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INTRODUCTION



➤ Motivation for research of conformal carroll spin three gravity in three dimensions comes from several 
sides


➤ Conformal symmetry was been studied by ’t Hooft because of it’s important role at the Planck energy 
scale [’t Hooft 2010,2013,2015 ]. As an additional symmetry, it often brings simplifications


➤ In studying higher spin theories, first step is usually considering spin-3 fields 


➤ In three dimensions one can describe consistent higher spin theory in form of Chern-Simons action 
[Blencowe 1988, Pope and Townsend 1989, Grigoriev et al 2019]


➤ Carroll limit has number of motivations, some of which are its connection with asymptotic symmetries 
of flat space-times described by Bondi-Metzner-Sachs (group) [Duval, Gibbons, Horvathy 2014], which 
is also related with near horizon boundary conditions [Afshar et al. 2016, Grumiller et al 2016].


➤ There is also interesting picture that relates soft theorems and asymptotic symmetries in QFT in 
asymptotically flat space-times with memory effects [Strominger 2017]


➤ [talks in past few days]



CONSTRUCTION



➤ We are going to use the action which is the same Chern-Simons action for a higher 
spin algebras for partially massles fields from AdS4


➤ To construct a finite spectrum of Fradkin-Tseytlin fields one needs to take non-trivial 
finite-dimensional irreducible representation V of so(3,2).  Which is irreducible 
tensor or a spin-tensor


➤ Then, one needs to evaluate U(so(d,2)) in V, which  means multiply the generators 
of so(3,2) in this representation to find the algebra “hs(V)” that they generate. The 
algebra is the algebra of all the the matrices of size dimV,


➤ We want to decompose the hs(V) into irreducible so(3,2) modules which 
determines the spectrum of Fradkin-Tseytlin fields

hs(V ) = End(V ) = V ⌦ V ⇤
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hs(V ) = gl(V ) = sl(V )� u(1)
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➤ Young diagram that we consider and corresponding algebra


➤ The algebra is matrix algebra of     generators   


➤ They are decomposed with respect to so(3,2)


➤ They have commutation relations of              [                ]


➤ In the so(3,2)  base one has

(3 + 2)2
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⇤
<latexit sha1_base64="USQO1bzYXjVRcySuNp94WaABkNM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKex60ZtBL3qLYB6QLGF2MpsMmccyMyuGkF/w4kERr/6PePNvnN3koIkFDUVVN91dUcKZsb7/7RVWVtfWN4qbpa3tnd298v5B06hUE9ogiivdjrChnEnasMxy2k40xSLitBWNrjO/9UC1YUre23FCQ4EHksWMYJtJ3Sv12CtX/KqfAy2TYE4ql5+Qo94rf3X7iqSCSks4NqYT+IkNJ1hbRjidlrqpoQkmIzygHUclFtSEk/zWKTpxSh/FSruSFuXq74kJFsaMReQ6BbZDs+hl4n9eJ7XxRThhMkktlWS2KE45sgplj6M+05RYPnYEE83crYgMscbEunhKLoRg8eVl0jyrBn41uPMrtdtZGlCEIziGUwjgHGpwA3VoAIEhPMELvHrCe/bevPdZa8GbzxzCH3gfP19Rjzk=</latexit><latexit sha1_base64="USQO1bzYXjVRcySuNp94WaABkNM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKex60ZtBL3qLYB6QLGF2MpsMmccyMyuGkF/w4kERr/6PePNvnN3koIkFDUVVN91dUcKZsb7/7RVWVtfWN4qbpa3tnd298v5B06hUE9ogiivdjrChnEnasMxy2k40xSLitBWNrjO/9UC1YUre23FCQ4EHksWMYJtJ3Sv12CtX/KqfAy2TYE4ql5+Qo94rf3X7iqSCSks4NqYT+IkNJ1hbRjidlrqpoQkmIzygHUclFtSEk/zWKTpxSh/FSruSFuXq74kJFsaMReQ6BbZDs+hl4n9eJ7XxRThhMkktlWS2KE45sgplj6M+05RYPnYEE83crYgMscbEunhKLoRg8eVl0jyrBn41uPMrtdtZGlCEIziGUwjgHGpwA3VoAIEhPMELvHrCe/bevPdZa8GbzxzCH3gfP19Rjzk=</latexit><latexit sha1_base64="USQO1bzYXjVRcySuNp94WaABkNM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKex60ZtBL3qLYB6QLGF2MpsMmccyMyuGkF/w4kERr/6PePNvnN3koIkFDUVVN91dUcKZsb7/7RVWVtfWN4qbpa3tnd298v5B06hUE9ogiivdjrChnEnasMxy2k40xSLitBWNrjO/9UC1YUre23FCQ4EHksWMYJtJ3Sv12CtX/KqfAy2TYE4ql5+Qo94rf3X7iqSCSks4NqYT+IkNJ1hbRjidlrqpoQkmIzygHUclFtSEk/zWKTpxSh/FSruSFuXq74kJFsaMReQ6BbZDs+hl4n9eJ7XxRThhMkktlWS2KE45sgplj6M+05RYPnYEE83crYgMscbEunhKLoRg8eVl0jyrBn41uPMrtdtZGlCEIziGUwjgHGpwA3VoAIEhPMELvHrCe/bevPdZa8GbzxzCH3gfP19Rjzk=</latexit><latexit sha1_base64="UoIwr0+Bg1ny4GiY9tfDq+QTSuQ=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKex60WPQi94imAckS5idzCZD5rHMzIphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7S2vrG5Vd6u7Ozu7R9UD4/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyk/udR6oNU/LBThMaCjySLGYE21zqX6unQbXm1/050CoJClKDAs1B9as/VCQVVFrCsTG9wE9smGFtGeF0VumnhiaYTPCI9hyVWFATZvNbZ+jMKUMUK+1KWjRXf09kWBgzFZHrFNiOzbKXi/95vdTGV2HGZJJaKsliUZxyZBXKH0dDpimxfOoIJpq5WxEZY42JdfFUXAjB8surpH1RD/x6cO/XGndFHGU4gVM4hwAuoQG30IQWEBjDM7zCmye8F+/d+1i0lrxi5hj+wPv8Ae+fjio=</latexit> ⇤

<latexit sha1_base64="USQO1bzYXjVRcySuNp94WaABkNM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKex60ZtBL3qLYB6QLGF2MpsMmccyMyuGkF/w4kERr/6PePNvnN3koIkFDUVVN91dUcKZsb7/7RVWVtfWN4qbpa3tnd298v5B06hUE9ogiivdjrChnEnasMxy2k40xSLitBWNrjO/9UC1YUre23FCQ4EHksWMYJtJ3Sv12CtX/KqfAy2TYE4ql5+Qo94rf3X7iqSCSks4NqYT+IkNJ1hbRjidlrqpoQkmIzygHUclFtSEk/zWKTpxSh/FSruSFuXq74kJFsaMReQ6BbZDs+hl4n9eJ7XxRThhMkktlWS2KE45sgplj6M+05RYPnYEE83crYgMscbEunhKLoRg8eVl0jyrBn41uPMrtdtZGlCEIziGUwjgHGpwA3VoAIEhPMELvHrCe/bevPdZa8GbzxzCH3gfP19Rjzk=</latexit><latexit sha1_base64="USQO1bzYXjVRcySuNp94WaABkNM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKex60ZtBL3qLYB6QLGF2MpsMmccyMyuGkF/w4kERr/6PePNvnN3koIkFDUVVN91dUcKZsb7/7RVWVtfWN4qbpa3tnd298v5B06hUE9ogiivdjrChnEnasMxy2k40xSLitBWNrjO/9UC1YUre23FCQ4EHksWMYJtJ3Sv12CtX/KqfAy2TYE4ql5+Qo94rf3X7iqSCSks4NqYT+IkNJ1hbRjidlrqpoQkmIzygHUclFtSEk/zWKTpxSh/FSruSFuXq74kJFsaMReQ6BbZDs+hl4n9eJ7XxRThhMkktlWS2KE45sgplj6M+05RYPnYEE83crYgMscbEunhKLoRg8eVl0jyrBn41uPMrtdtZGlCEIziGUwjgHGpwA3VoAIEhPMELvHrCe/bevPdZa8GbzxzCH3gfP19Rjzk=</latexit><latexit sha1_base64="USQO1bzYXjVRcySuNp94WaABkNM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKex60ZtBL3qLYB6QLGF2MpsMmccyMyuGkF/w4kERr/6PePNvnN3koIkFDUVVN91dUcKZsb7/7RVWVtfWN4qbpa3tnd298v5B06hUE9ogiivdjrChnEnasMxy2k40xSLitBWNrjO/9UC1YUre23FCQ4EHksWMYJtJ3Sv12CtX/KqfAy2TYE4ql5+Qo94rf3X7iqSCSks4NqYT+IkNJ1hbRjidlrqpoQkmIzygHUclFtSEk/zWKTpxSh/FSruSFuXq74kJFsaMReQ6BbZDs+hl4n9eJ7XxRThhMkktlWS2KE45sgplj6M+05RYPnYEE83crYgMscbEunhKLoRg8eVl0jyrBn41uPMrtdtZGlCEIziGUwjgHGpwA3VoAIEhPMELvHrCe/bevPdZa8GbzxzCH3gfP19Rjzk=</latexit><latexit sha1_base64="UoIwr0+Bg1ny4GiY9tfDq+QTSuQ=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKex60WPQi94imAckS5idzCZD5rHMzIphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7S2vrG5Vd6u7Ozu7R9UD4/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyk/udR6oNU/LBThMaCjySLGYE21zqX6unQbXm1/050CoJClKDAs1B9as/VCQVVFrCsTG9wE9smGFtGeF0VumnhiaYTPCI9hyVWFATZvNbZ+jMKUMUK+1KWjRXf09kWBgzFZHrFNiOzbKXi/95vdTGV2HGZJJaKsliUZxyZBXKH0dDpimxfOoIJpq5WxEZY42JdfFUXAjB8surpH1RD/x6cO/XGndFHGU4gVM4hwAuoQG30IQWEBjDM7zCmye8F+/d+1i0lrxi5hj+wPv8Ae+fjio=</latexit>

⇤
<latexit sha1_base64="USQO1bzYXjVRcySuNp94WaABkNM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKex60ZtBL3qLYB6QLGF2MpsMmccyMyuGkF/w4kERr/6PePNvnN3koIkFDUVVN91dUcKZsb7/7RVWVtfWN4qbpa3tnd298v5B06hUE9ogiivdjrChnEnasMxy2k40xSLitBWNrjO/9UC1YUre23FCQ4EHksWMYJtJ3Sv12CtX/KqfAy2TYE4ql5+Qo94rf3X7iqSCSks4NqYT+IkNJ1hbRjidlrqpoQkmIzygHUclFtSEk/zWKTpxSh/FSruSFuXq74kJFsaMReQ6BbZDs+hl4n9eJ7XxRThhMkktlWS2KE45sgplj6M+05RYPnYEE83crYgMscbEunhKLoRg8eVl0jyrBn41uPMrtdtZGlCEIziGUwjgHGpwA3VoAIEhPMELvHrCe/bevPdZa8GbzxzCH3gfP19Rjzk=</latexit><latexit sha1_base64="USQO1bzYXjVRcySuNp94WaABkNM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKex60ZtBL3qLYB6QLGF2MpsMmccyMyuGkF/w4kERr/6PePNvnN3koIkFDUVVN91dUcKZsb7/7RVWVtfWN4qbpa3tnd298v5B06hUE9ogiivdjrChnEnasMxy2k40xSLitBWNrjO/9UC1YUre23FCQ4EHksWMYJtJ3Sv12CtX/KqfAy2TYE4ql5+Qo94rf3X7iqSCSks4NqYT+IkNJ1hbRjidlrqpoQkmIzygHUclFtSEk/zWKTpxSh/FSruSFuXq74kJFsaMReQ6BbZDs+hl4n9eJ7XxRThhMkktlWS2KE45sgplj6M+05RYPnYEE83crYgMscbEunhKLoRg8eVl0jyrBn41uPMrtdtZGlCEIziGUwjgHGpwA3VoAIEhPMELvHrCe/bevPdZa8GbzxzCH3gfP19Rjzk=</latexit><latexit sha1_base64="USQO1bzYXjVRcySuNp94WaABkNM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKex60ZtBL3qLYB6QLGF2MpsMmccyMyuGkF/w4kERr/6PePNvnN3koIkFDUVVN91dUcKZsb7/7RVWVtfWN4qbpa3tnd298v5B06hUE9ogiivdjrChnEnasMxy2k40xSLitBWNrjO/9UC1YUre23FCQ4EHksWMYJtJ3Sv12CtX/KqfAy2TYE4ql5+Qo94rf3X7iqSCSks4NqYT+IkNJ1hbRjidlrqpoQkmIzygHUclFtSEk/zWKTpxSh/FSruSFuXq74kJFsaMReQ6BbZDs+hl4n9eJ7XxRThhMkktlWS2KE45sgplj6M+05RYPnYEE83crYgMscbEunhKLoRg8eVl0jyrBn41uPMrtdtZGlCEIziGUwjgHGpwA3VoAIEhPMELvHrCe/bevPdZa8GbzxzCH3gfP19Rjzk=</latexit><latexit sha1_base64="UoIwr0+Bg1ny4GiY9tfDq+QTSuQ=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKex60WPQi94imAckS5idzCZD5rHMzIphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7S2vrG5Vd6u7Ozu7R9UD4/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyk/udR6oNU/LBThMaCjySLGYE21zqX6unQbXm1/050CoJClKDAs1B9as/VCQVVFrCsTG9wE9smGFtGeF0VumnhiaYTPCI9hyVWFATZvNbZ+jMKUMUK+1KWjRXf09kWBgzFZHrFNiOzbKXi/95vdTGV2HGZJJaKsliUZxyZBXKH0dDpimxfOoIJpq5WxEZY42JdfFUXAjB8surpH1RD/x6cO/XGndFHGU4gVM4hwAuoQG30IQWEBjDM7zCmye8F+/d+1i0lrxi5hj+wPv8Ae+fjio=</latexit>

hs(⇤) = ⇤⌦⇤ =
<latexit sha1_base64="jQNBSLWRHqmPrYOHNv5aP51qvX0=">AAACAnicbVC7SgNBFL3rM8bXqpXYLAYhacKujTaBoI12EcwDkiXMTmaTIbMzy8ysGJaghb9iY6GIrV9h5984m6TQxAMzHM65l3vvCWJGlXbdb2tpeWV1bT23kd/c2t7Ztff2G0okEpM6FkzIVoAUYZSTuqaakVYsCYoCRprB8DLzm3dEKir4rR7FxI9Qn9OQYqSN1LUPB6rYuRD3pUr2d4SmEVEZrXTtglt2J3AWiTcjhWrpETLUuvZXpydwEhGuMUNKtT031n6KpKaYkXG+kygSIzxEfdI2lCMzyU8nJ4ydE6P0nFBI87h2JurvjhRFSo2iwFRGSA/UvJeJ/3ntRIfnfkp5nGjC8XRQmDBHCyfLw+lRSbBmI0MQltTs6uABkghrk1rehODNn7xIGqdlzy17NyaNa5giB0dwDEXw4AyqcAU1qAOGB3iGV3iznqwX6936mJYuWbOeA/gD6/MHoFuXsw==</latexit><latexit sha1_base64="jQNBSLWRHqmPrYOHNv5aP51qvX0=">AAACAnicbVC7SgNBFL3rM8bXqpXYLAYhacKujTaBoI12EcwDkiXMTmaTIbMzy8ysGJaghb9iY6GIrV9h5984m6TQxAMzHM65l3vvCWJGlXbdb2tpeWV1bT23kd/c2t7Ztff2G0okEpM6FkzIVoAUYZSTuqaakVYsCYoCRprB8DLzm3dEKir4rR7FxI9Qn9OQYqSN1LUPB6rYuRD3pUr2d4SmEVEZrXTtglt2J3AWiTcjhWrpETLUuvZXpydwEhGuMUNKtT031n6KpKaYkXG+kygSIzxEfdI2lCMzyU8nJ4ydE6P0nFBI87h2JurvjhRFSo2iwFRGSA/UvJeJ/3ntRIfnfkp5nGjC8XRQmDBHCyfLw+lRSbBmI0MQltTs6uABkghrk1rehODNn7xIGqdlzy17NyaNa5giB0dwDEXw4AyqcAU1qAOGB3iGV3iznqwX6936mJYuWbOeA/gD6/MHoFuXsw==</latexit><latexit sha1_base64="jQNBSLWRHqmPrYOHNv5aP51qvX0=">AAACAnicbVC7SgNBFL3rM8bXqpXYLAYhacKujTaBoI12EcwDkiXMTmaTIbMzy8ysGJaghb9iY6GIrV9h5984m6TQxAMzHM65l3vvCWJGlXbdb2tpeWV1bT23kd/c2t7Ztff2G0okEpM6FkzIVoAUYZSTuqaakVYsCYoCRprB8DLzm3dEKir4rR7FxI9Qn9OQYqSN1LUPB6rYuRD3pUr2d4SmEVEZrXTtglt2J3AWiTcjhWrpETLUuvZXpydwEhGuMUNKtT031n6KpKaYkXG+kygSIzxEfdI2lCMzyU8nJ4ydE6P0nFBI87h2JurvjhRFSo2iwFRGSA/UvJeJ/3ntRIfnfkp5nGjC8XRQmDBHCyfLw+lRSbBmI0MQltTs6uABkghrk1rehODNn7xIGqdlzy17NyaNa5giB0dwDEXw4AyqcAU1qAOGB3iGV3iznqwX6936mJYuWbOeA/gD6/MHoFuXsw==</latexit><latexit sha1_base64="a/jTnhFHkAC+MW1lQ4qzuaGtaN4=">AAACAnicbVDLSsNAFL3xWesr6krcBItQNyVxo5tC0Y3uKtgHNKFMptN26GQmzEzEEoobf8WNC0Xc+hXu/BsnbRbaemCGwzn3cu89Ycyo0q77bS0tr6yurRc2iptb2zu79t5+U4lEYtLAggnZDpEijHLS0FQz0o4lQVHISCscXWV+655IRQW/0+OYBBEacNqnGGkjde3DoSr7l+LhtJr9vtA0Iiqj1a5dcivuFM4i8XJSghz1rv3l9wROIsI1ZkipjufGOkiR1BQzMin6iSIxwiM0IB1DOTKTgnR6wsQ5MUrP6QtpHtfOVP3dkaJIqXEUmsoI6aGa9zLxP6+T6P5FkFIeJ5pwPBvUT5ijhZPl4fSoJFizsSEIS2p2dfAQSYS1Sa1oQvDmT14kzbOK51a8W7dUu8njKMARHEMZPDiHGlxDHRqA4RGe4RXerCfrxXq3PmalS1becwB/YH3+AGS5lso=</latexit>

�
<latexit sha1_base64="g7bqRj6SnKI93ww2xek1haoVWwk=">AAAB7XicbVDLSgNBEOz1GeMr0aOXwSB4Crte9BjworcI5gFJCLOT2WTM7Mwy0yuEJf/gxYMiIngQ/Bxv/o2Tx0ETCxqKqm66u8JECou+/+2trK6tb2zmtvLbO7t7+4XiQd3q1DBeY1pq0wyp5VIoXkOBkjcTw2kcSt4Ih5cTv3HPjRVa3eIo4Z2Y9pWIBKPopHpbJzK13ULJL/tTkGUSzEmpUvx8fwOAarfw1e5plsZcIZPU2lbgJ9jJqEHBJB/n26nlCWVD2uctRxWNue1k02vH5MQpPRJp40ohmaq/JzIaWzuKQ9cZUxzYRW8i/ue1UowuOplQSYpcsdmiKJUENZm8TnrCcIZy5AhlRrhbCRtQQxm6gPIuhGDx5WVSPysHfjm4cWlcwww5OIJjOIUAzqECV1CFGjC4gwd4gmdPe4/ei/c6a13x5jOH8Afexw/XgJGG</latexit><latexit sha1_base64="tQDiZQ4l3zkBadcAbprNht3R8ls=">AAAB7XicbVC7SgNBFL3rM8ZXoo1gMxgEq7Bro2XARrsI5gHJEmYns8mY2ZllHkJY8g82ForYWAiCP5POv3HyKDTxwIXDOfdy7z1Rypk2vv/trayurW9s5rby2zu7e/uF4kFdS6sIrRHJpWpGWFPOBK0ZZjhtporiJOK0EQ2uJn7jgSrNpLgzw5SGCe4JFjOCjZPqbZlyqzuFkl/2p0DLJJiTUqX4+f51NO5UO4VxuyuJTagwhGOtW4GfmjDDyjDC6SjftpqmmAxwj7YcFTihOsym147QqVO6KJbKlTBoqv6eyHCi9TCJXGeCTV8vehPxP69lTXwZZkyk1lBBZotiy5GRaPI66jJFieFDRzBRzN2KSB8rTIwLKO9CCBZfXib183Lgl4Nbl8YNzJCDYziBMwjgAipwDVWoAYF7eIRnePGk9+S9em+z1hVvPnMIf+B9/ACgVZLc</latexit><latexit sha1_base64="tQDiZQ4l3zkBadcAbprNht3R8ls=">AAAB7XicbVC7SgNBFL3rM8ZXoo1gMxgEq7Bro2XARrsI5gHJEmYns8mY2ZllHkJY8g82ForYWAiCP5POv3HyKDTxwIXDOfdy7z1Rypk2vv/trayurW9s5rby2zu7e/uF4kFdS6sIrRHJpWpGWFPOBK0ZZjhtporiJOK0EQ2uJn7jgSrNpLgzw5SGCe4JFjOCjZPqbZlyqzuFkl/2p0DLJJiTUqX4+f51NO5UO4VxuyuJTagwhGOtW4GfmjDDyjDC6SjftpqmmAxwj7YcFTihOsym147QqVO6KJbKlTBoqv6eyHCi9TCJXGeCTV8vehPxP69lTXwZZkyk1lBBZotiy5GRaPI66jJFieFDRzBRzN2KSB8rTIwLKO9CCBZfXib183Lgl4Nbl8YNzJCDYziBMwjgAipwDVWoAYF7eIRnePGk9+S9em+z1hVvPnMIf+B9/ACgVZLc</latexit><latexit sha1_base64="Tln70WLJUmnG51wXZVqrIuTNeL4=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlgEb7SKYD0iOsLeZS9bs7R67e0I48h9sLBSx9f/Y+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0wyZTQulORA0KLrFpuRXYSTXSJBLYjsY3M7/9hNpwJR/sJMUwoUPJY86odVKrp1KRmX6l6tf8OcgqCQpShQKNfuWrN1AsS1BaJqgx3cBPbZhTbTkTOC33MoMpZWM6xK6jkiZownx+7ZScO2VAYqVdSUvm6u+JnCbGTJLIdSbUjsyyNxP/87qZja/DnMs0syjZYlGcCWIVmb1OBlwjs2LiCGWau1sJG1FNmXUBlV0IwfLLq6R1WQv8WnDvV+t3RRwlOIUzuIAArqAOt9CAJjB4hGd4hTdPeS/eu/exaF3zipkT+APv8wfQ2Y9I</latexit>

�
<latexit sha1_base64="g7bqRj6SnKI93ww2xek1haoVWwk=">AAAB7XicbVDLSgNBEOz1GeMr0aOXwSB4Crte9BjworcI5gFJCLOT2WTM7Mwy0yuEJf/gxYMiIngQ/Bxv/o2Tx0ETCxqKqm66u8JECou+/+2trK6tb2zmtvLbO7t7+4XiQd3q1DBeY1pq0wyp5VIoXkOBkjcTw2kcSt4Ih5cTv3HPjRVa3eIo4Z2Y9pWIBKPopHpbJzK13ULJL/tTkGUSzEmpUvx8fwOAarfw1e5plsZcIZPU2lbgJ9jJqEHBJB/n26nlCWVD2uctRxWNue1k02vH5MQpPRJp40ohmaq/JzIaWzuKQ9cZUxzYRW8i/ue1UowuOplQSYpcsdmiKJUENZm8TnrCcIZy5AhlRrhbCRtQQxm6gPIuhGDx5WVSPysHfjm4cWlcwww5OIJjOIUAzqECV1CFGjC4gwd4gmdPe4/ei/c6a13x5jOH8Afexw/XgJGG</latexit><latexit sha1_base64="tQDiZQ4l3zkBadcAbprNht3R8ls=">AAAB7XicbVC7SgNBFL3rM8ZXoo1gMxgEq7Bro2XARrsI5gHJEmYns8mY2ZllHkJY8g82ForYWAiCP5POv3HyKDTxwIXDOfdy7z1Rypk2vv/trayurW9s5rby2zu7e/uF4kFdS6sIrRHJpWpGWFPOBK0ZZjhtporiJOK0EQ2uJn7jgSrNpLgzw5SGCe4JFjOCjZPqbZlyqzuFkl/2p0DLJJiTUqX4+f51NO5UO4VxuyuJTagwhGOtW4GfmjDDyjDC6SjftpqmmAxwj7YcFTihOsym147QqVO6KJbKlTBoqv6eyHCi9TCJXGeCTV8vehPxP69lTXwZZkyk1lBBZotiy5GRaPI66jJFieFDRzBRzN2KSB8rTIwLKO9CCBZfXib183Lgl4Nbl8YNzJCDYziBMwjgAipwDVWoAYF7eIRnePGk9+S9em+z1hVvPnMIf+B9/ACgVZLc</latexit><latexit sha1_base64="tQDiZQ4l3zkBadcAbprNht3R8ls=">AAAB7XicbVC7SgNBFL3rM8ZXoo1gMxgEq7Bro2XARrsI5gHJEmYns8mY2ZllHkJY8g82ForYWAiCP5POv3HyKDTxwIXDOfdy7z1Rypk2vv/trayurW9s5rby2zu7e/uF4kFdS6sIrRHJpWpGWFPOBK0ZZjhtporiJOK0EQ2uJn7jgSrNpLgzw5SGCe4JFjOCjZPqbZlyqzuFkl/2p0DLJJiTUqX4+f51NO5UO4VxuyuJTagwhGOtW4GfmjDDyjDC6SjftpqmmAxwj7YcFTihOsym147QqVO6KJbKlTBoqv6eyHCi9TCJXGeCTV8vehPxP69lTXwZZkyk1lBBZotiy5GRaPI66jJFieFDRzBRzN2KSB8rTIwLKO9CCBZfXib183Lgl4Nbl8YNzJCDYziBMwjgAipwDVWoAYF7eIRnePGk9+S9em+z1hVvPnMIf+B9/ACgVZLc</latexit><latexit sha1_base64="Tln70WLJUmnG51wXZVqrIuTNeL4=">AAAB7XicbVA9SwNBEJ3zM8avqKXNYhCswp2NlgEb7SKYD0iOsLeZS9bs7R67e0I48h9sLBSx9f/Y+W/cJFdo4oOBx3szzMyLUsGN9f1vb219Y3Nru7RT3t3bPzisHB23jMo0wyZTQulORA0KLrFpuRXYSTXSJBLYjsY3M7/9hNpwJR/sJMUwoUPJY86odVKrp1KRmX6l6tf8OcgqCQpShQKNfuWrN1AsS1BaJqgx3cBPbZhTbTkTOC33MoMpZWM6xK6jkiZownx+7ZScO2VAYqVdSUvm6u+JnCbGTJLIdSbUjsyyNxP/87qZja/DnMs0syjZYlGcCWIVmb1OBlwjs2LiCGWau1sJG1FNmXUBlV0IwfLLq6R1WQv8WnDvV+t3RRwlOIUzuIAArqAOt9CAJjB4hGd4hTdPeS/eu/exaF3zipkT+APv8wfQ2Y9I</latexit> ·<latexit sha1_base64="qCKfMDD0K1F8YEOHrVDvf09oydc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86M2CF71VMG2hDWWz2bZLN5uwOxFK6G/w4kERr/4e8ea/cZv2oK0PBh7vzTAzL0ylMOi6305pbX1jc6u8XdnZ3ds/qB4etUySacZ9lshEd0JquBSK+yhQ8k6qOY1Dydvh+Gbmtx+5NiJRDzhJeRDToRIDwShaye+xKMF+tebW3QJklXgLUrv+hALNfvWrFyUsi7lCJqkxXc9NMcipRsEkn1Z6meEpZWM65F1LFY25CfLi2Ck5s0pEBom2pZAU6u+JnMbGTOLQdsYUR2bZm4n/ed0MB1dBLlSaIVdsvmiQSYIJmX1OIqE5QzmxhDIt7K2EjaimDG0+FRuCt/zyKmld1D237t27tcbdPA0owwmcwjl4cAkNuIUm+MBAwBO8wKujnGfnzXmft5acxcwx/IHz8QNJl4/E</latexit><latexit sha1_base64="qCKfMDD0K1F8YEOHrVDvf09oydc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86M2CF71VMG2hDWWz2bZLN5uwOxFK6G/w4kERr/4e8ea/cZv2oK0PBh7vzTAzL0ylMOi6305pbX1jc6u8XdnZ3ds/qB4etUySacZ9lshEd0JquBSK+yhQ8k6qOY1Dydvh+Gbmtx+5NiJRDzhJeRDToRIDwShaye+xKMF+tebW3QJklXgLUrv+hALNfvWrFyUsi7lCJqkxXc9NMcipRsEkn1Z6meEpZWM65F1LFY25CfLi2Ck5s0pEBom2pZAU6u+JnMbGTOLQdsYUR2bZm4n/ed0MB1dBLlSaIVdsvmiQSYIJmX1OIqE5QzmxhDIt7K2EjaimDG0+FRuCt/zyKmld1D237t27tcbdPA0owwmcwjl4cAkNuIUm+MBAwBO8wKujnGfnzXmft5acxcwx/IHz8QNJl4/E</latexit><latexit sha1_base64="qCKfMDD0K1F8YEOHrVDvf09oydc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86M2CF71VMG2hDWWz2bZLN5uwOxFK6G/w4kERr/4e8ea/cZv2oK0PBh7vzTAzL0ylMOi6305pbX1jc6u8XdnZ3ds/qB4etUySacZ9lshEd0JquBSK+yhQ8k6qOY1Dydvh+Gbmtx+5NiJRDzhJeRDToRIDwShaye+xKMF+tebW3QJklXgLUrv+hALNfvWrFyUsi7lCJqkxXc9NMcipRsEkn1Z6meEpZWM65F1LFY25CfLi2Ck5s0pEBom2pZAU6u+JnMbGTOLQdsYUR2bZm4n/ed0MB1dBLlSaIVdsvmiQSYIJmX1OIqE5QzmxhDIt7K2EjaimDG0+FRuCt/zyKmld1D237t27tcbdPA0owwmcwjl4cAkNuIUm+MBAwBO8wKujnGfnzXmft5acxcwx/IHz8QNJl4/E</latexit><latexit sha1_base64="0qvtMF+pHqiQ+lyCCnJ4zNGT/oM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86LHgRW8VTFtoQ9lsNu3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJPCoOt+O5WNza3tnepubW//4PCofnzSMWmuGfdZKlPdC6nhUijuo0DJe5nmNAkl74aT27nffeLaiFQ94jTjQUJHSsSCUbSSP2BRisN6w226C5B14pWkASXaw/rXIEpZnnCFTFJj+p6bYVBQjYJJPqsNcsMzyiZ0xPuWKppwExSLY2fkwioRiVNtSyFZqL8nCpoYM01C25lQHJtVby7+5/VzjG+CQqgsR67YclGcS4IpmX9OIqE5Qzm1hDIt7K2EjammDG0+NRuCt/ryOulcNT236T24jdZ9GUcVzuAcLsGDa2jBHbTBBwYCnuEV3hzlvDjvzseyteKUM6fwB87nD9nljrU=</latexit>

scalar
symmetricantisymmetric

gl3+2
<latexit sha1_base64="SSAtm0WsBSChrLAh70WXVWaF0IU=">AAAB73icbVBNS8NAEJ34WetX1aOXxSIIQkmqoMeCF71VsB/QhrLZTtqlm03c3Qgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mHGCfkQHkoecUWOl9kD0sovz6qRXKrsVdwayTLyclCFHvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42u3dCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjJ9nvS5QmbE2BLKFLe3EjakijJjIyraELzFl5dJs1rx3Ip3f1mu3eVxFOAYTuAMPLiCGtxCHRrAQMAzvMKb8+i8OO/Ox7x1xclnjuAPnM8fYU6Piw==</latexit><latexit sha1_base64="SSAtm0WsBSChrLAh70WXVWaF0IU=">AAAB73icbVBNS8NAEJ34WetX1aOXxSIIQkmqoMeCF71VsB/QhrLZTtqlm03c3Qgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mHGCfkQHkoecUWOl9kD0sovz6qRXKrsVdwayTLyclCFHvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42u3dCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjJ9nvS5QmbE2BLKFLe3EjakijJjIyraELzFl5dJs1rx3Ip3f1mu3eVxFOAYTuAMPLiCGtxCHRrAQMAzvMKb8+i8OO/Ox7x1xclnjuAPnM8fYU6Piw==</latexit><latexit sha1_base64="SSAtm0WsBSChrLAh70WXVWaF0IU=">AAAB73icbVBNS8NAEJ34WetX1aOXxSIIQkmqoMeCF71VsB/QhrLZTtqlm03c3Qgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mHGCfkQHkoecUWOl9kD0sovz6qRXKrsVdwayTLyclCFHvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42u3dCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjJ9nvS5QmbE2BLKFLe3EjakijJjIyraELzFl5dJs1rx3Ip3f1mu3eVxFOAYTuAMPLiCGtxCHRrAQMAzvMKb8+i8OO/Ox7x1xclnjuAPnM8fYU6Piw==</latexit><latexit sha1_base64="SSAtm0WsBSChrLAh70WXVWaF0IU=">AAAB73icbVBNS8NAEJ34WetX1aOXxSIIQkmqoMeCF71VsB/QhrLZTtqlm03c3Qgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mHGCfkQHkoecUWOl9kD0sovz6qRXKrsVdwayTLyclCFHvVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42u3dCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjJ9nvS5QmbE2BLKFLe3EjakijJjIyraELzFl5dJs1rx3Ip3f1mu3eVxFOAYTuAMPLiCGtxCHRrAQMAzvMKb8+i8OO/Ox7x1xclnjuAPnM8fYU6Piw==</latexit>

tA
B , tC

D = ��A
DtC

B + �C
BtA

D
<latexit sha1_base64="ZJ/sHpPbd+d3vRUKAJCLiOhXaIQ="></latexit><latexit sha1_base64="xQazUGp+Wc8KTfaFBRpUcTtQreU="></latexit><latexit sha1_base64="xQazUGp+Wc8KTfaFBRpUcTtQreU="></latexit><latexit sha1_base64="9mPQHoWVwkGBtsWcK1jSQx/FC2g=">AAACJXicbZBLSwMxEMez9VXra9Wjl2ARBLXsetGDQm170FsF+4C2Ltk0bUOzD5JZoSz9Ml78Kl48WETw5Fcx3e5BWwdC/vnNDJP5u6HgCizry8gsLa+srmXXcxubW9s75u5eXQWRpKxGAxHIpksUE9xnNeAgWDOUjHiuYA13WJ7mG09MKh74DzAKWccjfZ/3OCWgkWNeYXBu4vFj6RScsr4r+Pqs3WUCSIIreIZLJylMHmlPxTHzVsFKAi8KOxV5lEbVMSftbkAjj/lABVGqZVshdGIigVPBxrl2pFhI6JD0WUtLn3hMdeJkyzE+0qSLe4HUxwec0N8dMfGUGnmurvQIDNR8bgr/y7Ui6F12Yu6HETCfzgb1IoEhwFPLcJdLRkGMtCBUcv1XTAdEEgra2Jw2wZ5feVHUzwu2VbDvrXzxLrUjiw7QITpGNrpARXSLqqiGKHpGr+gdTYwX4834MD5npRkj7dlHf8L4/gHRmqQ/</latexit>

TAB = tA|B � tB|A, SAB = tA|B + tB|A � 2

d+ 2
tC

C , R = tC
C

<latexit sha1_base64="BqcXf0yYFrcRhO6wzCd/OsAX+SY="></latexit><latexit sha1_base64="BqcXf0yYFrcRhO6wzCd/OsAX+SY="></latexit><latexit sha1_base64="BqcXf0yYFrcRhO6wzCd/OsAX+SY="></latexit><latexit sha1_base64="BqcXf0yYFrcRhO6wzCd/OsAX+SY="></latexit>



➤ The commutation relations

[TAB , TCD] = ⌘BCTAD � ⌘ACTBD � ⌘BDTAC + ⌘ADTBC (1)

[TAB , SCD] = ⌘BCSAD � ⌘ACSBD + ⌘BDSAC � ⌘ADSBC (2)

[SAB , SCD] = ⌘BCTAD + ⌘ACTBD + ⌘BDTAC + ⌘ADTBC (3)
<latexit sha1_base64="VbATh0QRdmYlgVOxGyDbSAHIbAI="></latexit><latexit sha1_base64="VbATh0QRdmYlgVOxGyDbSAHIbAI="></latexit><latexit sha1_base64="VbATh0QRdmYlgVOxGyDbSAHIbAI="></latexit><latexit sha1_base64="VbATh0QRdmYlgVOxGyDbSAHIbAI="></latexit>

! = !A,BTAB + !ABSAB
<latexit sha1_base64="AcLXFaq7pyYJfUN76UUhOfas+e0=">AAACFHicbZBNS8MwGMdTX+d8q3r0EhyCMBmtCHoRtnnx4GHi3mCrJc3SLSxpS5IKo/RDePGrePGgiFcP3vw2Zt0Q3Xwg5M/v/zwkz9+LGJXKsr6MhcWl5ZXV3Fp+fWNza9vc2W3KMBaYNHDIQtH2kCSMBqShqGKkHQmCuMdIyxtejv3WPRGShkFdjSLicNQPqE8xUhq5ZrEbctJHF5PrLqkcV9O6m1SqafEHVdPbjLhmwSpZWcF5YU9FAUyr5pqf3V6IY04ChRmSsmNbkXISJBTFjKT5bixJhPAQ9UlHywBxIp0kWyqFh5r0oB8KfQIFM/p7IkFcyhH3dCdHaiBnvTH8z+vEyj93EhpEsSIBnjzkxwyqEI4Tgj0qCFZspAXCguq/QjxAAmGlc8zrEOzZledF86RkWyX75rRQvp7GkQP74AAcARucgTK4AjXQABg8gCfwAl6NR+PZeDPeJ60LxnRmD/wp4+MbCiaeMw==</latexit><latexit sha1_base64="AcLXFaq7pyYJfUN76UUhOfas+e0=">AAACFHicbZBNS8MwGMdTX+d8q3r0EhyCMBmtCHoRtnnx4GHi3mCrJc3SLSxpS5IKo/RDePGrePGgiFcP3vw2Zt0Q3Xwg5M/v/zwkz9+LGJXKsr6MhcWl5ZXV3Fp+fWNza9vc2W3KMBaYNHDIQtH2kCSMBqShqGKkHQmCuMdIyxtejv3WPRGShkFdjSLicNQPqE8xUhq5ZrEbctJHF5PrLqkcV9O6m1SqafEHVdPbjLhmwSpZWcF5YU9FAUyr5pqf3V6IY04ChRmSsmNbkXISJBTFjKT5bixJhPAQ9UlHywBxIp0kWyqFh5r0oB8KfQIFM/p7IkFcyhH3dCdHaiBnvTH8z+vEyj93EhpEsSIBnjzkxwyqEI4Tgj0qCFZspAXCguq/QjxAAmGlc8zrEOzZledF86RkWyX75rRQvp7GkQP74AAcARucgTK4AjXQABg8gCfwAl6NR+PZeDPeJ60LxnRmD/wp4+MbCiaeMw==</latexit><latexit sha1_base64="AcLXFaq7pyYJfUN76UUhOfas+e0=">AAACFHicbZBNS8MwGMdTX+d8q3r0EhyCMBmtCHoRtnnx4GHi3mCrJc3SLSxpS5IKo/RDePGrePGgiFcP3vw2Zt0Q3Xwg5M/v/zwkz9+LGJXKsr6MhcWl5ZXV3Fp+fWNza9vc2W3KMBaYNHDIQtH2kCSMBqShqGKkHQmCuMdIyxtejv3WPRGShkFdjSLicNQPqE8xUhq5ZrEbctJHF5PrLqkcV9O6m1SqafEHVdPbjLhmwSpZWcF5YU9FAUyr5pqf3V6IY04ChRmSsmNbkXISJBTFjKT5bixJhPAQ9UlHywBxIp0kWyqFh5r0oB8KfQIFM/p7IkFcyhH3dCdHaiBnvTH8z+vEyj93EhpEsSIBnjzkxwyqEI4Tgj0qCFZspAXCguq/QjxAAmGlc8zrEOzZledF86RkWyX75rRQvp7GkQP74AAcARucgTK4AjXQABg8gCfwAl6NR+PZeDPeJ60LxnRmD/wp4+MbCiaeMw==</latexit><latexit sha1_base64="AcLXFaq7pyYJfUN76UUhOfas+e0=">AAACFHicbZBNS8MwGMdTX+d8q3r0EhyCMBmtCHoRtnnx4GHi3mCrJc3SLSxpS5IKo/RDePGrePGgiFcP3vw2Zt0Q3Xwg5M/v/zwkz9+LGJXKsr6MhcWl5ZXV3Fp+fWNza9vc2W3KMBaYNHDIQtH2kCSMBqShqGKkHQmCuMdIyxtejv3WPRGShkFdjSLicNQPqE8xUhq5ZrEbctJHF5PrLqkcV9O6m1SqafEHVdPbjLhmwSpZWcF5YU9FAUyr5pqf3V6IY04ChRmSsmNbkXISJBTFjKT5bixJhPAQ9UlHywBxIp0kWyqFh5r0oB8KfQIFM/p7IkFcyhH3dCdHaiBnvTH8z+vEyj93EhpEsSIBnjzkxwyqEI4Tgj0qCFZspAXCguq/QjxAAmGlc8zrEOzZledF86RkWyX75rRQvp7GkQP74AAcARucgTK4AjXQABg8gCfwAl6NR+PZeDPeJ60LxnRmD/wp4+MbCiaeMw==</latexit>

Tr(tA
B , tC

D) = �A
D�C

D
<latexit sha1_base64="L5DwV/ycaquUNqEz1Bqdvt1lXyE=">AAACFXicbZDLSsNAFIYn9VbrLerSTbAIFUpJRNCNUG0XLlxU6EVoY5hMpu3QyYWZE6GEvoQbX8WNC0XcCu58G6dpFtp6YJiP/z+HmfO7EWcSTPNbyy0tr6yu5dcLG5tb2zv67l5bhrEgtEVCHoo7F0vKWUBbwIDTu0hQ7LucdtxRbep3HqiQLAyaMI6o7eNBwPqMYFCSo5ebogTOZTK5vyqDU1N3/fii51EOOFXrGaeOoxfNipmWsQhWBkWUVcPRv3peSGKfBkA4lrJrmRHYCRbACKeTQi+WNMJkhAe0qzDAPpV2km41MY6U4hn9UKgTgJGqvycS7Es59l3V6WMYynlvKv7ndWPon9sJC6IYaEBmD/VjbkBoTCMyPCYoAT5WgIlg6q8GGWKBCaggCyoEa37lRWifVCyzYt2eFqs3WRx5dIAOUQlZ6AxV0TVqoBYi6BE9o1f0pj1pL9q79jFrzWnZzD76U9rnD6qwnos=</latexit><latexit sha1_base64="L5DwV/ycaquUNqEz1Bqdvt1lXyE=">AAACFXicbZDLSsNAFIYn9VbrLerSTbAIFUpJRNCNUG0XLlxU6EVoY5hMpu3QyYWZE6GEvoQbX8WNC0XcCu58G6dpFtp6YJiP/z+HmfO7EWcSTPNbyy0tr6yu5dcLG5tb2zv67l5bhrEgtEVCHoo7F0vKWUBbwIDTu0hQ7LucdtxRbep3HqiQLAyaMI6o7eNBwPqMYFCSo5ebogTOZTK5vyqDU1N3/fii51EOOFXrGaeOoxfNipmWsQhWBkWUVcPRv3peSGKfBkA4lrJrmRHYCRbACKeTQi+WNMJkhAe0qzDAPpV2km41MY6U4hn9UKgTgJGqvycS7Es59l3V6WMYynlvKv7ndWPon9sJC6IYaEBmD/VjbkBoTCMyPCYoAT5WgIlg6q8GGWKBCaggCyoEa37lRWifVCyzYt2eFqs3WRx5dIAOUQlZ6AxV0TVqoBYi6BE9o1f0pj1pL9q79jFrzWnZzD76U9rnD6qwnos=</latexit><latexit sha1_base64="L5DwV/ycaquUNqEz1Bqdvt1lXyE=">AAACFXicbZDLSsNAFIYn9VbrLerSTbAIFUpJRNCNUG0XLlxU6EVoY5hMpu3QyYWZE6GEvoQbX8WNC0XcCu58G6dpFtp6YJiP/z+HmfO7EWcSTPNbyy0tr6yu5dcLG5tb2zv67l5bhrEgtEVCHoo7F0vKWUBbwIDTu0hQ7LucdtxRbep3HqiQLAyaMI6o7eNBwPqMYFCSo5ebogTOZTK5vyqDU1N3/fii51EOOFXrGaeOoxfNipmWsQhWBkWUVcPRv3peSGKfBkA4lrJrmRHYCRbACKeTQi+WNMJkhAe0qzDAPpV2km41MY6U4hn9UKgTgJGqvycS7Es59l3V6WMYynlvKv7ndWPon9sJC6IYaEBmD/VjbkBoTCMyPCYoAT5WgIlg6q8GGWKBCaggCyoEa37lRWifVCyzYt2eFqs3WRx5dIAOUQlZ6AxV0TVqoBYi6BE9o1f0pj1pL9q79jFrzWnZzD76U9rnD6qwnos=</latexit><latexit sha1_base64="L5DwV/ycaquUNqEz1Bqdvt1lXyE=">AAACFXicbZDLSsNAFIYn9VbrLerSTbAIFUpJRNCNUG0XLlxU6EVoY5hMpu3QyYWZE6GEvoQbX8WNC0XcCu58G6dpFtp6YJiP/z+HmfO7EWcSTPNbyy0tr6yu5dcLG5tb2zv67l5bhrEgtEVCHoo7F0vKWUBbwIDTu0hQ7LucdtxRbep3HqiQLAyaMI6o7eNBwPqMYFCSo5ebogTOZTK5vyqDU1N3/fii51EOOFXrGaeOoxfNipmWsQhWBkWUVcPRv3peSGKfBkA4lrJrmRHYCRbACKeTQi+WNMJkhAe0qzDAPpV2km41MY6U4hn9UKgTgJGqvycS7Es59l3V6WMYynlvKv7ndWPon9sJC6IYaEBmD/VjbkBoTCMyPCYoAT5WgIlg6q8GGWKBCaggCyoEa37lRWifVCyzYt2eFqs3WRx5dIAOUQlZ6AxV0TVqoBYi6BE9o1f0pj1pL9q79jFrzWnZzD76U9rnD6qwnos=</latexit>

symmetricantisymmetric



➤ That defines invariant bilinear forms


➤ For example, for spin-2           tensor, denoted with    , we have standard conformal 
algebra

[D,P a] = �P a , [Jab, P c] = P a⌘bc � P b⌘ac ,

[D,Ka] = +Ka , [Jab,Kc] = Ka⌘bc �Kb⌘ac ,

[P a,Kb] = �Jab + ⌘abD , [Jab, Jcd] = Jad⌘bc � Jac⌘bd � Jbd⌘ac + Jbc⌘ad
<latexit sha1_base64="jT+oIfU5KgkeXgP2xtPRxfGbkaw="></latexit><latexit sha1_base64="jT+oIfU5KgkeXgP2xtPRxfGbkaw="></latexit><latexit sha1_base64="jT+oIfU5KgkeXgP2xtPRxfGbkaw="></latexit><latexit sha1_base64="jT+oIfU5KgkeXgP2xtPRxfGbkaw="></latexit>

Tr(TABTCD) = 2(⌘AD⌘CB � ⌘BD⌘CA)

Tr(SABSCD) = 2(⌘AD⌘CB + ⌘BD⌘CA � 2

d+ 2
⌘AB⌘CD)

<latexit sha1_base64="0tEqV7ZekAAs2RLRNvzBIGfoYMU="></latexit><latexit sha1_base64="0tEqV7ZekAAs2RLRNvzBIGfoYMU="></latexit><latexit sha1_base64="0tEqV7ZekAAs2RLRNvzBIGfoYMU="></latexit><latexit sha1_base64="0tEqV7ZekAAs2RLRNvzBIGfoYMU="></latexit>

TAB
<latexit sha1_base64="JPuyShZTSd/PITyx2EX6oOqd7wU=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9Fj14sFDhX5Bu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jVZW19Y3Ngtbxe2d3b390sFh06hUU9agSijdDolhgkvWsNwK1k40I3EoWCsc3U791hPThitZt+OEBTEZSB5xSqyTmvVedn0z6ZXKXsWbAS8TPydlyFHrlb66fUXTmElLBTGm43uJDTKiLaeCTYrd1LCE0BEZsI6jksTMBNns2gk+dUofR0q7khbP1N8TGYmNGceh64yJHZpFbyr+53VSG10FGZdJapmk80VRKrBVePo67nPNqBVjRwjV3N2K6ZBoQq0LqOhC8BdfXibN84rvVfyHi3L1Po+jAMdwAmfgwyVU4Q5q0AAKj/AMr/CGFHpB7+hj3rqC8pkj+AP0+QM/LI7u</latexit><latexit sha1_base64="JPuyShZTSd/PITyx2EX6oOqd7wU=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9Fj14sFDhX5Bu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jVZW19Y3Ngtbxe2d3b390sFh06hUU9agSijdDolhgkvWsNwK1k40I3EoWCsc3U791hPThitZt+OEBTEZSB5xSqyTmvVedn0z6ZXKXsWbAS8TPydlyFHrlb66fUXTmElLBTGm43uJDTKiLaeCTYrd1LCE0BEZsI6jksTMBNns2gk+dUofR0q7khbP1N8TGYmNGceh64yJHZpFbyr+53VSG10FGZdJapmk80VRKrBVePo67nPNqBVjRwjV3N2K6ZBoQq0LqOhC8BdfXibN84rvVfyHi3L1Po+jAMdwAmfgwyVU4Q5q0AAKj/AMr/CGFHpB7+hj3rqC8pkj+AP0+QM/LI7u</latexit><latexit sha1_base64="JPuyShZTSd/PITyx2EX6oOqd7wU=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9Fj14sFDhX5Bu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jVZW19Y3Ngtbxe2d3b390sFh06hUU9agSijdDolhgkvWsNwK1k40I3EoWCsc3U791hPThitZt+OEBTEZSB5xSqyTmvVedn0z6ZXKXsWbAS8TPydlyFHrlb66fUXTmElLBTGm43uJDTKiLaeCTYrd1LCE0BEZsI6jksTMBNns2gk+dUofR0q7khbP1N8TGYmNGceh64yJHZpFbyr+53VSG10FGZdJapmk80VRKrBVePo67nPNqBVjRwjV3N2K6ZBoQq0LqOhC8BdfXibN84rvVfyHi3L1Po+jAMdwAmfgwyVU4Q5q0AAKj/AMr/CGFHpB7+hj3rqC8pkj+AP0+QM/LI7u</latexit><latexit sha1_base64="JPuyShZTSd/PITyx2EX6oOqd7wU=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0R9Fj14sFDhX5Bu5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sZ73jVZW19Y3Ngtbxe2d3b390sFh06hUU9agSijdDolhgkvWsNwK1k40I3EoWCsc3U791hPThitZt+OEBTEZSB5xSqyTmvVedn0z6ZXKXsWbAS8TPydlyFHrlb66fUXTmElLBTGm43uJDTKiLaeCTYrd1LCE0BEZsI6jksTMBNns2gk+dUofR0q7khbP1N8TGYmNGceh64yJHZpFbyr+53VSG10FGZdJapmk80VRKrBVePo67nPNqBVjRwjV3N2K6ZBoQq0LqOhC8BdfXibN84rvVfyHi3L1Po+jAMdwAmfgwyVU4Q5q0AAKj/AMr/CGFHpB7+hj3rqC8pkj+AP0+QM/LI7u</latexit> ⇤

<latexit sha1_base64="USQO1bzYXjVRcySuNp94WaABkNM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKex60ZtBL3qLYB6QLGF2MpsMmccyMyuGkF/w4kERr/6PePNvnN3koIkFDUVVN91dUcKZsb7/7RVWVtfWN4qbpa3tnd298v5B06hUE9ogiivdjrChnEnasMxy2k40xSLitBWNrjO/9UC1YUre23FCQ4EHksWMYJtJ3Sv12CtX/KqfAy2TYE4ql5+Qo94rf3X7iqSCSks4NqYT+IkNJ1hbRjidlrqpoQkmIzygHUclFtSEk/zWKTpxSh/FSruSFuXq74kJFsaMReQ6BbZDs+hl4n9eJ7XxRThhMkktlWS2KE45sgplj6M+05RYPnYEE83crYgMscbEunhKLoRg8eVl0jyrBn41uPMrtdtZGlCEIziGUwjgHGpwA3VoAIEhPMELvHrCe/bevPdZa8GbzxzCH3gfP19Rjzk=</latexit><latexit sha1_base64="USQO1bzYXjVRcySuNp94WaABkNM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKex60ZtBL3qLYB6QLGF2MpsMmccyMyuGkF/w4kERr/6PePNvnN3koIkFDUVVN91dUcKZsb7/7RVWVtfWN4qbpa3tnd298v5B06hUE9ogiivdjrChnEnasMxy2k40xSLitBWNrjO/9UC1YUre23FCQ4EHksWMYJtJ3Sv12CtX/KqfAy2TYE4ql5+Qo94rf3X7iqSCSks4NqYT+IkNJ1hbRjidlrqpoQkmIzygHUclFtSEk/zWKTpxSh/FSruSFuXq74kJFsaMReQ6BbZDs+hl4n9eJ7XxRThhMkktlWS2KE45sgplj6M+05RYPnYEE83crYgMscbEunhKLoRg8eVl0jyrBn41uPMrtdtZGlCEIziGUwjgHGpwA3VoAIEhPMELvHrCe/bevPdZa8GbzxzCH3gfP19Rjzk=</latexit><latexit sha1_base64="USQO1bzYXjVRcySuNp94WaABkNM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKex60ZtBL3qLYB6QLGF2MpsMmccyMyuGkF/w4kERr/6PePNvnN3koIkFDUVVN91dUcKZsb7/7RVWVtfWN4qbpa3tnd298v5B06hUE9ogiivdjrChnEnasMxy2k40xSLitBWNrjO/9UC1YUre23FCQ4EHksWMYJtJ3Sv12CtX/KqfAy2TYE4ql5+Qo94rf3X7iqSCSks4NqYT+IkNJ1hbRjidlrqpoQkmIzygHUclFtSEk/zWKTpxSh/FSruSFuXq74kJFsaMReQ6BbZDs+hl4n9eJ7XxRThhMkktlWS2KE45sgplj6M+05RYPnYEE83crYgMscbEunhKLoRg8eVl0jyrBn41uPMrtdtZGlCEIziGUwjgHGpwA3VoAIEhPMELvHrCe/bevPdZa8GbzxzCH3gfP19Rjzk=</latexit><latexit sha1_base64="UoIwr0+Bg1ny4GiY9tfDq+QTSuQ=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKex60WPQi94imAckS5idzCZD5rHMzIphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7S2vrG5Vd6u7Ozu7R9UD4/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyk/udR6oNU/LBThMaCjySLGYE21zqX6unQbXm1/050CoJClKDAs1B9as/VCQVVFrCsTG9wE9smGFtGeF0VumnhiaYTPCI9hyVWFATZvNbZ+jMKUMUK+1KWjRXf09kWBgzFZHrFNiOzbKXi/95vdTGV2HGZJJaKsliUZxyZBXKH0dDpimxfOoIJpq5WxEZY42JdfFUXAjB8surpH1RD/x6cO/XGndFHGU4gVM4hwAuoQG30IQWEBjDM7zCmye8F+/d+1i0lrxi5hj+wPv8Ae+fjio=</latexit>

⇤
<latexit sha1_base64="USQO1bzYXjVRcySuNp94WaABkNM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKex60ZtBL3qLYB6QLGF2MpsMmccyMyuGkF/w4kERr/6PePNvnN3koIkFDUVVN91dUcKZsb7/7RVWVtfWN4qbpa3tnd298v5B06hUE9ogiivdjrChnEnasMxy2k40xSLitBWNrjO/9UC1YUre23FCQ4EHksWMYJtJ3Sv12CtX/KqfAy2TYE4ql5+Qo94rf3X7iqSCSks4NqYT+IkNJ1hbRjidlrqpoQkmIzygHUclFtSEk/zWKTpxSh/FSruSFuXq74kJFsaMReQ6BbZDs+hl4n9eJ7XxRThhMkktlWS2KE45sgplj6M+05RYPnYEE83crYgMscbEunhKLoRg8eVl0jyrBn41uPMrtdtZGlCEIziGUwjgHGpwA3VoAIEhPMELvHrCe/bevPdZa8GbzxzCH3gfP19Rjzk=</latexit><latexit sha1_base64="USQO1bzYXjVRcySuNp94WaABkNM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKex60ZtBL3qLYB6QLGF2MpsMmccyMyuGkF/w4kERr/6PePNvnN3koIkFDUVVN91dUcKZsb7/7RVWVtfWN4qbpa3tnd298v5B06hUE9ogiivdjrChnEnasMxy2k40xSLitBWNrjO/9UC1YUre23FCQ4EHksWMYJtJ3Sv12CtX/KqfAy2TYE4ql5+Qo94rf3X7iqSCSks4NqYT+IkNJ1hbRjidlrqpoQkmIzygHUclFtSEk/zWKTpxSh/FSruSFuXq74kJFsaMReQ6BbZDs+hl4n9eJ7XxRThhMkktlWS2KE45sgplj6M+05RYPnYEE83crYgMscbEunhKLoRg8eVl0jyrBn41uPMrtdtZGlCEIziGUwjgHGpwA3VoAIEhPMELvHrCe/bevPdZa8GbzxzCH3gfP19Rjzk=</latexit><latexit sha1_base64="USQO1bzYXjVRcySuNp94WaABkNM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKex60ZtBL3qLYB6QLGF2MpsMmccyMyuGkF/w4kERr/6PePNvnN3koIkFDUVVN91dUcKZsb7/7RVWVtfWN4qbpa3tnd298v5B06hUE9ogiivdjrChnEnasMxy2k40xSLitBWNrjO/9UC1YUre23FCQ4EHksWMYJtJ3Sv12CtX/KqfAy2TYE4ql5+Qo94rf3X7iqSCSks4NqYT+IkNJ1hbRjidlrqpoQkmIzygHUclFtSEk/zWKTpxSh/FSruSFuXq74kJFsaMReQ6BbZDs+hl4n9eJ7XxRThhMkktlWS2KE45sgplj6M+05RYPnYEE83crYgMscbEunhKLoRg8eVl0jyrBn41uPMrtdtZGlCEIziGUwjgHGpwA3VoAIEhPMELvHrCe/bevPdZa8GbzxzCH3gfP19Rjzk=</latexit><latexit sha1_base64="UoIwr0+Bg1ny4GiY9tfDq+QTSuQ=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKex60WPQi94imAckS5idzCZD5rHMzIphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7S2vrG5Vd6u7Ozu7R9UD4/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyk/udR6oNU/LBThMaCjySLGYE21zqX6unQbXm1/050CoJClKDAs1B9as/VCQVVFrCsTG9wE9smGFtGeF0VumnhiaYTPCI9hyVWFATZvNbZ+jMKUMUK+1KWjRXf09kWBgzFZHrFNiOzbKXi/95vdTGV2HGZJJaKsliUZxyZBXKH0dDpimxfOoIJpq5WxEZY42JdfFUXAjB8surpH1RD/x6cO/XGndFHGU4gVM4hwAuoQG30IQWEBjDM7zCmye8F+/d+1i0lrxi5hj+wPv8Ae+fjio=</latexit>



➤ Chern-Simons action


➤ we linearise equations of motion around vacuum

S[!] =

Z
Tr


! ^ d! +

2

3
! ^ ! ^ !

�

<latexit sha1_base64="1dk2nfVzQ2Xyc7XEGUqiyvbMANg="></latexit><latexit sha1_base64="1dk2nfVzQ2Xyc7XEGUqiyvbMANg="></latexit><latexit sha1_base64="1dk2nfVzQ2Xyc7XEGUqiyvbMANg="></latexit><latexit sha1_base64="1dk2nfVzQ2Xyc7XEGUqiyvbMANg="></latexit>

ha ⌘ ha
µdx

µ
<latexit sha1_base64="0WUb14vobm0odNLOX9aTdE254Xk=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEVyURQZcFN7qrYC/QpGEymbRDJxfnUiwhKze+ihsXirj1Gdz5Nk7TLLT1wDAf/38OM+f3U0aFtKxvY2l5ZXVtvbJR3dza3tk19/bbIlEckxZOWMK7PhKE0Zi0JJWMdFNOUOQz0vFHV1O/MyZc0CS+k5OUuBEaxDSkGEkteebRsI8ccq/oGGrKci9zIpUHD/3i9syaVbeKgotgl1ADZTU988sJEqwiEkvMkBA920qlmyEuKWYkrzpKkBThERqQnsYYRUS4WbFGDk+0EsAw4frEEhbq74kMRUJMIl93RkgOxbw3Ff/zekqGl25G41RJEuPZQ6FiUCZwmgkMKCdYsokGhDnVf4V4iDjCUidX1SHY8ysvQvusblt1+/a81rgp46iAQ3AMToENLkADXIMmaAEMHsEzeAVvxpPxYrwbH7PWJaOcOQB/yvj8AXSKmcU=</latexit><latexit sha1_base64="0WUb14vobm0odNLOX9aTdE254Xk=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEVyURQZcFN7qrYC/QpGEymbRDJxfnUiwhKze+ihsXirj1Gdz5Nk7TLLT1wDAf/38OM+f3U0aFtKxvY2l5ZXVtvbJR3dza3tk19/bbIlEckxZOWMK7PhKE0Zi0JJWMdFNOUOQz0vFHV1O/MyZc0CS+k5OUuBEaxDSkGEkteebRsI8ccq/oGGrKci9zIpUHD/3i9syaVbeKgotgl1ADZTU988sJEqwiEkvMkBA920qlmyEuKWYkrzpKkBThERqQnsYYRUS4WbFGDk+0EsAw4frEEhbq74kMRUJMIl93RkgOxbw3Ff/zekqGl25G41RJEuPZQ6FiUCZwmgkMKCdYsokGhDnVf4V4iDjCUidX1SHY8ysvQvusblt1+/a81rgp46iAQ3AMToENLkADXIMmaAEMHsEzeAVvxpPxYrwbH7PWJaOcOQB/yvj8AXSKmcU=</latexit><latexit sha1_base64="0WUb14vobm0odNLOX9aTdE254Xk=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEVyURQZcFN7qrYC/QpGEymbRDJxfnUiwhKze+ihsXirj1Gdz5Nk7TLLT1wDAf/38OM+f3U0aFtKxvY2l5ZXVtvbJR3dza3tk19/bbIlEckxZOWMK7PhKE0Zi0JJWMdFNOUOQz0vFHV1O/MyZc0CS+k5OUuBEaxDSkGEkteebRsI8ccq/oGGrKci9zIpUHD/3i9syaVbeKgotgl1ADZTU988sJEqwiEkvMkBA920qlmyEuKWYkrzpKkBThERqQnsYYRUS4WbFGDk+0EsAw4frEEhbq74kMRUJMIl93RkgOxbw3Ff/zekqGl25G41RJEuPZQ6FiUCZwmgkMKCdYsokGhDnVf4V4iDjCUidX1SHY8ysvQvusblt1+/a81rgp46iAQ3AMToENLkADXIMmaAEMHsEzeAVvxpPxYrwbH7PWJaOcOQB/yvj8AXSKmcU=</latexit><latexit sha1_base64="0WUb14vobm0odNLOX9aTdE254Xk=">AAACBnicbZDLSsNAFIYnXmu9RV2KMFgEVyURQZcFN7qrYC/QpGEymbRDJxfnUiwhKze+ihsXirj1Gdz5Nk7TLLT1wDAf/38OM+f3U0aFtKxvY2l5ZXVtvbJR3dza3tk19/bbIlEckxZOWMK7PhKE0Zi0JJWMdFNOUOQz0vFHV1O/MyZc0CS+k5OUuBEaxDSkGEkteebRsI8ccq/oGGrKci9zIpUHD/3i9syaVbeKgotgl1ADZTU988sJEqwiEkvMkBA920qlmyEuKWYkrzpKkBThERqQnsYYRUS4WbFGDk+0EsAw4frEEhbq74kMRUJMIl93RkgOxbw3Ff/zekqGl25G41RJEuPZQ6FiUCZwmgkMKCdYsokGhDnVf4V4iDjCUidX1SHY8ysvQvusblt1+/a81rgp46iAQ3AMToENLkADXIMmaAEMHsEzeAVvxpPxYrwbH7PWJaOcOQB/yvj8AXSKmcU=</latexit>

ha
µ = �aµ

<latexit sha1_base64="qp7WKLIvteH1op29m+oGTMeHwjE=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KokIuhEKbnRXwT6giWEymbRDZyZhZiKUkI0bf8WNC0Xc+g/u/BunbUBtPXDhcM693HtPmDKqtON8WQuLS8srq5W16vrG5ta2vbPbVkkmMWnhhCWyGyJFGBWkpalmpJtKgnjISCccXo79zj2RiibiVo9S4nPUFzSmGGkjBfbB4A7lRZB7PCsuvIgwjX6EwK45dWcCOE/cktRAiWZgf3pRgjNOhMYMKdVznVT7OZKaYkaKqpcpkiI8RH3SM1QgTpSfT74o4JFRIhgn0pTQcKL+nsgRV2rEQ9PJkR6oWW8s/uf1Mh2f+zkVaaaJwNNFccagTuA4EhhRSbBmI0MQltTcCvEASYS1Ca5qQnBnX54n7ZO669Tdm9Na47qMowL2wSE4Bi44Aw1wBZqgBTB4AE/gBbxaj9az9Wa9T1sXrHJmD/yB9fEN0hmZbQ==</latexit><latexit sha1_base64="qp7WKLIvteH1op29m+oGTMeHwjE=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KokIuhEKbnRXwT6giWEymbRDZyZhZiKUkI0bf8WNC0Xc+g/u/BunbUBtPXDhcM693HtPmDKqtON8WQuLS8srq5W16vrG5ta2vbPbVkkmMWnhhCWyGyJFGBWkpalmpJtKgnjISCccXo79zj2RiibiVo9S4nPUFzSmGGkjBfbB4A7lRZB7PCsuvIgwjX6EwK45dWcCOE/cktRAiWZgf3pRgjNOhMYMKdVznVT7OZKaYkaKqpcpkiI8RH3SM1QgTpSfT74o4JFRIhgn0pTQcKL+nsgRV2rEQ9PJkR6oWW8s/uf1Mh2f+zkVaaaJwNNFccagTuA4EhhRSbBmI0MQltTcCvEASYS1Ca5qQnBnX54n7ZO669Tdm9Na47qMowL2wSE4Bi44Aw1wBZqgBTB4AE/gBbxaj9az9Wa9T1sXrHJmD/yB9fEN0hmZbQ==</latexit><latexit sha1_base64="qp7WKLIvteH1op29m+oGTMeHwjE=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KokIuhEKbnRXwT6giWEymbRDZyZhZiKUkI0bf8WNC0Xc+g/u/BunbUBtPXDhcM693HtPmDKqtON8WQuLS8srq5W16vrG5ta2vbPbVkkmMWnhhCWyGyJFGBWkpalmpJtKgnjISCccXo79zj2RiibiVo9S4nPUFzSmGGkjBfbB4A7lRZB7PCsuvIgwjX6EwK45dWcCOE/cktRAiWZgf3pRgjNOhMYMKdVznVT7OZKaYkaKqpcpkiI8RH3SM1QgTpSfT74o4JFRIhgn0pTQcKL+nsgRV2rEQ9PJkR6oWW8s/uf1Mh2f+zkVaaaJwNNFccagTuA4EhhRSbBmI0MQltTcCvEASYS1Ca5qQnBnX54n7ZO669Tdm9Na47qMowL2wSE4Bi44Aw1wBZqgBTB4AE/gBbxaj9az9Wa9T1sXrHJmD/yB9fEN0hmZbQ==</latexit><latexit sha1_base64="qp7WKLIvteH1op29m+oGTMeHwjE=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KokIuhEKbnRXwT6giWEymbRDZyZhZiKUkI0bf8WNC0Xc+g/u/BunbUBtPXDhcM693HtPmDKqtON8WQuLS8srq5W16vrG5ta2vbPbVkkmMWnhhCWyGyJFGBWkpalmpJtKgnjISCccXo79zj2RiibiVo9S4nPUFzSmGGkjBfbB4A7lRZB7PCsuvIgwjX6EwK45dWcCOE/cktRAiWZgf3pRgjNOhMYMKdVznVT7OZKaYkaKqpcpkiI8RH3SM1QgTpSfT74o4JFRIhgn0pTQcKL+nsgRV2rEQ9PJkR6oWW8s/uf1Mh2f+zkVaaaJwNNFccagTuA4EhhRSbBmI0MQltTcCvEASYS1Ca5qQnBnX54n7ZO669Tdm9Na47qMowL2wSE4Bi44Aw1wBZqgBTB4AE/gBbxaj9az9Wa9T1sXrHJmD/yB9fEN0hmZbQ==</latexit>

Pa 2 so(3, 2) ⇢ hs
<latexit sha1_base64="WMrtPiSeRzam/eW4c59axPSu+hY=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4tFqCAlqYIeC170VsF+QBPCZrtpl242YXcjlFIv/hUvHhTx6r/w5r9x2+ag1QcDj/dmmJkXppwp7ThfVmFpeWV1rbhe2tjc2t6xd/daKskkoU2S8ER2QqwoZ4I2NdOcdlJJcRxy2g6HV1O/fU+lYom406OU+jHuCxYxgrWRAvugEWCPCaSSytlp7cRTWaioRgMV2GWn6syA/hI3J2XI0QjsT6+XkCymQhOOleq6Tqr9MZaaEU4nJS9TNMVkiPu0a6jAMVX+ePbBBB0bpYeiRJoSGs3UnxNjHCs1ikPTGWM9UIveVPzP62Y6uvTHTKSZpoLMF0UZRzpB0zhQj0lKNB8Zgolk5lZEBlhiok1oJROCu/jyX9KqVV2n6t6el+s3eRxFOIQjqIALF1CHa2hAEwg8wBO8wKv1aD1bb9b7vLVg5TP78AvWxzeXjpW2</latexit><latexit sha1_base64="WMrtPiSeRzam/eW4c59axPSu+hY=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4tFqCAlqYIeC170VsF+QBPCZrtpl242YXcjlFIv/hUvHhTx6r/w5r9x2+ag1QcDj/dmmJkXppwp7ThfVmFpeWV1rbhe2tjc2t6xd/daKskkoU2S8ER2QqwoZ4I2NdOcdlJJcRxy2g6HV1O/fU+lYom406OU+jHuCxYxgrWRAvugEWCPCaSSytlp7cRTWaioRgMV2GWn6syA/hI3J2XI0QjsT6+XkCymQhOOleq6Tqr9MZaaEU4nJS9TNMVkiPu0a6jAMVX+ePbBBB0bpYeiRJoSGs3UnxNjHCs1ikPTGWM9UIveVPzP62Y6uvTHTKSZpoLMF0UZRzpB0zhQj0lKNB8Zgolk5lZEBlhiok1oJROCu/jyX9KqVV2n6t6el+s3eRxFOIQjqIALF1CHa2hAEwg8wBO8wKv1aD1bb9b7vLVg5TP78AvWxzeXjpW2</latexit><latexit sha1_base64="WMrtPiSeRzam/eW4c59axPSu+hY=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4tFqCAlqYIeC170VsF+QBPCZrtpl242YXcjlFIv/hUvHhTx6r/w5r9x2+ag1QcDj/dmmJkXppwp7ThfVmFpeWV1rbhe2tjc2t6xd/daKskkoU2S8ER2QqwoZ4I2NdOcdlJJcRxy2g6HV1O/fU+lYom406OU+jHuCxYxgrWRAvugEWCPCaSSytlp7cRTWaioRgMV2GWn6syA/hI3J2XI0QjsT6+XkCymQhOOleq6Tqr9MZaaEU4nJS9TNMVkiPu0a6jAMVX+ePbBBB0bpYeiRJoSGs3UnxNjHCs1ikPTGWM9UIveVPzP62Y6uvTHTKSZpoLMF0UZRzpB0zhQj0lKNB8Zgolk5lZEBlhiok1oJROCu/jyX9KqVV2n6t6el+s3eRxFOIQjqIALF1CHa2hAEwg8wBO8wKv1aD1bb9b7vLVg5TP78AvWxzeXjpW2</latexit><latexit sha1_base64="WMrtPiSeRzam/eW4c59axPSu+hY=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4tFqCAlqYIeC170VsF+QBPCZrtpl242YXcjlFIv/hUvHhTx6r/w5r9x2+ag1QcDj/dmmJkXppwp7ThfVmFpeWV1rbhe2tjc2t6xd/daKskkoU2S8ER2QqwoZ4I2NdOcdlJJcRxy2g6HV1O/fU+lYom406OU+jHuCxYxgrWRAvugEWCPCaSSytlp7cRTWaioRgMV2GWn6syA/hI3J2XI0QjsT6+XkCymQhOOleq6Tqr9MZaaEU4nJS9TNMVkiPu0a6jAMVX+ePbBBB0bpYeiRJoSGs3UnxNjHCs1ikPTGWM9UIveVPzP62Y6uvTHTKSZpoLMF0UZRzpB0zhQj0lKNB8Zgolk5lZEBlhiok1oJROCu/jyX9KqVV2n6t6el+s3eRxFOIQjqIALF1CHa2hAEwg8wBO8wKv1aD1bb9b7vLVg5TP78AvWxzeXjpW2</latexit>

d! + !0 ^ ! + ! ^ !0 = 0
<latexit sha1_base64="p83qqb9AK3cGZLoDV4Y+NEz6uro=">AAACHXicbVDLSgMxFM3UV62vUZdugkUQhJKRgm6EghvdVbAP6JQhk7ltQzMPkoxShv6IG3/FjQtFXLgR/8a0nUVtPRBycs693NzjJ4IrTciPVVhZXVvfKG6WtrZ3dvfs/YOmilPJoMFiEcu2TxUIHkFDcy2gnUigoS+g5Q+vJ37rAaTicXSvRwl0Q9qPeI8zqo3k2dXAjUPoU3w2uz3iPkLQh9krF+clj1wRzy6TCpkCLxMnJ2WUo+7ZX24QszSESDNBleo4JNHdjErNmYBxyU0VJJQNaR86hkY0BNXNptuN8YlRAtyLpTmRxlN1viOjoVKj0DeVIdUDtehNxP+8Tqp7l92MR0mqIWKzQb1UYB3jSVQ44BKYFiNDKJPc/BWzAZWUaRNoyYTgLK68TJrnFYdUnLtquXabx1FER+gYnSIHXaAaukF11EAMPaEX9IberWfr1fqwPmelBSvvOUR/YH3/AhM5oeg=</latexit><latexit sha1_base64="p83qqb9AK3cGZLoDV4Y+NEz6uro=">AAACHXicbVDLSgMxFM3UV62vUZdugkUQhJKRgm6EghvdVbAP6JQhk7ltQzMPkoxShv6IG3/FjQtFXLgR/8a0nUVtPRBycs693NzjJ4IrTciPVVhZXVvfKG6WtrZ3dvfs/YOmilPJoMFiEcu2TxUIHkFDcy2gnUigoS+g5Q+vJ37rAaTicXSvRwl0Q9qPeI8zqo3k2dXAjUPoU3w2uz3iPkLQh9krF+clj1wRzy6TCpkCLxMnJ2WUo+7ZX24QszSESDNBleo4JNHdjErNmYBxyU0VJJQNaR86hkY0BNXNptuN8YlRAtyLpTmRxlN1viOjoVKj0DeVIdUDtehNxP+8Tqp7l92MR0mqIWKzQb1UYB3jSVQ44BKYFiNDKJPc/BWzAZWUaRNoyYTgLK68TJrnFYdUnLtquXabx1FER+gYnSIHXaAaukF11EAMPaEX9IberWfr1fqwPmelBSvvOUR/YH3/AhM5oeg=</latexit><latexit sha1_base64="p83qqb9AK3cGZLoDV4Y+NEz6uro=">AAACHXicbVDLSgMxFM3UV62vUZdugkUQhJKRgm6EghvdVbAP6JQhk7ltQzMPkoxShv6IG3/FjQtFXLgR/8a0nUVtPRBycs693NzjJ4IrTciPVVhZXVvfKG6WtrZ3dvfs/YOmilPJoMFiEcu2TxUIHkFDcy2gnUigoS+g5Q+vJ37rAaTicXSvRwl0Q9qPeI8zqo3k2dXAjUPoU3w2uz3iPkLQh9krF+clj1wRzy6TCpkCLxMnJ2WUo+7ZX24QszSESDNBleo4JNHdjErNmYBxyU0VJJQNaR86hkY0BNXNptuN8YlRAtyLpTmRxlN1viOjoVKj0DeVIdUDtehNxP+8Tqp7l92MR0mqIWKzQb1UYB3jSVQ44BKYFiNDKJPc/BWzAZWUaRNoyYTgLK68TJrnFYdUnLtquXabx1FER+gYnSIHXaAaukF11EAMPaEX9IberWfr1fqwPmelBSvvOUR/YH3/AhM5oeg=</latexit><latexit sha1_base64="p83qqb9AK3cGZLoDV4Y+NEz6uro=">AAACHXicbVDLSgMxFM3UV62vUZdugkUQhJKRgm6EghvdVbAP6JQhk7ltQzMPkoxShv6IG3/FjQtFXLgR/8a0nUVtPRBycs693NzjJ4IrTciPVVhZXVvfKG6WtrZ3dvfs/YOmilPJoMFiEcu2TxUIHkFDcy2gnUigoS+g5Q+vJ37rAaTicXSvRwl0Q9qPeI8zqo3k2dXAjUPoU3w2uz3iPkLQh9krF+clj1wRzy6TCpkCLxMnJ2WUo+7ZX24QszSESDNBleo4JNHdjErNmYBxyU0VJJQNaR86hkY0BNXNptuN8YlRAtyLpTmRxlN1viOjoVKj0DeVIdUDtehNxP+8Tqp7l92MR0mqIWKzQb1UYB3jSVQ44BKYFiNDKJPc/BWzAZWUaRNoyYTgLK68TJrnFYdUnLtquXabx1FER+gYnSIHXaAaukF11EAMPaEX9IberWfr1fqwPmelBSvvOUR/YH3/AhM5oeg=</latexit>

�! = d⇠ + [!0, ⇠]
<latexit sha1_base64="2YoQq8L6NskkRQETFPfc2KgyrUQ=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiCUhIRdCMU3Oiugn1AEsJkctMOnTyYmYgldOvGX3HjQhG3/oE7/8Zpm4W2Hhg495x7uXNPkHEmlWV9GwuLS8srq5W16vrG5ta2ubPblmkuKLRoylPRDYgEzhJoKaY4dDMBJA44dILB1djv3IOQLE3u1DADLya9hEWMEqUl38RuCFwRN42hRy5D94EdO9PCt0505flmzapbE+B5Ypekhko0ffPLDVOax5AoyomUjm1lyiuIUIxyGFXdXEJG6ID0wNE0ITFIr5hcMsKHWglxlAr9EoUn6u+JgsRSDuNAd8ZE9eWsNxb/85xcRRdewZIsV5DQ6aIo51ileBwLDpkAqvhQE0IF03/FtE8EoUqHV9Uh2LMnz5P2ad226vbtWa1xU8ZRQfvoAB0hG52jBrpGTdRCFD2iZ/SK3own48V4Nz6mrQtGObOH/sD4/AHzX5nb</latexit><latexit sha1_base64="2YoQq8L6NskkRQETFPfc2KgyrUQ=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiCUhIRdCMU3Oiugn1AEsJkctMOnTyYmYgldOvGX3HjQhG3/oE7/8Zpm4W2Hhg495x7uXNPkHEmlWV9GwuLS8srq5W16vrG5ta2ubPblmkuKLRoylPRDYgEzhJoKaY4dDMBJA44dILB1djv3IOQLE3u1DADLya9hEWMEqUl38RuCFwRN42hRy5D94EdO9PCt0505flmzapbE+B5Ypekhko0ffPLDVOax5AoyomUjm1lyiuIUIxyGFXdXEJG6ID0wNE0ITFIr5hcMsKHWglxlAr9EoUn6u+JgsRSDuNAd8ZE9eWsNxb/85xcRRdewZIsV5DQ6aIo51ileBwLDpkAqvhQE0IF03/FtE8EoUqHV9Uh2LMnz5P2ad226vbtWa1xU8ZRQfvoAB0hG52jBrpGTdRCFD2iZ/SK3own48V4Nz6mrQtGObOH/sD4/AHzX5nb</latexit><latexit sha1_base64="2YoQq8L6NskkRQETFPfc2KgyrUQ=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiCUhIRdCMU3Oiugn1AEsJkctMOnTyYmYgldOvGX3HjQhG3/oE7/8Zpm4W2Hhg495x7uXNPkHEmlWV9GwuLS8srq5W16vrG5ta2ubPblmkuKLRoylPRDYgEzhJoKaY4dDMBJA44dILB1djv3IOQLE3u1DADLya9hEWMEqUl38RuCFwRN42hRy5D94EdO9PCt0505flmzapbE+B5Ypekhko0ffPLDVOax5AoyomUjm1lyiuIUIxyGFXdXEJG6ID0wNE0ITFIr5hcMsKHWglxlAr9EoUn6u+JgsRSDuNAd8ZE9eWsNxb/85xcRRdewZIsV5DQ6aIo51ileBwLDpkAqvhQE0IF03/FtE8EoUqHV9Uh2LMnz5P2ad226vbtWa1xU8ZRQfvoAB0hG52jBrpGTdRCFD2iZ/SK3own48V4Nz6mrQtGObOH/sD4/AHzX5nb</latexit><latexit sha1_base64="2YoQq8L6NskkRQETFPfc2KgyrUQ=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiCUhIRdCMU3Oiugn1AEsJkctMOnTyYmYgldOvGX3HjQhG3/oE7/8Zpm4W2Hhg495x7uXNPkHEmlWV9GwuLS8srq5W16vrG5ta2ubPblmkuKLRoylPRDYgEzhJoKaY4dDMBJA44dILB1djv3IOQLE3u1DADLya9hEWMEqUl38RuCFwRN42hRy5D94EdO9PCt0505flmzapbE+B5Ypekhko0ffPLDVOax5AoyomUjm1lyiuIUIxyGFXdXEJG6ID0wNE0ITFIr5hcMsKHWglxlAr9EoUn6u+JgsRSDuNAd8ZE9eWsNxb/85xcRRdewZIsV5DQ6aIo51ileBwLDpkAqvhQE0IF03/FtE8EoUqHV9Uh2LMnz5P2ad226vbtWa1xU8ZRQfvoAB0hG52jBrpGTdRCFD2iZ/SK3own48V4Nz6mrQtGObOH/sD4/AHzX5nb</latexit>

gauge parameter

! ⌘ !⇤t⇤
<latexit sha1_base64="o322PhlePimi+AsHXrrcJeQRRYo=">AAACEHicbZDLSsNAFIYn9VbrLerSzWARXZVEBF0W3Ci4qGBboYlhMjlph04uzkwKJfQR3Pgqblwo4talO9/GaRtEW38Y+PjPOTNzfj/lTCrL+jJKC4tLyyvl1cra+sbmlrm905JJJig0acITcesTCZzF0FRMcbhNBZDI59D2++fjensAQrIkvlHDFNyIdGMWMkqUtjzz0Eki6BIH7jM2mPJd7lzpCwIyUt4PembVqlkT4XmwC6iiQg3P/HSChGYRxIpyImXHtlLl5kQoRjmMKk4mISW0T7rQ0RiTCKSbTxYa4QPtBDhMhD6xwhP390ROIimHka87I6J6crY2Nv+rdTIVnrk5i9NMQUynD4UZxyrB43RwwARQxYcaCBVM/xXTHhGEKp1hRYdgz648D63jmm3V7OuTav2yiKOM9tA+OkI2OkV1dIEaqIkoekBP6AW9Go/Gs/FmvE9bS0Yxs4v+yPj4BheQneM=</latexit><latexit sha1_base64="o322PhlePimi+AsHXrrcJeQRRYo=">AAACEHicbZDLSsNAFIYn9VbrLerSzWARXZVEBF0W3Ci4qGBboYlhMjlph04uzkwKJfQR3Pgqblwo4talO9/GaRtEW38Y+PjPOTNzfj/lTCrL+jJKC4tLyyvl1cra+sbmlrm905JJJig0acITcesTCZzF0FRMcbhNBZDI59D2++fjensAQrIkvlHDFNyIdGMWMkqUtjzz0Eki6BIH7jM2mPJd7lzpCwIyUt4PembVqlkT4XmwC6iiQg3P/HSChGYRxIpyImXHtlLl5kQoRjmMKk4mISW0T7rQ0RiTCKSbTxYa4QPtBDhMhD6xwhP390ROIimHka87I6J6crY2Nv+rdTIVnrk5i9NMQUynD4UZxyrB43RwwARQxYcaCBVM/xXTHhGEKp1hRYdgz648D63jmm3V7OuTav2yiKOM9tA+OkI2OkV1dIEaqIkoekBP6AW9Go/Gs/FmvE9bS0Yxs4v+yPj4BheQneM=</latexit><latexit sha1_base64="o322PhlePimi+AsHXrrcJeQRRYo=">AAACEHicbZDLSsNAFIYn9VbrLerSzWARXZVEBF0W3Ci4qGBboYlhMjlph04uzkwKJfQR3Pgqblwo4talO9/GaRtEW38Y+PjPOTNzfj/lTCrL+jJKC4tLyyvl1cra+sbmlrm905JJJig0acITcesTCZzF0FRMcbhNBZDI59D2++fjensAQrIkvlHDFNyIdGMWMkqUtjzz0Eki6BIH7jM2mPJd7lzpCwIyUt4PembVqlkT4XmwC6iiQg3P/HSChGYRxIpyImXHtlLl5kQoRjmMKk4mISW0T7rQ0RiTCKSbTxYa4QPtBDhMhD6xwhP390ROIimHka87I6J6crY2Nv+rdTIVnrk5i9NMQUynD4UZxyrB43RwwARQxYcaCBVM/xXTHhGEKp1hRYdgz648D63jmm3V7OuTav2yiKOM9tA+OkI2OkV1dIEaqIkoekBP6AW9Go/Gs/FmvE9bS0Yxs4v+yPj4BheQneM=</latexit><latexit sha1_base64="o322PhlePimi+AsHXrrcJeQRRYo=">AAACEHicbZDLSsNAFIYn9VbrLerSzWARXZVEBF0W3Ci4qGBboYlhMjlph04uzkwKJfQR3Pgqblwo4talO9/GaRtEW38Y+PjPOTNzfj/lTCrL+jJKC4tLyyvl1cra+sbmlrm905JJJig0acITcesTCZzF0FRMcbhNBZDI59D2++fjensAQrIkvlHDFNyIdGMWMkqUtjzz0Eki6BIH7jM2mPJd7lzpCwIyUt4PembVqlkT4XmwC6iiQg3P/HSChGYRxIpyImXHtlLl5kQoRjmMKk4mISW0T7rQ0RiTCKSbTxYa4QPtBDhMhD6xwhP390ROIimHka87I6J6crY2Nv+rdTIVnrk5i9NMQUynD4UZxyrB43RwwARQxYcaCBVM/xXTHhGEKp1hRYdgz648D63jmm3V7OuTav2yiKOM9tA+OkI2OkV1dIEaqIkoekBP6AW9Go/Gs/FmvE9bS0Yxs4v+yPj4BheQneM=</latexit>

Lie algebra valued 

one form

⇠ ⌘ ⇠⇤t⇤
<latexit sha1_base64="Cz6pf7Nw3LRnVe6nvBAn/yTO9yE=">AAACCnicbZDLSsNAFIZP6q3WW9Slm9EiuCqJCLosuFFwUcFeoKlhMpm0QycXZybFErp246u4caGIW5/AnW/jtA2irT8MfPznHM6c30s4k8qyvozCwuLS8kpxtbS2vrG5ZW7vNGScCkLrJOaxaHlYUs4iWldMcdpKBMWhx2nT65+P680BFZLF0Y0aJrQT4m7EAkaw0pZr7jv3zKF3KRtouM2cKz3q45Fyf9A1y1bFmgjNg51DGXLVXPPT8WOShjRShGMp27aVqE6GhWKE01HJSSVNMOnjLm1rjHBIZSebnDJCh9rxURAL/SKFJu7viQyHUg5DT3eGWPXkbG1s/ldrpyo462QsSlJFIzJdFKQcqRiNc0E+E5QoPtSAiWD6r4j0sMBE6fRKOgR79uR5aBxXbKtiX5+Uq5d5HEXYgwM4AhtOoQoXUIM6EHiAJ3iBV+PReDbejPdpa8HIZ3bhj4yPb2L8m1c=</latexit><latexit sha1_base64="Cz6pf7Nw3LRnVe6nvBAn/yTO9yE=">AAACCnicbZDLSsNAFIZP6q3WW9Slm9EiuCqJCLosuFFwUcFeoKlhMpm0QycXZybFErp246u4caGIW5/AnW/jtA2irT8MfPznHM6c30s4k8qyvozCwuLS8kpxtbS2vrG5ZW7vNGScCkLrJOaxaHlYUs4iWldMcdpKBMWhx2nT65+P680BFZLF0Y0aJrQT4m7EAkaw0pZr7jv3zKF3KRtouM2cKz3q45Fyf9A1y1bFmgjNg51DGXLVXPPT8WOShjRShGMp27aVqE6GhWKE01HJSSVNMOnjLm1rjHBIZSebnDJCh9rxURAL/SKFJu7viQyHUg5DT3eGWPXkbG1s/ldrpyo462QsSlJFIzJdFKQcqRiNc0E+E5QoPtSAiWD6r4j0sMBE6fRKOgR79uR5aBxXbKtiX5+Uq5d5HEXYgwM4AhtOoQoXUIM6EHiAJ3iBV+PReDbejPdpa8HIZ3bhj4yPb2L8m1c=</latexit><latexit sha1_base64="Cz6pf7Nw3LRnVe6nvBAn/yTO9yE=">AAACCnicbZDLSsNAFIZP6q3WW9Slm9EiuCqJCLosuFFwUcFeoKlhMpm0QycXZybFErp246u4caGIW5/AnW/jtA2irT8MfPznHM6c30s4k8qyvozCwuLS8kpxtbS2vrG5ZW7vNGScCkLrJOaxaHlYUs4iWldMcdpKBMWhx2nT65+P680BFZLF0Y0aJrQT4m7EAkaw0pZr7jv3zKF3KRtouM2cKz3q45Fyf9A1y1bFmgjNg51DGXLVXPPT8WOShjRShGMp27aVqE6GhWKE01HJSSVNMOnjLm1rjHBIZSebnDJCh9rxURAL/SKFJu7viQyHUg5DT3eGWPXkbG1s/ldrpyo462QsSlJFIzJdFKQcqRiNc0E+E5QoPtSAiWD6r4j0sMBE6fRKOgR79uR5aBxXbKtiX5+Uq5d5HEXYgwM4AhtOoQoXUIM6EHiAJ3iBV+PReDbejPdpa8HIZ3bhj4yPb2L8m1c=</latexit><latexit sha1_base64="Cz6pf7Nw3LRnVe6nvBAn/yTO9yE=">AAACCnicbZDLSsNAFIZP6q3WW9Slm9EiuCqJCLosuFFwUcFeoKlhMpm0QycXZybFErp246u4caGIW5/AnW/jtA2irT8MfPznHM6c30s4k8qyvozCwuLS8kpxtbS2vrG5ZW7vNGScCkLrJOaxaHlYUs4iWldMcdpKBMWhx2nT65+P680BFZLF0Y0aJrQT4m7EAkaw0pZr7jv3zKF3KRtouM2cKz3q45Fyf9A1y1bFmgjNg51DGXLVXPPT8WOShjRShGMp27aVqE6GhWKE01HJSSVNMOnjLm1rjHBIZSebnDJCh9rxURAL/SKFJu7viQyHUg5DT3eGWPXkbG1s/ldrpyo462QsSlJFIzJdFKQcqRiNc0E+E5QoPtSAiWD6r4j0sMBE6fRKOgR79uR5aBxXbKtiX5+Uq5d5HEXYgwM4AhtOoQoXUIM6EHiAJ3iBV+PReDbejPdpa8HIZ3bhj4yPb2L8m1c=</latexit>

Lie algebra valued 

zero form!0 = haPa

<latexit sha1_base64="xrBQ720u0ifYr+rGxFM2PPTqiFE=">AAAB+HicbVBNS8NAEJ3Ur1o/GvUoSLAInkriRS9CwYveKtgPaGOYbDft0k027G6EGvpLvHhQxKs/xZu/wR+h29aDtj4YeLw3w8y8MOVMadf9sApLyyura8X10sbm1nbZ3tltKpFJQhtEcCHbISrKWUIbmmlO26mkGIectsLhxcRv3VGpmEhu9Cilfoz9hEWMoDZSYJe7IqZ9DNzzwS3WAwzsilt1p3AWifdDKrWDr08wqAf2e7cnSBbTRBOOSnU8N9V+jlIzwum41M0UTZEMsU87hiYYU+Xn08PHzpFRek4kpKlEO1P190SOsVKjODSdMeqBmvcm4n9eJ9PRmZ+zJM00TchsUZRxRwtnkoLTY5ISzUeGIJHM3OqQAUok2mRVMiF48y8vkuZJ1XOr3rVJ4wpmKMI+HMIxeHAKNbiEOjSAQAYP8ATP1r31aL1Yr7PWgvUzswd/YL19AxxxlPQ=</latexit><latexit sha1_base64="R3dJXzFQwbBn0ArO7lNuaXsE1gM=">AAAB+HicbVDLSsNAFJ34aq2PRl2KMlgEVyVxoxuh4EZdVbAPaGO4mU7aoZNMmJkoNfRL3LhQxK2f4s5v8CN0+lho64ELh3Pu5d57goQzpR3n01pYXFpeyeVXC2vrG5tFe2u7rkQqCa0RwYVsBqAoZzGtaaY5bSaSQhRw2gj65yO/cUelYiK+0YOEehF0YxYyAtpIvl1si4h2wXfOerdQ9cG3S07ZGQPPE3dKSpX976/c1f1e1bc/2h1B0ojGmnBQquU6ifYykJoRToeFdqpoAqQPXdoyNIaIKi8bHz7Eh0bp4FBIU7HGY/X3RAaRUoMoMJ0R6J6a9Ubif14r1eGpl7E4STWNyWRRmHKsBR6lgDtMUqL5wBAgkplbMemBBKJNVgUTgjv78jypH5ddp+xemzQu0QR5tIsO0BFy0QmqoAtURTVEUIoe0TN6sR6sJ+vVepu0LljTmR30B9b7D06pldk=</latexit><latexit sha1_base64="R3dJXzFQwbBn0ArO7lNuaXsE1gM=">AAAB+HicbVDLSsNAFJ34aq2PRl2KMlgEVyVxoxuh4EZdVbAPaGO4mU7aoZNMmJkoNfRL3LhQxK2f4s5v8CN0+lho64ELh3Pu5d57goQzpR3n01pYXFpeyeVXC2vrG5tFe2u7rkQqCa0RwYVsBqAoZzGtaaY5bSaSQhRw2gj65yO/cUelYiK+0YOEehF0YxYyAtpIvl1si4h2wXfOerdQ9cG3S07ZGQPPE3dKSpX976/c1f1e1bc/2h1B0ojGmnBQquU6ifYykJoRToeFdqpoAqQPXdoyNIaIKi8bHz7Eh0bp4FBIU7HGY/X3RAaRUoMoMJ0R6J6a9Ubif14r1eGpl7E4STWNyWRRmHKsBR6lgDtMUqL5wBAgkplbMemBBKJNVgUTgjv78jypH5ddp+xemzQu0QR5tIsO0BFy0QmqoAtURTVEUIoe0TN6sR6sJ+vVepu0LljTmR30B9b7D06pldk=</latexit><latexit sha1_base64="fsQSCP8EXQFVmDfHC5tWPS1GdlI=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInsrGi16Eghe9VbAf0MYw2W7apZtN2N0INfSXePGgiFd/ijf/jds2B219MPB4b4aZeWEquDaEfDultfWNza3ydmVnd2+/6h4ctnWSKcpaNBGJ6oagmeCStQw3gnVTxSAOBeuE4+uZ33lkSvNE3ptJyvwYhpJHnIKxUuBW+0nMhhCQq9EDNAMI3BqpkznwKvEKUkMFmoH71R8kNIuZNFSA1j2PpMbPQRlOBZtW+plmKdAxDFnPUgkx034+P3yKT60ywFGibEmD5+rviRxirSdxaDtjMCO97M3E/7xeZqJLP+cyzQyTdLEoygQ2CZ6lgAdcMWrExBKgittbMR2BAmpsVhUbgrf88ippn9c9UvfuSK1xW8RRRsfoBJ0hD12gBrpBTdRCFGXoGb2iN+fJeXHenY9Fa8kpZo7QHzifPwdBkqw=</latexit>

definition of vacuum

eom

➤ To identify the higher spin content for one of the higher spin algebras above we have to linearise the 
theory over the Minkowski vacuum.



➤ We can write the linearised equations of motion and linearised gauge 
transformations around the vacuum as


➤ IW contraction

d!⇤t⇤ + ha ^ !⇤[Pa, t⇤] = 0
<latexit sha1_base64="z+GjWZmPQogccLVuiqFQo5uOnMg=">AAACMnicbVDLSsNAFJ34tr6iLt0EiyAoJRFBN0LBjYKLClaFJIabyW07OHkwM1FK6De58UsEF7pQxK0f4bQGqa0HBg7nnMude8KMM6ls+8WYmJyanpmdm68sLC4tr5ira5cyzQXFJk15Kq5DkMhZgk3FFMfrTCDEIcer8Pa471/doZAsTS5UN0M/hnbCWoyC0lJgnkZeGmMbbgrvTE9F0FPBL93p3IB3j1EbR0NuI4DdoaR/ZAdm1a7ZA1jjxClJlZRoBOaTF6U0jzFRlIOUrmNnyi9AKEY59ipeLjEDegttdDVNIEbpF4OTe9aWViKrlQr9EmUN1OGJAmIpu3GokzGojhz1+uJ/npur1qFfsCTLFSb0Z1Er55ZKrX5/VsQEUsW7mgAVTP/Voh0QQJVuuaJLcEZPHieXezXHrjnn+9X6aVnHHNkgm2SbOOSA1MkJaZAmoeSBPJM38m48Gq/Gh/H5E50wypl18gfG1zeZs6uL</latexit><latexit sha1_base64="z+GjWZmPQogccLVuiqFQo5uOnMg=">AAACMnicbVDLSsNAFJ34tr6iLt0EiyAoJRFBN0LBjYKLClaFJIabyW07OHkwM1FK6De58UsEF7pQxK0f4bQGqa0HBg7nnMude8KMM6ls+8WYmJyanpmdm68sLC4tr5ira5cyzQXFJk15Kq5DkMhZgk3FFMfrTCDEIcer8Pa471/doZAsTS5UN0M/hnbCWoyC0lJgnkZeGmMbbgrvTE9F0FPBL93p3IB3j1EbR0NuI4DdoaR/ZAdm1a7ZA1jjxClJlZRoBOaTF6U0jzFRlIOUrmNnyi9AKEY59ipeLjEDegttdDVNIEbpF4OTe9aWViKrlQr9EmUN1OGJAmIpu3GokzGojhz1+uJ/npur1qFfsCTLFSb0Z1Er55ZKrX5/VsQEUsW7mgAVTP/Voh0QQJVuuaJLcEZPHieXezXHrjnn+9X6aVnHHNkgm2SbOOSA1MkJaZAmoeSBPJM38m48Gq/Gh/H5E50wypl18gfG1zeZs6uL</latexit><latexit sha1_base64="z+GjWZmPQogccLVuiqFQo5uOnMg=">AAACMnicbVDLSsNAFJ34tr6iLt0EiyAoJRFBN0LBjYKLClaFJIabyW07OHkwM1FK6De58UsEF7pQxK0f4bQGqa0HBg7nnMude8KMM6ls+8WYmJyanpmdm68sLC4tr5ira5cyzQXFJk15Kq5DkMhZgk3FFMfrTCDEIcer8Pa471/doZAsTS5UN0M/hnbCWoyC0lJgnkZeGmMbbgrvTE9F0FPBL93p3IB3j1EbR0NuI4DdoaR/ZAdm1a7ZA1jjxClJlZRoBOaTF6U0jzFRlIOUrmNnyi9AKEY59ipeLjEDegttdDVNIEbpF4OTe9aWViKrlQr9EmUN1OGJAmIpu3GokzGojhz1+uJ/npur1qFfsCTLFSb0Z1Er55ZKrX5/VsQEUsW7mgAVTP/Voh0QQJVuuaJLcEZPHieXezXHrjnn+9X6aVnHHNkgm2SbOOSA1MkJaZAmoeSBPJM38m48Gq/Gh/H5E50wypl18gfG1zeZs6uL</latexit><latexit sha1_base64="z+GjWZmPQogccLVuiqFQo5uOnMg=">AAACMnicbVDLSsNAFJ34tr6iLt0EiyAoJRFBN0LBjYKLClaFJIabyW07OHkwM1FK6De58UsEF7pQxK0f4bQGqa0HBg7nnMude8KMM6ls+8WYmJyanpmdm68sLC4tr5ira5cyzQXFJk15Kq5DkMhZgk3FFMfrTCDEIcer8Pa471/doZAsTS5UN0M/hnbCWoyC0lJgnkZeGmMbbgrvTE9F0FPBL93p3IB3j1EbR0NuI4DdoaR/ZAdm1a7ZA1jjxClJlZRoBOaTF6U0jzFRlIOUrmNnyi9AKEY59ipeLjEDegttdDVNIEbpF4OTe9aWViKrlQr9EmUN1OGJAmIpu3GokzGojhz1+uJ/npur1qFfsCTLFSb0Z1Er55ZKrX5/VsQEUsW7mgAVTP/Voh0QQJVuuaJLcEZPHieXezXHrjnn+9X6aVnHHNkgm2SbOOSA1MkJaZAmoeSBPJM38m48Gq/Gh/H5E50wypl18gfG1zeZs6uL</latexit>

�!⇤t⇤ = d⇠⇤t⇤ + ha ^ ⇠⇤[Pa, t⇤]
<latexit sha1_base64="dEMhWrFaU5x1/yVMM1SZn1v53g4=">AAACTHicbVDLSsNAFJ3Ud31VXboJFkFQSiKCboSCGwUXFawKTQw3k9t2cPJg5kYtoR/oxoU7v8KNC0UEp7WIrwMDh/NgZk6YSaHJcR6t0tj4xOTU9Ex5dm5+YbGytHym01xxbPJUpuoiBI1SJNgkQRIvMoUQhxLPw6uDgX9+jUqLNDmlXoZ+DJ1EtAUHMlJQ4V6EksBLY+zAZeEdm2oEfQq+6H7k3Yp/nc3uJXg3GHXwR6LVCGDrW8wPKlWn5gxh/yXuiFTZCI2g8uBFKc9jTIhL0LrlOhn5BSgSXGK/7OUaM+BX0MGWoQnEqP1iOEbfXjdKZLdTZU5C9lD93igg1roXhyYZA3X1b28g/ue1cmrv+YVIspww4Z8XtXNpU2oPlrUjoZCT7BkCXAnzVpt3QQEns3/ZjOD+/vJfcrZdc52ae7JTrR+N5phmq2yNbTCX7bI6O2QN1mSc3bEn9sJerXvr2Xqz3j+jJWvUWWE/UJr8AAGHtjY=</latexit><latexit sha1_base64="dEMhWrFaU5x1/yVMM1SZn1v53g4=">AAACTHicbVDLSsNAFJ3Ud31VXboJFkFQSiKCboSCGwUXFawKTQw3k9t2cPJg5kYtoR/oxoU7v8KNC0UEp7WIrwMDh/NgZk6YSaHJcR6t0tj4xOTU9Ex5dm5+YbGytHym01xxbPJUpuoiBI1SJNgkQRIvMoUQhxLPw6uDgX9+jUqLNDmlXoZ+DJ1EtAUHMlJQ4V6EksBLY+zAZeEdm2oEfQq+6H7k3Yp/nc3uJXg3GHXwR6LVCGDrW8wPKlWn5gxh/yXuiFTZCI2g8uBFKc9jTIhL0LrlOhn5BSgSXGK/7OUaM+BX0MGWoQnEqP1iOEbfXjdKZLdTZU5C9lD93igg1roXhyYZA3X1b28g/ue1cmrv+YVIspww4Z8XtXNpU2oPlrUjoZCT7BkCXAnzVpt3QQEns3/ZjOD+/vJfcrZdc52ae7JTrR+N5phmq2yNbTCX7bI6O2QN1mSc3bEn9sJerXvr2Xqz3j+jJWvUWWE/UJr8AAGHtjY=</latexit><latexit sha1_base64="dEMhWrFaU5x1/yVMM1SZn1v53g4=">AAACTHicbVDLSsNAFJ3Ud31VXboJFkFQSiKCboSCGwUXFawKTQw3k9t2cPJg5kYtoR/oxoU7v8KNC0UEp7WIrwMDh/NgZk6YSaHJcR6t0tj4xOTU9Ex5dm5+YbGytHym01xxbPJUpuoiBI1SJNgkQRIvMoUQhxLPw6uDgX9+jUqLNDmlXoZ+DJ1EtAUHMlJQ4V6EksBLY+zAZeEdm2oEfQq+6H7k3Yp/nc3uJXg3GHXwR6LVCGDrW8wPKlWn5gxh/yXuiFTZCI2g8uBFKc9jTIhL0LrlOhn5BSgSXGK/7OUaM+BX0MGWoQnEqP1iOEbfXjdKZLdTZU5C9lD93igg1roXhyYZA3X1b28g/ue1cmrv+YVIspww4Z8XtXNpU2oPlrUjoZCT7BkCXAnzVpt3QQEns3/ZjOD+/vJfcrZdc52ae7JTrR+N5phmq2yNbTCX7bI6O2QN1mSc3bEn9sJerXvr2Xqz3j+jJWvUWWE/UJr8AAGHtjY=</latexit><latexit sha1_base64="dEMhWrFaU5x1/yVMM1SZn1v53g4=">AAACTHicbVDLSsNAFJ3Ud31VXboJFkFQSiKCboSCGwUXFawKTQw3k9t2cPJg5kYtoR/oxoU7v8KNC0UEp7WIrwMDh/NgZk6YSaHJcR6t0tj4xOTU9Ex5dm5+YbGytHym01xxbPJUpuoiBI1SJNgkQRIvMoUQhxLPw6uDgX9+jUqLNDmlXoZ+DJ1EtAUHMlJQ4V6EksBLY+zAZeEdm2oEfQq+6H7k3Yp/nc3uJXg3GHXwR6LVCGDrW8wPKlWn5gxh/yXuiFTZCI2g8uBFKc9jTIhL0LrlOhn5BSgSXGK/7OUaM+BX0MGWoQnEqP1iOEbfXjdKZLdTZU5C9lD93igg1roXhyYZA3X1b28g/ue1cmrv+YVIspww4Z8XtXNpU2oPlrUjoZCT7BkCXAnzVpt3QQEns3/ZjOD+/vJfcrZdc52ae7JTrR+N5phmq2yNbTCX7bI6O2QN1mSc3bEn9sJerXvr2Xqz3j+jJWvUWWE/UJr8AAGHtjY=</latexit>

g = h+ i
<latexit sha1_base64="2cQ6hY6zdxHQS5lv9EWflYkXUPc=">AAACD3icbVDLSsNAFL2pr1pfUZduBosiCCURQTdCwY0LFxXsA9pSJtNJO3QyCTMToYT8gRt/xY0LRdy6deffOGkD1dYDA+eecy9z7/EizpR2nG+rsLS8srpWXC9tbG5t79i7ew0VxpLQOgl5KFseVpQzQeuaaU5bkaQ48DhteqPrzG8+UKlYKO71OKLdAA8E8xnB2kg9+7gTYD30JR4lg/RqVgzT01nB0p5ddirOBGiRuDkpQ45az/7q9EMSB1RowrFSbdeJdDfBUjPCaVrqxIpGmIzwgLYNFTigqptM7knRkVH6yA+leUKjifp7IsGBUuPAM53Zjmrey8T/vHas/ctuwkQUayrI9CM/5kiHKAsH9ZmkRPOxIZhIZnZFZIglJtpEWDIhuPMnL5LGWcV1Ku7debl6m8dRhAM4hBNw4QKqcAM1qAOBR3iGV3iznqwX6936mLYWrHxmH/7A+vwBrcidtw==</latexit><latexit sha1_base64="2cQ6hY6zdxHQS5lv9EWflYkXUPc=">AAACD3icbVDLSsNAFL2pr1pfUZduBosiCCURQTdCwY0LFxXsA9pSJtNJO3QyCTMToYT8gRt/xY0LRdy6deffOGkD1dYDA+eecy9z7/EizpR2nG+rsLS8srpWXC9tbG5t79i7ew0VxpLQOgl5KFseVpQzQeuaaU5bkaQ48DhteqPrzG8+UKlYKO71OKLdAA8E8xnB2kg9+7gTYD30JR4lg/RqVgzT01nB0p5ddirOBGiRuDkpQ45az/7q9EMSB1RowrFSbdeJdDfBUjPCaVrqxIpGmIzwgLYNFTigqptM7knRkVH6yA+leUKjifp7IsGBUuPAM53Zjmrey8T/vHas/ctuwkQUayrI9CM/5kiHKAsH9ZmkRPOxIZhIZnZFZIglJtpEWDIhuPMnL5LGWcV1Ku7debl6m8dRhAM4hBNw4QKqcAM1qAOBR3iGV3iznqwX6936mLYWrHxmH/7A+vwBrcidtw==</latexit><latexit sha1_base64="2cQ6hY6zdxHQS5lv9EWflYkXUPc=">AAACD3icbVDLSsNAFL2pr1pfUZduBosiCCURQTdCwY0LFxXsA9pSJtNJO3QyCTMToYT8gRt/xY0LRdy6deffOGkD1dYDA+eecy9z7/EizpR2nG+rsLS8srpWXC9tbG5t79i7ew0VxpLQOgl5KFseVpQzQeuaaU5bkaQ48DhteqPrzG8+UKlYKO71OKLdAA8E8xnB2kg9+7gTYD30JR4lg/RqVgzT01nB0p5ddirOBGiRuDkpQ45az/7q9EMSB1RowrFSbdeJdDfBUjPCaVrqxIpGmIzwgLYNFTigqptM7knRkVH6yA+leUKjifp7IsGBUuPAM53Zjmrey8T/vHas/ctuwkQUayrI9CM/5kiHKAsH9ZmkRPOxIZhIZnZFZIglJtpEWDIhuPMnL5LGWcV1Ku7debl6m8dRhAM4hBNw4QKqcAM1qAOBR3iGV3iznqwX6936mLYWrHxmH/7A+vwBrcidtw==</latexit><latexit sha1_base64="2cQ6hY6zdxHQS5lv9EWflYkXUPc=">AAACD3icbVDLSsNAFL2pr1pfUZduBosiCCURQTdCwY0LFxXsA9pSJtNJO3QyCTMToYT8gRt/xY0LRdy6deffOGkD1dYDA+eecy9z7/EizpR2nG+rsLS8srpWXC9tbG5t79i7ew0VxpLQOgl5KFseVpQzQeuaaU5bkaQ48DhteqPrzG8+UKlYKO71OKLdAA8E8xnB2kg9+7gTYD30JR4lg/RqVgzT01nB0p5ddirOBGiRuDkpQ45az/7q9EMSB1RowrFSbdeJdDfBUjPCaVrqxIpGmIzwgLYNFTigqptM7knRkVH6yA+leUKjifp7IsGBUuPAM53Zjmrey8T/vHas/ctuwkQUayrI9CM/5kiHKAsH9ZmkRPOxIZhIZnZFZIglJtpEWDIhuPMnL5LGWcV1Ku7debl6m8dRhAM4hBNw4QKqcAM1qAOBR3iGV3iznqwX6936mLYWrHxmH/7A+vwBrcidtw==</latexit>

algebra that we start with

subalgebra of 

ideal

g
<latexit sha1_base64="PyVlnZzKI1P0mZ7qczaHWWdTNDE=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeCFw8eKthaaELZbDft0s0m7L4IJfRvePGgiFf/jDf/jZs2B20dWBhm3uPNTphKYdB1v53K2vrG5lZ1u7azu7d/UD886pok04x3WCIT3Qup4VIo3kGBkvdSzWkcSv4YTm4K//GJayMS9YDTlAcxHSkRCUbRSr4fUxxHmk7y0WxQb7hNdw6ySrySNKBEe1D/8ocJy2KukElqTN9zUwxyqlEwyWc1PzM8pWxCR7xvqaIxN0E+zzwjZ1YZkijR9ikkc/X3Rk5jY6ZxaCeLjGbZK8T/vH6G0XWQC5VmyBVbHIoySTAhRQFkKDRnKKeWUKaFzUrYmGrK0NZUsyV4y19eJd2Lpuc2vfvLRuuurKMKJ3AK5+DBFbTgFtrQAQYpPMMrvDmZ8+K8Ox+L0YpT7hzDHzifP4aXkgU=</latexit><latexit sha1_base64="PyVlnZzKI1P0mZ7qczaHWWdTNDE=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeCFw8eKthaaELZbDft0s0m7L4IJfRvePGgiFf/jDf/jZs2B20dWBhm3uPNTphKYdB1v53K2vrG5lZ1u7azu7d/UD886pok04x3WCIT3Qup4VIo3kGBkvdSzWkcSv4YTm4K//GJayMS9YDTlAcxHSkRCUbRSr4fUxxHmk7y0WxQb7hNdw6ySrySNKBEe1D/8ocJy2KukElqTN9zUwxyqlEwyWc1PzM8pWxCR7xvqaIxN0E+zzwjZ1YZkijR9ikkc/X3Rk5jY6ZxaCeLjGbZK8T/vH6G0XWQC5VmyBVbHIoySTAhRQFkKDRnKKeWUKaFzUrYmGrK0NZUsyV4y19eJd2Lpuc2vfvLRuuurKMKJ3AK5+DBFbTgFtrQAQYpPMMrvDmZ8+K8Ox+L0YpT7hzDHzifP4aXkgU=</latexit><latexit sha1_base64="PyVlnZzKI1P0mZ7qczaHWWdTNDE=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeCFw8eKthaaELZbDft0s0m7L4IJfRvePGgiFf/jDf/jZs2B20dWBhm3uPNTphKYdB1v53K2vrG5lZ1u7azu7d/UD886pok04x3WCIT3Qup4VIo3kGBkvdSzWkcSv4YTm4K//GJayMS9YDTlAcxHSkRCUbRSr4fUxxHmk7y0WxQb7hNdw6ySrySNKBEe1D/8ocJy2KukElqTN9zUwxyqlEwyWc1PzM8pWxCR7xvqaIxN0E+zzwjZ1YZkijR9ikkc/X3Rk5jY6ZxaCeLjGbZK8T/vH6G0XWQC5VmyBVbHIoySTAhRQFkKDRnKKeWUKaFzUrYmGrK0NZUsyV4y19eJd2Lpuc2vfvLRuuurKMKJ3AK5+DBFbTgFtrQAQYpPMMrvDmZ8+K8Ox+L0YpT7hzDHzifP4aXkgU=</latexit><latexit sha1_base64="PyVlnZzKI1P0mZ7qczaHWWdTNDE=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeCFw8eKthaaELZbDft0s0m7L4IJfRvePGgiFf/jDf/jZs2B20dWBhm3uPNTphKYdB1v53K2vrG5lZ1u7azu7d/UD886pok04x3WCIT3Qup4VIo3kGBkvdSzWkcSv4YTm4K//GJayMS9YDTlAcxHSkRCUbRSr4fUxxHmk7y0WxQb7hNdw6ySrySNKBEe1D/8ocJy2KukElqTN9zUwxyqlEwyWc1PzM8pWxCR7xvqaIxN0E+zzwjZ1YZkijR9ikkc/X3Rk5jY6ZxaCeLjGbZK8T/vH6G0XWQC5VmyBVbHIoySTAhRQFkKDRnKKeWUKaFzUrYmGrK0NZUsyV4y19eJd2Lpuc2vfvLRuuurKMKJ3AK5+DBFbTgFtrQAQYpPMMrvDmZ8+K8Ox+L0YpT7hzDHzifP4aXkgU=</latexit>

i ! ✏i
<latexit sha1_base64="EMl7IAmrtkAkYJROoSpL3TIeWfc=">AAACFHicbVBNS8NAEN3Ur1q/oh69BIsgCCURQY8FLx48VLAf0ISy2U7apZvdsLtRSuiP8OJf8eJBEa8evPlv3LQ51NYHA4/3ZpiZFyaMKu26P1ZpZXVtfaO8Wdna3tnds/cPWkqkkkCTCCZkJ8QKGOXQ1FQz6CQScBwyaIej69xvP4BUVPB7PU4giPGA04gSrI3Us8/8GOthJPEooxNf0sFQYynFow+JokzwebtnV92aO4WzTLyCVFGBRs/+9vuCpDFwTRhWquu5iQ4yLDUlDCYVP1WQYDLCA+gaynEMKsimT02cE6P0nUhIU1w7U3V+IsOxUuM4NJ35jWrRy8X/vG6qo6sgozxJNXAyWxSlzNHCyRNy+lQC0WxsCCaSmlsdMsQSE21yrJgQvMWXl0nrvOa5Ne/uolq/LeIooyN0jE6Rhy5RHd2gBmoigp7QC3pD79az9Wp9WJ+z1pJVzByiP7C+fgGfTqB0</latexit><latexit sha1_base64="EMl7IAmrtkAkYJROoSpL3TIeWfc=">AAACFHicbVBNS8NAEN3Ur1q/oh69BIsgCCURQY8FLx48VLAf0ISy2U7apZvdsLtRSuiP8OJf8eJBEa8evPlv3LQ51NYHA4/3ZpiZFyaMKu26P1ZpZXVtfaO8Wdna3tnds/cPWkqkkkCTCCZkJ8QKGOXQ1FQz6CQScBwyaIej69xvP4BUVPB7PU4giPGA04gSrI3Us8/8GOthJPEooxNf0sFQYynFow+JokzwebtnV92aO4WzTLyCVFGBRs/+9vuCpDFwTRhWquu5iQ4yLDUlDCYVP1WQYDLCA+gaynEMKsimT02cE6P0nUhIU1w7U3V+IsOxUuM4NJ35jWrRy8X/vG6qo6sgozxJNXAyWxSlzNHCyRNy+lQC0WxsCCaSmlsdMsQSE21yrJgQvMWXl0nrvOa5Ne/uolq/LeIooyN0jE6Rhy5RHd2gBmoigp7QC3pD79az9Wp9WJ+z1pJVzByiP7C+fgGfTqB0</latexit><latexit sha1_base64="EMl7IAmrtkAkYJROoSpL3TIeWfc=">AAACFHicbVBNS8NAEN3Ur1q/oh69BIsgCCURQY8FLx48VLAf0ISy2U7apZvdsLtRSuiP8OJf8eJBEa8evPlv3LQ51NYHA4/3ZpiZFyaMKu26P1ZpZXVtfaO8Wdna3tnds/cPWkqkkkCTCCZkJ8QKGOXQ1FQz6CQScBwyaIej69xvP4BUVPB7PU4giPGA04gSrI3Us8/8GOthJPEooxNf0sFQYynFow+JokzwebtnV92aO4WzTLyCVFGBRs/+9vuCpDFwTRhWquu5iQ4yLDUlDCYVP1WQYDLCA+gaynEMKsimT02cE6P0nUhIU1w7U3V+IsOxUuM4NJ35jWrRy8X/vG6qo6sgozxJNXAyWxSlzNHCyRNy+lQC0WxsCCaSmlsdMsQSE21yrJgQvMWXl0nrvOa5Ne/uolq/LeIooyN0jE6Rhy5RHd2gBmoigp7QC3pD79az9Wp9WJ+z1pJVzByiP7C+fgGfTqB0</latexit><latexit sha1_base64="EMl7IAmrtkAkYJROoSpL3TIeWfc=">AAACFHicbVBNS8NAEN3Ur1q/oh69BIsgCCURQY8FLx48VLAf0ISy2U7apZvdsLtRSuiP8OJf8eJBEa8evPlv3LQ51NYHA4/3ZpiZFyaMKu26P1ZpZXVtfaO8Wdna3tnds/cPWkqkkkCTCCZkJ8QKGOXQ1FQz6CQScBwyaIej69xvP4BUVPB7PU4giPGA04gSrI3Us8/8GOthJPEooxNf0sFQYynFow+JokzwebtnV92aO4WzTLyCVFGBRs/+9vuCpDFwTRhWquu5iQ4yLDUlDCYVP1WQYDLCA+gaynEMKsimT02cE6P0nUhIU1w7U3V+IsOxUuM4NJ35jWrRy8X/vG6qo6sgozxJNXAyWxSlzNHCyRNy+lQC0WxsCCaSmlsdMsQSE21yrJgQvMWXl0nrvOa5Ne/uolq/LeIooyN0jE6Rhy5RHd2gBmoigp7QC3pD79az9Wp9WJ+z1pJVzByiP7C+fgGfTqB0</latexit>

✏ ! 1
<latexit sha1_base64="iFnGHbt4BGbWLrhET6lvZHDwNkE=">AAACAnicbVA9SwNBEN2LXzF+nVqJzWIQrMKdCFoGbCwsIphEyB1hb7OXLNnbPXbnlCMEG/+KjYUitv4KO/+Nm+QKTXww8Hhvhpl5USq4Ac/7dkpLyyura+X1ysbm1vaOu7vXMirTlDWpEkrfRcQwwSVrAgfB7lLNSBIJ1o6GlxO/fc+04UreQp6yMCF9yWNOCVip6x4ELDVcKBlo3h8A0Vo9BFzGkHfdqlfzpsCLxC9IFRVodN2voKdoljAJVBBjOr6XQjgiGjgVbFwJMsNSQoekzzqWSpIwE46mL4zxsVV6OFbalgQ8VX9PjEhiTJ5EtjMhMDDz3kT8z+tkEF+EIy7TDJiks0VxJjAoPMkD97hmFERuCaGa21sxHRBNKNjUKjYEf/7lRdI6rflezb85q9avizjK6BAdoRPko3NUR1eogZqIokf0jF7Rm/PkvDjvzsesteQUM/voD5zPH40AmDA=</latexit><latexit sha1_base64="iFnGHbt4BGbWLrhET6lvZHDwNkE=">AAACAnicbVA9SwNBEN2LXzF+nVqJzWIQrMKdCFoGbCwsIphEyB1hb7OXLNnbPXbnlCMEG/+KjYUitv4KO/+Nm+QKTXww8Hhvhpl5USq4Ac/7dkpLyyura+X1ysbm1vaOu7vXMirTlDWpEkrfRcQwwSVrAgfB7lLNSBIJ1o6GlxO/fc+04UreQp6yMCF9yWNOCVip6x4ELDVcKBlo3h8A0Vo9BFzGkHfdqlfzpsCLxC9IFRVodN2voKdoljAJVBBjOr6XQjgiGjgVbFwJMsNSQoekzzqWSpIwE46mL4zxsVV6OFbalgQ8VX9PjEhiTJ5EtjMhMDDz3kT8z+tkEF+EIy7TDJiks0VxJjAoPMkD97hmFERuCaGa21sxHRBNKNjUKjYEf/7lRdI6rflezb85q9avizjK6BAdoRPko3NUR1eogZqIokf0jF7Rm/PkvDjvzsesteQUM/voD5zPH40AmDA=</latexit><latexit sha1_base64="iFnGHbt4BGbWLrhET6lvZHDwNkE=">AAACAnicbVA9SwNBEN2LXzF+nVqJzWIQrMKdCFoGbCwsIphEyB1hb7OXLNnbPXbnlCMEG/+KjYUitv4KO/+Nm+QKTXww8Hhvhpl5USq4Ac/7dkpLyyura+X1ysbm1vaOu7vXMirTlDWpEkrfRcQwwSVrAgfB7lLNSBIJ1o6GlxO/fc+04UreQp6yMCF9yWNOCVip6x4ELDVcKBlo3h8A0Vo9BFzGkHfdqlfzpsCLxC9IFRVodN2voKdoljAJVBBjOr6XQjgiGjgVbFwJMsNSQoekzzqWSpIwE46mL4zxsVV6OFbalgQ8VX9PjEhiTJ5EtjMhMDDz3kT8z+tkEF+EIy7TDJiks0VxJjAoPMkD97hmFERuCaGa21sxHRBNKNjUKjYEf/7lRdI6rflezb85q9avizjK6BAdoRPko3NUR1eogZqIokf0jF7Rm/PkvDjvzsesteQUM/voD5zPH40AmDA=</latexit><latexit sha1_base64="iFnGHbt4BGbWLrhET6lvZHDwNkE=">AAACAnicbVA9SwNBEN2LXzF+nVqJzWIQrMKdCFoGbCwsIphEyB1hb7OXLNnbPXbnlCMEG/+KjYUitv4KO/+Nm+QKTXww8Hhvhpl5USq4Ac/7dkpLyyura+X1ysbm1vaOu7vXMirTlDWpEkrfRcQwwSVrAgfB7lLNSBIJ1o6GlxO/fc+04UreQp6yMCF9yWNOCVip6x4ELDVcKBlo3h8A0Vo9BFzGkHfdqlfzpsCLxC9IFRVodN2voKdoljAJVBBjOr6XQjgiGjgVbFwJMsNSQoekzzqWSpIwE46mL4zxsVV6OFbalgQ8VX9PjEhiTJ5EtjMhMDDz3kT8z+tkEF+EIy7TDJiks0VxJjAoPMkD97hmFERuCaGa21sxHRBNKNjUKjYEf/7lRdI6rflezb85q9avizjK6BAdoRPko3NUR1eogZqIokf0jF7Rm/PkvDjvzsesteQUM/voD5zPH40AmDA=</latexit>

Example for spin-2 case:

[h, h] ✓ h , [h, i] ✓ 1

✏
h+ i , [i, i] ✓ 1

✏2
h+

1

✏
i

<latexit sha1_base64="Y20PZkRU6mFarQnH2Ik0zZQtDA0="></latexit><latexit sha1_base64="Y20PZkRU6mFarQnH2Ik0zZQtDA0="></latexit><latexit sha1_base64="Y20PZkRU6mFarQnH2Ik0zZQtDA0="></latexit><latexit sha1_base64="Y20PZkRU6mFarQnH2Ik0zZQtDA0="></latexit>

[Inönu, Wigner 1953, 
Bacry, LevyLeblond 1968, 
Bergshoeff at al. 2017]



SPIN-2



➤ Conformal Carroll algebra a = {0, i; i = 1, 2}
<latexit sha1_base64="HVYlvmuvUwMgzzoHHsN33houq6g=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBQylJERSkUPDiwUMF+wFNKJvtpl262YTdTaGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvSDhT2nG+rcLG5tb2TnG3tLd/cHhkH5+0VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOM7+Z+Z0KlYrF40tOE+hEeChYygrWR+raN617mVNgtYnW3UvNmfbvsVJ0F0Dpxc1KGHM2+/eUNYpJGVGjCsVI910m0n2GpGeF0VvJSRRNMxnhIe4YKHFHlZ4vLZ+jCKAMUxtKU0Gih/p7IcKTUNApMZ4T1SK16c/E/r5fq8MbPmEhSTQVZLgpTjnSM5jGgAZOUaD41BBPJzK2IjLDERJuwSiYEd/XlddKuVV2n6j5elRsPeRxFOINzuAQXrqEB99CEFhCYwDO8wpuVWS/Wu/WxbC1Y+cwp/IH1+QMAVJH4</latexit><latexit sha1_base64="HVYlvmuvUwMgzzoHHsN33houq6g=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBQylJERSkUPDiwUMF+wFNKJvtpl262YTdTaGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvSDhT2nG+rcLG5tb2TnG3tLd/cHhkH5+0VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOM7+Z+Z0KlYrF40tOE+hEeChYygrWR+raN617mVNgtYnW3UvNmfbvsVJ0F0Dpxc1KGHM2+/eUNYpJGVGjCsVI910m0n2GpGeF0VvJSRRNMxnhIe4YKHFHlZ4vLZ+jCKAMUxtKU0Gih/p7IcKTUNApMZ4T1SK16c/E/r5fq8MbPmEhSTQVZLgpTjnSM5jGgAZOUaD41BBPJzK2IjLDERJuwSiYEd/XlddKuVV2n6j5elRsPeRxFOINzuAQXrqEB99CEFhCYwDO8wpuVWS/Wu/WxbC1Y+cwp/IH1+QMAVJH4</latexit><latexit sha1_base64="HVYlvmuvUwMgzzoHHsN33houq6g=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBQylJERSkUPDiwUMF+wFNKJvtpl262YTdTaGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvSDhT2nG+rcLG5tb2TnG3tLd/cHhkH5+0VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOM7+Z+Z0KlYrF40tOE+hEeChYygrWR+raN617mVNgtYnW3UvNmfbvsVJ0F0Dpxc1KGHM2+/eUNYpJGVGjCsVI910m0n2GpGeF0VvJSRRNMxnhIe4YKHFHlZ4vLZ+jCKAMUxtKU0Gih/p7IcKTUNApMZ4T1SK16c/E/r5fq8MbPmEhSTQVZLgpTjnSM5jGgAZOUaD41BBPJzK2IjLDERJuwSiYEd/XlddKuVV2n6j5elRsPeRxFOINzuAQXrqEB99CEFhCYwDO8wpuVWS/Wu/WxbC1Y+cwp/IH1+QMAVJH4</latexit><latexit sha1_base64="HVYlvmuvUwMgzzoHHsN33houq6g=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBQylJERSkUPDiwUMF+wFNKJvtpl262YTdTaGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvSDhT2nG+rcLG5tb2TnG3tLd/cHhkH5+0VZxKQlsk5rHsBlhRzgRtaaY57SaS4ijgtBOM7+Z+Z0KlYrF40tOE+hEeChYygrWR+raN617mVNgtYnW3UvNmfbvsVJ0F0Dpxc1KGHM2+/eUNYpJGVGjCsVI910m0n2GpGeF0VvJSRRNMxnhIe4YKHFHlZ4vLZ+jCKAMUxtKU0Gih/p7IcKTUNApMZ4T1SK16c/E/r5fq8MbPmEhSTQVZLgpTjnSM5jGgAZOUaD41BBPJzK2IjLDERJuwSiYEd/XlddKuVV2n6j5elRsPeRxFOINzuAQXrqEB99CEFhCYwDO8wpuVWS/Wu/WxbC1Y+cwp/IH1+QMAVJH4</latexit>

P0 ⌘ H , K0 ⌘ K0 , J0i ⌘ Bi
<latexit sha1_base64="CUNaefqvGtimlyxjncg1UOYMfbs=">AAACIHicbZDLSgMxFIYzXmu9jbp0EywWF6VkRKjLopuiLirYC3SGIZOmbWjmYpIplKGP4sZXceNCEd3p05hpB9HWHwI/3zmHk/N7EWdSIfRpLC2vrK6t5zbym1vbO7vm3n5ThrEgtEFCHoq2hyXlLKANxRSn7UhQ7HuctrzhZVpvjaiQLAzu1Diijo/7AesxgpVGrlmBdRfZ9D5mI1izSyVYLMLrH5K6GbtyE8QmGb5wmWsWUBlNBReNlZkCyFR3zQ+7G5LYp4EiHEvZsVCknAQLxQink7wdSxphMsR92tE2wD6VTjI9cAKPNenCXij0CxSc0t8TCfalHPue7vSxGsj5Wgr/q3Vi1Tt3EhZEsaIBmS3qxRyqEKZpwS4TlCg+1gYTwfRfIRlggYnSmeZ1CNb8yYumeVq2UNm6PStUb7I4cuAQHIETYIEKqIIaqIMGIOABPIEX8Go8Gs/Gm/E+a10yspkD8EfG1zeEsp+M</latexit><latexit sha1_base64="CUNaefqvGtimlyxjncg1UOYMfbs=">AAACIHicbZDLSgMxFIYzXmu9jbp0EywWF6VkRKjLopuiLirYC3SGIZOmbWjmYpIplKGP4sZXceNCEd3p05hpB9HWHwI/3zmHk/N7EWdSIfRpLC2vrK6t5zbym1vbO7vm3n5ThrEgtEFCHoq2hyXlLKANxRSn7UhQ7HuctrzhZVpvjaiQLAzu1Diijo/7AesxgpVGrlmBdRfZ9D5mI1izSyVYLMLrH5K6GbtyE8QmGb5wmWsWUBlNBReNlZkCyFR3zQ+7G5LYp4EiHEvZsVCknAQLxQink7wdSxphMsR92tE2wD6VTjI9cAKPNenCXij0CxSc0t8TCfalHPue7vSxGsj5Wgr/q3Vi1Tt3EhZEsaIBmS3qxRyqEKZpwS4TlCg+1gYTwfRfIRlggYnSmeZ1CNb8yYumeVq2UNm6PStUb7I4cuAQHIETYIEKqIIaqIMGIOABPIEX8Go8Gs/Gm/E+a10yspkD8EfG1zeEsp+M</latexit><latexit sha1_base64="CUNaefqvGtimlyxjncg1UOYMfbs=">AAACIHicbZDLSgMxFIYzXmu9jbp0EywWF6VkRKjLopuiLirYC3SGIZOmbWjmYpIplKGP4sZXceNCEd3p05hpB9HWHwI/3zmHk/N7EWdSIfRpLC2vrK6t5zbym1vbO7vm3n5ThrEgtEFCHoq2hyXlLKANxRSn7UhQ7HuctrzhZVpvjaiQLAzu1Diijo/7AesxgpVGrlmBdRfZ9D5mI1izSyVYLMLrH5K6GbtyE8QmGb5wmWsWUBlNBReNlZkCyFR3zQ+7G5LYp4EiHEvZsVCknAQLxQink7wdSxphMsR92tE2wD6VTjI9cAKPNenCXij0CxSc0t8TCfalHPue7vSxGsj5Wgr/q3Vi1Tt3EhZEsaIBmS3qxRyqEKZpwS4TlCg+1gYTwfRfIRlggYnSmeZ1CNb8yYumeVq2UNm6PStUb7I4cuAQHIETYIEKqIIaqIMGIOABPIEX8Go8Gs/Gm/E+a10yspkD8EfG1zeEsp+M</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="+f53xndm6RW7BurysYOAU8nZRWc=">AAACFXicbZBLSwMxFIXv+Ky1anXrJlgsLkrJuKlL0U3RTQX7gHYYMmmmDc08TDKFMvSnuPGvuHGhiO78N2baItp6IHD4TsLNPV4suNIYf1lr6xubW9u5nfxuYW//oHhYaKkokZQ1aSQi2fGIYoKHrKm5FqwTS0YCT7C2N7rO8vaYScWj8F5PYuYEZBByn1OiDXKLNdRwcY89JHyM6r1KBZXL6PaHZG7ObtwU8+kCX7ncLZZwFc+EVo29MCVYqOEWP3v9iCYBCzUVRKmujWPtpERqTgWb5nuJYjGhIzJgXWNDEjDlpLMFp+jUkD7yI2lOqNGM/n6RkkCpSeCZmwHRQ7WcZfC/rJto/8JJeRgnmoV0PshPBNIRytpCfS4Z1WJiDKGSm78iOiSSUG06zZsS7OWVV03rvGrjqn2HIQfHcAJnYEMNLqEODWgChUd4hld4s56sF+t9XteatejtCP7I+vgGq0md9w==</latexit><latexit sha1_base64="+f53xndm6RW7BurysYOAU8nZRWc=">AAACFXicbZBLSwMxFIXv+Ky1anXrJlgsLkrJuKlL0U3RTQX7gHYYMmmmDc08TDKFMvSnuPGvuHGhiO78N2baItp6IHD4TsLNPV4suNIYf1lr6xubW9u5nfxuYW//oHhYaKkokZQ1aSQi2fGIYoKHrKm5FqwTS0YCT7C2N7rO8vaYScWj8F5PYuYEZBByn1OiDXKLNdRwcY89JHyM6r1KBZXL6PaHZG7ObtwU8+kCX7ncLZZwFc+EVo29MCVYqOEWP3v9iCYBCzUVRKmujWPtpERqTgWb5nuJYjGhIzJgXWNDEjDlpLMFp+jUkD7yI2lOqNGM/n6RkkCpSeCZmwHRQ7WcZfC/rJto/8JJeRgnmoV0PshPBNIRytpCfS4Z1WJiDKGSm78iOiSSUG06zZsS7OWVV03rvGrjqn2HIQfHcAJnYEMNLqEODWgChUd4hld4s56sF+t9XteatejtCP7I+vgGq0md9w==</latexit><latexit sha1_base64="AIp9a40/Gp90F9DZpuHU7zL7lHY=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2CxuCgl46Yui26KuqhgL9AZhkyatqGZi0mmUIY+ihtfxY0LRXSnT2OmHURbfwj8fOccTs7vRZxJhdCnkVtZXVvfyG8WtrZ3dvfM/YOWDGNBaJOEPBQdD0vKWUCbiilOO5Gg2Pc4bXujy7TeHlMhWRjcqUlEHR8PAtZnBCuNXLMKGy6y6X3MxrBul8uwVILXPyR1c3blJohNM3zhMtcsogqaCS4bKzNFkKnhmh92LySxTwNFOJaya6FIOQkWihFOpwU7ljTCZIQHtKttgH0qnWR24BSeaNKD/VDoFyg4o78nEuxLOfE93eljNZSLtRT+V+vGqn/uJCyIYkUDMl/UjzlUIUzTgj0mKFF8og0mgum/QjLEAhOlMy3oEKzFk5dN66xioYp1i4q1myyOPDgCx+AUWKAKaqAOGqAJCHgAT+AFvBqPxrPxZrzPW3NGNnMI/sj4+gaDcp+I</latexit><latexit sha1_base64="CUNaefqvGtimlyxjncg1UOYMfbs=">AAACIHicbZDLSgMxFIYzXmu9jbp0EywWF6VkRKjLopuiLirYC3SGIZOmbWjmYpIplKGP4sZXceNCEd3p05hpB9HWHwI/3zmHk/N7EWdSIfRpLC2vrK6t5zbym1vbO7vm3n5ThrEgtEFCHoq2hyXlLKANxRSn7UhQ7HuctrzhZVpvjaiQLAzu1Diijo/7AesxgpVGrlmBdRfZ9D5mI1izSyVYLMLrH5K6GbtyE8QmGb5wmWsWUBlNBReNlZkCyFR3zQ+7G5LYp4EiHEvZsVCknAQLxQink7wdSxphMsR92tE2wD6VTjI9cAKPNenCXij0CxSc0t8TCfalHPue7vSxGsj5Wgr/q3Vi1Tt3EhZEsaIBmS3qxRyqEKZpwS4TlCg+1gYTwfRfIRlggYnSmeZ1CNb8yYumeVq2UNm6PStUb7I4cuAQHIETYIEKqIIaqIMGIOABPIEX8Go8Gs/Gm/E+a10yspkD8EfG1zeEsp+M</latexit><latexit sha1_base64="CUNaefqvGtimlyxjncg1UOYMfbs=">AAACIHicbZDLSgMxFIYzXmu9jbp0EywWF6VkRKjLopuiLirYC3SGIZOmbWjmYpIplKGP4sZXceNCEd3p05hpB9HWHwI/3zmHk/N7EWdSIfRpLC2vrK6t5zbym1vbO7vm3n5ThrEgtEFCHoq2hyXlLKANxRSn7UhQ7HuctrzhZVpvjaiQLAzu1Diijo/7AesxgpVGrlmBdRfZ9D5mI1izSyVYLMLrH5K6GbtyE8QmGb5wmWsWUBlNBReNlZkCyFR3zQ+7G5LYp4EiHEvZsVCknAQLxQink7wdSxphMsR92tE2wD6VTjI9cAKPNenCXij0CxSc0t8TCfalHPue7vSxGsj5Wgr/q3Vi1Tt3EhZEsaIBmS3qxRyqEKZpwS4TlCg+1gYTwfRfIRlggYnSmeZ1CNb8yYumeVq2UNm6PStUb7I4cuAQHIETYIEKqIIaqIMGIOABPIEX8Go8Gs/Gm/E+a10yspkD8EfG1zeEsp+M</latexit><latexit sha1_base64="CUNaefqvGtimlyxjncg1UOYMfbs=">AAACIHicbZDLSgMxFIYzXmu9jbp0EywWF6VkRKjLopuiLirYC3SGIZOmbWjmYpIplKGP4sZXceNCEd3p05hpB9HWHwI/3zmHk/N7EWdSIfRpLC2vrK6t5zbym1vbO7vm3n5ThrEgtEFCHoq2hyXlLKANxRSn7UhQ7HuctrzhZVpvjaiQLAzu1Diijo/7AesxgpVGrlmBdRfZ9D5mI1izSyVYLMLrH5K6GbtyE8QmGb5wmWsWUBlNBReNlZkCyFR3zQ+7G5LYp4EiHEvZsVCknAQLxQink7wdSxphMsR92tE2wD6VTjI9cAKPNenCXij0CxSc0t8TCfalHPue7vSxGsj5Wgr/q3Vi1Tt3EhZEsaIBmS3qxRyqEKZpwS4TlCg+1gYTwfRfIRlggYnSmeZ1CNb8yYumeVq2UNm6PStUb7I4cuAQHIETYIEKqIIaqIMGIOABPIEX8Go8Gs/Gm/E+a10yspkD8EfG1zeEsp+M</latexit><latexit sha1_base64="CUNaefqvGtimlyxjncg1UOYMfbs=">AAACIHicbZDLSgMxFIYzXmu9jbp0EywWF6VkRKjLopuiLirYC3SGIZOmbWjmYpIplKGP4sZXceNCEd3p05hpB9HWHwI/3zmHk/N7EWdSIfRpLC2vrK6t5zbym1vbO7vm3n5ThrEgtEFCHoq2hyXlLKANxRSn7UhQ7HuctrzhZVpvjaiQLAzu1Diijo/7AesxgpVGrlmBdRfZ9D5mI1izSyVYLMLrH5K6GbtyE8QmGb5wmWsWUBlNBReNlZkCyFR3zQ+7G5LYp4EiHEvZsVCknAQLxQink7wdSxphMsR92tE2wD6VTjI9cAKPNenCXij0CxSc0t8TCfalHPue7vSxGsj5Wgr/q3Vi1Tt3EhZEsaIBmS3qxRyqEKZpwS4TlCg+1gYTwfRfIRlggYnSmeZ1CNb8yYumeVq2UNm6PStUb7I4cuAQHIETYIEKqIIaqIMGIOABPIEX8Go8Gs/Gm/E+a10yspkD8EfG1zeEsp+M</latexit><latexit sha1_base64="CUNaefqvGtimlyxjncg1UOYMfbs=">AAACIHicbZDLSgMxFIYzXmu9jbp0EywWF6VkRKjLopuiLirYC3SGIZOmbWjmYpIplKGP4sZXceNCEd3p05hpB9HWHwI/3zmHk/N7EWdSIfRpLC2vrK6t5zbym1vbO7vm3n5ThrEgtEFCHoq2hyXlLKANxRSn7UhQ7HuctrzhZVpvjaiQLAzu1Diijo/7AesxgpVGrlmBdRfZ9D5mI1izSyVYLMLrH5K6GbtyE8QmGb5wmWsWUBlNBReNlZkCyFR3zQ+7G5LYp4EiHEvZsVCknAQLxQink7wdSxphMsR92tE2wD6VTjI9cAKPNenCXij0CxSc0t8TCfalHPue7vSxGsj5Wgr/q3Vi1Tt3EhZEsaIBmS3qxRyqEKZpwS4TlCg+1gYTwfRfIRlggYnSmeZ1CNb8yYumeVq2UNm6PStUb7I4cuAQHIETYIEKqIIaqIMGIOABPIEX8Go8Gs/Gm/E+a10yspkD8EfG1zeEsp+M</latexit><latexit sha1_base64="CUNaefqvGtimlyxjncg1UOYMfbs=">AAACIHicbZDLSgMxFIYzXmu9jbp0EywWF6VkRKjLopuiLirYC3SGIZOmbWjmYpIplKGP4sZXceNCEd3p05hpB9HWHwI/3zmHk/N7EWdSIfRpLC2vrK6t5zbym1vbO7vm3n5ThrEgtEFCHoq2hyXlLKANxRSn7UhQ7HuctrzhZVpvjaiQLAzu1Diijo/7AesxgpVGrlmBdRfZ9D5mI1izSyVYLMLrH5K6GbtyE8QmGb5wmWsWUBlNBReNlZkCyFR3zQ+7G5LYp4EiHEvZsVCknAQLxQink7wdSxphMsR92tE2wD6VTjI9cAKPNenCXij0CxSc0t8TCfalHPue7vSxGsj5Wgr/q3Vi1Tt3EhZEsaIBmS3qxRyqEKZpwS4TlCg+1gYTwfRfIRlggYnSmeZ1CNb8yYumeVq2UNm6PStUb7I4cuAQHIETYIEKqIIaqIMGIOABPIEX8Go8Gs/Gm/E+a10yspkD8EfG1zeEsp+M</latexit>

h = {Pi,Ki, D, Jij} , i = {H,K0, Bi}
<latexit sha1_base64="8XMMvyXWuzX/98tGrNxO+lHjxl4="></latexit><latexit sha1_base64="8XMMvyXWuzX/98tGrNxO+lHjxl4="></latexit><latexit sha1_base64="8XMMvyXWuzX/98tGrNxO+lHjxl4="></latexit><latexit sha1_base64="8XMMvyXWuzX/98tGrNxO+lHjxl4="></latexit>

[D,H] = �H , [D,K0] = K0 ,

[Bj
, Pk] = H⌘

jk
, [Bj

,K
k] = K

0
⌘
jk

[H,K
j ] = �B

j
, [P i

,K
0] = B

i
,

[J ij
, B

l] = B
i
⌘
jl �B

j
⌘
il
,

<latexit sha1_base64="m/pvVCxIjB0lzZNG3FMPEmW4LM4="></latexit><latexit sha1_base64="m/pvVCxIjB0lzZNG3FMPEmW4LM4="></latexit><latexit sha1_base64="m/pvVCxIjB0lzZNG3FMPEmW4LM4="></latexit><latexit sha1_base64="m/pvVCxIjB0lzZNG3FMPEmW4LM4="></latexit> [Bagchi et al]



➤ Conformal Carroll algebra valued 1- and 0- form


➤ components that can be gauge fixed to zero


➤ remaining fields


➤ dynamical equation for 

! = e
i
Pi + ⌧H + 1

2!
i,j
Jij + �

j
Bj � bD + f

i
Ki + K0

<latexit sha1_base64="6w9jHPiupDo80nB0MlYJes5+MmY="></latexit><latexit sha1_base64="6w9jHPiupDo80nB0MlYJes5+MmY="></latexit><latexit sha1_base64="6w9jHPiupDo80nB0MlYJes5+MmY="></latexit><latexit sha1_base64="6w9jHPiupDo80nB0MlYJes5+MmY="></latexit>

⇠ = ei⇠
i+ + ⌧⇠0+ + 1

2!i,j⇠
i,j + �j⇠

0j + b⇠+� + fi⇠
i� + ⇠0�

<latexit sha1_base64="ST7q2b4y6w8vlabMGh28TTB1veg="></latexit><latexit sha1_base64="ST7q2b4y6w8vlabMGh28TTB1veg="></latexit><latexit sha1_base64="ST7q2b4y6w8vlabMGh28TTB1veg="></latexit><latexit sha1_base64="ST7q2b4y6w8vlabMGh28TTB1veg="></latexit>

bm = ⌧m = 0
<latexit sha1_base64="BYL7ZoN8rqvvzeVbiCfzWDKd3Kc=">AAAB83icbVC7SgNBFL3rM8ZX1NJmMAhWYVcEbYSAjYVFBPOA7BpmJ7PJkJnZZR5CWPIbNhaK2Pozdv6Nk2QLTTxwuYdz7mXunDjjTBvf//ZWVtfWNzZLW+Xtnd29/crBYUunVhHaJClPVSfGmnImadMww2knUxSLmNN2PLqZ+u0nqjRL5YMZZzQSeCBZwgg2TgrjR3EdGmxd83uVql/zZ0DLJChIFQo0epWvsJ8SK6g0hGOtu4GfmSjHyjDC6aQcWk0zTEZ4QLuOSiyojvLZzRN06pQ+SlLlSho0U39v5FhoPRaxmxTYDPWiNxX/87rWJFdRzmRmDZVk/lBiOTIpmgaA+kxRYvjYEUwUc7ciMsQKE+NiKrsQgsUvL5PWeS3wa8H9RbV+V8RRgmM4gTMI4BLqcAsNaAKBDJ7hFd486714797HfHTFK3aO4A+8zx9f8pFE</latexit><latexit sha1_base64="BYL7ZoN8rqvvzeVbiCfzWDKd3Kc=">AAAB83icbVC7SgNBFL3rM8ZX1NJmMAhWYVcEbYSAjYVFBPOA7BpmJ7PJkJnZZR5CWPIbNhaK2Pozdv6Nk2QLTTxwuYdz7mXunDjjTBvf//ZWVtfWNzZLW+Xtnd29/crBYUunVhHaJClPVSfGmnImadMww2knUxSLmNN2PLqZ+u0nqjRL5YMZZzQSeCBZwgg2TgrjR3EdGmxd83uVql/zZ0DLJChIFQo0epWvsJ8SK6g0hGOtu4GfmSjHyjDC6aQcWk0zTEZ4QLuOSiyojvLZzRN06pQ+SlLlSho0U39v5FhoPRaxmxTYDPWiNxX/87rWJFdRzmRmDZVk/lBiOTIpmgaA+kxRYvjYEUwUc7ciMsQKE+NiKrsQgsUvL5PWeS3wa8H9RbV+V8RRgmM4gTMI4BLqcAsNaAKBDJ7hFd486714797HfHTFK3aO4A+8zx9f8pFE</latexit><latexit sha1_base64="BYL7ZoN8rqvvzeVbiCfzWDKd3Kc=">AAAB83icbVC7SgNBFL3rM8ZX1NJmMAhWYVcEbYSAjYVFBPOA7BpmJ7PJkJnZZR5CWPIbNhaK2Pozdv6Nk2QLTTxwuYdz7mXunDjjTBvf//ZWVtfWNzZLW+Xtnd29/crBYUunVhHaJClPVSfGmnImadMww2knUxSLmNN2PLqZ+u0nqjRL5YMZZzQSeCBZwgg2TgrjR3EdGmxd83uVql/zZ0DLJChIFQo0epWvsJ8SK6g0hGOtu4GfmSjHyjDC6aQcWk0zTEZ4QLuOSiyojvLZzRN06pQ+SlLlSho0U39v5FhoPRaxmxTYDPWiNxX/87rWJFdRzmRmDZVk/lBiOTIpmgaA+kxRYvjYEUwUc7ciMsQKE+NiKrsQgsUvL5PWeS3wa8H9RbV+V8RRgmM4gTMI4BLqcAsNaAKBDJ7hFd486714797HfHTFK3aO4A+8zx9f8pFE</latexit><latexit sha1_base64="BYL7ZoN8rqvvzeVbiCfzWDKd3Kc=">AAAB83icbVC7SgNBFL3rM8ZX1NJmMAhWYVcEbYSAjYVFBPOA7BpmJ7PJkJnZZR5CWPIbNhaK2Pozdv6Nk2QLTTxwuYdz7mXunDjjTBvf//ZWVtfWNzZLW+Xtnd29/crBYUunVhHaJClPVSfGmnImadMww2knUxSLmNN2PLqZ+u0nqjRL5YMZZzQSeCBZwgg2TgrjR3EdGmxd83uVql/zZ0DLJChIFQo0epWvsJ8SK6g0hGOtu4GfmSjHyjDC6aQcWk0zTEZ4QLuOSiyojvLZzRN06pQ+SlLlSho0U39v5FhoPRaxmxTYDPWiNxX/87rWJFdRzmRmDZVk/lBiOTIpmgaA+kxRYvjYEUwUc7ciMsQKE+NiKrsQgsUvL5PWeS3wa8H9RbV+V8RRgmM4gTMI4BLqcAsNaAKBDJ7hFd486714797HfHTFK3aO4A+8zx9f8pFE</latexit>

emi ⌘ �mi, e0i, ⌧0,�mi
<latexit sha1_base64="340DaXCJGv2UTBPt3eFRxXIj0aY=">AAACF3icbVDLSsNAFJ34rPUVdekmWAQXpSQi6LLgxoWLCvYBTVsm05t26OThzE2hhP6FG3/FjQtF3OrOv3GaZqGtB4Y5c8693LnHiwVXaNvfxsrq2vrGZmGruL2zu7dvHhw2VJRIBnUWiUi2PKpA8BDqyFFAK5ZAA09A0xtdz/zmGKTiUXiPkxg6AR2E3OeMopZ6ZgW6acCnLjwkfOzGQ549y1q19eUiTbp22fUAaWb0zJJdsTNYy8TJSYnkqPXML7cfsSSAEJmgSrUdO8ZOSiVyJmBadBMFMWUjOoC2piENQHXSbK+pdaqVvuVHUp8QrUz93ZHSQKlJ4OnKgOJQLXoz8T+vnaB/1Ul5GCcIIZsP8hNhYWTNQrL6XAJDMdGEMsn1Xy02pJIy1FEWdQjO4srLpHFeceyKc3dRqt7mcRTIMTkhZ8Qhl6RKbkiN1Akjj+SZvJI348l4Md6Nj3npipH3HJE/MD5/ADNIoJE=</latexit><latexit sha1_base64="340DaXCJGv2UTBPt3eFRxXIj0aY=">AAACF3icbVDLSsNAFJ34rPUVdekmWAQXpSQi6LLgxoWLCvYBTVsm05t26OThzE2hhP6FG3/FjQtF3OrOv3GaZqGtB4Y5c8693LnHiwVXaNvfxsrq2vrGZmGruL2zu7dvHhw2VJRIBnUWiUi2PKpA8BDqyFFAK5ZAA09A0xtdz/zmGKTiUXiPkxg6AR2E3OeMopZ6ZgW6acCnLjwkfOzGQ549y1q19eUiTbp22fUAaWb0zJJdsTNYy8TJSYnkqPXML7cfsSSAEJmgSrUdO8ZOSiVyJmBadBMFMWUjOoC2piENQHXSbK+pdaqVvuVHUp8QrUz93ZHSQKlJ4OnKgOJQLXoz8T+vnaB/1Ul5GCcIIZsP8hNhYWTNQrL6XAJDMdGEMsn1Xy02pJIy1FEWdQjO4srLpHFeceyKc3dRqt7mcRTIMTkhZ8Qhl6RKbkiN1Akjj+SZvJI348l4Md6Nj3npipH3HJE/MD5/ADNIoJE=</latexit><latexit sha1_base64="340DaXCJGv2UTBPt3eFRxXIj0aY=">AAACF3icbVDLSsNAFJ34rPUVdekmWAQXpSQi6LLgxoWLCvYBTVsm05t26OThzE2hhP6FG3/FjQtF3OrOv3GaZqGtB4Y5c8693LnHiwVXaNvfxsrq2vrGZmGruL2zu7dvHhw2VJRIBnUWiUi2PKpA8BDqyFFAK5ZAA09A0xtdz/zmGKTiUXiPkxg6AR2E3OeMopZ6ZgW6acCnLjwkfOzGQ549y1q19eUiTbp22fUAaWb0zJJdsTNYy8TJSYnkqPXML7cfsSSAEJmgSrUdO8ZOSiVyJmBadBMFMWUjOoC2piENQHXSbK+pdaqVvuVHUp8QrUz93ZHSQKlJ4OnKgOJQLXoz8T+vnaB/1Ul5GCcIIZsP8hNhYWTNQrL6XAJDMdGEMsn1Xy02pJIy1FEWdQjO4srLpHFeceyKc3dRqt7mcRTIMTkhZ8Qhl6RKbkiN1Akjj+SZvJI348l4Md6Nj3npipH3HJE/MD5/ADNIoJE=</latexit><latexit sha1_base64="340DaXCJGv2UTBPt3eFRxXIj0aY=">AAACF3icbVDLSsNAFJ34rPUVdekmWAQXpSQi6LLgxoWLCvYBTVsm05t26OThzE2hhP6FG3/FjQtF3OrOv3GaZqGtB4Y5c8693LnHiwVXaNvfxsrq2vrGZmGruL2zu7dvHhw2VJRIBnUWiUi2PKpA8BDqyFFAK5ZAA09A0xtdz/zmGKTiUXiPkxg6AR2E3OeMopZ6ZgW6acCnLjwkfOzGQ549y1q19eUiTbp22fUAaWb0zJJdsTNYy8TJSYnkqPXML7cfsSSAEJmgSrUdO8ZOSiVyJmBadBMFMWUjOoC2piENQHXSbK+pdaqVvuVHUp8QrUz93ZHSQKlJ4OnKgOJQLXoz8T+vnaB/1Ul5GCcIIZsP8hNhYWTNQrL6XAJDMdGEMsn1Xy02pJIy1FEWdQjO4srLpHFeceyKc3dRqt7mcRTIMTkhZ8Qhl6RKbkiN1Akjj+SZvJI348l4Md6Nj3npipH3HJE/MD5/ADNIoJE=</latexit>

@m@i@
i�jn � @m@i@

j�ni � @m@i@
n�ji = 0

<latexit sha1_base64="gKJsWgJMuM9s34G/oTVMCGMRpS4=">AAACY3ichZFPS8MwGMbTqnNu6ur0JkJwCF4crQh6EQZePHiY4P7A1o00y7ZsaVqSVJilX9KbNy9+D9OtDt0GvhD48bxP3iRPvJBRqWz7wzC3tndyu/m9QnH/4LBkHZWbMogEJg0csEC0PSQJo5w0FFWMtENBkO8x0vKmD2m/9UqEpAF/UbOQuD4acTqkGCkt9a032A2RUBSxvr8k+kM9TWPaiyc8uVpqm3yThY/Tf3w8m0eTe7tvVeyqPS+4Dk4GFZBVvW+9dwcBjnzCFWZIyo5jh8qN09GYkaTQjSQJEZ6iEelo5Mgn0o3nGSXwQisDOAyEXlzBufp7R4x8KWe+p50+UmO52kvFTb1OpIZ3bkx5GCnC8eKgYcSgCmAaOBxQQbBiMw0IC6rvCvEYCYSV/paCDsFZffI6NK+rjl11nm8qtacsjjw4BefgEjjgFtTAI6iDBsDg08gZJcMyvsyiWTZPFlbTyPYcgz9lnn0DKm+7aA==</latexit><latexit sha1_base64="gKJsWgJMuM9s34G/oTVMCGMRpS4=">AAACY3ichZFPS8MwGMbTqnNu6ur0JkJwCF4crQh6EQZePHiY4P7A1o00y7ZsaVqSVJilX9KbNy9+D9OtDt0GvhD48bxP3iRPvJBRqWz7wzC3tndyu/m9QnH/4LBkHZWbMogEJg0csEC0PSQJo5w0FFWMtENBkO8x0vKmD2m/9UqEpAF/UbOQuD4acTqkGCkt9a032A2RUBSxvr8k+kM9TWPaiyc8uVpqm3yThY/Tf3w8m0eTe7tvVeyqPS+4Dk4GFZBVvW+9dwcBjnzCFWZIyo5jh8qN09GYkaTQjSQJEZ6iEelo5Mgn0o3nGSXwQisDOAyEXlzBufp7R4x8KWe+p50+UmO52kvFTb1OpIZ3bkx5GCnC8eKgYcSgCmAaOBxQQbBiMw0IC6rvCvEYCYSV/paCDsFZffI6NK+rjl11nm8qtacsjjw4BefgEjjgFtTAI6iDBsDg08gZJcMyvsyiWTZPFlbTyPYcgz9lnn0DKm+7aA==</latexit><latexit sha1_base64="gKJsWgJMuM9s34G/oTVMCGMRpS4=">AAACY3ichZFPS8MwGMbTqnNu6ur0JkJwCF4crQh6EQZePHiY4P7A1o00y7ZsaVqSVJilX9KbNy9+D9OtDt0GvhD48bxP3iRPvJBRqWz7wzC3tndyu/m9QnH/4LBkHZWbMogEJg0csEC0PSQJo5w0FFWMtENBkO8x0vKmD2m/9UqEpAF/UbOQuD4acTqkGCkt9a032A2RUBSxvr8k+kM9TWPaiyc8uVpqm3yThY/Tf3w8m0eTe7tvVeyqPS+4Dk4GFZBVvW+9dwcBjnzCFWZIyo5jh8qN09GYkaTQjSQJEZ6iEelo5Mgn0o3nGSXwQisDOAyEXlzBufp7R4x8KWe+p50+UmO52kvFTb1OpIZ3bkx5GCnC8eKgYcSgCmAaOBxQQbBiMw0IC6rvCvEYCYSV/paCDsFZffI6NK+rjl11nm8qtacsjjw4BefgEjjgFtTAI6iDBsDg08gZJcMyvsyiWTZPFlbTyPYcgz9lnn0DKm+7aA==</latexit><latexit sha1_base64="gKJsWgJMuM9s34G/oTVMCGMRpS4=">AAACY3ichZFPS8MwGMbTqnNu6ur0JkJwCF4crQh6EQZePHiY4P7A1o00y7ZsaVqSVJilX9KbNy9+D9OtDt0GvhD48bxP3iRPvJBRqWz7wzC3tndyu/m9QnH/4LBkHZWbMogEJg0csEC0PSQJo5w0FFWMtENBkO8x0vKmD2m/9UqEpAF/UbOQuD4acTqkGCkt9a032A2RUBSxvr8k+kM9TWPaiyc8uVpqm3yThY/Tf3w8m0eTe7tvVeyqPS+4Dk4GFZBVvW+9dwcBjnzCFWZIyo5jh8qN09GYkaTQjSQJEZ6iEelo5Mgn0o3nGSXwQisDOAyEXlzBufp7R4x8KWe+p50+UmO52kvFTb1OpIZ3bkx5GCnC8eKgYcSgCmAaOBxQQbBiMw0IC6rvCvEYCYSV/paCDsFZffI6NK+rjl11nm8qtacsjjw4BefgEjjgFtTAI6iDBsDg08gZJcMyvsyiWTZPFlbTyPYcgz9lnn0DKm+7aA==</latexit>

�ij
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[Hartong 2015, Herfray 2021]



➤ Gauge transformation of the fields


➤ remaining gauge parameters             and

�emi =
1

2
(@m⇠i+ + @i⇠m+)� 1

2
hmi@l⇠

l+
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➤ Spin-3 conformal Carroll algebra


➤ letter S denotes that generators are coming from the symmetric           generator    

h = {SPj , SKj , t++, t��, SJjk, SC} i = {SH, SK0, SBi}
<latexit sha1_base64="KwjofgApFzncrIDwYHR/opo6Qn8="></latexit><latexit sha1_base64="KwjofgApFzncrIDwYHR/opo6Qn8="></latexit><latexit sha1_base64="KwjofgApFzncrIDwYHR/opo6Qn8="></latexit><latexit sha1_base64="KwjofgApFzncrIDwYHR/opo6Qn8="></latexit>
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[Pi, SPj ] = �⌘ijt++ , [Pi, SKj ] = SJij +
1

2
(SJk

k + SC)⌘ij , [Pi, t��] = 2SKi� ,

[Pi, t++] = 0 , [Pi, SJjk] = �⌘ijSPk � ⌘ikSPj ,

[Pi, SH] = 0 , [Pi, SK0] = SBi , [Pi, SBk] = �⌘ikSH ,

[H, t++] = 0 , [H, t��] = 2SK0 , [H,SKj ] = Bj ,

[H, t��] = 2SK0 , [H,SJjk] = 0 . [H,SPj ] = 0
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➤ We expand the gauge field and gauge parameter in this algebra


➤ Conformal Carroll algebra valued 1- and 0- form

! = se
i
SPi + s⌧SH + 1

2s!
ij
SJij + s�

i
SBi + �SC +

1

2
!
++

t++

+
1

2
!
��

t�� + sf
i
Ki + sK0
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1
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+
1

2
!��⇠�� + sfi⇠

i� + s⇠0�
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➤ We can gauge fix all the components except


➤ We obtain the constraints on the fields and a dynamical equation for the spin-3 field


➤ Gauge invariance of the spin-3 field

�mni,!0++, s�mi, �m, �0
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COMMENT ON GENERALISATION TO HIGHER 
SPINS



➤ To determine the spectrum of the theory for arbitrary spin, one has to preform “IW 
contraction” of the given algebra


➤ For the spin-s prior to contraction, the algebra will be determined by the Young 
Tableaux with s-1 boxes in the first row and s-t boxes in the second row


➤ The generators that need to be set in the h will be those with 1 and 2 components and 
those from the definition of the traces, to make sure algebra is closed


➤ The generators in 0 direction have to be part of i


➤ One can expect to get one dimension lower spin s field and additional undetermined 
fields related by constraints, and two free gauge parameters



CONFORMAL CARROLL SPIN-2 AND SPIN-3 
GRAVITY



! = b�1(⇢)(d+ !(t,�))b(⇢)
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We partially fix to radial gauge

spin-2 case

needs to be element of 
the group

Reading out dreibeins we find the metric

The metric is similar to the non-conformal case

Spin 2



!(t,�) = !(t,�)(s2) + !(t,�)(s3)
<latexit sha1_base64="aWLtewTw0ReS9dCqho/O5tsW3m4=">AAACJXicbVDLSsNAFJ3UV62vqEs3g0VoUUpSBV0oFNzoroJ9QBPLZDpph04yYWYilJCfceOvuHFhEcGVv+K0zcLWHrhw5px7mXuPFzEqlWV9G7mV1bX1jfxmYWt7Z3fP3D9oSh4LTBqYMy7aHpKE0ZA0FFWMtCNBUOAx0vKGtxO/9UyEpDx8VKOIuAHqh9SnGCktdc1rhwekj0rqzIkGtHwz/3xKSrJbLaenS+Tzcto1i1bFmgL+J3ZGiiBDvWuOnR7HcUBChRmSsmNbkXITJBTFjKQFJ5YkQniI+qSjaYgCIt1kemUKT7TSgz4XukIFp+rfiQQFUo4CT3cGSA3kojcRl3mdWPlXbkLDKFYkxLOP/JhBxeEkMtijgmDFRpogLKjeFeIBEggrHWxBh2AvnvyfNKsV26rYDxfF2n0WRx4cgWNQAja4BDVwB+qgATB4AW/gA4yNV+Pd+DS+Zq05I5s5BHMwfn4B36Cjog==</latexit><latexit sha1_base64="aWLtewTw0ReS9dCqho/O5tsW3m4=">AAACJXicbVDLSsNAFJ3UV62vqEs3g0VoUUpSBV0oFNzoroJ9QBPLZDpph04yYWYilJCfceOvuHFhEcGVv+K0zcLWHrhw5px7mXuPFzEqlWV9G7mV1bX1jfxmYWt7Z3fP3D9oSh4LTBqYMy7aHpKE0ZA0FFWMtCNBUOAx0vKGtxO/9UyEpDx8VKOIuAHqh9SnGCktdc1rhwekj0rqzIkGtHwz/3xKSrJbLaenS+Tzcto1i1bFmgL+J3ZGiiBDvWuOnR7HcUBChRmSsmNbkXITJBTFjKQFJ5YkQniI+qSjaYgCIt1kemUKT7TSgz4XukIFp+rfiQQFUo4CT3cGSA3kojcRl3mdWPlXbkLDKFYkxLOP/JhBxeEkMtijgmDFRpogLKjeFeIBEggrHWxBh2AvnvyfNKsV26rYDxfF2n0WRx4cgWNQAja4BDVwB+qgATB4AW/gA4yNV+Pd+DS+Zq05I5s5BHMwfn4B36Cjog==</latexit><latexit sha1_base64="aWLtewTw0ReS9dCqho/O5tsW3m4=">AAACJXicbVDLSsNAFJ3UV62vqEs3g0VoUUpSBV0oFNzoroJ9QBPLZDpph04yYWYilJCfceOvuHFhEcGVv+K0zcLWHrhw5px7mXuPFzEqlWV9G7mV1bX1jfxmYWt7Z3fP3D9oSh4LTBqYMy7aHpKE0ZA0FFWMtCNBUOAx0vKGtxO/9UyEpDx8VKOIuAHqh9SnGCktdc1rhwekj0rqzIkGtHwz/3xKSrJbLaenS+Tzcto1i1bFmgL+J3ZGiiBDvWuOnR7HcUBChRmSsmNbkXITJBTFjKQFJ5YkQniI+qSjaYgCIt1kemUKT7TSgz4XukIFp+rfiQQFUo4CT3cGSA3kojcRl3mdWPlXbkLDKFYkxLOP/JhBxeEkMtijgmDFRpogLKjeFeIBEggrHWxBh2AvnvyfNKsV26rYDxfF2n0WRx4cgWNQAja4BDVwB+qgATB4AW/gA4yNV+Pd+DS+Zq05I5s5BHMwfn4B36Cjog==</latexit><latexit sha1_base64="aWLtewTw0ReS9dCqho/O5tsW3m4=">AAACJXicbVDLSsNAFJ3UV62vqEs3g0VoUUpSBV0oFNzoroJ9QBPLZDpph04yYWYilJCfceOvuHFhEcGVv+K0zcLWHrhw5px7mXuPFzEqlWV9G7mV1bX1jfxmYWt7Z3fP3D9oSh4LTBqYMy7aHpKE0ZA0FFWMtCNBUOAx0vKGtxO/9UyEpDx8VKOIuAHqh9SnGCktdc1rhwekj0rqzIkGtHwz/3xKSrJbLaenS+Tzcto1i1bFmgL+J3ZGiiBDvWuOnR7HcUBChRmSsmNbkXITJBTFjKQFJ5YkQniI+qSjaYgCIt1kemUKT7TSgz4XukIFp+rfiQQFUo4CT3cGSA3kojcRl3mdWPlXbkLDKFYkxLOP/JhBxeEkMtijgmDFRpogLKjeFeIBEggrHWxBh2AvnvyfNKsV26rYDxfF2n0WRx4cgWNQAja4BDVwB+qgATB4AW/gA4yNV+Pd+DS+Zq05I5s5BHMwfn4B36Cjog==</latexit>

!(s3)
� = S(t,�)t++

<latexit sha1_base64="wC0NEe8zJuhOIZBs/B23M9ibAOs=">AAACGXicbVDLSgNBEJz1GeNr1aOXwSAkRMKuCnoRAl70FtE8IBuX2ckkGTL7YKZXCMv+hhd/xYsHRTzqyb9xNslBEwsaiqpuuru8SHAFlvVtLCwuLa+s5tby6xubW9vmzm5DhbGkrE5DEcqWRxQTPGB14CBYK5KM+J5gTW94mfnNByYVD4M7GEWs45N+wHucEtCSa1rYCX3WJ27iRAOe3idF5Z6U0gvHJzCgRCS3aRGOMq8EblIup65ZsCrWGHie2FNSQFPUXPPT6YY09lkAVBCl2rYVQSchEjgVLM07sWIRoUPSZ21NA+Iz1UnGn6X4UCtd3AulrgDwWP09kRBfqZHv6c7sYDXrZeJ/XjuG3nkn4UEUAwvoZFEvFhhCnMWEu1wyCmKkCaGS61sxHRBJKOgw8zoEe/bledI4rthWxb45LVSvp3Hk0D46QEVkozNURVeohuqIokf0jF7Rm/FkvBjvxsekdcGYzuyhPzC+fgDCxaAk</latexit><latexit sha1_base64="wC0NEe8zJuhOIZBs/B23M9ibAOs=">AAACGXicbVDLSgNBEJz1GeNr1aOXwSAkRMKuCnoRAl70FtE8IBuX2ckkGTL7YKZXCMv+hhd/xYsHRTzqyb9xNslBEwsaiqpuuru8SHAFlvVtLCwuLa+s5tby6xubW9vmzm5DhbGkrE5DEcqWRxQTPGB14CBYK5KM+J5gTW94mfnNByYVD4M7GEWs45N+wHucEtCSa1rYCX3WJ27iRAOe3idF5Z6U0gvHJzCgRCS3aRGOMq8EblIup65ZsCrWGHie2FNSQFPUXPPT6YY09lkAVBCl2rYVQSchEjgVLM07sWIRoUPSZ21NA+Iz1UnGn6X4UCtd3AulrgDwWP09kRBfqZHv6c7sYDXrZeJ/XjuG3nkn4UEUAwvoZFEvFhhCnMWEu1wyCmKkCaGS61sxHRBJKOgw8zoEe/bledI4rthWxb45LVSvp3Hk0D46QEVkozNURVeohuqIokf0jF7Rm/FkvBjvxsekdcGYzuyhPzC+fgDCxaAk</latexit><latexit sha1_base64="wC0NEe8zJuhOIZBs/B23M9ibAOs=">AAACGXicbVDLSgNBEJz1GeNr1aOXwSAkRMKuCnoRAl70FtE8IBuX2ckkGTL7YKZXCMv+hhd/xYsHRTzqyb9xNslBEwsaiqpuuru8SHAFlvVtLCwuLa+s5tby6xubW9vmzm5DhbGkrE5DEcqWRxQTPGB14CBYK5KM+J5gTW94mfnNByYVD4M7GEWs45N+wHucEtCSa1rYCX3WJ27iRAOe3idF5Z6U0gvHJzCgRCS3aRGOMq8EblIup65ZsCrWGHie2FNSQFPUXPPT6YY09lkAVBCl2rYVQSchEjgVLM07sWIRoUPSZ21NA+Iz1UnGn6X4UCtd3AulrgDwWP09kRBfqZHv6c7sYDXrZeJ/XjuG3nkn4UEUAwvoZFEvFhhCnMWEu1wyCmKkCaGS61sxHRBJKOgw8zoEe/bledI4rthWxb45LVSvp3Hk0D46QEVkozNURVeohuqIokf0jF7Rm/FkvBjvxsekdcGYzuyhPzC+fgDCxaAk</latexit><latexit sha1_base64="wC0NEe8zJuhOIZBs/B23M9ibAOs=">AAACGXicbVDLSgNBEJz1GeNr1aOXwSAkRMKuCnoRAl70FtE8IBuX2ckkGTL7YKZXCMv+hhd/xYsHRTzqyb9xNslBEwsaiqpuuru8SHAFlvVtLCwuLa+s5tby6xubW9vmzm5DhbGkrE5DEcqWRxQTPGB14CBYK5KM+J5gTW94mfnNByYVD4M7GEWs45N+wHucEtCSa1rYCX3WJ27iRAOe3idF5Z6U0gvHJzCgRCS3aRGOMq8EblIup65ZsCrWGHie2FNSQFPUXPPT6YY09lkAVBCl2rYVQSchEjgVLM07sWIRoUPSZ21NA+Iz1UnGn6X4UCtd3AulrgDwWP09kRBfqZHv6c7sYDXrZeJ/XjuG3nkn4UEUAwvoZFEvFhhCnMWEu1wyCmKkCaGS61sxHRBJKOgw8zoEe/bledI4rthWxb45LVSvp3Hk0D46QEVkozNURVeohuqIokf0jF7Rm/FkvBjvxsekdcGYzuyhPzC+fgDCxaAk</latexit>

b(⇢) = e⇢P2+a2⇢SP2+a3B1
<latexit sha1_base64="bNKq3xXTgevdIxMIXvmtWbhNz7g=">AAACEXicbZBNS8MwGMfT+TbnW9Wjl+AQJsJop6AXYehFbxPdC2y1pFm6haVNSVJhlH0FL34VLx4U8erNm9/GtOtBN/8Q+OX/PA/J8/ciRqWyrG+jsLC4tLxSXC2trW9sbpnbOy3JY4FJE3PGRcdDkjAakqaiipFOJAgKPEba3ugyrbcfiJCUh3dqHBEnQIOQ+hQjpS3XrHiVnhjyw3Nyn6QAG27tCLm1jG+nl+ML1564ZtmqWpngPNg5lEGuhmt+9focxwEJFWZIyq5tRcpJkFAUMzIp9WJJIoRHaEC6GkMUEOkk2UYTeKCdPvS50CdUMHN/TyQokHIceLozQGooZ2up+V+tGyv/zEloGMWKhHj6kB8zqDhM44F9KghWbKwBYUH1XyEeIoGw0iGWdAj27Mrz0KpVbatq35yU69d5HEWwB/ZBBdjgFNTBFWiAJsDgETyDV/BmPBkvxrvxMW0tGPnMLvgj4/MHBaKbPg==</latexit><latexit sha1_base64="bNKq3xXTgevdIxMIXvmtWbhNz7g=">AAACEXicbZBNS8MwGMfT+TbnW9Wjl+AQJsJop6AXYehFbxPdC2y1pFm6haVNSVJhlH0FL34VLx4U8erNm9/GtOtBN/8Q+OX/PA/J8/ciRqWyrG+jsLC4tLxSXC2trW9sbpnbOy3JY4FJE3PGRcdDkjAakqaiipFOJAgKPEba3ugyrbcfiJCUh3dqHBEnQIOQ+hQjpS3XrHiVnhjyw3Nyn6QAG27tCLm1jG+nl+ML1564ZtmqWpngPNg5lEGuhmt+9focxwEJFWZIyq5tRcpJkFAUMzIp9WJJIoRHaEC6GkMUEOkk2UYTeKCdPvS50CdUMHN/TyQokHIceLozQGooZ2up+V+tGyv/zEloGMWKhHj6kB8zqDhM44F9KghWbKwBYUH1XyEeIoGw0iGWdAj27Mrz0KpVbatq35yU69d5HEWwB/ZBBdjgFNTBFWiAJsDgETyDV/BmPBkvxrvxMW0tGPnMLvgj4/MHBaKbPg==</latexit><latexit sha1_base64="bNKq3xXTgevdIxMIXvmtWbhNz7g=">AAACEXicbZBNS8MwGMfT+TbnW9Wjl+AQJsJop6AXYehFbxPdC2y1pFm6haVNSVJhlH0FL34VLx4U8erNm9/GtOtBN/8Q+OX/PA/J8/ciRqWyrG+jsLC4tLxSXC2trW9sbpnbOy3JY4FJE3PGRcdDkjAakqaiipFOJAgKPEba3ugyrbcfiJCUh3dqHBEnQIOQ+hQjpS3XrHiVnhjyw3Nyn6QAG27tCLm1jG+nl+ML1564ZtmqWpngPNg5lEGuhmt+9focxwEJFWZIyq5tRcpJkFAUMzIp9WJJIoRHaEC6GkMUEOkk2UYTeKCdPvS50CdUMHN/TyQokHIceLozQGooZ2up+V+tGyv/zEloGMWKhHj6kB8zqDhM44F9KghWbKwBYUH1XyEeIoGw0iGWdAj27Mrz0KpVbatq35yU69d5HEWwB/ZBBdjgFNTBFWiAJsDgETyDV/BmPBkvxrvxMW0tGPnMLvgj4/MHBaKbPg==</latexit><latexit sha1_base64="bNKq3xXTgevdIxMIXvmtWbhNz7g=">AAACEXicbZBNS8MwGMfT+TbnW9Wjl+AQJsJop6AXYehFbxPdC2y1pFm6haVNSVJhlH0FL34VLx4U8erNm9/GtOtBN/8Q+OX/PA/J8/ciRqWyrG+jsLC4tLxSXC2trW9sbpnbOy3JY4FJE3PGRcdDkjAakqaiipFOJAgKPEba3ugyrbcfiJCUh3dqHBEnQIOQ+hQjpS3XrHiVnhjyw3Nyn6QAG27tCLm1jG+nl+ML1564ZtmqWpngPNg5lEGuhmt+9focxwEJFWZIyq5tRcpJkFAUMzIp9WJJIoRHaEC6GkMUEOkk2UYTeKCdPvS50CdUMHN/TyQokHIceLozQGooZ2up+V+tGyv/zEloGMWKhHj6kB8zqDhM44F9KghWbKwBYUH1XyEeIoGw0iGWdAj27Mrz0KpVbatq35yU69d5HEWwB/ZBBdjgFNTBFWiAJsDgETyDV/BmPBkvxrvxMW0tGPnMLvgj4/MHBaKbPg==</latexit>

Follow the same procedure as above

Spin 2 and Spin 3

Minimally modify the boundary conditions

Group element needs to have additional dependence, which allows to eliminate the 
shift in       direction that appears in Carroll gravity and its conformal version above �

<latexit sha1_base64="gmxApF2CaPzlsx24Axe79ToOSPo=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCFw8eKthaaJeSTbPd0CS7JFmhLP0LXjwo4tU/5M1/Y7bdg7Y+GHi8N8PMvDAV3FjP+0aVtfWNza3qdm1nd2//oH541DVJpinr0EQkuhcSwwRXrGO5FayXakZkKNhjOLkp/Mcnpg1P1IOdpiyQZKx4xCmxhTRIYz6sN7ymNwdeJX5JGlCiPax/DUYJzSRTlgpiTN/3UhvkRFtOBZvVBplhKaETMmZ9RxWRzAT5/NYZPnPKCEeJdqUsnqu/J3IijZnK0HVKYmOz7BXif14/s9F1kHOVZpYpulgUZQLbBBeP4xHXjFoxdYRQzd2tmMZEE2pdPDUXgr/88irpXjR9r+nfXzZad2UcVTiBUzgHH66gBbfQhg5QiOEZXuENSfSC3tHHorWCyplj+AP0+QMWio5J</latexit><latexit sha1_base64="gmxApF2CaPzlsx24Axe79ToOSPo=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCFw8eKthaaJeSTbPd0CS7JFmhLP0LXjwo4tU/5M1/Y7bdg7Y+GHi8N8PMvDAV3FjP+0aVtfWNza3qdm1nd2//oH541DVJpinr0EQkuhcSwwRXrGO5FayXakZkKNhjOLkp/Mcnpg1P1IOdpiyQZKx4xCmxhTRIYz6sN7ymNwdeJX5JGlCiPax/DUYJzSRTlgpiTN/3UhvkRFtOBZvVBplhKaETMmZ9RxWRzAT5/NYZPnPKCEeJdqUsnqu/J3IijZnK0HVKYmOz7BXif14/s9F1kHOVZpYpulgUZQLbBBeP4xHXjFoxdYRQzd2tmMZEE2pdPDUXgr/88irpXjR9r+nfXzZad2UcVTiBUzgHH66gBbfQhg5QiOEZXuENSfSC3tHHorWCyplj+AP0+QMWio5J</latexit><latexit sha1_base64="gmxApF2CaPzlsx24Axe79ToOSPo=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCFw8eKthaaJeSTbPd0CS7JFmhLP0LXjwo4tU/5M1/Y7bdg7Y+GHi8N8PMvDAV3FjP+0aVtfWNza3qdm1nd2//oH541DVJpinr0EQkuhcSwwRXrGO5FayXakZkKNhjOLkp/Mcnpg1P1IOdpiyQZKx4xCmxhTRIYz6sN7ymNwdeJX5JGlCiPax/DUYJzSRTlgpiTN/3UhvkRFtOBZvVBplhKaETMmZ9RxWRzAT5/NYZPnPKCEeJdqUsnqu/J3IijZnK0HVKYmOz7BXif14/s9F1kHOVZpYpulgUZQLbBBeP4xHXjFoxdYRQzd2tmMZEE2pdPDUXgr/88irpXjR9r+nfXzZad2UcVTiBUzgHH66gBbfQhg5QiOEZXuENSfSC3tHHorWCyplj+AP0+QMWio5J</latexit><latexit sha1_base64="gmxApF2CaPzlsx24Axe79ToOSPo=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCFw8eKthaaJeSTbPd0CS7JFmhLP0LXjwo4tU/5M1/Y7bdg7Y+GHi8N8PMvDAV3FjP+0aVtfWNza3qdm1nd2//oH541DVJpinr0EQkuhcSwwRXrGO5FayXakZkKNhjOLkp/Mcnpg1P1IOdpiyQZKx4xCmxhTRIYz6sN7ymNwdeJX5JGlCiPax/DUYJzSRTlgpiTN/3UhvkRFtOBZvVBplhKaETMmZ9RxWRzAT5/NYZPnPKCEeJdqUsnqu/J3IijZnK0HVKYmOz7BXif14/s9F1kHOVZpYpulgUZQLbBBeP4xHXjFoxdYRQzd2tmMZEE2pdPDUXgr/88irpXjR9r+nfXzZad2UcVTiBUzgHH66gBbfQhg5QiOEZXuENSfSC3tHHorWCyplj+AP0+QMWio5J</latexit>



CONCLUSION



➤ We have studied a form of IW contraction of the algebras corresponding to Young modules  for 
conformal graviton  and spin-3 field from the so(3,2) algebra


➤ In the first case we obtain conformal Carrollian algebra based on which we considered a gravity 
theory starting from Chern-Simons action.


➤ For the spin-3 case we followed the same line of work and constructed a gravity theory. It would be 
imaginable to think of it as a suitable spin-3 generalisation of Conformal gravity.


➤ From studying the holography of the theory we obtain the generalisation of the Carrollian gravity and 
for the holography of the spin-3 theory we manage to find the boundary conditions that eliminate the 
shift that appears in the Carrollian gravity. 


➤ In the future study it would be interesting to consider spin-s generalisation in more detail and find a 
map between the conformal Carrollian algebras and the higher spin fields in the metric formulation.


➤  It would be also interesting to see if one could obtain additional information of the restriction of 
interacting vertices in higher spin gravity in this theory. 



Thank you!


