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Toric Calabi-Yau Geometries

• Cone over Sasaki-Einstein Manifolds

Non-Compact Calabi-Yaus Toric Calabi-Yaus

• Toric Ideals

• Toric Diagrams

<latexit sha1_base64="kWNkc/Ehojx3JrgziPmFgW2d4g4="></latexit>

CY3 = C(SE5)
<latexit sha1_base64="oqu65NfI4uhgDG4B6qKgWcse4FE="></latexit>

CY4 = C(SE7)

ds2CY = dr2 + r2ds2SE

SE5,7

CY3,4

Metric

Cone

Example Conifold with Sasaki-Einstein base

<latexit sha1_base64="1JhK/q8zQyC2nFSbVwfPrJg8/u4="></latexit>

C[xi ]/
*
Y

a

xa �
Y

b

xb

+

<latexit sha1_base64="eFXmByt1muNDTy4WlTd5zvu/nao="></latexit>

C[Mij ]/ hdetMi

Variety

Example Conifold

<latexit sha1_base64="A1kuMSo+MOCr8vKBljmNXmGntw4=">AAACF3icbVBNS8NAEN34WeNX1aOXxSJ4kJJIUY+iF48V+iG0VTbbaV262YTdiVBCfoRH9cd4E68e/S1e3KY5aOuDgcd7M8zMC2IpDHrel7OwuLS8slpac9c3Nre2yzu7LRMlmkOTRzLStwEzIIWCJgqUcBtrYGEgoR2MriZ++xG0EZFq4DiGXsiGSgwEZ2ilduMu9Y/97L5c8apeDjpP/IJUSIH6ffm72494EoJCLpkxHd+LsZcGdjPozD3sJgZixkdsCB1LlZVNL83PzeihVfp0EGlbCmmuur8mUhYaMw4D2xkyfDCz3kT8z+skODjvpULFCYLi00WDRFKM6OR32hcaOMqxJYxrgYJT/sA042gTcrsGcPoAQhhLhpAq9iiGeVJ0clAkTZZmrk3Ln81mnrROqv5ptXZTq1xcFrmVyD45IEfEJ2fkglyTOmkSTkbkibyQV+fZeXPenY9p64JTzOyRP3A+fwAiW6Bn</latexit>

T 1,1

binomial relations

Example

<latexit sha1_base64="VY/WLf9Dn6ixxp9yxMRoCkGrEyM=">AAACF3icbVA9SwNBEN2LX/H8ilraLIaAhYQ7CWojBG0sI5hESELY20ySNXt7x+5cIBz5EZbqj7ETW0t/i42bSwq/Hgw83pthZl4QS2HQ8z6c3NLyyupaft3d2Nza3ins7jVMlGgOdR7JSN8FzIAUCuooUMJdrIGFgYRmMLqa+c0xaCMidYuTGDohGyjRF5yhlZri+P7CPz7pFope2ctA/xJ/QYpkgVq38NnuRTwJQSGXzJiW78XYSQO7GfTULbUTAzHjIzaAlqXKyqaTZudOackqPdqPtC2FNFPdbxMpC42ZhIHtDBkOzW9vJv7ntRLsn3dSoeIEQfH5on4iKUZ09jvtCQ0c5cQSxrVAwSkfMs042oTctgGcP4AQxpIhpIqNxSBLis4OiqSZplPXpuX/zuYvaZyU/dNy5aZSrF4ucsuTA3JIjohPzkiVXJMaqRNORuSBPJFn59F5cV6dt3lrzlnM7JMfcN6/AGsMn/o=</latexit>

i , j = 1, 2

A toric variety is characterized by a convex lattice polytope
<latexit sha1_base64="86nIB5MpPsSxzxVo/dJeQbm1JEw=">AAACHHicbVDLSsNAFJ34Nr6qLt0MFsFVSUpRl6IblxXsA5sqk+ltHZxMwsxNoYT8hkv1Y9yJW8FvceMk7cLXgYHDOfdyz5wwkcKg5304c/MLi0vLK6vu2vrG5lZle6dt4lRzaPFYxrobMgNSKGihQAndRAOLQgmd8P688Dtj0EbE6gonCfQjNlJiKDhDKwVBxPAuDLPr/KZ+W6l6Na8E/Uv8GamSGZq3lc9gEPM0AoVcMmN6vpdgPwvtedC5exCkBhLG79kIepYqK5t+VmbO6YFVBnQYa/sU0lJ1v21kLDJmEoV2sshofnuF+J/XS3F40s+ESlIExaeHhqmkGNOiADoQGjjKiSWMa4GCU37HNONoa3IDAzj9AEKUSIaQKTYWo7IuWgSKpcmz3LVt+b+7+Uva9Zp/VGtcNqqnZ7PeVsge2SeHxCfH5JRckCZpEU4S8kCeyLPz6Lw4r87bdHTOme3skh9w3r8ADGSjDQ==</latexit>

Z2
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Brane Probes

Calabi-Yau 3-folds

Calabi-Yau 4-folds

Calabi-Yau 5-folds

<latexit sha1_base64="p+1Ru6LCKmdy0/obvVlFvWwkgjE="></latexit>

0 1 2 3 4 5 6 7 8 9
D1 ⇥ ⇥ · · · · · · · ·
CY4 · · ⇥ ⇥ ⇥ ⇥ ⇥ ⇥ ⇥ ⇥

<latexit sha1_base64="RkL1pYSjFzAGljWN/rb5wYK+g/o="></latexit>

0 1 2 3 4 5 6 7 8 9
D3 ⇥ ⇥ ⇥ ⇥ · · · · · ·
CY3 · · · · ⇥ ⇥ ⇥ ⇥ ⇥ ⇥

<latexit sha1_base64="ai4xKR42CuZb8YT1rqrV1o0D8ro="></latexit>

0 1 2 3 4 5 6 7 8 9
D(-1) · · · · · · · · · ·
CY5 ⇥ ⇥ ⇥ ⇥ ⇥ ⇥ ⇥ ⇥ ⇥ ⇥

<latexit sha1_base64="He+B2MI1WMLKd4P0DPCGNLKOAgk=">AAACGXicbVDLSgNBEJyNr7i+oh69DIaAp7CrQT0G9eAxgvFBEsLspJMMmZ1dZnqDYdmv8Kh+jDfx6slv8eLkcVBjQUNR1U13VxBLYdDzPp3cwuLS8kp+1V1b39jcKmzv3Jgo0RzqPJKRvguYASkU1FGghLtYAwsDCbfB4Hzs3w5BGxGpaxzF0ApZT4mu4AytdN9EeMD04ihrF4pe2ZuAzhN/Ropkhlq78NXsRDwJQSGXzJiG78XYSgO7G3TmlpqJgZjxAetBw1JlZdNKJwdntGSVDu1G2pZCOlHdHxMpC40ZhYHtDBn2zV9vLP7nNRLsnrZSoeIEQfHpom4iKUZ0/D3tCA0c5cgSxrVAwSnvM8042ozcpgGcPoAQxpIhpIoNRW+SFR0fFEmTpZlr0/L/ZjNPbg7L/nG5clUpVs9mueXJHtknB8QnJ6RKLkmN1AknIXkkz+TFeXJenTfnfdqac2Yzu+QXnI9vtQ2h0w==</latexit>

D3

<latexit sha1_base64="qroufYAV4Bb53Vx5GCMblkfYW5E=">AAACGXicbVA9SwNBEN2L3+dX1NJmMQSswp2IWga1sFQwGklC2NtMkiV7e8fuXDAc9yss1R9jJ7ZW/hYbN5cUmvhg4PHeDDPzglgKg5735RQWFpeWV1bX3PWNza3t4s7unYkSzaHGIxnpesAMSKGghgIl1GMNLAwk3AeDi7F/PwRtRKRucRRDK2Q9JbqCM7TSQxPhEdNLP2sXS17Fy0HniT8lJTLFdbv43exEPAlBIZfMmIbvxdhKA7sbdOaWm4mBmPEB60HDUmVl00rzgzNatkqHdiNtSyHNVffXRMpCY0ZhYDtDhn0z643F/7xGgt2zVipUnCAoPlnUTSTFiI6/px2hgaMcWcK4Fig45X2mGUebkds0gJMHEMJYMoRUsaHo5VnR8UGRNFmauTYtfzabeXJ3VPFPKsc3x6Xq+TS3VbJPDsgh8ckpqZIrck1qhJOQPJEX8uo8O2/Ou/MxaS0405k98gfO5w+xsaHR</latexit>

D1

<latexit sha1_base64="Zx4J40dpreVmbDBNpc3/uEEX5t8=">AAACHHicbZBNS8NAEIY3fhu/qh69LBahHiyJFPUo6sGjgrVCU8pmO22XbjZhdyKWkL/hUf0x3sSr4G/x4jbtQa0vLLy8M8PMPmEihUHP+3RmZufmFxaXlt2V1bX1jdLm1q2JU82hzmMZ67uQGZBCQR0FSrhLNLAolNAIB+ejeuMetBGxusFhAq2I9ZToCs7QRkGA8IDZReXA38/bpbJX9QrRaeNPTJlMdNUufQWdmKcRKOSSGdP0vQRbWWjXg87dvSA1kDA+YD1oWqtsbFpZcXNO92zSod1Y26eQFqn7YyJjkTHDKLSdEcO++Vsbhf/Vmil2T1qZUEmKoPh4UTeVFGM6AkA7QgNHObSGcS1QcMr7TDOOFpMbGMDxBxCiRDKETLF70Stw0dFBsTR5lruWlv+XzbS5Paz6R9Xada18ejbhtkR2yC6pEJ8ck1NySa5InXCSkEfyTF6cJ+fVeXPex60zzmRmm/yS8/EN/mSibQ==</latexit>

D(-1)

<latexit sha1_base64="A+7CdXUK084saYYD7+4hHqUzU80=">AAACG3icbVA9SwNBEN3zM55fUUubxRCwCnca1FJMY6lgTCQJYW8ziYt7u8funBiO+xmW6o+xE1sLf4uNm49CjQ8GHu/NMDMvSqSwGASf3tz8wuLScmHFX11b39gsbm1fW50aDnWupTbNiFmQQkEdBUpoJgZYHEloRHe1kd+4B2OFVlc4TKATs4ESfcEZOqnVRnjArHaTdw+7xVJQCcagsySckhKZ4qJb/Gr3NE9jUMgls7YVBgl2sshtB5P75XZqIWH8jg2g5ahysu1k45NzWnZKj/a1caWQjlX/x0TGYmuHceQ6Y4a39q83Ev/zWin2TzqZUEmKoPhkUT+VFDUd/U97wgBHOXSEcSNQcMpvmWEcXUp+2wJOHkCIE8kQMsXuxWCcFh0dpKXNs9x3aYV/s5kl1weV8KhSvayWTs+muRXILtkj+yQkx+SUnJMLUiecaPJInsmL9+S9em/e+6R1zpvO7JBf8D6+ATn/op4=</latexit>

CY3

<latexit sha1_base64="DRVI5G20M7OMYiKTTwZyqE7gOzM=">AAACG3icbVA9SwNBEN3zM55fUUubxRCwCncS1FK0sYxgNJKEsLeZxMW93WN3LhiO+xmW6o+xE1sLf4uNm49CEx8MPN6bYWZelEhhMQi+vIXFpeWV1cKav76xubVd3Nm9sTo1HOpcS20aEbMghYI6CpTQSAywOJJwGz1cjPzbARgrtLrGYQLtmPWV6AnO0EnNFsIjZhd3eafaKZaCSjAGnSfhlJTIFLVO8bvV1TyNQSGXzNpmGCTYziK3HUzul1uphYTxB9aHpqPKybadjU/OadkpXdrTxpVCOlb9XxMZi60dxpHrjBne21lvJP7nNVPsnbYzoZIUQfHJol4qKWo6+p92hQGOcugI40ag4JTfM8M4upT8lgWcPIAQJ5IhZIoNRH+cFh0dpKXNs9x3aYWz2cyTm6NKeFypXlVLZ+fT3ApknxyQQxKSE3JGLkmN1AknmjyRF/LqPXtv3rv3MWld8KYze+QPvM8fO6yinw==</latexit>

CY4

<latexit sha1_base64="10Ii1+AUu6NGKt062+/owld9DEQ=">AAACG3icbVDJSgNBEO1xjeMW9eilMQiewoy4HYO5eIxgXEhC6OlUkiY93UN3TTAM8xke1Y/xJl49+C1e7CwHtwcFj/eqqKoXJVJYDIIPb25+YXFpubDir66tb2wWt7avrU4NhzrXUpvbiFmQQkEdBUq4TQywOJJwEw2qY/9mCMYKra5wlEArZj0luoIzdFKjiXCPWfUubx+3i6WgHExA/5JwRkpkhlq7+NnsaJ7GoJBLZm0jDBJsZZHbDib395uphYTxAetBw1HlZNvKJifndN8pHdrVxpVCOlH9bxMZi60dxZHrjBn27W9vLP7nNVLsnrUyoZIUQfHpom4qKWo6/p92hAGOcuQI40ag4JT3mWEcXUp+0wJOH0CIE8kQMsWGojdJi44P0tLmWe67tMLf2fwl14fl8KR8dHlUqpzPciuQXbJHDkhITkmFXJAaqRNONHkgT+TZe/RevFfvbdo6581mdsgPeO9fPVmioA==</latexit>

CY5

4d N=1 worldvolume gauge theory 

2d (0,2) worldvolume gauge theory

0d N=1 worldvolume gauge theory
Brane Hyper-Brick Models

Brane Brick Models

Brane Tilings (Dimers)

[Franco-Hanany-Kennaway-Vegh-Wecht 2005]
[Franco-Lee-Seong 2015] [Franco-Lee-Seong-Vafa 2016]
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Brane Probes

Calabi-Yau 3-folds

Calabi-Yau 4-folds

Calabi-Yau 5-folds

<latexit sha1_base64="p+1Ru6LCKmdy0/obvVlFvWwkgjE="></latexit>

0 1 2 3 4 5 6 7 8 9
D1 ⇥ ⇥ · · · · · · · ·
CY4 · · ⇥ ⇥ ⇥ ⇥ ⇥ ⇥ ⇥ ⇥

<latexit sha1_base64="RkL1pYSjFzAGljWN/rb5wYK+g/o="></latexit>

0 1 2 3 4 5 6 7 8 9
D3 ⇥ ⇥ ⇥ ⇥ · · · · · ·
CY3 · · · · ⇥ ⇥ ⇥ ⇥ ⇥ ⇥

<latexit sha1_base64="ai4xKR42CuZb8YT1rqrV1o0D8ro="></latexit>

0 1 2 3 4 5 6 7 8 9
D(-1) · · · · · · · · · ·
CY5 ⇥ ⇥ ⇥ ⇥ ⇥ ⇥ ⇥ ⇥ ⇥ ⇥

<latexit sha1_base64="He+B2MI1WMLKd4P0DPCGNLKOAgk=">AAACGXicbVDLSgNBEJyNr7i+oh69DIaAp7CrQT0G9eAxgvFBEsLspJMMmZ1dZnqDYdmv8Kh+jDfx6slv8eLkcVBjQUNR1U13VxBLYdDzPp3cwuLS8kp+1V1b39jcKmzv3Jgo0RzqPJKRvguYASkU1FGghLtYAwsDCbfB4Hzs3w5BGxGpaxzF0ApZT4mu4AytdN9EeMD04ihrF4pe2ZuAzhN/Ropkhlq78NXsRDwJQSGXzJiG78XYSgO7G3TmlpqJgZjxAetBw1JlZdNKJwdntGSVDu1G2pZCOlHdHxMpC40ZhYHtDBn2zV9vLP7nNRLsnrZSoeIEQfHpom4iKUZ0/D3tCA0c5cgSxrVAwSnvM8042ozcpgGcPoAQxpIhpIoNRW+SFR0fFEmTpZlr0/L/ZjNPbg7L/nG5clUpVs9mueXJHtknB8QnJ6RKLkmN1AknIXkkz+TFeXJenTfnfdqac2Yzu+QXnI9vtQ2h0w==</latexit>

D3

<latexit sha1_base64="qroufYAV4Bb53Vx5GCMblkfYW5E=">AAACGXicbVA9SwNBEN2L3+dX1NJmMQSswp2IWga1sFQwGklC2NtMkiV7e8fuXDAc9yss1R9jJ7ZW/hYbN5cUmvhg4PHeDDPzglgKg5735RQWFpeWV1bX3PWNza3t4s7unYkSzaHGIxnpesAMSKGghgIl1GMNLAwk3AeDi7F/PwRtRKRucRRDK2Q9JbqCM7TSQxPhEdNLP2sXS17Fy0HniT8lJTLFdbv43exEPAlBIZfMmIbvxdhKA7sbdOaWm4mBmPEB60HDUmVl00rzgzNatkqHdiNtSyHNVffXRMpCY0ZhYDtDhn0z643F/7xGgt2zVipUnCAoPlnUTSTFiI6/px2hgaMcWcK4Fig45X2mGUebkds0gJMHEMJYMoRUsaHo5VnR8UGRNFmauTYtfzabeXJ3VPFPKsc3x6Xq+TS3VbJPDsgh8ckpqZIrck1qhJOQPJEX8uo8O2/Ou/MxaS0405k98gfO5w+xsaHR</latexit>

D1

<latexit sha1_base64="Zx4J40dpreVmbDBNpc3/uEEX5t8=">AAACHHicbZBNS8NAEIY3fhu/qh69LBahHiyJFPUo6sGjgrVCU8pmO22XbjZhdyKWkL/hUf0x3sSr4G/x4jbtQa0vLLy8M8PMPmEihUHP+3RmZufmFxaXlt2V1bX1jdLm1q2JU82hzmMZ67uQGZBCQR0FSrhLNLAolNAIB+ejeuMetBGxusFhAq2I9ZToCs7QRkGA8IDZReXA38/bpbJX9QrRaeNPTJlMdNUufQWdmKcRKOSSGdP0vQRbWWjXg87dvSA1kDA+YD1oWqtsbFpZcXNO92zSod1Y26eQFqn7YyJjkTHDKLSdEcO++Vsbhf/Vmil2T1qZUEmKoPh4UTeVFGM6AkA7QgNHObSGcS1QcMr7TDOOFpMbGMDxBxCiRDKETLF70Stw0dFBsTR5lruWlv+XzbS5Paz6R9Xada18ejbhtkR2yC6pEJ8ck1NySa5InXCSkEfyTF6cJ+fVeXPex60zzmRmm/yS8/EN/mSibQ==</latexit>

D(-1)

<latexit sha1_base64="A+7CdXUK084saYYD7+4hHqUzU80=">AAACG3icbVA9SwNBEN3zM55fUUubxRCwCnca1FJMY6lgTCQJYW8ziYt7u8funBiO+xmW6o+xE1sLf4uNm49CjQ8GHu/NMDMvSqSwGASf3tz8wuLScmHFX11b39gsbm1fW50aDnWupTbNiFmQQkEdBUpoJgZYHEloRHe1kd+4B2OFVlc4TKATs4ESfcEZOqnVRnjArHaTdw+7xVJQCcagsySckhKZ4qJb/Gr3NE9jUMgls7YVBgl2sshtB5P75XZqIWH8jg2g5ahysu1k45NzWnZKj/a1caWQjlX/x0TGYmuHceQ6Y4a39q83Ev/zWin2TzqZUEmKoPhkUT+VFDUd/U97wgBHOXSEcSNQcMpvmWEcXUp+2wJOHkCIE8kQMsXuxWCcFh0dpKXNs9x3aYV/s5kl1weV8KhSvayWTs+muRXILtkj+yQkx+SUnJMLUiecaPJInsmL9+S9em/e+6R1zpvO7JBf8D6+ATn/op4=</latexit>

CY3

<latexit sha1_base64="DRVI5G20M7OMYiKTTwZyqE7gOzM=">AAACG3icbVA9SwNBEN3zM55fUUubxRCwCncS1FK0sYxgNJKEsLeZxMW93WN3LhiO+xmW6o+xE1sLf4uNm49CEx8MPN6bYWZelEhhMQi+vIXFpeWV1cKav76xubVd3Nm9sTo1HOpcS20aEbMghYI6CpTQSAywOJJwGz1cjPzbARgrtLrGYQLtmPWV6AnO0EnNFsIjZhd3eafaKZaCSjAGnSfhlJTIFLVO8bvV1TyNQSGXzNpmGCTYziK3HUzul1uphYTxB9aHpqPKybadjU/OadkpXdrTxpVCOlb9XxMZi60dxpHrjBne21lvJP7nNVPsnbYzoZIUQfHJol4qKWo6+p92hQGOcugI40ag4JTfM8M4upT8lgWcPIAQJ5IhZIoNRH+cFh0dpKXNs9x3aYWz2cyTm6NKeFypXlVLZ+fT3ApknxyQQxKSE3JGLkmN1AknmjyRF/LqPXtv3rv3MWld8KYze+QPvM8fO6yinw==</latexit>

CY4

<latexit sha1_base64="10Ii1+AUu6NGKt062+/owld9DEQ=">AAACG3icbVDJSgNBEO1xjeMW9eilMQiewoy4HYO5eIxgXEhC6OlUkiY93UN3TTAM8xke1Y/xJl49+C1e7CwHtwcFj/eqqKoXJVJYDIIPb25+YXFpubDir66tb2wWt7avrU4NhzrXUpvbiFmQQkEdBUq4TQywOJJwEw2qY/9mCMYKra5wlEArZj0luoIzdFKjiXCPWfUubx+3i6WgHExA/5JwRkpkhlq7+NnsaJ7GoJBLZm0jDBJsZZHbDib395uphYTxAetBw1HlZNvKJifndN8pHdrVxpVCOlH9bxMZi60dxZHrjBn27W9vLP7nNVLsnrUyoZIUQfHpom4qKWo6/p92hAGOcuQI40ag4JT3mWEcXUp+0wJOH0CIE8kQMsWGojdJi44P0tLmWe67tMLf2fwl14fl8KR8dHlUqpzPciuQXbJHDkhITkmFXJAaqRNONHkgT+TZe/RevFfvbdo6581mdsgPeO9fPVmioA==</latexit>

CY5

4d N=1 worldvolume gauge theory 

2d (0,2) worldvolume gauge theory

0d N=1 worldvolume gauge theory
Brane Hyper-Brick Models

Brane Brick Models

Brane Tilings (Dimers)

[Franco-Hanany-Kennaway-Vegh-Wecht 2005]
[Franco-Lee-Seong 2015] [Franco-Lee-Seong-Vafa 2016]
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Brane Construction

<latexit sha1_base64="p+1Ru6LCKmdy0/obvVlFvWwkgjE="></latexit>

0 1 2 3 4 5 6 7 8 9
D1 ⇥ ⇥ · · · · · · · ·
CY4 · · ⇥ ⇥ ⇥ ⇥ ⇥ ⇥ ⇥ ⇥

<latexit sha1_base64="qroufYAV4Bb53Vx5GCMblkfYW5E=">AAACGXicbVA9SwNBEN2L3+dX1NJmMQSswp2IWga1sFQwGklC2NtMkiV7e8fuXDAc9yss1R9jJ7ZW/hYbN5cUmvhg4PHeDDPzglgKg5735RQWFpeWV1bX3PWNza3t4s7unYkSzaHGIxnpesAMSKGghgIl1GMNLAwk3AeDi7F/PwRtRKRucRRDK2Q9JbqCM7TSQxPhEdNLP2sXS17Fy0HniT8lJTLFdbv43exEPAlBIZfMmIbvxdhKA7sbdOaWm4mBmPEB60HDUmVl00rzgzNatkqHdiNtSyHNVffXRMpCY0ZhYDtDhn0z643F/7xGgt2zVipUnCAoPlnUTSTFiI6/px2hgaMcWcK4Fig45X2mGUebkds0gJMHEMJYMoRUsaHo5VnR8UGRNFmauTYtfzabeXJ3VPFPKsc3x6Xq+TS3VbJPDsgh8ckpqZIrck1qhJOQPJEX8uo8O2/Ou/MxaS0405k98gfO5w+xsaHR</latexit>

D1
<latexit sha1_base64="DRVI5G20M7OMYiKTTwZyqE7gOzM=">AAACG3icbVA9SwNBEN3zM55fUUubxRCwCncS1FK0sYxgNJKEsLeZxMW93WN3LhiO+xmW6o+xE1sLf4uNm49CEx8MPN6bYWZelEhhMQi+vIXFpeWV1cKav76xubVd3Nm9sTo1HOpcS20aEbMghYI6CpTQSAywOJJwGz1cjPzbARgrtLrGYQLtmPWV6AnO0EnNFsIjZhd3eafaKZaCSjAGnSfhlJTIFLVO8bvV1TyNQSGXzNpmGCTYziK3HUzul1uphYTxB9aHpqPKybadjU/OadkpXdrTxpVCOlb9XxMZi60dxpHrjBne21lvJP7nNVPsnbYzoZIUQfHJol4qKWo6+p92hQGOcugI40ag4JTfM8M4upT8lgWcPIAQJ5IhZIoNRH+cFh0dpKXNs9x3aYWz2cyTm6NKeFypXlVLZ+fT3ApknxyQQxKSE3JGLkmN1AknmjyRF/LqPXtv3rv3MWld8KYze+QPvM8fO6yinw==</latexit>

CY4

<latexit sha1_base64="TKtGprTXC7b8iy5i0CtErHjhy7U="></latexit>

0 1 2 3 4 5 6 7 8 9
D4 ⇥ ⇥ —– ⌃(x , y , z) —– · ·
NS5 ⇥ ⇥ —– ⌃(x , y , z) —– · ·

T-Duality

<latexit sha1_base64="V8CcEMmTPKKnjk+yMQQaW6lfW4g=">AAACGnicbVC7TsNAEDzzxrwClDQnokhUkY14lRE0VAgESRBxFJ0vm3DifLbu1hGR5b+gBD6GDtHS8C00XBIXvEZaaTSzq92dMJHCoOd9OFPTM7Nz8wuL7tLyyupaaX2jYeJUc6jzWMb6OmQGpFBQR4ESrhMNLAolNMO7k5HfHIA2IlZXOEygHbG+Ej3BGVrpJkC4x+zscj/vlMpe1RuD/iV+QcqkwHmn9Bl0Y55GoJBLZkzL9xJsZ6FdDjp3K0FqIGH8jvWhZamysmln44tzWrFKl/ZibUshHavut4mMRcYMo9B2RgxvzW9vJP7ntVLsHbUzoZIUQfHJol4qKcZ09D7tCg0c5dASxrVAwSm/ZZpxtCG5gQGcPIAQJZIhZIoNRH8cFh0dFEuTZ7lr0/J/Z/OXNHar/kF172KvXDsuclsgW2Sb7BCfHJIaOSXnpE44UeSBPJFn59F5cV6dt0nrlFPMbJIfcN6/AH0Sojw=</latexit>

NS5

<latexit sha1_base64="Te18R2pX960XvE8PiU4/OZJ7VMs=">AAACI3icbVC7TsMwFHXKO7wKjCwWFRJTlSBeI4KFCRVBC1JTKse9ba06TmTfAFWUT2EEPoYNsTDwJSy4jwEKR7J0dM69uscnTKQw6HkfTmFqemZ2bn7BXVxaXlktrq3XTJxqDlUey1jfhMyAFAqqKFDCTaKBRaGE67B3OvCv70AbEasr7CfQiFhHibbgDK3ULK4FCA+YnV/u57dBokUEzWLJK3tD0L/EH5MSGaPSLH4FrZinESjkkhlT970EG1loU4DO3e0gNZAw3mMdqFuqrGwa2TB6Tret0qLtWNunkA5V98dGxiJj+lFoJyOGXTPpDcT/vHqK7aNGJlSSIig+OtROJcWYDnqgLaGBo+xbwrgWKDjlXaYZR9uWGxjA0QcQokQyhEyxO9EZtkYHgWJp8ix3bVv+ZDd/SW237B+U9y72Sscn497mySbZIjvEJ4fkmJyRCqkSTu7JI3kmL86T8+q8Oe+j0YIz3tkgv+B8fgPkgqWK</latexit>

NS50

<latexit sha1_base64="mhpIL1aOoeUD/7f91F/F7D+wpLs="></latexit>

NS500

<latexit sha1_base64="j+MYzJqoKwwcgnVexz9unvzmctc=">AAACGXicbVA9SwNBEN3zM55fUUubxRCwCncS1DKohWUE8yFJkL3NJC7u7R27c8Fw3K+wVH+Mndha+Vts3FxSqPHBwOO9GWbmBbEUBj3v01lYXFpeWS2suesbm1vbxZ3dpokSzaHBIxnpdsAMSKGggQIltGMNLAwktIL784nfGoE2IlLXOI6hF7KhEgPBGVrppovwgOlFNbstlryKl4POE39GSmSG+m3xq9uPeBKCQi6ZMR3fi7GXBnY36MwtdxMDMeP3bAgdS5WVTS/ND85o2Sp9Ooi0LYU0V90fEykLjRmHge0MGd6Zv95E/M/rJDg47aVCxQmC4tNFg0RSjOjke9oXGjjKsSWMa4GCU37HNONoM3K7BnD6AEIYS4aQKjYSwzwrOjkokiZLM9em5f/NZp40jyr+caV6VS3Vzma5Fcg+OSCHxCcnpEYuSZ00CCcheSTP5MV5cl6dN+d92rrgzGb2yC84H9+2u6HU</latexit>

D4
Holomorphic Surface <latexit sha1_base64="7YvGCFzK1T5rboubuxt+3gjzScw="></latexit>

⌃ : P(x , y , z) = 0

Example
<latexit sha1_base64="zHotLFLEoKmWistgMTpNUUi7UVo="></latexit>

P(x , y , z) = (x + 1/x) + (y + 1/y) + (z + 1/z) + c

Calabi-Yau 4-folds

[Franco-Lee-Seong 2015]
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<latexit sha1_base64="5X+2XwXwgj8+8KAFbiGLRAhJImI=">AAACKHicbVDLSgMxFM34rOOrKrhxEyyCqzKjoi6LblwqWhU6tWTS22kwkwzJHaWM/RmX6se4E7f+hhvTx8LXgcDhnHu5JyfOpLAYBO/exOTU9Mxsac6fX1hcWi6vrF5anRsOda6lNtcxsyCFgjoKlHCdGWBpLOEqvj0e+Fd3YKzQ6gJ7GTRTlijREZyhk1rl9ehcJCmjkRFJF5kx+p5e3Oy2ypWgGgxB/5JwTCpkjNNW+TNqa56noJBLZm0jDDJsFrGLAqbvb0W5hYzxW5ZAw1HlZNsshvn7dMspbdrRxj2FdKj63zYKllrbS2M3mTLs2t/eQPzPa+TYOWwWQmU5guKjQ51cUtR0UAZtCwMcZc8Rxo1AwSnvMsM4usr8yAKOPoCQZpIhFIrdiWRYHR0E0tL2i77v2gp/d/OXXO5Uw/3q3tlepXY07q1ENsgm2SYhOSA1ckJOSZ1w8kAeyTN58Z68V+/Nex+NTnjjnTXyA97HF/SGpw0=</latexit>

⌃ ! T 3

• Tropical Geometry
Coamoeba Map

<latexit sha1_base64="eYSBNt5Csm+BlwHP1UtcMpt3hLw=">AAACGHicbVA9SwNBEN2LX/H8ilraLIaAVbgTUcugjWUE8wFJCHubSbJkb+/YnQuGI3/CUv0xdmJr52+xcS9JoYkPBh7vzTAzL4ilMOh5X05ubX1jcyu/7e7s7u0fFA6P6iZKNIcaj2SkmwEzIIWCGgqU0Iw1sDCQ0AhGt5nfGIM2IlIPOImhE7KBEn3BGVqp2cYhIOs+dgtFr+zNQFeJvyBFskC1W/hu9yKehKCQS2ZMy/di7KSBXQ166pbaiYGY8REbQMtSZWXTSWf3TmnJKj3aj7QthXSmur8mUhYaMwkD2xkyHJplLxP/81oJ9q87qVBxgqD4fFE/kRQjmj1Pe0IDRzmxhHEtUHDKh0wzjjYit20A5w8ghLFkCKliYzGYRUWzgyJppunUtWn5y9mskvp52b8sX9xfFCs3i9zy5ISckjPikytSIXekSmqEE0meyAt5dZ6dN+fd+Zi35pzFzDH5A+fzBxWOoYI=</latexit>

✓x
<latexit sha1_base64="6SXZkV2aR9vc+gHQsBsyAVT5wb0=">AAACGHicbVA9SwNBEN2LX/H8ilraLIaAVbiToJZBG8sI5gOSEPY2k2TJ3t6xOxcIR/6Epfpj7MTWzt9i4ya5QhMfDDzem2FmXhBLYdDzvpzcxubW9k5+193bPzg8KhyfNEyUaA51HslItwJmQAoFdRQooRVrYGEgoRmM7+Z+cwLaiEg94jSGbsiGSgwEZ2ilVgdHgKw37RWKXtlbgK4TPyNFkqHWK3x3+hFPQlDIJTOm7XsxdtPArgY9c0udxEDM+JgNoW2psrLppot7Z7RklT4dRNqWQrpQ3V8TKQuNmYaB7QwZjsyqNxf/89oJDm66qVBxgqD4ctEgkRQjOn+e9oUGjnJqCeNaoOCUj5hmHG1EbscALh9ACGPJEFLFJmK4iIrOD4qkmaUz16blr2azThqXZf+qXHmoFKu3WW55ckbOyQXxyTWpkntSI3XCiSRP5IW8Os/Om/PufCxbc042c0r+wPn8ARc7oYM=</latexit>

✓y

<latexit sha1_base64="77kkUJBThAwfFhSkRA7B7vPX26c=">AAACGHicbVA9SwNBEN2LX/H8ilraLIaAVbgTUcugjWUE8wFJCHubSbJkb+/YnQvEI3/CUv0xdmJr52+xcS9JoYkPBh7vzTAzL4ilMOh5X05ubX1jcyu/7e7s7u0fFA6P6iZKNIcaj2SkmwEzIIWCGgqU0Iw1sDCQ0AhGt5nfGIM2IlIPOImhE7KBEn3BGVqp2cYhIOs+dgtFr+zNQFeJvyBFskC1W/hu9yKehKCQS2ZMy/di7KSBXQ166pbaiYGY8REbQMtSZWXTSWf3TmnJKj3aj7QthXSmur8mUhYaMwkD2xkyHJplLxP/81oJ9q87qVBxgqD4fFE/kRQjmj1Pe0IDRzmxhHEtUHDKh0wzjjYit20A5w8ghLFkCKliYzGYRUWzgyJppunUtWn5y9mskvp52b8sX9xfFCs3i9zy5ISckjPikytSIXekSmqEE0meyAt5dZ6dN+fd+Zi35pzFzDH5A+fzBxjooYQ=</latexit>

✓z

<latexit sha1_base64="V8CcEMmTPKKnjk+yMQQaW6lfW4g=">AAACGnicbVC7TsNAEDzzxrwClDQnokhUkY14lRE0VAgESRBxFJ0vm3DifLbu1hGR5b+gBD6GDtHS8C00XBIXvEZaaTSzq92dMJHCoOd9OFPTM7Nz8wuL7tLyyupaaX2jYeJUc6jzWMb6OmQGpFBQR4ESrhMNLAolNMO7k5HfHIA2IlZXOEygHbG+Ej3BGVrpJkC4x+zscj/vlMpe1RuD/iV+QcqkwHmn9Bl0Y55GoJBLZkzL9xJsZ6FdDjp3K0FqIGH8jvWhZamysmln44tzWrFKl/ZibUshHavut4mMRcYMo9B2RgxvzW9vJP7ntVLsHbUzoZIUQfHJol4qKcZ09D7tCg0c5dASxrVAwSm/ZZpxtCG5gQGcPIAQJZIhZIoNRH8cFh0dFEuTZ7lr0/J/Z/OXNHar/kF172KvXDsuclsgW2Sb7BCfHJIaOSXnpE44UeSBPJFn59F5cV6dt0nrlFPMbJIfcN6/AH0Sojw=</latexit>

NS5

<latexit sha1_base64="Te18R2pX960XvE8PiU4/OZJ7VMs=">AAACI3icbVC7TsMwFHXKO7wKjCwWFRJTlSBeI4KFCRVBC1JTKse9ba06TmTfAFWUT2EEPoYNsTDwJSy4jwEKR7J0dM69uscnTKQw6HkfTmFqemZ2bn7BXVxaXlktrq3XTJxqDlUey1jfhMyAFAqqKFDCTaKBRaGE67B3OvCv70AbEasr7CfQiFhHibbgDK3ULK4FCA+YnV/u57dBokUEzWLJK3tD0L/EH5MSGaPSLH4FrZinESjkkhlT970EG1loU4DO3e0gNZAw3mMdqFuqrGwa2TB6Tret0qLtWNunkA5V98dGxiJj+lFoJyOGXTPpDcT/vHqK7aNGJlSSIig+OtROJcWYDnqgLaGBo+xbwrgWKDjlXaYZR9uWGxjA0QcQokQyhEyxO9EZtkYHgWJp8ix3bVv+ZDd/SW237B+U9y72Sscn497mySbZIjvEJ4fkmJyRCqkSTu7JI3kmL86T8+q8Oe+j0YIz3tkgv+B8fgPkgqWK</latexit>

NS50

<latexit sha1_base64="mhpIL1aOoeUD/7f91F/F7D+wpLs="></latexit>

NS500

<latexit sha1_base64="j+MYzJqoKwwcgnVexz9unvzmctc=">AAACGXicbVA9SwNBEN3zM55fUUubxRCwCncS1DKohWUE8yFJkL3NJC7u7R27c8Fw3K+wVH+Mndha+Vts3FxSqPHBwOO9GWbmBbEUBj3v01lYXFpeWS2suesbm1vbxZ3dpokSzaHBIxnpdsAMSKGggQIltGMNLAwktIL784nfGoE2IlLXOI6hF7KhEgPBGVrppovwgOlFNbstlryKl4POE39GSmSG+m3xq9uPeBKCQi6ZMR3fi7GXBnY36MwtdxMDMeP3bAgdS5WVTS/ND85o2Sp9Ooi0LYU0V90fEykLjRmHge0MGd6Zv95E/M/rJDg47aVCxQmC4tNFg0RSjOjke9oXGjjKsSWMa4GCU37HNONoM3K7BnD6AEIYS4aQKjYSwzwrOjkokiZLM9em5f/NZp40jyr+caV6VS3Vzma5Fcg+OSCHxCcnpEYuSZ00CCcheSTP5MV5cl6dN+d92rrgzGb2yC84H9+2u6HU</latexit>

D4

Coamoeba on 3-Torus

Calabi-Yau 4-folds

[Franco-Lee-Seong-Vafa 2016]Brane Construction
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Brane Brick Models [Franco-Lee-Seong 2015]
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Brane Brick Models [Franco-Lee-Seong 2015]
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Brane Brick Models [Franco-Lee-Seong 2015]
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Brane Brick Models [Franco-Lee-Seong 2015]
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Brane Brick Models

T 3

<latexit sha1_base64="/Ecr0j0ARdsFnMOuTYM+quSZivU="></latexit>

C4/Zn1 ⇥ Zn2 ⇥ Zn3

order of the orbifold
<latexit sha1_base64="BhjpnU45IWQya/rlAnKyOCo0Skk="></latexit>

n1 ⇤ n2 ⇤ n3 = #(truncated octahedra)

• Brane Brick Model• Geometry

[Franco-Lee-Seong 2015]
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Brane Brick Models

• U(N) Gauge Group

Polytopes Faces Edges

truncated octahedron

<latexit sha1_base64="pYmGwxDuvOYqMhyXmuXUKdChOvs=">AAACE3icbVDLTgJBEJzFF64v1KOXiYTEE9k1RD0SvXjEKEgChMwODUyYnd3M9JKQDZ/gUf0Yb8arH+C3eHFYOChYSSeVqu50dwWxFAY978vJra1vbG7lt92d3b39g8LhUcNEieZQ55GMdDNgBqRQUEeBEpqxBhYGEh6D0c3MfxyDNiJSDziJoROygRJ9wRla6b7Z9buFolf2MtBV4i9IkSxQ6xa+272IJyEo5JIZ0/K9GDtpYLeCnrqldmIgZnzEBtCyVFnZdNLs1CktWaVH+5G2pZBmqvtrImWhMZMwsJ0hw6FZ9mbif14rwf5VJxUqThAUny/qJ5JiRGd/057QwFFOLGFcCxSc8iHTjKNNx20bwPkDCGEsGUKq2FgMspTo7KBImmk6dW1a/nI2q6RxXvYvypW7SrF6vcgtT07IKTkjPrkkVXJLaqROOBmQJ/JCXp1n5815dz7mrTlnMXNM/sD5/AFVB57v</latexit>

X1

<latexit sha1_base64="piDQQFd0YthxlzpQVV/prqdtXJw=">AAACE3icbVDLSgNBEJyNr7i+oh69DIaAp7AbgnoMevEY0TwgCWF20kmGzM4uM72BsOQTPKof4028+gF+ixcnj4MmFjQUVd10dwWxFAY978vJbGxube9kd929/YPDo9zxSd1EieZQ45GMdDNgBqRQUEOBEpqxBhYGEhrB6HbmN8agjYjUI05i6IRsoERfcIZWemh2S91c3it6c9B14i9JnixR7ea+272IJyEo5JIZ0/K9GDtpYLeCnrqFdmIgZnzEBtCyVFnZdNL5qVNasEqP9iNtSyGdq+6viZSFxkzCwHaGDIdm1ZuJ/3mtBPvXnVSoOEFQfLGon0iKEZ39TXtCA0c5sYRxLVBwyodMM442HbdtABcPIISxZAipYmMxmKdEZwdF0kzTqWvT8lezWSf1UtG/LJbvy/nKzTK3LDkj5+SC+OSKVMgdqZIa4WRAnsgLeXWenTfn3flYtGac5cwp+QPn8wdWtJ7w</latexit>

X2

<latexit sha1_base64="1XvfYtEx2hSHWTF++PM2Y/A9Nzs=">AAACE3icbVDLSgNBEJyNr7i+oh69DIaAp7ArQT0GvXiMaB6ShDA76SRDZmeXmd5AWPIJHtWP8SZe/QC/xYuTx0ETCxqKqm66u4JYCoOe9+Vk1tY3Nrey2+7O7t7+Qe7wqGaiRHOo8khGuhEwA1IoqKJACY1YAwsDCfVgeDP16yPQRkTqAccxtEPWV6InOEMr3T92/E4u7xW9Gegq8RckTxaodHLfrW7EkxAUcsmMafpejO00sFtBT9xCKzEQMz5kfWhaqqxs2uns1AktWKVLe5G2pZDOVPfXRMpCY8ZhYDtDhgOz7E3F/7xmgr2rdipUnCAoPl/USyTFiE7/pl2hgaMcW8K4Fig45QOmGUebjtsygPMHEMJYMoRUsZHoz1Ki04MiaSbpxLVp+cvZrJLaedG/KJbuSvny9SK3LDkhp+SM+OSSlMktqZAq4aRPnsgLeXWenTfn3fmYt2acxcwx+QPn8wdWtp7w</latexit>

Y1

<latexit sha1_base64="LMaqWiVd46bZxf1tzT6R1bLIJis=">AAACE3icbVDLSgNBEJz1GddX1KOXwRDwFHZDUI9BLx4jmockIcxOOsmQ2dllpjcQlnyCR/VjvIlXP8Bv8eLkcdDEgoaiqpvuriCWwqDnfTlr6xubW9uZHXd3b//gMHt0XDNRojlUeSQj3QiYASkUVFGghEasgYWBhHowvJn69RFoIyL1gOMY2iHrK9ETnKGV7h87xU425xW8Gegq8RckRxaodLLfrW7EkxAUcsmMafpejO00sFtBT9x8KzEQMz5kfWhaqqxs2uns1AnNW6VLe5G2pZDOVPfXRMpCY8ZhYDtDhgOz7E3F/7xmgr2rdipUnCAoPl/USyTFiE7/pl2hgaMcW8K4Fig45QOmGUebjtsygPMHEMJYMoRUsZHoz1Ki04MiaSbpxLVp+cvZrJJaseBfFEp3pVz5epFbhpySM3JOfHJJyuSWVEiVcNInT+SFvDrPzpvz7nzMW9ecxcwJ+QPn8wdYY57x</latexit>

Y2

<latexit sha1_base64="Z4dBlat+vhFsUy54XfLq4egLv4I="></latexit>

J : X1X2 � Y1Y2
<latexit sha1_base64="MN+S+tzTJhNR3TABbB7JBV/CtwE=">AAACGXicbVA9SwNBEN2LX/H8ilraLIaAVbiToJZBGwuLCOZDkhD2NpNkyd7esTsXCEd+haX6Y+zE1srfYuPmo9DEBwOP92aYmRfEUhj0vC8ns7a+sbmV3XZ3dvf2D3KHRzUTJZpDlUcy0o2AGZBCQRUFSmjEGlgYSKgHw5upXx+BNiJSDziOoR2yvhI9wRla6bF1Z1u7rMM6ubxX9Gagq8RfkDxZoNLJfbe6EU9CUMglM6bpezG208DuBj1xC63EQMz4kPWhaamysmmns4MntGCVLu1F2pZCOlPdXxMpC40Zh4HtDBkOzLI3Ff/zmgn2rtqpUHGCoPh8US+RFCM6/Z52hQaOcmwJ41qg4JQPmGYcbUZuywDOH0AIY8kQUsVGoj/Lik4PiqSZpBPXpuUvZ7NKaudF/6JYui/ly9eL3LLkhJySM+KTS1Imt6RCqoSTkDyRF/LqPDtvzrvzMW/NOIuZY/IHzucPXgihoA==</latexit>

⇤a

<latexit sha1_base64="5TKxGgULXpKhdBr7pp/iIXytdMw=">AAACE3icbVDLTgJBEJzFF64v1KOXiYTEE9k1RD0SvXjEKEgChMwODUyYnd3M9JKQDZ/gUf0Yb8arH+C3eHFYOChYSSeVqu50dwWxFAY978vJra1vbG7lt92d3b39g8LhUcNEieZQ55GMdDNgBqRQUEeBEpqxBhYGEh6D0c3MfxyDNiJSDziJoROygRJ9wRla6b7ZZd1C0St7Gegq8RekSBaodQvf7V7EkxAUcsmMaflejJ00sFtBT91SOzEQMz5iA2hZqqxsOml26pSWrNKj/UjbUkgz1f01kbLQmEkY2M6Q4dAsezPxP6+VYP+qkwoVJwiKzxf1E0kxorO/aU9o4CgnljCuBQpO+ZBpxtGm47YN4PwBhDCWDCFVbCwGWUp0dlAkzTSdujYtfzmbVdI4L/sX5cpdpVi9XuSWJyfklJwRn1ySKrklNVInnAzIE3khr86z8+a8Ox/z1pyzmDkmf+B8/gCld58f</latexit>

Xa

• 2d (0,2) Chiral

• 2d (0,2) Fermi

• J, E - Terms
Convex Polytopes with even-
sided Faces

Square Faces

Even-sided Faces

quiver

quiver

Faces attached to Edges form 
monomials in J,E-Term relations

[Franco-Lee-Seong 2015]



<latexit sha1_base64="81CODm83YLN4iFUy3Qc1jjCm0hI="></latexit>

E : X3X4 � Y3Y4

<latexit sha1_base64="UpRRyJEPlPtnCSOpN9af6tqfYcc=">AAACE3icbVDLSgNBEJyNr7i+oh69DIaAp7CrQT0GvXiMaB6QhDA76SRDZmeXmd5AWPIJHtWP8SZe/QC/xYuTx0ETCxqKqm66u4JYCoOe9+Vk1tY3Nrey2+7O7t7+Qe7wqGaiRHOo8khGuhEwA1IoqKJACY1YAwsDCfVgeDv16yPQRkTqEccxtEPWV6InOEMrPTQ6F51c3it6M9BV4i9InixQ6eS+W92IJyEo5JIZ0/S9GNtpYLeCnriFVmIgZnzI+tC0VFnZtNPZqRNasEqX9iJtSyGdqe6viZSFxozDwHaGDAdm2ZuK/3nNBHvX7VSoOEFQfL6ol0iKEZ3+TbtCA0c5toRxLVBwygdMM442HbdlAOcPIISxZAipYiPRn6VEpwdF0kzSiWvT8pezWSW186J/WSzdl/Llm0VuWXJCTskZ8ckVKZM7UiFVwkmfPJEX8uo8O2/Ou/Mxb804i5lj8gfO5w9YYZ7x</latexit>

X3

<latexit sha1_base64="dRGzXBKSj5ePC3apXWuQCtZadXM=">AAACE3icbVDLTgJBEJzFF64v1KOXiYTEE9k1RD0SvXjEKEgChMwODUyYnd3M9JKQDZ/gUf0Yb8arH+C3eHFYOChYSSeVqu50dwWxFAY978vJra1vbG7lt92d3b39g8LhUcNEieZQ55GMdDNgBqRQUEeBEpqxBhYGEh6D0c3MfxyDNiJSDziJoROygRJ9wRla6b7ZrXQLRa/sZaCrxF+QIlmg1i18t3sRT0JQyCUzpuV7MXbSwG4FPXVL7cRAzPiIDaBlqbKy6aTZqVNaskqP9iNtSyHNVPfXRMpCYyZhYDtDhkOz7M3E/7xWgv2rTipUnCAoPl/UTyTFiM7+pj2hgaOcWMK4Fig45UOmGUebjts2gPMHEMJYMoRUsbEYZCnR2UGRNNN06tq0/OVsVknjvOxflCt3lWL1epFbnpyQU3JGfHJJquSW1EidcDIgT+SFvDrPzpvz7nzMW3POYuaY/IHz+QNaDp7y</latexit>

X4

<latexit sha1_base64="jHqp0LuCYYZeQhzf/0fF6qZ+cYw=">AAACE3icbVDLSgNBEJyNr7i+oh69DIaAp7CrQT0GvXiMaB6ShDA76SRDZmeXmd5AWPIJHtWP8SZe/QC/xYuTx0GjBQ1FVTfdXUEshUHP+3QyK6tr6xvZTXdre2d3L7d/UDNRojlUeSQj3QiYASkUVFGghEasgYWBhHowvJ769RFoIyJ1j+MY2iHrK9ETnKGV7h46Z51c3it6M9C/xF+QPFmg0sl9tboRT0JQyCUzpul7MbbTwG4FPXELrcRAzPiQ9aFpqbKyaaezUye0YJUu7UXalkI6U90fEykLjRmHge0MGQ7MsjcV//OaCfYu26lQcYKg+HxRL5EUIzr9m3aFBo5ybAnjWqDglA+YZhxtOm7LAM4fQAhjyRBSxUaiP0uJTg+KpJmkE9em5S9n85fUTov+ebF0W8qXrxa5ZckROSYnxCcXpExuSIVUCSd98kieyYvz5Lw6b877vDXjLGYOyS84H99aEJ7y</latexit>

Y3

<latexit sha1_base64="iVoeeyihccYoXHUaZ7wPi4+64i0=">AAACE3icbVDLSgNBEJyNr7i+oh69DIaAp7ArQT0GvXiMaB6ShDA76SRDZmeXmd5AWPIJHtWP8SZe/QC/xYuTx0ETCxqKqm66u4JYCoOe9+Vk1tY3Nrey2+7O7t7+Qe7wqGaiRHOo8khGuhEwA1IoqKJACY1YAwsDCfVgeDP16yPQRkTqAccxtEPWV6InOEMr3T92Sp1c3it6M9BV4i9InixQ6eS+W92IJyEo5JIZ0/S9GNtpYLeCnriFVmIgZnzI+tC0VFnZtNPZqRNasEqX9iJtSyGdqe6viZSFxozDwHaGDAdm2ZuK/3nNBHtX7VSoOEFQfL6ol0iKEZ3+TbtCA0c5toRxLVBwygdMM442HbdlAOcPIISxZAipYiPRn6VEpwdF0kzSiWvT8pezWSW186J/USzdlfLl60VuWXJCTskZ8cklKZNbUiFVwkmfPJEX8uo8O2/Ou/Mxb804i5lj8gfO5w9bvZ7z</latexit>

Y4
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Brane Brick Models

• U(N) Gauge Group

Polytopes Faces Edges

truncated octahedron
<latexit sha1_base64="MN+S+tzTJhNR3TABbB7JBV/CtwE=">AAACGXicbVA9SwNBEN2LX/H8ilraLIaAVbiToJZBGwuLCOZDkhD2NpNkyd7esTsXCEd+haX6Y+zE1srfYuPmo9DEBwOP92aYmRfEUhj0vC8ns7a+sbmV3XZ3dvf2D3KHRzUTJZpDlUcy0o2AGZBCQRUFSmjEGlgYSKgHw5upXx+BNiJSDziOoR2yvhI9wRla6bF1Z1u7rMM6ubxX9Gagq8RfkDxZoNLJfbe6EU9CUMglM6bpezG208DuBj1xC63EQMz4kPWhaamysmmns4MntGCVLu1F2pZCOlPdXxMpC40Zh4HtDBkOzLI3Ff/zmgn2rtqpUHGCoPh8US+RFCM6/Z52hQaOcmwJ41qg4JQPmGYcbUZuywDOH0AIY8kQUsVGoj/Lik4PiqSZpBPXpuUvZ7NKaudF/6JYui/ly9eL3LLkhJySM+KTS1Imt6RCqoSTkDyRF/LqPDtvzrvzMW/NOIuZY/IHzucPXgihoA==</latexit>

⇤a

<latexit sha1_base64="5TKxGgULXpKhdBr7pp/iIXytdMw=">AAACE3icbVDLTgJBEJzFF64v1KOXiYTEE9k1RD0SvXjEKEgChMwODUyYnd3M9JKQDZ/gUf0Yb8arH+C3eHFYOChYSSeVqu50dwWxFAY978vJra1vbG7lt92d3b39g8LhUcNEieZQ55GMdDNgBqRQUEeBEpqxBhYGEh6D0c3MfxyDNiJSDziJoROygRJ9wRla6b7ZZd1C0St7Gegq8RekSBaodQvf7V7EkxAUcsmMaflejJ00sFtBT91SOzEQMz5iA2hZqqxsOml26pSWrNKj/UjbUkgz1f01kbLQmEkY2M6Q4dAsezPxP6+VYP+qkwoVJwiKzxf1E0kxorO/aU9o4CgnljCuBQpO+ZBpxtGm47YN4PwBhDCWDCFVbCwGWUp0dlAkzTSdujYtfzmbVdI4L/sX5cpdpVi9XuSWJyfklJwRn1ySKrklNVInnAzIE3khr86z8+a8Ox/z1pyzmDkmf+B8/gCld58f</latexit>

Xa

• 2d (0,2) Chiral

• 2d (0,2) Fermi

• J, E - Terms
Convex Polytopes with even-
sided Faces

Square Faces

Even-sided Faces

quiver

quiver

Faces attached to Edges form 
monomials in J,E-Term relations

[Franco-Lee-Seong 2015]



• J,E-Terms
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Fano 3-Folds

<latexit sha1_base64="7SXwhMqRJZcYzLZiAEmuasNO7ZE="></latexit>

Q1,1,1/Z2

• Geometry

• Toric Diagram

8 U(N) Gauge Groups, with 24 Chiral Fields

Examples

[Franco-Seong 2022]

• Brane Brick Model
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<latexit sha1_base64="YayFk6BD6s/wUZ/QO+tyYPrNCaU=">AAACF3icbVA9SwNBEN2LX/H8ilraLIaAVbiToJZBG8sI5gOSEPY2k2TJ3t6xOxcIR36Epfpj7MTW0t9i4ya5QhMfDDzem2FmXhBLYdDzvpzcxubW9k5+193bPzg8KhyfNEyUaA51HslItwJmQAoFdRQooRVrYGEgoRmM7+Z+cwLaiEg94jSGbsiGSgwEZ2ilZqWDIgTTKxS9srcAXSd+RookQ61X+O70I56EoJBLZkzb92LspoHdDHrmljqJgZjxMRtC21JlZdNNF+fOaMkqfTqItC2FdKG6vyZSFhozDQPbGTIcmVVvLv7ntRMc3HRToeIEQfHlokEiKUZ0/jvtCw0c5dQSxrVAwSkfMc042oTcjgFcPoAQxpIhpIpNxHCRFJ0fFEkzS2euTctfzWadNC7L/lW58lApVm+z3PLkjJyTC+KTa1Il96RG6oSTMXkiL+TVeXbenHfnY9mac7KZU/IHzucP70Wg4Q==</latexit>

4⇥ <latexit sha1_base64="YayFk6BD6s/wUZ/QO+tyYPrNCaU=">AAACF3icbVA9SwNBEN2LX/H8ilraLIaAVbiToJZBG8sI5gOSEPY2k2TJ3t6xOxcIR36Epfpj7MTW0t9i4ya5QhMfDDzem2FmXhBLYdDzvpzcxubW9k5+193bPzg8KhyfNEyUaA51HslItwJmQAoFdRQooRVrYGEgoRmM7+Z+cwLaiEg94jSGbsiGSgwEZ2ilZqWDIgTTKxS9srcAXSd+RookQ61X+O70I56EoJBLZkzb92LspoHdDHrmljqJgZjxMRtC21JlZdNNF+fOaMkqfTqItC2FdKG6vyZSFhozDQPbGTIcmVVvLv7ntRMc3HRToeIEQfHlokEiKUZ0/jvtCw0c5dQSxrVAwSkfMc042oTcjgFcPoAQxpIhpIpNxHCRFJ0fFEkzS2euTctfzWadNC7L/lW58lApVm+z3PLkjJyTC+KTa1Il96RG6oSTMXkiL+TVeXbenHfnY9mac7KZU/IHzucP70Wg4Q==</latexit>

4⇥

<latexit sha1_base64="QQUT+VznXiMdr1ha+KkWtDxxuF4="></latexit>

J E
⇤1
12 : Y23Y34X41 � X23Y34Y41 P15X52 � Q15R52

⇤2
12 : X23X34Y41 � Y23X34X41 P15Y52 � Q15S52

⇤1
27 : X78Y85Y52 � Y78Y85X52 P26X67 � X23P37

⇤2
27 : Y78X85X52 � X78X85Y52 P26Y67 � Y23P37

⇤3
27 : X78Y85S52 � Y78Y85R52 X23Q37 � Q26X67

⇤4
27 : Y78X85R52 � X78X85S52 Y23Q37 � Q26Y67

⇤1
38 : Y85Y52X23 � X85Y52Y23 P37X78 � X34P48

⇤2
38 : X85X52Y23 � Y85X52X23 P37Y78 � Y34P48

⇤3
38 : Y85S52X23 � X85S52Y23 X34Q48 � Q37X78

⇤4
38 : X85R52Y23 � Y85R52X23 Y34Q48 � Q37Y78

⇤1
45 : X52Y23Y34 � Y52Y23X34 P48X85 � X41P15

⇤2
45 : Y52X23X34 � X52X23Y34 P48Y85 � Y41P15

⇤3
45 : R52Y23Y34 � S52Y23X34 X41Q15 � Q48X85

⇤4
45 : S52X23X34 � R52X23Y34 Y41Q15 � Q48Y85

⇤1
56 : Y67Y78X85 � X67Y78Y85 R52Q26 � X52P26

⇤2
56 : X67X78Y85 � Y67X78X85 S52Q26 � Y52P26
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Fano 3-Folds

<latexit sha1_base64="7SXwhMqRJZcYzLZiAEmuasNO7ZE="></latexit>

Q1,1,1/Z2
<latexit sha1_base64="QQUT+VznXiMdr1ha+KkWtDxxuF4="></latexit>

J E
⇤1
12 : Y23Y34X41 � X23Y34Y41 P15X52 � Q15R52

⇤2
12 : X23X34Y41 � Y23X34X41 P15Y52 � Q15S52

⇤1
27 : X78Y85Y52 � Y78Y85X52 P26X67 � X23P37

⇤2
27 : Y78X85X52 � X78X85Y52 P26Y67 � Y23P37

⇤3
27 : X78Y85S52 � Y78Y85R52 X23Q37 � Q26X67

⇤4
27 : Y78X85R52 � X78X85S52 Y23Q37 � Q26Y67

⇤1
38 : Y85Y52X23 � X85Y52Y23 P37X78 � X34P48

⇤2
38 : X85X52Y23 � Y85X52X23 P37Y78 � Y34P48

⇤3
38 : Y85S52X23 � X85S52Y23 X34Q48 � Q37X78

⇤4
38 : X85R52Y23 � Y85R52X23 Y34Q48 � Q37Y78

⇤1
45 : X52Y23Y34 � Y52Y23X34 P48X85 � X41P15

⇤2
45 : Y52X23X34 � X52X23Y34 P48Y85 � Y41P15

⇤3
45 : R52Y23Y34 � S52Y23X34 X41Q15 � Q48X85

⇤4
45 : S52X23X34 � R52X23Y34 Y41Q15 � Q48Y85

⇤1
56 : Y67Y78X85 � X67Y78Y85 R52Q26 � X52P26

⇤2
56 : X67X78Y85 � Y67X78X85 S52Q26 � Y52P26

• Geometry

• Toric Diagram

• J,E-Terms • Hilbert Series
8 U(N) Gauge Groups, with 24 Chiral Fields

<latexit sha1_base64="uEgTtX8VOivYqjxYU7JGB9qRkLI="></latexit>

HS(Q1,1,1/Z2) =
1

(1� t6)4(1� t7)2(1� t8)4
⇥

<latexit sha1_base64="5AcDj1HFx6dRuzwB6mbhHvgHxL4="></latexit>

1 + 19t6 � 63t12 + 43t18 + 43t24 � 63t30 + 19t36 + t42

(1� t6)8

<latexit sha1_base64="TyfkXhcc+Zbu4AH0hP28l/t5LOs="></latexit>

= 1 + 27t6 + 125t12 + 343t18 + 729t24 + . . .

<latexit sha1_base64="TNJnyjxle4JmwsuWCLp4X6iieMw=">AAACKXicbZBNSwMxEIaz9auuX1UPHrwEi+Cp7FZRL0LRi8cKthXaUrLptAaz2SWZFcqyv8aj+mO8qVd/hhezbRG1vhB4eWeGzDxBLIVBz3tzCnPzC4tLxWV3ZXVtfaO0udU0UaI5NHgkI30TMANSKGigQAk3sQYWBhJawd1FXm/dgzYiUtc4iqEbsqESA8EZ2qhX2jnsoAjB0EP6bc5o9aRXKnsVbyw6a/ypKZOp6r3SZ6cf8SQEhVwyY9q+F2M3DewuoDN3v5MYiBm/Y0NoW6tsbLrp+ICM7tukTweRtk8hHafuj4mUhcaMwsB2hgxvzd9aHv5Xayc4OO2mQsUJguKTjwaJpBjRnAbtCw0c5cgaxrVAwSm/ZZpxtMzcjgGcHIAQxpIhpIrdi+GYHc0XiqTJ0sy1tPy/bGZNs1rxjytHV0fl2vmUW5Hskj1yQHxyQmrkktRJg3CSkQfyRJ6dR+fFeXXeJ60FZzqzTX7J+fgCBQel2w==</latexit>

3⇥ 3⇥ 3 = 27

<latexit sha1_base64="iyS952nILMXyJBVXzwPrw5t1vhg=">AAACKnicbZBNS8NAEIY39avGr6oXwctiETyVpLTqRRC9eKxgq9CUstlO6+JmE3YnQgn113hUf4y34tV/4cVtWsSvFxZe3plhZ54wkcKg542dwtz8wuJScdldWV1b3yhtbrVMnGoOTR7LWN+EzIAUCpooUMJNooFFoYTr8O58Ur++B21ErK5wmEAnYgMl+oIztFG3tFMPUERgaJ1+mRPqV+vdUtmreLnoX+PPTJnM1OiWPoJezNMIFHLJjGn7XoKdLLTLgB65+0FqIGH8jg2gba2yselk+QUjum+THu3H2j6FNE/dbxMZi4wZRqHtjBjemt+1SfhfrZ1i/7iTCZWkCIpPP+qnkmJMJzhoT2jgKIfWMK4FCk75LdOMo4XmBgZwegBClEiGkCl2LwY5PDpZKJZmlI1cS8v/zeavaVUr/mGldlkrn57NuBXJLtkjB8QnR+SUXJAGaRJOHsgjeSYvzpPz6oydt2lrwZnNbJMfct4/AYpcpho=</latexit>

5⇥ 5⇥ 5 = 125

<latexit sha1_base64="IdNPobOMsodhlnMZErZ4cxtZ8jM=">AAACKnicbZBNSwMxEIazftb1q+pF8BIsgqeyq8V6EYpePCpYLbSlZNNpG5rNLsmsUJb113hUf4w38eq/8GLaLqLWFwIv78yQmSeIpTDoeW/O3PzC4tJyYcVdXVvf2Cxubd+aKNEc6jySkW4EzIAUCuooUEIj1sDCQMJdMLwY1+/uQRsRqRscxdAOWV+JnuAMbdQp7lZbKEIwtEq/zRk9rhx3iiWv7E1EZ42fmxLJddUpfra6EU9CUMglM6bpezG208AuAzpzD1qJgZjxIetD01plY9NOJxdk9MAmXdqLtH0K6SR1f0ykLDRmFAa2M2Q4MH9r4/C/WjPB3mk7FSpOEBSfftRLJMWIjnHQrtDAUY6sYVwLFJzyAdOMo4Xmtgzg9ACEMJYMIVXsXvQn8Oh4oUiaLM1cS8v/y2bW3B6V/ZNy5bpSqp3n3Apkj+yTQ+KTKqmRS3JF6oSTB/JInsmL8+S8Om/O+7R1zslndsgvOR9fmCKmIg==</latexit>

7⇥ 7⇥ 7 = 343

<latexit sha1_base64="4tfLMVp322T2Z78dojS5ABvzX2Y="></latexit>

=
1X

n=0

(2n + 1)3t6n

Generating function of gauge invariant operators

Examples

[Franco-Seong 2022]



Fano 3-Folds

Examples

<latexit sha1_base64="7SXwhMqRJZcYzLZiAEmuasNO7ZE="></latexit>

Q1,1,1/Z2

• Geometry

• Toric Diagram

• Hilbert Series

<latexit sha1_base64="uEgTtX8VOivYqjxYU7JGB9qRkLI="></latexit>

HS(Q1,1,1/Z2) =
1

(1� t6)4(1� t7)2(1� t8)4
⇥

<latexit sha1_base64="5AcDj1HFx6dRuzwB6mbhHvgHxL4="></latexit>

1 + 19t6 � 63t12 + 43t18 + 43t24 � 63t30 + 19t36 + t42

(1� t6)8

<latexit sha1_base64="TyfkXhcc+Zbu4AH0hP28l/t5LOs="></latexit>

= 1 + 27t6 + 125t12 + 343t18 + 729t24 + . . .

<latexit sha1_base64="TNJnyjxle4JmwsuWCLp4X6iieMw=">AAACKXicbZBNSwMxEIaz9auuX1UPHrwEi+Cp7FZRL0LRi8cKthXaUrLptAaz2SWZFcqyv8aj+mO8qVd/hhezbRG1vhB4eWeGzDxBLIVBz3tzCnPzC4tLxWV3ZXVtfaO0udU0UaI5NHgkI30TMANSKGigQAk3sQYWBhJawd1FXm/dgzYiUtc4iqEbsqESA8EZ2qhX2jnsoAjB0EP6bc5o9aRXKnsVbyw6a/ypKZOp6r3SZ6cf8SQEhVwyY9q+F2M3DewuoDN3v5MYiBm/Y0NoW6tsbLrp+ICM7tukTweRtk8hHafuj4mUhcaMwsB2hgxvzd9aHv5Xayc4OO2mQsUJguKTjwaJpBjRnAbtCw0c5cgaxrVAwSm/ZZpxtMzcjgGcHIAQxpIhpIrdi+GYHc0XiqTJ0sy1tPy/bGZNs1rxjytHV0fl2vmUW5Hskj1yQHxyQmrkktRJg3CSkQfyRJ6dR+fFeXXeJ60FZzqzTX7J+fgCBQel2w==</latexit>

3⇥ 3⇥ 3 = 27

<latexit sha1_base64="iyS952nILMXyJBVXzwPrw5t1vhg=">AAACKnicbZBNS8NAEIY39avGr6oXwctiETyVpLTqRRC9eKxgq9CUstlO6+JmE3YnQgn113hUf4y34tV/4cVtWsSvFxZe3plhZ54wkcKg542dwtz8wuJScdldWV1b3yhtbrVMnGoOTR7LWN+EzIAUCpooUMJNooFFoYTr8O58Ur++B21ErK5wmEAnYgMl+oIztFG3tFMPUERgaJ1+mRPqV+vdUtmreLnoX+PPTJnM1OiWPoJezNMIFHLJjGn7XoKdLLTLgB65+0FqIGH8jg2gba2yselk+QUjum+THu3H2j6FNE/dbxMZi4wZRqHtjBjemt+1SfhfrZ1i/7iTCZWkCIpPP+qnkmJMJzhoT2jgKIfWMK4FCk75LdOMo4XmBgZwegBClEiGkCl2LwY5PDpZKJZmlI1cS8v/zeavaVUr/mGldlkrn57NuBXJLtkjB8QnR+SUXJAGaRJOHsgjeSYvzpPz6oydt2lrwZnNbJMfct4/AYpcpho=</latexit>

5⇥ 5⇥ 5 = 125

<latexit sha1_base64="IdNPobOMsodhlnMZErZ4cxtZ8jM=">AAACKnicbZBNSwMxEIazftb1q+pF8BIsgqeyq8V6EYpePCpYLbSlZNNpG5rNLsmsUJb113hUf4w38eq/8GLaLqLWFwIv78yQmSeIpTDoeW/O3PzC4tJyYcVdXVvf2Cxubd+aKNEc6jySkW4EzIAUCuooUEIj1sDCQMJdMLwY1+/uQRsRqRscxdAOWV+JnuAMbdQp7lZbKEIwtEq/zRk9rhx3iiWv7E1EZ42fmxLJddUpfra6EU9CUMglM6bpezG208AuAzpzD1qJgZjxIetD01plY9NOJxdk9MAmXdqLtH0K6SR1f0ykLDRmFAa2M2Q4MH9r4/C/WjPB3mk7FSpOEBSfftRLJMWIjnHQrtDAUY6sYVwLFJzyAdOMo4Xmtgzg9ACEMJYMIVXsXvQn8Oh4oUiaLM1cS8v/y2bW3B6V/ZNy5bpSqp3n3Apkj+yTQ+KTKqmRS3JF6oSTB/JInsmL8+S8Om/O+7R1zslndsgvOR9fmCKmIg==</latexit>

7⇥ 7⇥ 7 = 343

<latexit sha1_base64="4tfLMVp322T2Z78dojS5ABvzX2Y="></latexit>

=
1X

n=0

(2n + 1)3t6n

Generating function of gauge invariant operators
• Global Symmetry

<latexit sha1_base64="+z2qW745MG5V3gv0Lcc65i+d35Q=">AAACFXicbVBNS8NAEN34bfyqevSyWAp6KYkU9Vj04lHR2EIbymY7bZduNmF3Uiihv8Gj+mO8iVfP/hYvbtMe/How8Hhvhpl5USqFQc/7cBYWl5ZXVtfW3Y3Nre2d0u7evUkyzSHgiUx0M2IGpFAQoEAJzVQDiyMJjWh4OfUbI9BGJOoOxymEMesr0ROcoZWC2+Do5LhTKntVrwD9S/w5KZM5rjulz3Y34VkMCrlkxrR8L8Uwj+xe0BO30s4MpIwPWR9aliormzAvjp3QilW6tJdoWwppobrfJnIWGzOOI9sZMxyY395U/M9rZdg7D3Oh0gxB8dmiXiYpJnT6Oe0KDRzl2BLGtUDBKR8wzTjafNy2AZw9gBCnkiHkio1Ev8iJTg9KpJnkE9em5f/O5i+5P6n6p9XaTa1cv5jntkYOyCE5Ij45I3VyRa5JQDgR5IE8kWfn0XlxXp23WeuCM5/ZJz/gvH8BET+fRg==</latexit>

SU(2)
<latexit sha1_base64="VrvPHLulKz8NJeYK+yw+RaZrC7k="></latexit>

[2] = x + 1 +
1

x
<latexit sha1_base64="z+btM8coDuNfujrKexgwVTf3gZU="></latexit>

[4] = x4 + x2 + 1 +
1

x2
+

1

x4
<latexit sha1_base64="RxKvMtr4MhpIDpgiklDXARg/dQc="></latexit>

[6] = x6 + x4 + x2 + 1 +
1

x2
+

1

x4
+

1

x6

Characters of Irreducible Representations

adjoint

<latexit sha1_base64="eTxdCuyEJPL3mYW3x7sQ2ailLoo="></latexit>

HS(Q1,1,1/Z2) =
1X

n=0

[2n][2n][2n]t6n

<latexit sha1_base64="RDxvQ51oU0JYJxFoLRsNA63Yy6M="></latexit>

dim[2n] = 2n + 1dimension

Global Symmetry
<latexit sha1_base64="2fPcRzsIxIe80RoUJIxPRPKOHwE="></latexit>

SU(2)x ⇥ SU(2)y ⇥ SU(2)z ⇥ U(1)t

[Franco-Seong 2022]
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Fano 3-Folds

Examples

<latexit sha1_base64="e+fE0MPdIzXsQQwojHgHAZ3kVp4="></latexit>

HS(Q1,1,1/Z2) =
1X

n=0

[2n]x [2n]y [2n]z t
6n

<latexit sha1_base64="fwaY2qAuUNWS8GekKpRbYW/TgoY="></latexit>

= 1 +
⇣
1 + x2y2z2 +

x2z2

y2
+

x2y2

z2
+

x2

y2z2
+

y2z2

x2
+

z2

x2y2
+

y2

x2z2
+

1

x2y2z2
<latexit sha1_base64="8y6KWEjo7rE8kyUj8AdGRdUBdoY="></latexit>

+x2y2 +
x2

y2
+

y2

x2
+

1

x2y2
+ x2z2 +

x2

z2
+

z2

x2
+

1

x2z2
+ x2 +

1

x2
+ y2

<latexit sha1_base64="ljzaM3t6APbyJTPw9nev50FUj+Y="></latexit>

+z2 +
z2

y2
+

y2

z2
+

1

y2z2
+ y2 +

1

y2
+ z2 +

1

z2

⌘
t6 + . . .

<latexit sha1_base64="E+kClD64r8ZclXPjzldaRGYhsKA=">AAACGHicbVBNS8NAEN3U7/hV9ehlsRQq1JIUUY+iF48KVgttKJvttF262YTdiVBC/4RH9cd4E6/e/C1e3LY5qPXBwOO9GWbmhYkUBj3v0yksLC4tr6yuuesbm1vbxZ3dOxOnmkODxzLWzZAZkEJBAwVKaCYaWBRKuA+HlxP//gG0EbG6xVECQcT6SvQEZ2ilZsWrHtWr3mGnWPJq3hR0nvg5KZEc153iV7sb8zQChVwyY1q+l2CQhXY16LFbbqcGEsaHrA8tS5WVTZBN7x3TslW6tBdrWwrpVHV/TGQsMmYUhbYzYjgwf72J+J/XSrF3FmRCJSmC4rNFvVRSjOnkedoVGjjKkSWMa4GCUz5gmnG0EbltAzh7ACFKJEPIFHsQ/WlUdHJQLM04G7s2Lf9vNvPkrl7zT2rHN8el84s8t1WyTw5IhfjklJyTK3JNGoQTSR7JM3lxnpxX5815n7UWnHxmj/yC8/EN6NafoQ==</latexit>

(0,�2, 0)

<latexit sha1_base64="KRa1/R3b3cn1r77vzLHB/A0Rb/0=">AAACF3icbVBNS8NAEN34bfyqevSyWIQKUpJS1KPoxaOCtYW2yGY7qUs3m7A7KZSQH+FR/THexKtHf4sXN20P2vpg4PHeDDPzgkQKg5735SwsLi2vrK6tuxubW9s7pd29exOnmkODxzLWrYAZkEJBAwVKaCUaWBRIaAaDq8JvDkEbEas7HCXQjVhfiVBwhlZqVryT2ol3/FAqe1VvDDpP/CkpkyluHkrfnV7M0wgUcsmMaftegt0ssJtB5+5RJzWQMD5gfWhbqqxsutn43JweWaVHw1jbUkjHqvtrImORMaMosJ0Rw0cz6xXif147xfC8mwmVpAiKTxaFqaQY0+J32hMaOMqRJYxrgYJT/sg042gTcjsGcPIAQpRIhpApNhT9cVK0OCiWJs9y16blz2YzT+5rVf+0Wr+tly8up7mtkQNySCrEJ2fkglyTG9IgnAzIE3khr86z8+a8Ox+T1gVnOrNP/sD5/AF3HJ9q</latexit>

(0, 2, 0)

<latexit sha1_base64="SlekQ/uEfX9+MDgls1i8m+8C/NQ=">AAACGXicbVBNSwMxEM3W7/Wr6tFLsBQqaNktRT2KXjwqWFtpS8mm0zY0m12S2UJZ+is8qj/Gm3j15G/xYvpx0NZHAo/3ZpiZF8RSGPS8LyeztLyyura+4W5ube/sZvf2H0yUaA4VHslI1wJmQAoFFRQooRZrYGEgoRr0r8d+dQDaiEjd4zCGZsi6SnQEZ2ilx4J3clqy77iVzXlFbwK6SPwZyZEZblvZ70Y74kkICrlkxtR9L8ZmGtjZoEduvpEYiBnvsy7ULVVWNs10svCI5q3Spp1I26+QTlT3V0fKQmOGYWArQ4Y9M++Nxf+8eoKdi2YqVJwgKD4d1EkkxYiOr6dtoYGjHFrCuBYoOOU9phlHm5HbMIDTAxDCWDKEVLGB6E6youOFImlG6ci1afnz2SySh1LRPyuW78q5y6tZbuvkkByRAvHJObkkN+SWVAgnIXkiL+TVeXbenHfnY1qacWY9B+QPnM8fXi6f2g==</latexit>

(0,�2,�2)

We can collect exponents for 
terms corresponding to  
generators 

<latexit sha1_base64="gLR84TRnOKB/XNzESJQYz1xki6A="></latexit>

xm1ym2zm3 ! (m1,m2,m3)

The character weights of generators form  
a convex polygon 

character weights

scaling
<latexit sha1_base64="I+0vXj43/lf7hpW0xkO33M46ws4=">AAACGHicbVBNS8NAEN34WeNX1aOXxVJQ0JJIUY9FLx4r2A9oi2y207q42YTdSaGE/gmP6o/xJl69+Vu8uE1z0OqDgcd7M8zMC2IpDHrep7OwuLS8slpYc9c3Nre2izu7TRMlmkODRzLS7YAZkEJBAwVKaMcaWBhIaAUPV1O/NQJtRKRucRxDL2RDJQaCM7RS+9A7PvGPvaO7YsmreBnoX+LnpERy1O+KX91+xJMQFHLJjOn4Xoy9NLCrQU/ccjcxEDP+wIbQsVRZ2fTS7N4JLVulTweRtqWQZqr7YyJloTHjMLCdIcN7M+9Nxf+8ToKDi14qVJwgKD5bNEgkxYhOn6d9oYGjHFvCuBYoOOX3TDOONiK3awBnDyCEsWQIqWIjMcyiotODImkm6cS1afnz2fwlzdOKf1ap3lRLtcs8twLZJwfkkPjknNTINamTBuFEkkfyTF6cJ+fVeXPeZ60LTj6zR37B+fgG5yafoA==</latexit>

(0,�1, 0)

<latexit sha1_base64="pV4l3rjMTMSNKa/D1BOAZ9amnpQ=">AAACF3icbVBNS8NAEN3Urxq/qh69LBZBoZREinoUvXisYFuhLbLZTtulm03YnQgl9Ed4VH+MN/Hq0d/ixW2ag7Y+GHi8N8PMvCCWwqDnfTmFpeWV1bXiuruxubW9U9rda5oo0RwaPJKRvg+YASkUNFCghPtYAwsDCa1gdD31W4+gjYjUHY5j6IZsoERfcIZWah17Fb/inTyUyl7Vy0AXiZ+TMslRfyh9d3oRT0JQyCUzpu17MXbTwG4GPXGPOomBmPERG0DbUmVl002zcyf0yCo92o+0LYU0U91fEykLjRmHge0MGQ7NvDcV//PaCfYvuqlQcYKg+GxRP5EUIzr9nfaEBo5ybAnjWqDglA+ZZhxtQm7HAM4eQAhjyRBSxR7FIEuKTg+KpJmkE9em5c9ns0iap1X/rFq7rZUvr/LciuSAHJJj4pNzckluSJ00CCcj8kReyKvz7Lw5787HrLXg5DP75A+czx91bJ9p</latexit>

(0, 1, 0)

<latexit sha1_base64="UOdtuYu4wkXYbkeLSntH/ZkYypY=">AAACGXicbVDLSgNBEJyNr7i+oh69DIaAgoZdCeox6MVjBPOQJMjspJMMmZ1dZnoDYclXeFQ/xpt49eS3eHHyOGi0mIGiqpvuriCWwqDnfTqZpeWV1bXsuruxubW9k9vdq5ko0RyqPJKRbgTMgBQKqihQQiPWwMJAQj0YXE/8+hC0EZG6w1EM7ZD1lOgKztBK90feyalv3/FDLu8VvSnoX+LPSZ7MUXnIfbU6EU9CUMglM6bpezG208DOBj12C63EQMz4gPWgaamysmmn04XHtGCVDu1G2n6FdKq6PzpSFhozCgNbGTLsm0VvIv7nNRPsXrZToeIEQfHZoG4iKUZ0cj3tCA0c5cgSxrVAwSnvM8042ozclgGcHYAQxpIhpIoNRW+aFZ0sFEkzTseuTctfzOYvqZ0V/fNi6baUL1/Nc8uSA3JIjohPLkiZ3JAKqRJOQvJInsmL8+S8Om/O+6w048x79skvOB/fWs+f2A==</latexit>

(0,�1,�1)

generator 
lattice

[Franco-Seong 2022]
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Fano 3-Folds

Examples

<latexit sha1_base64="7SXwhMqRJZcYzLZiAEmuasNO7ZE="></latexit>

Q1,1,1/Z2

• Geometry • Lattice of Generators• Toric Diagram
A Reflexive Polytope A Reflexive Polytope

Dual Polytopes

property of reflexive  
polytopes

[Franco-Seong 2022]
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Fano 3-Folds

Examples

<latexit sha1_base64="BzDj3e3LY9eIAf40dz3s/Ua+ZVs="></latexit>

=
1X

n=0

[4n, 0, 0]t4n

Characters of  
Irreducible 

Representations

<latexit sha1_base64="u7js5/uCMHGPHmlsBi2LqkKXoHY="></latexit>

= 1 + 35t4 + 165t8 + 455t12 + 969t16 + . . .

<latexit sha1_base64="N+CWDqoZz59ZdYcyD23A7pGxTWw="></latexit>

HS(C4/Z4 (1, 1, 1, 1)) =

• Geometry

• Toric Diagram

• Hilbert Series
series expansion

• Generator Lattice
<latexit sha1_base64="hRIsPh6MTpuYXqzADlKBssisnV4="></latexit>

C4/Z4 (1, 1, 1, 1)
<latexit sha1_base64="sPz4+9LZyvpzdShNpIcnaRDcNpg="></latexit>

1 + 31t4 + 31t8 + t12

(1� t4)4

<latexit sha1_base64="SXPtTE0UgsQJGJLEQU+nNiLaYCw=">AAACF3icbVBNS8NAEN34bfyqevSyWAQPpSRS1KPoxWMF2wptkM12WpduNmF3UighP8Kj+mO8iVeP/hYvbtMctPpg4PHeDDPzwkQKg5736SwsLi2vrK6tuxubW9s7ld29tolTzaHFYxnru5AZkEJBCwVKuEs0sCiU0AlHV1O/MwZtRKxucZJAELGhEgPBGVqp023UvJoX3FeqXt0rQP8SvyRVUqJ5X/nq9WOeRqCQS2ZM1/cSDLLQbgadu0e91EDC+IgNoWupsrIJsuLcnB5ZpU8HsbalkBaq+2MiY5Exkyi0nRHDBzPvTcX/vG6Kg/MgEypJERSfLRqkkmJMp7/TvtDAUU4sYVwLFJzyB6YZR5uQ2zOAswcQokQyhEyxsRgWSdHpQbE0eZa7Ni1/Ppu/pH1S90/rjZtG9eKyzG2NHJBDckx8ckYuyDVpkhbhZEQeyTN5cZ6cV+fNeZ+1LjjlzD75BefjGyhgn9M=</latexit>

[4, 0, 0]

<latexit sha1_base64="NaYLKzR+CGd8RiGdf+6JZSRvJQ4=">AAACF3icbVDLSgNBEJz17fqKevQyGAIeQtiVoB5FLx4VzAOSJcxOOsmQ2dllpjcQlv0Ij+rHeBOvHv0WL04eB00saCiquunuChMpDHrel7Oyura+sbm17e7s7u0fFA6P6iZONYcaj2WsmyEzIIWCGgqU0Ew0sCiU0AiHtxO/MQJtRKwecZxAELG+Ej3BGVqp0boqe2Uv6BSKXsWbgi4Tf06KZI77TuG73Y15GoFCLpkxLd9LMMhCuxl07pbaqYGE8SHrQ8tSZWUTZNNzc1qySpf2Ym1LIZ2q7q+JjEXGjKPQdkYMB2bRm4j/ea0Ue1dBJlSSIig+W9RLJcWYTn6nXaGBoxxbwrgWKDjlA6YZR5uQ2zaAswcQokQyhEyxkehPk6KTg2Jp8ix3bVr+YjbLpH5e8S8q1Ydq8fpmntsWOSGn5Iz45JJckztyT2qEkyF5Ii/k1Xl23px352PWuuLMZ47JHzifPy8on9c=</latexit>

[8, 0, 0]

<latexit sha1_base64="aHgHlfFDCW1x4Hs1qEMCQ/E1buc=">AAACGHicbVBNS8NAEN34bfyqevSyWAQPpSRS1GPRi0cFq4U0yGY7bRc3m7A7KZSQP+FR/THexKs3f4sXt20O2vpg4PHeDDPzolQKg5735SwsLi2vrK6tuxubW9s7ld29O5NkmkOLJzLR7YgZkEJBCwVKaKcaWBxJuI8eL8f+/RC0EYm6xVEKYcz6SvQEZ2ilduCf1LyaFz5Uql7dm4DOE78kVVLi+qHy3ekmPItBIZfMmMD3UgzzyK4GXbhHncxAyvgj60NgqbKyCfPJvQU9skqX9hJtSyGdqO6viZzFxoziyHbGDAdm1huL/3lBhr3zMBcqzRAUny7qZZJiQsfP067QwFGOLGFcCxSc8gHTjKONyO0YwOkDCHEqGUKu2FD0J1HR8UGJNEVeuDYtfzabeXJ3UvdP642bRrV5Uea2Rg7IITkmPjkjTXJFrkmLcCLJE3khr86z8+a8Ox/T1gWnnNknf+B8/gCds6AM</latexit>

[12, 0, 0]

<latexit sha1_base64="5v1JgytsZ1QZsL/1GetWcXHXpIU=">AAACFXicbVA9SwNBEN3zM55fUUubxRCITbiToJaijWVELwaSEPY2k2Rxb+/YnRPCcb/BUv0xdmJr7W+xcfNRaOKDgcd7M8zMCxMpDHrel7O0vLK6tl7YcDe3tnd2i3v7DROnmkPAYxnrZsgMSKEgQIESmokGFoUS7sOHq7F//wjaiFjd4SiBTsQGSvQFZ2il4Dao1I67xZJX9Sagi8SfkRKZod4tfrd7MU8jUMglM6blewl2stDuBZ275XZqIGH8gQ2gZamysulkk2NzWrZKj/ZjbUshnajur4mMRcaMotB2RgyHZt4bi/95rRT7551MqCRFUHy6qJ9KijEdf057QgNHObKEcS1QcMqHTDOONh+3bQCnDyBEiWQImWKPYjDJiY4PiqXJs9y1afnz2SySxknVP63Wbmqli8tZbgVySI5IhfjkjFyQa1InAeFEkCfyQl6dZ+fNeXc+pq1LzmzmgPyB8/kDFJufSA==</latexit>

SU(4)

Global Symmetry
<latexit sha1_base64="a/XCIV50TW02dI2bRWuwgTkl72o="></latexit>

SU(4)xi ⇥ U(1)t

generators
<latexit sha1_base64="OBh7HOfGqtBJOj8ljSYJQxy11lQ="></latexit>

dim[4, 0, 0]SU(4) = 35

<latexit sha1_base64="aluWtEi+Xy0N4WjcNcGAaIk/6Wc=">AAACHXicbVDLSgNBEJyNr7i+oh69DIZABAm7UdSj6MVjBJMIyRJmJ504ZHZ2nekVw5Lv8Kh+jDfxKn6LFyePg6+ChqKqm+6uMJHCoOd9OLm5+YXFpfyyu7K6tr5R2NxqmDjVHOo8lrG+DpkBKRTUUaCE60QDi0IJzXBwPvabd6CNiNUVDhMIItZXoic4QysF5fuOv3/fqdo62OsUil7Fm4D+Jf6MFMkMtU7hs92NeRqBQi6ZMS3fSzDIQrsf9MgttVMDCeMD1oeWpcrKJsgmR49oySpd2ou1LYV0orrfJjIWGTOMQtsZMbwxv72x+J/XSrF3EmRCJSmC4tNFvVRSjOk4AdoVGjjKoSWMa4GCU37DNONoc3LbBnD6AEKUSIaQKXYn+pO86PigWJpRNnJtWv7vbP6SRrXiH1UOLw+Lp2ez3PJkh+ySMvHJMTklF6RG6oSTW/JAnsiz8+i8OK/O27Q158xmtskPOO9fqV6iLw==</latexit>

(x1, x2, x3)

generator lattice is a convex polytope

35  
points

[Franco-Seong 2022]
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Fano 3-Folds

Examples

A Reflexive Polytope A Reflexive Polytope

• Geometry • Lattice of Generators• Toric Diagram

Dual Polytopes

<latexit sha1_base64="hRIsPh6MTpuYXqzADlKBssisnV4="></latexit>

C4/Z4 (1, 1, 1, 1)

[Franco-Seong 2022]
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Fano 3-Folds

• Regular Reflexive Polytopes (CY4)
18 Polytopes and their Brane Brick Models

[Franco-Seong 2022]
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Infinite Families of Geometries
[Gauntlett-Martelli-Sparks-Waldram 2004]

“For every -dimensional Kähler-Einstein manifold  there is an infinite family of Sasaki-Einstein manifolds .”2n B2n Y2n+3

2 Kähler-Einstein manifolds: 

<latexit sha1_base64="PQgn32hVevmhsjmbHrmB9JxV6N0="></latexit>

Y p,k(CP2)
<latexit sha1_base64="5MElHUdSbgbTafTK9r2zO6An40I="></latexit>

Y p,k(CP1 ⇥ CP1)

isometry

parameters

<latexit sha1_base64="AXtu8U8z8g1GsiaMpczPOpZ5vtg="></latexit>

SU(3)⇥ U(1)2

cone

<latexit sha1_base64="QfQdlj8rjyUQI8tscpEVhOS1LHA="></latexit>

SU(2)⇥ SU(2)⇥ U(1)2 isometry

parameters

cone
<latexit sha1_base64="23jq4YVsPiXjyppbFTzpNQFoszI="></latexit>

toric CY4
<latexit sha1_base64="23jq4YVsPiXjyppbFTzpNQFoszI="></latexit>

toric CY4

<latexit sha1_base64="C3RZAO5Sj4ruE8Vpf4xXkkGrVJ4="></latexit>

0  k  p

<latexit sha1_base64="Eahza6cIeyUtyGzQK46eTdqzelE="></latexit>

0  k  3

2
p

n=2

n=1
<latexit sha1_base64="0bM4BLDhVM0O9HHOv4jdpacOx9w="></latexit>

CP1

<latexit sha1_base64="N5ZIBa2ykRPIUJ5lM23kWkSJRIo="></latexit>

CP2
<latexit sha1_base64="FMQHHdXHjjXcm8xdtnssqT4/3yU="></latexit>

CP1 ⇥ CP1

:
<latexit sha1_base64="5JfyvJy2K/kAUBunVjnCAKaTpS0="></latexit>

Y p,q [Gauntlett-Martelli-Sparks-Waldram 2004]

[Gauntlett-Martelli-Sparks-Waldram 2004] [Martelli-Sparks 2008]
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Ypk(CP1xCP1) and Ypk(CP2)
<latexit sha1_base64="PQgn32hVevmhsjmbHrmB9JxV6N0="></latexit>

Y p,k(CP2)
<latexit sha1_base64="5MElHUdSbgbTafTK9r2zO6An40I="></latexit>

Y p,k(CP1 ⇥ CP1)

• toric diagrams
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Ypk(CP1xCP1) and Ypk(CP2)
<latexit sha1_base64="PQgn32hVevmhsjmbHrmB9JxV6N0="></latexit>

Y p,k(CP2)
<latexit sha1_base64="5MElHUdSbgbTafTK9r2zO6An40I="></latexit>

Y p,k(CP1 ⇥ CP1)

• orbifolds
<latexit sha1_base64="DVxqa0X1L857P/7cQmbWDWxLG94="></latexit>

p = k = 2m, m 2 Z+

<latexit sha1_base64="Ox+qjrRPzQoDtS9k/fLkCoibQ8Y="></latexit>

p =
2

3
k = 2m, m 2 Z+
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Ypk(CP1xCP1) and Ypk(CP2)

Theory on M2-Brane Theory on D1-Brane 

worldvolume theory is a 3d Chern-Simons theory 
(Chern-Simons level weighted Brane Tiling) 

<latexit sha1_base64="3FMuOnOfgOe8uYe6ALXvpcxG2Es="></latexit>

M2
<latexit sha1_base64="qroufYAV4Bb53Vx5GCMblkfYW5E=">AAACGXicbVA9SwNBEN2L3+dX1NJmMQSswp2IWga1sFQwGklC2NtMkiV7e8fuXDAc9yss1R9jJ7ZW/hYbN5cUmvhg4PHeDDPzglgKg5735RQWFpeWV1bX3PWNza3t4s7unYkSzaHGIxnpesAMSKGghgIl1GMNLAwk3AeDi7F/PwRtRKRucRRDK2Q9JbqCM7TSQxPhEdNLP2sXS17Fy0HniT8lJTLFdbv43exEPAlBIZfMmIbvxdhKA7sbdOaWm4mBmPEB60HDUmVl00rzgzNatkqHdiNtSyHNVffXRMpCY0ZhYDtDhn0z643F/7xGgt2zVipUnCAoPlnUTSTFiI6/px2hgaMcWcK4Fig45X2mGUebkds0gJMHEMJYMoRUsaHo5VnR8UGRNFmauTYtfzabeXJ3VPFPKsc3x6Xq+TS3VbJPDsgh8ckpqZIrck1qhJOQPJEX8uo8O2/Ou/MxaS0405k98gfO5w+xsaHR</latexit>

D1

worldvolume theory is a 2d (0,2) quiver gauge theory 
(Brane Brick Model)

• fully identified for  

<latexit sha1_base64="ZTaN+JP/VWvHnan4s+M4zwUlb2U="></latexit>

CY4 = C(Y p,k)
<latexit sha1_base64="ZTaN+JP/VWvHnan4s+M4zwUlb2U="></latexit>

CY4 = C(Y p,k)

<latexit sha1_base64="i0exPEnsQMyq0vkkjSvyD3jLYKY="></latexit>

Y p,k(CP2)

[Benini-Closset-Cremonesi 2011] [Franco-Ghim-Seong 2022]

• partially identified for  
<latexit sha1_base64="7olOmXlWI9pb6km0HiMXP9aGPlE="></latexit>

Y p,k(CP1 ⇥ CP1)

[Benini-Closset-Cremonesi 2011]

• fully identified for both                        and
<latexit sha1_base64="i0exPEnsQMyq0vkkjSvyD3jLYKY="></latexit>

Y p,k(CP2)
<latexit sha1_base64="7olOmXlWI9pb6km0HiMXP9aGPlE="></latexit>

Y p,k(CP1 ⇥ CP1)
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Ypk(CP1xCP1) and Ypk(CP2) [Franco-Ghim-Seong 2022]

<latexit sha1_base64="5MElHUdSbgbTafTK9r2zO6An40I="></latexit>

Y p,k(CP1 ⇥ CP1)

• J,E-Terms

Examples

• Quiver

<latexit sha1_base64="QfQdlj8rjyUQI8tscpEVhOS1LHA="></latexit>

SU(2)⇥ SU(2)⇥ U(1)2

Global Symmetry

<latexit sha1_base64="zjPs4u82rI7WBtuDE46EVw2TQsY="></latexit>

Y 2,1(CP1 ⇥ CP1)

• Geometry

• Toric Diagram

• Geometry

<latexit sha1_base64="+7DGHq/s+wFbmIvrDfCdgdHnEJM="></latexit>

i , j , k , l = 1, 2
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Ypk(CP1xCP1) and Ypk(CP2) [Franco-Ghim-Seong 2022]

<latexit sha1_base64="5MElHUdSbgbTafTK9r2zO6An40I="></latexit>

Y p,k(CP1 ⇥ CP1)

• Geometry

• Toric Diagram

• J,E-Terms

Examples

• Quiver

Global Symmetry

<latexit sha1_base64="dLnmN+8DvXU+fq3a1m/s2IzXjrI="></latexit>

Y 3,2(CP2)

<latexit sha1_base64="AXtu8U8z8g1GsiaMpczPOpZ5vtg="></latexit>

SU(3)⇥ U(1)2

<latexit sha1_base64="Rgvif6CpHNRcJh5HoUO80vLatCA="></latexit>

i , j , k = 1, 2, 3



<latexit sha1_base64="gXFQ75ok2GuMCVkrYFtJQ7IxUK8="></latexit>

Y 3,4(CP2)
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Ypk(CP1xCP1) and Ypk(CP2) [Franco-Ghim-Seong 2022]

<latexit sha1_base64="5MElHUdSbgbTafTK9r2zO6An40I="></latexit>

Y p,k(CP1 ⇥ CP1)

• Geometry

• Toric Diagram

• J,E-Terms

Examples

• Quiver

Global Symmetry

<latexit sha1_base64="AXtu8U8z8g1GsiaMpczPOpZ5vtg="></latexit>

SU(3)⇥ U(1)2

<latexit sha1_base64="Rgvif6CpHNRcJh5HoUO80vLatCA="></latexit>

i , j , k = 1, 2, 3
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Evolution of Brane Brick Model Constructions

Dimensional Reduction

[Franco-Ghim-Lee-Seong-Yokoyama 2015]

<latexit sha1_base64="EenewtRI06YJSkTxNIFmLg0NA+g=">AAACGnicbVA9SwNBEN2L3/ErammzGAJW4U6DWgZtLBWMiSQh7G0mccne7rE7FwzH/Qw70f9iJ7Y2/hUrNx+FGh8MPN6bYWZeGEth0fc/vdzC4tLyyupafn1jc2u7sLN7a3ViONS4lto0QmZBCgU1FCihERtgUSihHg4uxn59CMYKrW5wFEM7Yn0leoIzdFKzhfCA6cVd1jnuFIp+2Z+AzpNgRopkhqtO4avV1TyJQCGXzNpm4MfYTkO3HUyWL7USCzHjA9aHpqPKybadTk7OaMkpXdrTxpVCOlHzPyZSFlk7ikLXGTG8t3+9sfif10ywd9ZOhYoTBMWni3qJpKjp+H/aFQY4ypEjjBuBglN+zwzj6FLKtyzg9AGEKJYMIVVsKPqTtOj4IC1tlmYurOBvNPPk9qgcnJQr15Vi9XwW2yrZJwfkkATklFTJJbkiNcKJJo/kmbx4T96r9+a9T1tz3mxmj/yC9/ENon+ijg==</latexit>

CY3
<latexit sha1_base64="3iyyaLFMq20RWRU9h5+BreCBJhs="></latexit>

CY3 ⇥ C

4d N=1 quiver  
gauge theory 
Brane Tiling

2d (2,2) quiver 
gauge theory 

Brane Brick Model
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Evolution of Brane Brick Model Constructions

Dimensional Reduction Orbifold Reduction

[Franco-Ghim-Lee-Seong-Yokoyama 2015]

<latexit sha1_base64="EenewtRI06YJSkTxNIFmLg0NA+g=">AAACGnicbVA9SwNBEN2L3/ErammzGAJW4U6DWgZtLBWMiSQh7G0mccne7rE7FwzH/Qw70f9iJ7Y2/hUrNx+FGh8MPN6bYWZeGEth0fc/vdzC4tLyyupafn1jc2u7sLN7a3ViONS4lto0QmZBCgU1FCihERtgUSihHg4uxn59CMYKrW5wFEM7Yn0leoIzdFKzhfCA6cVd1jnuFIp+2Z+AzpNgRopkhqtO4avV1TyJQCGXzNpm4MfYTkO3HUyWL7USCzHjA9aHpqPKybadTk7OaMkpXdrTxpVCOlHzPyZSFlk7ikLXGTG8t3+9sfif10ywd9ZOhYoTBMWni3qJpKjp+H/aFQY4ypEjjBuBglN+zwzj6FLKtyzg9AGEKJYMIVVsKPqTtOj4IC1tlmYurOBvNPPk9qgcnJQr15Vi9XwW2yrZJwfkkATklFTJJbkiNcKJJo/kmbx4T96r9+a9T1tz3mxmj/yC9/ENon+ijg==</latexit>

CY3
<latexit sha1_base64="3iyyaLFMq20RWRU9h5+BreCBJhs="></latexit>

CY3 ⇥ C

4d N=1 quiver  
gauge theory 
Brane Tiling

2d (2,2) quiver 
gauge theory 

Brane Brick Model

[Franco-Lee-Seong 2016]

<latexit sha1_base64="EenewtRI06YJSkTxNIFmLg0NA+g=">AAACGnicbVA9SwNBEN2L3/ErammzGAJW4U6DWgZtLBWMiSQh7G0mccne7rE7FwzH/Qw70f9iJ7Y2/hUrNx+FGh8MPN6bYWZeGEth0fc/vdzC4tLyyupafn1jc2u7sLN7a3ViONS4lto0QmZBCgU1FCihERtgUSihHg4uxn59CMYKrW5wFEM7Yn0leoIzdFKzhfCA6cVd1jnuFIp+2Z+AzpNgRopkhqtO4avV1TyJQCGXzNpm4MfYTkO3HUyWL7USCzHjA9aHpqPKybadTk7OaMkpXdrTxpVCOlHzPyZSFlk7ikLXGTG8t3+9sfif10ywd9ZOhYoTBMWni3qJpKjp+H/aFQY4ypEjjBuBglN+zwzj6FLKtyzg9AGEKJYMIVVsKPqTtOj4IC1tlmYurOBvNPPk9qgcnJQr15Vi9XwW2yrZJwfkkATklFTJJbkiNcKJJo/kmbx4T96r9+a9T1tz3mxmj/yC9/ENon+ijg==</latexit>

CY3

4d N=1 quiver  
gauge theory 
Brane Tiling

2d (0,2) quiver 
gauge theory 

Brane Brick Model

<latexit sha1_base64="Dh7kmxxhDn8W3qrV+72uHfK1cYg="></latexit>

CY4 = C++�(CY3)
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3D Printing Ypk Manifolds

[Franco-Hasan 2018]

<latexit sha1_base64="EenewtRI06YJSkTxNIFmLg0NA+g=">AAACGnicbVA9SwNBEN2L3/ErammzGAJW4U6DWgZtLBWMiSQh7G0mccne7rE7FwzH/Qw70f9iJ7Y2/hUrNx+FGh8MPN6bYWZeGEth0fc/vdzC4tLyyupafn1jc2u7sLN7a3ViONS4lto0QmZBCgU1FCihERtgUSihHg4uxn59CMYKrW5wFEM7Yn0leoIzdFKzhfCA6cVd1jnuFIp+2Z+AzpNgRopkhqtO4avV1TyJQCGXzNpm4MfYTkO3HUyWL7USCzHjA9aHpqPKybadTk7OaMkpXdrTxpVCOlHzPyZSFlk7ikLXGTG8t3+9sfif10ywd9ZOhYoTBMWni3qJpKjp+H/aFQY4ypEjjBuBglN+zwzj6FLKtyzg9AGEKJYMIVVsKPqTtOj4IC1tlmYurOBvNPPk9qgcnJQr15Vi9XwW2yrZJwfkkATklFTJJbkiNcKJJo/kmbx4T96r9+a9T1tz3mxmj/yC9/ENon+ijg==</latexit>

CY3

[Franco-Ghim-Seong 2022]

<latexit sha1_base64="EenewtRI06YJSkTxNIFmLg0NA+g=">AAACGnicbVA9SwNBEN2L3/ErammzGAJW4U6DWgZtLBWMiSQh7G0mccne7rE7FwzH/Qw70f9iJ7Y2/hUrNx+FGh8MPN6bYWZeGEth0fc/vdzC4tLyyupafn1jc2u7sLN7a3ViONS4lto0QmZBCgU1FCihERtgUSihHg4uxn59CMYKrW5wFEM7Yn0leoIzdFKzhfCA6cVd1jnuFIp+2Z+AzpNgRopkhqtO4avV1TyJQCGXzNpm4MfYTkO3HUyWL7USCzHjA9aHpqPKybadTk7OaMkpXdrTxpVCOlHzPyZSFlk7ikLXGTG8t3+9sfif10ywd9ZOhYoTBMWni3qJpKjp+H/aFQY4ypEjjBuBglN+zwzj6FLKtyzg9AGEKJYMIVVsKPqTtOj4IC1tlmYurOBvNPPk9qgcnJQr15Vi9XwW2yrZJwfkkATklFTJJbkiNcKJJo/kmbx4T96r9+a9T1tz3mxmj/yC9/ENon+ijg==</latexit>

CY3

<latexit sha1_base64="KKrzM6HTeR9m6waNDSkM/VkWeSA=">AAACG3icbZDLSsNAFIYnXmu8VV26GSyCq5JIUZeiG5cVrBeaUCbT03boZBJmTool5DXcib6LO3Hrwldx5TTtwtsPAz//OYdz5otSKQx63oczN7+wuLRcWXFX19Y3Nqtb29cmyTSHFk9kom8jZkAKBS0UKOE21cDiSMJNNDyf1G9GoI1I1BWOUwhj1leiJzhDGwUBwj3m53dFp0E71ZpX90rRv8afmRqZqdmpfgbdhGcxKOSSGdP2vRTDPLLrQRfufpAZSBkfsj60rVU2NmFe3lzQfZt0aS/R9imkZep+m8hZbMw4jmxnzHBgftcm4X+1doa9kzAXKs0QFJ8u6mWSYkInAGhXaOAox9YwrgUKTvmAacbRYnIDAzj9AEKcSoaQKzYS/RIXnRyUSFPkhYXl/0bz11wf1v2jeuOyUTs9m2GrkF2yRw6IT47JKbkgTdIinKTkgTyRZ+fReXFenbdp65wzm9khP+S8fwEDIqK5</latexit>

CY4
<latexit sha1_base64="KKrzM6HTeR9m6waNDSkM/VkWeSA=">AAACG3icbZDLSsNAFIYnXmu8VV26GSyCq5JIUZeiG5cVrBeaUCbT03boZBJmTool5DXcib6LO3Hrwldx5TTtwtsPAz//OYdz5otSKQx63oczN7+wuLRcWXFX19Y3Nqtb29cmyTSHFk9kom8jZkAKBS0UKOE21cDiSMJNNDyf1G9GoI1I1BWOUwhj1leiJzhDGwUBwj3m53dFp0E71ZpX90rRv8afmRqZqdmpfgbdhGcxKOSSGdP2vRTDPLLrQRfufpAZSBkfsj60rVU2NmFe3lzQfZt0aS/R9imkZep+m8hZbMw4jmxnzHBgftcm4X+1doa9kzAXKs0QFJ8u6mWSYkInAGhXaOAox9YwrgUKTvmAacbRYnIDAzj9AEKcSoaQKzYS/RIXnRyUSFPkhYXl/0bz11wf1v2jeuOyUTs9m2GrkF2yRw6IT47JKbkgTdIinKTkgTyRZ+fReXFenbdp65wzm9khP+S8fwEDIqK5</latexit>

CY4

Evolution of Brane Brick Model Constructions

4d N=1 quiver  
gauge theory 
Brane Tiling

2d (0,2) quiver 
gauge theory 

Brane Brick Model

4d N=1 quiver  
gauge theory 
Brane Tiling

2d (0,2) quiver 
gauge theory 

Brane Brick Model
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