
Ioannis Lavdas
LMU München, Arnold Sommerfeld Center for Theoretical Physics

In collaboration with I. Brünner and I. A. Saberi

Holomorphic boundary conditions for topological field theories

Geometry, Strings and the Swampland Workshop

Ringberg, 2021

via branes in twisted supergravity

Based on arXiv : 2110.15257



Motivation and Objective: 
Twisting 3d N=4 theories with boundaries:

Holomorphic boundary

Topological bulk
{O}

<latexit sha1_base64="TMTtLbxaMEvkeMlrSrTKYa5ozoA=">AAACA3icbVBNS8NAEJ34WetX1JteFovgqSRV0GPRizcr2A9oQtlsN+3SzSbsboQSCl78K148KOLVP+HNf+M2zUFbHww83pthZl6QcKa043xbS8srq2vrpY3y5tb2zq69t99ScSoJbZKYx7ITYEU5E7Spmea0k0iKo4DTdjC6nvrtByoVi8W9HifUj/BAsJARrI3Usw89HkhMKPIirIcE8+x24slc6tkVp+rkQIvELUgFCjR69pfXj0kaUaEJx0p1XSfRfoalZoTTSdlLFU0wGeEB7RoqcESVn+U/TNCJUfoojKUpoVGu/p7IcKTUOApM5/RSNe9Nxf+8bqrDSz9jIkk1FWS2KEw50jGaBoL6TFKi+dgQTCQztyIyxCYAbWIrmxDc+ZcXSatWdc+qtbvzSv2qiKMER3AMp+DCBdThBhrQBAKP8Ayv8GY9WS/Wu/Uxa12yipkD+APr8wcxsJfg</latexit>

•Very interesting implications:                                         

Gaiotto - Costello - Creutzig ’18

Susy compactifications on ⌃g
<latexit sha1_base64="NtAvi+HzP8roKqZBKWKjSY0g77Q=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyWpgi6LblxWtA9oQphMJ+3QmUmYmQglBPwVNy4Ucet3uPNvnLRZaOuBgcM593LPnDBhVGnH+bYqK6tr6xvVzdrW9s7unr1/0FVxKjHp4JjFsh8iRRgVpKOpZqSfSIJ4yEgvnNwUfu+RSEVj8aCnCfE5GgkaUYy0kQL7yLunI46CzONIjyOJJtkozwO77jScGeAycUtSByXagf3lDWOcciI0Zkipgesk2s+Q1BQzkte8VJEE4QkakYGhAnGi/GwWP4enRhnCKJbmCQ1n6u+NDHGlpjw0k0VItegV4n/eINXRlZ9RkaSaCDw/FKUM6hgWXcAhlQRrNjUEYUlNVojHSCKsTWM1U4K7+OVl0m023PNG8+6i3rou66iCY3ACzoALLkEL3II26AAMMvAMXsGb9WS9WO/Wx3y0YpU7h+APrM8fB/eWLg==</latexit>

Gaiotto ‘18

Study bulk TFT using bdy VOA data

•Central issue: 
Compatibility of boundary with bulk topological twist  
via appropriate deformation

Gaiotto-Costello ‘18

In this talk: 

g{O@}
<latexit sha1_base64="TdG00lGSla2C0vvL1c/LLWznIsA=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VwVZJW0GXRjTsr2FZoQrmZTtqhkwczE6GEfIgbf8WNC0XcuBD8GydpFtp6YOBwzr137j1ezJlUlvVtVFZW19Y3qpu1re2d3T1z/6Ano0QQ2iURj8S9B5JyFtKuYorT+1hQCDxO+970Kvf7D1RIFoV3ahZTN4BxyHxGQGlpaLacANTEFzBNx9kwdbgngNBCJMDTm1yLQSgGPHNEYWZDs241rAJ4mdglqaMSnaH56YwikgQ0VISDlAPbipWb5mMJp1nNSSSNgUxhTAeahhBQ6abFcRk+0coI+5HQL1S4UH93pBBIOQs8XZlvLRe9XPzPGyTKv3BTFsaJoiGZf+QnHKsI50nhEROUKD7TBIhgeldMJqATUDrPmg7BXjx5mfSaDbvVaN6e1duXZRxVdISO0Smy0Tlqo2vUQV1E0CN6Rq/ozXgyXox342NeWjHKnkP0B8bXD+KXo7o=</latexit>

: VOA

Show how topological twist is implemented as a deformation of a holomorphically twisted theory,   
by engineering the theories in brane world volumes in a particular background



Outline:

3d N=4 theories with boundaries: 
Topological and Holomorphic twists
Boundaries, deformations and compatibility

Brane engineering: 

Bulk and boundary theory
Twisting and background geometry

Twisted IIB supergravity: 

Holomorphic brane engineering

Background deformations and compatibility

Summary, future directions and ongoing work 



3d N=4 with boundaries:

g(3,N = 4) = osp(4|4) � so(3, 2)⇥ so(4)R
<latexit sha1_base64="nmoryFQc60E20NFETXLbjJAJ4GE="></latexit>

Superconformal algebra: 

SO(4)R ' SU(2)C ⇥ SU(2)H
<latexit sha1_base64="LllsSJGoC7r2hZKsROMJr+1Lg3E=">AAACEnicbVDLTsJAFJ36RHxVXbqZSExgQ1ok0SWRDTtRLJDQppkOA0yYPpyZmpCm3+DGX3HjQmPcunLn3zhATRQ8ySTnnHtv7tzjRYwKaRhf2srq2vrGZm4rv72zu7evHxy2RRhzTCwcspB3PSQIowGxJJWMdCNOkO8x0vHG9Wm9c0+4oGFwKycRcXw0DOiAYiSV5eql1lWxWnKTm9QW1Cd3sGUVK0rXU1sqLX50I3X1glE2ZoDLxMxIAWRouvqn3Q9x7JNAYoaE6JlGJJ0EcUkxI2nejgWJEB6jIekpGiC1zklmJ6XwVDl9OAi5eoGEM/f3RIJ8ISa+pzp9JEdisTY1/6v1Yjm4cBIaRLEkAZ4vGsQMyhBO84F9ygmWbKIIwpyqv0I8QhxhqVLMqxDMxZOXSbtSNs/KletqoXaZxZEDx+AEFIEJzkENNEATWACDB/AEXsCr9qg9a2/a+7x1RctmjsAfaB/fH8Gb4Q==</latexit>

Q 2 [2](2,2)
<latexit sha1_base64="s9mMcFIts++7tPugpc9liUOksaY=">AAACE3icbZDLSsNAFIYn9VbrLerSTbAIVaQkVdBl0Y3LFuwF2lgm00k7dDIJMydiCXkHN76KGxeKuHXjzrdxeoFq6w8D3/znHGbO70WcKbDtbyOztLyyupZdz21sbm3vmLt7dRXGktAaCXkomx5WlDNBa8CA02YkKQ48Thve4HpUb9xTqVgobmEYUTfAPcF8RjBoq2OeVNtMtNpAH8Dzk1Lq3iWF2e10hsdpx8zbRXssaxGcKeTRVJWO+dXuhiQOqADCsVItx47ATbAERjhNc+1Y0QiTAe7RlkaBA6rcZLxTah1pp2v5odRHgDV2f08kOFBqGHi6M8DQV/O1kflfrRWDf+kmTEQxUEEmD/kxtyC0RgFZXSYpAT7UgIlk+q8W6WOJCegYczoEZ37lRaiXis5ZsVQ9z5evpnFk0QE6RAXkoAtURjeogmqIoEf0jF7Rm/FkvBjvxsekNWNMZ/bRHxmfP5o2nps=</latexit>

3d N=4 Hypermultiplet

Scalars:

Fermions:

(q, q̃) 2 [1](1,2)
<latexit sha1_base64="llyQpR4erDSLVpI4F1W39dYEXtE=">AAACH3icbZDLSsNAFIYnXmu9RV26CRahgpSkiroU3bisYFVoYplMT+zQySTOnIgl5E3c+CpuXCgi7nwbp7Xi9YeBb/5zDjPnD1PBNbrumzU2PjE5NV2aKc/OzS8s2kvLpzrJFIMmS0SizkOqQXAJTeQo4DxVQONQwFnYOxzUz65BaZ7IE+ynEMT0UvKIM4rGats71atNH7noQH5VbPhctnyEGwyj3CuCi7z6ddv8xHqxUbTtiltzh3L+gjeCChmp0bZf/U7CshgkMkG1bnluikFOFXImoCj7mYaUsh69hJZBSWPQQT7cr3DWjdNxokSZI9EZut8nchpr3Y9D0xlT7OrftYH5X62VYbQX5FymGYJkHw9FmXAwcQZhOR2ugKHoG6BMcfNXh3WpogxNpGUTgvd75b9wWq95W7X68XZl/2AUR4mskjVSJR7ZJfvkiDRIkzByS+7JI3my7qwH69l6+Wgds0YzK+SHrLd36X2jhQ==</latexit>

( ,  ̃) 2 [2](2,1)
<latexit sha1_base64="iizu1INUMMXZKVIxf7DQCkmLa4k=">AAACJXicbZDLSsNAFIYn3q23qks3wSJUKCWpgi5cFN24rGC10MQymZ7UwckkzJyIJeRl3PgqblwoIrjyVZxexEv9YeCb/5zDzPmDRHCNjvNuTU3PzM7NLywWlpZXVteK6xsXOk4VgyaLRaxaAdUguIQmchTQShTQKBBwGdycDOqXt6A0j+U59hPwI9qTPOSMorE6xaOyl2he8ZCLLmQDznc9Ltsewh0GYVbL/aus/H2rfKGb7+adYsmpOkPZk+COoUTGanSKL143ZmkEEpmgWrddJ0E/owo5E5AXvFRDQtkN7UHboKQRaD8bbpnbO8bp2mGszJFoD92fExmNtO5HgemMKF7rv7WB+V+tnWJ46GdcJimCZKOHwlTYGNuDyOwuV8BQ9A1Qprj5q82uqaIMTbAFE4L7d+VJuKhV3b1q7Wy/VD8ex7FAtsg2KROXHJA6OSUN0iSM3JNH8kxerAfryXq13katU9Z4ZpP8kvXxCQJEpjA=</latexit>

Twisting: 

hC,H : SU(2)L ! SU(2)L ⇥ SU(2)C,H
<latexit sha1_base64="CVrnqb+g88vdFwuOrHsaBb6pwGc=">AAACJXicbVDLSsNAFJ3UV62vqEs3wSJUkJJUQREXxW66cFHRtIUmhMl00g6dPJiZCCXkZ9z4K25cWERw5a84aSPU1gMD5557L3fOcSNKuND1L6Wwsrq2vlHcLG1t7+zuqfsHbR7GDGEThTRkXRdyTEmATUEExd2IYei7FHfcUSPrd54w4yQMHsU4wrYPBwHxCIJCSo56Y/lQDD0GR8kwdZLGWTO91h7MSu3USe5SS4TzBfEx/62zSUct61V9Cm2ZGDkpgxwtR51Y/RDFPg4EopDznqFHwk4gEwRRnJasmOMIohEc4J6kAZQH7WTqMtVOpNLXvJDJFwhtqs5vJNDnfOy7cjLzxBd7mfhfrxcL78pOSBDFAgdodsiLqSbNZ5FpfcIwEnQsCUSMyL9qaAgZREIGW5IhGIuWl0m7VjXOq7X7i3L9No+jCI7AMagAA1yCOmiCFjABAs/gFbyDifKivCkfyudstKDkO4fgD5TvH2Woo0s=</latexit>

Q : Q2 = 0,
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QBRST ! Q+QBRST
<latexit sha1_base64="EIjdx8OHaoH3toIWW0UX/wUOQQg=">AAACF3icbVDLSsNAFJ3UV62vqEs3wSIIQkmqoMtSNy5b7QuaUibTaTt0MgkzN2IJ+Qs3/oobF4q41Z1/46TNQlsPDBzOuZe553ghZwps+9vIrayurW/kNwtb2zu7e+b+QUsFkSS0SQIeyI6HFeVM0CYw4LQTSop9j9O2N7lO/fY9lYoFogHTkPZ8PBJsyAgGLfXNUr0fu0AfIK7e3jWSxIXAcn0MY4J5XE/OFuy+WbRL9gzWMnEyUkQZan3zyx0EJPKpAMKxUl3HDqEXYwmMcJoU3EjREJMJHtGupgL7VPXiWa7EOtHKwBoGUj8B1kz9vRFjX6mp7+nJ9GS16KXif143guFVL2YijIAKMv9oGHFLh09LsgZMUgJ8qgkmkulbLTLGEhPQVRZ0Cc5i5GXSKpec81K5flGsVLM68ugIHaNT5KBLVEE3qIaaiKBH9Ixe0ZvxZLwY78bHfDRnZDuH6A+Mzx8RHaB8</latexit>

Qhol !
<latexit sha1_base64="jR0NDmx9nTLCUY7IrJmho523YFk=">AAACBHicbVBNS8NAEN3Ur1q/oh57CRbBU0mqoMeiF48t2A9oQthst+3STTbsTsQScvDiX/HiQRGv/ghv/hs3bQ7a+mDg8d4MM/OCmDMFtv1tlNbWNza3ytuVnd29/QPz8KirRCIJ7RDBhewHWFHOItoBBpz2Y0lxGHDaC6Y3ud+7p1IxEd3BLKZeiMcRGzGCQUu+WXVDDBOCedrO/NQF+gDpRPAsc0H4Zs2u23NYq8QpSA0VaPnmlzsUJAlpBIRjpQaOHYOXYgmMcJpV3ETRGJMpHtOBphEOqfLS+ROZdaqVoTUSUlcE1lz9PZHiUKlZGOjO/GS17OXif94ggdGVl7IoToBGZLFolHALhJUnYg2ZpAT4TBNMJNO3WmSCJSagc6voEJzll1dJt1F3zuuN9kWteV3EUUZVdILOkIMuURPdohbqIIIe0TN6RW/Gk/FivBsfi9aSUcwcoz8wPn8AVo6ZLg==</latexit>

QC ,QH !
<latexit sha1_base64="ISjZ00YyxS+4ygnTpWgqdDFEQ1A=">AAACC3icbVDLSsNAFJ34rPUVdekmtAgupCRV0GWxmy5bsA9oQphMJ+3QyUyYmQglZO/GX3HjQhG3/oA7/8ZJm4VtPTBw5px7ufeeIKZEKtv+MTY2t7Z3dkt75f2Dw6Nj8+S0J3kiEO4iTrkYBFBiShjuKqIoHsQCwyiguB9Mm7nff8RCEs4e1CzGXgTHjIQEQaUl36y4EVQTBGnayfy0mV0t/VuZq7hvVu2aPYe1TpyCVEGBtm9+uyOOkggzhSiUcujYsfJSKBRBFGdlN5E4hmgKx3ioKYMRll46vyWzLrQyskIu9GPKmqt/O1IYSTmLAl2ZbypXvVz8zxsmKrzzUsLiRGGGFoPChFqKW3kw1ogIjBSdaQKRIHpXC02ggEjp+Mo6BGf15HXSq9ec61q9c1Nt3BdxlMA5qIBL4IBb0AAt0AZdgMATeAFv4N14Nl6ND+NzUbphFD1nYAnG1y/7e5ul</latexit>

Topological twist

Holomorphic twist



3d N=4 with boundaries:

g(3,N = 4) = osp(4|4) � so(3, 2)⇥ so(4)R
<latexit sha1_base64="nmoryFQc60E20NFETXLbjJAJ4GE="></latexit>

Superconformal algebra: 

SO(4)R ' SU(2)C ⇥ SU(2)H
<latexit sha1_base64="LllsSJGoC7r2hZKsROMJr+1Lg3E=">AAACEnicbVDLTsJAFJ36RHxVXbqZSExgQ1ok0SWRDTtRLJDQppkOA0yYPpyZmpCm3+DGX3HjQmPcunLn3zhATRQ8ySTnnHtv7tzjRYwKaRhf2srq2vrGZm4rv72zu7evHxy2RRhzTCwcspB3PSQIowGxJJWMdCNOkO8x0vHG9Wm9c0+4oGFwKycRcXw0DOiAYiSV5eql1lWxWnKTm9QW1Cd3sGUVK0rXU1sqLX50I3X1glE2ZoDLxMxIAWRouvqn3Q9x7JNAYoaE6JlGJJ0EcUkxI2nejgWJEB6jIekpGiC1zklmJ6XwVDl9OAi5eoGEM/f3RIJ8ISa+pzp9JEdisTY1/6v1Yjm4cBIaRLEkAZ4vGsQMyhBO84F9ygmWbKIIwpyqv0I8QhxhqVLMqxDMxZOXSbtSNs/KletqoXaZxZEDx+AEFIEJzkENNEATWACDB/AEXsCr9qg9a2/a+7x1RctmjsAfaB/fH8Gb4Q==</latexit>

Q 2 [2](2,2)
<latexit sha1_base64="s9mMcFIts++7tPugpc9liUOksaY=">AAACE3icbZDLSsNAFIYn9VbrLerSTbAIVaQkVdBl0Y3LFuwF2lgm00k7dDIJMydiCXkHN76KGxeKuHXjzrdxeoFq6w8D3/znHGbO70WcKbDtbyOztLyyupZdz21sbm3vmLt7dRXGktAaCXkomx5WlDNBa8CA02YkKQ48Thve4HpUb9xTqVgobmEYUTfAPcF8RjBoq2OeVNtMtNpAH8Dzk1Lq3iWF2e10hsdpx8zbRXssaxGcKeTRVJWO+dXuhiQOqADCsVItx47ATbAERjhNc+1Y0QiTAe7RlkaBA6rcZLxTah1pp2v5odRHgDV2f08kOFBqGHi6M8DQV/O1kflfrRWDf+kmTEQxUEEmD/kxtyC0RgFZXSYpAT7UgIlk+q8W6WOJCegYczoEZ37lRaiXis5ZsVQ9z5evpnFk0QE6RAXkoAtURjeogmqIoEf0jF7Rm/FkvBjvxsekNWNMZ/bRHxmfP5o2nps=</latexit>

3d N=4 Hypermultiplet

Scalars:

Fermions:

(q, q̃) 2 [1](1,2)
<latexit sha1_base64="llyQpR4erDSLVpI4F1W39dYEXtE=">AAACH3icbZDLSsNAFIYnXmu9RV26CRahgpSkiroU3bisYFVoYplMT+zQySTOnIgl5E3c+CpuXCgi7nwbp7Xi9YeBb/5zDjPnD1PBNbrumzU2PjE5NV2aKc/OzS8s2kvLpzrJFIMmS0SizkOqQXAJTeQo4DxVQONQwFnYOxzUz65BaZ7IE+ynEMT0UvKIM4rGats71atNH7noQH5VbPhctnyEGwyj3CuCi7z6ddv8xHqxUbTtiltzh3L+gjeCChmp0bZf/U7CshgkMkG1bnluikFOFXImoCj7mYaUsh69hJZBSWPQQT7cr3DWjdNxokSZI9EZut8nchpr3Y9D0xlT7OrftYH5X62VYbQX5FymGYJkHw9FmXAwcQZhOR2ugKHoG6BMcfNXh3WpogxNpGUTgvd75b9wWq95W7X68XZl/2AUR4mskjVSJR7ZJfvkiDRIkzByS+7JI3my7qwH69l6+Wgds0YzK+SHrLd36X2jhQ==</latexit>

( ,  ̃) 2 [2](2,1)
<latexit sha1_base64="iizu1INUMMXZKVIxf7DQCkmLa4k=">AAACJXicbZDLSsNAFIYn3q23qks3wSJUKCWpgi5cFN24rGC10MQymZ7UwckkzJyIJeRl3PgqblwoIrjyVZxexEv9YeCb/5zDzPmDRHCNjvNuTU3PzM7NLywWlpZXVteK6xsXOk4VgyaLRaxaAdUguIQmchTQShTQKBBwGdycDOqXt6A0j+U59hPwI9qTPOSMorE6xaOyl2he8ZCLLmQDznc9Ltsewh0GYVbL/aus/H2rfKGb7+adYsmpOkPZk+COoUTGanSKL143ZmkEEpmgWrddJ0E/owo5E5AXvFRDQtkN7UHboKQRaD8bbpnbO8bp2mGszJFoD92fExmNtO5HgemMKF7rv7WB+V+tnWJ46GdcJimCZKOHwlTYGNuDyOwuV8BQ9A1Qprj5q82uqaIMTbAFE4L7d+VJuKhV3b1q7Wy/VD8ex7FAtsg2KROXHJA6OSUN0iSM3JNH8kxerAfryXq13katU9Z4ZpP8kvXxCQJEpjA=</latexit>

Twisting: 

hC,H : SU(2)L ! SU(2)L ⇥ SU(2)C,H
<latexit sha1_base64="CVrnqb+g88vdFwuOrHsaBb6pwGc=">AAACJXicbVDLSsNAFJ3UV62vqEs3wSJUkJJUQREXxW66cFHRtIUmhMl00g6dPJiZCCXkZ9z4K25cWERw5a84aSPU1gMD5557L3fOcSNKuND1L6Wwsrq2vlHcLG1t7+zuqfsHbR7GDGEThTRkXRdyTEmATUEExd2IYei7FHfcUSPrd54w4yQMHsU4wrYPBwHxCIJCSo56Y/lQDD0GR8kwdZLGWTO91h7MSu3USe5SS4TzBfEx/62zSUct61V9Cm2ZGDkpgxwtR51Y/RDFPg4EopDznqFHwk4gEwRRnJasmOMIohEc4J6kAZQH7WTqMtVOpNLXvJDJFwhtqs5vJNDnfOy7cjLzxBd7mfhfrxcL78pOSBDFAgdodsiLqSbNZ5FpfcIwEnQsCUSMyL9qaAgZREIGW5IhGIuWl0m7VjXOq7X7i3L9No+jCI7AMagAA1yCOmiCFjABAs/gFbyDifKivCkfyudstKDkO4fgD5TvH2Woo0s=</latexit>

Q : Q2 = 0,
<latexit sha1_base64="jcE00p9jAubxjYAQcSe4imoaU/M=">AAACCXicbVDLSsNAFL3xWesr6tLNYBFcSEmqoAhC0Y3LFuwD2lgm00k7dPJgZiKUkK0bf8WNC0Xc+gfu/BsnbRa19cDAmXPu5d573IgzqSzrx1haXlldWy9sFDe3tnd2zb39pgxjQWiDhDwUbRdLyllAG4opTtuRoNh3OW25o9vMbz1SIVkY3KtxRB0fDwLmMYKVlnom6vpYDQnmST29mv08JJX02jot9sySVbYmQIvEzkkJctR65ne3H5LYp4EiHEvZsa1IOQkWihFO02I3ljTCZIQHtKNpgH0qnWRySYqOtdJHXij0CxSaqLMdCfalHPuursxWlfNeJv7ndWLlXToJC6JY0YBMB3kxRypEWSyozwQlio81wUQwvSsiQywwUTq8LAR7/uRF0qyU7bNypX5eqt7kcRTgEI7gBGy4gCrcQQ0aQOAJXuAN3o1n49X4MD6npUtG3nMAf2B8/QJZnJly</latexit>

QBRST ! Q+QBRST
<latexit sha1_base64="EIjdx8OHaoH3toIWW0UX/wUOQQg=">AAACF3icbVDLSsNAFJ3UV62vqEs3wSIIQkmqoMtSNy5b7QuaUibTaTt0MgkzN2IJ+Qs3/oobF4q41Z1/46TNQlsPDBzOuZe553ghZwps+9vIrayurW/kNwtb2zu7e+b+QUsFkSS0SQIeyI6HFeVM0CYw4LQTSop9j9O2N7lO/fY9lYoFogHTkPZ8PBJsyAgGLfXNUr0fu0AfIK7e3jWSxIXAcn0MY4J5XE/OFuy+WbRL9gzWMnEyUkQZan3zyx0EJPKpAMKxUl3HDqEXYwmMcJoU3EjREJMJHtGupgL7VPXiWa7EOtHKwBoGUj8B1kz9vRFjX6mp7+nJ9GS16KXif143guFVL2YijIAKMv9oGHFLh09LsgZMUgJ8qgkmkulbLTLGEhPQVRZ0Cc5i5GXSKpec81K5flGsVLM68ugIHaNT5KBLVEE3qIaaiKBH9Ixe0ZvxZLwY78bHfDRnZDuH6A+Mzx8RHaB8</latexit>

Qhol !
<latexit sha1_base64="jR0NDmx9nTLCUY7IrJmho523YFk=">AAACBHicbVBNS8NAEN3Ur1q/oh57CRbBU0mqoMeiF48t2A9oQthst+3STTbsTsQScvDiX/HiQRGv/ghv/hs3bQ7a+mDg8d4MM/OCmDMFtv1tlNbWNza3ytuVnd29/QPz8KirRCIJ7RDBhewHWFHOItoBBpz2Y0lxGHDaC6Y3ud+7p1IxEd3BLKZeiMcRGzGCQUu+WXVDDBOCedrO/NQF+gDpRPAsc0H4Zs2u23NYq8QpSA0VaPnmlzsUJAlpBIRjpQaOHYOXYgmMcJpV3ETRGJMpHtOBphEOqfLS+ROZdaqVoTUSUlcE1lz9PZHiUKlZGOjO/GS17OXif94ggdGVl7IoToBGZLFolHALhJUnYg2ZpAT4TBNMJNO3WmSCJSagc6voEJzll1dJt1F3zuuN9kWteV3EUUZVdILOkIMuURPdohbqIIIe0TN6RW/Gk/FivBsfi9aSUcwcoz8wPn8AVo6ZLg==</latexit>

QC ,QH !
<latexit sha1_base64="ISjZ00YyxS+4ygnTpWgqdDFEQ1A=">AAACC3icbVDLSsNAFJ34rPUVdekmtAgupCRV0GWxmy5bsA9oQphMJ+3QyUyYmQglZO/GX3HjQhG3/oA7/8ZJm4VtPTBw5px7ufeeIKZEKtv+MTY2t7Z3dkt75f2Dw6Nj8+S0J3kiEO4iTrkYBFBiShjuKqIoHsQCwyiguB9Mm7nff8RCEs4e1CzGXgTHjIQEQaUl36y4EVQTBGnayfy0mV0t/VuZq7hvVu2aPYe1TpyCVEGBtm9+uyOOkggzhSiUcujYsfJSKBRBFGdlN5E4hmgKx3ioKYMRll46vyWzLrQyskIu9GPKmqt/O1IYSTmLAl2ZbypXvVz8zxsmKrzzUsLiRGGGFoPChFqKW3kw1ogIjBSdaQKRIHpXC02ggEjp+Mo6BGf15HXSq9ec61q9c1Nt3BdxlMA5qIBL4IBb0AAt0AZdgMATeAFv4N14Nl6ND+NzUbphFD1nYAnG1y/7e5ul</latexit>

Topological twist

Holomorphic twist
?



3d N=4 with boundaries:

Consider topological supercharges as deformations of the holomorphic one:

QH = Qhol. + ⇣QH
<latexit sha1_base64="3pV17aLUCK0neRimKBB0WFFZuF8=">AAACHnicbVDLSgNBEJz1bXxFPXoZDIIghF0f6EUQveSYgFEhuyyzk04yOPtgpleMy36JF3/FiwdFBE/6N87GHExiwUBNVTfdXUEihUbb/rampmdm5+YXFktLyyura+X1jSsdp4pDk8cyVjcB0yBFBE0UKOEmUcDCQMJ1cHtR+Nd3oLSIo0vsJ+CFrBuJjuAMjeSXj9yQYY8zmTVyP6vlpyN/F+Ees14sq3m+5z4AMtooqvxyxa7aA9BJ4gxJhQxR98ufbjvmaQgRcsm0bjl2gl7GFAouIS+5qYaE8VvWhZahEQtBe9ngvJzuGKVNO7EyL0I6UP92ZCzUuh8GprJYXo97hfif10qxc+JlIkpShIj/DuqkkmJMi6xoWyjgKPuGMK6E2ZXyHlOMo0m0ZEJwxk+eJFf7Veegut84rJydD+NYIFtkm+wShxyTM1IjddIknDySZ/JK3qwn68V6tz5+S6esYc8mGYH19QNAP6PH</latexit>

QC = Qhol. + ⇣QC
<latexit sha1_base64="J/dp0Wvd7DFvYieUOhNFeTB7JuY=">AAACHnicbVDJSgNBEO1xjXGLevTSGARBCDNR0YsQzMVjAmaBTAg9nYpp0rPQXSPGYb7Ei7/ixYMigif9G3uSHNweNLx+r4qqel4khUbb/rTm5hcWl5ZzK/nVtfWNzcLWdlOHseLQ4KEMVdtjGqQIoIECJbQjBcz3JLS8UTXzWzegtAiDKxxH0PXZdSAGgjM0Uq9w4voMh5zJpJ72kmp6/uPvItxiMgxlKU0P3TtARutZVa9QtEv2BPQvcWakSGao9Qrvbj/ksQ8Bcsm07jh2hN2EKRRcQpp3Yw0R4yN2DR1DA+aD7iaT81K6b5Q+HYTKvADpRP3ekTBf67Hvmcpsef3by8T/vE6Mg7NuIoIoRgj4dNAglhRDmmVF+0IBRzk2hHElzK6UD5liHE2ieROC8/vkv6RZLjlHpXL9uFi5mMWRI7tkjxwQh5ySCrkkNdIgnNyTR/JMXqwH68l6td6mpXPWrGeH/ID18QUwT6O9</latexit>

Gaiotto-Costello ‘18

Apply to construction of appropriate boundary conditions!

N = (0, 4) :
<latexit sha1_base64="aKgNw3nUWgvEQrAoicWTA1dm3HY=">AAAB+3icbVDLSgMxFL1TX7W+xrp0EyxCBSkztaAIQtGNK6lgH9AOJZOmbWjmQZIRyzC/4saFIm79EXf+jZl2Ftp6IHA4517uyXFDzqSyrG8jt7K6tr6R3yxsbe/s7pn7xZYMIkFokwQ8EB0XS8qZT5uKKU47oaDYczltu5Ob1G8/UiFZ4D+oaUgdD498NmQEKy31zWLPw2pMMI/vkquydVo7ueybJatizYCWiZ2REmRo9M2v3iAgkUd9RTiWsmtboXJiLBQjnCaFXiRpiMkEj2hXUx97VDrxLHuCjrUyQMNA6OcrNFN/b8TYk3LquXoyTSoXvVT8z+tGanjhxMwPI0V9Mj80jDhSAUqLQAMmKFF8qgkmgumsiIyxwETpugq6BHvxy8ukVa3YZ5Xqfa1Uv87qyMMhHEEZbDiHOtxCA5pA4Ame4RXejMR4Md6Nj/lozsh2DuAPjM8fLWyTNw==</latexit>

Compatible with bulk holomorphic  but  not topological twist 

Deformable to be compatible with bulk topological twist  

Holomorphic twist

Deform

Topologically twisted theory N = (2, 2) :
<latexit sha1_base64="9EM2Ywx0TYEhQtBrclA0/5Ng4UA=">AAAB+3icbVDLSsNAFL3xWesr1qWbYBEqSEmioAhC0Y0rqWAf0IYymU7boZNJmJmIJeRX3LhQxK0/4s6/cdJmoa0HBg7n3Ms9c/yIUals+9tYWl5ZXVsvbBQ3t7Z3ds29UlOGscCkgUMWiraPJGGUk4aiipF2JAgKfEZa/vgm81uPREga8gc1iYgXoCGnA4qR0lLPLHUDpEYYseQuvaq4J+7xZc8s21V7CmuRODkpQ456z/zq9kMcB4QrzJCUHceOlJcgoShmJC12Y0kihMdoSDqachQQ6SXT7Kl1pJW+NQiFflxZU/X3RoICKSeBryezpHLey8T/vE6sBhdeQnkUK8Lx7NAgZpYKrawIq08FwYpNNEFYUJ3VwiMkEFa6rqIuwZn/8iJpulXntOren5Vr13kdBTiAQ6iAA+dQg1uoQwMwPMEzvMKbkRovxrvxMRtdMvKdffgD4/MHLXCTNw==</latexit> Compatible with both holomorphic and  topological twist 



3d N=4 with boundaries:

(0,4) b.c for free hypermultiplet: Parametrized deformation,

Qhol. + ⇣QH,C
<latexit sha1_base64="dh+vkT1prmndCYrLpovIqrfdnOY=">AAACEHicbVA9SwNBEN3z2/gVtbRZDKKghLsoaBm0sTRgNJA7jr3NJFmy98HunBiP+wk2/hUbC0VsLe38N27iFRp9MPB4b4aZeUEihUbb/rSmpmdm5+YXFktLyyura+X1jSsdp4pDk8cyVq2AaZAigiYKlNBKFLAwkHAdDM5G/vUNKC3i6BKHCXgh60WiKzhDI/nlXTdk2OdMZo3cz1yEW8z6sazm+b57B8how8/OD85yv1yxq/YY9C9xClIhBS788ofbiXkaQoRcMq3bjp2glzGFgkvIS26qIWF8wHrQNjRiIWgvGz+U0x2jdGg3VqYipGP150TGQq2HYWA6R+frSW8k/ue1U+yeeJmIkhQh4t+LuqmkGNNROrQjFHCUQ0MYV8LcSnmfKcbRZFgyITiTL/8lV7Wqc1itNY4q9dMijgWyRbbJHnHIMamTc3JBmoSTe/JInsmL9WA9Wa/W23frlFXMbJJfsN6/ADwfnU8=</latexit>

J hol
? + ⇣JH,C

? = 0
<latexit sha1_base64="Ttt9VouP6yMj8BkyGvlzUN/iSy0=">AAACK3icbVDJSgNBFOyJW4xb1KOXxiAISphRQS+CJJfgScEskImhp/OSNOlZ6H4jxmH+x4u/4kEPLnj1P+zEHNRY0FBU1aPfKy+SQqNtv1mZmdm5+YXsYm5peWV1Lb++UdNhrDhUeShD1fCYBikCqKJACY1IAfM9CXVvUB759RtQWoTBFQ4jaPmsF4iu4AyN1M6XXJ9hnzOZnKftxI1ARel14iLcYtIPZZruuXeAjP4bq+yX01O7nS/YRXsMOk2cCSmQCS7a+Se3E/LYhwC5ZFo3HTvCVsIUCi4hzbmxhojxAetB09CA+aBbyfjWlO4YpUO7oTIvQDpWf04kzNd66HsmOVpZ//VG4n9eM8buSSsRQRQjBPz7o24sKYZ0VBztCAUc5dAQxpUwu1LeZ4pxNPXmTAnO35OnSe2g6BwWDy6PCmelSR1ZskW2yS5xyDE5IxVyQaqEk3vySF7Iq/VgPVvv1sd3NGNNZjbJL1ifX2nLqY4=</latexit>

C : B̃D� :
<latexit sha1_base64="QntbzH/uhcI3zCWrP0wpKkfFFoI=">AAACDHicbVDLSsNAFJ34rPVVdelmsAiuSlIFpavSunBZwT6gCWUymbZDJw9nboQS8gFu/BU3LhRx6we482+ctFlo64GBwznnMvceNxJcgWl+Gyura+sbm4Wt4vbO7t5+6eCwo8JYUtamoQhlzyWKCR6wNnAQrBdJRnxXsK47aWZ+94FJxcPgDqYRc3wyCviQUwJaGpTKzZp9HxPPBi48ltg+gTElImmk6SC5Tu1ozGs6ZVbMGfAysXJSRjlag9KX7YU09lkAVBCl+pYZgZMQCZwKlhbtWLGI0AkZsb6mAfGZcpLZMSk+1YqHh6HULwA8U39PJMRXauq7Opktqxa9TPzP68cwvHISHkQxsIDOPxrGAkOIs2awxyWjIKaaECq53hXTMZGEgu6vqEuwFk9eJp1qxTqvVG8vyvVGXkcBHaMTdIYsdInq6Aa1UBtR9Iie0St6M56MF+Pd+JhHV4x85gj9gfH5A2kjm9k=</latexit>

(0,4) Dirichlet b.c can be deformed to be compatible with C-twist

H : B̃N� :
<latexit sha1_base64="QR/JK4j+51W1L3bELM5z6jX6/dQ=">AAACDHicbVDLSsNAFJ34rPVVdelmsAiuSlIFpatSN11JBfuAJpTJZNoOnTycuRFKyAe48VfcuFDErR/gzr9x0mahrQcGDuecy9x73EhwBab5baysrq1vbBa2its7u3v7pYPDjgpjSVmbhiKUPZcoJnjA2sBBsF4kGfFdwbru5Drzuw9MKh4GdzCNmOOTUcCHnBLQ0qBUbtbs+5h4NnDhscT2CYwpEUkjTQfJTWpHY17TKbNizoCXiZWTMsrRGpS+bC+ksc8CoIIo1bfMCJyESOBUsLRox4pFhE7IiPU1DYjPlJPMjknxqVY8PAylfgHgmfp7IiG+UlPf1clsWbXoZeJ/Xj+G4ZWT8CCKgQV0/tEwFhhCnDWDPS4ZBTHVhFDJ9a6YjokkFHR/RV2CtXjyMulUK9Z5pXp7Ua438joK6BidoDNkoUtUR03UQm1E0SN6Rq/ozXgyXox342MeXTHymSP0B8bnD4DFm+g=</latexit>

(0,4) Neumann b.c can be deformed to be compatible with H-twist

S@ 7! S@ + S
<latexit sha1_base64="Givu8C1Z4pzBMeUajo6oou2/BjE=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0UQhJBUQZdFNy4rtQ9oQphMJ+3QSTLMTIQS8hdu/BU3LhRxqzv/xkmbhbYeGDicc++de0/AGZXKtr+Nysrq2vpGdbO2tb2zu2fuH3RlkgpMOjhhiegHSBJGY9JRVDHS54KgKGCkF0xuCr/3QISkSXyvppx4ERrFNKQYKS35ptX2M5cjoShiuRshLlUCf2vwDGpZjTFiWTv3zbpt2TPAZeKUpA5KtHzzyx0mOI1IrDBDUg4cmysvK4ZjRvKam0rCEZ6gERloGqOISC+b3ZXDE60MYZgI/WIFZ+rvjgxFUk6jQFcWK8pFrxD/8wapCq+8jMY8VSTG84/ClEF9exESHFJBsGJTTRAWVO8K8RgJhJWOsqZDcBZPXibdhuWcW427i3rzuoyjCo7AMTgFDrgETXALWqADMHgEz+AVvBlPxovxbnzMSytG2XMI/sD4/AHltKBd</latexit>

�QholS = JQhol.

@
<latexit sha1_base64="fOMPRUtBxLubqIRAlUu+3E/hNMY="></latexit>

,

Defo preserving H,C-deformed susy if: 

�Qhol S̃ = JQH,C

@
<latexit sha1_base64="8+yUyNfs3AGj1KqT2uCha0TJfZM="></latexit>

S̃ = SSb
<latexit sha1_base64="/pN3KT8JVYdyoGGRPD83HXdHOLU=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAiuCpJFXQjFN24rNReoAlhMpm0QyeTMDMRSsjeja/ixoUibn0Bd76N0zagtv4w8PGfc5hzfj9hVCrL+jJKK6tr6xvlzcrW9s7unrl/0JVxKjDp4JjFou8jSRjlpKOoYqSfCIIin5GeP76e1nv3REga8zs1SYgboSGnIcVIacszq46iLCCZEyE18v2sneeXP+xlbT/3zJpVt2aCy2AXUAOFWp756QQxTiPCFWZIyoFtJcrNkFAUM5JXnFSSBOExGpKBRo4iIt1sdksOj7UTwDAW+nEFZ+7viQxFUk4iX3dO15SLtan5X22QqvDCzShPUkU4nn8UpgyqGE6DgQEVBCs20YCwoHpXiEdIIKx0fBUdgr148jJ0G3X7tN64Pas1r4o4yuAIVMEJsME5aIIb0AIdgMEDeAIv4NV4NJ6NN+N93loyiplD8EfGxzdT5Jvc</latexit>

N:    H-twist

S̃ = SFc
<latexit sha1_base64="jVMfJMpN12u0fPfMh4smLkvbLp4=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAiuCpJFXQjFAVxWdFeoAlhMpm2QyeTMDMRSsjeja/ixoUibn0Bd76Nkzagtv4w8PGfc5hzfj9mVCrL+jJKS8srq2vl9crG5tb2jrm715FRIjBp44hFoucjSRjlpK2oYqQXC4JCn5GuP77M6917IiSN+J2axMQN0ZDTAcVIacszq46iLCCpEyI18v30NsvOf9hLr3DmmTWrbk0FF8EuoAYKtTzz0wkinISEK8yQlH3bipWbIqEoZiSrOIkkMcJjNCR9jRyFRLrp9JYMHmongINI6McVnLq/J1IUSjkJfd2Zrynna7n5X62fqMGZm1IeJ4pwPPtokDCoIpgHAwMqCFZsogFhQfWuEI+QQFjp+Co6BHv+5EXoNOr2cb1xc1JrXhRxlMEBqIIjYINT0ATXoAXaAIMH8ARewKvxaDwbb8b7rLVkFDP74I+Mj29Bm5vQ</latexit>

D:    C-twist

Gaiotto-Rapčak ‘18 

Symplectic Boson VOA

Symplectic Fermion VOA



Brane engineering:

3d N=4 theories can be  realized as brane world volume theories: 

x6
<latexit sha1_base64="FehWU6IfNVgyxh8q1/Rn/vZkuBo=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiieyiUY9ELx4xcYEEVtItXWjotpu2ayQbfoMXDxrj1R/kzX9jgT0o+JJJXt6bycy8MOFMG9f9dgorq2vrG8XN0tb2zu5eef+gqWWqCPWJ5FK1Q6wpZ4L6hhlO24miOA45bYWjm6nfeqRKMynuzTihQYwHgkWMYGMl/+khu5j0yhW36s6AlomXkwrkaPTKX92+JGlMhSEca93x3MQEGVaGEU4npW6qaYLJCA9ox1KBY6qDbHbsBJ1YpY8iqWwJg2bq74kMx1qP49B2xtgM9aI3Ff/zOqmJroKMiSQ1VJD5oijlyEg0/Rz1maLE8LElmChmb0VkiBUmxuZTsiF4iy8vk2at6p1Va3fnlfp1HkcRjuAYTsGDS6jDLTTABwIMnuEV3hzhvDjvzse8teDkM4fwB87nD9emjrQ=</latexit>

x2
<latexit sha1_base64="ZaBeOnud/e+TSnvSXnDVODZquOc=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGCaQttLJvttl262YTdiVhCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXJlIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJxqxn0Wy1i3Qmq4FIr7KFDyVqI5jULJm+HoZuo3H7k2Ilb3OE54ENGBEn3BKFrJf3rIqpNuqexW3BnIMvFyUoYc9W7pq9OLWRpxhUxSY9qem2CQUY2CST4pdlLDE8pGdMDblioacRNks2Mn5NQqPdKPtS2FZKb+nshoZMw4Cm1nRHFoFr2p+J/XTrF/FWRCJSlyxeaL+qkkGJPp56QnNGcox5ZQpoW9lbAh1ZShzadoQ/AWX14mjWrFO69U7y7Ktes8jgIcwwmcgQeXUINbqIMPDAQ8wyu8Ocp5cd6dj3nripPPHMEfOJ8/0ZKOsA==</latexit>

D3
<latexit sha1_base64="IaCZ4PZQ8w9Lw8VSEsoqu8q+FZ4=">AAAB8HicbVA9TwJBEN3DL8Qv1NLmIjGxIndgoiVRC0tMBDRwIXvLABt29y67c0Zy4VfYWGiMrT/Hzn/jAlco+JJJXt6bycy8MBbcoOd9O7mV1bX1jfxmYWt7Z3evuH/QNFGiGTRYJCJ9H1IDgitoIEcB97EGKkMBrXB0NfVbj6ANj9QdjmMIJB0o3ueMopUeOghPmF5XJ91iySt7M7jLxM9IiWSod4tfnV7EEgkKmaDGtH0vxiClGjkTMCl0EgMxZSM6gLalikowQTo7eOKeWKXn9iNtS6E7U39PpFQaM5ah7ZQUh2bRm4r/ee0E+xdBylWcICg2X9RPhIuRO/3e7XENDMXYEso0t7e6bEg1ZWgzKtgQ/MWXl0mzUvar5crtWal2mcWRJ0fkmJwSn5yTGrkhddIgjEjyTF7Jm6OdF+fd+Zi35pxs5pD8gfP5A85XkGg=</latexit>

D5
<latexit sha1_base64="hf15+rxxmglj1TUFBIl6Zao/srI=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd2o6DGoB48RzEOSJcxOJsmQmd1lplcMS77CiwdFvPo53vwbJ8keNLGgoajqprsriKUw6LrfztLyyuraem4jv7m1vbNb2NuvmyjRjNdYJCPdDKjhUoS8hgIlb8aaUxVI3giG1xO/8ci1EVF4j6OY+4r2Q9ETjKKVHtrInzC9OR93CkW35E5BFomXkSJkqHYKX+1uxBLFQ2SSGtPy3Bj9lGoUTPJxvp0YHlM2pH3esjSkihs/nR48JsdW6ZJepG2FSKbq74mUKmNGKrCdiuLAzHsT8T+vlWDv0k9FGCfIQzZb1EskwYhMviddoTlDObKEMi3srYQNqKYMbUZ5G4I3//IiqZdL3mmpfHdWrFxlceTgEI7gBDy4gArcQhVqwEDBM7zCm6OdF+fd+Zi1LjnZzAH8gfP5A9FhkGo=</latexit>

NS5
<latexit sha1_base64="0pXtvsD39LZzLUECBtER9g8b7gU=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgqSRV0WPRiyepaD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPz/FhwjY7zbeWWlldW1/LrhY3Nre2d4u5eQ0eJYlBnkYhUy6caBJdQR44CWrECGvoCmv7wauI3H0FpHsl7HMXghbQvecAZRSM9dBCeML25Oxt3iyWn7ExhLxI3IyWSodYtfnV6EUtCkMgE1brtOjF6KVXImYBxoZNoiCkb0j60DZU0BO2l04vH9pFRenYQKVMS7an6eyKlodaj0DedIcWBnvcm4n9eO8Hgwku5jBMEyWaLgkTYGNmT9+0eV8BQjAyhTHFzq80GVFGGJqSCCcGdf3mRNCpl96RcuT0tVS+zOPLkgBySY+KSc1Il16RG6oQRSZ7JK3mztPVivVsfs9aclc3skz+wPn8AhvyQ0Q==</latexit>

D3
<latexit sha1_base64="IaCZ4PZQ8w9Lw8VSEsoqu8q+FZ4=">AAAB8HicbVA9TwJBEN3DL8Qv1NLmIjGxIndgoiVRC0tMBDRwIXvLABt29y67c0Zy4VfYWGiMrT/Hzn/jAlco+JJJXt6bycy8MBbcoOd9O7mV1bX1jfxmYWt7Z3evuH/QNFGiGTRYJCJ9H1IDgitoIEcB97EGKkMBrXB0NfVbj6ANj9QdjmMIJB0o3ueMopUeOghPmF5XJ91iySt7M7jLxM9IiWSod4tfnV7EEgkKmaDGtH0vxiClGjkTMCl0EgMxZSM6gLalikowQTo7eOKeWKXn9iNtS6E7U39PpFQaM5ah7ZQUh2bRm4r/ee0E+xdBylWcICg2X9RPhIuRO/3e7XENDMXYEso0t7e6bEg1ZWgzKtgQ/MWXl0mzUvar5crtWal2mcWRJ0fkmJwSn5yTGrkhddIgjEjyTF7Jm6OdF+fd+Zi35pxs5pD8gfP5A85XkGg=</latexit>

D5
0

<latexit sha1_base64="CVJcxrgf9FeVDOnoB/R5M/BrsDE=">AAAB9HicbVBNT8JAEN3iF+IX6tHLRmL0RFrU6JGoB4+YyEcClWyXLWzYbuvulEia/g4vHjTGqz/Gm//GBXpQ8CWTvLw3k5l5XiS4Btv+tnJLyyura/n1wsbm1vZOcXevocNYUVanoQhVyyOaCS5ZHTgI1ooUI4EnWNMbXk/85ogpzUN5D+OIuQHpS+5zSsBIbgfYEyQ35+lDcpx2iyW7bE+BF4mTkRLKUOsWvzq9kMYBk0AF0brt2BG4CVHAqWBpoRNrFhE6JH3WNlSSgGk3mR6d4iOj9LAfKlMS8FT9PZGQQOtx4JnOgMBAz3sT8T+vHYN/6SZcRjEwSWeL/FhgCPEkAdzjilEQY0MIVdzciumAKELB5FQwITjzLy+SRqXsnJYrd2el6lUWRx4doEN0ghx0garoFtVQHVH0iJ7RK3qzRtaL9W59zFpzVjazj/7A+vwBt12SDw==</latexit>

(NS5
0
)

<latexit sha1_base64="woYKYgcNOrcJ+JoXc2FqU35pFdo=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BItYLyWpih6LXjxJRfsBbSyb7aZdutmE3UmxhPwTLx4U8eo/8ea/cdvmoK0PBh7vzTAzz4s4U2Db30ZuaXlldS2/XtjY3NreMXf3GiqMJaF1EvJQtjysKGeC1oEBp61IUhx4nDa94fXEb46oVCwUDzCOqBvgvmA+Ixi01DXNUgfoEyS39+fpY3KcnnTNol22p7AWiZORIspQ65pfnV5I4oAKIBwr1XbsCNwES2CE07TQiRWNMBniPm1rKnBAlZtML0+tI630LD+UugRYU/X3RIIDpcaBpzsDDAM1703E/7x2DP6lmzARxUAFmS3yY25BaE1isHpMUgJ8rAkmkulbLTLAEhPQYRV0CM78y4ukUSk7p+XK3VmxepXFkUcH6BCVkIMuUBXdoBqqI4JG6Bm9ojcjMV6Md+Nj1pozspl99AfG5w+y3ZMM</latexit>

D5
<latexit sha1_base64="hf15+rxxmglj1TUFBIl6Zao/srI=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd2o6DGoB48RzEOSJcxOJsmQmd1lplcMS77CiwdFvPo53vwbJ8keNLGgoajqprsriKUw6LrfztLyyuraem4jv7m1vbNb2NuvmyjRjNdYJCPdDKjhUoS8hgIlb8aaUxVI3giG1xO/8ci1EVF4j6OY+4r2Q9ETjKKVHtrInzC9OR93CkW35E5BFomXkSJkqHYKX+1uxBLFQ2SSGtPy3Bj9lGoUTPJxvp0YHlM2pH3esjSkihs/nR48JsdW6ZJepG2FSKbq74mUKmNGKrCdiuLAzHsT8T+vlWDv0k9FGCfIQzZb1EskwYhMviddoTlDObKEMi3srYQNqKYMbUZ5G4I3//IiqZdL3mmpfHdWrFxlceTgEI7gBDy4gArcQhVqwEDBM7zCm6OdF+fd+Zi1LjnZzAH8gfP5A9FhkGo=</latexit>

D3
<latexit sha1_base64="IaCZ4PZQ8w9Lw8VSEsoqu8q+FZ4=">AAAB8HicbVA9TwJBEN3DL8Qv1NLmIjGxIndgoiVRC0tMBDRwIXvLABt29y67c0Zy4VfYWGiMrT/Hzn/jAlco+JJJXt6bycy8MBbcoOd9O7mV1bX1jfxmYWt7Z3evuH/QNFGiGTRYJCJ9H1IDgitoIEcB97EGKkMBrXB0NfVbj6ANj9QdjmMIJB0o3ueMopUeOghPmF5XJ91iySt7M7jLxM9IiWSod4tfnV7EEgkKmaDGtH0vxiClGjkTMCl0EgMxZSM6gLalikowQTo7eOKeWKXn9iNtS6E7U39PpFQaM5ah7ZQUh2bRm4r/ee0E+xdBylWcICg2X9RPhIuRO/3e7XENDMXYEso0t7e6bEg1ZWgzKtgQ/MWXl0mzUvar5crtWal2mcWRJ0fkmJwSn5yTGrkhddIgjEjyTF7Jm6OdF+fd+Zi35pxs5pD8gfP5A85XkGg=</latexit> D3

<latexit sha1_base64="IaCZ4PZQ8w9Lw8VSEsoqu8q+FZ4=">AAAB8HicbVA9TwJBEN3DL8Qv1NLmIjGxIndgoiVRC0tMBDRwIXvLABt29y67c0Zy4VfYWGiMrT/Hzn/jAlco+JJJXt6bycy8MBbcoOd9O7mV1bX1jfxmYWt7Z3evuH/QNFGiGTRYJCJ9H1IDgitoIEcB97EGKkMBrXB0NfVbj6ANj9QdjmMIJB0o3ueMopUeOghPmF5XJ91iySt7M7jLxM9IiWSod4tfnV7EEgkKmaDGtH0vxiClGjkTMCl0EgMxZSM6gLalikowQTo7eOKeWKXn9iNtS6E7U39PpFQaM5ah7ZQUh2bRm4r/ee0E+xdBylWcICg2X9RPhIuRO/3e7XENDMXYEso0t7e6bEg1ZWgzKtgQ/MWXl0mzUvar5crtWal2mcWRJ0fkmJwSn5yTGrkhddIgjEjyTF7Jm6OdF+fd+Zi35pxs5pD8gfP5A85XkGg=</latexit>

NS5
<latexit sha1_base64="0pXtvsD39LZzLUECBtER9g8b7gU=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgqSRV0WPRiyepaD+wDWWznbRLN5uwOxFL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPz/FhwjY7zbeWWlldW1/LrhY3Nre2d4u5eQ0eJYlBnkYhUy6caBJdQR44CWrECGvoCmv7wauI3H0FpHsl7HMXghbQvecAZRSM9dBCeML25Oxt3iyWn7ExhLxI3IyWSodYtfnV6EUtCkMgE1brtOjF6KVXImYBxoZNoiCkb0j60DZU0BO2l04vH9pFRenYQKVMS7an6eyKlodaj0DedIcWBnvcm4n9eO8Hgwku5jBMEyWaLgkTYGNmT9+0eV8BQjAyhTHFzq80GVFGGJqSCCcGdf3mRNCpl96RcuT0tVS+zOPLkgBySY+KSc1Il16RG6oQRSZ7JK3mztPVivVsfs9aclc3skz+wPn8AhvyQ0Q==</latexit>

Boundaries realized from extra IIB five-branes:

Hanany-Okazaki ‘18

N = (0, 4)
<latexit sha1_base64="btZGVThkjIrxsoisn7Mz6TilE90=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBItQQUpSC7oRim5cSQX7gDaUyXTSDp1MwsxEKbGf4saFIm79Enf+jZM2C209MHA4517umeNFjEpl299GbmV1bX0jv1nY2t7Z3TOL+y0ZxgKTJg5ZKDoekoRRTpqKKkY6kSAo8Bhpe+Pr1G8/ECFpyO/VJCJugIac+hQjpaW+WewFSI0wYsnt9LJsn9ZO+mbJrtgzWMvEyUgJMjT65ldvEOI4IFxhhqTsOnak3AQJRTEj00IvliRCeIyGpKspRwGRbjKLPrWOtTKw/FDox5U1U39vJCiQchJ4ejINKhe9VPzP68bKv3ATyqNYEY7nh/yYWSq00h6sARUEKzbRBGFBdVYLj5BAWOm2CroEZ/HLy6RVrThnlepdrVS/yurIwyEcQRkcOIc63EADmoDhEZ7hFd6MJ+PFeDc+5qM5I9s5gD8wPn8AqriS8w==</latexit>



Brane engineering:

Twisting homomorphisms: 

Q-cohomology?
Holomorphic twist?Several points intracable:

Appropriate choice of target space geometry
Bershadsky, Vafa, Sadov ‘96

M3 ,! T ⇤
H,C

M3 ⇢ CY3
<latexit sha1_base64="4AxE5mA5uNJirbhHCDzLDoXG7Y4="></latexit>

�µ⌫ ! �µ⌫ + �(µ+3)(⌫+3),
<latexit sha1_base64="JMjHVrSOdEBQvM/HXreySytsX28=">AAACJHicbZDLSgMxFIYz9VbrbdSlm8EiVCplphUU3BRd6LKCvUBnGDJppg1NMkOSEcowD+PGV3Hjwgsu3PgsphdBWw+E/PnOOZycP4gpkcq2P43c0vLK6lp+vbCxubW9Y+7utWSUCISbKKKR6ARQYko4biqiKO7EAkMWUNwOhlfjfPseC0kifqdGMfYY7HMSEgSVRr554V5DxqCfuixxeZK5KrLmUPnnXdKgXDsuaaiv7MQ3i3bFnoS1KJyZKIJZNHzzze1FKGGYK0ShlF3HjpWXQqEIojgruInEMURD2MddLTlkWHrpZMnMOtKkZ4WR0Icra0J/d6SQSTliga5kUA3kfG4M/8t1ExWeeynhcaIwR9NBYUIt7cTYMatHBEaKjrSASBD9VwsNoIBIaV8L2gRnfuVF0apWnFqlentarF/O7MiDA3AISsABZ6AObkADNAECD+AJvIBX49F4Nt6Nj2lpzpj17IM/YXx9A/HGpEo=</latexit>

�µ⌫ ! �µ⌫ + �(µ+7)(⌫+7),
<latexit sha1_base64="UR7wYspOomQw3YdOtjeEkSP2ckM=">AAACJHicbZDLSgMxFIYz9VbrbdSlm8EiVCplpgoV3BRd6LKCvUBnGDJppg1NMkOSEcowD+PGV3Hjwgsu3PgsphdBWw+E/PnOOZycP4gpkcq2P43c0vLK6lp+vbCxubW9Y+7utWSUCISbKKKR6ARQYko4biqiKO7EAkMWUNwOhlfjfPseC0kifqdGMfYY7HMSEgSVRr554V5DxqCfuixxeZK5KrLmUPnnXdKgXDsuaaiv7MQ3i3bFnoS1KJyZKIJZNHzzze1FKGGYK0ShlF3HjpWXQqEIojgruInEMURD2MddLTlkWHrpZMnMOtKkZ4WR0Icra0J/d6SQSTliga5kUA3kfG4M/8t1ExWeeynhcaIwR9NBYUIt7cTYMatHBEaKjrSASBD9VwsNoIBIaV8L2gRnfuVF0apWnNNK9fasWL+c2ZEHB+AQlIADaqAObkADNAECD+AJvIBX49F4Nt6Nj2lpzpj17IM/YXx9A/4apFI=</latexit>

µ, ⌫ = 0, 1, 2
<latexit sha1_base64="UZvaUqWtF5vSgCn/4a8niDT5DoU=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBQym7VdCLUPTisYL9gO5Ssmm2DU2ya5ItlNLf4cWDIl79Md78N6btHrT1wcDjvRlm5oUJZ9q47reTW1vf2NzKbxd2dvf2D4qHR00dp4rQBol5rNoh1pQzSRuGGU7biaJYhJy2wuHdzG+NqNIslo9mnNBA4L5kESPYWCnwRVr2ZXrjlr1ytVssuRV3DrRKvIyUIEO9W/zyezFJBZWGcKx1x3MTE0ywMoxwOi34qaYJJkPcpx1LJRZUB5P50VN0ZpUeimJlSxo0V39PTLDQeixC2ymwGehlbyb+53VSE10HEyaT1FBJFouilCMTo1kCqMcUJYaPLcFEMXsrIgOsMDE2p4INwVt+eZU0qxXvolJ9uCzVbrM48nACp3AOHlxBDe6hDg0g8ATP8Apvzsh5cd6dj0VrzslmjuEPnM8f0MiQ0Q==</latexit>

Deformations?



Twisted IIB supergravity:
Defined as :

Supergravity background where, the bosonic ghost (q) of local supersymmetry 
acquires non-vanishing v.e.v   

    EoM satisfied for q being a cov. const. spinor:     

Different choice of bosonic ghosts different twists

   Susy theory on this background :    

q = Q
<latexit sha1_base64="M/dS9rs9EYzeEYeIr/dUQ9m082w=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiRV0I1QdOOyBfuANpTJdNIOnUzSmUmhhH6HGxeKuPVj3Pk3TtIstPXAwOGce7lnjhdxprRtf1uFjc2t7Z3ibmlv/+DwqHx80lZhLAltkZCHsuthRTkTtKWZ5rQbSYoDj9OON3lI/c6MSsVC8aTnEXUDPBLMZwRrI7nTu36A9ZhgnjQXg3LFrtoZ0DpxclKBHI1B+as/DEkcUKEJx0r1HDvSboKlZoTTRakfKxphMsEj2jNU4IAqN8lCL9CFUYbID6V5QqNM/b2R4ECpeeCZyTSiWvVS8T+vF2v/1k2YiGJNBVke8mOOdIjSBtCQSUo0nxuCiWQmKyJjLDHRpqeSKcFZ/fI6adeqzlW11ryu1O/zOopwBudwCQ7cQB0eoQEtIDCFZ3iFN2tmvVjv1sdytGDlO6fwB9bnD+OQki0=</latexit>

QBRST +Q
<latexit sha1_base64="viY4aH+Abk1Ksl/toicvNf8GVEQ=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCIJSkCrosdeOy1b6gDWEynbRDJ5MwMxFqCP6KGxeKuPU/3Pk3TtostPXAwOGce7lnjhcxKpVlfRuFldW19Y3iZmlre2d3z9w/6MgwFpi0cchC0fOQJIxy0lZUMdKLBEGBx0jXm9xkfveBCElD3lLTiDgBGnHqU4yUllzzqOkm9bv7Vno+CJAaY8SSZuqaZatizQCXiZ2TMsjRcM2vwTDEcUC4wgxJ2betSDkJEopiRtLSIJYkQniCRqSvKUcBkU4yS5/CU60MoR8K/biCM/X3RoICKaeBpyeziHLRy8T/vH6s/GsnoTyKFeF4fsiPGVQhzKqAQyoIVmyqCcKC6qwQj5FAWOnCSroEe/HLy6RTrdgXlWrzslyr53UUwTE4AWfABlegBm5BA7QBBo/gGbyCN+PJeDHejY/5aMHIdw7BHxifPx8qlQQ=</latexit>



Twisted IIB supergravity:
Interested in a particular vev, giving the holomorphic twist of the IIB background: 

Holo twist of IIB supergravity:   BCOV theory on 

Bershadsky, Cecotti, Ooguri, Vafa ‘94
BCOV theory is the closed string field theory of the topological B-model

Fields of the theory in terms of polyvector fields: 

Residula supersymmetries: Focus on 

C5
<latexit sha1_base64="iYhftu662e02tFoptsXOOzzwFaU=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiRV0WWxG5cV7APatEymk3boZBJmJkoJ+Q83LhRx67+482+ctFlo64GBwzn3cs8cL+JMadv+tgpr6xubW8Xt0s7u3v5B+fCorcJYEtoiIQ9l18OKciZoSzPNaTeSFAcepx1v2sj8ziOVioXiQc8i6gZ4LJjPCNZGGvQDrCeelzTSQXKVDssVu2rPgVaJk5MK5GgOy1/9UUjigApNOFaq59iRdhMsNSOcpqV+rGiEyRSPac9QgQOq3GSeOkVnRhkhP5TmCY3m6u+NBAdKzQLPTGYp1bKXif95vVj7N27CRBRrKsjikB9zpEOUVYBGTFKi+cwQTCQzWRGZYImJNkWVTAnO8pdXSbtWdS6qtfvLSv02r6MIJ3AK5+DANdThDprQAgISnuEV3qwn68V6tz4WowUr3zmGP7A+fwCk+JKa</latexit>

Costello, Li ‘16

PV i,j(X ) = ⌦0,j(X ,^iTX )
<latexit sha1_base64="Ndah84IJ9NEQamF62jXgJg9nrmI=">AAACL3icbVBbSwJBGJ21m9ltq8deliQwENm1oF4CKYjeMvAGrsrs+KmTsxdmZgtZ9h/10l/xJaKIXvsXjboPph0YOJzzHeb7jhMwKqRpvmupldW19Y30ZmZre2d3T98/qAk/5ASqxGc+bzhYAKMeVCWVDBoBB+w6DOrO8Gbi15+AC+p7FTkKoOXivkd7lGCppI5+W661I5p/jHO2i+WAYBY14tMr+96FPm5H5oKTt5+h2wcViSvzgY6eNQvmFMYysRKSRQnKHX1sd30SuuBJwrAQTcsMZCvCXFLCIM7YoYAAkyHuQ1NRD7sgWtH03tg4UUrX6PlcPU8aU3U+EWFXiJHrqMnJjmLRm4j/ec1Q9i5bEfWCUIJHZh/1QmZI35iUZ3QpByLZSBFMOFW7GmSAOSZSVZxRJViLJy+TWrFgnRWKD+fZ0nVSRxodoWOUQxa6QCV0h8qoigh6QWP0gT61V+1N+9K+Z6MpLckcoj/Qfn4BTyWp3w==</latexit>

PV i,j(X )
⌦v��! ⌦d�i,j(X )

<latexit sha1_base64="uKH4HeRGrCyzr8rDAOW0fEysnX0="></latexit>

deformations of CY-complex structure

PV 2,0, PV 0,0
<latexit sha1_base64="ZmcbIgGIivRdDvKuHr/1E/7xHnI=">AAAB/HicbZDLSsNAFIZP6q3WW7RLN4NFcFFKUgVdFt24rGAv0MYymU7boZNJmJkIIdRXceNCEbc+iDvfxkmbhbb+MPDxn3M4Z34/4kxpx/m2CmvrG5tbxe3Szu7e/oF9eNRWYSwJbZGQh7LrY0U5E7Slmea0G0mKA5/Tjj+9yeqdRyoVC8W9TiLqBXgs2IgRrI01sMvN9kNarzozVEUZOgYHdsWpOXOhVXBzqECu5sD+6g9DEgdUaMKxUj3XibSXYqkZ4XRW6seKRphM8Zj2DAocUOWl8+Nn6NQ4QzQKpXlCo7n7eyLFgVJJ4JvOAOuJWq5l5n+1XqxHV17KRBRrKshi0SjmSIcoSwINmaRE88QAJpKZWxGZYImJNnmVTAju8pdXoV2vuee1+t1FpXGdx1GEYziBM3DhEhpwC01oAYEEnuEV3qwn68V6tz4WrQUrnynDH1mfP8iLkus=</latexit>



Twisted IIB supergravity:

Holomorphic Hanany-Witten: the case of the hypermultiplet  

Holomorphic configuration on bulk and brane

Next: need to add the D5s 



Twisted IIB supergravity:
The D5 support is not along a complex submanifold of  C5

<latexit sha1_base64="iYhftu662e02tFoptsXOOzzwFaU=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiRV0WWxG5cV7APatEymk3boZBJmJkoJ+Q83LhRx67+482+ctFlo64GBwzn3cs8cL+JMadv+tgpr6xubW8Xt0s7u3v5B+fCorcJYEtoiIQ9l18OKciZoSzPNaTeSFAcepx1v2sj8ziOVioXiQc8i6gZ4LJjPCNZGGvQDrCeelzTSQXKVDssVu2rPgVaJk5MK5GgOy1/9UUjigApNOFaq59iRdhMsNSOcpqV+rGiEyRSPac9QgQOq3GSeOkVnRhkhP5TmCY3m6u+NBAdKzQLPTGYp1bKXif95vVj7N27CRBRrKsjikB9zpEOUVYBGTFKi+cwQTCQzWRGZYImJNkWVTAnO8pdXSbtWdS6qtfvLSv02r6MIJ3AK5+DANdThDprQAgISnuEV3qwn68V6tz4WowUr3zmGP7A+fwCk+JKa</latexit>

Deform, using the bivector @w1 ^ @w2
<latexit sha1_base64="zW8a3EJ6ywIj6pmXvpolBJ4YlWc=">AAACEHicbVC7TsMwFHXKq5RXgJHFokIwVUlBgrGChbFItEVqq8hxblqrjhPZDlUV5RNY+BUWBhBiZWTjb3AfA2050pWOzrnXvvf4CWdKO86PVVhZXVvfKG6WtrZ3dvfs/YOmilNJoUFjHssHnyjgTEBDM83hIZFAIp9Dyx/cjP3WI0jFYnGvRwl0I9ITLGSUaCN59mknIVIzwr1s6GVunneGEPQAz8nVPPfsslNxJsDLxJ2RMpqh7tnfnSCmaQRCU06UartOorvZ+FXKIS91UgUJoQPSg7ahgkSgutnkoByfGCXAYSxNCY0n6t+JjERKjSLfdEZE99WiNxb/89qpDq+6GRNJqkHQ6UdhyrGO8TgdHDAJVPORIYRKZnbFtE8kodpkWDIhuIsnL5NmteKeV6p3F+Xa9SyOIjpCx+gMuegS1dAtqqMGougJvaA39G49W6/Wh/U5bS1Ys5lDNAfr6xdCxJ38</latexit>

Theory topological along w1,2
<latexit sha1_base64="zu21ypVYK8labCL2C/SYlYD71Uo=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJJUQY9FLx4r2A9oQ9lsJ+3SzSbsbpQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekSleSwfzDhBP6IDyUPOqLFS66mXeefVSa9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx27oScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE177GZdJalCy+aIwFcTEZPo76XOFzIixJZQpbm8lbEgVZcYmVLQheIsvL5NmteJdVKr3l+XaTR5HAY7hBM7AgyuowR3UoQEMRvAMr/DmJM6L8+58zFtXnHzmCP7A+fwBq/uPIQ==</latexit>

Next: N = (0, 4)
<latexit sha1_base64="btZGVThkjIrxsoisn7Mz6TilE90=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBItQQUpSC7oRim5cSQX7gDaUyXTSDp1MwsxEKbGf4saFIm79Enf+jZM2C209MHA4517umeNFjEpl299GbmV1bX0jv1nY2t7Z3TOL+y0ZxgKTJg5ZKDoekoRRTpqKKkY6kSAo8Bhpe+Pr1G8/ECFpyO/VJCJugIac+hQjpaW+WewFSI0wYsnt9LJsn9ZO+mbJrtgzWMvEyUgJMjT65ldvEOI4IFxhhqTsOnak3AQJRTEj00IvliRCeIyGpKspRwGRbjKLPrWOtTKw/FDox5U1U39vJCiQchJ4ejINKhe9VPzP68bKv3ATyqNYEY7nh/yYWSq00h6sARUEKzbRBGFBdVYLj5BAWOm2CroEZ/HLy6RVrThnlepdrVS/yurIwyEcQRkcOIc63EADmoDhEZ7hFd6MJ+PFeDc+5qM5I9s5gD8wPn8AqriS8w==</latexit>

boundary



Twisted IIB supergravity:
Introduce Dirichlet boundary conditions: D5’

Which are the admissible deformations?
Look among residual deformations and control which is compatible with the above:



Twisted IIB supergravity:

Pin down the following two :

QH = z2 & QC = @z1 ^ @z2
<latexit sha1_base64="d4DTju6OjP5DBiVA+kH4EosM/vk="></latexit>

Deforming by QC
<latexit sha1_base64="IUvP/5DLEPasVKMSczr8TL/9BFc=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRV0GWxG5ct2Ae0IUymk3boZBJmJkIN/RI3LhRx66e482+ctFlo64GBwzn3cs+cIOFMacf5tjY2t7Z3dkt75f2Dw6OKfXzSVXEqCe2QmMeyH2BFORO0o5nmtJ9IiqOA014wbeZ+75FKxWLxoGcJ9SI8FixkBGsj+XZlGGE9IZhn7bmfNee+XXVqzgJonbgFqUKBlm9/DUcxSSMqNOFYqYHrJNrLsNSMcDovD1NFE0ymeEwHhgocUeVli+BzdGGUEQpjaZ7QaKH+3shwpNQsCsxkHlOtern4nzdIdXjrZUwkqaaCLA+FKUc6RnkLaMQkJZrPDMFEMpMVkQmWmGjTVdmU4K5+eZ106zX3qlZvX1cbd0UdJTiDc7gEF26gAffQgg4QSOEZXuHNerJerHfrYzm6YRU7p/AH1ucPF4OTXg==</latexit>

retains moduli along z3
<latexit sha1_base64="5uDVzx8ew/hKegiGSsmAnZsk0IA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4rmFZoQ9lsp+3SzSbsboQa+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMfRZLGL1EFKNgkv0DTcCHxKFNAoFtsPxzcxvP6LSPJb3ZpJgENGh5APOqLGS/9TL6tNeueJW3TnIKvFyUoEczV75q9uPWRqhNExQrTuem5ggo8pwJnBa6qYaE8rGdIgdSyWNUAfZ/NgpObNKnwxiZUsaMld/T2Q00noShbYzomakl72Z+J/XSc3gKsi4TFKDki0WDVJBTExmn5M+V8iMmFhCmeL2VsJGVFFmbD4lG4K3/PIqadWqXr1au7uoNK7zOIpwAqdwDh5cQgNuoQk+MODwDK/w5kjnxXl3PhatBSefOYY/cD5/ANeujrQ=</latexit>

while making the rest z-directions topological.  
 Holomorphic solutions to the eom

QH
<latexit sha1_base64="3dJ29zH7zNACh/9M1bKnwipwlNI=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiRV0GXRTZct2Ae0IUymk3boZBJmJkIN/RI3LhRx66e482+ctFlo64GBwzn3cs+cIOFMacf5tjY2t7Z3dkt75f2Dw6OKfXzSVXEqCe2QmMeyH2BFORO0o5nmtJ9IiqOA014wvc/93iOVisXiQc8S6kV4LFjICNZG8u3KMMJ6QjDP2nM/a859u+rUnAXQOnELUoUCLd/+Go5ikkZUaMKxUgPXSbSXYakZ4XReHqaKJphM8ZgODBU4osrLFsHn6MIoIxTG0jyh0UL9vZHhSKlZFJjJPKZa9XLxP2+Q6vDWy5hIUk0FWR4KU450jPIW0IhJSjSfGYKJZCYrIhMsMdGmq7IpwV398jrp1mvuVa3evq427oo6SnAG53AJLtxAA5rQgg4QSOEZXuHNerJerHfrYzm6YRU7p/AH1ucPHxyTYw==</latexit>

Deforming by retains the z2<latexit sha1_base64="CIE4KFhLRHA0TGrk3WHn2YnOM2Y=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48VTFtoQ9lsp+3SzSbsboQa+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqeNUMfRZLGLVDqlGwSX6hhuB7UQhjUKBrXB8O/Nbj6g0j+WDmSQYRHQo+YAzaqzkP/Wy2rRXrrhVdw6ySrycVCBHo1f+6vZjlkYoDRNU647nJibIqDKcCZyWuqnGhLIxHWLHUkkj1EE2P3ZKzqzSJ4NY2ZKGzNXfExmNtJ5Eoe2MqBnpZW8m/ud1UjO4DjIuk9SgZItFg1QQE5PZ56TPFTIjJpZQpri9lbARVZQZm0/JhuAtv7xKmrWqd1Gt3V9W6jd5HEU4gVM4Bw+uoA530AAfGHB4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/1imOsw==</latexit> moduli
No solutions to the eom!

Results  in agreement  
with the original compatibility criterion
(and of course with our field theory analysis  
c.f. closing remarks ;) )



Mirror-Symmetry checks (branches, holomorphic twist and dual pairs)?

To be studied:

Defect bulk operators and boundary VOAs   

Theories with higher supersymmetry? (e.g ABJM)

Concluding remarks

Field theory analysis BV

Geometrization of holomorphic twist and on its deformation to topological

Applicable to more general theories



Thank you for your attention…!


