pN6FBFEsIyHSZFzNDhsYkKsOlHIhkQ2Uw4VT91yB9zDGRKtCCCsKaPfuvaRyVreNy5aZSrF5kkeTRDtpFJWShE1RFV6iG6oigJ/SCxuhVe9bG2pv2Pm3NadnMNvol7fMb9qOf9g==</latexit>

dA = ! !
i (J ) ! ! !

j (J ) ! ! !
k (J )

<latexit sha1_base64="PFW8RxHwn6Gi89BLn1/UQCl4C8A=">AAAB/nicbVDLSgMxFM3UV62vqS7dBIvgQsqMFHVZdOOygn1AOw6ZNNOGJpkhyShlGPBH3NaVuPVLBP/GTDsLbT0QOJxzL/fkBDGjSjvOt1VaW9/Y3CpvV3Z29/YP7OphR0WJxKSNIxbJXoAUYVSQtqaakV4sCeIBI91gcpv73SciFY3Eg57GxONoJGhIMdJG8u3qgCM9DgKetrLHVPo08+2aU3fmgKvELUgNFGj59tdgGOGEE6ExQ0r1XSfWXoqkppiRrDJIFIkRnqAR6RsqECfKS+fRM3hqlCEMI2me0HCu/t5IEVdqygMzmQdVy14unpv4//n9RIfXXkpFnGgi8OJYmDCoI5h3AYdUEqzZ1BCEJTV5IR4jibA2jVVMEe7yt1dJ56LuXtYb941a86aopAyOwQk4Ay64Ak1wB1qgDTB4Bq9gBt6sF2tmvVsfi9GSVewcgT+wPn8AmuuV4g==</latexit> r i



Conclusions



‣ Provide a package to compute CY metrics in CICYs and toric varieties 
‣ Introduce the “Phi NN” to learn CY metrics for a fixed Kähler class 
‣ Explain how to generalize construction to toric case & CICYs 

• Construct sections of Kähler cone generator 

• Write CY as a non-complete intersection in the projectivized sections space 

• Construct weights using Shiffman-Zelditch and the pullbacks via the maps     from 
the toric coordinates into the sections

Conclusions

<latexit sha1_base64="F/O5GlWANFQ8+wZdFsLQ/sFkvzQ=">AAAB8XicbVBNSwMxEJ34WetX1aOXYBE8SNmVoh6LXjxWsB/QLiWbZtvYJLskWaEs/Q9e60m8+n8E/41puwdtfTDweG+GmXlhIrixnveN1tY3Nre2CzvF3b39g8PS0XHTxKmmrEFjEet2SAwTXLGG5VawdqIZkaFgrXB0P/NbL0wbHqsnO05YIMlA8YhTYp3U7NaHvMd7pbJX8ebAq8TPSRly1Hulr24/pqlkylJBjOn4XmKDjGjLqWCTYjc1LCF0RAas46gikpkgm187wedO6eMo1q6UxXP190RGpDFjGbpOSezQLHsz8TIM5X9+J7XRbZBxlaSWKbpYFqUC2xjP3sd9rhm1YuwIoZq7ezEdEk2odSEVXRD+8turpHlV8a8r1cdquXaXR1KAUziDC/DhBmrwAHVoAIVneIUpvCGDpugdfSxa11A+cwJ/gD5/AAP9kHk=</latexit>

! i



Thank You!
cymetric


