
三维超对称场论的 
混合陈-⻄蒙斯耦合参数

程 实



陈-⻄蒙斯耦合           

超对称： 波⾊场  <—> 费⽶场


规范场 -> Vector multiplet, 物质场 -> chiral multiplet 

我们研究三维超对称规范场论 (3d N=2 supersymmetric gauge theory)

      

三维场论
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<latexit sha1_base64="SEPDAXTcRJGAf+oBhSiym1HP9tQ=">AAACBHicbVA9SwNBEN2LXzF+nVqmWQyCVbhTiTZCQhrLSMwHJCHs7U2SJXt7x+6eEo4UNv4VGwtFbP0Rdv4bN8kVGn0w8Hhvhpl5XsSZ0o7zZWVWVtfWN7Kbua3tnd09e/+gqcJYUmjQkIey7REFnAloaKY5tCMJJPA4tLxxdea37kAqFopbPYmgF5ChYANGiTZS387X+0m1PsVXeIy7TGhcwd178IeA/UrfLjhFZw78l7gpKaAUtb792fVDGgcgNOVEqY7rRLqXEKkZ5TDNdWMFEaFjMoSOoYIEoHrJ/IkpPjaKjwehNGXumKs/JxISKDUJPNMZED1Sy95M/M/rxHpw2UuYiGINgi4WDWKOdYhniWCfSaCaTwwhVDJzK6YjIgnVJrecCcFdfvkvaZ4W3VLx7Oa8UC6lcWRRHh2hE+SiC1RG16iGGoiiB/SEXtCr9Wg9W2/W+6I1Y6Uzh+gXrI9v6UKWUg==</latexit>

SCS = k

Z
A ^ dA

其耦合参数⾮常特殊，为了保持对称性，耦合常数必须是整数。   

三维超对称规范场论



3d N=2 gauge theory 中存在该复杂的的耦合参数。 

混合的耦合参数

<latexit sha1_base64="W2H/4dXVnI8vWZtvLiwVPs3TMSM=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJqUoAFcYiFsYi0YfURpHj3LRunYdsB1RFXVj4FRYGEGLlH9j4G9w2A7QcydLxOffq3nu8hDOpLOvbKCwtr6yuFddLG5tb2zvm7l5Txqmg0KAxj0XbIxI4i6ChmOLQTgSQ0OPQ8obXE791D0KyOLpTowSckPQiFjBKlJZc83DoZmwwxl0WKXzlMtx9AL8H2NefgWuWrYo1BV4kdk7KKEfdNb+6fkzTECJFOZGyY1uJcjIiFKMcxqVuKiEhdEh60NE0IiFIJ5teMcbHWvFxEAv99DJT9XdHRkIpR6GnK0Oi+nLem4j/eZ1UBZdOxqIkVRDR2aAg5VjFeBIJ9pkAqvhIE0IF07ti2ieCUKWDK+kQ7PmTF0nztGJXK2e35+VaNY+jiA7QETpBNrpANXSD6qiBKHpEz+gVvRlPxovxbnzMSgtG3rOP/sD4/AHZypd6</latexit>

kij

Z
Ai ^ dAj

<latexit sha1_base64="T+oX/v9PhOgk6cCEXzMYTsepe9s=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREpbosuHFZwbSFNoTJdNKOnTyYuRFqKP6KGxeKuPU/3Pk3TtMstHpg4Nxz7uXeOX4iuALL+jJKS8srq2vl9crG5tb2jrm711ZxKilzaCxi2fWJYoJHzAEOgnUTyUjoC9bxx1czv3PPpOJxdAuThLkhGUY84JSAljzzwKnZJx7HfeAhUziv7jyzatWtHPgvsQtSRQVanvnZH8Q0DVkEVBCleraVgJsRCZwKNq30U8USQsdkyHqaRkTvcrP8+ik+1soAB7HULwKcqz8nMhIqNQl93RkSGKlFbyb+5/VSCC7djEdJCiyi80VBKjDEeBYFHnDJKIiJJoRKrm/FdEQkoaADq+gQ7MUv/yXt07rdqJ/dnFebjSKOMjpER6iGbHSBmugatZCDKHpAT+gFvRqPxrPxZrzPW0tGMbOPfsH4+Aaxx5Ns</latexit>

U(1)i ⇥ U(1)j

这种 mixed CS level 在凝聚态物理中常⻅，⽐如量⼦霍尔效应。

我们将多个场论放在⼀起研究，研究混合的耦合参数，因为它可以⽤来标记和区分
不同的三维场论。
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耦合参数 可以更加复杂

混合的陈⻄蒙斯参数看上去可以任意选取，然⽽实际情况⾮常复杂。



对偶性（duality）

<latexit sha1_base64="7wr3j8p3m+OXcII6zBeoXCIhe7g=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyoVJcFNy4r9AXtUDJppg3NJGOSKZSh3+HGhSJu/Rh3/o2ZdhbaeiBwOOde7skJYs60cd1vp7CxubW9U9wt7e0fHB6Vj0/aWiaK0BaRXKpugDXlTNCWYYbTbqwojgJOO8HkPvM7U6o0k6JpZjH1IzwSLGQEGyv5/QibMcE8bc4H3qBccavuAmideDmpQI7GoPzVH0qSRFQYwrHWPc+NjZ9iZRjhdF7qJ5rGmEzwiPYsFTii2k8XoefowipDFEplnzBoof7eSHGk9SwK7GQWUq96mfif10tMeOenTMSJoYIsD4UJR0airAE0ZIoSw2eWYKKYzYrIGCtMjO2pZEvwVr+8TtpXVa9WvX68qdRreR1FOINzuAQPbqEOD9CAFhB4gmd4hTdn6rw4787HcrTg5Dun8AfO5w+50ZIK</latexit>

T1

<latexit sha1_base64="wnuoGk/txM0AluQF3b7swFjwuHY=">AAAB9HicbVDLSgMxFL3xWeur6tJNsAiuykyV6rLgxmWFvqAdSibNtKGZzJhkCmXod7hxoYhbP8adf2OmnYW2HggczrmXe3L8WHBtHOcbbWxube/sFvaK+weHR8elk9O2jhJFWYtGIlJdn2gmuGQtw41g3VgxEvqCdfzJfeZ3pkxpHsmmmcXMC8lI8oBTYqzk9UNixpSItDkfVAelslNxFsDrxM1JGXI0BqWv/jCiScikoYJo3XOd2HgpUYZTwebFfqJZTOiEjFjPUklCpr10EXqOL60yxEGk7JMGL9TfGykJtZ6Fvp3MQupVLxP/83qJCe68lMs4MUzS5aEgEdhEOGsAD7li1IiZJYQqbrNiOiaKUGN7KtoS3NUvr5N2teLWKtePN+V6La+jAOdwAVfgwi3U4QEa0AIKT/AMr/CGpugFvaOP5egGynfO4A/Q5w+7VZIL</latexit>

T2
<latexit sha1_base64="bIsd89/H5xU/hlnBxnAd9k6wG+g=">AAAB9XicbVDLSsNAFL2pr1pfUZduBovoqiRVqsuCG5cV+oI2lsl00g6dTMLMRCmh/+HGhSJu/Rd3/o2TNgttPTBwOOde7pnjx5wp7TjfVmFtfWNzq7hd2tnd2z+wD4/aKkokoS0S8Uh2fawoZ4K2NNOcdmNJcehz2vEnt5nfeaRSsUg09TSmXohHggWMYG2kh36I9ZhgnjZn54PqwC47FWcOtErcnJQhR2Ngf/WHEUlCKjThWKme68TaS7HUjHA6K/UTRWNMJnhEe4YKHFLlpfPUM3RmlCEKImme0Giu/t5IcajUNPTNZJZSLXuZ+J/XS3Rw46VMxImmgiwOBQlHOkJZBWjIJCWaTw3BRDKTFZExlphoU1TJlOAuf3mVtKsVt1a5vL8q12t5HUU4gVO4ABeuoQ530IAWEJDwDK/wZj1ZL9a79bEYLVj5zjH8gfX5AyBMkjw=</latexit>

T 0
2

<latexit sha1_base64="mNWFKorcbFg105uRJT9NzilSxJs=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFdlRmV6rLgxmWFvqAdSybNtKGZZEgyShn6H25cKOLWf3Hn35hpZ6GtBwKHc+7lnpwg5kwb1/12VlbX1jc2C1vF7Z3dvf3SwWFLy0QR2iSSS9UJsKacCdo0zHDaiRXFUcBpOxjfZn77kSrNpGiYSUz9CA8FCxnBxkoPvQibEcE8bUzP+l6/VHYr7gxomXg5KUOOer/01RtIkkRUGMKx1l3PjY2fYmUY4XRa7CWaxpiM8ZB2LRU4otpPZ6mn6NQqAxRKZZ8waKb+3khxpPUkCuxkllIvepn4n9dNTHjjp0zEiaGCzA+FCUdGoqwCNGCKEsMnlmCimM2KyAgrTIwtqmhL8Ba/vExaFxWvWrm8vyrXqnkdBTiGEzgHD66hBndQhyYQUPAMr/DmPDkvzrvzMR9dcfKdI/gD5/MHHsiSOw==</latexit>

T 0
1 对偶性：存在许多等价的理论，虽然它们看上去⾮

常不同，⽐如有不同的规范群和物质场。
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许多三维场论存在超对称势能项，⽐如 W=XYZ.

超对称势能项 (superpotential)

简⾔之，物质场、陈-⻄蒙斯耦合常数、对偶性、势能项互相影响，使得三维场论的
分析⾮常复杂。
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我们利⽤三维规范场论中的 SL(2,Z) 变换，可以系统地得到许多对偶理论。

同时，我们引⼊⼀种新的图来刻画对偶理论，使问题得以简化

阿⻉尔场论：

在该⽂章中，我们对阿⻉尔场论取得了进展。

利⽤该⽅法，我们可以找到混合陈-⻄蒙斯参数与某些势能项的关系：



弦理论和膜

<latexit sha1_base64="DC0TUFft7/Rz/sI1tlTRLydTcw4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJXoMePEY0TwgWcPspJMMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YRK80g+mHGMfkgHkvc5o8ZK983Hs26x5JbdGcgy8TJSggy1bvGr04tYEqI0TFCt254bGz+lynAmcFLoJBpjykZ0gG1LJQ1R++ns1Ak5sUqP9CNlSxoyU39PpDTUehwGtjOkZqgXvan4n9dOTP/aT7mME4OSzRf1E0FMRKZ/kx5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf48jJpnJe9Svni7rJUrWRx5OEIjuEUPLiCKtxCDerAYADP8ApvjnBenHfnY96ac7KZQ/gD5/MHzb6NdA==</latexit>

W+ <latexit sha1_base64="xbBD9AJ1B+70E72v00Y2TYeZY34=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbCrEj0GvHiMaB6QrGF20kmGzM4uM7NCWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAajm6nffEKleSQfzDhGP6QDyfucUWOl++bjWbdYcsvuDGSZeBkpQYZat/jV6UUsCVEaJqjWbc+NjZ9SZTgTOCl0Eo0xZSM6wLalkoao/XR26oScWKVH+pGyJQ2Zqb8nUhpqPQ4D2xlSM9SL3lT8z2snpn/tp1zGiUHJ5ov6iSAmItO/SY8rZEaMLaFMcXsrYUOqKDM2nYINwVt8eZk0zstepXxxd1mqVrI48nAEx3AKHlxBFW6hBnVgMIBneIU3RzgvzrvzMW/NOdnMIfyB8/kD0MaNdg==</latexit>

W�

<latexit sha1_base64="X2MJBIZHxJWioWs7V6amwhDJr+g=">AAAB+HicbZDNSsNAFIVv/K31p1GXbgaLUDclUakuC25cVjBtoQ1lMp20QyeTMDMRauiTuHGhiFsfxZ1v46TNQlsPDHycey/3zgkSzpR2nG9rbX1jc2u7tFPe3ds/qNiHR20Vp5JQj8Q8lt0AK8qZoJ5mmtNuIimOAk47weQ2r3ceqVQsFg96mlA/wiPBQkawNtbArng197yvWUQVynFgV526MxdaBbeAKhRqDeyv/jAmaUSFJhwr1XOdRPsZlpoRTmflfqpogskEj2jPoMBmk5/ND5+hM+MMURhL84RGc/f3RIYjpaZRYDojrMdquZab/9V6qQ5v/IyJJNVUkMWiMOVIxyhPAQ2ZpETzqQFMJDO3IjLGEhNtsiqbENzlL69C+6LuNuqX91fVZqOIowQncAo1cOEamnAHLfCAQArP8Apv1pP1Yr1bH4vWNauYOYY/sj5/AE88kYk=</latexit>

U(1)⇥ U(1)
<latexit sha1_base64="lBc2LEYzLayl0gmBkbxC8dbz8QU=">AAAB63icbVBNTwIxEJ3FL8Qv1KOXRmKCF7KLBj2SePGIiQsksCHd0oWGtrtpuyaE8Be8eNAYr/4hb/4bu7AHBV8yyct7M5mZFyacaeO6305hY3Nre6e4W9rbPzg8Kh+ftHWcKkJ9EvNYdUOsKWeS+oYZTruJoliEnHbCyV3md56o0iyWj2aa0EDgkWQRI9hkkl+tXw7KFbfmLoDWiZeTCuRoDcpf/WFMUkGlIRxr3fPcxAQzrAwjnM5L/VTTBJMJHtGepRILqoPZ4tY5urDKEEWxsiUNWqi/J2ZYaD0Voe0U2Iz1qpeJ/3m91ES3wYzJJDVUkuWiKOXIxCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXirL6+Tdr3mNWpXD9eVZiOPowhncA5V8OAGmnAPLfCBwBie4RXeHOG8OO/Ox7K14OQzp/AHzucP5vuNdg==</latexit>

U(2)

我们正在研究三维超对称场论的膜构造
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S. Cheng and I. Lavdas, 3d Kirby moves and Hanany-Witten transitions, work in 
progress.  

超对称场论通常可以通过弦理论进⾏构造，即⼏何构造。



 如何在三维流形上引⼊物质场仍未可知，我们正在尝试解决这个问题。
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三维流形构造

这是弦理论的紧致化构造⽅法，三维流形的结构决定了三维场论

<latexit sha1_base64="1meq9u34lZhbCk5Lu916itgHMa8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyaoB4DXrwIEc0DkiXMTnqTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDPzW0+oNI/loxkn6Ed0IHnIGTVWerjrVXrFklt25yCrxMtICTLUe8Wvbj9maYTSMEG17nhuYvwJVYYzgdNCN9WYUDaiA+xYKmmE2p/MT52SM6v0SRgrW9KQufp7YkIjrcdRYDsjaoZ62ZuJ/3md1ITX/oTLJDUo2WJRmApiYjL7m/S5QmbE2BLKFLe3EjakijJj0ynYELzll1dJ86LsXZYr99VSrZrFkYcTOIVz8OAKanALdWgAgwE8wyu8OcJ5cd6dj0VrzslmjuEPnM8fy42NcQ==</latexit>

M3

<latexit sha1_base64="PbVqfDa+EPsDcCACVYLA5VNIqGw=">AAACBHicbZDNSsNAFIVv/K31L+qym8Ei1E1JVKrLghuXFUxbaEOZTCft0MkkzEyEErpw46u4caGIWx/CnW/jtM2ith4Y+Dj3Xu7cEyScKe04P9ba+sbm1nZhp7i7t39waB8dN1WcSkI9EvNYtgOsKGeCepppTtuJpDgKOG0Fo9tpvfVIpWKxeNDjhPoRHggWMoK1sXp2yau4513NIqrQFNEC9+yyU3VmQqvg5lCGXI2e/d3txySNqNCEY6U6rpNoP8NSM8LppNhNFU0wGeEB7RgU2Gzys9kRE3RmnD4KY2me0GjmLk5kOFJqHAWmM8J6qJZrU/O/WifV4Y2fMZGkmgoyXxSmHOkYTRNBfSYp0XxsABPJzF8RGWKJiTa5FU0I7vLJq9C8qLq16uX9Vbley+MoQAlOoQIuXEMd7qABHhB4ghd4g3fr2Xq1PqzPeeualc+cwB9ZX7/E7ZWW</latexit>

U(1)⇥ U(1)⇥ U(1)

混合陈-⻄蒙斯耦合常数 = 相交数

在该⽂章中，我们初步了研究了⼏何构造，许多对偶性 = ⼏何的 Kirby 变换。



接下来研究计划

1. 研究⾮阿⻉尔理论

2. 分析较为复杂的对偶性和超对称势

3. 找到物质场的⼏何构造
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⾮常感谢！

work in progress with Satoshi Nawata


