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Introduction
• Consider a supersymmetric quantum mechanics with target     .

• The supersymmetric ground states are de Rham cohomology.

• Generalisations to 2d / 3d related to K-theory / elliptic cohomology

• The generalisation is more interesting in the equivariant case when       
has symmetries.
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Introduction
• What physical setup realises equivariant elliptic cohomology?

• Study 3d supersymmetric theories on an elliptic curve.

• Study supersymmetric ground states of this system.

• Physical construction of elliptic stable envelopes and R-matrices.
Aganagic-Okounkov ’16 
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Part 1:Background



Supersymmetry

• A three-dimensional QFT with at least               supersymmetry.

• Example: choose a smooth Kahler manifold      .

✦ A supersymmetric sigma model to      .

✦ A supersymmetric gauge theory with Higgs branch     .     
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N = 2

• I will assume      is compact to simplify the presentation.
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Flavour Symmetry
• I will assume there is an abelian symmetry     .

• This acts  by Hamiltonian isometries of     .   

• I will assume isolated fixed points                                                 .

• Example: 
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Massive Vacua

• Introduce real mass parameters                               .

• This generates a real super-potential                        .

• It is the moment map for IPS                  generated by      .

• For generic mass parameters                              .

• The critical points are isolated massive vacua.
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m 2 t := Lie(T )
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<latexit sha1_base64="hIfNajw3eRW/tm6fiXs6CRDAlhw=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiRSVFwV3AhuqtgHNKFMppN26GQSZiZCDUU/xY0LRdz6H+78GydtF9p6YOBwzh3uuSdIOFPacb6thcWl5ZXVwlpxfWNza9ve2W2oOJWE1knMY9kKsKKcCVrXTHPaSiTFUcBpMxhc5n7znkrFYnGnhwn1I9wTLGQEayN17P0+ukAt5OkYeRHW/SDIbkcdu+SUnTHQPHGnpART1Dr2l9eNSRpRoQnHSrVdJ9F+hqVmhNNR0UsVTTAZ4B5tGypwRJWfjdOP0JFRuiiMpXlCo7H6+0eGI6WGUWAm84Rq1svF/7x2qsNzP2MiSTUVZLIoTDkyt+ZVoC6TlGg+NAQTyUxWRPpYYqJNYUVTgjt78jxpnJTd03LlplKqXj9N6ijAARzCMbhwBlW4ghrUgcADPMMrvFmP1ov1bn1MRhesaYV78AfW5w8a8JTS</latexit>

h : X ! R

<latexit sha1_base64="x+DJU0TKTB7iJnyFx+5qUEy4STQ=">AAACBnicbZBLSwMxFIUz9VXra9SlCMEi1E2ZkaJuhEI3gpsK9gGdoWTStBOaeZDcEcswILjxr7hxoYhbf4M7/43pY6GtBwKHc2643M+LBVdgWd9Gbml5ZXUtv17Y2Nza3jF395oqSiRlDRqJSLY9opjgIWsAB8HasWQk8ARrecPauG/dMal4FN7CKGZuQAYh73NKQEdd89ABdg9pTXLISv4JvsROGncdImKfOFnXLFplayK8aOyZKaKZ6l3zy+lFNAlYCFQQpTq2FYObEgmcCpYVnESxmNAhGbCOtiEJmHLTyRkZPtZJD/cjqV8IeJL+/pGSQKlR4OnJgICv5rtx+F/XSaB/4aY8jBNgIZ0u6icCQ4THTHCPS0ZBjLQhVJPgFFOfSEJBkytoCPb8yYumeVq2z8qVm0qxev0wxZFHB+gIlZCNzlEVXaE6aiCKHtEzekVvxpPxYrwbH9PRnDFDuI/+yPj8AcgBmSE=</latexit>

Crit(h) = {p↵}



• They correspond to gradient flow for     with tension                 .

• Define linear hyperplanes in      where                          .

• Hyperplanes are loci where                           and a moduli space 
containing               opens up.

Domain Walls
• There are BPS domain walls interpolating between vacua                   .          

<latexit sha1_base64="NPwwrjEowT9mfpdnJBFXxpHpOec=">AAAB/3icbZBLSwMxFIUzPmt9jQpu3ASL4MYyI0VdFtwIbirYB7TDcCfNtKGZzJBkhDIt6F9x40IRt/4Nd/4bM20X2nog8HHODbk5QcKZ0o7zbS0tr6yurRc2iptb2zu79t5+Q8WpJLROYh7LVgCKciZoXTPNaSuRFKKA02YwuM7z5gOVisXiXg8T6kXQEyxkBLSxfPtwhPt+B3jSB3yWY0A14JFvl5yyMxFeBHcGJTRTzbe/Ot2YpBEVmnBQqu06ifYykJoRTsfFTqpoAmQAPdo2KCCiyssm+4/xiXG6OIylOULjifv7RgaRUsMoMJMR6L6az3Lzv6yd6vDKy5hIUk0FmT4UphzrGOdl4C6TlGg+NABEMrMrJn2QQLSprGhKcOe/vAiN87J7Ua7cVUrV28dpHQV0hI7RKXLRJaqiG1RDdUTQCD2jV/RmPVkv1rv1MR1dsmYVHqA/sj5/AJ78laY=</latexit>

|h↵ � h� |
<latexit sha1_base64="Kf1xCnweRnAjvgmDoFmenKSDDis=">AAACAnicbZBLSwMxFIUzPmt9jboSN8EiuLHMSFE3QsGN4KaCfUA7DHfSTCc08yDJCGVadOFfceNCEbf+Cnf+GzNtF9p6IPBxzg3JPV7CmVSW9W0sLC4tr6wW1orrG5tb2+bObkPGqSC0TmIei5YHknIW0bpiitNWIiiEHqdNr3+V5817KiSLozs1SKgTQi9iPiOgtOWa+0McuB3gSQD4JEePKhjiS2y5ZskqW2PhebCnUEJT1Vzzq9ONSRrSSBEOUrZtK1FOBkIxwumo2EklTYD0oUfbGiMIqXSy8QojfKSdLvZjoU+k8Nj9fSODUMpB6OnJEFQgZ7Pc/C9rp8q/cDIWJamiEZk85KccqxjnfeAuE5QoPtAARDD9V0wCEECUbq2oS7BnV56HxmnZPitXbiul6s3jpI4COkCH6BjZ6BxV0TWqoToi6AE9o1f0ZjwZL8a78TEZXTCmFe6hPzI+fwD76ZZR</latexit>

|h↵ � h� | = 0
<latexit sha1_base64="W7by6PCNhBjISK9H5UItLEnm/d4=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZcFN4KbCvYBnVIyaaYNzWSG5I5QhoJf4caFIm79GXf+jZm2C209cOFwzr3k5ASJFAZd99sprK1vbG4Vt0s7u3v7B+XDo5aJU814k8Uy1p2AGi6F4k0UKHkn0ZxGgeTtYHyT++1Hro2I1QNOEt6L6FCJUDCKVvL9iOIo1HSc4bRfrrhVdwaySrwFqcACjX75yx/ELI24QiapMV3PTbCXUY2CST4t+anhCWVjOuRdSxWNuOlls8xTcmaVAQljbUchmam/LzIaGTOJAruZZzTLXi7+53VTDK97mVBJilyx+UNhKgnGJC+ADITmDOXEEsq0sFkJG1FNGdqaSrYEb/nLq6R1UfUuq7X7WqV+9zSvowgncArn4MEV1OEWGtAEBgk8wyu8Oanz4rw7H/PVgrOo8Bj+wPn8AcL5kpo=</latexit>

t

<latexit sha1_base64="dUshmWGckW1VyJKcPRZKTCXtX+4=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwVWakqMuCG8FNBfuAzjDcSTNtaCYTkoxQS9FPceNCEbf+hzv/xvSx0NYDF84954bce2LJmTae9+0sLa+srq0XNoqbW9s7u+7efkNnuSK0TjKeqVYMmnImaN0ww2lLKgppzGkz7l+N/eY9VZpl4s4MJA1T6AqWMALGSpF7KKMAuOwBDkyGbRNTA5Fb8sreBHiR+DNSQjPUIvcr6GQkT6kwhIPWbd+TJhyCMoxwOioGuaYSSB+6tG2pgJTqcDjZfoRPrNLBSaZsCYMn6u8XQ0i1HqSxnUzB9PS8Nxb/89q5SS7DIRMyN1SQ6UdJzrE9dBwF7jBFieEDS4AoZnfFpAcKiLGBFW0I/vzJi6RxVvbPy5XbSql68zSNo4CO0DE6RT66QFV0jWqojgh6QM/oFb05j86L8+58TEeXnFmEB+gPnM8fKvCVfA==</latexit>p↵ ! p�

<latexit sha1_base64="SS4Ug166VuuFpA17P1sSCpnC6dI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWN5b8YJ+hEdSB5yRo2V6sNeseSW3RnIKvEWpAQL1HrFr24/ZmmE0jBBte54bmL8jCrDmcBJoZtqTCgb0QF2LJU0Qu1ns0Mn5MwqfRLGypY0ZKb+nshopPU4CmxnRM1QL3tT8T+vk5rw2s+4TFKDks0XhakgJibTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqndP8zjycAKncA4eXEEVbqEGDWCA8Ayv8OY8OC/Ou/Mxb805iwiP4Q+czx/5nI1+</latexit>

h

<latexit sha1_base64="b5GgRZPP9EMBbs1UO4feqfar9+o=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF8FLBPOAZAm9k9lkyOzsODMrhBDwG7x4UMSrv+PNv3HyOGhiQUNR1U13V6QEN9b3v73cyura+kZ+s7C1vbO7V9w/qJs005TVaCpS3YzQMMElq1luBWsqzTCJBGtEg+uJ33hk2vBU3tuhYmGCPcljTtE6qak6bRSqj51iyS/7U5BlEsxJCeaodopf7W5Ks4RJSwUa0wp8ZcMRasupYONCOzNMIR1gj7UclZgwE46m947JiVO6JE61K2nJVP09McLEmGESuc4Ebd8sehPxP6+V2fgqHHGpMssknS2KM0FsSibPky7XjFoxdASp5u5WQvuokVoXUcGFECy+vEzqZ+Xgonx+d16q3D7N4sjDERzDKQRwCRW4gSrUgIKAZ3iFN+/Be/HevY9Za86bR3gIf+B9/gBAJpCN</latexit>p↵
<latexit sha1_base64="YYbCcgWfsfBcrvsnPX9EbYKHZSc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL4KXCOYByRJmJ73JkNnZYWZWCCHgL3jxoIhXv8ebf+PkcdDEgoaiqpvurkgJbqzvf3u5tfWNza38dmFnd2//oHh41DBpphnWWSpS3YqoQcEl1i23AltKI00igc1oeDP1m4+oDU/lgx0pDBPalzzmjFonNVW3E6Gl3WLJL/szkFUSLEgJFqh1i1+dXsqyBKVlghrTDnxlwzHVljOBk0InM6goG9I+th2VNEETjmfnTsiZU3okTrUraclM/T0xpokxoyRynQm1A7PsTcX/vHZm4+twzKXKLEo2XxRngtiUTH8nPa6RWTFyhDLN3a2EDaimzLqECi6EYPnlVdK4KAeX5cp9pVS9e5rHkYcTOIVzCOAKqnALNagDgyE8wyu8ecp78d69j3lrzltEeAx/4H3+AHeokBk=</latexit>p�

<latexit sha1_base64="1se03t3fwptU09HgWDfqRq4KF0k=">AAACAHicbZBLSwMxFIUzPmt9jbpw4SZYhLopM1LUpeBGcFPBaqEzlkx6a4OZzJjcEctQEP+KGxeKuPVnuPPfmD4Waj0QOJxzw+V+USqFQc/7cqamZ2bn5gsLxcWl5ZVVd239wiSZ5lDniUx0I2IGpFBQR4ESGqkGFkcSLqOb40F/eQfaiESdYy+FMGbXSnQEZ2ijlrsZINxjfqwF9svdXRoouKWNq/OWW/Iq3lB00vhjUyJj1VruZ9BOeBaDQi6ZMU3fSzHMmUbBJfSLQWYgZfyGXUPTWsViMGE+PKBPd2zSpp1E26eQDtOfP3IWG9OLIzsZM+yav90g/K9rZtg5DHOh0gxB8dGiTiYpJnRAg7aFBo6yZw3jloHglHeZZhwts6KF4P89edJc7FX8/Ur1rFo6On0Y4SiQLbJNysQnB+SInJAaqRNO+uSJvJBX59F5dt6c99HolDNGuEF+yfn4BvqalnE=</latexit>

Crit(h) 6= XT

<latexit sha1_base64="yM58OWXQjYIK7aQPCp2EPaxw4Os=">AAAB+nicbZBLSwMxFIUz9VXra6pLN8EiuJAyI0VdFtwIbirYB7TDcCfNtKGZTEgySqkF/4gbF4q49Ze489+YPhbaeiDwcc4NuTmR5Ewbz/t2ciura+sb+c3C1vbO7p5b3G/oNFOE1knKU9WKQFPOBK0bZjhtSUUhiThtRoOrSd68p0qzVNyZoaRBAj3BYkbAWCt0izLsAJd9OMWWImogdEte2ZsKL4M/hxKaqxa6X51uSrKECkM4aN32PWmCESjDCKfjQifTVAIZQI+2LQpIqA5G09XH+Ng6XRynyh5h8NT9fWMEidbDJLKTCZi+Xswm5n9ZOzPxZTBiQmaGCjJ7KM44Nime9IC7TFFi+NACEMXsrpj0QQExtq2CLcFf/PIyNM7K/nm5clspVW+eZnXk0SE6QifIRxeoiq5RDdURQQ/oGb2iN+fReXHenY/ZaM6ZV3iA/sj5/AHVUZQr</latexit>p↵, p�



Hyperplane Arrangement
• This forms a hyperplane arrangement in                    .

• Each hyperplane is labelled by a      -weight      such that 

• It is a common tangent weight                    and                       .

<latexit sha1_base64="CjX2pVyIw84OZjzJfs29tSqZQLY=">AAAB73icbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuCG8FNBfuAdiiZTKYNzWTG5I5QhoLf4MaFIm79HXf+jeljoa0HAodzTrj3niCVwqDrfjuFldW19Y3iZmlre2d3r7x/0DRJphlvsEQmuh1Qw6VQvIECJW+nmtM4kLwVDK8nfuuRayMSdY+jlPsx7SsRCUbRSu2utNGQkl654lbdKcgy8eakAnPUe+WvbpiwLOYKmaTGdDw3RT+nGgWTfFzqZoanlA1pn3csVTTmxs+n+47JiVVCEiXaPoVkqv7+kdPYmFEc2GRMcWAWvYn4n9fJMLryc6HSDLlis0FRJgkmZHI8CYXmDOXIEsq0sLsSNqCaMrQVlWwJ3uLJy6R5VvUuqud355Xa7dOsjiIcwTGcggeXUIMbqEMDGEh4hld4cx6cF+fd+ZhFC868wkP4A+fzB8CVkDk=</latexit>

�
<latexit sha1_base64="+nT19rq+7vo3HFOTfqljf2Pkd20=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJgI9gkkC9IjrC3mUvW7O0du3tCOAL2NhaK2PqT7Pw3bj4KTXww8Hhvhpl5QSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekSleSzrZpygH9GB5CFn1FipVu8VS27ZnYGsEm9BSrBAtVf86vZjlkYoDRNU647nJsbPqDKcCZwUuqnGhLIRHWDHUkkj1H42O3RCzqzSJ2GsbElDZurviYxGWo+jwHZG1Az1sjcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynYELzll1dJ86LsXZUva5elyv3TPI48nMApnIMH11CBO6hCAxggPMMrvDkPzovz7nzMW3POIsJj+APn8wfbTI1q</latexit>

T

<latexit sha1_base64="rRyJ8g7/fwsg3h+zirDCPsiMy8A=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEirosuBHcVOgLmhBuJtN26GQSZiZCiQX9FTcuFHHrb7jzb5w+Ftp64MLhnHOZOydMOVPacb6twsrq2vpGcbO0tb2zu2fvH7RUkklCmyThieyEoChngjY105x2UkkhDjlth8Prid++p1KxRDT0KKV+DH3BeoyANlJgH3nchCPAHhO4EXjA0wHgTmCXnYozBV4m7pyU0Rz1wP7yooRkMRWacFCq6zqp9nOQmhFOxyUvUzQFMoQ+7RoqIKbKz6f3j/GpUSLcS6QZofFU/b2RQ6zUKA5NMgY9UIveRPzP62a6d+XnTKSZpoLMHuplHOsET8rAEZOUaD4yBIhk5lZMBiCBaFNZyZTgLn55mbTOK+5FpXpXLdduH2d1FNExOkFnyEWXqIZuUB01EUEP6Bm9ojfryXqx3q2PWbRgzSs8RH9gff4A63+V1g==</latexit>

� 2 T↵X
<latexit sha1_base64="zoXGjsqcD3m48/yjlWZXpkiG51o=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCG0siRV0W3AhuKvQFTQiTyU07dDIJMxOh1IL+ihsXirj1N9z5N04fC209cOFwzrnMnRNmnCntON/W0vLK6tp6YaO4ubW9s2vv7TdVmksKDZryVLZDooAzAQ3NNId2JoEkIYdW2L8e+617kIqloq4HGfgJ6QoWM0q0kQL70OMmHBHsMYHP6oEXgia4Hdglp+xMgBeJOyMlNEMtsL+8KKV5AkJTTpTquE6m/SGRmlEOo6KXK8gI7ZMudAwVJAHlDyf3j/CJUSIcp9KM0Hii/t4YkkSpQRKaZEJ0T817Y/E/r5Pr+MofMpHlGgSdPhTnHOsUj8vAEZNANR8YQqhk5lZMe0QSqk1lRVOCO//lRdI8L7sX5cpdpVS9fZzWUUBH6BidIhddoiq6QTXUQBQ9oGf0it6sJ+vFerc+ptEla1bhAfoD6/MHjRGVmQ==</latexit>

� 2 �T�X

<latexit sha1_base64="CgkCfoJfEeioUD8FKAblsWxGAPs=">AAACH3icbVDLSgMxFM34rPVVdekmWAQXWmakVJcFN4IbBdsKnVLupLdtMMmEJCOUUvBD3PgrblwoIu78G9PHwteBkMM595Kck2jBrQvDz2BufmFxaTm3kl9dW9/YLGxt122aGYY1lorU3CRgUXCFNcedwBttEGQisJHcno39xh0ay1N17QYaWxJ6inc5A+eldqHSb8cgdB/oEfU0QQc01ibVLqWxANUTOL5l0gF6SCWNzURrF4phKZyA/iXRjBTJDJftwkfcSVkmUTkmwNpmFGrXGoJxnAkc5ePMogZ2Cz1seqpAom0NJ/lGdN8rHdpNjT/K0Yn6fWMI0tqBTPykBNe3v72x+J/XzFz3tDXkSmcOFZs+1M0E9eHHZdEON8icGHgCzHD/V8r6YIA5X2nelxD9jvyX1I9LUaVUvioXqxf30zpyZJfskQMSkRNSJefkktQIIw/kibyQ1+AxeA7egvfp6Fwwq3CH/EDw+QVmwKJo</latexit>

h↵ � h� / h�,mi

<latexit sha1_base64="3C8tQmclze3ROuVEdyed9fjbz70=">AAACFXicbVDLSgNBEJz1GeMr6tHLYBAiSNiVoB4DXgQvUfKCbAyzk9lkyOzsMtMrhmXBb/Dir3jxoIhXwZt/4+Rx0MSChqKqm+4uLxJcg21/WwuLS8srq5m17PrG5tZ2bme3rsNYUVajoQhV0yOaCS5ZDTgI1owUI4EnWMMbXIz8xh1TmoeyCsOItQPSk9znlICROrljNyDQ9xUZJJBil4ayh8eS5yU36W3iAruHRA3SQvUo7eTydtEeA88TZ0ryaIpKJ/fldkMaB0wCFUTrlmNH0E6IAk4FS7NurFlE6ID0WMtQSQKm28n4qxQfGqWL/VCZkoDH6u+JhARaDwPPdI4O1rPeSPzPa8Xgn7cTLqMYmKSTRX4sMIR4FBHucsUoiKEhhCpubsW0TxShYILMmhCc2ZfnSf2k6JwWS9elfPnqYRJHBu2jA1RADjpDZXSJKqiGKHpEz+gVvVlP1ov1bn1MWhesaYR76A+szx/c3qBT</latexit>

t ⇠= Rrk(T )

<latexit sha1_base64="hzcs4GUMK/iOy4n3BtfGIhEX8Io=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuCG8FNBfuQdiiZTKYNzWNIMkIZCv6DGxeKuPVz3Pk3po+Fth4IHM454d57opQzY33/2yusrK6tbxQ3S1vbO7t75f2DplGZJrRBFFe6HWFDOZO0YZnltJ1qikXEaSsaXk/81iPVhil5b0cpDQXuS5Ywgq2THrrcRWPcC3rlil/1p0DLJJiTCsxR75W/urEimaDSEo6N6QR+asMca8sIp+NSNzM0xWSI+7TjqMSCmjCfLjxGJ06JUaK0e9Kiqfr7R46FMSMRuaTAdmAWvYn4n9fJbHIV5kymmaWSzAYlGUdWocn1KGaaEstHjmCimdsVkQHWmFjXUcmVECyevEyaZ9Xgonp+d16p3T7N6ijCERzDKQRwCTW4gTo0gICAZ3iFN097L9679zGLFrx5hYfwB97nD5JykLM=</latexit>

�1

<latexit sha1_base64="T24CbqjWO6ibD2ZsRSEvyKWutVM=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyUoi4LbgQ3FexD2qFkMpk2NMkMSUYoQ8F/cONCEbd+jjv/xnTahbYeCBzOOeHee4KEM21c99sprK1vbG4Vt0s7u3v7B+XDo7aOU0Voi8Q8Vt0Aa8qZpC3DDKfdRFEsAk47wfh65nceqdIslvdmklBf4KFkESPYWOmhz200xIPaoFxxq24OtEq8BanAAs1B+asfxiQVVBrCsdY9z02Mn2FlGOF0WuqnmiaYjPGQ9iyVWFDtZ/nCU3RmlRBFsbJPGpSrv39kWGg9EYFNCmxGetmbif95vdREV37GZJIaKsl8UJRyZGI0ux6FTFFi+MQSTBSzuyIywgoTYzsq2RK85ZNXSbtW9S6q9bt6pXH7NK+jCCdwCufgwSU04Aaa0AICAp7hFd4c5bw4787HPFpwFhUewx84nz+T9pC0</latexit>

�2
<latexit sha1_base64="k0LN54FrgIrlZMJDogmb90q9DAU=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZcFN4KbCvYh7VAymUwbmmSGJCOUoeA/uHGhiFs/x51/YzrtQlsPBA7nnHDvPUHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+QUvHqSK0SWIeq06ANeVM0qZhhtNOoigWAaftYHQ99duPVGkWy3szTqgv8ECyiBFsrPTQ4zYa4v55v1xxq24OtEy8OanAHI1++asXxiQVVBrCsdZdz02Mn2FlGOF0UuqlmiaYjPCAdi2VWFDtZ/nCE3RilRBFsbJPGpSrv39kWGg9FoFNCmyGetGbiv953dREV37GZJIaKslsUJRyZGI0vR6FTFFi+NgSTBSzuyIyxAoTYzsq2RK8xZOXSeus6l1Ua3e1Sv32aVZHEY7gGE7Bg0uoww00oAkEBDzDK7w5ynlx3p2PWbTgzCs8hD9wPn8AlXqQtQ==</latexit>

�3



• Consider again                  . 

• There are two massive vacua             .                     

• Domain walls                 have tension                            .                             

• Here     is the Kahler parameter of          .

• The hyperplane arrangement is:

Example
<latexit sha1_base64="g792IuqtUAcFnIdRWT7FGm4Oa60=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKiB4DXgQvEc0DkiXMTmaTIbOzy0yvEJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqe+q1Hro2I1QOOE+5HdKBEKBhFK90nPa9XLLlldwaySrwFKcEC9V7xq9uPWRpxhUxSYzqem6CfUY2CST4pdFPDE8pGdMA7lioaceNns1Mn5MwqfRLG2pZCMlN/T2Q0MmYcBbYzojg0y95U/M/rpBhe+ZlQSYpcsfmiMJUEYzL9m/SF5gzl2BLKtLC3EjakmjK06RRsCN7yy6ukeVH2quXKXaVUu32ax5GHEziFc/DgEmpwA3VoAIMBPMMrvDnSeXHenY95a85ZRHgMf+B8/gArI44q</latexit>p1

<latexit sha1_base64="bOyXH4euPs7JLhPRZkvi940xtj0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB4DXgQvEc0DkiXMTnqTIbOzy8ysEJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JEcG1c99vJra1vbG7ltws7u3v7B8XDo6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRtdTv/WISvNYPphxgn5EB5KHnFFjpfukV+kVS27ZnYGsEm9BSrBAvVf86vZjlkYoDRNU647nJsbPqDKcCZwUuqnGhLIRHWDHUkkj1H42O3VCzqzSJ2GsbElDZurviYxGWo+jwHZG1Az1sjcV//M6qQmv/IzLJDUo2XxRmApiYjL9m/S5QmbE2BLKFLe3EjakijJj0ynYELzll1dJs1L2LsrVu2qpdvs0jyMPJ3AK5+DBJdTgBurQAAYDeIZXeHOE8+K8Ox/z1pyziPAY/sD5/AEsp44r</latexit>p2

<latexit sha1_base64="+7iS1to6kfmd++pTtR2PGG4IoVk=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjOlqMuCG8FNBdsK7TBk0kwbmklCckcoQ8GfcONCEbd+jTv/xvSx0NYDgcM5N9x7TqwFt+D7315hbX1jc6u4XdrZ3ds/KB8eta3KDGUtqoQyDzGxTHDJWsBBsAdtGEljwTrx6Hrqdx6ZsVzJexhrFqZkIHnCKQEndXUU4B4orKNaVK74VX8GvEqCBamgBZpR+avXVzRLmQQqiLXdwNcQ5sQAp4JNSr3MMk3oiAxY11FJUmbDfHbyBJ85pY8TZdyTgGfq7x85Sa0dp7GbTAkM7bI3Ff/zuhkkV2HOpc6ASTpflGQCu5DT/LjPDaMgxo4Qari7FdMhMYSCa6nkSgiWI6+Sdq0aXFTrd/VK4/ZpXkcRnaBTdI4CdIka6AY1UQtRpNAzekVvHngv3rv3MR8teIsKj9EfeJ8/LY2Q+g==</latexit>p1 ! p2

<latexit sha1_base64="lC+xMor6bDIzxdg55tUjwcJYMtg=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgQcJuCOox4EXwEsE8IFmW2clsMmR2djIzK4Ql4Dd48aCIV3/Hm3/j5HHQxIKGoqqb7q5QcqaN6347ubX1jc2t/HZhZ3dv/6B4eNTUSaoIbZCEJ6odYk05E7RhmOG0LRXFcchpKxzeTP3WI1WaJeLBjCX1Y9wXLGIEGyu1ZeBdIBlUgmLJLbszoFXiLUgJFqgHxa9uLyFpTIUhHGvd8Vxp/Awrwwink0I31VRiMsR92rFU4JhqP5vdO0FnVumhKFG2hEEz9fdEhmOtx3FoO2NsBnrZm4r/eZ3URNd+xoRMDRVkvihKOTIJmj6PekxRYvjYEkwUs7ciMsAKE2MjKtgQvOWXV0mzUvYuy9X7aql29zSPIw8ncArn4MEV1OAW6tAAAhye4RXenJHz4rw7H/PWnLOI8Bj+wPn8AePgj6k=</latexit>p1, p2

<latexit sha1_base64="f1p5ZsIeust71o+CYFBYsXaCuw8=">AAAB/3icbZDLSgMxGIUz9VbrbVRw4yZYBDeWmVLUZcGN4KaCvUBnGDJpphOaZIYkI9SxoK/ixoUibn0Nd76N6WWhrQcCH+f8IX9OmDKqtON8W4Wl5ZXVteJ6aWNza3vH3t1rqSSTmDRxwhLZCZEijArS1FQz0kklQTxkpB0OLsd5+45IRRNxq4cp8TnqCxpRjLSxAvsgDlx4CuOgCj1FOfTuiUaQB3bZqTgTwUVwZ1AGMzUC+8vrJTjjRGjMkFJd10m1nyOpKWZkVPIyRVKEB6hPugYF4kT5+WT/ETw2Tg9GiTRHaDhxf9/IEVdqyEMzyZGO1Xw2Nv/LupmOLvycijTTRODpQ1HGoE7guAzYo5JgzYYGEJbU7ApxjCTC2lRWMiW4819ehFa14p5Vaje1cv36cVpHERyCI3ACXHAO6uAKNEATYPAAnsEreLOerBfr3fqYjhasWYX74I+szx+MI5T5</latexit>

h1 � h2 ⇠ ⇣m

<latexit sha1_base64="gpPbkBlViJzpjPHD4SkEKflk++s=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPBi+ClgmkLbSib7aRdutmE3YlQQ8F/4MWDIl79Qd78N24/Dtr6YODx3gwz88JUCoOu++0UVlbX1jeKm6Wt7Z3dvfL+QcMkmebg80QmuhUyA1Io8FGghFaqgcWhhGY4vJ74zQfQRiTqHkcpBDHrKxEJztBKfucRkHXLFbfqTkGXiTcnFTJHvVv+6vQSnsWgkEtmTNtzUwxyplFwCeNSJzOQMj5kfWhbqlgMJsinx47piVV6NEq0LYV0qv6eyFlszCgObWfMcGAWvYn4n9fOMLoKcqHSDEHx2aIokxQTOvmc9oQGjnJkCeNa2FspHzDNONp8SjYEb/HlZdI4q3oX1fO780rt9mkWR5EckWNySjxySWrkhtSJTzgR5Jm8kjdHOS/Ou/Mxay048wgPyR84nz8UMI9O</latexit>

⇣
<latexit sha1_base64="/VCI1RxQxDbN1oFi8cofsx847Es=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZeFbgQ3FewD2rFk0kwbmknGJFMoQ8G/cONCEbd+jDv/xkzbhbYeuHA4515ycoKYM21c99vJra1vbG7ltws7u3v7B8XDo6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMKplfmtMlWZS3JtJTP0IDwQLGcHGSn43wmYYBGmtPn3wesWSW3ZnQKvEW5ASLFDvFb+6fUmSiApDONa647mx8VOsDCOcTgvdRNMYkxEe0I6lAkdU++ks9BSdWaWPQqnsCINm6u+LFEdaT6LAbmYh9bKXif95ncSE137KRJwYKsj8oTDhyEiUNYD6TFFi+MQSTBSzWREZYoWJsT0VbAne8pdXSfOi7F2WK3eVUvX2aV5HHk7gFM7Bgyuowg3UoQEEHuEZXuHNGTsvzrvzMV/NOYsKj+EPnM8foBmScg==</latexit>

CP1

<latexit sha1_base64="3ACvqvRI3L1dTAshTGAsdLrHQzg=">AAAB+nicbVDLSgMxFL1TX7W+prp0EyyCqzIjRd0IhW4ENxXsA9qxZNJMG5rJDElGKWPBH3HjQhG3fok7/8ZM24W2HrhwOOdecnL8mDOlHefbyq2srq1v5DcLW9s7u3t2cb+pokQS2iARj2Tbx4pyJmhDM81pO5YUhz6nLX9Uy/zWPZWKReJWj2PqhXggWMAI1kbq2cU2ukTdEOuh76e1+uTO7dklp+xMgZaJOyclmKPes7+6/YgkIRWacKxUx3Vi7aVYakY4nRS6iaIxJiM8oB1DBQ6p8tJp9Ak6NkofBZE0IzSaqr8vUhwqNQ59s5mFVIteJv7ndRIdXHgpE3GiqSCzh4KEIx2hrAfUZ5ISzceGYCKZyYrIEEtMtGmrYEpwF7+8TJqnZfesXLmplKrXT7M68nAIR3ACLpxDFa6gDg0g8ADP8Apv1qP1Yr1bH7PVnDWv8AD+wPr8AftQk6A=</latexit>

X = CP1

<latexit sha1_base64="eE+z+jTXp9Zc2gI2VfCpNy40txo=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUmkqMuCG8FNFfuAJpTJdNIOnUzCzEQpseCPuHGhiFu/xJ1/46TtQlsPXDiccy9z5gQJZ0o7zrdVWFldW98obpa2tnd29+zyfkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bwegy99v3VCoWizs9Tqgf4YFgISNYG6lnlyPkMYGQF2E9DILsdtKzK07VmQItE3dOKjBHo2d/ef2YpBEVmnCsVNd1Eu1nWGpGOJ2UvFTRBJMRHtCuoQJHVPnZNPoEHRulj8JYmhEaTdXfFxmOlBpHgdnME6pFLxf/87qpDi/8jIkk1VSQ2UNhypGOUd4D6jNJieZjQzCRzGRFZIglJtq0VTIluItfXiat06p7Vq3d1Cr166dZHUU4hCM4ARfOoQ5X0IAmEHiAZ3iFN+vRerHerY/ZasGaV3gAf2B9/gCG+ZP7</latexit>

m 2 R
<latexit sha1_base64="1pL2EFkUu2971WfZfHTyrNx6O5c=">AAACBnicbZBLSwMxFIUz9VXrq+pShGARKkiZKUXdCIVuBDcV7AM6w5BJM21o5kFyRyxDQXDjX3HjQhG3/gZ3/hvTx0JbDwQO59xwuZ8XC67ANL+NzNLyyupadj23sbm1vZPf3WuqKJGUNWgkItn2iGKCh6wBHARrx5KRwBOs5Q1q4751x6TiUXgLw5g5AemF3OeUgI7c/KEN7B7SmuQwKvZP8CW2Uxy71mnslu2Rmy+YJXMivGismSmgmepu/svuRjQJWAhUEKU6lhmDkxIJnAo2ytmJYjGhA9JjHW1DEjDlpJMzRvhYJ13sR1K/EPAk/f0jJYFSw8DTkwGBvprvxuF/XScB/8JJeRgnwEI6XeQnAkOEx0xwl0tGQQy1IVST4BTTPpGEgiaX0xCs+ZMXTbNcss5KlZtKoXr9MMWRRQfoCBWRhc5RFV2hOmogih7RM3pFb8aT8WK8Gx/T0YwxQ7iP/sj4/AFpVpg9</latexit>

Crit(h) = {p1, p2}

<latexit sha1_base64="eJnjgzCkiSS7cROu7skGut6ZNbA=">AAACB3icbZBLSwMxFIUzPmt9jboUJFiEuikzUtSNUOhGcFPBPqAzlkyaaUMzD5I7YhkKLtz4V9y4UMStf8Gd/8ZM24W2HggczrkhuZ8XC67Asr6NhcWl5ZXV3Fp+fWNza9vc2W2oKJGU1WkkItnyiGKCh6wOHARrxZKRwBOs6Q2qWd+8Y1LxKLyBYczcgPRC7nNKQEcd88ABdg9pVXIYFfvH+AI7AYG+56XV2ujW7pgFq2SNheeNPTUFNFWtY3453YgmAQuBCqJU27ZicFMigVPBRnknUSwmdEB6rK1tSAKm3HS8xwgf6aSL/UjqEwIep79vpCRQahh4ejL7pJrtsvC/rp2Af+6mPIwTYCGdPOQnAkOEMyi4yyWjIIbaEKpRcIppn0hCQaPLawj27MrzpnFSsk9L5etyoXL1MMGRQ/voEBWRjc5QBV2iGqojih7RM3pFb8aT8WK8Gx+T0QVjinAP/ZHx+QP71Zku</latexit>

Crit(h) = CP1



Part II: Ground States on an 
Elliptic Curve



The Setup
• Place the theory on the real line times an elliptic curve        .

<latexit sha1_base64="mjNLs20ZX3iiUKI5TiqQ+OTcrsw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BEQQvEcwDkiXMTmaTMbOzy0yvEJaAn+DFgyJe/R9v/o2Tx0ETCxqKqm66u4JECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLya+M1Hro2I1T2OEu5HtK9EKBhFKzWuux2kabdYcsvuFGSZeHNSgjlq3eJXpxezNOIKmaTGtD03QT+jGgWTfFzopIYnlA1pn7ctVTTixs+m147JiVV6JIy1LYVkqv6eyGhkzCgKbGdEcWAWvYn4n9dOMbz0M6GSFLlis0VhKgnGZPI66QnNGcqRJZRpYW8lbEA1ZWgDKtgQvMWXl0njrOydlyt3lVL19mkWRx6O4BhOwYMLqMIN1KAODB7gGV7hzYmdF+fd+Zi15px5hIfwB87nD5Iaj5I=</latexit>

E⌧

<latexit sha1_base64="8806svVJta1YKRPp1zuPkAwSErc=">AAAB/XicbZBLSwMxFIUz9VXra3zs3ASLUDdlRoq6koIbxU0F+4DOUDJp2oYmM0NyR6xD0Z/ixoUibv0f7vw3po+Fth4IfJxzQ25OEAuuwXG+rczC4tLySnY1t7a+sbllb+/UdJQoyqo0EpFqBEQzwUNWBQ6CNWLFiAwEqwf9i1Fev2NK8yi8hUHMfEm6Ie9wSsBYLXvPA3YP6ZUcFjwgyRE+xw5u2Xmn6IyF58GdQh5NVWnZX147oolkIVBBtG66Tgx+ShRwKtgw5yWaxYT2SZc1DYZEMu2n4+2H+NA4bdyJlDkh4LH7+0ZKpNYDGZhJSaCnZ7OR+V/WTKBz5qc8jBNgIZ081EkEhgiPqsBtrhgFMTBAqOJmV0x7RBEKprCcKcGd/fI81I6L7kmxdFPKl6+fJnVk0T46QAXkolNURpeogqqIogf0jF7Rm/VovVjv1sdkNGNNK9xFf2R9/gDU0JSZ</latexit>

Im(⌧) > 0

• Ramond-Ramond boundary conditions for fermions.

• This preserves a quantum mechanics with 4 supercharges.

<latexit sha1_base64="unco962AG++3jJy1A5WzdTJRG9A=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF8FLBPOAZAmzk0kyZnZmmekVwhLwE7x4UMSr/+PNv3HyOGhiQUNR1U13V5RIYdH3v73cyura+kZ+s7C1vbO7V9w/qFudGsZrTEttmhG1XArFayhQ8mZiOI0jyRvR8HriNx65sUKrexwlPIxpX4meYBSdVG+jiLntFEt+2Z+CLJNgTkowR7VT/Gp3NUtjrpBJam0r8BMMM2pQMMnHhXZqeULZkPZ5y1FF3ZIwm147JidO6ZKeNq4Ukqn6eyKjsbWjOHKdMcWBXfQm4n9eK8XeVZgJlaTIFZst6qWSoCaT10lXGM5QjhyhzAh3K2EDaihDF1DBhRAsvrxM6mfl4KJ8fndeqtw+zeLIwxEcwykEcAkVuIEq1IDBAzzDK7x52nvx3r2PWWvOm0d4CH/gff4A4c6Pxg==</latexit>⇥

<latexit sha1_base64="uHMrHzACGbgy8NCrB8qNpSX9ASo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF8FLBfsBbSib7aZdursJuxOhhIK/wIsHRbz6h7z5b0zaHrT1wcDjvRlm5gWxFBZd99sprK1vbG4Vt0s7u3v7B+XDo5aNEsN4k0UyMp2AWi6F5k0UKHknNpyqQPJ2ML7J/fYjN1ZE+gEnMfcVHWoRCkYxl3pIk3654lbdGcgq8RakAgs0+uWv3iBiieIamaTWdj03Rj+lBgWTfFrqJZbHlI3pkHczqqni1k9nt07JWaYMSBiZrDSSmfp7IqXK2okKsk5FcWSXvVz8z+smGF77qdBxglyz+aIwkQQjkj9OBsJwhnKSEcqMyG4lbEQNZZjFU8pC8JZfXiWti6p3Wa3d1yr1u6d5HEU4gVM4Bw+uoA630IAmMBjBM7zCm6OcF+fd+Zi3FpxFhMfwB87nD0zQjto=</latexit>⌧



• The total moduli space of parameters            is

Flat Connections
• We have already introduced mass parameters                          .             

• We can introduce a background flat connection on        ,   

• They parametrise are            -dimensional torus                             . 

<latexit sha1_base64="cLRbrM4owyTfUDlOb4iylAL5FbE=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4kDAjQT0GvAheIpoFkiH0dHqSJr0M3T1CGAL+gBcPinj1i7z5N3aWgyY+KHi8V0VVvSjhzFjf//ZyK6tr6xv5zcLW9s7uXnH/oGFUqgmtE8WVbkXYUM4krVtmOW0lmmIRcdqMhtcTv/lItWFKPthRQkOB+5LFjGDrpHtxhrvFkl/2p0DLJJiTEsxR6xa/Oj1FUkGlJRwb0w78xIYZ1pYRTseFTmpogskQ92nbUYkFNWE2PXWMTpzSQ7HSrqRFU/X3RIaFMSMRuU6B7cAsehPxP6+d2vgqzJhMUkslmS2KU46sQpO/UY9pSiwfOYKJZu5WRAZYY2JdOgUXQrD48jJpnJeDi3LlrlKq3j7N4sjDERzDKQRwCVW4gRrUgUAfnuEV3jzuvXjv3sesNefNIzyEP/A+fwAh0o4k</latexit>m, a

<latexit sha1_base64="FjZ00qTZSsFpebBNu3/zyCGWbRA=">AAACAHicbZBLSwMxFIUz9VXrq+rChZtgEYRCmZGiLgtuBDcV7AM6pdxJM21okhnyEEopiH/FjQtF3Poz3PlvTB8LbT0Q+DjnhuSeKOVMG9//9jIrq2vrG9nN3Nb2zu5efv+grhOrCK2RhCeqGYGmnElaM8xw2kwVBRFx2ogG15O88UCVZom8N8OUtgX0JIsZAeOsTv4IcKiZwICLOBS2GBqwOJS2ky/4JX8qvAzBHApormon/xV2E2IFlYZw0LoV+Klpj0AZRjgd50KraQpkAD3acihBUN0eTRcY41PndHGcKHekwVP3940RCK2HInKTAkxfL2YT87+sZU181R4xmVpDJZk9FFuOTYInbeAuU5QYPnQARDH3V0z6oIAY11nOlRAsrrwM9fNScFEq35ULldvHWR1ZdIxO0BkK0CWqoBtURTVE0Bg9o1f05j15L9679zEbzXjzCg/RH3mfP6+ClaM=</latexit>

a ⇠ a+ µ+ ⌧⌫

<latexit sha1_base64="FLtq+e+xYpmBJLs/cxLa9fqbrqg=">AAACG3icbVDLSgNBEJyNrxhfUY9eBoPgQcJuCOox4EXwEiUvyMYwO5lNhszOLjO9YlgW/Awv/ooXD4p4Ejz4N04eB00saCiquunu8iLBNdj2t5VZWl5ZXcuu5zY2t7Z38rt7DR3GirI6DUWoWh7RTHDJ6sBBsFakGAk8wZre8GLsN++Y0jyUNRhFrBOQvuQ+pwSM1M2XAuxyid2AwMBXZJhAil0ayv5U8rzkJr1NXGD3kKhh6p7U0m6+YBftCfAicWakgGaodvOfbi+kccAkUEG0bjt2BJ2EKOBUsDTnxppFhA5Jn7UNlSRgupNMfkvxkVF62A+VKQl4ov6eSEig9SjwTOf4YD3vjcX/vHYM/nkn4TKKgUk6XeTHAkOIx0HhHleMghgZQqji5lZMB0QRCibOnAnBmX95kTRKRee0WL4uFypXD9M4sugAHaJj5KAzVEGXqIrqiKJH9Ixe0Zv1ZL1Y79bHtDVjzSLcR39gff0AQCWipg==</latexit>

m 2 t ⇠= RrkT

<latexit sha1_base64="mjNLs20ZX3iiUKI5TiqQ+OTcrsw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BEQQvEcwDkiXMTmaTMbOzy0yvEJaAn+DFgyJe/R9v/o2Tx0ETCxqKqm66u4JECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLya+M1Hro2I1T2OEu5HtK9EKBhFKzWuux2kabdYcsvuFGSZeHNSgjlq3eJXpxezNOIKmaTGtD03QT+jGgWTfFzopIYnlA1pn7ctVTTixs+m147JiVV6JIy1LYVkqv6eyGhkzCgKbGdEcWAWvYn4n9dOMbz0M6GSFLlis0VhKgnGZPI66QnNGcqRJZRpYW8lbEA1ZWgDKtgQvMWXl0njrOydlyt3lVL19mkWRx6O4BhOwYMLqMIN1KAODB7gGV7hzYmdF+fd+Zi15px5hIfwB87nD5Iaj5I=</latexit>

E⌧

<latexit sha1_base64="mD5OEZTQeiUyVKxa2+poiAl2NM8=">AAAB83icbZBLSwMxFIXv1Fetr6pLN4NFqJsyI0VdFtwIbir0BZ2hZNJMG5rJDMkdsQwFf4UbF4q49c+489+YPhbaeiDwcc4NuTlBIrhGx/m2cmvrG5tb+e3Czu7e/kHx8Kil41RR1qSxiFUnIJoJLlkTOQrWSRQjUSBYOxjdTPP2A1Oax7KB44T5ERlIHnJK0Fieh+wRMzWalBvnvWLJqTgz2avgLqAEC9V7xS+vH9M0YhKpIFp3XSdBPyMKORVsUvBSzRJCR2TAugYliZj2s9nOE/vMOH07jJU5Eu2Z+/tGRiKtx1FgJiOCQ72cTc3/sm6K4bWfcZmkyCSdPxSmwsbYnhZg97liFMXYAKGKm11tOiSKUDQ1FUwJ7vKXV6F1UXEvK9X7aql29zSvIw8ncAplcOEKanALdWgChQSe4RXerNR6sd6tj/lozlpUeAx/ZH3+AAmBkh8=</latexit>

rk(T )
<latexit sha1_base64="NUsluS5JMRbNN3RXuV3xzPUYGhg=">AAACCnicbZBLSwMxFIUzPmt9VV26iRah3ZQZKeqyIAXBTYW+oFOHTJq2oZnMkNwRy1Bw58a/4saFIm79Be78N6aPhbYeCHycc0Nyjx8JrsG2v62l5ZXVtfXURnpza3tnN7O3X9dhrCir0VCEqukTzQSXrAYcBGtGipHAF6zhDy7HeeOOKc1DWYVhxNoB6Une5ZSAsbzMUdmrYpeGsodzZc8FEudvExfYPSRqMMpV8yMvk7UL9kR4EZwZZNFMFS/z5XZCGgdMAhVE65ZjR9BOiAJOBRul3ViziNAB6bGWQUkCptvJZJURPjFOB3dDZY4EPHF/30hIoPUw8M1kQKCv57Ox+V/WiqF70U64jGJgkk4f6sYCQ4jHveAOV4yCGBogVHHzV0z7RBEKpr20KcGZX3kR6qcF56xQvClmS9cP0zpS6BAdoxxy0DkqoStUQTVE0SN6Rq/ozXqyXqx362M6umTNKjxAf2R9/gAFaJpO</latexit>

ET
⇠= (E⌧ )

rk(T )

<latexit sha1_base64="VU/O6zaXSy2o2GhNuXp18Rz83+c="></latexit>

MT
⇠= (R⇥ E⌧ )

rk(T )



• What is the general dependence on the parameters          ?

Supersymmetric Ground States
• We are interested in supersymmetric ground states.    

• For generic          , they are in 1-1 correspondence with fixed points.

<latexit sha1_base64="6qcQRM+zY1/rMdJam7xeUuV0EVE=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJgE7BJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791iMqzWN5b8YJ+hEdSB5yRo2V6tVeseSW3RnIKvEWpAQL1HrFr24/ZmmE0jBBte54bmL8jCrDmcBJoZtqTCgb0QF2LJU0Qu1ns0Mn5MwqfRLGypY0ZKb+nshopPU4CmxnRM1QL3tT8T+vk5rwxs+4TFKDks0XhakgJibTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3lX5sn5Zqtw9zePIwwmcwjl4cA0VqEINGsAA4Rle4c15cF6cd+dj3ppzFhEewx84nz/JHI1e</latexit>

H

<latexit sha1_base64="lGCSAsFGXgtcSxo1roh1nMDDsvY=">AAACEHicbVC7SgNBFJ31GeNr1dJmMIgWIexKUBshYCMIEsE8ILuEu7OTZMjsIzOzQlgC/oCNv2JjoYitpZ1/4ySbQhMPXDhzzr3MvceLOZPKsr6NhcWl5ZXV3Fp+fWNza9vc2a3LKBGE1kjEI9H0QFLOQlpTTHHajAWFwOO04fUvx37jngrJovBODWPqBtANWYcRUFpqm0dOVbJ26gCPezDCzmCQgI+zJ76wiw73IyWLN22zYJWsCfA8saekgKaots0vx49IEtBQEQ5StmwrVm4KQjHC6SjvJJLGQPrQpS1NQwiodNPJQSN8qBUfdyKhK1R4ov6eSCGQchh4ujMA1ZOz3lj8z2slqnPupiyME0VDkn3USThWER6ng30mKFF8qAkQwfSumPRAAFE6w7wOwZ49eZ7UT0r2aal8Wy5Urh+yOHJoHx2gY2SjM1RBV6iKaoigR/SMXtGb8WS8GO/GR9a6YEwj3EN/YHz+AL9inNQ=</latexit>

 ↵ ↵ = 1, . . . , N

<latexit sha1_base64="xyptGSfYHnIHFG24kLKPVL4f8Sk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1M6AjWCTgPmA5Ah7m7lkzd7esbsnhCNgb2OhiK0/yc5/4+aj0MQHA4/3ZpiZFySCa+O6305uZXVtfSO/Wdja3tndK+4fNHScKoZ1FotYtQKqUXCJdcONwFaikEaBwGYwvJn4zUdUmsfy3owS9CPalzzkjBor1a67xZJbdqcgy8SbkxLMUe0Wvzq9mKURSsME1brtuYnxM6oMZwLHhU6qMaFsSPvYtlTSCLWfTQ8dkxOr9EgYK1vSkKn6eyKjkdajKLCdETUDvehNxP+8dmrCKz/jMkkNSjZbFKaCmJhMviY9rpAZMbKEMsXtrYQNqKLM2GwKNgRv8eVl0jgrexfl89p5qXL3NIsjD0dwDKfgwSVU4BaqUAcGCM/wCm/Og/PivDsfs9acM4/wEP7A+fwBu3iNVQ==</latexit>

?

<latexit sha1_base64="cLRbrM4owyTfUDlOb4iylAL5FbE=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4kDAjQT0GvAheIpoFkiH0dHqSJr0M3T1CGAL+gBcPinj1i7z5N3aWgyY+KHi8V0VVvSjhzFjf//ZyK6tr6xv5zcLW9s7uXnH/oGFUqgmtE8WVbkXYUM4krVtmOW0lmmIRcdqMhtcTv/lItWFKPthRQkOB+5LFjGDrpHtxhrvFkl/2p0DLJJiTEsxR6xa/Oj1FUkGlJRwb0w78xIYZ1pYRTseFTmpogskQ92nbUYkFNWE2PXWMTpzSQ7HSrqRFU/X3RIaFMSMRuU6B7cAsehPxP6+d2vgqzJhMUkslmS2KU46sQpO/UY9pSiwfOYKJZu5WRAZYY2JdOgUXQrD48jJpnJeDi3LlrlKq3j7N4sjDERzDKQRwCVW4gRrUgUAfnuEV3jzuvXjv3sesNefNIzyEP/A+fwAh0o4k</latexit>m, a

<latexit sha1_base64="cLRbrM4owyTfUDlOb4iylAL5FbE=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4kDAjQT0GvAheIpoFkiH0dHqSJr0M3T1CGAL+gBcPinj1i7z5N3aWgyY+KHi8V0VVvSjhzFjf//ZyK6tr6xv5zcLW9s7uXnH/oGFUqgmtE8WVbkXYUM4krVtmOW0lmmIRcdqMhtcTv/lItWFKPthRQkOB+5LFjGDrpHtxhrvFkl/2p0DLJJiTEsxR6xa/Oj1FUkGlJRwb0w78xIYZ1pYRTseFTmpogskQ92nbUYkFNWE2PXWMTpzSQ7HSrqRFU/X3RIaFMSMRuU6B7cAsehPxP6+d2vgqzJhMUkslmS2KU46sQpO/UY9pSiwfOYKJZu5WRAZYY2JdOgUXQrD48jJpnJeDi3LlrlKq3j7N4sjDERzDKQRwCVW4gRrUgUAfnuEV3jzuvXjv3sesNefNIzyEP/A+fwAh0o4k</latexit>m, a



The Berry Connection

• The dependence is controlled by a supersymmetric Berry Connection:

✦ A connection on a principle              bundle     .

✦ A      -valued section     of              .

✦ They solve a set of generalised Bogomolny equations on                        

Cecotti-Gaiotto-Vafa ‘13

<latexit sha1_base64="5jveDgVKBLPV+DnFvcyByWu6iog=">AAAB83icbZBLSwMxFIUzPmt9VV26GSxC3ZQZKeqy4EYQpKLTFjqlZNI7bWgmMyR3xDIU/BVuXCji1j/jzn9j+lho64HAxzk35OYEieAaHefbWlpeWV1bz23kN7e2d3YLe/t1HaeKgcdiEatmQDUILsFDjgKaiQIaBQIaweBynDceQGkey3scJtCOaE/ykDOKxvJ9hEfM7rxR6eakUyg6ZWciexHcGRTJTLVO4cvvxiyNQCITVOuW6yTYzqhCzgSM8n6qIaFsQHvQMihpBLqdTXYe2cfG6dphrMyRaE/c3zcyGmk9jAIzGVHs6/lsbP6XtVIML9oZl0mKINn0oTAVNsb2uAC7yxUwFEMDlCludrVZnyrK0NSUNyW4819ehPpp2T0rV24rxer107SOHDkkR6REXHJOquSK1IhHGEnIM3klb1ZqvVjv1sd0dMmaVXhA/sj6/AGvDZHk</latexit>

SU(N)
<latexit sha1_base64="CjqEAE2F/6z4q2jXbHo3pM8EJjw=">AAAB6HicbVC7SgNBFL0bXzG+opY2g0GwCrsSomXARrBJwDwgWWR2cjcZMzu7zMwKYQnY21goYusn2fk3Th6FJh4YOJxzhnvvCRLBtXHdbye3tr6xuZXfLuzs7u0fFA+PWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsYXU/99iMqzWN5Z8YJ+hEdSB5yRo2VGvX7YsktuzOQVeItSAkWsPmvXj9maYTSMEG17npuYvyMKsOZwEmhl2pMKBvRAXYtlTRC7WezRSfkzCp9EsbKPmnITP39I6OR1uMosMmImqFe9qbif143NeGVn3GZpAYlmw8KU0FMTKZXkz5XyIwYW0KZ4nZXwoZUUWZsNwVbgrd88ippXZS9arnSqJRqt0/zOvJwAqdwDh5cQg1uoA5NYIDwDK/w5jw4L8678zGP5pxFhcfwB87nD9U8jWY=</latexit>

P

<latexit sha1_base64="XAOoh24D18h+Ba2jnTXl4XQ8sZ4=">AAAB9XicbVDLSsNAFL2pr1pfVZdugkUQFyWRoi4LbgQ3FewD2rRMppN26GQSZm6UEgp+hhsXirj1X9z5N07aLrT1wIXDOfcyZ44fC67Rcb6t3Mrq2vpGfrOwtb2zu1fcP2joKFGU1WkkItXyiWaCS1ZHjoK1YsVI6AvW9EfXmd98YErzSN7jOGZeSAaSB5wSNFK3ExIcBoqMUpx0z3rFklN2prCXiTsnJZij1it+dfoRTUImkQqiddt1YvRSopBTwSaFTqJZTOiIDFjbUElCpr10mnpinxilbweRMiPRnqq/L1ISaj0OfbOZpdSLXib+57UTDK68lMs4QSbp7KEgETZGdlaB3eeKURRjQwhV3GS16ZAoQtEUVTAluItfXiaN87J7Ua7cVUrV26dZHXk4gmM4BRcuoQo3UIM6UFDwDK/wZj1aL9a79TFbzVnzCg/hD6zPH+WokzY=</latexit>

t⇤
<latexit sha1_base64="4MR7qLg9oG6fLqBxwfxyhDV9QXI=">AAAB83icbZBLSwMxFIUz9VXrq+rSTbAIdVNmpKjLihvBTQX7gM5QMumdNjTzILkjlqHgr3DjQhG3/hl3/hvTx0JbDwQ+zrkhN8dPpNBo299WbmV1bX0jv1nY2t7Z3SvuHzR1nCoODR7LWLV9pkGKCBooUEI7UcBCX0LLH15P8tYDKC3i6B5HCXgh60ciEJyhsVwX4RGzq964XD/tFkt2xZ6KLoMzhxKZq94tfrm9mKchRMgl07rj2Al6GVMouIRxwU01JIwPWR86BiMWgvay6c5jemKcHg1iZU6EdOr+vpGxUOtR6JvJkOFAL2YT87+sk2Jw6WUiSlKEiM8eClJJMaaTAmhPKOAoRwYYV8LsSvmAKcbR1FQwJTiLX16G5lnFOa9U76ql2u3TrI48OSLHpEwcckFq5IbUSYNwkpBn8krerNR6sd6tj9lozppXeEj+yPr8Aa1tkeM=</latexit>

Ad(P )
<latexit sha1_base64="8LGGGMuSKTYf5UgLa2DTVf8sc0M=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF8FLBfsBbSib7aZZursJuxuhhIK/wIsHRbz6h7z5b9ykPWjrg4HHezPMzAsSzrRx3W+ntLa+sblV3q7s7O7tH1QPjzo6ThWhbRLzWPUCrClnkrYNM5z2EkWxCDjtBpOb3O8+UqVZLB/MNKG+wGPJQkawyaVBErFhtebW3QJolXgLUoMFWsPq12AUk1RQaQjHWvc9NzF+hpVhhNNZZZBqmmAywWPat1RiQbWfFbfO0JlVRiiMlS1pUKH+nsiw0HoqAtspsIn0speL/3n91ITXfsZkkhoqyXxRmHJkYpQ/jkZMUWL41BJMFLO3IhJhhYmx8VRsCN7yy6ukc1H3LuuN+0atefc0j6MMJ3AK5+DBFTThFlrQBgIRPMMrvDnCeXHenY95a8lZRHgMf+B8/gA/K47R</latexit>

�

<latexit sha1_base64="T48Fjm7k9VWXEROlu5OhF1NktOw=">AAACEnicbVDLSgNBEJz1GeNr1aOXwSAkIGFXgnoMiCB4iZIXZGOYnUySIbMPZnrFsCz4B178FS8eFPHqyZt/42ySgyYWNBRV3XR3uaHgCizr21hYXFpeWc2sZdc3Nre2zZ3dugoiSVmNBiKQTZcoJrjPasBBsGYoGfFcwRru8Dz1G3dMKh74VRiFrO2Rvs97nBLQUscs5B2PwMB145sEO8A9pvBFxwESFW5jB9g9xHKYOEfVpGPmrKI1Bp4n9pTk0BSVjvnldAMaecwHKohSLdsKoR0TCZwKlmSdSLGQ0CHps5amPtG72/H4pQQfaqWLe4HU5QMeq78nYuIpNfJc3Zner2a9VPzPa0XQO2vH3A8jYD6dLOpFAkOA03xwl0tGQYw0IVRyfSumAyIJBZ1iVodgz748T+rHRfukWLou5cpXD5M4MmgfHaA8stEpKqNLVEE1RNEjekav6M14Ml6Md+Nj0rpgTCPcQ39gfP4AcRuebA==</latexit>

(R⇥ E⌧ )
rkT



Example
• Consider again                  .

• There are two supersymmetric ground states              .

•  The Berry connection is a smooth            monopole on              . 

<latexit sha1_base64="4f5TCvcRsCFl4Vrcy2LRKRp78+s=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgQspMKeqy4EZwU8E+oB1LJs20oZlkSDJKGQp+hhsXirj1X9z5N6bTLrT1wOUezrmX3Jwg5kwb1/12ciura+sb+c3C1vbO7l5x/6CpZaIIbRDJpWoHWFPOBG0YZjhtx4riKOC0FYyupn7rgSrNpLgz45j6ER4IFjKCjZXuu3XNet4ZynqlVyy5ZTcDWibenJRgjnqv+NXtS5JEVBjCsdYdz42Nn2JlGOF0UugmmsaYjPCAdiwVOKLaT7OrJ+jEKn0USmVLGJSpvzdSHGk9jgI7GWEz1IveVPzP6yQmvPRTJuLEUEFmD4UJR0aiaQSozxQlho8twUQxeysiQ6wwMTaogg3BW/zyMmlWyt55uXpbLdVunmZx5OEIjuEUPLiAGlxDHRpAQMEzvMKb8+i8OO/Ox2w058wjPIQ/cD5/ACgHkhU=</latexit>

 1, 2

<latexit sha1_base64="3ACvqvRI3L1dTAshTGAsdLrHQzg=">AAAB+nicbVDLSgMxFL1TX7W+prp0EyyCqzIjRd0IhW4ENxXsA9qxZNJMG5rJDElGKWPBH3HjQhG3fok7/8ZM24W2HrhwOOdecnL8mDOlHefbyq2srq1v5DcLW9s7u3t2cb+pokQS2iARj2Tbx4pyJmhDM81pO5YUhz6nLX9Uy/zWPZWKReJWj2PqhXggWMAI1kbq2cU2ukTdEOuh76e1+uTO7dklp+xMgZaJOyclmKPes7+6/YgkIRWacKxUx3Vi7aVYakY4nRS6iaIxJiM8oB1DBQ6p8tJp9Ak6NkofBZE0IzSaqr8vUhwqNQ59s5mFVIteJv7ndRIdXHgpE3GiqSCzh4KEIx2hrAfUZ5ISzceGYCKZyYrIEEtMtGmrYEpwF7+8TJqnZfesXLmplKrXT7M68nAIR3ACLpxDFa6gDg0g8ADP8Apv1qP1Yr1bH7PVnDWv8AD+wPr8AftQk6A=</latexit>

X = CP1

<latexit sha1_base64="k3VIazwRkMC9kt+npfkAKCW2Ltc=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5JIUZcFEQQ3VewDmhAm00k7dDIJMzdCCRXBX3HjQhG3/oU7/8bpY6GtBy4czrmXe+8JU8E1OM63tbC4tLyyWlgrrm9sbm3bO7sNnWSKsjpNRKJaIdFMcMnqwEGwVqoYiUPBmmH/YuQ375nSPJF3MEiZH5Ou5BGnBIwU2PteTKAXhvntEHvAY6bxZeAByQK75JSdMfA8caekhKaoBfaX10loFjMJVBCt266Tgp8TBZwKNix6mWYpoX3SZW1DJTG7/Hz8wRAfGaWDo0SZkoDH6u+JnMRaD+LQdI7u1bPeSPzPa2cQnfs5l2kGTNLJoigTGBI8igN3uGIUxMAQQhU3t2LaI4pQMKEVTQju7MvzpHFSdk/LlZtKqXr9OImjgA7QITpGLjpDVXSFaqiOKHpAz+gVvVlP1ov1bn1MWhesaYR76A+szx9g75dJ</latexit>R⇥ E⌧
<latexit sha1_base64="quPDzRbK5UyJzXSROrRXbAplhUU=">AAAB83icbZBLSwMxFIUzPmt9VV26CRahbspMKeqy4EZwU9E+oDOUTHqnDc08SO6IZSj4K9y4UMStf8ad/8b0sdDWA4GPc27IzfETKTTa9re1srq2vrGZ28pv7+zu7RcODps6ThWHBo9lrNo+0yBFBA0UKKGdKGChL6HlD68meesBlBZxdI+jBLyQ9SMRCM7QWK6L8IjZXWNcqpx1C0W7bE9Fl8GZQ5HMVe8WvtxezNMQIuSSad1x7AS9jCkUXMI476YaEsaHrA8dgxELQXvZdOcxPTVOjwaxMidCOnV/38hYqPUo9M1kyHCgF7OJ+V/WSTG49DIRJSlCxGcPBamkGNNJAbQnFHCUIwOMK2F2pXzAFONoasqbEpzFLy9Ds1J2zsvV22qxdvM0qyNHjskJKRGHXJAauSZ10iCcJOSZvJI3K7VerHfrYza6Ys0rPCJ/ZH3+AISBkcg=</latexit>

SU(2)

<latexit sha1_base64="eE+z+jTXp9Zc2gI2VfCpNy40txo=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUmkqMuCG8FNFfuAJpTJdNIOnUzCzEQpseCPuHGhiFu/xJ1/46TtQlsPXDiccy9z5gQJZ0o7zrdVWFldW98obpa2tnd29+zyfkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bwegy99v3VCoWizs9Tqgf4YFgISNYG6lnlyPkMYGQF2E9DILsdtKzK07VmQItE3dOKjBHo2d/ef2YpBEVmnCsVNd1Eu1nWGpGOJ2UvFTRBJMRHtCuoQJHVPnZNPoEHRulj8JYmhEaTdXfFxmOlBpHgdnME6pFLxf/87qpDi/8jIkk1VSQ2UNhypGOUd4D6jNJieZjQzCRzGRFZIglJtq0VTIluItfXiat06p7Vq3d1Cr166dZHUU4hCM4ARfOoQ5X0IAmEHiAZ3iFN+vRerHerY/ZasGaV3gAf2B9/gCG+ZP7</latexit>

m 2 R



General Structure
• Smooth monopoles centred on codimension-3 loci in                       .

• They project onto the hyperplane arrangement in                  .

<latexit sha1_base64="UP/LjTuyFBKOWSjNlAHEyTk3WgQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNBDx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbnO/88S1EbF6xGnC/YiOlAgFo2ilTh9FxE1lUK25dXcOskq8gtSgQHNQ/eoPY5ZGXCGT1Jie5yboZ1SjYJLPKv3U8ISyCR3xnqWK2i1+Nj93Rs6sMiRhrG0pJHP190RGI2OmUWA7I4pjs+zl4n9eL8Xwxs+ESlLkii0WhakkGJP8dzIUmjOUU0so08LeStiYasrQJpSH4C2/vEraF3Xvqn75cFlr3BVxlOEETuEcPLiGBtxDE1rAYALP8ApvTuK8OO/Ox6K15BQzx/AHzucP8EePUw==</latexit>⇥<latexit sha1_base64="UP/LjTuyFBKOWSjNlAHEyTk3WgQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNBDx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbnO/88S1EbF6xGnC/YiOlAgFo2ilTh9FxE1lUK25dXcOskq8gtSgQHNQ/eoPY5ZGXCGT1Jie5yboZ1SjYJLPKv3U8ISyCR3xnqWK2i1+Nj93Rs6sMiRhrG0pJHP190RGI2OmUWA7I4pjs+zl4n9eL8Xwxs+ESlLkii0WhakkGJP8dzIUmjOUU0so08LeStiYasrQJpSH4C2/vEraF3Xvqn75cFlr3BVxlOEETuEcPLiGBtxDE1rAYALP8ApvTuK8OO/Ox6K15BQzx/AHzucP8EePUw==</latexit>⇥

<latexit sha1_base64="T48Fjm7k9VWXEROlu5OhF1NktOw=">AAACEnicbVDLSgNBEJz1GeNr1aOXwSAkIGFXgnoMiCB4iZIXZGOYnUySIbMPZnrFsCz4B178FS8eFPHqyZt/42ySgyYWNBRV3XR3uaHgCizr21hYXFpeWc2sZdc3Nre2zZ3dugoiSVmNBiKQTZcoJrjPasBBsGYoGfFcwRru8Dz1G3dMKh74VRiFrO2Rvs97nBLQUscs5B2PwMB145sEO8A9pvBFxwESFW5jB9g9xHKYOEfVpGPmrKI1Bp4n9pTk0BSVjvnldAMaecwHKohSLdsKoR0TCZwKlmSdSLGQ0CHps5amPtG72/H4pQQfaqWLe4HU5QMeq78nYuIpNfJc3Zner2a9VPzPa0XQO2vH3A8jYD6dLOpFAkOA03xwl0tGQYw0IVRyfSumAyIJBZ1iVodgz748T+rHRfukWLou5cpXD5M4MmgfHaA8stEpKqNLVEE1RNEjekav6M14Ml6Md+Nj0rpgTCPcQ39gfP4AcRuebA==</latexit>

(R⇥ E⌧ )
rkT

<latexit sha1_base64="TTR1HUuGqKB93VmzO7ePlvHpDxM=">AAACFXicbVDLSgNBEJyNrxhfUY9eBoPgIYRdCeox4EXwEiUvyMYwO5lNhszOLjO9YlgW/AYv/ooXD4p4Fbz5N04eB00saCiquunu8iLBNdj2t5VZWl5ZXcuu5zY2t7Z38rt7DR3GirI6DUWoWh7RTHDJ6sBBsFakGAk8wZre8GLsN++Y0jyUNRhFrBOQvuQ+pwSM1M0X3YDAwFdkmECKXRrKPp5InpfcpLeJC+weEjVM3WIt7eYLdsmeAC8SZ0YKaIZqN//l9kIaB0wCFUTrtmNH0EmIAk4FS3NurFlE6JD0WdtQSQKmO8nkqxQfGaWH/VCZkoAn6u+JhARajwLPdI4P1vPeWPzPa8fgn3cSLqMYmKTTRX4sMIR4HBHuccUoiJEhhCpubsV0QBShYILMmRCc+ZcXSeOk5JyWytflQuXqYRpHFh2gQ3SMHHSGKugSVVEdUfSIntErerOerBfr3fqYtmasWYT76A+szx8wwKCK</latexit>

t ⇠= RrkT

<latexit sha1_base64="TaFFWgbphiM0pNe8fXdQ3dMZdGc=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIvgqsyIqBuh4EZwU8E+oDOUTCbThuYxJBlhGCr+iRsXirj1Q9z5N6aPhbYeuHA451xyc6KUUW0879sprayurW+UNytb2zu7e+7+QVvLTGHSwpJJ1Y2QJowK0jLUMNJNFUE8YqQTja4nfueBKE2luDd5SkKOBoImFCNjpb5bDZgNxwgGOJYGcngFvb5b8+reFHCZ+HNSA3M0++5XEEuccSIMZkjrnu+lJiyQMhQzMq4EmSYpwiM0ID1LBeJEh8X0+DE8tkoME6nsCAOn6u+NAnGtcx7ZJEdmqBe9ifif18tMchkWVKSZIQLPHkoyBo2EkyZgTBXBhuWWIKyovRXiIVIIG9tXxZbgL355mbRP6/55/ezurNa4fZrVUQaH4AicAB9cgAa4AU3QAhjk4Bm8gjfn0Xlx3p2PWbTkzCusgj9wPn8A78SUGA==</latexit>

� ·m = 0
<latexit sha1_base64="BjSYXMLr97vO5aA1lNf6S9biNK0=">AAACGXicbVDLSgMxFM34rPU16tJNsAiCUGakqMuCG8FNBfvAzlAymbQNzWSG5I5QhoJf4cZfceNCEZe68m/MtF3U1gMhh3NOyL0nSATX4Dg/1tLyyuraemGjuLm1vbNr7+03dJwqyuo0FrFqBUQzwSWrAwfBWoliJAoEawaDq9xvPjCleSzvYJgwPyI9ybucEjBSx3Y8YcIhwR4NY8Dm5hJ7EYF+EGT3I3yKPSDpjNKxS07ZGQMvEndKSmiKWsf+8sKYphGTQAXRuu06CfgZUcCpYKOil2qWEDogPdY2VJKIaT8bbzbCx0YJcTdW5kjAY3X2RUYirYdRYJL5hHrey8X/vHYK3Us/4zJJgUk6+aibCgwxzmvCIVeMghgaQqjiZlZM+0QRCqbMoinBnV95kTTOyu55uXJbKVVvHid1FNAhOkInyEUXqIquUQ3VEUVP6AW9oXfr2Xq1PqzPSXTJmlZ4gP7A+v4FW8ugXQ==</latexit>

� · a 2 Z+ ⌧Z



Algebraic Picture
• The Bogomolny equations include                                 .

• A rank      holomorphic vector bundle      on each fiber 
<latexit sha1_base64="I6Ak3XVukaD8rB0RLGfb5Sk24OI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF0GQBMwDkiXMTnqTMbOzy8ysEJaAdy8eFPHqJ3nzb5w8DppY0FBUddPdFSSCa+O6305uZXVtfSO/Wdja3tndK+4fNHScKoZ1FotYtQKqUXCJdcONwFaikEaBwGYwvJ74zUdUmsfy3owS9CPalzzkjBor1e66xZJbdqcgy8SbkxLMUe0Wvzq9mKURSsME1brtuYnxM6oMZwLHhU6qMaFsSPvYtlTSCLWfTQ8dkxOr9EgYK1vSkKn6eyKjkdajKLCdETUDvehNxP+8dmrCKz/jMkkNSjZbFKaCmJhMviY9rpAZMbKEMsXtrYQNqKLM2GwKNgRv8eVl0jgrexfl89p5qXL7NIsjD0dwDKfgwSVU4AaqUAcGCM/wCm/Og/PivDsfs9acM4/wEP7A+fwB0jSNZA==</latexit>

N

• The holomorphic bundle     is piecewise constant in       .    

• This suggests a more algebraic approach.

<latexit sha1_base64="9VLmcVtAM3F8uz+qXDLOPt9XcHs=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXARrBJwHxAcoS9zVyyZvfu2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKHiEDcONwHaikMpAYCsY3Uz91iMqzePo3owT9CUdRDzkjBor1WWvWHLL7gxklXgLUoIFar3iV7cfs1RiZJigWnc8NzF+RpXhTOCk0E01JpSN6AA7lkZUovaz2aETcmaVPgljZSsyZKb+nsio1HosA9spqRnqZW8q/ud1UhNe+xmPktRgxOaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1buneRx5OIFTOAcPrqAKt1CDBjBAeIZXeHMenBfn3fmYt+acRYTH8AfO5w8BP42D</latexit>m

<latexit sha1_base64="14brNrVCsDSevdPa4It4saA7dIY=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuCCIKbCvYBnaHcSdM2NJMZkoxQhoJf4caFIm79GXf+jZm2C209cOFwzr3k5ISJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4qyBo1FrNohaia4ZA3DjWDtRDGMQsFa4eg691uPTGkeywczTlgQ4UDyPqdorOT7EZohRZHdTErdcsWtulOQZeLNSQXmqHfLX34vpmnEpKECte54bmKCDJXhVLBJyU81S5COcMA6lkqMmA6yaeYJObFKj/RjZUcaMlV/X2QYaT2OQruZZ9SLXi7+53VS078KMi6T1DBJZw/1U0FMTPICSI8rRo0YW4JUcZuV0CEqpMbWlJfgLX55mTTPqt5F9fz+vFK7e5rVUYQjOIZT8OASanALdWgAhQSe4RXenNR5cd6dj9lqwZlXeAh/4Hz+ANqYkgE=</latexit>

E
<latexit sha1_base64="aI/1TeFYMqEelpBU0VrVbpQAz00="></latexit>

{m}⇥ ET
⇠= (E⌧ )

rk(T )

<latexit sha1_base64="14brNrVCsDSevdPa4It4saA7dIY=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuCCIKbCvYBnaHcSdM2NJMZkoxQhoJf4caFIm79GXf+jZm2C209cOFwzr3k5ISJ4Nq47rdTWFldW98obpa2tnd298r7B00dp4qyBo1FrNohaia4ZA3DjWDtRDGMQsFa4eg691uPTGkeywczTlgQ4UDyPqdorOT7EZohRZHdTErdcsWtulOQZeLNSQXmqHfLX34vpmnEpKECte54bmKCDJXhVLBJyU81S5COcMA6lkqMmA6yaeYJObFKj/RjZUcaMlV/X2QYaT2OQruZZ9SLXi7+53VS078KMi6T1DBJZw/1U0FMTPICSI8rRo0YW4JUcZuV0CEqpMbWlJfgLX55mTTPqt5F9fz+vFK7e5rVUYQjOIZT8OASanALdWgAhQSe4RXenNR5cd6dj9lqwZlXeAh/4Hz+ANqYkgE=</latexit>

E

<latexit sha1_base64="jlEB4yyr6WJhdAmS47NL/1eZGac=">AAACD3icbZBLSwMxFIUz9VXra9Slm2BRBKXMSFE3QsEuBDcV7AM6w5BJM21o5kFyRyhDwR/gxr/ixoUibt2689+YPhbaeiDwcc4NyT1+IrgCy/o2cguLS8sr+dXC2vrG5pa5vdNQcSopq9NYxLLlE8UEj1gdOAjWSiQjoS9Y0+9fjfLmPZOKx9EdDBLmhqQb8YBTAtryzENHsADauOqFx07S4ydVL3N8IjEZYkfybg9cfIktzyxaJWssPA/2FIpoqppnfjmdmKYhi4AKolTbthJwMyKBU8GGBSdVLCG0T7qsrTEiIVNuNt5niA+008FBLPWJAI/d3zcyEio1CH09GRLoqdlsZP6XtVMILtyMR0kKLKKTh4JUYIjxqBzc4ZJREAMNhEqu/4ppj0hCQVdY0CXYsyvPQ+O0ZJ+VyrflYuXmYVJHHu2hfXSEbHSOKuga1VAdUfSIntErejOejBfj3fiYjOaMaYW76I+Mzx+fFZuQ</latexit>

[Dm + �, Dā] = 0



Part III: Algebraic 
Description



Supersymmetric QM
•  Reduce three-dimensional theory on        to obtain a supersymmetric 

quantum mechanics on      .

• Quantum mechanics has infinite-dimensional target

• Coupled to background vectormultiplets for the                and     
actions on      .

<latexit sha1_base64="aRM9yTqrNOqDOLTzfiBp+x+S29U=">AAACC3icbVDLSgNBEJz1GeNr1aOXIUFQkLArQb0IAREEESIYE8iG0DuZxCGzD2Z6xbAEPHrxV7x4UMSrP+DNv3HyOGhiQUNR1U13lx9LodFxvq2Z2bn5hcXMUnZ5ZXVt3d7YvNFRohivsEhGquaD5lKEvIICJa/FikPgS171u6cDv3rHlRZReI29mDcC6ISiLRigkZp2zgsAbxnItNanJ9RDfo/pJcT93bOmh5Ds1/aadt4pOEPQaeKOSZ6MUW7aX14rYknAQ2QStK67ToyNFBQKJnk/6yWax8C60OF1Q0MIuG6kw1/6dMcoLdqOlKkQ6VD9PZFCoHUv8E3n4HI96Q3E/7x6gu3jRirCOEEestGidiIpRnQQDG0JxRnKniHAlDC3UnYLChia+LImBHfy5Wlyc1BwDwvFq2K+dPEwiiNDtkmO7BKXHJESOSdlUiGMPJJn8krerCfrxXq3PkatM9Y4wi3yB9bnDydEmuo=</latexit>

X = Map(E⌧ , X)
<latexit sha1_base64="ChBkxIUg5CHMIaPVMMWY6VKMh9Q=">AAAB+HicbZDJSgNBEIZr4hbjklGPXhqD4CnMSFCPAS+Cl4hmgWQMPZ2epEnPQneNEIeA7+HFgyJefRRvvo2d5aCJBQ0f/19NVf1+IoVGx/m2ciura+sb+c3C1vbObtHe22/oOFWM11ksY9XyqeZSRLyOAiVvJYrT0Je86Q8vJ37zgSst4ugORwn3QtqPRCAYRSN17eLtvUs6KEKuyQS7dskpO9Miy+DOoQTzqnXtr04vZmnII2SSat12nQS9jCoUTPJxoZNqnlA2pH3eNhhRM8nLpouPybFReiSIlXkRkqn6+0dGQ61HoW86Q4oDvehNxP+8dorBhZeJKEmRR2w2KEglwZhMUiA9oThDOTJAmRJmV8IGVFGGJquCCcFdPHkZGqdl96xcuamUqtdPszjycAhHcAIunEMVrqAGdWCQwjO8wpv1aL1Y79bHrDVnzSM8gD9lff4AAOuSdQ==</latexit>

S1 ⇥ S1 <latexit sha1_base64="+nT19rq+7vo3HFOTfqljf2Pkd20=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJgI9gkkC9IjrC3mUvW7O0du3tCOAL2NhaK2PqT7Pw3bj4KTXww8Hhvhpl5QSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekSleSzrZpygH9GB5CFn1FipVu8VS27ZnYGsEm9BSrBAtVf86vZjlkYoDRNU647nJsbPqDKcCZwUuqnGhLIRHWDHUkkj1H42O3RCzqzSJ2GsbElDZurviYxGWo+jwHZG1Az1sjcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynYELzll1dJ86LsXZUva5elyv3TPI48nMApnIMH11CBO6hCAxggPMMrvDkPzovz7nzMW3POIsJj+APn8wfbTI1q</latexit>

T
<latexit sha1_base64="W+iEn56fw/bqXzQQEzu5GzMf0A0=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZcFN4KbCvYB7VAyaaYNzWSG5I5QhoI/4caFIm79Gnf+jZm2C209EDicc8M99wSJFAZd99sprK1vbG4Vt0s7u3v7B+XDo5aJU814k8Uy1p2AGi6F4k0UKHkn0ZxGgeTtYHyT++1Hro2I1QNOEu5HdKhEKBhFK3V7EcURozLrTPvlilt1ZyCrxFuQCizQ6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342izwlZ1YZkDDW9ikkM/X3j4xGxkyiwE7mEc2yl4v/ed0Uw2s/EypJkSs2XxSmkmBM8vvJQGjOUE4soUwLm5WwEdWUoW2pZEvwlk9eJa2LqndZrd3XKvW7p3kdRTiBUzgHD66gDrfQgCYwiOEZXuHNQefFeXc+5qMFZ1HhMfyB8/kDvuSSAA==</latexit>

X

<latexit sha1_base64="mjNLs20ZX3iiUKI5TiqQ+OTcrsw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BEQQvEcwDkiXMTmaTMbOzy0yvEJaAn+DFgyJe/R9v/o2Tx0ETCxqKqm66u4JECoOu++3kVlbX1jfym4Wt7Z3dveL+QcPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLya+M1Hro2I1T2OEu5HtK9EKBhFKzWuux2kabdYcsvuFGSZeHNSgjlq3eJXpxezNOIKmaTGtD03QT+jGgWTfFzopIYnlA1pn7ctVTTixs+m147JiVV6JIy1LYVkqv6eyGhkzCgKbGdEcWAWvYn4n9dOMbz0M6GSFLlis0VhKgnGZPI66QnNGcqRJZRpYW8lbEA1ZWgDKtgQvMWXl0njrOydlyt3lVL19mkWRx6O4BhOwYMLqMIN1KAODB7gGV7hzYmdF+fd+Zi15px5hIfwB87nD5Iaj5I=</latexit>

E⌧
<latexit sha1_base64="2WiBwVPwJIWqkvxlYr7JAdPGxYo=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZcFN4KbKvaB7VAyadqGZjJDckcoQ8GPcONCEbf+jTv/xkzbhbYeCBzOueGee4JYCoOu++3kVlbX1jfym4Wt7Z3dveL+QcNEiWa8ziIZ6VZADZdC8ToKlLwVa07DQPJmMLrK/OYj10ZE6h7HMfdDOlCiLxhFKz10QorDIEjvJt1iyS27U5Bl4s1JCeaodYtfnV7EkpArZJIa0/bcGP2UahRM8kmhkxgeUzaiA962VNGQGz+dJp6QE6v0SD/S9ikkU/X3j5SGxozDwE5mCc2il4n/ee0E+5d+KlScIFdstqifSIIRyc4nPaE5Qzm2hDItbFbChlRThrakgi3BWzx5mTTOyt55uXJbKVVvnmZ15OEIjuEUPLiAKlxDDerAQMEzvMKbY5wX5935mI3mnHmFh/AHzucP6QKRhA==</latexit>R

<latexit sha1_base64="unco962AG++3jJy1A5WzdTJRG9A=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF8FLBPOAZAmzk0kyZnZmmekVwhLwE7x4UMSr/+PNv3HyOGhiQUNR1U13V5RIYdH3v73cyura+kZ+s7C1vbO7V9w/qFudGsZrTEttmhG1XArFayhQ8mZiOI0jyRvR8HriNx65sUKrexwlPIxpX4meYBSdVG+jiLntFEt+2Z+CLJNgTkowR7VT/Gp3NUtjrpBJam0r8BMMM2pQMMnHhXZqeULZkPZ5y1FF3ZIwm147JidO6ZKeNq4Ukqn6eyKjsbWjOHKdMcWBXfQm4n9eK8XeVZgJlaTIFZst6qWSoCaT10lXGM5QjhyhzAh3K2EDaihDF1DBhRAsvrxM6mfl4KJ8fndeqtw+zeLIwxEcwykEcAkVuIEq1IDBAzzDK7x52nvx3r2PWWvOm0d4CH/gff4A4c6Pxg==</latexit>⇥ <latexit sha1_base64="3FjqmJVqAZQDfNHNcivhH4C+STk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi+Cliv2ANpTNdtIu3WzC7kYooeAP8OJBEa/+I2/+GzdtD9r6YODx3gwz84JEcG1c99sprKyurW8UN0tb2zu7e+X9g6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRte533pEpXksH8w4QT+iA8lDzqix0n271CtX3Ko7BVkm3pxUYI56r/zV7ccsjVAaJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI6lkkao/Wx66YScWKVPwljZkoZM1d8TGY20HkeB7YyoGepFLxf/8zqpCa/8jMskNSjZbFGYCmJikr9N+lwhM2JsCWWK21sJG1JFmbHh5CF4iy8vk+ZZ1buont+dV2q3T7M4inAEx3AKHlxCDW6gDg1gEMIzvMKbM3JenHfnY9ZacOYRHsIfOJ8/Fc+Ngg==</latexit>

X
<latexit sha1_base64="EUV5H+GA5ClVJoUMHcHEqZmTXcY=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZcFN4KbCvYBnaFk0ts2NJMZkoxQhoJf4caFIm79GXf+jZm2C209cOFwzr3k5ISJ4Nq47rdTWFvf2Nwqbpd2dvf2D8qHRy0dp4phk8UiVp2QahRcYtNwI7CTKKRRKLAdjm9yv/2ISvNYPphJgkFEh5IPOKPGSr4fUTNiVGSdaalXrrhVdwaySrwFqcACjV75y+/HLI1QGiao1l3PTUyQUWU4Ezgt+anGhLIxHWLXUkkj1EE2yzwlZ1bpk0Gs7EhDZurvi4xGWk+i0G7mGfWyl4v/ed3UDK6DjMskNSjZ/KFBKoiJSV4A6XOFzIiJJZQpbrMSNqKKMmNrykvwlr+8SloXVe+yWruvVep3T/M6inACp3AOHlxBHW6hAU1gkMAzvMKbkzovzrvzMV8tOIsKj+EPnM8f94qSFA==</latexit>

X



Supersymmetric Ground States
• Alternative presentation of supersymmetric ground states. 

• They are representatives of cohomology classes of the supercharge
<latexit sha1_base64="94QL48J185v2VRI32+9pGur3dv4=">AAACB3icbZBNS8MwHMbT+TbnW9WjIMEhTMTRylAvwsCL4GUD9wJbLWmarmHpC0kqjFLw4MWv4sWDIl79Ct78NqbbDrr5QODh9/xD8n+cmFEhDeNbKywsLi2vFFdLa+sbm1v69k5bRAnHpIUjFvGugwRhNCQtSSUj3ZgTFDiMdJzhVZ537gkXNApv5SgmVoAGIfUoRlIhW99vwktI7tITP4MVFx7DPo0ksttHOfQzWy8bVWMsOG/MqSmDqRq2/tV3I5wEJJSYISF6phFLK0VcUsxIVuongsQID9GA9JQNUUCElY73yOChIi70Iq5OKOGY/r6RokCIUeCoyQBJX8xmOfwv6yXSu7BSGsaJJCGePOQlDMoI5qVAl3KCJRspgzCn6q8Q+4gjLFV1JVWCObvyvGmfVs2zaq1ZK9dvHiZ1FMEeOAAVYIJzUAfXoAFaAINH8AxewZv2pL1o79rHZLSgTSvcBX+kff4AuTaXyA==</latexit>

Q = e�h(d+ ◆V )e
h

✦     is the moment map for the 1PS        -action on      . 

✦      is a complex vector field generating                action and       
the       action with parameter     .

<latexit sha1_base64="SS4Ug166VuuFpA17P1sSCpnC6dI=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWN5b8YJ+hEdSB5yRo2V6sNeseSW3RnIKvEWpAQL1HrFr24/ZmmE0jBBte54bmL8jCrDmcBJoZtqTCgb0QF2LJU0Qu1ns0Mn5MwqfRLGypY0ZKb+nshopPU4CmxnRM1QL3tT8T+vk5rw2s+4TFKDks0XhakgJibTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqndP8zjycAKncA4eXEEVbqEGDWCA8Ayv8OY8OC/Ou/Mxb805iwiP4Q+czx/5nI1+</latexit>

h
<latexit sha1_base64="Nhs2ybGPQakhTcEhB3YbXDUSk7M=">AAAB6nicbVDJSgNBEK2JW4xb1KOXxiB4CjMS1GPAi+AlYjZIhtDT6Uma9DJ09whhCPgDXjwo4tUv8ubf2FkOmvig4PFeFVX1ooQzY33/28utrW9sbuW3Czu7e/sHxcOjplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3Uz91iPVhilZt+OEhgIPJIsZwdZJD/We6BVLftmfAa2SYEFKsECtV/zq9hVJBZWWcGxMJ/ATG2ZYW0Y4nRS6qaEJJiM8oB1HJRbUhNns1Ak6c0ofxUq7khbN1N8TGRbGjEXkOgW2Q7PsTcX/vE5q4+swYzJJLZVkvihOObIKTf9GfaYpsXzsCCaauVsRGWKNiXXpFFwIwfLLq6R5UQ4uy5X7Sql69zSPIw8ncArnEMAVVOEWatAAAgN4hld487j34r17H/PWnLeI8Bj+wPv8AVtrjko=</latexit>

Tm
<latexit sha1_base64="W+iEn56fw/bqXzQQEzu5GzMf0A0=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZcFN4KbCvYB7VAyaaYNzWSG5I5QhoI/4caFIm79Gnf+jZm2C209EDicc8M99wSJFAZd99sprK1vbG4Vt0s7u3v7B+XDo5aJU814k8Uy1p2AGi6F4k0UKHkn0ZxGgeTtYHyT++1Hro2I1QNOEu5HdKhEKBhFK3V7EcURozLrTPvlilt1ZyCrxFuQCizQ6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342izwlZ1YZkDDW9ikkM/X3j4xGxkyiwE7mEc2yl4v/ed0Uw2s/EypJkSs2XxSmkmBM8vvJQGjOUE4soUwLm5WwEdWUoW2pZEvwlk9eJa2LqndZrd3XKvW7p3kdRTiBUzgHD66gDrfQgCYwiOEZXuHNQefFeXc+5qMFZ1HhMfyB8/kDvuSSAA==</latexit>

X
<latexit sha1_base64="B89lweLeLuo7KSb+/eu32isdLuY=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWN5b8YJ+hEdSB5yRo2V6s1eseSW3RnIKvEWpAQL1HrFr24/ZmmE0jBBte54bmL8jCrDmcBJoZtqTCgb0QF2LJU0Qu1ns0Mn5MwqfRLGypY0ZKb+nshopPU4CmxnRM1QL3tT8T+vk5rw2s+4TFKDks0XhakgJibTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqndP8zjycAKncA4eXEEVbqEGDWCA8Ayv8OY8OC/Ou/Mxb805iwiP4Q+czx/eVI1s</latexit>

V
<latexit sha1_base64="ChBkxIUg5CHMIaPVMMWY6VKMh9Q=">AAAB+HicbZDJSgNBEIZr4hbjklGPXhqD4CnMSFCPAS+Cl4hmgWQMPZ2epEnPQneNEIeA7+HFgyJefRRvvo2d5aCJBQ0f/19NVf1+IoVGx/m2ciura+sb+c3C1vbObtHe22/oOFWM11ksY9XyqeZSRLyOAiVvJYrT0Je86Q8vJ37zgSst4ugORwn3QtqPRCAYRSN17eLtvUs6KEKuyQS7dskpO9Miy+DOoQTzqnXtr04vZmnII2SSat12nQS9jCoUTPJxoZNqnlA2pH3eNhhRM8nLpouPybFReiSIlXkRkqn6+0dGQ61HoW86Q4oDvehNxP+8dorBhZeJKEmRR2w2KEglwZhMUiA9oThDOTJAmRJmV8IGVFGGJquCCcFdPHkZGqdl96xcuamUqtdPszjycAhHcAIunEMVrqAGdWCQwjO8wpv1aL1Y79bHrDVnzSM8gD9lff4AAOuSdQ==</latexit>

S1 ⇥ S1
<latexit sha1_base64="+nT19rq+7vo3HFOTfqljf2Pkd20=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJgI9gkkC9IjrC3mUvW7O0du3tCOAL2NhaK2PqT7Pw3bj4KTXww8Hhvhpl5QSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekSleSzrZpygH9GB5CFn1FipVu8VS27ZnYGsEm9BSrBAtVf86vZjlkYoDRNU647nJsbPqDKcCZwUuqnGhLIRHWDHUkkj1H42O3RCzqzSJ2GsbElDZurviYxGWo+jwHZG1Az1sjcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynYELzll1dJ86LsXZUva5elyv3TPI48nMApnIMH11CBO6hCAxggPMMrvDkPzovz7nzMW3POIsJj+APn8wfbTI1q</latexit>

T <latexit sha1_base64="kW4WMRrwLmDTHH/b8IfSdawM5qU=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWN5b8YJ+hEdSB5yRo2V6rRXLLlldwaySrwFKcECtV7xq9uPWRqhNExQrTuemxg/o8pwJnBS6KYaE8pGdIAdSyWNUPvZ7NAJObNKn4SxsiUNmam/JzIaaT2OAtsZUTPUy95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZgQ/CWX14lzYuyd1mu1Cul6t3TPI48nMApnIMHV1CFW6hBAxggPMMrvDkPzovz7nzMW3POIsJj+APn8wfvAI13</latexit>a

• Acts on forms on      where

Witten ‘82

<latexit sha1_base64="W+iEn56fw/bqXzQQEzu5GzMf0A0=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZcFN4KbCvYB7VAyaaYNzWSG5I5QhoI/4caFIm79Gnf+jZm2C209EDicc8M99wSJFAZd99sprK1vbG4Vt0s7u3v7B+XDo5aJU814k8Uy1p2AGi6F4k0UKHkn0ZxGgeTtYHyT++1Hro2I1QNOEu5HdKhEKBhFK3V7EcURozLrTPvlilt1ZyCrxFuQCizQ6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342izwlZ1YZkDDW9ikkM/X3j4xGxkyiwE7mEc2yl4v/ed0Uw2s/EypJkSs2XxSmkmBM8vvJQGjOUE4soUwLm5WwEdWUoW2pZEvwlk9eJa2LqndZrd3XKvW7p3kdRTiBUzgHD66gDrfQgCYwiOEZXuHNQefFeXc+5qMFZ1HhMfyB8/kDvuSSAA==</latexit>

X



Localisation

• Supersymmetric localisation leads to a simpler description.

• Supersymmetric ground state are representatives of cohomology 
classes of the equivariant differential              on                        .

• The outcome depends on a face of the hyperplane arrangement.

• I will focus on the origin              .

<latexit sha1_base64="iuMnigI8ZGSsrV5XppXyCd2xISQ=">AAACC3icbZA7SwNBFIVnfcb4WrW0GRKE2IRdCWoZSCPYRDAPyIYwO7lJhsw+mLkrhiVgaeNfsbFQxNY/YOe/cfIoNPHAwOGcO8zcz4+l0Og439bK6tr6xmZmK7u9s7u3bx8c1nWUKA41HslINX2mQYoQaihQQjNWwAJfQsMfViZ94w6UFlF4i6MY2gHrh6InOEMTdeych3CPaUUJHBcGp9TTia8BqRcwHHAm0+a4Y+edojMVXTbu3OTJXNWO/eV1I54EECKXTOuW68TYTplCwSWMs16iIWZ8yPrQMjZkAeh2Ot1lTE9M0qW9SJkTIp2mv2+kLNB6FPhmcvJFvdhNwv+6VoK9y3YqwjhBCPnsoV4iKUZ0AoZ2hQKOcmQM4waH4JQPmGIcDb6sgeAurrxs6mdF97xYuinly9cPMxwZckxypEBcckHK5IpUSY1w8kieySt5s56sF+vd+piNrlhzhEfkj6zPH1K+m60=</latexit>

Crit(h) ⇢ X
<latexit sha1_base64="0gMWNZ/yEntssX6tut1h6tZANgU=">AAAB8HicbVDJSgNBEK2JW4xb1KOXxiAIQpiRoB4DXgQvEcwiyRB6enqSJr0M3T1CCAH/wYsHRbz6Od78GzvLQRMfFDzeq6KqXpRyZqzvf3u5ldW19Y38ZmFre2d3r7h/0DAq04TWieJKtyJsKGeS1i2znLZSTbGIOG1Gg+uJ33yk2jAl7+0wpaHAPckSRrB10kN81mHK4m6jWyz5ZX8KtEyCOSnBHLVu8asTK5IJKi3h2Jh24Kc2HGFtGeF0XOhkhqaYDHCPth2VWFATjqYHj9GJU2KUKO1KWjRVf0+MsDBmKCLXKbDtm0VvIv7ntTObXIUjJtPMUklmi5KMI6vQ5HsUM02J5UNHMNHM3YpIH2tMrMuo4EIIFl9eJo3zcnBRrtxVStXbp1kceTiCYziFAC6hCjdQgzoQEPAMr/Dmae/Fe/c+Zq05bx7hIfyB9/kDkR2Qsw==</latexit>

d+ ◆V

<latexit sha1_base64="21OCB6ihIEiNwyFspDhXNHWL18E=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9CwIvgJYJ5QLKE2clsMmYey8ysEELAT/DiQRGv/o83/8bZJAdNLGgoqrrp7ooSzoz1/W8vt7K6tr6R3yxsbe/s7hX3DxpGpZrQOlFc6VaEDeVM0rplltNWoikWEafNaHid+c1Hqg1T8t6OEhoK3JcsZgRbJzUEukJ+oVss+WV/CrRMgjkpwRy1bvGr01MkFVRawrEx7cBPbDjG2jLC6aTQSQ1NMBniPm07KrGgJhxPr52gE6f0UKy0K2nRVP09McbCmJGIXKfAdmAWvUz8z2unNr4Mx0wmqaWSzBbFKUdWoex11GOaEstHjmCimbsVkQHWmFgXUBZCsPjyMmmclYPzcuWuUqrePs3iyMMRHMMpBHABVbiBGtSBwAM8wyu8ecp78d69j1lrzptHeAh/4H3+ANL6jmw=</latexit>

m = 0



Zero Mass
• In this case,                        .

• For generic flat connection    , the fixed points of the vector field      
are constant maps                  . 

• A basis of supersymmetric ground states from equivariant Euler class 
of tangent space to constant maps in     :

<latexit sha1_base64="F+/wRe3/+JzMqaUBgHtxAfxYa8s="></latexit>

 ↵ ⇠
Y

�2T↵X

Y

n,m2Z
(n+m⌧ + � · a)

<latexit sha1_base64="Qo9Xod5/2Kko4uNltaWwrawNQ4Q="></latexit>

⇠
Y

�2T↵X

#1(� · a, ⌧)
⌘(⌧)

<latexit sha1_base64="tqZ8biUfvHS+ADo5x5AlKZsF92A=">AAACBXicbZBLSwMxFIUz9VXra9SlLoJFqJsyI0XdCIVuBDcV7AM6Q8mkmTY08yC5I5ahIG78K25cKOLW/+DOf2Om7UJbDwQO59yQ3M+LBVdgWd9Gbml5ZXUtv17Y2Nza3jF395oqSiRlDRqJSLY9opjgIWsAB8HasWQk8ARrecNa1rfumFQ8Cm9hFDM3IP2Q+5wS0FHXPHSA3UNakxzGpcEJvsROQGBAiUjb465ZtMrWRHjR2DNTRDPVu+aX04toErAQqCBKdWwrBjclEjgVbFxwEsViQoekzzrahiRgyk0nW4zxsU562I+kPiHgSfr7RkoCpUaBpyezL6r5Lgv/6zoJ+BduysM4ARbS6UN+IjBEOEOCe1wyCmKkDaEaBKeYDogkFDS4goZgz6+8aJqnZfusXLmpFKvXD1MceXSAjlAJ2egcVdEVqqMGougRPaNX9GY8GS/Gu/ExHc0ZM4T76I+Mzx8Oa5i8</latexit>

Crit(h) = X
<latexit sha1_base64="kW4WMRrwLmDTHH/b8IfSdawM5qU=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWN5b8YJ+hEdSB5yRo2V6rRXLLlldwaySrwFKcECtV7xq9uPWRqhNExQrTuemxg/o8pwJnBS6KYaE8pGdIAdSyWNUPvZ7NAJObNKn4SxsiUNmam/JzIaaT2OAtsZUTPUy95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZgQ/CWX14lzYuyd1mu1Cul6t3TPI48nMApnIMHV1CFW6hBAxggPMMrvDkPzovz7nzMW3POIsJj+APn8wfvAI13</latexit>a

<latexit sha1_base64="B89lweLeLuo7KSb+/eu32isdLuY=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWN5b8YJ+hEdSB5yRo2V6s1eseSW3RnIKvEWpAQL1HrFr24/ZmmE0jBBte54bmL8jCrDmcBJoZtqTCgb0QF2LJU0Qu1ns0Mn5MwqfRLGypY0ZKb+nshopPU4CmxnRM1QL3tT8T+vk5rw2s+4TFKDks0XhakgJibTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqndP8zjycAKncA4eXEEVbqEGDWCA8Ayv8OY8OC/Ou/Mxb805iwiP4Q+czx/eVI1s</latexit>

V
<latexit sha1_base64="b6sZ7OaePGMDwu6nwx0GyRWJxrY=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6rIgguCmgn1AE8LNdNIOnSTDzEQIoeKfuHGhiFs/xJ1/4/Sx0NYDFw7n3Mu994SCM6Ud59sqrayurW+UNytb2zu7e/b+QVulmSS0RVKeym4IinKW0JZmmtOukBTikNNOOLqa+J0HKhVLk3udC+rHMEhYxAhoIwV29TrwNGTY0ykWgQdcDCGwa07dmQIvE3dOamiOZmB/ef2UZDFNNOGgVM91hPYLkJoRTscVL1NUABnBgPYMTSCmyi+mx4/xsVH6OEqlqUTjqfp7ooBYqTwOTWcMeqgWvYn4n9fLdHTpFywRmaYJmS2KMo7Np5MkcJ9JSjTPDQEimbkVkyFIINrkVTEhuIsvL5P2ad09r5/dndUat0+zOMroEB2hE+SiC9RAN6iJWoigHD2jV/RmPVov1rv1MWstWfMIq+gPrM8fPh6U9Q==</latexit>

E⌧ ! p↵

<latexit sha1_base64="W+iEn56fw/bqXzQQEzu5GzMf0A0=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZcFN4KbCvYB7VAyaaYNzWSG5I5QhoI/4caFIm79Gnf+jZm2C209EDicc8M99wSJFAZd99sprK1vbG4Vt0s7u3v7B+XDo5aJU814k8Uy1p2AGi6F4k0UKHkn0ZxGgeTtYHyT++1Hro2I1QNOEu5HdKhEKBhFK3V7EcURozLrTPvlilt1ZyCrxFuQCizQ6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342izwlZ1YZkDDW9ikkM/X3j4xGxkyiwE7mEc2yl4v/ed0Uw2s/EypJkSs2XxSmkmBM8vvJQGjOUE4soUwLm5WwEdWUoW2pZEvwlk9eJa2LqndZrd3XKvW7p3kdRTiBUzgHD66gDrfQgCYwiOEZXuHNQefFeXc+5qMFZ1HhMfyB8/kDvuSSAA==</latexit>

X



Spectral Data
• They are sections of holomorphic line bundles                      on       . 

<latexit sha1_base64="QHLI1PH8Jh69dR7aWf1FAWe4zNc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeACIKXiHlBsoTZyWwyZHZ2mekVwhLwB7x4UMSrX+TNv3HyOGhiQUNR1U13V5BIYdB1v53cyura+kZ+s7C1vbO7V9w/aJg41YzXWSxj3Qqo4VIoXkeBkrcSzWkUSN4MhtcTv/nItRGxquEo4X5E+0qEglG00sNNt9YtltyyOwVZJt6clGCOarf41enFLI24QiapMW3PTdDPqEbBJB8XOqnhCWVD2udtSxWNuPGz6aljcmKVHgljbUshmaq/JzIaGTOKAtsZURyYRW8i/ue1Uwyv/EyoJEWu2GxRmEqCMZn8TXpCc4ZyZAllWthbCRtQTRnadAo2BG/x5WXSOCt7F+Xz+/NS5e5pFkcejuAYTsGDS6jALVShDgz68Ayv8OZI58V5dz5mrTlnHuEh/IHz+QMerY4i</latexit>

ET

• Combine into section of holomorphic line bundle on  
<latexit sha1_base64="ftcRqIqIWGyt8myBHnREdDIvb28="></latexit>

ET (X) :=
NG

↵=1

E(↵)
T /�

✦ Identical copies of         associated to each vacuum     .

✦ Pairs          and          are identified at loci                           .

✦ Here      labels the hyperplane where domain walls                  are 
tensionless.

<latexit sha1_base64="z2alX5F5esV/0MTEaQRYKO0NQfY=">AAAB9XicbZBLSwMxFIUzPmt9VV26CRbBRSkzUtRlwY1gkQr2Ae04ZDKZNjQzGZI7ShkK/gw3LhRx639x578xfSy09UDg45wbcnP8RHANtv1tLS2vrK6t5zbym1vbO7uFvf2mlqmirEGlkKrtE80Ej1kDOAjWThQjkS9Yyx9cjvPWA1Oay/gOhglzI9KLecgpAWPd1zyn1BWBBF2qeTdeoWiX7YnwIjgzKKKZ6l7hqxtImkYsBiqI1h3HTsDNiAJOBRvlu6lmCaED0mMdgzGJmHazydYjfGycAIdSmRMDnri/b2Qk0noY+WYyItDX89nY/C/rpBBeuBmPkxRYTKcPhanAIPG4AhxwxSiIoQFCFTe7YtonilAwReVNCc78lxeheVp2zsqV20qxev00rSOHDtEROkEOOkdVdIXqqIEoUugZvaI369F6sd6tj+nokjWr8AD9kfX5A3OPkkc=</latexit>

L1, . . . , LN

<latexit sha1_base64="Uv7hSfJmTM2ydDm0X7gDdnoX20I=">AAACF3icbVDLSgMxFM34rPU16tJNsAiCUGakqMuCG8FNBfvAzlAymbQNzWSG5I5QhoIf4cZfceNCEbe682/MtF3U1gMhJ+eeS+49QSK4Bsf5sZaWV1bX1gsbxc2t7Z1de2+/oeNUUVansYhVKyCaCS5ZHTgI1koUI1EgWDMYXOX15gNTmsfyDoYJ8yPSk7zLKQEjdeyyJ4w5JNijYQzY3FxiLyLQD4LsfnTqAUln3h275JSdMfAicaekhKaodexvL4xpGjEJVBCt266TgJ8RBZwKNip6qWYJoQPSY21DJYmY9rPxXiN8bJQQd2NljgQ8Vmc7MhJpPYwC48wn1PO1XPyv1k6he+lnXCYpMEknH3VTgSHGeUg45IpREENDCFXczIppnyhCwURZNCG48ysvksZZ2T0vV24rperN4ySOAjpER+gEuegCVdE1qqE6ougJvaA39G49W6/Wh/U5sS5Z0wgP0B9YX7+V76AJ</latexit>

� · a 2 Z+ ⌧Z

<latexit sha1_base64="QHLI1PH8Jh69dR7aWf1FAWe4zNc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeACIKXiHlBsoTZyWwyZHZ2mekVwhLwB7x4UMSrX+TNv3HyOGhiQUNR1U13V5BIYdB1v53cyura+kZ+s7C1vbO7V9w/aJg41YzXWSxj3Qqo4VIoXkeBkrcSzWkUSN4MhtcTv/nItRGxquEo4X5E+0qEglG00sNNt9YtltyyOwVZJt6clGCOarf41enFLI24QiapMW3PTdDPqEbBJB8XOqnhCWVD2udtSxWNuPGz6aljcmKVHgljbUshmaq/JzIaGTOKAtsZURyYRW8i/ue1Uwyv/EyoJEWu2GxRmEqCMZn8TXpCc4ZyZAllWthbCRtQTRnadAo2BG/x5WXSOCt7F+Xz+/NS5e5pFkcejuAYTsGDS6jALVShDgz68Ayv8OZI58V5dz5mrTlnHuEh/IHz+QMerY4i</latexit>

ET

<latexit sha1_base64="vLSkrUDOHz/DwSqJapIUDk4ex/g=">AAAB9XicbZBLSwMxFIXv+Kz1VXXpZrAIdVNmpKjLggiCmwp9QTstd9JMG5rJDElGKUPBn+HGhSJu/S/u/Demj4W2Hgh8nHNDbo4fc6a043xbK6tr6xubma3s9s7u3n7u4LCuokQSWiMRj2TTR0U5E7Smmea0GUuKoc9pwx9eT/LGA5WKRaKqRzH1QuwLFjCC2lidm261kxbayOMBno27ubxTdKayl8GdQx7mqnRzX+1eRJKQCk04KtVynVh7KUrNCKfjbDtRNEYyxD5tGRQYUuWl063H9qlxenYQSXOEtqfu7xsphkqNQt9MhqgHajGbmP9lrUQHV17KRJxoKsjsoSDhto7sSQV2j0lKNB8ZQCKZ2dUmA5RItCkqa0pwF7+8DPXzontRLN2X8uW7p1kdGTiGEyiAC5dQhluoQA0ISHiGV3izHq0X6936mI2uWPMKj+CPrM8f8dCSmQ==</latexit>

E(↵)
T

<latexit sha1_base64="cDlCwIACL/xIdrsjc0CP1zZKRbI=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpZrAIdVNmpKjLggiCmwp9QTuWTHqnDc1kxiRTKEPBf+HGhSJu/THu/Demj4W2Hgh8nHNDbo4fc6a043xbK6tr6xubma3s9s7u3n7u4LCuokRSrNGIR7LpE4WcCaxppjk2Y4kk9Dk2/MH1JG8MUSoWiaoexeiFpCdYwCjRxvJuOtWHtND2UZOzcSeXd4rOVPYyuHPIw1yVTu6r3Y1oEqLQlBOlWq4Tay8lUjPKcZxtJwpjQgekhy2DgoSovHS69Ng+NU7XDiJpjtD21P19IyWhUqPQN5Mh0X21mE3M/7JWooMrL2UiTjQKOnsoSLitI3vSgN1lEqnmIwOESmZ2tWmfSEK16SlrSnAXv7wM9fOie1Es3Zfy5bunWR0ZOIYTKIALl1CGW6hADSg8wjO8wps1tF6sd+tjNrpizSs8gj+yPn8AJ1eSJQ==</latexit>

E(�)
T

<latexit sha1_base64="22nIkZMOjTiYnZxmzTcEqRXSxzI=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZcFN4KbCvYB7VDuZDJtaCYzJBmhDAV/wY0LRdz6Pe78G9PHQlsPBA7nnHDvPUEquDau++0U1tY3NreK26Wd3b39g/LhUUsnmaKsSRORqE6AmgkuWdNwI1gnVQzjQLB2MLqZ+u1HpjRP5IMZp8yPcSB5xCkaK7V7wkZD7JcrbtWdgawSb0EqsECjX/7qhQnNYiYNFah113NT4+eoDKeCTUq9TLMU6QgHrGupxJhpP5+tOyFnVglJlCj7pCEz9fePHGOtx3FgkzGaoV72puJ/Xjcz0bWfc5lmhkk6HxRlgpiETG8nIVeMGjG2BKnidldCh6iQGttQyZbgLZ+8SloXVe+yWruvVep3T/M6inACp3AOHlxBHW6hAU2gMIJneIU3J3VenHfnYx4tOIsKj+EPnM8faGiQDw==</latexit>

� <latexit sha1_base64="dUshmWGckW1VyJKcPRZKTCXtX+4=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwVWakqMuCG8FNBfuAzjDcSTNtaCYTkoxQS9FPceNCEbf+hzv/xvSx0NYDF84954bce2LJmTae9+0sLa+srq0XNoqbW9s7u+7efkNnuSK0TjKeqVYMmnImaN0ww2lLKgppzGkz7l+N/eY9VZpl4s4MJA1T6AqWMALGSpF7KKMAuOwBDkyGbRNTA5Fb8sreBHiR+DNSQjPUIvcr6GQkT6kwhIPWbd+TJhyCMoxwOioGuaYSSB+6tG2pgJTqcDjZfoRPrNLBSaZsCYMn6u8XQ0i1HqSxnUzB9PS8Nxb/89q5SS7DIRMyN1SQ6UdJzrE9dBwF7jBFieEDS4AoZnfFpAcKiLGBFW0I/vzJi6RxVvbPy5XbSql68zSNo4CO0DE6RT66QFV0jWqojgh6QM/oFb05j86L8+58TEeXnFmEB+gPnM8fKvCVfA==</latexit>p↵ ! p�

<latexit sha1_base64="ygAauwddSzxRY/AtVBj6X/0k5S8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF8FLBPOAZAm9k9lkzOzMMjMrhBDwE7x4UMSr/+PNv3HyOGhiQUNR1U13V5QKbqzvf3u5ldW19Y38ZmFre2d3r7h/UDcq05TVqBJKNyM0THDJapZbwZqpZphEgjWiwfXEbzwybbiS93aYsjDBnuQxp2idVG+jSPvYKZb8sj8FWSbBnJRgjmqn+NXuKpolTFoq0JhW4Kc2HKG2nAo2LrQzw1KkA+yxlqMSE2bC0fTaMTlxSpfESruSlkzV3xMjTIwZJpHrTND2zaI3Ef/zWpmNr8IRl2lmmaSzRXEmiFVk8jrpcs2oFUNHkGrubiW0jxqpdQEVXAjB4svLpH5WDi7K53fnpcrt0yyOPBzBMZxCAJdQgRuoQg0oPMAzvMKbp7wX7937mLXmvHmEh/AH3ucPtySPqg==</latexit>↵



Example
• Consider again                  .

• Supersymmetric ground states at             :

• They glue to section of holomorphic line bundle on

<latexit sha1_base64="3ACvqvRI3L1dTAshTGAsdLrHQzg=">AAAB+nicbVDLSgMxFL1TX7W+prp0EyyCqzIjRd0IhW4ENxXsA9qxZNJMG5rJDElGKWPBH3HjQhG3fok7/8ZM24W2HrhwOOdecnL8mDOlHefbyq2srq1v5DcLW9s7u3t2cb+pokQS2iARj2Tbx4pyJmhDM81pO5YUhz6nLX9Uy/zWPZWKReJWj2PqhXggWMAI1kbq2cU2ukTdEOuh76e1+uTO7dklp+xMgZaJOyclmKPes7+6/YgkIRWacKxUx3Vi7aVYakY4nRS6iaIxJiM8oB1DBQ6p8tJp9Ak6NkofBZE0IzSaqr8vUhwqNQ59s5mFVIteJv7ndRIdXHgpE3GiqSCzh4KEIx2hrAfUZ5ISzceGYCKZyYrIEEtMtGmrYEpwF7+8TJqnZfesXLmplKrXT7M68nAIR3ACLpxDFa6gDg0g8ADP8Apv1qP1Yr1bH7PVnDWv8AD+wPr8AftQk6A=</latexit>

X = CP1

<latexit sha1_base64="mTSZfbWr2QrgJwpM0VRSPl3ABJw=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUS9CwYvgpYL9gHYp2TTbhibZkGSFshT8C148KOLV3+PNf2O27UFbHww83pthZl6kODPW97+9wsrq2vpGcbO0tb2zu1feP2iaJNWENkjCE92OsKGcSdqwzHLaVppiEXHaikY3ud96pNqwRD7YsaKhwAPJYkawdVILCXSN/FKvXPGr/hRomQRzUoE56r3yV7efkFRQaQnHxnQCX9kww9oywumk1E0NVZiM8IB2HJVYUBNm03Mn6MQpfRQn2pW0aKr+nsiwMGYsItcpsB2aRS8X//M6qY2vwoxJlVoqyWxRnHJkE5T/jvpMU2L52BFMNHO3IjLEGhPrEspDCBZfXibNs2pwUT2/P6/U7p5mcRThCI7hFAK4hBrcQh0aQGAEz/AKb57yXrx372PWWvDmER7CH3ifPyk3jpY=</latexit>

m = 0
<latexit sha1_base64="poGEFsibnIECgK3u6gDhLAWYvOQ=">AAACHXicbZBNS8NAEIY3ftb6FfXoZbEIFaQkpahHwYvgpYJthaaEyXZjFzcf7E6EEgr+Di/+FS8eFPHgRfw3bpsetPrCwsM7s8zMG6RSaHScL2tufmFxabm0Ul5dW9/YtLe22zrJFOMtlshEXQeguRQxb6FAya9TxSEKJO8Et2fjeueOKy2S+AqHKe9FcBOLUDBAY/l2w2tq4bvU0yKiXqiA5d4dKBxwBN+t1uHQQ8gORrlnjGrBZd+uODVnIvoX3ClUyFRN3/7w+gnLIh4jk6B113VS7OVmjmCSj8pepnkK7BZueNdgDBHXvXxy3YjuG6dPw0SZFyOduD9/5BBpPYwC0xkBDvRsbWz+V+tmGJ70chGnGfKYFYPCTFJM6Dgq2heKM5RDA8CUMLtSNgATEZpAxyG4syf/hXa95h7VGpeNyunFfRFHieySPVIlLjkmp+ScNEmLMPJAnsgLebUerWfrzXovWuesaYQ75Jesz28gNaHC</latexit>

 1 ⇠ #1(2a, ⌧)

⌘(⌧)

<latexit sha1_base64="J1wHjLsBmm+FLBUcvaj+H/eDj+s=">AAACHnicbZDJSgNBEIZ74h63qEcvjUGIoGEmxOUY8CJ4iWCikAlDTacnadKz0F0jhCHge3jxVbx4UETwpG9jZzlo9IeGj7+qqarfT6TQaNtfVm5ufmFxaXklv7q2vrFZ2Npu6jhVjDdYLGN164PmUkS8gQIlv00Uh9CX/Mbvn4/qN3dcaRFH1zhIeDuEbiQCwQCN5RWO3boWXoW6WoTUDRSwzL0DhT2O4DmlowocugjpwTBzjVOacN4rFO2yPRb9C84UimSqulf4cDsxS0MeIZOgdcuxE2xnZpBgkg/zbqp5AqwPXd4yGEHIdTsbnzek+8bp0CBW5kVIx+7PHxmEWg9C33SGgD09WxuZ/9VaKQZn7UxESYo8YpNBQSopxnSUFe0IxRnKgQFgSphdKeuByQhNoqMQnNmT/0KzUnZOytWrarF2eT+JY5nskj1SIg45JTVyQeqkQRh5IE/khbxaj9az9Wa9T1pz1jTCHfJL1uc3mkah+g==</latexit>

 2 ⇠ #1(�2a, ⌧)

⌘(⌧)

<latexit sha1_base64="Ry2fFalLUtgNXDLmBmFakOhT8Tg=">AAACFXicbZDLSgMxGIUz9VbrbdSlm2ARWpA6U4q6EQoqCG4q9AadccikmTY0czHJCGUo+AxufBU3LhRxK7jzbUzbWWjrgcDHOX9I/uNGjAppGN9aZmFxaXklu5pbW9/Y3NK3d5oijDkmDRyykLddJAijAWlIKhlpR5wg32Wk5Q7Ox3nrnnBBw6AuhxGxfdQLqEcxkspy9MNLp15oF+EZVHCbFMziCFriDsdRapSVcQStC8IkcvS8UTImgvNgppAHqWqO/mV1Qxz7JJCYISE6phFJO0FcUszIKGfFgkQID1CPdBQGyCfCTiZbjeCBcrrQC7k6gYQT9/eNBPlCDH1XTfpI9sVsNjb/yzqx9E7thAZRLEmApw95MYMyhOOKYJdygiUbKkCYU/VXiPuIIyxVkTlVgjm78jw0yyXzuFS5qeSr1w/TOrJgD+yDAjDBCaiCK1ADDYDBI3gGr+BNe9JetHftYzqa0dIKd8EfaZ8/MoqcMQ==</latexit>

ET (X) = E(1)
T t E(2)

T /�

    where      identifies the two copies at                       . 
<latexit sha1_base64="NC7m5JsmpmSwLEJigECWhdGWqzg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BPQheIpgHJEuYnfQmY2Znl5lZISwBP8GLB0W8+j/e/Bsnj4MmFjQUVd10dwWJ4Nq47reTW1ldW9/Ibxa2tnd294r7Bw0dp4phncUiVq2AahRcYt1wI7CVKKRRILAZDK8mfvMRleaxvDejBP2I9iUPOaPGSo3ONQpDu8WSW3anIMvEm5MSzFHrFr86vZilEUrDBNW67bmJ8TOqDGcCx4VOqjGhbEj72LZU0gi1n02vHZMTq/RIGCtb0pCp+nsio5HWoyiwnRE1A73oTcT/vHZqwks/4zJJDUo2WxSmgpiYTF4nPa6QGTGyhDLF7a2EDaiizNiACjYEb/HlZdI4K3vn5cpdpVS9fZrFkYcjOIZT8OACqnADNagDgwd4hld4c2LnxXl3PmatOWce4SH8gfP5A4wvj44=</latexit>

�
<latexit sha1_base64="1GNhy5THmVqKwP8SIskq3cTSRxY=">AAACC3icbVBNS8NAEJ3Ur1q/oh69LC2CIJREinoseBG8VLAf2ISy2W7bpZtN2N0IJRQ8evGvePGgiFf/gDf/jZu2h9r6YODx3gwz84KYM6Ud58fKrayurW/kNwtb2zu7e/b+QUNFiSS0TiIeyVaAFeVM0LpmmtNWLCkOA06bwfAq85sPVCoWiTs9iqkf4r5gPUawNlLHLmLkMYG8EOtBEKT3Y3SKPI2TOaVjl5yyMwFaJu6MlGCGWsf+9roRSUIqNOFYqbbrxNpPsdSMcDoueImiMSZD3KdtQwUOqfLTyS9jdGyULupF0pTQaKLOT6Q4VGoUBqYzu1Atepn4n9dOdO/ST5mIE00FmS7qJRzpCGXBoC6TlGg+MgQTycytiAywxESb+AomBHfx5WXSOCu75+XKbaVUvXmcxpGHIyjCCbhwAVW4hhrUgcATvMAbvFvP1qv1YX1OW3PWLMJD+APr6xfrwJrO</latexit>

a 2 Z+ ⌧Z



General Picture

• On a general face of the hyperplane arrangement containing      .  

• Supersymmetric ground states transform as section of a line bundle 
on the equivariant elliptic cohomology variety:

• Is this a type of spectral data for the supersymmetric Berry 
connection?

<latexit sha1_base64="WTiJh69f1BTEZJFb+n0rG7jfStY=">AAAB/3icbZBLS8NAFIUnPmt9RQU3boJFqJuSSFGXBREENxX6gjaGyXTSDp1JwsyNWGJB/4obF4q49W+48984abvQ1gMDH+fcYe4cP+ZMgW1/GwuLS8srq7m1/PrG5ta2ubPbUFEiCa2TiEey5WNFOQtpHRhw2oolxcLntOkPLrK8eUelYlFYg2FMXYF7IQsYwaAtz9zvAL2H9JLzkVcrtm7TmidGx3nPLNgleyxrHpwpFNBUVc/86nQjkggaAuFYqbZjx+CmWAIjnI7ynUTRGJMB7tG2xhALqtx0vP/IOtJO1woiqU8I1tj9fSPFQqmh8PWkwNBXs1lm/pe1EwjO3ZSFcQI0JJOHgoRbEFlZGVaXSUqADzVgIpne1SJ9LDEBXVlWgjP75XlonJSc01L5plyoXD9O6sihA3SIishBZ6iCrlAV1RFBD+gZvaI348l4Md6Nj8nogjGtcA/9kfH5A3TXlis=</latexit>

EllT (X
Tm)

<latexit sha1_base64="MeMoxgSD2RRNQCxNQhXDbH8Iggc=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF8FLFPOAZAmzk9lkyDyWmVkhLAE/wIsHRbz6R978G2eTHDSxoKGo6qa7K0o4M9b3v73Cyura+kZxs7S1vbO7V94/aBqVakIbRHGl2xE2lDNJG5ZZTtuJplhEnLai0XXutx6pNkzJBztOaCjwQLKYEWyddC9KvXLFr/pToGUSzEkF5qj3yl/dviKpoNISjo3pBH5iwwxrywink1I3NTTBZIQHtOOoxIKaMJteOkEnTumjWGlX0qKp+nsiw8KYsYhcp8B2aBa9XPzP66Q2vgozJpPUUklmi+KUI6tQ/jbqM02J5WNHMNHM3YrIEGtMrAsnDyFYfHmZNM+qwUX1/O68Urt9msVRhCM4hlMI4BJqcAN1aACBGJ7hFd68kffivXsfs9aCN4/wEP7A+/wBNbiNlw==</latexit>m



Part IV: Boundary 
Conditions



• Assume it preserves the flavour symmetry     .

• It may have ’t Hooft anomalies for     .

• It may or may not be compatible with mass parameters      .

Boundary Conditions
• Boundary condition preserving at least                      supersymmetry.

<latexit sha1_base64="SJmRgwSklLVgGKceY4nMp9nVcII=">AAAB/HicbVDLSgMxFL1TX7W+Rrt0EyxCBSkzpagboeBGEKSCfUA7lEyaaUMzD5KMMAwV/8SNC0Xc+iHu/BszbRfaeuDC4Zx7yclxI86ksqxvI7eyura+kd8sbG3v7O6Z+wctGcaC0CYJeSg6LpaUs4A2FVOcdiJBse9y2nbHV5nffqBCsjC4V0lEHR8PA+YxgpWW+max52M1IpintxN0icrWafWkb5asijUFWib2nJRgjkbf/OoNQhL7NFCEYym7thUpJ8VCMcLppNCLJY0wGeMh7WoaYJ9KJ52Gn6BjrQyQFwo9gUJT9fdFin0pE9/Vm1lUuehl4n9eN1behZOyIIoVDcjsIS/mSIUoawINmKBE8UQTTATTWREZYYGJ0n0VdAn24peXSatasc8qtbtaqX7zNKsjD4dwBGWw4RzqcA0NaAKBBJ7hFd6MR+PFeDc+Zqs5Y15hEf7A+PwBiA+T0w==</latexit>

N = (0, 2)

<latexit sha1_base64="+nT19rq+7vo3HFOTfqljf2Pkd20=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJgI9gkkC9IjrC3mUvW7O0du3tCOAL2NhaK2PqT7Pw3bj4KTXww8Hhvhpl5QSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekSleSzrZpygH9GB5CFn1FipVu8VS27ZnYGsEm9BSrBAtVf86vZjlkYoDRNU647nJsbPqDKcCZwUuqnGhLIRHWDHUkkj1H42O3RCzqzSJ2GsbElDZurviYxGWo+jwHZG1Az1sjcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynYELzll1dJ86LsXZUva5elyv3TPI48nMApnIMH11CBO6hCAxggPMMrvDkPzovz7nzMW3POIsJj+APn8wfbTI1q</latexit>

T

<latexit sha1_base64="+nT19rq+7vo3HFOTfqljf2Pkd20=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJgI9gkkC9IjrC3mUvW7O0du3tCOAL2NhaK2PqT7Pw3bj4KTXww8Hhvhpl5QSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekSleSzrZpygH9GB5CFn1FipVu8VS27ZnYGsEm9BSrBAtVf86vZjlkYoDRNU647nJsbPqDKcCZwUuqnGhLIRHWDHUkkj1H42O3RCzqzSJ2GsbElDZurviYxGWo+jwHZG1Az1sjcV//M6qQlv/IzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynYELzll1dJ86LsXZUva5elyv3TPI48nMApnIMH11CBO6hCAxggPMMrvDkPzovz7nzMW3POIsJj+APn8wfbTI1q</latexit>

T

<latexit sha1_base64="eGPqBne/gvRHmDt2ykk8Q8nf/ss=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoI9gkYD4gOcLeZi5Zs7d37O4J4QjY21goYutPsvPfuPkoNPHBwOO9GWbmBYng2rjut5NbWV1b38hvFra2d3b3ivsHDR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMbyZ+8xGV5rG8N6ME/Yj2JQ85o8ZKtetuseSW3SnIMvHmpARzVLvFr04vZmmE0jBBtW57bmL8jCrDmcBxoZNqTCgb0j62LZU0Qu1n00PH5MQqPRLGypY0ZKr+nshopPUoCmxnRM1AL3oT8T+vnZrwys+4TFKDks0WhakgJiaTr0mPK2RGjCyhTHF7K2EDqigzNpuCDcFbfHmZNM7K3kX5vHZeqtw9zeLIwxEcwyl4cAkVuIUq1IEBwjO8wpvz4Lw4787HrDXnzCM8hD9wPn8AwASNWA==</latexit>

B

<latexit sha1_base64="MeMoxgSD2RRNQCxNQhXDbH8Iggc=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF8FLFPOAZAmzk9lkyDyWmVkhLAE/wIsHRbz6R978G2eTHDSxoKGo6qa7K0o4M9b3v73Cyura+kZxs7S1vbO7V94/aBqVakIbRHGl2xE2lDNJG5ZZTtuJplhEnLai0XXutx6pNkzJBztOaCjwQLKYEWyddC9KvXLFr/pToGUSzEkF5qj3yl/dviKpoNISjo3pBH5iwwxrywink1I3NTTBZIQHtOOoxIKaMJteOkEnTumjWGlX0qKp+nsiw8KYsYhcp8B2aBa9XPzP66Q2vgozJpPUUklmi+KUI6tQ/jbqM02J5WNHMNHM3YrIEGtMrAsnDyFYfHmZNM+qwUX1/O68Urt9msVRhCM4hlMI4BJqcAN1aACBGJ7hFd68kffivXsfs9aCN4/wEP7A+/wBNbiNlw==</latexit>m



Boundary Amplitudes
• Now consider boundary amplitudes:

• They behave like                     elliptic genera.

• They may be computed exactly by supersymmetric localisation.

• Quasi-periodicities fixed by boundary ’t Hooft anomalies. 

<latexit sha1_base64="ygAauwddSzxRY/AtVBj6X/0k5S8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF8FLBPOAZAm9k9lkzOzMMjMrhBDwE7x4UMSr/+PNv3HyOGhiQUNR1U13V5QKbqzvf3u5ldW19Y38ZmFre2d3r7h/UDcq05TVqBJKNyM0THDJapZbwZqpZphEgjWiwfXEbzwybbiS93aYsjDBnuQxp2idVG+jSPvYKZb8sj8FWSbBnJRgjmqn+NXuKpolTFoq0JhW4Kc2HKG2nAo2LrQzw1KkA+yxlqMSE2bC0fTaMTlxSpfESruSlkzV3xMjTIwZJpHrTND2zaI3Ef/zWpmNr8IRl2lmmaSzRXEmiFVk8jrpcs2oFUNHkGrubiW0jxqpdQEVXAjB4svLpH5WDi7K53fnpcrt0yyOPBzBMZxCAJdQgRuoQg0oPMAzvMKbp7wX7937mLXmvHmEh/AH3ucPtySPqg==</latexit>↵ <latexit sha1_base64="eGPqBne/gvRHmDt2ykk8Q8nf/ss=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoI9gkYD4gOcLeZi5Zs7d37O4J4QjY21goYutPsvPfuPkoNPHBwOO9GWbmBYng2rjut5NbWV1b38hvFra2d3b3ivsHDR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMbyZ+8xGV5rG8N6ME/Yj2JQ85o8ZKtetuseSW3SnIMvHmpARzVLvFr04vZmmE0jBBtW57bmL8jCrDmcBxoZNqTCgb0j62LZU0Qu1n00PH5MQqPRLGypY0ZKr+nshopPUoCmxnRM1AL3oT8T+vnZrwys+4TFKDks0WhakgJiaTr0mPK2RGjCyhTHF7K2EDqigzNpuCDcFbfHmZNM7K3kX5vHZeqtw9zeLIwxEcwyl4cAkVuIUq1IEBwjO8wpvz4Lw4787HrDXnzCM8hD9wPn8AwASNWA==</latexit>

B

<latexit sha1_base64="ToH4FSJ/Bk9i/s1mh/gs0c0/grI=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAIFaTMlKJuhIIbQZAK9gHtUDJp2oZmMkOSEepQ9FPcuFDErf/hzr8x03ah1QMXDufcS06OH3GmtON8WZmFxaXllexqbm19Y3PL3t6pqzCWhNZIyEPZ9LGinAla00xz2owkxYHPacMfXqR+445KxUJxq0cR9QLcF6zHCNZG6th77QDrAcE8uR6jc1RwjktHuY6dd4rOBOgvcWckDzNUO/ZnuxuSOKBCE46VarlOpL0ES80Ip+NcO1Y0wmSI+7RlqMABVV4yST9Gh0bpol4ozQiNJurPiwQHSo0C32ymWdW8l4r/ea1Y9868hIko1lSQ6UO9mCMdorQK1GWSEs1HhmAimcmKyABLTLQpLC3Bnf/yX1IvFd2TYvmmnK9cPU7ryMI+HEABXDiFClxCFWpA4B6e4AVerQfr2Xqz3qerGWtW4S78gvXxDcI2k+c=</latexit>

N = (0, 2)

Sugiyama-Yoshida ‘20



Elliptic Cohomology Classes
• Suppose the boundary condition is compatible with mass      .      

• The boundary amplitudes glue to a section of a line bundle on.

<latexit sha1_base64="9VLmcVtAM3F8uz+qXDLOPt9XcHs=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4kqGXARrBJwHxAcoS9zVyyZvfu2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKHiEDcONwHaikMpAYCsY3Uz91iMqzePo3owT9CUdRDzkjBor1WWvWHLL7gxklXgLUoIFar3iV7cfs1RiZJigWnc8NzF+RpXhTOCk0E01JpSN6AA7lkZUovaz2aETcmaVPgljZSsyZKb+nsio1HosA9spqRnqZW8q/ud1UhNe+xmPktRgxOaLwlQQE5Pp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1buneRx5OIFTOAcPrqAKt1CDBjBAeIZXeHMenBfn3fmYt+acRYTH8AfO5w8BP42D</latexit>m

<latexit sha1_base64="WTiJh69f1BTEZJFb+n0rG7jfStY=">AAAB/3icbZBLS8NAFIUnPmt9RQU3boJFqJuSSFGXBREENxX6gjaGyXTSDp1JwsyNWGJB/4obF4q49W+48984abvQ1gMDH+fcYe4cP+ZMgW1/GwuLS8srq7m1/PrG5ta2ubPbUFEiCa2TiEey5WNFOQtpHRhw2oolxcLntOkPLrK8eUelYlFYg2FMXYF7IQsYwaAtz9zvAL2H9JLzkVcrtm7TmidGx3nPLNgleyxrHpwpFNBUVc/86nQjkggaAuFYqbZjx+CmWAIjnI7ynUTRGJMB7tG2xhALqtx0vP/IOtJO1woiqU8I1tj9fSPFQqmh8PWkwNBXs1lm/pe1EwjO3ZSFcQI0JJOHgoRbEFlZGVaXSUqADzVgIpne1SJ9LDEBXVlWgjP75XlonJSc01L5plyoXD9O6sihA3SIishBZ6iCrlAV1RFBD+gZvaI348l4Md6Nj8nogjGtcA/9kfH5A3TXlis=</latexit>

EllT (X
Tm)

• Boundary conditions produce classes in equivariant elliptic 
cohomology.



N = 4 Supersymmetry
• Special interest in N = 4 supersymmetry, broken to N = 2.

• Interesting classes of boundary conditions         labelled by vacua      .

• We constructed boundary conditions corresponding to

✦ Attracting sets.

✦ Stable envelopes.

<latexit sha1_base64="zP/oVfAmhLNUJLtd4DgPcBNoJ/Q=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL4KXCOYByRJ6J7PJkNnZdWZWCEvAb/DiQRGv/o43/8bJ46CJBQ1FVTfdXUEiuDau++3kVlbX1jfym4Wt7Z3dveL+QUPHqaKsTmMRq1aAmgkuWd1wI1grUQyjQLBmMLye+M1HpjSP5b0ZJcyPsC95yCkaK7Wuuh0UyQC7xZJbdqcgy8SbkxLMUesWvzq9mKYRk4YK1LrtuYnxM1SGU8HGhU6qWYJ0iH3WtlRixLSfTe8dkxOr9EgYK1vSkKn6eyLDSOtRFNjOCM1AL3oT8T+vnZrw0s+4TFLDJJ0tClNBTEwmz5MeV4waMbIEqeL2VkIHqJAaG1HBhuAtvrxMGmdl77xcuauUqrdPszjycATHcAoeXEAVbqAGdaAg4Ble4c15cF6cd+dj1ppz5hEewh84nz/5HZBf</latexit>

B↵
<latexit sha1_base64="ygAauwddSzxRY/AtVBj6X/0k5S8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF8FLBPOAZAm9k9lkzOzMMjMrhBDwE7x4UMSr/+PNv3HyOGhiQUNR1U13V5QKbqzvf3u5ldW19Y38ZmFre2d3r7h/UDcq05TVqBJKNyM0THDJapZbwZqpZphEgjWiwfXEbzwybbiS93aYsjDBnuQxp2idVG+jSPvYKZb8sj8FWSbBnJRgjmqn+NXuKpolTFoq0JhW4Kc2HKG2nAo2LrQzw1KkA+yxlqMSE2bC0fTaMTlxSpfESruSlkzV3xMjTIwZJpHrTND2zaI3Ef/zWpmNr8IRl2lmmaSzRXEmiFVk8jrpcs2oFUNHkGrubiW0jxqpdQEVXAjB4svLpH5WDi7K53fnpcrt0yyOPBzBMZxCAJdQgRuoQg0oPMAzvMKbp7wX7937mLXmvHmEh/AH3ucPtySPqg==</latexit>↵

MB-Dimofte-Gaiotto-Hilburn ‘16

• They are exchanged under 3d mirror symmetry.

Aganagic-Okounkov ’16 



Janus Interfaces
• We also studied correlation functions of Janus interfaces.

• This is a position dependent mass           along       that interpolates 
between two faces of the hyperplane arrangement at                  .        

<latexit sha1_base64="3lbQuSHiXDML9MBtcJZMlXiedto=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY8KK3CvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjeZ33mkSrNIPphpTH2BR5KFjGCTSaL6dD4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsJrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHzLmv1+3qlcZfHUYQTOIUqeHAFDbiFJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucPfBmN6A==</latexit>

m(x)
<latexit sha1_base64="AvHx+/7J5cwsU9zVui+xB1FVu70=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuCG91VsQ9sh5JJb9vQTGZIMkIZ+hduXCji1r9x59+YaWehrQcCh3PuJeeeIBZcG9f9dgorq2vrG8XN0tb2zu5eef+gqaNEMWywSESqHVCNgktsGG4EtmOFNAwEtoLxdea3nlBpHskHM4nRD+lQ8gFn1FjpsRtSMwqC9H7aK1fcqjsDWSZeTiqQo94rf3X7EUtClIYJqnXHc2Pjp1QZzgROS91EY0zZmA6xY6mkIWo/nSWekhOr9MkgUvZJQ2bq742UhlpPwsBOZgn1opeJ/3mdxAyu/JTLODEo2fyjQSKIiUh2PulzhcyIiSWUKW6zEjaiijJjSyrZErzFk5dJ86zqXVTP784rtdu8jiIcwTGcggeXUIMbqEMDGEh4hld4c7Tz4rw7H/PRgpPvHMIfOJ8/wmiRAg==</latexit>R

<latexit sha1_base64="imnlc1InY8S59wO6t5UNCh61PlM=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1GPBi94q2A9oQtlsN+3S3U3Y3RRL6D/x4kERr/4Tb/4bt20O2vpg4PHeDDPzopQzbTzv2ymtrW9sbpW3Kzu7e/sH7uFRSyeZIrRJEp6oToQ15UzSpmGG006qKBYRp+1odDvz22OqNEvko5mkNBR4IFnMCDZW6rnuEwpMgoJUoIDJ2Ex6btWreXOgVeIXpAoFGj33K+gnJBNUGsKx1l3fS02YY2UY4XRaCTJNU0xGeEC7lkosqA7z+eVTdGaVPooTZUsaNFd/T+RYaD0Rke0U2Az1sjcT//O6mYlvwpzJNDNUksWiOOPI/jqLAfWZosTwiSWYKGZvRWSIFSbGhlWxIfjLL6+S1kXNv6pdPlxW6/dFHGU4gVM4Bx+uoQ530IAmEBjDM7zCm5M7L86787FoLTnFzDH8gfP5A9m7kzE=</latexit>

x ! ±1

• This reproduces the construction of elliptic R-matrices.                     
Aganagic-Okounkov ’16 

<latexit sha1_base64="0d5ds+sTUU13QzqUrd5QO3tGwaw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF721YGuhDWWznbRrd5OwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ch5hy3AjsJMopDIQ+BCMb2b+wxMqzePo3kwS9CUdRjzkjBorNWW/XHGr7hxklXg5qUCORr/81RvELJUYGSao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupRGVqP1sfuiUnFllQMJY2YoMmau/JzIqtZ7IwHZKakZ62ZuJ/3nd1ITXfsajJDUYscWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVu6zWmrVK/S6PowgncArn4MEV1OEWGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/2paNAQ==</latexit>m

<latexit sha1_base64="aSVJfGKd0AEzwk+X7r4UDtM9yvI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3pLwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVe+yOPJwAqdwDh5cQRVuoQYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+tCjQw=</latexit>x



Thank you!


