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Introduction and motivation

• Colored gravity? 

• Photon 

• Yang-Mills: “coloured photon” self-interacting, non-linear 
gauge symmetry 

• Graviton 

• No go results:

Boulanger, Henneaux, and Damour
(including ways to circumvent them)

 Cutler and Wald;
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Introduction and motivation 

• agrees with Coleman-Mandula, Weinberg th,..  

• 3D gravity: no-propagating d.o.f. (hence, no need for S-
matrix) 

• for that reason 3D color gravity exists 

• Proposals for coloured gravity in 3D 

• Boulanger, Gualtieri; Gwak, Joung, Mkrtchyan, Rey;  
Gomis, Jong, Kleinschmidt, Mkrtchyan
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Introduction and motivation 

• Main results:  

• requiring local conformal invariance yields extremely 
simple theory 

•  There is a new kind of gauge invariance mixing 
spacetime and internal symmetries 

• Ingredients gµ⌫
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Riemannian spacetime metric
so(N) gauge field
N-colored spin-2 fields (symmetric and 
traceless)

sIµ⌫
<latexit sha1_base64="8wO29gqFT2XjLZRSzJVI8x7M9rs=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj0orcI5gHZNcxOZpMhM7PLPISw5De8eFDEqz/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1ldW9/YLG2Vt3d29/YrB4ctnVpFaJOkPFWdGGvKmaRNwwynnUxRLGJO2/HoZuq3n6jSLJUPZpzRSOCBZAkj2Dgp1L08FDaUdvJ416tU/Zo/A1omQUGqUKDRq3yF/ZRYQaUhHGvdDfzMRDlWhhFOJ+XQapphMsID2nVUYkF1lM9unqBTp/RRkipX0qCZ+nsix0LrsYhdp8BmqBe9qfif17UmuYpyJjNrqCTzRYnlyKRoGgDqM0WJ4WNHMFHM3YrIECtMjIup7EIIFl9eJq3zWuDXgvuLav26iKMEx3ACZxDAJdThFhrQBAIZPMMrvHnWe/HevY9564pXzBzBH3ifP1ugkeA=</latexit><latexit sha1_base64="8wO29gqFT2XjLZRSzJVI8x7M9rs=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj0orcI5gHZNcxOZpMhM7PLPISw5De8eFDEqz/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1ldW9/YLG2Vt3d29/YrB4ctnVpFaJOkPFWdGGvKmaRNwwynnUxRLGJO2/HoZuq3n6jSLJUPZpzRSOCBZAkj2Dgp1L08FDaUdvJ416tU/Zo/A1omQUGqUKDRq3yF/ZRYQaUhHGvdDfzMRDlWhhFOJ+XQapphMsID2nVUYkF1lM9unqBTp/RRkipX0qCZ+nsix0LrsYhdp8BmqBe9qfif17UmuYpyJjNrqCTzRYnlyKRoGgDqM0WJ4WNHMFHM3YrIECtMjIup7EIIFl9eJq3zWuDXgvuLav26iKMEx3ACZxDAJdThFhrQBAIZPMMrvHnWe/HevY9564pXzBzBH3ifP1ugkeA=</latexit><latexit sha1_base64="8wO29gqFT2XjLZRSzJVI8x7M9rs=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj0orcI5gHZNcxOZpMhM7PLPISw5De8eFDEqz/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1ldW9/YLG2Vt3d29/YrB4ctnVpFaJOkPFWdGGvKmaRNwwynnUxRLGJO2/HoZuq3n6jSLJUPZpzRSOCBZAkj2Dgp1L08FDaUdvJ416tU/Zo/A1omQUGqUKDRq3yF/ZRYQaUhHGvdDfzMRDlWhhFOJ+XQapphMsID2nVUYkF1lM9unqBTp/RRkipX0qCZ+nsix0LrsYhdp8BmqBe9qfif17UmuYpyJjNrqCTzRYnlyKRoGgDqM0WJ4WNHMFHM3YrIECtMjIup7EIIFl9eJq3zWuDXgvuLav26iKMEx3ACZxDAJdThFhrQBAIZPMMrvHnWe/HevY9564pXzBzBH3ifP1ugkeA=</latexit><latexit sha1_base64="8wO29gqFT2XjLZRSzJVI8x7M9rs=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj0orcI5gHZNcxOZpMhM7PLPISw5De8eFDEqz/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1ldW9/YLG2Vt3d29/YrB4ctnVpFaJOkPFWdGGvKmaRNwwynnUxRLGJO2/HoZuq3n6jSLJUPZpzRSOCBZAkj2Dgp1L08FDaUdvJ416tU/Zo/A1omQUGqUKDRq3yF/ZRYQaUhHGvdDfzMRDlWhhFOJ+XQapphMsID2nVUYkF1lM9unqBTp/RRkipX0qCZ+nsix0LrsYhdp8BmqBe9qfif17UmuYpyJjNrqCTzRYnlyKRoGgDqM0WJ4WNHMFHM3YrIECtMjIup7EIIFl9eJq3zWuDXgvuLav26iKMEx3ACZxDAJdThFhrQBAIZPMMrvHnWe/HevY9564pXzBzBH3ifP1ugkeA=</latexit>

7Iva Lovrekovic, TU Wien, Conformally colored gravity in 3D 



Metric formulation
8



Metric formulation 

I =

Z
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Metric formulation 

Conformal gravity in 3d 
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Z
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Metric formulation 

Conformal gravity in 3d Color fields: 
        is so(N) gauge field
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Metric formulation 

Conformal gravity in 3d 

I =

Z
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N spin-2 fields of color I,  minimally coupled to gravity, 
and so(N) gauge field

Color fields: 
        is so(N) gauge fieldaµ

I
J
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Metric formulation 

Conformal gravity in 3d 
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N spin-2 fields of color I,  minimally coupled to gravity, 
and so(N) gauge field
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Metric formulation 

Conformal gravity in 3d 
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• By varying the action, we obtain the equations of motion 
(eom) for the fields 

• For the metric, eom is the Cotton tensor and tensor 
made from  

• Cotton tensor has a standard definition

Metric formulation 

Cµ⌫ = Tµ⌫
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• Stress-energy tensor, is given in terms of field      , and it 
is symmetric, divergenless and traceless on shell 

• Eom for the field     issIµ⌫
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• By setting N=1 and using the eom for      ,                  will 
equal the equation in Pope et al, and Grigoriev et al 

• We have an additional eom for the color gauge bosons, 
where the contribution beside from the Chern-Simons 
part, comes from the covariant derivative 

Metric formulation 

Cµ⌫ + ✏⇢�(µr⇢s
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�
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Cµ⌫ = Tµ⌫
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Metric formulation 

FIJ
µ⌫ = 4sI⇢ [µ s

J
⌫]⇢

<latexit sha1_base64="kwFKA9baf4q47lKsVDTGP8nAvqs="></latexit><latexit sha1_base64="kwFKA9baf4q47lKsVDTGP8nAvqs="></latexit><latexit sha1_base64="kwFKA9baf4q47lKsVDTGP8nAvqs="></latexit><latexit sha1_base64="kwFKA9baf4q47lKsVDTGP8nAvqs="></latexit>

 field strength 

sourced by the dual of the conserved current (on-shell)
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<latexit sha1_base64="88IgvlH/bLAXHkwUnHmQoNmA9Ic=">AAACEXicbVDLSsNAFJ34rPUVdelmsAhdlUQE3QhFXWhXFewDmhgm00k7dDIJMxOhhPyCG3/FjQtF3Lpz5984aYNo64GBM+few733+DGjUlnWl7GwuLS8slpaK69vbG5tmzu7bRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen4o4u83rknQtKI36pxTNwQDTgNKEZKS55ZdUKkhoFAo/Qy81KHaWsfZQ0vvW5kdz//M8szK1bNmgDOE7sgFVCg6ZmfTj/CSUi4wgxJ2bOtWLkpEopiRrKyk0gSIzxCA9LTlKOQSDedXJTBQ630YRAJ/biCE/W3I0WhlOPQ1535/nK2lov/1XqJCk7dlPI4UYTj6aAgYVBFMI8H9qkgWLGxJggLqneFeIgEwkqHWNYh2LMnz5P2Uc22avbNcaV+XsRRAvvgAFSBDU5AHVyBJmgBDB7AE3gBr8aj8Wy8Ge/T1gWj8OyBPzA+vgFOs53p</latexit><latexit sha1_base64="88IgvlH/bLAXHkwUnHmQoNmA9Ic=">AAACEXicbVDLSsNAFJ34rPUVdelmsAhdlUQE3QhFXWhXFewDmhgm00k7dDIJMxOhhPyCG3/FjQtF3Lpz5984aYNo64GBM+few733+DGjUlnWl7GwuLS8slpaK69vbG5tmzu7bRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen4o4u83rknQtKI36pxTNwQDTgNKEZKS55ZdUKkhoFAo/Qy81KHaWsfZQ0vvW5kdz//M8szK1bNmgDOE7sgFVCg6ZmfTj/CSUi4wgxJ2bOtWLkpEopiRrKyk0gSIzxCA9LTlKOQSDedXJTBQ630YRAJ/biCE/W3I0WhlOPQ1535/nK2lov/1XqJCk7dlPI4UYTj6aAgYVBFMI8H9qkgWLGxJggLqneFeIgEwkqHWNYh2LMnz5P2Uc22avbNcaV+XsRRAvvgAFSBDU5AHVyBJmgBDB7AE3gBr8aj8Wy8Ge/T1gWj8OyBPzA+vgFOs53p</latexit><latexit sha1_base64="88IgvlH/bLAXHkwUnHmQoNmA9Ic=">AAACEXicbVDLSsNAFJ34rPUVdelmsAhdlUQE3QhFXWhXFewDmhgm00k7dDIJMxOhhPyCG3/FjQtF3Lpz5984aYNo64GBM+few733+DGjUlnWl7GwuLS8slpaK69vbG5tmzu7bRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen4o4u83rknQtKI36pxTNwQDTgNKEZKS55ZdUKkhoFAo/Qy81KHaWsfZQ0vvW5kdz//M8szK1bNmgDOE7sgFVCg6ZmfTj/CSUi4wgxJ2bOtWLkpEopiRrKyk0gSIzxCA9LTlKOQSDedXJTBQ630YRAJ/biCE/W3I0WhlOPQ1535/nK2lov/1XqJCk7dlPI4UYTj6aAgYVBFMI8H9qkgWLGxJggLqneFeIgEwkqHWNYh2LMnz5P2Uc22avbNcaV+XsRRAvvgAFSBDU5AHVyBJmgBDB7AE3gBr8aj8Wy8Ge/T1gWj8OyBPzA+vgFOs53p</latexit><latexit sha1_base64="88IgvlH/bLAXHkwUnHmQoNmA9Ic=">AAACEXicbVDLSsNAFJ34rPUVdelmsAhdlUQE3QhFXWhXFewDmhgm00k7dDIJMxOhhPyCG3/FjQtF3Lpz5984aYNo64GBM+few733+DGjUlnWl7GwuLS8slpaK69vbG5tmzu7bRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen4o4u83rknQtKI36pxTNwQDTgNKEZKS55ZdUKkhoFAo/Qy81KHaWsfZQ0vvW5kdz//M8szK1bNmgDOE7sgFVCg6ZmfTj/CSUi4wgxJ2bOtWLkpEopiRrKyk0gSIzxCA9LTlKOQSDedXJTBQ630YRAJ/biCE/W3I0WhlOPQ1535/nK2lov/1XqJCk7dlPI4UYTj6aAgYVBFMI8H9qkgWLGxJggLqneFeIgEwkqHWNYh2LMnz5P2Uc22avbNcaV+XsRRAvvgAFSBDU5AHVyBJmgBDB7AE3gBr8aj8Wy8Ge/T1gWj8OyBPzA+vgFOs53p</latexit>

J�
IJ = 4✏�µ⌫s⇢I µsJ⌫⇢

<latexit sha1_base64="4G5ySW0wrEuvLGq47x0jsMBqxDc="></latexit><latexit sha1_base64="4G5ySW0wrEuvLGq47x0jsMBqxDc="></latexit><latexit sha1_base64="4G5ySW0wrEuvLGq47x0jsMBqxDc="></latexit><latexit sha1_base64="4G5ySW0wrEuvLGq47x0jsMBqxDc="></latexit>

F IJ = FIJ
µ⌫ + @µa⌫ ij � @⌫aµij + ⌧klaµlia⌫kj � ⌧kla⌫ liaµkj

<latexit sha1_base64="FdALDWpbF80z1o/+IMbtMNrKVfA="></latexit><latexit sha1_base64="FdALDWpbF80z1o/+IMbtMNrKVfA="></latexit><latexit sha1_base64="FdALDWpbF80z1o/+IMbtMNrKVfA="></latexit><latexit sha1_base64="FdALDWpbF80z1o/+IMbtMNrKVfA="></latexit>

• 3rd eom:

18Iva Lovrekovic, TU Wien, Conformally colored gravity in 3D 
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Symmetries

• No propagating d.o.f.s because of the gauge invariances 

• Gauge invariances:  

• diffeomorphisms  

• local conformal transformations 

gµ⌫ ! ⌦2gµ⌫
<latexit sha1_base64="F5LDmojJZnkPqULox6nYqHYJ1nc=">AAACEnicbVDLSsNAFJ34rPUVdelmsAi6KUkRdFl0484K9gFNDJPpJB06MwkzE6WEfoMbf8WNC0XcunLn3zhtA2rrgQuHc+7l3nvClFGlHefLWlhcWl5ZLa2V1zc2t7btnd2WSjKJSRMnLJGdECnCqCBNTTUjnVQSxENG2uHgYuy374hUNBE3epgSn6NY0IhipI0U2MdxkHs880Q28iSN+xpJmdxD74qTGN3W4I8d2BWn6kwA54lbkAoo0AjsT6+X4IwToTFDSnVdJ9V+jqSmmJFR2csUSREeoJh0DRWIE+Xnk5dG8NAoPRgl0pTQcKL+nsgRV2rIQ9PJke6rWW8s/ud1Mx2d+TkVaaaJwNNFUcagTuA4H9ijkmDNhoYgLKm5FeI+kghrk2LZhODOvjxPWrWq61Td65NK/byIowT2wQE4Ai44BXVwCRqgCTB4AE/gBbxaj9az9Wa9T1sXrGJmD/yB9fENSESedQ==</latexit><latexit sha1_base64="F5LDmojJZnkPqULox6nYqHYJ1nc=">AAACEnicbVDLSsNAFJ34rPUVdelmsAi6KUkRdFl0484K9gFNDJPpJB06MwkzE6WEfoMbf8WNC0XcunLn3zhtA2rrgQuHc+7l3nvClFGlHefLWlhcWl5ZLa2V1zc2t7btnd2WSjKJSRMnLJGdECnCqCBNTTUjnVQSxENG2uHgYuy374hUNBE3epgSn6NY0IhipI0U2MdxkHs880Q28iSN+xpJmdxD74qTGN3W4I8d2BWn6kwA54lbkAoo0AjsT6+X4IwToTFDSnVdJ9V+jqSmmJFR2csUSREeoJh0DRWIE+Xnk5dG8NAoPRgl0pTQcKL+nsgRV2rIQ9PJke6rWW8s/ud1Mx2d+TkVaaaJwNNFUcagTuA4H9ijkmDNhoYgLKm5FeI+kghrk2LZhODOvjxPWrWq61Td65NK/byIowT2wQE4Ai44BXVwCRqgCTB4AE/gBbxaj9az9Wa9T1sXrGJmD/yB9fENSESedQ==</latexit><latexit sha1_base64="F5LDmojJZnkPqULox6nYqHYJ1nc=">AAACEnicbVDLSsNAFJ34rPUVdelmsAi6KUkRdFl0484K9gFNDJPpJB06MwkzE6WEfoMbf8WNC0XcunLn3zhtA2rrgQuHc+7l3nvClFGlHefLWlhcWl5ZLa2V1zc2t7btnd2WSjKJSRMnLJGdECnCqCBNTTUjnVQSxENG2uHgYuy374hUNBE3epgSn6NY0IhipI0U2MdxkHs880Q28iSN+xpJmdxD74qTGN3W4I8d2BWn6kwA54lbkAoo0AjsT6+X4IwToTFDSnVdJ9V+jqSmmJFR2csUSREeoJh0DRWIE+Xnk5dG8NAoPRgl0pTQcKL+nsgRV2rIQ9PJke6rWW8s/ud1Mx2d+TkVaaaJwNNFUcagTuA4H9ijkmDNhoYgLKm5FeI+kghrk2LZhODOvjxPWrWq61Td65NK/byIowT2wQE4Ai44BXVwCRqgCTB4AE/gBbxaj9az9Wa9T1sXrGJmD/yB9fENSESedQ==</latexit><latexit sha1_base64="F5LDmojJZnkPqULox6nYqHYJ1nc=">AAACEnicbVDLSsNAFJ34rPUVdelmsAi6KUkRdFl0484K9gFNDJPpJB06MwkzE6WEfoMbf8WNC0XcunLn3zhtA2rrgQuHc+7l3nvClFGlHefLWlhcWl5ZLa2V1zc2t7btnd2WSjKJSRMnLJGdECnCqCBNTTUjnVQSxENG2uHgYuy374hUNBE3epgSn6NY0IhipI0U2MdxkHs880Q28iSN+xpJmdxD74qTGN3W4I8d2BWn6kwA54lbkAoo0AjsT6+X4IwToTFDSnVdJ9V+jqSmmJFR2csUSREeoJh0DRWIE+Xnk5dG8NAoPRgl0pTQcKL+nsgRV2rIQ9PJke6rWW8s/ud1Mx2d+TkVaaaJwNNFUcagTuA4H9ijkmDNhoYgLKm5FeI+kghrk2LZhODOvjxPWrWq61Td65NK/byIowT2wQE4Ai44BXVwCRqgCTB4AE/gBbxaj9az9Wa9T1sXrGJmD/yB9fENSESedQ==</latexit>

sIµ⌫ ! ⌦sIµ⌫
<latexit sha1_base64="rHwOE1JHO0bgqai93ljpYUYqoQk=">AAACFHicbVDLSsNAFJ34rPUVdelmsAiCUBIRdFl0oysr2Ac0MUymk3TozCTMTJQS+hFu/BU3LhRx68Kdf+O0zaK2HrhwOOde7r0nTBlV2nF+rIXFpeWV1dJaeX1jc2vb3tltqiSTmDRwwhLZDpEijArS0FQz0k4lQTxkpBX2L0d+64FIRRNxpwcp8TmKBY0oRtpIgX2s7q+D3OOZJ7KhJ2nc00jK5BF6N5zECE7bgV1xqs4YcJ64BamAAvXA/va6Cc44ERozpFTHdVLt50hqihkZlr1MkRThPopJx1CBOFF+Pn5qCA+N0oVRIk0JDcfq9ESOuFIDHppOjnRPzXoj8T+vk+no3M+pSDNNBJ4sijIGdQJHCcEulQRrNjAEYUnNrRD3kERYmxzLJgR39uV50jypuk7VvT2t1C6KOEpgHxyAI+CCM1ADV6AOGgCDJ/AC3sC79Wy9Wh/W56R1wSpm9sAfWF+/9dCfXw==</latexit><latexit sha1_base64="rHwOE1JHO0bgqai93ljpYUYqoQk=">AAACFHicbVDLSsNAFJ34rPUVdelmsAiCUBIRdFl0oysr2Ac0MUymk3TozCTMTJQS+hFu/BU3LhRx68Kdf+O0zaK2HrhwOOde7r0nTBlV2nF+rIXFpeWV1dJaeX1jc2vb3tltqiSTmDRwwhLZDpEijArS0FQz0k4lQTxkpBX2L0d+64FIRRNxpwcp8TmKBY0oRtpIgX2s7q+D3OOZJ7KhJ2nc00jK5BF6N5zECE7bgV1xqs4YcJ64BamAAvXA/va6Cc44ERozpFTHdVLt50hqihkZlr1MkRThPopJx1CBOFF+Pn5qCA+N0oVRIk0JDcfq9ESOuFIDHppOjnRPzXoj8T+vk+no3M+pSDNNBJ4sijIGdQJHCcEulQRrNjAEYUnNrRD3kERYmxzLJgR39uV50jypuk7VvT2t1C6KOEpgHxyAI+CCM1ADV6AOGgCDJ/AC3sC79Wy9Wh/W56R1wSpm9sAfWF+/9dCfXw==</latexit><latexit sha1_base64="rHwOE1JHO0bgqai93ljpYUYqoQk=">AAACFHicbVDLSsNAFJ34rPUVdelmsAiCUBIRdFl0oysr2Ac0MUymk3TozCTMTJQS+hFu/BU3LhRx68Kdf+O0zaK2HrhwOOde7r0nTBlV2nF+rIXFpeWV1dJaeX1jc2vb3tltqiSTmDRwwhLZDpEijArS0FQz0k4lQTxkpBX2L0d+64FIRRNxpwcp8TmKBY0oRtpIgX2s7q+D3OOZJ7KhJ2nc00jK5BF6N5zECE7bgV1xqs4YcJ64BamAAvXA/va6Cc44ERozpFTHdVLt50hqihkZlr1MkRThPopJx1CBOFF+Pn5qCA+N0oVRIk0JDcfq9ESOuFIDHppOjnRPzXoj8T+vk+no3M+pSDNNBJ4sijIGdQJHCcEulQRrNjAEYUnNrRD3kERYmxzLJgR39uV50jypuk7VvT2t1C6KOEpgHxyAI+CCM1ADV6AOGgCDJ/AC3sC79Wy9Wh/W56R1wSpm9sAfWF+/9dCfXw==</latexit><latexit sha1_base64="rHwOE1JHO0bgqai93ljpYUYqoQk=">AAACFHicbVDLSsNAFJ34rPUVdelmsAiCUBIRdFl0oysr2Ac0MUymk3TozCTMTJQS+hFu/BU3LhRx68Kdf+O0zaK2HrhwOOde7r0nTBlV2nF+rIXFpeWV1dJaeX1jc2vb3tltqiSTmDRwwhLZDpEijArS0FQz0k4lQTxkpBX2L0d+64FIRRNxpwcp8TmKBY0oRtpIgX2s7q+D3OOZJ7KhJ2nc00jK5BF6N5zECE7bgV1xqs4YcJ64BamAAvXA/va6Cc44ERozpFTHdVLt50hqihkZlr1MkRThPopJx1CBOFF+Pn5qCA+N0oVRIk0JDcfq9ESOuFIDHppOjnRPzXoj8T+vk+no3M+pSDNNBJ4sijIGdQJHCcEulQRrNjAEYUnNrRD3kERYmxzLJgR39uV50jypuk7VvT2t1C6KOEpgHxyAI+CCM1ADV6AOGgCDJ/AC3sC79Wy9Wh/W56R1wSpm9sAfWF+/9dCfXw==</latexit>

aIJ ! aIJ
<latexit sha1_base64="P2iSMl4R57032X0EO1bwXYMjnvU=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURQY9FL+qpgv2ANobNdtMu3WTD7kQpoeDFv+LFgyJe/RPe/Ddu2xy09cHA470ZZuYFieAaHOfbKiwsLi2vFFdLa+sbm1v29k5Dy1RRVqdSSNUKiGaCx6wOHARrJYqRKBCsGQwuxn7zninNZXwLw4R5EenFPOSUgJF8e4/cXWUj/7qjeK8PRCn5gHPJt8tOxZkAzxM3J2WUo+bbX52upGnEYqCCaN12nQS8jCjgVLBRqZNqlhA6ID3WNjQmEdNeNvlhhA+N0sWhVKZiwBP190RGIq2HUWA6IwJ9PeuNxf+8dgrhmZfxOEmBxXS6KEwFBonHgeAuV4yCGBpCqOLmVkz7RBEKJraSCcGdfXmeNI4rrlNxb07K1fM8jiLaRwfoCLnoFFXRJaqhOqLoET2jV/RmPVkv1rv1MW0tWPnMLvoD6/MHEUKXxg==</latexit><latexit sha1_base64="P2iSMl4R57032X0EO1bwXYMjnvU=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURQY9FL+qpgv2ANobNdtMu3WTD7kQpoeDFv+LFgyJe/RPe/Ddu2xy09cHA470ZZuYFieAaHOfbKiwsLi2vFFdLa+sbm1v29k5Dy1RRVqdSSNUKiGaCx6wOHARrJYqRKBCsGQwuxn7zninNZXwLw4R5EenFPOSUgJF8e4/cXWUj/7qjeK8PRCn5gHPJt8tOxZkAzxM3J2WUo+bbX52upGnEYqCCaN12nQS8jCjgVLBRqZNqlhA6ID3WNjQmEdNeNvlhhA+N0sWhVKZiwBP190RGIq2HUWA6IwJ9PeuNxf+8dgrhmZfxOEmBxXS6KEwFBonHgeAuV4yCGBpCqOLmVkz7RBEKJraSCcGdfXmeNI4rrlNxb07K1fM8jiLaRwfoCLnoFFXRJaqhOqLoET2jV/RmPVkv1rv1MW0tWPnMLvoD6/MHEUKXxg==</latexit><latexit sha1_base64="P2iSMl4R57032X0EO1bwXYMjnvU=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURQY9FL+qpgv2ANobNdtMu3WTD7kQpoeDFv+LFgyJe/RPe/Ddu2xy09cHA470ZZuYFieAaHOfbKiwsLi2vFFdLa+sbm1v29k5Dy1RRVqdSSNUKiGaCx6wOHARrJYqRKBCsGQwuxn7zninNZXwLw4R5EenFPOSUgJF8e4/cXWUj/7qjeK8PRCn5gHPJt8tOxZkAzxM3J2WUo+bbX52upGnEYqCCaN12nQS8jCjgVLBRqZNqlhA6ID3WNjQmEdNeNvlhhA+N0sWhVKZiwBP190RGIq2HUWA6IwJ9PeuNxf+8dgrhmZfxOEmBxXS6KEwFBonHgeAuV4yCGBpCqOLmVkz7RBEKJraSCcGdfXmeNI4rrlNxb07K1fM8jiLaRwfoCLnoFFXRJaqhOqLoET2jV/RmPVkv1rv1MW0tWPnMLvoD6/MHEUKXxg==</latexit><latexit sha1_base64="P2iSMl4R57032X0EO1bwXYMjnvU=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURQY9FL+qpgv2ANobNdtMu3WTD7kQpoeDFv+LFgyJe/RPe/Ddu2xy09cHA470ZZuYFieAaHOfbKiwsLi2vFFdLa+sbm1v29k5Dy1RRVqdSSNUKiGaCx6wOHARrJYqRKBCsGQwuxn7zninNZXwLw4R5EenFPOSUgJF8e4/cXWUj/7qjeK8PRCn5gHPJt8tOxZkAzxM3J2WUo+bbX52upGnEYqCCaN12nQS8jCjgVLBRqZNqlhA6ID3WNjQmEdNeNvlhhA+N0sWhVKZiwBP190RGIq2HUWA6IwJ9PeuNxf+8dgrhmZfxOEmBxXS6KEwFBonHgeAuV4yCGBpCqOLmVkz7RBEKJraSCcGdfXmeNI4rrlNxb07K1fM8jiLaRwfoCLnoFFXRJaqhOqLoET2jV/RmPVkv1rv1MW0tWPnMLvoD6/MHEUKXxg==</latexit>

�� = L⇠�
<latexit sha1_base64="95UPM+mocfh8KrWKnPIrEnCGzqg=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdCMU3bhwUcE+oAlhMrlth04ezEzEErp146+4caGIW//AnX/jJM1CWw9cOJxzL/fe4yecSWVZ30ZlaXllda26XtvY3NreMXf3OjJOBYU2jXksej6RwFkEbcUUh14igIQ+h64/vsr97j0IyeLoTk0ScEMyjNiAUaK05JnYCYArgp3WiF04IVEjSnh2M/WcB1aInlm3GlYBvEjsktRRiZZnfjlBTNMQIkU5kbJvW4lyMyIUoxymNSeVkBA6JkPoaxqREKSbFZ9M8ZFWAjyIha5I4UL9PZGRUMpJ6OvO/FY57+Xif14/VYNzN2NRkiqI6GzRIOVYxTiPBQdMAFV8ogmhgulbMR0RQajS4dV0CPb8y4ukc9KwrYZ9e1pvXpZxVNEBOkTHyEZnqImuUQu1EUWP6Bm9ojfjyXgx3o2PWWvFKGf20R8Ynz/7vZne</latexit><latexit sha1_base64="95UPM+mocfh8KrWKnPIrEnCGzqg=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdCMU3bhwUcE+oAlhMrlth04ezEzEErp146+4caGIW//AnX/jJM1CWw9cOJxzL/fe4yecSWVZ30ZlaXllda26XtvY3NreMXf3OjJOBYU2jXksej6RwFkEbcUUh14igIQ+h64/vsr97j0IyeLoTk0ScEMyjNiAUaK05JnYCYArgp3WiF04IVEjSnh2M/WcB1aInlm3GlYBvEjsktRRiZZnfjlBTNMQIkU5kbJvW4lyMyIUoxymNSeVkBA6JkPoaxqREKSbFZ9M8ZFWAjyIha5I4UL9PZGRUMpJ6OvO/FY57+Xif14/VYNzN2NRkiqI6GzRIOVYxTiPBQdMAFV8ogmhgulbMR0RQajS4dV0CPb8y4ukc9KwrYZ9e1pvXpZxVNEBOkTHyEZnqImuUQu1EUWP6Bm9ojfjyXgx3o2PWWvFKGf20R8Ynz/7vZne</latexit><latexit sha1_base64="95UPM+mocfh8KrWKnPIrEnCGzqg=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdCMU3bhwUcE+oAlhMrlth04ezEzEErp146+4caGIW//AnX/jJM1CWw9cOJxzL/fe4yecSWVZ30ZlaXllda26XtvY3NreMXf3OjJOBYU2jXksej6RwFkEbcUUh14igIQ+h64/vsr97j0IyeLoTk0ScEMyjNiAUaK05JnYCYArgp3WiF04IVEjSnh2M/WcB1aInlm3GlYBvEjsktRRiZZnfjlBTNMQIkU5kbJvW4lyMyIUoxymNSeVkBA6JkPoaxqREKSbFZ9M8ZFWAjyIha5I4UL9PZGRUMpJ6OvO/FY57+Xif14/VYNzN2NRkiqI6GzRIOVYxTiPBQdMAFV8ogmhgulbMR0RQajS4dV0CPb8y4ukc9KwrYZ9e1pvXpZxVNEBOkTHyEZnqImuUQu1EUWP6Bm9ojfjyXgx3o2PWWvFKGf20R8Ynz/7vZne</latexit><latexit sha1_base64="95UPM+mocfh8KrWKnPIrEnCGzqg=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdCMU3bhwUcE+oAlhMrlth04ezEzEErp146+4caGIW//AnX/jJM1CWw9cOJxzL/fe4yecSWVZ30ZlaXllda26XtvY3NreMXf3OjJOBYU2jXksej6RwFkEbcUUh14igIQ+h64/vsr97j0IyeLoTk0ScEMyjNiAUaK05JnYCYArgp3WiF04IVEjSnh2M/WcB1aInlm3GlYBvEjsktRRiZZnfjlBTNMQIkU5kbJvW4lyMyIUoxymNSeVkBA6JkPoaxqREKSbFZ9M8ZFWAjyIha5I4UL9PZGRUMpJ6OvO/FY57+Xif14/VYNzN2NRkiqI6GzRIOVYxTiPBQdMAFV8ogmhgulbMR0RQajS4dV0CPb8y4ukc9KwrYZ9e1pvXpZxVNEBOkTHyEZnqImuUQu1EUWP6Bm9ojfjyXgx3o2PWWvFKGf20R8Ynz/7vZne</latexit>

��gµ⌫ = 2�gµ⌫ ,

��s
I
µ⌫ = �sIµ⌫ ,

��a
IJ

µ = 0
<latexit sha1_base64="HmJn2sfcfir84vMRV539tsF1n00="></latexit><latexit sha1_base64="HmJn2sfcfir84vMRV539tsF1n00="></latexit><latexit sha1_base64="HmJn2sfcfir84vMRV539tsF1n00="></latexit><latexit sha1_base64="HmJn2sfcfir84vMRV539tsF1n00="></latexit>

⌦ = e�
<latexit sha1_base64="bDrjsWmyfT716vnuxfwiJVS8V6s=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KokIehGKXrxZwX5AG8tkO0mX7iZhd6OU2J/ixYMiXv0l3vw3bj8O2vpg4PHeDDPzgpQzpV3321paXlldWy9sFDe3tnd27dJeQyWZpFinCU9kKwCFnMVY10xzbKUSQQQcm8Hgauw3H1AqlsR3epiiLyCKWcgoaCN17VLnRmAEF3ifdyIQAkZdu+xW3AmcReLNSJnMUOvaX51eQjOBsaYclGp7bqr9HKRmlOOo2MkUpkAHEGHb0BgEKj+fnD5yjozSc8JEmoq1M1F/T+QglBqKwHQK0H01743F/7x2psNzP2dxmmmM6XRRmHFHJ844B6fHJFLNh4YAlczc6tA+SKDapFU0IXjzLy+SxknFcyve7Wm5ejmLo0AOyCE5Jh45I1VyTWqkTih5JM/klbxZT9aL9W59TFuXrNnMPvkD6/MHL5OT8Q==</latexit><latexit sha1_base64="bDrjsWmyfT716vnuxfwiJVS8V6s=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KokIehGKXrxZwX5AG8tkO0mX7iZhd6OU2J/ixYMiXv0l3vw3bj8O2vpg4PHeDDPzgpQzpV3321paXlldWy9sFDe3tnd27dJeQyWZpFinCU9kKwCFnMVY10xzbKUSQQQcm8Hgauw3H1AqlsR3epiiLyCKWcgoaCN17VLnRmAEF3ifdyIQAkZdu+xW3AmcReLNSJnMUOvaX51eQjOBsaYclGp7bqr9HKRmlOOo2MkUpkAHEGHb0BgEKj+fnD5yjozSc8JEmoq1M1F/T+QglBqKwHQK0H01743F/7x2psNzP2dxmmmM6XRRmHFHJ844B6fHJFLNh4YAlczc6tA+SKDapFU0IXjzLy+SxknFcyve7Wm5ejmLo0AOyCE5Jh45I1VyTWqkTih5JM/klbxZT9aL9W59TFuXrNnMPvkD6/MHL5OT8Q==</latexit><latexit sha1_base64="bDrjsWmyfT716vnuxfwiJVS8V6s=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KokIehGKXrxZwX5AG8tkO0mX7iZhd6OU2J/ixYMiXv0l3vw3bj8O2vpg4PHeDDPzgpQzpV3321paXlldWy9sFDe3tnd27dJeQyWZpFinCU9kKwCFnMVY10xzbKUSQQQcm8Hgauw3H1AqlsR3epiiLyCKWcgoaCN17VLnRmAEF3ifdyIQAkZdu+xW3AmcReLNSJnMUOvaX51eQjOBsaYclGp7bqr9HKRmlOOo2MkUpkAHEGHb0BgEKj+fnD5yjozSc8JEmoq1M1F/T+QglBqKwHQK0H01743F/7x2psNzP2dxmmmM6XRRmHFHJ844B6fHJFLNh4YAlczc6tA+SKDapFU0IXjzLy+SxknFcyve7Wm5ejmLo0AOyCE5Jh45I1VyTWqkTih5JM/klbxZT9aL9W59TFuXrNnMPvkD6/MHL5OT8Q==</latexit><latexit sha1_base64="bDrjsWmyfT716vnuxfwiJVS8V6s=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KokIehGKXrxZwX5AG8tkO0mX7iZhd6OU2J/ixYMiXv0l3vw3bj8O2vpg4PHeDDPzgpQzpV3321paXlldWy9sFDe3tnd27dJeQyWZpFinCU9kKwCFnMVY10xzbKUSQQQcm8Hgauw3H1AqlsR3epiiLyCKWcgoaCN17VLnRmAEF3ifdyIQAkZdu+xW3AmcReLNSJnMUOvaX51eQjOBsaYclGp7bqr9HKRmlOOo2MkUpkAHEGHb0BgEKj+fnD5yjozSc8JEmoq1M1F/T+QglBqKwHQK0H01743F/7x2psNzP2dxmmmM6XRRmHFHJ844B6fHJFLNh4YAlczc6tA+SKDapFU0IXjzLy+SxknFcyve7Wm5ejmLo0AOyCE5Jh45I1VyTWqkTih5JM/klbxZT9aL9W59TFuXrNnMPvkD6/MHL5OT8Q==</latexit>
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Symmetries

• so(N) infinitesimal gauge transformations

�aIJµ = Dµ�
I
J = @µ�

I
J + aILµ�

L
J � aLJµ�

I
L

<latexit sha1_base64="MvzG/DcVvIu37uz0Q5QdFtQOBlo="></latexit><latexit sha1_base64="MvzG/DcVvIu37uz0Q5QdFtQOBlo="></latexit><latexit sha1_base64="MvzG/DcVvIu37uz0Q5QdFtQOBlo="></latexit><latexit sha1_base64="MvzG/DcVvIu37uz0Q5QdFtQOBlo="></latexit>

�gµ⌫ = 0 , �sIµ⌫ = ��I
Js

J
µ⌫

<latexit sha1_base64="Ua/wLRKfBFeaQ9Jc02poPggDUHg="></latexit><latexit sha1_base64="Ua/wLRKfBFeaQ9Jc02poPggDUHg="></latexit><latexit sha1_base64="Ua/wLRKfBFeaQ9Jc02poPggDUHg="></latexit><latexit sha1_base64="Ua/wLRKfBFeaQ9Jc02poPggDUHg="></latexit>
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New gauge transformation:

It acts on the fields        and          in the very non-trivial way:

It acts on the metric as: �⌘Igµ⌫ = �2⌘Is
I
µ⌫

<latexit sha1_base64="3f/tLZ3DhKt6HCldIDWXbahISxg=">AAACInicbVDLSsNAFJ34rPVVdelmsChuLIkIKiKIbnRXwarQ1DCZ3tahk0mYuRFKyLe48VfcuFDUleDHOKlFfB0YOJxzLnfuCRMpDLrumzMyOjY+MVmaKk/PzM7NVxYWz02cag4NHstYX4bMgBQKGihQwmWigUWhhIuwd1T4FzegjYjVGfYTaEWsq0RHcIZWCiq7fhsksiDzAdlVdpLnXcuj1FdpTtfo/sZmYQTWMF96EfP3gkrVrbkD0L/EG5IqGaIeVF78dszTCBRyyYxpem6CrYxpFFxCXvZTAwnjPdaFpqWKRWBa2eDEnK5apU07sbZPIR2o3ycyFhnTj0KbjBhem99eIf7nNVPs7LQyoZIUQfHPRZ1UUoxp0RdtCw0cZd8SxrWwf6X8mmnG0bZatiV4v0/+S843a55b8063qgeHwzpKZJmskHXikW1yQI5JnTQIJ7fknjySJ+fOeXCendfP6IgznFkiP+C8fwBhJqTH</latexit><latexit sha1_base64="3f/tLZ3DhKt6HCldIDWXbahISxg=">AAACInicbVDLSsNAFJ34rPVVdelmsChuLIkIKiKIbnRXwarQ1DCZ3tahk0mYuRFKyLe48VfcuFDUleDHOKlFfB0YOJxzLnfuCRMpDLrumzMyOjY+MVmaKk/PzM7NVxYWz02cag4NHstYX4bMgBQKGihQwmWigUWhhIuwd1T4FzegjYjVGfYTaEWsq0RHcIZWCiq7fhsksiDzAdlVdpLnXcuj1FdpTtfo/sZmYQTWMF96EfP3gkrVrbkD0L/EG5IqGaIeVF78dszTCBRyyYxpem6CrYxpFFxCXvZTAwnjPdaFpqWKRWBa2eDEnK5apU07sbZPIR2o3ycyFhnTj0KbjBhem99eIf7nNVPs7LQyoZIUQfHPRZ1UUoxp0RdtCw0cZd8SxrWwf6X8mmnG0bZatiV4v0/+S843a55b8063qgeHwzpKZJmskHXikW1yQI5JnTQIJ7fknjySJ+fOeXCendfP6IgznFkiP+C8fwBhJqTH</latexit><latexit sha1_base64="3f/tLZ3DhKt6HCldIDWXbahISxg=">AAACInicbVDLSsNAFJ34rPVVdelmsChuLIkIKiKIbnRXwarQ1DCZ3tahk0mYuRFKyLe48VfcuFDUleDHOKlFfB0YOJxzLnfuCRMpDLrumzMyOjY+MVmaKk/PzM7NVxYWz02cag4NHstYX4bMgBQKGihQwmWigUWhhIuwd1T4FzegjYjVGfYTaEWsq0RHcIZWCiq7fhsksiDzAdlVdpLnXcuj1FdpTtfo/sZmYQTWMF96EfP3gkrVrbkD0L/EG5IqGaIeVF78dszTCBRyyYxpem6CrYxpFFxCXvZTAwnjPdaFpqWKRWBa2eDEnK5apU07sbZPIR2o3ycyFhnTj0KbjBhem99eIf7nNVPs7LQyoZIUQfHPRZ1UUoxp0RdtCw0cZd8SxrWwf6X8mmnG0bZatiV4v0/+S843a55b8063qgeHwzpKZJmskHXikW1yQI5JnTQIJ7fknjySJ+fOeXCendfP6IgznFkiP+C8fwBhJqTH</latexit><latexit sha1_base64="3f/tLZ3DhKt6HCldIDWXbahISxg=">AAACInicbVDLSsNAFJ34rPVVdelmsChuLIkIKiKIbnRXwarQ1DCZ3tahk0mYuRFKyLe48VfcuFDUleDHOKlFfB0YOJxzLnfuCRMpDLrumzMyOjY+MVmaKk/PzM7NVxYWz02cag4NHstYX4bMgBQKGihQwmWigUWhhIuwd1T4FzegjYjVGfYTaEWsq0RHcIZWCiq7fhsksiDzAdlVdpLnXcuj1FdpTtfo/sZmYQTWMF96EfP3gkrVrbkD0L/EG5IqGaIeVF78dszTCBRyyYxpem6CrYxpFFxCXvZTAwnjPdaFpqWKRWBa2eDEnK5apU07sbZPIR2o3ycyFhnTj0KbjBhem99eIf7nNVPs7LQyoZIUQfHPRZ1UUoxp0RdtCw0cZd8SxrWwf6X8mmnG0bZatiV4v0/+S843a55b8063qgeHwzpKZJmskHXikW1yQI5JnTQIJ7fknjySJ+fOeXCendfP6IgznFkiP+C8fwBhJqTH</latexit>

�⌘IsJµ⌫ =
1

2


D(µD⌫) �

1

3
gµ⌫D⇢D

⇢ +Rµ⌫ � 1

3
gµ⌫R

�
⌘I

+ ⌘[IsJ]�(µs
�
⌫)(J) �

1

3
gµ⌫⌘

[IsJ]�⇢s
�⇢
J

<latexit sha1_base64="fUCYt4LOjP9mBW79Dggok4BfZo0="></latexit><latexit sha1_base64="fUCYt4LOjP9mBW79Dggok4BfZo0="></latexit><latexit sha1_base64="fUCYt4LOjP9mBW79Dggok4BfZo0="></latexit><latexit sha1_base64="fUCYt4LOjP9mBW79Dggok4BfZo0="></latexit>

sIµ⌫
<latexit sha1_base64="8wO29gqFT2XjLZRSzJVI8x7M9rs=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj0orcI5gHZNcxOZpMhM7PLPISw5De8eFDEqz/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1ldW9/YLG2Vt3d29/YrB4ctnVpFaJOkPFWdGGvKmaRNwwynnUxRLGJO2/HoZuq3n6jSLJUPZpzRSOCBZAkj2Dgp1L08FDaUdvJ416tU/Zo/A1omQUGqUKDRq3yF/ZRYQaUhHGvdDfzMRDlWhhFOJ+XQapphMsID2nVUYkF1lM9unqBTp/RRkipX0qCZ+nsix0LrsYhdp8BmqBe9qfif17UmuYpyJjNrqCTzRYnlyKRoGgDqM0WJ4WNHMFHM3YrIECtMjIup7EIIFl9eJq3zWuDXgvuLav26iKMEx3ACZxDAJdThFhrQBAIZPMMrvHnWe/HevY9564pXzBzBH3ifP1ugkeA=</latexit><latexit sha1_base64="8wO29gqFT2XjLZRSzJVI8x7M9rs=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj0orcI5gHZNcxOZpMhM7PLPISw5De8eFDEqz/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1ldW9/YLG2Vt3d29/YrB4ctnVpFaJOkPFWdGGvKmaRNwwynnUxRLGJO2/HoZuq3n6jSLJUPZpzRSOCBZAkj2Dgp1L08FDaUdvJ416tU/Zo/A1omQUGqUKDRq3yF/ZRYQaUhHGvdDfzMRDlWhhFOJ+XQapphMsID2nVUYkF1lM9unqBTp/RRkipX0qCZ+nsix0LrsYhdp8BmqBe9qfif17UmuYpyJjNrqCTzRYnlyKRoGgDqM0WJ4WNHMFHM3YrIECtMjIup7EIIFl9eJq3zWuDXgvuLav26iKMEx3ACZxDAJdThFhrQBAIZPMMrvHnWe/HevY9564pXzBzBH3ifP1ugkeA=</latexit><latexit sha1_base64="8wO29gqFT2XjLZRSzJVI8x7M9rs=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj0orcI5gHZNcxOZpMhM7PLPISw5De8eFDEqz/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1ldW9/YLG2Vt3d29/YrB4ctnVpFaJOkPFWdGGvKmaRNwwynnUxRLGJO2/HoZuq3n6jSLJUPZpzRSOCBZAkj2Dgp1L08FDaUdvJ416tU/Zo/A1omQUGqUKDRq3yF/ZRYQaUhHGvdDfzMRDlWhhFOJ+XQapphMsID2nVUYkF1lM9unqBTp/RRkipX0qCZ+nsix0LrsYhdp8BmqBe9qfif17UmuYpyJjNrqCTzRYnlyKRoGgDqM0WJ4WNHMFHM3YrIECtMjIup7EIIFl9eJq3zWuDXgvuLav26iKMEx3ACZxDAJdThFhrQBAIZPMMrvHnWe/HevY9564pXzBzBH3ifP1ugkeA=</latexit><latexit sha1_base64="8wO29gqFT2XjLZRSzJVI8x7M9rs=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj0orcI5gHZNcxOZpMhM7PLPISw5De8eFDEqz/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1ldW9/YLG2Vt3d29/YrB4ctnVpFaJOkPFWdGGvKmaRNwwynnUxRLGJO2/HoZuq3n6jSLJUPZpzRSOCBZAkj2Dgp1L08FDaUdvJ416tU/Zo/A1omQUGqUKDRq3yF/ZRYQaUhHGvdDfzMRDlWhhFOJ+XQapphMsID2nVUYkF1lM9unqBTp/RRkipX0qCZ+nsix0LrsYhdp8BmqBe9qfif17UmuYpyJjNrqCTzRYnlyKRoGgDqM0WJ4WNHMFHM3YrIECtMjIup7EIIFl9eJq3zWuDXgvuLav26iKMEx3ACZxDAJdThFhrQBAIZPMMrvHnWe/HevY9564pXzBzBH3ifP1ugkeA=</latexit>

aµ
I
J

<latexit sha1_base64="H560sny/JsptNOiNTSyT4AZi2EE=">AAAB+nicbVDLSgMxFM34rPU11aWbYBFclRkRdFl0o64q2Ae045BJM21okhmSjFLifIobF4q49Uvc+Tem7Sy09cCFwzn3cu89Ucqo0p737Swtr6yurZc2yptb2zu7bmWvpZJMYtLECUtkJ0KKMCpIU1PNSCeVBPGIkXY0upz47QciFU3EnR6nJOBoIGhMMdJWCt0KCk2PZ7nJ769NHpqbPHSrXs2bAi4SvyBVUKARul+9foIzToTGDCnV9b1UBwZJTTEjebmXKZIiPEID0rVUIE5UYKan5/DIKn0YJ9KW0HCq/p4wiCs15pHt5EgP1bw3Ef/zupmOzwNDRZppIvBsUZwxqBM4yQH2qSRYs7ElCEtqb4V4iCTC2qZVtiH48y8vktZJzfdq/u1ptX5RxFECB+AQHAMfnIE6uAIN0AQYPIJn8ArenCfnxXl3PmatS04xsw/+wPn8ARNNlIM=</latexit><latexit sha1_base64="H560sny/JsptNOiNTSyT4AZi2EE=">AAAB+nicbVDLSgMxFM34rPU11aWbYBFclRkRdFl0o64q2Ae045BJM21okhmSjFLifIobF4q49Uvc+Tem7Sy09cCFwzn3cu89Ucqo0p737Swtr6yurZc2yptb2zu7bmWvpZJMYtLECUtkJ0KKMCpIU1PNSCeVBPGIkXY0upz47QciFU3EnR6nJOBoIGhMMdJWCt0KCk2PZ7nJ769NHpqbPHSrXs2bAi4SvyBVUKARul+9foIzToTGDCnV9b1UBwZJTTEjebmXKZIiPEID0rVUIE5UYKan5/DIKn0YJ9KW0HCq/p4wiCs15pHt5EgP1bw3Ef/zupmOzwNDRZppIvBsUZwxqBM4yQH2qSRYs7ElCEtqb4V4iCTC2qZVtiH48y8vktZJzfdq/u1ptX5RxFECB+AQHAMfnIE6uAIN0AQYPIJn8ArenCfnxXl3PmatS04xsw/+wPn8ARNNlIM=</latexit><latexit sha1_base64="H560sny/JsptNOiNTSyT4AZi2EE=">AAAB+nicbVDLSgMxFM34rPU11aWbYBFclRkRdFl0o64q2Ae045BJM21okhmSjFLifIobF4q49Uvc+Tem7Sy09cCFwzn3cu89Ucqo0p737Swtr6yurZc2yptb2zu7bmWvpZJMYtLECUtkJ0KKMCpIU1PNSCeVBPGIkXY0upz47QciFU3EnR6nJOBoIGhMMdJWCt0KCk2PZ7nJ769NHpqbPHSrXs2bAi4SvyBVUKARul+9foIzToTGDCnV9b1UBwZJTTEjebmXKZIiPEID0rVUIE5UYKan5/DIKn0YJ9KW0HCq/p4wiCs15pHt5EgP1bw3Ef/zupmOzwNDRZppIvBsUZwxqBM4yQH2qSRYs7ElCEtqb4V4iCTC2qZVtiH48y8vktZJzfdq/u1ptX5RxFECB+AQHAMfnIE6uAIN0AQYPIJn8ArenCfnxXl3PmatS04xsw/+wPn8ARNNlIM=</latexit><latexit sha1_base64="H560sny/JsptNOiNTSyT4AZi2EE=">AAAB+nicbVDLSgMxFM34rPU11aWbYBFclRkRdFl0o64q2Ae045BJM21okhmSjFLifIobF4q49Uvc+Tem7Sy09cCFwzn3cu89Ucqo0p737Swtr6yurZc2yptb2zu7bmWvpZJMYtLECUtkJ0KKMCpIU1PNSCeVBPGIkXY0upz47QciFU3EnR6nJOBoIGhMMdJWCt0KCk2PZ7nJ769NHpqbPHSrXs2bAi4SvyBVUKARul+9foIzToTGDCnV9b1UBwZJTTEjebmXKZIiPEID0rVUIE5UYKan5/DIKn0YJ9KW0HCq/p4wiCs15pHt5EgP1bw3Ef/zupmOzwNDRZppIvBsUZwxqBM4yQH2qSRYs7ElCEtqb4V4iCTC2qZVtiH48y8vktZJzfdq/u1ptX5RxFECB+AQHAMfnIE6uAIN0AQYPIJn8ArenCfnxXl3PmatS04xsw/+wPn8ARNNlIM=</latexit>

�⌘IaJKµ =
⇣
D⇢s[I⇢µ

⌘
⌘J] � 2s⇢[Iµ D⇢⌘

J]

<latexit sha1_base64="r2jDUzx4Cb3UsjzgnqbMYefrf5Q="></latexit><latexit sha1_base64="r2jDUzx4Cb3UsjzgnqbMYefrf5Q="></latexit><latexit sha1_base64="r2jDUzx4Cb3UsjzgnqbMYefrf5Q="></latexit><latexit sha1_base64="r2jDUzx4Cb3UsjzgnqbMYefrf5Q="></latexit>
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New gauge transformation:

It acts on the metric as: �⌘Igµ⌫ = �2⌘Is
I
µ⌫
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reminiscent of gauge symmetry of partially massless gravitons

It acts on the fields        and          in the very non-trivial way:sIµ⌫
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Symmetries

• The algebra mixes internal gauge transformations with 
spacetime symmetries (diffeomorphisms and conformal 
transformations) in a non-trivial way 

• T: diffeomorphisms + conformal transformations +  
so(N)gauge transformation  

• G: new gauge transformations
[T, T ] ⇠ T

[T,G] ⇠ G

[G,G] ⇠ T
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Symmetries

[�Zµ , �⇠K ] gµ⌫ = �⌘Kgµ⌫ ,

[��c , �⇠K ] gµ⌫ = �⌘̃Kgµ⌫ ,

[�⌘I , �⇠J ] gµ⌫ = LXµgµ⌫ + 2�gµ⌫ ,

= �Xµgµ⌫ + ��gµ⌫ ,

[��KL , �⇠J ] gµ⌫ = �⌘̂Kgµ⌫ ,
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Symmetries

[�Zµ , �⇠K ] gµ⌫ = �⌘Kgµ⌫ ,

[��c , �⇠K ] gµ⌫ = �⌘̃Kgµ⌫ ,

[�⌘I , �⇠J ] gµ⌫ = LXµgµ⌫ + 2�gµ⌫ ,

= �Xµgµ⌫ + ��gµ⌫ ,

[��KL , �⇠J ] gµ⌫ = �⌘̂Kgµ⌫ ,
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• The form (possibly its 
generalised version) is 
kept for the fields       
and      with the 
parameters defined as

sIµ⌫
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Symmetries

[�Zµ , �⇠K ] gµ⌫ = �⌘Kgµ⌫ ,

[��c , �⇠K ] gµ⌫ = �⌘̃Kgµ⌫ ,

[�⌘I , �⇠J ] gµ⌫ = LXµgµ⌫ + 2�gµ⌫ ,

= �Xµgµ⌫ + ��gµ⌫ ,

[��KL , �⇠J ] gµ⌫ = �⌘̂Kgµ⌫ ,
<latexit sha1_base64="+t/uNAzEHhVcprCldKMwHQ9mrA8="></latexit><latexit sha1_base64="+t/uNAzEHhVcprCldKMwHQ9mrA8="></latexit><latexit sha1_base64="+t/uNAzEHhVcprCldKMwHQ9mrA8="></latexit><latexit sha1_base64="+t/uNAzEHhVcprCldKMwHQ9mrA8="></latexit>

⌘K = �Z⇢@⇢⇠K ,

⌘̃K = ��c⇠K ,

� = �1

3
rµX

µ ,

Xµ = �1

2

�
⇠KDµ⌘K � ⌘KDµ⇠K

�

⌘̂K = ��KL⇠
L ,
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• Possibly algebra 
closes on shell, and 
requires auxiliary 
fields (checking)

• The form (possibly its 
generalised version) is 
kept for the fields       
and      with the 
parameters defined as

sIµ⌫
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Chern-Simons 
formulation 

28



Chern-Simons formulation 

• In the Chern-Simons formulation we recover eom and 
gauge transformations 

• This explains that our action has no propagating d.o.f.s, 
since it can result from the topological action 

• Requirements for this are integrating out the fields, and 
suitable gauge fixing

I [A] =
k

4⇡

Z ⌧
AdA+

2

3
A3

�
,
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Chern-Simons formulation 

• Additional fields: 

• some of them are auxiliary (algebraic) and have eom 
and others are dynamical and can be consistently 
gauged away 

• CS for so(3,2)                so(N+3,2)
[Horne-Witten]
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Chern-Simons formulation 

• so(N+3,2) in the suitable basis so that the CS connection 
reads

A = !aJa + eai P
i
a �

1

2
aijT

ij
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Chern-Simons formulation 

• so(N+3,2) in the suitable basis so that the CS connection 
reads

A = !aJa + eai P
i
a �

1

2
aijT

ij
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so(2,1) 

colored translations 
(non-Abelian)

so(N+1,1)
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Chern-Simons formulation 

• We can single out Poincare translations + special 
conformal transformations

i=+,-,I   
I=1,…,N

A = !aJa + eaPa + faKa + saIP
I
a � bD � uIT

I+ � vIT
I� � 1

2
aIJT

IJ
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auxiliaryauxiliary
dynamical, 

gauged away

D = T+� UI = TI+

VI = TI� Pa = P+
a

Ka = P�
a
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Chern-Simons formulation 

• The gauge transformations �A = d⌘ + [A, ⌘]
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so(N)Lorentz conformal

new gauge transformation

• Remaining parameters are fixed by the independent ones

gauge parameter, so(N+3,2)-valued zero form
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Chern-Simons formulation 

• We recover eom and gauge transformations from the 
metric formulation

• The field equations are F = dA+A2 = 0
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Colored black hole
36



Colored black hole

• Example: 

• Eom for the metric allows for the solution, which is 
asymptotically (A)dS or locally flat 

• We have four independent constants

ds2 = �f(r)dt2 + f(r)�1dr2 + r2d�2 ,
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Colored black hole

• The field s which allows for this solution is symmetric and 
traceless, and it has one non-vanishing component 

• traceless

sµ⌫dx
µdx⌫ =

�p
f(r)r2

�
dr2 � r2f(r)d�2

�
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• There is an outer horizon, and due to periodicity of cos 
we can have infinite number of inner horizons 

• complicated causal structure

rh(n) =
2�

± arccos (�C/c)� '0 + 2⇡n
> 0
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Colored black hole

f(r)

r
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• Hawking temperature is the same for all horizons

T = 2�
p

c2 � C2
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T =
f(r)0
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|rh
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The bound saturates at the 
extremal case: T=0

infinite number of  
extremal horizons

Colored black hole
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• Ricci scalar is singular at the origin, r=0 (null singularity) 

• Open issue: full thermodynamics (TD) 

• The global charges and TD can be obtained from the 
asymptotic behaviour already studied in our earlier paper 	
 2501.00439  Enhanced conformal              symmetries
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Colored black hole
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Summary
• In the metric formalism we have spin-2 fields minimally 

coupled to metric and so(N) fields 

• We have a new type of gauge symmetry mixing of 
spacetime and internal symmetries (not a supersymmetry 
and not a higher spin symmetry) 

• Since it admits a CS formulation the algebra closes off 
shell 

• It has an intriguing BH solution with infinite number of 
inner horizons, all of the same temperature. Solution is not 
conformally flat, it is asymptotically (A)dS or locally flat

43Iva Lovrekovic, TU Wien, Conformally colored gravity in 3D 



Thank you for your attention!
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Chern-Simons formulation 

�!a = Dta � 2✏abce
a�b � 2✏abcf

a⇢b � 2✏abcs
a
I�

bI ,

�ea = D⇢a + b⇢a + ea� � saI⇠
I � uI�a

I + ✏abcebtc ,

�fa = D�a � b�a � fa� � vI�a
I � saI⇣

I + ✏abcfbtc ,

�saI = D�a
I + fa⇠I + ea⇣I + saJ�

J
I + vI⇢

a + uI�
a + ✏abcsbItc ,

�b = �d� + uI⇣I � vI⇠I � 2ea�a + 2fa⇢a ,

�uI = �D⇠I � b⇠I + uI� + uK�KI � 2saI⇢a + 2ea�aI ,

�vI = �D⇣I + b⇣I � vI� + vK�KI � 2saI�a + 2fa�aI ,

�aIJ = D�IJ + vI⇠J � vJ⇠I + uI⇣J � uJ⇣I � 2saI�aJ + 2saJ�aI ,
<latexit sha1_base64="7XrEKE3DKwPoxiebAjizVehjJDo="></latexit><latexit sha1_base64="7XrEKE3DKwPoxiebAjizVehjJDo="></latexit><latexit sha1_base64="7XrEKE3DKwPoxiebAjizVehjJDo="></latexit><latexit sha1_base64="7XrEKE3DKwPoxiebAjizVehjJDo="></latexit>
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Chern-Simons formulation 

Fields             and          can be consistently gauged awaysIµµ
<latexit sha1_base64="hQpr+lfV3dKoMNe83ffUVMK/bu4=">AAAB+XicbVDLSgMxFM3UV62vUZdugkVwVWZE0GXRje4q2Ae045BJM21okhmSTKGE+RM3LhRx65+482/MtLPQ1gOXezjnXnJzopRRpT3v26msrW9sblW3azu7e/sH7uFRRyWZxKSNE5bIXoQUYVSQtqaakV4qCeIRI91oclv43SmRiibiUc9SEnA0EjSmGGkrha6rnsz9gGe5yUNT9NCtew1vDrhK/JLUQYlW6H4NhgnOOBEaM6RU3/dSHRgkNcWM5LVBpkiK8ASNSN9SgThRgZlfnsMzqwxhnEhbQsO5+nvDIK7UjEd2kiM9VsteIf7n9TMdXweGijTTRODFQ3HGoE5gEQMcUkmwZjNLEJbU3grxGEmEtQ2rZkPwl7+8SjoXDd9r+A+X9eZNGUcVnIBTcA58cAWa4A60QBtgMAXP4BW8OcZ5cd6dj8VoxSl3jsEfOJ8/bE6UKA==</latexit><latexit sha1_base64="hQpr+lfV3dKoMNe83ffUVMK/bu4=">AAAB+XicbVDLSgMxFM3UV62vUZdugkVwVWZE0GXRje4q2Ae045BJM21okhmSTKGE+RM3LhRx65+482/MtLPQ1gOXezjnXnJzopRRpT3v26msrW9sblW3azu7e/sH7uFRRyWZxKSNE5bIXoQUYVSQtqaakV4qCeIRI91oclv43SmRiibiUc9SEnA0EjSmGGkrha6rnsz9gGe5yUNT9NCtew1vDrhK/JLUQYlW6H4NhgnOOBEaM6RU3/dSHRgkNcWM5LVBpkiK8ASNSN9SgThRgZlfnsMzqwxhnEhbQsO5+nvDIK7UjEd2kiM9VsteIf7n9TMdXweGijTTRODFQ3HGoE5gEQMcUkmwZjNLEJbU3grxGEmEtQ2rZkPwl7+8SjoXDd9r+A+X9eZNGUcVnIBTcA58cAWa4A60QBtgMAXP4BW8OcZ5cd6dj8VoxSl3jsEfOJ8/bE6UKA==</latexit><latexit sha1_base64="hQpr+lfV3dKoMNe83ffUVMK/bu4=">AAAB+XicbVDLSgMxFM3UV62vUZdugkVwVWZE0GXRje4q2Ae045BJM21okhmSTKGE+RM3LhRx65+482/MtLPQ1gOXezjnXnJzopRRpT3v26msrW9sblW3azu7e/sH7uFRRyWZxKSNE5bIXoQUYVSQtqaakV4qCeIRI91oclv43SmRiibiUc9SEnA0EjSmGGkrha6rnsz9gGe5yUNT9NCtew1vDrhK/JLUQYlW6H4NhgnOOBEaM6RU3/dSHRgkNcWM5LVBpkiK8ASNSN9SgThRgZlfnsMzqwxhnEhbQsO5+nvDIK7UjEd2kiM9VsteIf7n9TMdXweGijTTRODFQ3HGoE5gEQMcUkmwZjNLEJbU3grxGEmEtQ2rZkPwl7+8SjoXDd9r+A+X9eZNGUcVnIBTcA58cAWa4A60QBtgMAXP4BW8OcZ5cd6dj8VoxSl3jsEfOJ8/bE6UKA==</latexit><latexit sha1_base64="hQpr+lfV3dKoMNe83ffUVMK/bu4=">AAAB+XicbVDLSgMxFM3UV62vUZdugkVwVWZE0GXRje4q2Ae045BJM21okhmSTKGE+RM3LhRx65+482/MtLPQ1gOXezjnXnJzopRRpT3v26msrW9sblW3azu7e/sH7uFRRyWZxKSNE5bIXoQUYVSQtqaakV4qCeIRI91oclv43SmRiibiUc9SEnA0EjSmGGkrha6rnsz9gGe5yUNT9NCtew1vDrhK/JLUQYlW6H4NhgnOOBEaM6RU3/dSHRgkNcWM5LVBpkiK8ASNSN9SgThRgZlfnsMzqwxhnEhbQsO5+nvDIK7UjEd2kiM9VsteIf7n9TMdXweGijTTRODFQ3HGoE5gEQMcUkmwZjNLEJbU3grxGEmEtQ2rZkPwl7+8SjoXDd9r+A+X9eZNGUcVnIBTcA58cAWa4A60QBtgMAXP4BW8OcZ5cd6dj8VoxSl3jsEfOJ8/bE6UKA==</latexit>

b, uI
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�!a = Dta � 2✏abce
a�b � 2✏abcf

a⇢b � 2✏abcs
a
I�

bI ,

�ea = D⇢a + b⇢a + ea� � saI⇠
I � uI�a

I + ✏abcebtc ,

�fa = D�a � b�a � fa� � vI�a
I � saI⇣

I + ✏abcfbtc ,

�saI = D�a
I + fa⇠I + ea⇣I + saJ�

J
I + vI⇢

a + uI�
a + ✏abcsbItc ,

�b = �d� + uI⇣I � vI⇠I � 2ea�a + 2fa⇢a ,

�uI = �D⇠I � b⇠I + uI� + uK�KI � 2saI⇢a + 2ea�aI ,

�vI = �D⇣I + b⇣I � vI� + vK�KI � 2saI�a + 2fa�aI ,

�aIJ = D�IJ + vI⇠J � vJ⇠I + uI⇣J � uJ⇣I � 2saI�aJ + 2saJ�aI ,
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Chern-Simons formulation 

�!a = Dta � 2✏abce
a�b � 2✏abcf

a⇢b � 2✏abcs
a
I�

bI ,

�ea = D⇢a + ea� � saI⇠
I + ✏abcebtc ,

�fa = D�a � fa� � vI�a
I � saI⇣

I + ✏abcfbtc ,

�saI = D�a
I + fa⇠I + ea⇣I + saJ�

J
I + vI⇢

a + ✏abcsbItc ,

0 = �d� � vI⇠I � 2ea�a + 2fa⇢a ,

0 = �D⇠I � 2saI⇢a + 2ea�aI ,

�vI = �D⇣I � vI� + vK�KI � 2saI�a + 2fa�aI ,

�aIJ = D�IJ + vI⇠J � vJ⇠I � 2saI�aJ + 2saJ�aI ,
<latexit sha1_base64="XWw4bndPeRGysOHjOBr3+wpfY7w="></latexit><latexit sha1_base64="XWw4bndPeRGysOHjOBr3+wpfY7w="></latexit><latexit sha1_base64="XWw4bndPeRGysOHjOBr3+wpfY7w="></latexit><latexit sha1_base64="XWw4bndPeRGysOHjOBr3+wpfY7w="></latexit>
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Chern-Simons formulation 

�!a = Dta � 2✏abce
a�b � 2✏abcf

a⇢b � 2✏abcs
a
I�

bI ,

�ea = D⇢a + ea� � saI⇠
I + ✏abcebtc ,

�fa = D�a � fa� � vI�a
I � saI⇣

I + ✏abcfbtc ,

�saI = D�a
I + fa⇠I + ea⇣I + saJ�

J
I + vI⇢

a + ✏abcsbItc ,

0 = �d� � vI⇠I � 2ea�a + 2fa⇢a ,

0 = �D⇠I � 2saI⇢a + 2ea�aI ,

�vI = �D⇣I � vI� + vK�KI � 2saI�a + 2fa�aI ,

�aIJ = D�IJ + vI⇠J � vJ⇠I � 2saI�aJ + 2saJ�aI ,
<latexit sha1_base64="XWw4bndPeRGysOHjOBr3+wpfY7w="></latexit><latexit sha1_base64="XWw4bndPeRGysOHjOBr3+wpfY7w="></latexit><latexit sha1_base64="XWw4bndPeRGysOHjOBr3+wpfY7w="></latexit><latexit sha1_base64="XWw4bndPeRGysOHjOBr3+wpfY7w="></latexit>

�a
<latexit sha1_base64="+imESFENO3Rdpn+ueYf7K7JqDk8=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJePEYwTwgWULvZDYZMjO7zswKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7olRwY33/2yusrW9sbhW3Szu7e/sH5cOjpkkyTVmDJiLR7QgNE1yxhuVWsHaqGcpIsFY0up35rSemDU/Ugx2nLJQ4UDzmFK2T2l3DBxJ72CtX/Ko/B1klQU4qkKPeK391+wnNJFOWCjSmE/ipDSeoLaeCTUvdzLAU6QgHrOOoQslMOJnfOyVnTumTONGulCVz9ffEBKUxYxm5Tol2aJa9mfif18lsfB1OuEozyxRdLIozQWxCZs+TPteMWjF2BKnm7lZCh6iRWhdRyYUQLL+8SpoX1cCvBveXldpNHkcRTuAUziGAK6jBHdShARQEPMMrvHmP3ov37n0sWgtePnMMf+B9/gANYI/z</latexit><latexit sha1_base64="+imESFENO3Rdpn+ueYf7K7JqDk8=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJePEYwTwgWULvZDYZMjO7zswKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7olRwY33/2yusrW9sbhW3Szu7e/sH5cOjpkkyTVmDJiLR7QgNE1yxhuVWsHaqGcpIsFY0up35rSemDU/Ugx2nLJQ4UDzmFK2T2l3DBxJ72CtX/Ko/B1klQU4qkKPeK391+wnNJFOWCjSmE/ipDSeoLaeCTUvdzLAU6QgHrOOoQslMOJnfOyVnTumTONGulCVz9ffEBKUxYxm5Tol2aJa9mfif18lsfB1OuEozyxRdLIozQWxCZs+TPteMWjF2BKnm7lZCh6iRWhdRyYUQLL+8SpoX1cCvBveXldpNHkcRTuAUziGAK6jBHdShARQEPMMrvHmP3ov37n0sWgtePnMMf+B9/gANYI/z</latexit><latexit sha1_base64="+imESFENO3Rdpn+ueYf7K7JqDk8=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJePEYwTwgWULvZDYZMjO7zswKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7olRwY33/2yusrW9sbhW3Szu7e/sH5cOjpkkyTVmDJiLR7QgNE1yxhuVWsHaqGcpIsFY0up35rSemDU/Ugx2nLJQ4UDzmFK2T2l3DBxJ72CtX/Ko/B1klQU4qkKPeK391+wnNJFOWCjSmE/ipDSeoLaeCTUvdzLAU6QgHrOOoQslMOJnfOyVnTumTONGulCVz9ffEBKUxYxm5Tol2aJa9mfif18lsfB1OuEozyxRdLIozQWxCZs+TPteMWjF2BKnm7lZCh6iRWhdRyYUQLL+8SpoX1cCvBveXldpNHkcRTuAUziGAK6jBHdShARQEPMMrvHmP3ov37n0sWgtePnMMf+B9/gANYI/z</latexit><latexit sha1_base64="+imESFENO3Rdpn+ueYf7K7JqDk8=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJePEYwTwgWULvZDYZMjO7zswKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7olRwY33/2yusrW9sbhW3Szu7e/sH5cOjpkkyTVmDJiLR7QgNE1yxhuVWsHaqGcpIsFY0up35rSemDU/Ugx2nLJQ4UDzmFK2T2l3DBxJ72CtX/Ko/B1klQU4qkKPeK391+wnNJFOWCjSmE/ipDSeoLaeCTUvdzLAU6QgHrOOoQslMOJnfOyVnTumTONGulCVz9ffEBKUxYxm5Tol2aJa9mfif18lsfB1OuEozyxRdLIozQWxCZs+TPteMWjF2BKnm7lZCh6iRWhdRyYUQLL+8SpoX1cCvBveXldpNHkcRTuAUziGAK6jBHdShARQEPMMrvHmP3ov37n0sWgtePnMMf+B9/gANYI/z</latexit>

�aI
<latexit sha1_base64="kr7n9GoYKDp0BU45EpcZmi9hlrM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6EoKbnRXwT6gCeVmMm2HTiZhZiKU0N9w40IRt/6MO//GaZuFth4YOJxzLvfOCVPBtXHdb6e0tr6xuVXeruzs7u0fVA+P2jrJFGUtmohEdUPUTHDJWoYbwbqpYhiHgnXC8e3M7zwxpXkiH80kZUGMQ8kHnKKxku8LG42wn+P9tF+tuXV3DrJKvILUoECzX/3yo4RmMZOGCtS657mpCXJUhlPBphU/0yxFOsYh61kqMWY6yOc3T8mZVSIySJR90pC5+nsix1jrSRzaZIxmpJe9mfif18vM4DrIuUwzwyRdLBpkgpiEzAogEVeMGjGxBKni9lZCR6iQGltTxZbgLX95lbQv6p5b9x4ua42boo4ynMApnIMHV9CAO2hCCyik8Ayv8OZkzovz7nwsoiWnmDmGP3A+fwAPvpGs</latexit><latexit sha1_base64="kr7n9GoYKDp0BU45EpcZmi9hlrM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6EoKbnRXwT6gCeVmMm2HTiZhZiKU0N9w40IRt/6MO//GaZuFth4YOJxzLvfOCVPBtXHdb6e0tr6xuVXeruzs7u0fVA+P2jrJFGUtmohEdUPUTHDJWoYbwbqpYhiHgnXC8e3M7zwxpXkiH80kZUGMQ8kHnKKxku8LG42wn+P9tF+tuXV3DrJKvILUoECzX/3yo4RmMZOGCtS657mpCXJUhlPBphU/0yxFOsYh61kqMWY6yOc3T8mZVSIySJR90pC5+nsix1jrSRzaZIxmpJe9mfif18vM4DrIuUwzwyRdLBpkgpiEzAogEVeMGjGxBKni9lZCR6iQGltTxZbgLX95lbQv6p5b9x4ua42boo4ynMApnIMHV9CAO2hCCyik8Ayv8OZkzovz7nwsoiWnmDmGP3A+fwAPvpGs</latexit><latexit sha1_base64="kr7n9GoYKDp0BU45EpcZmi9hlrM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6EoKbnRXwT6gCeVmMm2HTiZhZiKU0N9w40IRt/6MO//GaZuFth4YOJxzLvfOCVPBtXHdb6e0tr6xuVXeruzs7u0fVA+P2jrJFGUtmohEdUPUTHDJWoYbwbqpYhiHgnXC8e3M7zwxpXkiH80kZUGMQ8kHnKKxku8LG42wn+P9tF+tuXV3DrJKvILUoECzX/3yo4RmMZOGCtS657mpCXJUhlPBphU/0yxFOsYh61kqMWY6yOc3T8mZVSIySJR90pC5+nsix1jrSRzaZIxmpJe9mfif18vM4DrIuUwzwyRdLBpkgpiEzAogEVeMGjGxBKni9lZCR6iQGltTxZbgLX95lbQv6p5b9x4ua42boo4ynMApnIMHV9CAO2hCCyik8Ayv8OZkzovz7nwsoiWnmDmGP3A+fwAPvpGs</latexit><latexit sha1_base64="kr7n9GoYKDp0BU45EpcZmi9hlrM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6EoKbnRXwT6gCeVmMm2HTiZhZiKU0N9w40IRt/6MO//GaZuFth4YOJxzLvfOCVPBtXHdb6e0tr6xuVXeruzs7u0fVA+P2jrJFGUtmohEdUPUTHDJWoYbwbqpYhiHgnXC8e3M7zwxpXkiH80kZUGMQ8kHnKKxku8LG42wn+P9tF+tuXV3DrJKvILUoECzX/3yo4RmMZOGCtS657mpCXJUhlPBphU/0yxFOsYh61kqMWY6yOc3T8mZVSIySJR90pC5+nsix1jrSRzaZIxmpJe9mfif18vM4DrIuUwzwyRdLBpkgpiEzAogEVeMGjGxBKni9lZCR6iQGltTxZbgLX95lbQv6p5b9x4ua42boo4ynMApnIMHV9CAO2hCCyik8Ayv8OZkzovz7nwsoiWnmDmGP3A+fwAPvpGs</latexit>

⇣I
<latexit sha1_base64="lbnbOc8rbBY8mVHizoSCb3EIrUE=">AAAB7nicbVBNS8NAEJ34WetX1aOXYBE8lUQEPUnBi94q2A9oQ9lsJ+3SzSbsToRa+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCkOd9Oyura+sbm4Wt4vbO7t5+6eCwYZJMc6zzRCa6FTKDUiiskyCJrVQji0OJzXB4M/Wbj6iNSNQDjVIMYtZXIhKckZWanSck1r3rlspexZvBXSZ+TsqQo9YtfXV6Cc9iVMQlM6bteykFY6ZJcImTYiczmDI+ZH1sW6pYjCYYz86duKdW6blRom0pcmfq74kxi40ZxaHtjBkNzKI3Ff/z2hlFV8FYqDQjVHy+KMqkS4k7/d3tCY2c5MgSxrWwt7p8wDTjZBMq2hD8xZeXSeO84nsV//6iXL3O4yjAMZzAGfhwCVW4hRrUgcMQnuEV3pzUeXHenY9564qTzxzBHzifPzRhj3Q=</latexit><latexit sha1_base64="lbnbOc8rbBY8mVHizoSCb3EIrUE=">AAAB7nicbVBNS8NAEJ34WetX1aOXYBE8lUQEPUnBi94q2A9oQ9lsJ+3SzSbsToRa+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCkOd9Oyura+sbm4Wt4vbO7t5+6eCwYZJMc6zzRCa6FTKDUiiskyCJrVQji0OJzXB4M/Wbj6iNSNQDjVIMYtZXIhKckZWanSck1r3rlspexZvBXSZ+TsqQo9YtfXV6Cc9iVMQlM6bteykFY6ZJcImTYiczmDI+ZH1sW6pYjCYYz86duKdW6blRom0pcmfq74kxi40ZxaHtjBkNzKI3Ff/z2hlFV8FYqDQjVHy+KMqkS4k7/d3tCY2c5MgSxrWwt7p8wDTjZBMq2hD8xZeXSeO84nsV//6iXL3O4yjAMZzAGfhwCVW4hRrUgcMQnuEV3pzUeXHenY9564qTzxzBHzifPzRhj3Q=</latexit><latexit sha1_base64="lbnbOc8rbBY8mVHizoSCb3EIrUE=">AAAB7nicbVBNS8NAEJ34WetX1aOXYBE8lUQEPUnBi94q2A9oQ9lsJ+3SzSbsToRa+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCkOd9Oyura+sbm4Wt4vbO7t5+6eCwYZJMc6zzRCa6FTKDUiiskyCJrVQji0OJzXB4M/Wbj6iNSNQDjVIMYtZXIhKckZWanSck1r3rlspexZvBXSZ+TsqQo9YtfXV6Cc9iVMQlM6bteykFY6ZJcImTYiczmDI+ZH1sW6pYjCYYz86duKdW6blRom0pcmfq74kxi40ZxaHtjBkNzKI3Ff/z2hlFV8FYqDQjVHy+KMqkS4k7/d3tCY2c5MgSxrWwt7p8wDTjZBMq2hD8xZeXSeO84nsV//6iXL3O4yjAMZzAGfhwCVW4hRrUgcMQnuEV3pzUeXHenY9564qTzxzBHzifPzRhj3Q=</latexit><latexit sha1_base64="lbnbOc8rbBY8mVHizoSCb3EIrUE=">AAAB7nicbVBNS8NAEJ34WetX1aOXYBE8lUQEPUnBi94q2A9oQ9lsJ+3SzSbsToRa+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCkOd9Oyura+sbm4Wt4vbO7t5+6eCwYZJMc6zzRCa6FTKDUiiskyCJrVQji0OJzXB4M/Wbj6iNSNQDjVIMYtZXIhKckZWanSck1r3rlspexZvBXSZ+TsqQo9YtfXV6Cc9iVMQlM6bteykFY6ZJcImTYiczmDI+ZH1sW6pYjCYYz86duKdW6blRom0pcmfq74kxi40ZxaHtjBkNzKI3Ff/z2hlFV8FYqDQjVHy+KMqkS4k7/d3tCY2c5MgSxrWwt7p8wDTjZBMq2hD8xZeXSeO84nsV//6iXL3O4yjAMZzAGfhwCVW4hRrUgcMQnuEV3pzUeXHenY9564qTzxzBHzifPzRhj3Q=</latexit>
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Chern-Simons formulation 

�a
<latexit sha1_base64="+imESFENO3Rdpn+ueYf7K7JqDk8=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJePEYwTwgWULvZDYZMjO7zswKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7olRwY33/2yusrW9sbhW3Szu7e/sH5cOjpkkyTVmDJiLR7QgNE1yxhuVWsHaqGcpIsFY0up35rSemDU/Ugx2nLJQ4UDzmFK2T2l3DBxJ72CtX/Ko/B1klQU4qkKPeK391+wnNJFOWCjSmE/ipDSeoLaeCTUvdzLAU6QgHrOOoQslMOJnfOyVnTumTONGulCVz9ffEBKUxYxm5Tol2aJa9mfif18lsfB1OuEozyxRdLIozQWxCZs+TPteMWjF2BKnm7lZCh6iRWhdRyYUQLL+8SpoX1cCvBveXldpNHkcRTuAUziGAK6jBHdShARQEPMMrvHmP3ov37n0sWgtePnMMf+B9/gANYI/z</latexit><latexit sha1_base64="+imESFENO3Rdpn+ueYf7K7JqDk8=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJePEYwTwgWULvZDYZMjO7zswKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7olRwY33/2yusrW9sbhW3Szu7e/sH5cOjpkkyTVmDJiLR7QgNE1yxhuVWsHaqGcpIsFY0up35rSemDU/Ugx2nLJQ4UDzmFK2T2l3DBxJ72CtX/Ko/B1klQU4qkKPeK391+wnNJFOWCjSmE/ipDSeoLaeCTUvdzLAU6QgHrOOoQslMOJnfOyVnTumTONGulCVz9ffEBKUxYxm5Tol2aJa9mfif18lsfB1OuEozyxRdLIozQWxCZs+TPteMWjF2BKnm7lZCh6iRWhdRyYUQLL+8SpoX1cCvBveXldpNHkcRTuAUziGAK6jBHdShARQEPMMrvHmP3ov37n0sWgtePnMMf+B9/gANYI/z</latexit><latexit sha1_base64="+imESFENO3Rdpn+ueYf7K7JqDk8=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJePEYwTwgWULvZDYZMjO7zswKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7olRwY33/2yusrW9sbhW3Szu7e/sH5cOjpkkyTVmDJiLR7QgNE1yxhuVWsHaqGcpIsFY0up35rSemDU/Ugx2nLJQ4UDzmFK2T2l3DBxJ72CtX/Ko/B1klQU4qkKPeK391+wnNJFOWCjSmE/ipDSeoLaeCTUvdzLAU6QgHrOOoQslMOJnfOyVnTumTONGulCVz9ffEBKUxYxm5Tol2aJa9mfif18lsfB1OuEozyxRdLIozQWxCZs+TPteMWjF2BKnm7lZCh6iRWhdRyYUQLL+8SpoX1cCvBveXldpNHkcRTuAUziGAK6jBHdShARQEPMMrvHmP3ov37n0sWgtePnMMf+B9/gANYI/z</latexit><latexit sha1_base64="+imESFENO3Rdpn+ueYf7K7JqDk8=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJePEYwTwgWULvZDYZMjO7zswKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7olRwY33/2yusrW9sbhW3Szu7e/sH5cOjpkkyTVmDJiLR7QgNE1yxhuVWsHaqGcpIsFY0up35rSemDU/Ugx2nLJQ4UDzmFK2T2l3DBxJ72CtX/Ko/B1klQU4qkKPeK391+wnNJFOWCjSmE/ipDSeoLaeCTUvdzLAU6QgHrOOoQslMOJnfOyVnTumTONGulCVz9ffEBKUxYxm5Tol2aJa9mfif18lsfB1OuEozyxRdLIozQWxCZs+TPteMWjF2BKnm7lZCh6iRWhdRyYUQLL+8SpoX1cCvBveXldpNHkcRTuAUziGAK6jBHdShARQEPMMrvHmP3ov37n0sWgtePnMMf+B9/gANYI/z</latexit>

�aI
<latexit sha1_base64="kr7n9GoYKDp0BU45EpcZmi9hlrM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6EoKbnRXwT6gCeVmMm2HTiZhZiKU0N9w40IRt/6MO//GaZuFth4YOJxzLvfOCVPBtXHdb6e0tr6xuVXeruzs7u0fVA+P2jrJFGUtmohEdUPUTHDJWoYbwbqpYhiHgnXC8e3M7zwxpXkiH80kZUGMQ8kHnKKxku8LG42wn+P9tF+tuXV3DrJKvILUoECzX/3yo4RmMZOGCtS657mpCXJUhlPBphU/0yxFOsYh61kqMWY6yOc3T8mZVSIySJR90pC5+nsix1jrSRzaZIxmpJe9mfif18vM4DrIuUwzwyRdLBpkgpiEzAogEVeMGjGxBKni9lZCR6iQGltTxZbgLX95lbQv6p5b9x4ua42boo4ynMApnIMHV9CAO2hCCyik8Ayv8OZkzovz7nwsoiWnmDmGP3A+fwAPvpGs</latexit><latexit sha1_base64="kr7n9GoYKDp0BU45EpcZmi9hlrM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6EoKbnRXwT6gCeVmMm2HTiZhZiKU0N9w40IRt/6MO//GaZuFth4YOJxzLvfOCVPBtXHdb6e0tr6xuVXeruzs7u0fVA+P2jrJFGUtmohEdUPUTHDJWoYbwbqpYhiHgnXC8e3M7zwxpXkiH80kZUGMQ8kHnKKxku8LG42wn+P9tF+tuXV3DrJKvILUoECzX/3yo4RmMZOGCtS657mpCXJUhlPBphU/0yxFOsYh61kqMWY6yOc3T8mZVSIySJR90pC5+nsix1jrSRzaZIxmpJe9mfif18vM4DrIuUwzwyRdLBpkgpiEzAogEVeMGjGxBKni9lZCR6iQGltTxZbgLX95lbQv6p5b9x4ua42boo4ynMApnIMHV9CAO2hCCyik8Ayv8OZkzovz7nwsoiWnmDmGP3A+fwAPvpGs</latexit><latexit sha1_base64="kr7n9GoYKDp0BU45EpcZmi9hlrM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6EoKbnRXwT6gCeVmMm2HTiZhZiKU0N9w40IRt/6MO//GaZuFth4YOJxzLvfOCVPBtXHdb6e0tr6xuVXeruzs7u0fVA+P2jrJFGUtmohEdUPUTHDJWoYbwbqpYhiHgnXC8e3M7zwxpXkiH80kZUGMQ8kHnKKxku8LG42wn+P9tF+tuXV3DrJKvILUoECzX/3yo4RmMZOGCtS657mpCXJUhlPBphU/0yxFOsYh61kqMWY6yOc3T8mZVSIySJR90pC5+nsix1jrSRzaZIxmpJe9mfif18vM4DrIuUwzwyRdLBpkgpiEzAogEVeMGjGxBKni9lZCR6iQGltTxZbgLX95lbQv6p5b9x4ua42boo4ynMApnIMHV9CAO2hCCyik8Ayv8OZkzovz7nwsoiWnmDmGP3A+fwAPvpGs</latexit><latexit sha1_base64="kr7n9GoYKDp0BU45EpcZmi9hlrM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6EoKbnRXwT6gCeVmMm2HTiZhZiKU0N9w40IRt/6MO//GaZuFth4YOJxzLvfOCVPBtXHdb6e0tr6xuVXeruzs7u0fVA+P2jrJFGUtmohEdUPUTHDJWoYbwbqpYhiHgnXC8e3M7zwxpXkiH80kZUGMQ8kHnKKxku8LG42wn+P9tF+tuXV3DrJKvILUoECzX/3yo4RmMZOGCtS657mpCXJUhlPBphU/0yxFOsYh61kqMWY6yOc3T8mZVSIySJR90pC5+nsix1jrSRzaZIxmpJe9mfif18vM4DrIuUwzwyRdLBpkgpiEzAogEVeMGjGxBKni9lZCR6iQGltTxZbgLX95lbQv6p5b9x4ua42boo4ynMApnIMHV9CAO2hCCyik8Ayv8OZkzovz7nwsoiWnmDmGP3A+fwAPvpGs</latexit>

⇣I
<latexit sha1_base64="lbnbOc8rbBY8mVHizoSCb3EIrUE=">AAAB7nicbVBNS8NAEJ34WetX1aOXYBE8lUQEPUnBi94q2A9oQ9lsJ+3SzSbsToRa+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCkOd9Oyura+sbm4Wt4vbO7t5+6eCwYZJMc6zzRCa6FTKDUiiskyCJrVQji0OJzXB4M/Wbj6iNSNQDjVIMYtZXIhKckZWanSck1r3rlspexZvBXSZ+TsqQo9YtfXV6Cc9iVMQlM6bteykFY6ZJcImTYiczmDI+ZH1sW6pYjCYYz86duKdW6blRom0pcmfq74kxi40ZxaHtjBkNzKI3Ff/z2hlFV8FYqDQjVHy+KMqkS4k7/d3tCY2c5MgSxrWwt7p8wDTjZBMq2hD8xZeXSeO84nsV//6iXL3O4yjAMZzAGfhwCVW4hRrUgcMQnuEV3pzUeXHenY9564qTzxzBHzifPzRhj3Q=</latexit><latexit sha1_base64="lbnbOc8rbBY8mVHizoSCb3EIrUE=">AAAB7nicbVBNS8NAEJ34WetX1aOXYBE8lUQEPUnBi94q2A9oQ9lsJ+3SzSbsToRa+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCkOd9Oyura+sbm4Wt4vbO7t5+6eCwYZJMc6zzRCa6FTKDUiiskyCJrVQji0OJzXB4M/Wbj6iNSNQDjVIMYtZXIhKckZWanSck1r3rlspexZvBXSZ+TsqQo9YtfXV6Cc9iVMQlM6bteykFY6ZJcImTYiczmDI+ZH1sW6pYjCYYz86duKdW6blRom0pcmfq74kxi40ZxaHtjBkNzKI3Ff/z2hlFV8FYqDQjVHy+KMqkS4k7/d3tCY2c5MgSxrWwt7p8wDTjZBMq2hD8xZeXSeO84nsV//6iXL3O4yjAMZzAGfhwCVW4hRrUgcMQnuEV3pzUeXHenY9564qTzxzBHzifPzRhj3Q=</latexit><latexit sha1_base64="lbnbOc8rbBY8mVHizoSCb3EIrUE=">AAAB7nicbVBNS8NAEJ34WetX1aOXYBE8lUQEPUnBi94q2A9oQ9lsJ+3SzSbsToRa+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCkOd9Oyura+sbm4Wt4vbO7t5+6eCwYZJMc6zzRCa6FTKDUiiskyCJrVQji0OJzXB4M/Wbj6iNSNQDjVIMYtZXIhKckZWanSck1r3rlspexZvBXSZ+TsqQo9YtfXV6Cc9iVMQlM6bteykFY6ZJcImTYiczmDI+ZH1sW6pYjCYYz86duKdW6blRom0pcmfq74kxi40ZxaHtjBkNzKI3Ff/z2hlFV8FYqDQjVHy+KMqkS4k7/d3tCY2c5MgSxrWwt7p8wDTjZBMq2hD8xZeXSeO84nsV//6iXL3O4yjAMZzAGfhwCVW4hRrUgcMQnuEV3pzUeXHenY9564qTzxzBHzifPzRhj3Q=</latexit><latexit sha1_base64="lbnbOc8rbBY8mVHizoSCb3EIrUE=">AAAB7nicbVBNS8NAEJ34WetX1aOXYBE8lUQEPUnBi94q2A9oQ9lsJ+3SzSbsToRa+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCkOd9Oyura+sbm4Wt4vbO7t5+6eCwYZJMc6zzRCa6FTKDUiiskyCJrVQji0OJzXB4M/Wbj6iNSNQDjVIMYtZXIhKckZWanSck1r3rlspexZvBXSZ+TsqQo9YtfXV6Cc9iVMQlM6bteykFY6ZJcImTYiczmDI+ZH1sW6pYjCYYz86duKdW6blRom0pcmfq74kxi40ZxaHtjBkNzKI3Ff/z2hlFV8FYqDQjVHy+KMqkS4k7/d3tCY2c5MgSxrWwt7p8wDTjZBMq2hD8xZeXSeO84nsV//6iXL3O4yjAMZzAGfhwCVW4hRrUgcMQnuEV3pzUeXHenY9564qTzxzBHzifPzRhj3Q=</latexit>

�gµ⌫ = 2�gµ⌫ � 2s(I)(µ⌫)⇠i
<latexit sha1_base64="6hIQVIQRudTzDKZ/lrAr9jJ3W7w="></latexit><latexit sha1_base64="6hIQVIQRudTzDKZ/lrAr9jJ3W7w="></latexit><latexit sha1_base64="6hIQVIQRudTzDKZ/lrAr9jJ3W7w="></latexit><latexit sha1_base64="6hIQVIQRudTzDKZ/lrAr9jJ3W7w="></latexit>

�sIµ⌫
<latexit sha1_base64="iTjzZx+u0A3B0ItmtCl0QgDQd0Q=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUQEXUnBje4q2Ac0MUwmk3bozCTMQyih/oobF4q49UPc+TdO2yy09cCFwzn3cu89cc6o0p737aysrq1vbFa2qts7u3v77sFhR2VGYtLGGctkL0aKMCpIW1PNSC+XBPGYkW48up763UciFc3EvR7nJORoIGhKMdJWitxakBCmEVRREXATCDN5uI3cutfwZoDLxC9JHZRoRe5XkGTYcCI0Zkipvu/lOiyQ1BQzMqkGRpEc4REakL6lAnGiwmJ2/ASeWCWBaSZtCQ1n6u+JAnGlxjy2nRzpoVr0puJ/Xt/o9DIsqMiNJgLPF6WGQZ3BaRIwoZJgzcaWICypvRXiIZIIa5tX1YbgL768TDpnDd9r+Hfn9eZVGUcFHIFjcAp8cAGa4Aa0QBtgMAbP4BW8OU/Oi/PufMxbV5xypgb+wPn8Ac+FlNk=</latexit><latexit sha1_base64="iTjzZx+u0A3B0ItmtCl0QgDQd0Q=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUQEXUnBje4q2Ac0MUwmk3bozCTMQyih/oobF4q49UPc+TdO2yy09cCFwzn3cu89cc6o0p737aysrq1vbFa2qts7u3v77sFhR2VGYtLGGctkL0aKMCpIW1PNSC+XBPGYkW48up763UciFc3EvR7nJORoIGhKMdJWitxakBCmEVRREXATCDN5uI3cutfwZoDLxC9JHZRoRe5XkGTYcCI0Zkipvu/lOiyQ1BQzMqkGRpEc4REakL6lAnGiwmJ2/ASeWCWBaSZtCQ1n6u+JAnGlxjy2nRzpoVr0puJ/Xt/o9DIsqMiNJgLPF6WGQZ3BaRIwoZJgzcaWICypvRXiIZIIa5tX1YbgL768TDpnDd9r+Hfn9eZVGUcFHIFjcAp8cAGa4Aa0QBtgMAbP4BW8OU/Oi/PufMxbV5xypgb+wPn8Ac+FlNk=</latexit><latexit sha1_base64="iTjzZx+u0A3B0ItmtCl0QgDQd0Q=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUQEXUnBje4q2Ac0MUwmk3bozCTMQyih/oobF4q49UPc+TdO2yy09cCFwzn3cu89cc6o0p737aysrq1vbFa2qts7u3v77sFhR2VGYtLGGctkL0aKMCpIW1PNSC+XBPGYkW48up763UciFc3EvR7nJORoIGhKMdJWitxakBCmEVRREXATCDN5uI3cutfwZoDLxC9JHZRoRe5XkGTYcCI0Zkipvu/lOiyQ1BQzMqkGRpEc4REakL6lAnGiwmJ2/ASeWCWBaSZtCQ1n6u+JAnGlxjy2nRzpoVr0puJ/Xt/o9DIsqMiNJgLPF6WGQZ3BaRIwoZJgzcaWICypvRXiIZIIa5tX1YbgL768TDpnDd9r+Hfn9eZVGUcFHIFjcAp8cAGa4Aa0QBtgMAbP4BW8OU/Oi/PufMxbV5xypgb+wPn8Ac+FlNk=</latexit><latexit sha1_base64="iTjzZx+u0A3B0ItmtCl0QgDQd0Q=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUQEXUnBje4q2Ac0MUwmk3bozCTMQyih/oobF4q49UPc+TdO2yy09cCFwzn3cu89cc6o0p737aysrq1vbFa2qts7u3v77sFhR2VGYtLGGctkL0aKMCpIW1PNSC+XBPGYkW48up763UciFc3EvR7nJORoIGhKMdJWitxakBCmEVRREXATCDN5uI3cutfwZoDLxC9JHZRoRe5XkGTYcCI0Zkipvu/lOiyQ1BQzMqkGRpEc4REakL6lAnGiwmJ2/ASeWCWBaSZtCQ1n6u+JAnGlxjy2nRzpoVr0puJ/Xt/o9DIsqMiNJgLPF6WGQZ3BaRIwoZJgzcaWICypvRXiIZIIa5tX1YbgL768TDpnDd9r+Hfn9eZVGUcFHIFjcAp8cAGa4Aa0QBtgMAbP4BW8OU/Oi/PufMxbV5xypgb+wPn8Ac+FlNk=</latexit>

,

�aijµ = Dµ�ij �
1

2

⇣
D↵s

↵
(i) µ⇠j �D↵s

↵
(j) µ⇠i

⌘
+ s↵(i)µD↵⇠j � s↵(j)µD↵⇠i ,

<latexit sha1_base64="IfCzGhUZYobWd1qpgBjtC4hz0dY="></latexit><latexit sha1_base64="IfCzGhUZYobWd1qpgBjtC4hz0dY="></latexit><latexit sha1_base64="IfCzGhUZYobWd1qpgBjtC4hz0dY="></latexit><latexit sha1_base64="IfCzGhUZYobWd1qpgBjtC4hz0dY="></latexit>

�!a = Dta � 2✏abce
a�b � 2✏abcf

a⇢b � 2✏abcs
a
I�

bI ,

�ea = D⇢a + ea� � saI⇠
I + ✏abcebtc ,

�fa = D�a � fa� � vI�a
I � saI⇣

I + ✏abcfbtc ,

�saI = D�a
I + fa⇠I + ea⇣I + saJ�

J
I + vI⇢

a + ✏abcsbItc ,

0 = �d� � vI⇠I � 2ea�a + 2fa⇢a ,

0 = �D⇠I � 2saI⇢a + 2ea�aI ,

�vI = �D⇣I � vI� + vK�KI � 2saI�a + 2fa�aI ,

�aIJ = D�IJ + vI⇠J � vJ⇠I � 2saI�aJ + 2saJ�aI ,
<latexit sha1_base64="XWw4bndPeRGysOHjOBr3+wpfY7w="></latexit><latexit sha1_base64="XWw4bndPeRGysOHjOBr3+wpfY7w="></latexit><latexit sha1_base64="XWw4bndPeRGysOHjOBr3+wpfY7w="></latexit><latexit sha1_base64="XWw4bndPeRGysOHjOBr3+wpfY7w="></latexit>
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Chern-Simons formulation 

�a
<latexit sha1_base64="+imESFENO3Rdpn+ueYf7K7JqDk8=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJePEYwTwgWULvZDYZMjO7zswKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7olRwY33/2yusrW9sbhW3Szu7e/sH5cOjpkkyTVmDJiLR7QgNE1yxhuVWsHaqGcpIsFY0up35rSemDU/Ugx2nLJQ4UDzmFK2T2l3DBxJ72CtX/Ko/B1klQU4qkKPeK391+wnNJFOWCjSmE/ipDSeoLaeCTUvdzLAU6QgHrOOoQslMOJnfOyVnTumTONGulCVz9ffEBKUxYxm5Tol2aJa9mfif18lsfB1OuEozyxRdLIozQWxCZs+TPteMWjF2BKnm7lZCh6iRWhdRyYUQLL+8SpoX1cCvBveXldpNHkcRTuAUziGAK6jBHdShARQEPMMrvHmP3ov37n0sWgtePnMMf+B9/gANYI/z</latexit><latexit sha1_base64="+imESFENO3Rdpn+ueYf7K7JqDk8=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJePEYwTwgWULvZDYZMjO7zswKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7olRwY33/2yusrW9sbhW3Szu7e/sH5cOjpkkyTVmDJiLR7QgNE1yxhuVWsHaqGcpIsFY0up35rSemDU/Ugx2nLJQ4UDzmFK2T2l3DBxJ72CtX/Ko/B1klQU4qkKPeK391+wnNJFOWCjSmE/ipDSeoLaeCTUvdzLAU6QgHrOOoQslMOJnfOyVnTumTONGulCVz9ffEBKUxYxm5Tol2aJa9mfif18lsfB1OuEozyxRdLIozQWxCZs+TPteMWjF2BKnm7lZCh6iRWhdRyYUQLL+8SpoX1cCvBveXldpNHkcRTuAUziGAK6jBHdShARQEPMMrvHmP3ov37n0sWgtePnMMf+B9/gANYI/z</latexit><latexit sha1_base64="+imESFENO3Rdpn+ueYf7K7JqDk8=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJePEYwTwgWULvZDYZMjO7zswKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7olRwY33/2yusrW9sbhW3Szu7e/sH5cOjpkkyTVmDJiLR7QgNE1yxhuVWsHaqGcpIsFY0up35rSemDU/Ugx2nLJQ4UDzmFK2T2l3DBxJ72CtX/Ko/B1klQU4qkKPeK391+wnNJFOWCjSmE/ipDSeoLaeCTUvdzLAU6QgHrOOoQslMOJnfOyVnTumTONGulCVz9ffEBKUxYxm5Tol2aJa9mfif18lsfB1OuEozyxRdLIozQWxCZs+TPteMWjF2BKnm7lZCh6iRWhdRyYUQLL+8SpoX1cCvBveXldpNHkcRTuAUziGAK6jBHdShARQEPMMrvHmP3ov37n0sWgtePnMMf+B9/gANYI/z</latexit><latexit sha1_base64="+imESFENO3Rdpn+ueYf7K7JqDk8=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJePEYwTwgWULvZDYZMjO7zswKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7olRwY33/2yusrW9sbhW3Szu7e/sH5cOjpkkyTVmDJiLR7QgNE1yxhuVWsHaqGcpIsFY0up35rSemDU/Ugx2nLJQ4UDzmFK2T2l3DBxJ72CtX/Ko/B1klQU4qkKPeK391+wnNJFOWCjSmE/ipDSeoLaeCTUvdzLAU6QgHrOOoQslMOJnfOyVnTumTONGulCVz9ffEBKUxYxm5Tol2aJa9mfif18lsfB1OuEozyxRdLIozQWxCZs+TPteMWjF2BKnm7lZCh6iRWhdRyYUQLL+8SpoX1cCvBveXldpNHkcRTuAUziGAK6jBHdShARQEPMMrvHmP3ov37n0sWgtePnMMf+B9/gANYI/z</latexit>

�aI
<latexit sha1_base64="kr7n9GoYKDp0BU45EpcZmi9hlrM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6EoKbnRXwT6gCeVmMm2HTiZhZiKU0N9w40IRt/6MO//GaZuFth4YOJxzLvfOCVPBtXHdb6e0tr6xuVXeruzs7u0fVA+P2jrJFGUtmohEdUPUTHDJWoYbwbqpYhiHgnXC8e3M7zwxpXkiH80kZUGMQ8kHnKKxku8LG42wn+P9tF+tuXV3DrJKvILUoECzX/3yo4RmMZOGCtS657mpCXJUhlPBphU/0yxFOsYh61kqMWY6yOc3T8mZVSIySJR90pC5+nsix1jrSRzaZIxmpJe9mfif18vM4DrIuUwzwyRdLBpkgpiEzAogEVeMGjGxBKni9lZCR6iQGltTxZbgLX95lbQv6p5b9x4ua42boo4ynMApnIMHV9CAO2hCCyik8Ayv8OZkzovz7nwsoiWnmDmGP3A+fwAPvpGs</latexit><latexit sha1_base64="kr7n9GoYKDp0BU45EpcZmi9hlrM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6EoKbnRXwT6gCeVmMm2HTiZhZiKU0N9w40IRt/6MO//GaZuFth4YOJxzLvfOCVPBtXHdb6e0tr6xuVXeruzs7u0fVA+P2jrJFGUtmohEdUPUTHDJWoYbwbqpYhiHgnXC8e3M7zwxpXkiH80kZUGMQ8kHnKKxku8LG42wn+P9tF+tuXV3DrJKvILUoECzX/3yo4RmMZOGCtS657mpCXJUhlPBphU/0yxFOsYh61kqMWY6yOc3T8mZVSIySJR90pC5+nsix1jrSRzaZIxmpJe9mfif18vM4DrIuUwzwyRdLBpkgpiEzAogEVeMGjGxBKni9lZCR6iQGltTxZbgLX95lbQv6p5b9x4ua42boo4ynMApnIMHV9CAO2hCCyik8Ayv8OZkzovz7nwsoiWnmDmGP3A+fwAPvpGs</latexit><latexit sha1_base64="kr7n9GoYKDp0BU45EpcZmi9hlrM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6EoKbnRXwT6gCeVmMm2HTiZhZiKU0N9w40IRt/6MO//GaZuFth4YOJxzLvfOCVPBtXHdb6e0tr6xuVXeruzs7u0fVA+P2jrJFGUtmohEdUPUTHDJWoYbwbqpYhiHgnXC8e3M7zwxpXkiH80kZUGMQ8kHnKKxku8LG42wn+P9tF+tuXV3DrJKvILUoECzX/3yo4RmMZOGCtS657mpCXJUhlPBphU/0yxFOsYh61kqMWY6yOc3T8mZVSIySJR90pC5+nsix1jrSRzaZIxmpJe9mfif18vM4DrIuUwzwyRdLBpkgpiEzAogEVeMGjGxBKni9lZCR6iQGltTxZbgLX95lbQv6p5b9x4ua42boo4ynMApnIMHV9CAO2hCCyik8Ayv8OZkzovz7nwsoiWnmDmGP3A+fwAPvpGs</latexit><latexit sha1_base64="kr7n9GoYKDp0BU45EpcZmi9hlrM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6EoKbnRXwT6gCeVmMm2HTiZhZiKU0N9w40IRt/6MO//GaZuFth4YOJxzLvfOCVPBtXHdb6e0tr6xuVXeruzs7u0fVA+P2jrJFGUtmohEdUPUTHDJWoYbwbqpYhiHgnXC8e3M7zwxpXkiH80kZUGMQ8kHnKKxku8LG42wn+P9tF+tuXV3DrJKvILUoECzX/3yo4RmMZOGCtS657mpCXJUhlPBphU/0yxFOsYh61kqMWY6yOc3T8mZVSIySJR90pC5+nsix1jrSRzaZIxmpJe9mfif18vM4DrIuUwzwyRdLBpkgpiEzAogEVeMGjGxBKni9lZCR6iQGltTxZbgLX95lbQv6p5b9x4ua42boo4ynMApnIMHV9CAO2hCCyik8Ayv8OZkzovz7nwsoiWnmDmGP3A+fwAPvpGs</latexit>

⇣I
<latexit sha1_base64="lbnbOc8rbBY8mVHizoSCb3EIrUE=">AAAB7nicbVBNS8NAEJ34WetX1aOXYBE8lUQEPUnBi94q2A9oQ9lsJ+3SzSbsToRa+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCkOd9Oyura+sbm4Wt4vbO7t5+6eCwYZJMc6zzRCa6FTKDUiiskyCJrVQji0OJzXB4M/Wbj6iNSNQDjVIMYtZXIhKckZWanSck1r3rlspexZvBXSZ+TsqQo9YtfXV6Cc9iVMQlM6bteykFY6ZJcImTYiczmDI+ZH1sW6pYjCYYz86duKdW6blRom0pcmfq74kxi40ZxaHtjBkNzKI3Ff/z2hlFV8FYqDQjVHy+KMqkS4k7/d3tCY2c5MgSxrWwt7p8wDTjZBMq2hD8xZeXSeO84nsV//6iXL3O4yjAMZzAGfhwCVW4hRrUgcMQnuEV3pzUeXHenY9564qTzxzBHzifPzRhj3Q=</latexit><latexit sha1_base64="lbnbOc8rbBY8mVHizoSCb3EIrUE=">AAAB7nicbVBNS8NAEJ34WetX1aOXYBE8lUQEPUnBi94q2A9oQ9lsJ+3SzSbsToRa+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCkOd9Oyura+sbm4Wt4vbO7t5+6eCwYZJMc6zzRCa6FTKDUiiskyCJrVQji0OJzXB4M/Wbj6iNSNQDjVIMYtZXIhKckZWanSck1r3rlspexZvBXSZ+TsqQo9YtfXV6Cc9iVMQlM6bteykFY6ZJcImTYiczmDI+ZH1sW6pYjCYYz86duKdW6blRom0pcmfq74kxi40ZxaHtjBkNzKI3Ff/z2hlFV8FYqDQjVHy+KMqkS4k7/d3tCY2c5MgSxrWwt7p8wDTjZBMq2hD8xZeXSeO84nsV//6iXL3O4yjAMZzAGfhwCVW4hRrUgcMQnuEV3pzUeXHenY9564qTzxzBHzifPzRhj3Q=</latexit><latexit sha1_base64="lbnbOc8rbBY8mVHizoSCb3EIrUE=">AAAB7nicbVBNS8NAEJ34WetX1aOXYBE8lUQEPUnBi94q2A9oQ9lsJ+3SzSbsToRa+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCkOd9Oyura+sbm4Wt4vbO7t5+6eCwYZJMc6zzRCa6FTKDUiiskyCJrVQji0OJzXB4M/Wbj6iNSNQDjVIMYtZXIhKckZWanSck1r3rlspexZvBXSZ+TsqQo9YtfXV6Cc9iVMQlM6bteykFY6ZJcImTYiczmDI+ZH1sW6pYjCYYz86duKdW6blRom0pcmfq74kxi40ZxaHtjBkNzKI3Ff/z2hlFV8FYqDQjVHy+KMqkS4k7/d3tCY2c5MgSxrWwt7p8wDTjZBMq2hD8xZeXSeO84nsV//6iXL3O4yjAMZzAGfhwCVW4hRrUgcMQnuEV3pzUeXHenY9564qTzxzBHzifPzRhj3Q=</latexit><latexit sha1_base64="lbnbOc8rbBY8mVHizoSCb3EIrUE=">AAAB7nicbVBNS8NAEJ34WetX1aOXYBE8lUQEPUnBi94q2A9oQ9lsJ+3SzSbsToRa+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCkOd9Oyura+sbm4Wt4vbO7t5+6eCwYZJMc6zzRCa6FTKDUiiskyCJrVQji0OJzXB4M/Wbj6iNSNQDjVIMYtZXIhKckZWanSck1r3rlspexZvBXSZ+TsqQo9YtfXV6Cc9iVMQlM6bteykFY6ZJcImTYiczmDI+ZH1sW6pYjCYYz86duKdW6blRom0pcmfq74kxi40ZxaHtjBkNzKI3Ff/z2hlFV8FYqDQjVHy+KMqkS4k7/d3tCY2c5MgSxrWwt7p8wDTjZBMq2hD8xZeXSeO84nsV//6iXL3O4yjAMZzAGfhwCVW4hRrUgcMQnuEV3pzUeXHenY9564qTzxzBHzifPzRhj3Q=</latexit>

�sIµ⌫
<latexit sha1_base64="iTjzZx+u0A3B0ItmtCl0QgDQd0Q=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUQEXUnBje4q2Ac0MUwmk3bozCTMQyih/oobF4q49UPc+TdO2yy09cCFwzn3cu89cc6o0p737aysrq1vbFa2qts7u3v77sFhR2VGYtLGGctkL0aKMCpIW1PNSC+XBPGYkW48up763UciFc3EvR7nJORoIGhKMdJWitxakBCmEVRREXATCDN5uI3cutfwZoDLxC9JHZRoRe5XkGTYcCI0Zkipvu/lOiyQ1BQzMqkGRpEc4REakL6lAnGiwmJ2/ASeWCWBaSZtCQ1n6u+JAnGlxjy2nRzpoVr0puJ/Xt/o9DIsqMiNJgLPF6WGQZ3BaRIwoZJgzcaWICypvRXiIZIIa5tX1YbgL768TDpnDd9r+Hfn9eZVGUcFHIFjcAp8cAGa4Aa0QBtgMAbP4BW8OU/Oi/PufMxbV5xypgb+wPn8Ac+FlNk=</latexit><latexit sha1_base64="iTjzZx+u0A3B0ItmtCl0QgDQd0Q=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUQEXUnBje4q2Ac0MUwmk3bozCTMQyih/oobF4q49UPc+TdO2yy09cCFwzn3cu89cc6o0p737aysrq1vbFa2qts7u3v77sFhR2VGYtLGGctkL0aKMCpIW1PNSC+XBPGYkW48up763UciFc3EvR7nJORoIGhKMdJWitxakBCmEVRREXATCDN5uI3cutfwZoDLxC9JHZRoRe5XkGTYcCI0Zkipvu/lOiyQ1BQzMqkGRpEc4REakL6lAnGiwmJ2/ASeWCWBaSZtCQ1n6u+JAnGlxjy2nRzpoVr0puJ/Xt/o9DIsqMiNJgLPF6WGQZ3BaRIwoZJgzcaWICypvRXiIZIIa5tX1YbgL768TDpnDd9r+Hfn9eZVGUcFHIFjcAp8cAGa4Aa0QBtgMAbP4BW8OU/Oi/PufMxbV5xypgb+wPn8Ac+FlNk=</latexit><latexit sha1_base64="iTjzZx+u0A3B0ItmtCl0QgDQd0Q=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUQEXUnBje4q2Ac0MUwmk3bozCTMQyih/oobF4q49UPc+TdO2yy09cCFwzn3cu89cc6o0p737aysrq1vbFa2qts7u3v77sFhR2VGYtLGGctkL0aKMCpIW1PNSC+XBPGYkW48up763UciFc3EvR7nJORoIGhKMdJWitxakBCmEVRREXATCDN5uI3cutfwZoDLxC9JHZRoRe5XkGTYcCI0Zkipvu/lOiyQ1BQzMqkGRpEc4REakL6lAnGiwmJ2/ASeWCWBaSZtCQ1n6u+JAnGlxjy2nRzpoVr0puJ/Xt/o9DIsqMiNJgLPF6WGQZ3BaRIwoZJgzcaWICypvRXiIZIIa5tX1YbgL768TDpnDd9r+Hfn9eZVGUcFHIFjcAp8cAGa4Aa0QBtgMAbP4BW8OU/Oi/PufMxbV5xypgb+wPn8Ac+FlNk=</latexit><latexit sha1_base64="iTjzZx+u0A3B0ItmtCl0QgDQd0Q=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUQEXUnBje4q2Ac0MUwmk3bozCTMQyih/oobF4q49UPc+TdO2yy09cCFwzn3cu89cc6o0p737aysrq1vbFa2qts7u3v77sFhR2VGYtLGGctkL0aKMCpIW1PNSC+XBPGYkW48up763UciFc3EvR7nJORoIGhKMdJWitxakBCmEVRREXATCDN5uI3cutfwZoDLxC9JHZRoRe5XkGTYcCI0Zkipvu/lOiyQ1BQzMqkGRpEc4REakL6lAnGiwmJ2/ASeWCWBaSZtCQ1n6u+JAnGlxjy2nRzpoVr0puJ/Xt/o9DIsqMiNJgLPF6WGQZ3BaRIwoZJgzcaWICypvRXiIZIIa5tX1YbgL768TDpnDd9r+Hfn9eZVGUcFHIFjcAp8cAGa4Aa0QBtgMAbP4BW8OU/Oi/PufMxbV5xypgb+wPn8Ac+FlNk=</latexit>

,

�aijµ = Dµ�ij �
1

2

⇣
D↵s

↵
(i) µ⇠j �D↵s

↵
(j) µ⇠i

⌘
+ s↵(i)µD↵⇠j � s↵(j)µD↵⇠i ,

<latexit sha1_base64="IfCzGhUZYobWd1qpgBjtC4hz0dY="></latexit><latexit sha1_base64="IfCzGhUZYobWd1qpgBjtC4hz0dY="></latexit><latexit sha1_base64="IfCzGhUZYobWd1qpgBjtC4hz0dY="></latexit><latexit sha1_base64="IfCzGhUZYobWd1qpgBjtC4hz0dY="></latexit>

consistent

consistent

consistent
�!a = Dta � 2✏abce

a�b � 2✏abcf
a⇢b � 2✏abcs

a
I�

bI ,

�ea = D⇢a + ea� � saI⇠
I + ✏abcebtc ,

�fa = D�a � fa� � vI�a
I � saI⇣

I + ✏abcfbtc ,

�saI = D�a
I + fa⇠I + ea⇣I + saJ�

J
I + vI⇢

a + ✏abcsbItc ,

0 = �d� � vI⇠I � 2ea�a + 2fa⇢a ,

0 = �D⇠I � 2saI⇢a + 2ea�aI ,

�vI = �D⇣I � vI� + vK�KI � 2saI�a + 2fa�aI ,

�aIJ = D�IJ + vI⇠J � vJ⇠I � 2saI�aJ + 2saJ�aI ,
<latexit sha1_base64="XWw4bndPeRGysOHjOBr3+wpfY7w="></latexit><latexit sha1_base64="XWw4bndPeRGysOHjOBr3+wpfY7w="></latexit><latexit sha1_base64="XWw4bndPeRGysOHjOBr3+wpfY7w="></latexit><latexit sha1_base64="XWw4bndPeRGysOHjOBr3+wpfY7w="></latexit>

�gµ⌫ = 2�gµ⌫ � 2s(I)(µ⌫)⇠I
<latexit sha1_base64="7DKXho/0MXc8vV1uGmnczhJgeqg="></latexit><latexit sha1_base64="7DKXho/0MXc8vV1uGmnczhJgeqg="></latexit><latexit sha1_base64="7DKXho/0MXc8vV1uGmnczhJgeqg="></latexit><latexit sha1_base64="7DKXho/0MXc8vV1uGmnczhJgeqg="></latexit>
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Chern-Simons formulation 

• The field equations are F = dA+A2 = 0
<latexit sha1_base64="P1Ry5Nu/POuXqiCODiKZmrJrkcU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBZBEEpSCnoptArisYL9gDaWzWbTLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzPNizpS27W8rt7a+sbmV3y7s7O7tHxQPj9oqSiShLRLxSHY9rChngrY005x2Y0lx6HHa8cY3M7/zRKVikXjQk5i6IR4KFjCCtZH6tzW/cdF4TCvTmj0oluyyPQdaJU5GSpChOSh+9f2IJCEVmnCsVM+xY+2mWGpGOJ0W+omiMSZjPKQ9QwUOqXLT+c1TdGYUHwWRNCU0mqu/J1IcKjUJPdMZYj1Sy95M/M/rJTq4clMm4kRTQRaLgoQjHaFZAMhnkhLNJ4ZgIpm5FZERlphoE1PBhOAsv7xK2pWyY5ed+2qpfp3FkYcTOIVzcOAS6nAHTWgBgRie4RXerMR6sd6tj0VrzspmjuEPrM8fNdKQew==</latexit><latexit sha1_base64="P1Ry5Nu/POuXqiCODiKZmrJrkcU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBZBEEpSCnoptArisYL9gDaWzWbTLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzPNizpS27W8rt7a+sbmV3y7s7O7tHxQPj9oqSiShLRLxSHY9rChngrY005x2Y0lx6HHa8cY3M7/zRKVikXjQk5i6IR4KFjCCtZH6tzW/cdF4TCvTmj0oluyyPQdaJU5GSpChOSh+9f2IJCEVmnCsVM+xY+2mWGpGOJ0W+omiMSZjPKQ9QwUOqXLT+c1TdGYUHwWRNCU0mqu/J1IcKjUJPdMZYj1Sy95M/M/rJTq4clMm4kRTQRaLgoQjHaFZAMhnkhLNJ4ZgIpm5FZERlphoE1PBhOAsv7xK2pWyY5ed+2qpfp3FkYcTOIVzcOAS6nAHTWgBgRie4RXerMR6sd6tj0VrzspmjuEPrM8fNdKQew==</latexit><latexit sha1_base64="P1Ry5Nu/POuXqiCODiKZmrJrkcU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBZBEEpSCnoptArisYL9gDaWzWbTLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzPNizpS27W8rt7a+sbmV3y7s7O7tHxQPj9oqSiShLRLxSHY9rChngrY005x2Y0lx6HHa8cY3M7/zRKVikXjQk5i6IR4KFjCCtZH6tzW/cdF4TCvTmj0oluyyPQdaJU5GSpChOSh+9f2IJCEVmnCsVM+xY+2mWGpGOJ0W+omiMSZjPKQ9QwUOqXLT+c1TdGYUHwWRNCU0mqu/J1IcKjUJPdMZYj1Sy95M/M/rJTq4clMm4kRTQRaLgoQjHaFZAMhnkhLNJ4ZgIpm5FZERlphoE1PBhOAsv7xK2pWyY5ed+2qpfp3FkYcTOIVzcOAS6nAHTWgBgRie4RXerMR6sd6tj0VrzspmjuEPrM8fNdKQew==</latexit><latexit sha1_base64="P1Ry5Nu/POuXqiCODiKZmrJrkcU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBZBEEpSCnoptArisYL9gDaWzWbTLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzPNizpS27W8rt7a+sbmV3y7s7O7tHxQPj9oqSiShLRLxSHY9rChngrY005x2Y0lx6HHa8cY3M7/zRKVikXjQk5i6IR4KFjCCtZH6tzW/cdF4TCvTmj0oluyyPQdaJU5GSpChOSh+9f2IJCEVmnCsVM+xY+2mWGpGOJ0W+omiMSZjPKQ9QwUOqXLT+c1TdGYUHwWRNCU0mqu/J1IcKjUJPdMZYj1Sy95M/M/rJTq4clMm4kRTQRaLgoQjHaFZAMhnkhLNJ4ZgIpm5FZERlphoE1PBhOAsv7xK2pWyY5ed+2qpfp3FkYcTOIVzcOAS6nAHTWgBgRie4RXerMR6sd6tj0VrzspmjuEPrM8fNdKQew==</latexit>

F a = Ra � 2✏abcebfc � ✏abcsbIs
I
c ,

T a
+ = T a ,

T a
� = Dfa � vIsaI ,

T a
I = DsaI + vIe

a

F+� = �2eafa ,

FI+ = �2saIea ,

FI� = DvI � 2saIfa ,

FIJ = FIJ � 2saIsaJ ,
<latexit sha1_base64="Vxp/fcnOPnN80LwRCmJKig2BLow="></latexit><latexit sha1_base64="Vxp/fcnOPnN80LwRCmJKig2BLow="></latexit><latexit sha1_base64="Vxp/fcnOPnN80LwRCmJKig2BLow="></latexit><latexit sha1_base64="Vxp/fcnOPnN80LwRCmJKig2BLow="></latexit>
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Chern-Simons formulation 

torsion is zero

f[µ⌫] = 0
<latexit sha1_base64="zRElm9Xz97e/Rvl2rlY+CmMyLpc=">AAAB9XicbVDLSsNAFL2pr1pfVZdugkVwVRIRdCMU3bisYB+QxDKZTtqhM5MwD6WE/ocbF4q49V/c+TdO2yy09cCFwzn3cu89ccao0p737ZRWVtfWN8qbla3tnd296v5BW6VGYtLCKUtlN0aKMCpIS1PNSDeTBPGYkU48upn6nUciFU3FvR5nJOJoIGhCMdJWekh6eRByEwoTTa68XrXm1b0Z3GXiF6QGBZq96lfYT7HhRGjMkFKB72U6ypHUFDMyqYRGkQzhERqQwFKBOFFRPrt64p5Ype8mqbQltDtTf0/kiCs15rHt5EgP1aI3Ff/zAqOTyyinIjOaCDxflBjm6tSdRuD2qSRYs7ElCEtqb3XxEEmEtQ2qYkPwF19eJu2zuu/V/bvzWuO6iKMMR3AMp+DDBTTgFprQAgwSnuEV3pwn58V5dz7mrSWnmDmEP3A+fwBZ25Jl</latexit><latexit sha1_base64="zRElm9Xz97e/Rvl2rlY+CmMyLpc=">AAAB9XicbVDLSsNAFL2pr1pfVZdugkVwVRIRdCMU3bisYB+QxDKZTtqhM5MwD6WE/ocbF4q49V/c+TdO2yy09cCFwzn3cu89ccao0p737ZRWVtfWN8qbla3tnd296v5BW6VGYtLCKUtlN0aKMCpIS1PNSDeTBPGYkU48upn6nUciFU3FvR5nJOJoIGhCMdJWekh6eRByEwoTTa68XrXm1b0Z3GXiF6QGBZq96lfYT7HhRGjMkFKB72U6ypHUFDMyqYRGkQzhERqQwFKBOFFRPrt64p5Ype8mqbQltDtTf0/kiCs15rHt5EgP1aI3Ff/zAqOTyyinIjOaCDxflBjm6tSdRuD2qSRYs7ElCEtqb3XxEEmEtQ2qYkPwF19eJu2zuu/V/bvzWuO6iKMMR3AMp+DDBTTgFprQAgwSnuEV3pwn58V5dz7mrSWnmDmEP3A+fwBZ25Jl</latexit><latexit sha1_base64="zRElm9Xz97e/Rvl2rlY+CmMyLpc=">AAAB9XicbVDLSsNAFL2pr1pfVZdugkVwVRIRdCMU3bisYB+QxDKZTtqhM5MwD6WE/ocbF4q49V/c+TdO2yy09cCFwzn3cu89ccao0p737ZRWVtfWN8qbla3tnd296v5BW6VGYtLCKUtlN0aKMCpIS1PNSDeTBPGYkU48upn6nUciFU3FvR5nJOJoIGhCMdJWekh6eRByEwoTTa68XrXm1b0Z3GXiF6QGBZq96lfYT7HhRGjMkFKB72U6ypHUFDMyqYRGkQzhERqQwFKBOFFRPrt64p5Ype8mqbQltDtTf0/kiCs15rHt5EgP1aI3Ff/zAqOTyyinIjOaCDxflBjm6tSdRuD2qSRYs7ElCEtqb3XxEEmEtQ2qYkPwF19eJu2zuu/V/bvzWuO6iKMMR3AMp+DDBTTgFprQAgwSnuEV3pwn58V5dz7mrSWnmDmEP3A+fwBZ25Jl</latexit><latexit sha1_base64="zRElm9Xz97e/Rvl2rlY+CmMyLpc=">AAAB9XicbVDLSsNAFL2pr1pfVZdugkVwVRIRdCMU3bisYB+QxDKZTtqhM5MwD6WE/ocbF4q49V/c+TdO2yy09cCFwzn3cu89ccao0p737ZRWVtfWN8qbla3tnd296v5BW6VGYtLCKUtlN0aKMCpIS1PNSDeTBPGYkU48upn6nUciFU3FvR5nJOJoIGhCMdJWekh6eRByEwoTTa68XrXm1b0Z3GXiF6QGBZq96lfYT7HhRGjMkFKB72U6ypHUFDMyqYRGkQzhERqQwFKBOFFRPrt64p5Ype8mqbQltDtTf0/kiCs15rHt5EgP1aI3Ff/zAqOTyyinIjOaCDxflBjm6tSdRuD2qSRYs7ElCEtqb3XxEEmEtQ2qYkPwF19eJu2zuu/V/bvzWuO6iKMMR3AMp+DDBTTgFprQAgwSnuEV3pwn58V5dz7mrSWnmDmEP3A+fwBZ25Jl</latexit>

sI[µ⌫] = 0
<latexit sha1_base64="U+Esy+nRrONwEYXfALzs7FLOsPQ=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAiuSiKCboSiG91VsA9IYphMJ+3QmUmYR6GE/okbF4q49U/c+TdO2yy09cCFwzn3cu89Sc6o0p737aysrq1vbFa2qts7u3v77sFhW2VGYtLCGctkN0GKMCpIS1PNSDeXBPGEkU4yvJ36nRGRimbiUY9zEnHUFzSlGGkrxa6rnu7jIgi5CYWJJtde7Na8ujcDXCZ+SWqgRDN2v8Jehg0nQmOGlAp8L9dRgaSmmJFJNTSK5AgPUZ8ElgrEiYqK2eUTeGqVHkwzaUtoOFN/TxSIKzXmie3kSA/UojcV//MCo9OrqKAiN5oIPF+UGgZ1BqcxwB6VBGs2tgRhSe2tEA+QRFjbsKo2BH/x5WXSPq/7Xt1/uKg1bso4KuAYnIAz4INL0AB3oAlaAIMReAav4M0pnBfn3fmYt6445cwR+APn8wc3A5Ne</latexit><latexit sha1_base64="U+Esy+nRrONwEYXfALzs7FLOsPQ=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAiuSiKCboSiG91VsA9IYphMJ+3QmUmYR6GE/okbF4q49U/c+TdO2yy09cCFwzn3cu89Sc6o0p737aysrq1vbFa2qts7u3v77sFhW2VGYtLCGctkN0GKMCpIS1PNSDeXBPGEkU4yvJ36nRGRimbiUY9zEnHUFzSlGGkrxa6rnu7jIgi5CYWJJtde7Na8ujcDXCZ+SWqgRDN2v8Jehg0nQmOGlAp8L9dRgaSmmJFJNTSK5AgPUZ8ElgrEiYqK2eUTeGqVHkwzaUtoOFN/TxSIKzXmie3kSA/UojcV//MCo9OrqKAiN5oIPF+UGgZ1BqcxwB6VBGs2tgRhSe2tEA+QRFjbsKo2BH/x5WXSPq/7Xt1/uKg1bso4KuAYnIAz4INL0AB3oAlaAIMReAav4M0pnBfn3fmYt6445cwR+APn8wc3A5Ne</latexit><latexit sha1_base64="U+Esy+nRrONwEYXfALzs7FLOsPQ=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAiuSiKCboSiG91VsA9IYphMJ+3QmUmYR6GE/okbF4q49U/c+TdO2yy09cCFwzn3cu89Sc6o0p737aysrq1vbFa2qts7u3v77sFhW2VGYtLCGctkN0GKMCpIS1PNSDeXBPGEkU4yvJ36nRGRimbiUY9zEnHUFzSlGGkrxa6rnu7jIgi5CYWJJtde7Na8ujcDXCZ+SWqgRDN2v8Jehg0nQmOGlAp8L9dRgaSmmJFJNTSK5AgPUZ8ElgrEiYqK2eUTeGqVHkwzaUtoOFN/TxSIKzXmie3kSA/UojcV//MCo9OrqKAiN5oIPF+UGgZ1BqcxwB6VBGs2tgRhSe2tEA+QRFjbsKo2BH/x5WXSPq/7Xt1/uKg1bso4KuAYnIAz4INL0AB3oAlaAIMReAav4M0pnBfn3fmYt6445cwR+APn8wc3A5Ne</latexit><latexit sha1_base64="U+Esy+nRrONwEYXfALzs7FLOsPQ=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAiuSiKCboSiG91VsA9IYphMJ+3QmUmYR6GE/okbF4q49U/c+TdO2yy09cCFwzn3cu89Sc6o0p737aysrq1vbFa2qts7u3v77sFhW2VGYtLCGctkN0GKMCpIS1PNSDeXBPGEkU4yvJ36nRGRimbiUY9zEnHUFzSlGGkrxa6rnu7jIgi5CYWJJtde7Na8ujcDXCZ+SWqgRDN2v8Jehg0nQmOGlAp8L9dRgaSmmJFJNTSK5AgPUZ8ElgrEiYqK2eUTeGqVHkwzaUtoOFN/TxSIKzXmie3kSA/UojcV//MCo9OrqKAiN5oIPF+UGgZ1BqcxwB6VBGs2tgRhSe2tEA+QRFjbsKo2BH/x5WXSPq/7Xt1/uKg1bso4KuAYnIAz4INL0AB3oAlaAIMReAav4M0pnBfn3fmYt6445cwR+APn8wc3A5Ne</latexit>

• The field equations are F = dA+A2 = 0
<latexit sha1_base64="P1Ry5Nu/POuXqiCODiKZmrJrkcU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBZBEEpSCnoptArisYL9gDaWzWbTLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzPNizpS27W8rt7a+sbmV3y7s7O7tHxQPj9oqSiShLRLxSHY9rChngrY005x2Y0lx6HHa8cY3M7/zRKVikXjQk5i6IR4KFjCCtZH6tzW/cdF4TCvTmj0oluyyPQdaJU5GSpChOSh+9f2IJCEVmnCsVM+xY+2mWGpGOJ0W+omiMSZjPKQ9QwUOqXLT+c1TdGYUHwWRNCU0mqu/J1IcKjUJPdMZYj1Sy95M/M/rJTq4clMm4kRTQRaLgoQjHaFZAMhnkhLNJ4ZgIpm5FZERlphoE1PBhOAsv7xK2pWyY5ed+2qpfp3FkYcTOIVzcOAS6nAHTWgBgRie4RXerMR6sd6tj0VrzspmjuEPrM8fNdKQew==</latexit><latexit sha1_base64="P1Ry5Nu/POuXqiCODiKZmrJrkcU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBZBEEpSCnoptArisYL9gDaWzWbTLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzPNizpS27W8rt7a+sbmV3y7s7O7tHxQPj9oqSiShLRLxSHY9rChngrY005x2Y0lx6HHa8cY3M7/zRKVikXjQk5i6IR4KFjCCtZH6tzW/cdF4TCvTmj0oluyyPQdaJU5GSpChOSh+9f2IJCEVmnCsVM+xY+2mWGpGOJ0W+omiMSZjPKQ9QwUOqXLT+c1TdGYUHwWRNCU0mqu/J1IcKjUJPdMZYj1Sy95M/M/rJTq4clMm4kRTQRaLgoQjHaFZAMhnkhLNJ4ZgIpm5FZERlphoE1PBhOAsv7xK2pWyY5ed+2qpfp3FkYcTOIVzcOAS6nAHTWgBgRie4RXerMR6sd6tj0VrzspmjuEPrM8fNdKQew==</latexit><latexit sha1_base64="P1Ry5Nu/POuXqiCODiKZmrJrkcU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBZBEEpSCnoptArisYL9gDaWzWbTLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzPNizpS27W8rt7a+sbmV3y7s7O7tHxQPj9oqSiShLRLxSHY9rChngrY005x2Y0lx6HHa8cY3M7/zRKVikXjQk5i6IR4KFjCCtZH6tzW/cdF4TCvTmj0oluyyPQdaJU5GSpChOSh+9f2IJCEVmnCsVM+xY+2mWGpGOJ0W+omiMSZjPKQ9QwUOqXLT+c1TdGYUHwWRNCU0mqu/J1IcKjUJPdMZYj1Sy95M/M/rJTq4clMm4kRTQRaLgoQjHaFZAMhnkhLNJ4ZgIpm5FZERlphoE1PBhOAsv7xK2pWyY5ed+2qpfp3FkYcTOIVzcOAS6nAHTWgBgRie4RXerMR6sd6tj0VrzspmjuEPrM8fNdKQew==</latexit><latexit sha1_base64="P1Ry5Nu/POuXqiCODiKZmrJrkcU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBZBEEpSCnoptArisYL9gDaWzWbTLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzPNizpS27W8rt7a+sbmV3y7s7O7tHxQPj9oqSiShLRLxSHY9rChngrY005x2Y0lx6HHa8cY3M7/zRKVikXjQk5i6IR4KFjCCtZH6tzW/cdF4TCvTmj0oluyyPQdaJU5GSpChOSh+9f2IJCEVmnCsVM+xY+2mWGpGOJ0W+omiMSZjPKQ9QwUOqXLT+c1TdGYUHwWRNCU0mqu/J1IcKjUJPdMZYj1Sy95M/M/rJTq4clMm4kRTQRaLgoQjHaFZAMhnkhLNJ4ZgIpm5FZERlphoE1PBhOAsv7xK2pWyY5ed+2qpfp3FkYcTOIVzcOAS6nAHTWgBgRie4RXerMR6sd6tj0VrzspmjuEPrM8fNdKQew==</latexit>

F a = Ra � 2✏abcebfc � ✏abcsbIs
I
c ,

T a
+ = T a ,

T a
� = Dfa � vIsaI ,

T a
I = DsaI + vIe

a

F+� = �2eafa ,

FI+ = �2saIea ,

FI� = DvI � 2saIfa ,

FIJ = FIJ � 2saIsaJ ,
<latexit sha1_base64="Vxp/fcnOPnN80LwRCmJKig2BLow="></latexit><latexit sha1_base64="Vxp/fcnOPnN80LwRCmJKig2BLow="></latexit><latexit sha1_base64="Vxp/fcnOPnN80LwRCmJKig2BLow="></latexit><latexit sha1_base64="Vxp/fcnOPnN80LwRCmJKig2BLow="></latexit>
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Chern-Simons formulation 

torsion is zero

f[µ⌫] = 0
<latexit sha1_base64="zRElm9Xz97e/Rvl2rlY+CmMyLpc=">AAAB9XicbVDLSsNAFL2pr1pfVZdugkVwVRIRdCMU3bisYB+QxDKZTtqhM5MwD6WE/ocbF4q49V/c+TdO2yy09cCFwzn3cu89ccao0p737ZRWVtfWN8qbla3tnd296v5BW6VGYtLCKUtlN0aKMCpIS1PNSDeTBPGYkU48upn6nUciFU3FvR5nJOJoIGhCMdJWekh6eRByEwoTTa68XrXm1b0Z3GXiF6QGBZq96lfYT7HhRGjMkFKB72U6ypHUFDMyqYRGkQzhERqQwFKBOFFRPrt64p5Ype8mqbQltDtTf0/kiCs15rHt5EgP1aI3Ff/zAqOTyyinIjOaCDxflBjm6tSdRuD2qSRYs7ElCEtqb3XxEEmEtQ2qYkPwF19eJu2zuu/V/bvzWuO6iKMMR3AMp+DDBTTgFprQAgwSnuEV3pwn58V5dz7mrSWnmDmEP3A+fwBZ25Jl</latexit><latexit sha1_base64="zRElm9Xz97e/Rvl2rlY+CmMyLpc=">AAAB9XicbVDLSsNAFL2pr1pfVZdugkVwVRIRdCMU3bisYB+QxDKZTtqhM5MwD6WE/ocbF4q49V/c+TdO2yy09cCFwzn3cu89ccao0p737ZRWVtfWN8qbla3tnd296v5BW6VGYtLCKUtlN0aKMCpIS1PNSDeTBPGYkU48upn6nUciFU3FvR5nJOJoIGhCMdJWekh6eRByEwoTTa68XrXm1b0Z3GXiF6QGBZq96lfYT7HhRGjMkFKB72U6ypHUFDMyqYRGkQzhERqQwFKBOFFRPrt64p5Ype8mqbQltDtTf0/kiCs15rHt5EgP1aI3Ff/zAqOTyyinIjOaCDxflBjm6tSdRuD2qSRYs7ElCEtqb3XxEEmEtQ2qYkPwF19eJu2zuu/V/bvzWuO6iKMMR3AMp+DDBTTgFprQAgwSnuEV3pwn58V5dz7mrSWnmDmEP3A+fwBZ25Jl</latexit><latexit sha1_base64="zRElm9Xz97e/Rvl2rlY+CmMyLpc=">AAAB9XicbVDLSsNAFL2pr1pfVZdugkVwVRIRdCMU3bisYB+QxDKZTtqhM5MwD6WE/ocbF4q49V/c+TdO2yy09cCFwzn3cu89ccao0p737ZRWVtfWN8qbla3tnd296v5BW6VGYtLCKUtlN0aKMCpIS1PNSDeTBPGYkU48upn6nUciFU3FvR5nJOJoIGhCMdJWekh6eRByEwoTTa68XrXm1b0Z3GXiF6QGBZq96lfYT7HhRGjMkFKB72U6ypHUFDMyqYRGkQzhERqQwFKBOFFRPrt64p5Ype8mqbQltDtTf0/kiCs15rHt5EgP1aI3Ff/zAqOTyyinIjOaCDxflBjm6tSdRuD2qSRYs7ElCEtqb3XxEEmEtQ2qYkPwF19eJu2zuu/V/bvzWuO6iKMMR3AMp+DDBTTgFprQAgwSnuEV3pwn58V5dz7mrSWnmDmEP3A+fwBZ25Jl</latexit><latexit sha1_base64="zRElm9Xz97e/Rvl2rlY+CmMyLpc=">AAAB9XicbVDLSsNAFL2pr1pfVZdugkVwVRIRdCMU3bisYB+QxDKZTtqhM5MwD6WE/ocbF4q49V/c+TdO2yy09cCFwzn3cu89ccao0p737ZRWVtfWN8qbla3tnd296v5BW6VGYtLCKUtlN0aKMCpIS1PNSDeTBPGYkU48upn6nUciFU3FvR5nJOJoIGhCMdJWekh6eRByEwoTTa68XrXm1b0Z3GXiF6QGBZq96lfYT7HhRGjMkFKB72U6ypHUFDMyqYRGkQzhERqQwFKBOFFRPrt64p5Ype8mqbQltDtTf0/kiCs15rHt5EgP1aI3Ff/zAqOTyyinIjOaCDxflBjm6tSdRuD2qSRYs7ElCEtqb3XxEEmEtQ2qYkPwF19eJu2zuu/V/bvzWuO6iKMMR3AMp+DDBTTgFprQAgwSnuEV3pwn58V5dz7mrSWnmDmEP3A+fwBZ25Jl</latexit>

sI[µ⌫] = 0
<latexit sha1_base64="U+Esy+nRrONwEYXfALzs7FLOsPQ=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAiuSiKCboSiG91VsA9IYphMJ+3QmUmYR6GE/okbF4q49U/c+TdO2yy09cCFwzn3cu89Sc6o0p737aysrq1vbFa2qts7u3v77sFhW2VGYtLCGctkN0GKMCpIS1PNSDeXBPGEkU4yvJ36nRGRimbiUY9zEnHUFzSlGGkrxa6rnu7jIgi5CYWJJtde7Na8ujcDXCZ+SWqgRDN2v8Jehg0nQmOGlAp8L9dRgaSmmJFJNTSK5AgPUZ8ElgrEiYqK2eUTeGqVHkwzaUtoOFN/TxSIKzXmie3kSA/UojcV//MCo9OrqKAiN5oIPF+UGgZ1BqcxwB6VBGs2tgRhSe2tEA+QRFjbsKo2BH/x5WXSPq/7Xt1/uKg1bso4KuAYnIAz4INL0AB3oAlaAIMReAav4M0pnBfn3fmYt6445cwR+APn8wc3A5Ne</latexit><latexit sha1_base64="U+Esy+nRrONwEYXfALzs7FLOsPQ=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAiuSiKCboSiG91VsA9IYphMJ+3QmUmYR6GE/okbF4q49U/c+TdO2yy09cCFwzn3cu89Sc6o0p737aysrq1vbFa2qts7u3v77sFhW2VGYtLCGctkN0GKMCpIS1PNSDeXBPGEkU4yvJ36nRGRimbiUY9zEnHUFzSlGGkrxa6rnu7jIgi5CYWJJtde7Na8ujcDXCZ+SWqgRDN2v8Jehg0nQmOGlAp8L9dRgaSmmJFJNTSK5AgPUZ8ElgrEiYqK2eUTeGqVHkwzaUtoOFN/TxSIKzXmie3kSA/UojcV//MCo9OrqKAiN5oIPF+UGgZ1BqcxwB6VBGs2tgRhSe2tEA+QRFjbsKo2BH/x5WXSPq/7Xt1/uKg1bso4KuAYnIAz4INL0AB3oAlaAIMReAav4M0pnBfn3fmYt6445cwR+APn8wc3A5Ne</latexit><latexit sha1_base64="U+Esy+nRrONwEYXfALzs7FLOsPQ=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAiuSiKCboSiG91VsA9IYphMJ+3QmUmYR6GE/okbF4q49U/c+TdO2yy09cCFwzn3cu89Sc6o0p737aysrq1vbFa2qts7u3v77sFhW2VGYtLCGctkN0GKMCpIS1PNSDeXBPGEkU4yvJ36nRGRimbiUY9zEnHUFzSlGGkrxa6rnu7jIgi5CYWJJtde7Na8ujcDXCZ+SWqgRDN2v8Jehg0nQmOGlAp8L9dRgaSmmJFJNTSK5AgPUZ8ElgrEiYqK2eUTeGqVHkwzaUtoOFN/TxSIKzXmie3kSA/UojcV//MCo9OrqKAiN5oIPF+UGgZ1BqcxwB6VBGs2tgRhSe2tEA+QRFjbsKo2BH/x5WXSPq/7Xt1/uKg1bso4KuAYnIAz4INL0AB3oAlaAIMReAav4M0pnBfn3fmYt6445cwR+APn8wc3A5Ne</latexit><latexit sha1_base64="U+Esy+nRrONwEYXfALzs7FLOsPQ=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAiuSiKCboSiG91VsA9IYphMJ+3QmUmYR6GE/okbF4q49U/c+TdO2yy09cCFwzn3cu89Sc6o0p737aysrq1vbFa2qts7u3v77sFhW2VGYtLCGctkN0GKMCpIS1PNSDeXBPGEkU4yvJ36nRGRimbiUY9zEnHUFzSlGGkrxa6rnu7jIgi5CYWJJtde7Na8ujcDXCZ+SWqgRDN2v8Jehg0nQmOGlAp8L9dRgaSmmJFJNTSK5AgPUZ8ElgrEiYqK2eUTeGqVHkwzaUtoOFN/TxSIKzXmie3kSA/UojcV//MCo9OrqKAiN5oIPF+UGgZ1BqcxwB6VBGs2tgRhSe2tEA+QRFjbsKo2BH/x5WXSPq/7Xt1/uKg1bso4KuAYnIAz4INL0AB3oAlaAIMReAav4M0pnBfn3fmYt6445cwR+APn8wc3A5Ne</latexit>

• The field equations are F = dA+A2 = 0
<latexit sha1_base64="P1Ry5Nu/POuXqiCODiKZmrJrkcU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBZBEEpSCnoptArisYL9gDaWzWbTLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzPNizpS27W8rt7a+sbmV3y7s7O7tHxQPj9oqSiShLRLxSHY9rChngrY005x2Y0lx6HHa8cY3M7/zRKVikXjQk5i6IR4KFjCCtZH6tzW/cdF4TCvTmj0oluyyPQdaJU5GSpChOSh+9f2IJCEVmnCsVM+xY+2mWGpGOJ0W+omiMSZjPKQ9QwUOqXLT+c1TdGYUHwWRNCU0mqu/J1IcKjUJPdMZYj1Sy95M/M/rJTq4clMm4kRTQRaLgoQjHaFZAMhnkhLNJ4ZgIpm5FZERlphoE1PBhOAsv7xK2pWyY5ed+2qpfp3FkYcTOIVzcOAS6nAHTWgBgRie4RXerMR6sd6tj0VrzspmjuEPrM8fNdKQew==</latexit><latexit sha1_base64="P1Ry5Nu/POuXqiCODiKZmrJrkcU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBZBEEpSCnoptArisYL9gDaWzWbTLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzPNizpS27W8rt7a+sbmV3y7s7O7tHxQPj9oqSiShLRLxSHY9rChngrY005x2Y0lx6HHa8cY3M7/zRKVikXjQk5i6IR4KFjCCtZH6tzW/cdF4TCvTmj0oluyyPQdaJU5GSpChOSh+9f2IJCEVmnCsVM+xY+2mWGpGOJ0W+omiMSZjPKQ9QwUOqXLT+c1TdGYUHwWRNCU0mqu/J1IcKjUJPdMZYj1Sy95M/M/rJTq4clMm4kRTQRaLgoQjHaFZAMhnkhLNJ4ZgIpm5FZERlphoE1PBhOAsv7xK2pWyY5ed+2qpfp3FkYcTOIVzcOAS6nAHTWgBgRie4RXerMR6sd6tj0VrzspmjuEPrM8fNdKQew==</latexit><latexit sha1_base64="P1Ry5Nu/POuXqiCODiKZmrJrkcU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBZBEEpSCnoptArisYL9gDaWzWbTLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzPNizpS27W8rt7a+sbmV3y7s7O7tHxQPj9oqSiShLRLxSHY9rChngrY005x2Y0lx6HHa8cY3M7/zRKVikXjQk5i6IR4KFjCCtZH6tzW/cdF4TCvTmj0oluyyPQdaJU5GSpChOSh+9f2IJCEVmnCsVM+xY+2mWGpGOJ0W+omiMSZjPKQ9QwUOqXLT+c1TdGYUHwWRNCU0mqu/J1IcKjUJPdMZYj1Sy95M/M/rJTq4clMm4kRTQRaLgoQjHaFZAMhnkhLNJ4ZgIpm5FZERlphoE1PBhOAsv7xK2pWyY5ed+2qpfp3FkYcTOIVzcOAS6nAHTWgBgRie4RXerMR6sd6tj0VrzspmjuEPrM8fNdKQew==</latexit><latexit sha1_base64="P1Ry5Nu/POuXqiCODiKZmrJrkcU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBZBEEpSCnoptArisYL9gDaWzWbTLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzPNizpS27W8rt7a+sbmV3y7s7O7tHxQPj9oqSiShLRLxSHY9rChngrY005x2Y0lx6HHa8cY3M7/zRKVikXjQk5i6IR4KFjCCtZH6tzW/cdF4TCvTmj0oluyyPQdaJU5GSpChOSh+9f2IJCEVmnCsVM+xY+2mWGpGOJ0W+omiMSZjPKQ9QwUOqXLT+c1TdGYUHwWRNCU0mqu/J1IcKjUJPdMZYj1Sy95M/M/rJTq4clMm4kRTQRaLgoQjHaFZAMhnkhLNJ4ZgIpm5FZERlphoE1PBhOAsv7xK2pWyY5ed+2qpfp3FkYcTOIVzcOAS6nAHTWgBgRie4RXerMR6sd6tj0VrzspmjuEPrM8fNdKQew==</latexit>

F a = Ra � 2✏abcebfc � ✏abcsbIs
I
c ,

T a
+ = T a ,

T a
� = Dfa � vIsaI ,

T a
I = DsaI + vIe

a

F+� = �2eafa ,

FI+ = �2saIea ,

FI� = DvI � 2saIfa ,

FIJ = FIJ � 2saIsaJ ,
<latexit sha1_base64="Vxp/fcnOPnN80LwRCmJKig2BLow="></latexit><latexit sha1_base64="Vxp/fcnOPnN80LwRCmJKig2BLow="></latexit><latexit sha1_base64="Vxp/fcnOPnN80LwRCmJKig2BLow="></latexit><latexit sha1_base64="Vxp/fcnOPnN80LwRCmJKig2BLow="></latexit>

fµ⌫ =
1

2

✓
Rµ⌫ � 1

4
gµ⌫R

◆

+ s(I)µ↵s
↵
(I)⌫ � 1

4
gµ⌫s

(I)
↵�s(I)↵�

<latexit sha1_base64="xLhEEJZArqkaSrG4+1ViW6jdB18="></latexit><latexit sha1_base64="xLhEEJZArqkaSrG4+1ViW6jdB18="></latexit><latexit sha1_base64="xLhEEJZArqkaSrG4+1ViW6jdB18="></latexit><latexit sha1_base64="xLhEEJZArqkaSrG4+1ViW6jdB18="></latexit>
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Chern-Simons formulation 

torsion is zero

f[µ⌫] = 0
<latexit sha1_base64="zRElm9Xz97e/Rvl2rlY+CmMyLpc=">AAAB9XicbVDLSsNAFL2pr1pfVZdugkVwVRIRdCMU3bisYB+QxDKZTtqhM5MwD6WE/ocbF4q49V/c+TdO2yy09cCFwzn3cu89ccao0p737ZRWVtfWN8qbla3tnd296v5BW6VGYtLCKUtlN0aKMCpIS1PNSDeTBPGYkU48upn6nUciFU3FvR5nJOJoIGhCMdJWekh6eRByEwoTTa68XrXm1b0Z3GXiF6QGBZq96lfYT7HhRGjMkFKB72U6ypHUFDMyqYRGkQzhERqQwFKBOFFRPrt64p5Ype8mqbQltDtTf0/kiCs15rHt5EgP1aI3Ff/zAqOTyyinIjOaCDxflBjm6tSdRuD2qSRYs7ElCEtqb3XxEEmEtQ2qYkPwF19eJu2zuu/V/bvzWuO6iKMMR3AMp+DDBTTgFprQAgwSnuEV3pwn58V5dz7mrSWnmDmEP3A+fwBZ25Jl</latexit><latexit sha1_base64="zRElm9Xz97e/Rvl2rlY+CmMyLpc=">AAAB9XicbVDLSsNAFL2pr1pfVZdugkVwVRIRdCMU3bisYB+QxDKZTtqhM5MwD6WE/ocbF4q49V/c+TdO2yy09cCFwzn3cu89ccao0p737ZRWVtfWN8qbla3tnd296v5BW6VGYtLCKUtlN0aKMCpIS1PNSDeTBPGYkU48upn6nUciFU3FvR5nJOJoIGhCMdJWekh6eRByEwoTTa68XrXm1b0Z3GXiF6QGBZq96lfYT7HhRGjMkFKB72U6ypHUFDMyqYRGkQzhERqQwFKBOFFRPrt64p5Ype8mqbQltDtTf0/kiCs15rHt5EgP1aI3Ff/zAqOTyyinIjOaCDxflBjm6tSdRuD2qSRYs7ElCEtqb3XxEEmEtQ2qYkPwF19eJu2zuu/V/bvzWuO6iKMMR3AMp+DDBTTgFprQAgwSnuEV3pwn58V5dz7mrSWnmDmEP3A+fwBZ25Jl</latexit><latexit sha1_base64="zRElm9Xz97e/Rvl2rlY+CmMyLpc=">AAAB9XicbVDLSsNAFL2pr1pfVZdugkVwVRIRdCMU3bisYB+QxDKZTtqhM5MwD6WE/ocbF4q49V/c+TdO2yy09cCFwzn3cu89ccao0p737ZRWVtfWN8qbla3tnd296v5BW6VGYtLCKUtlN0aKMCpIS1PNSDeTBPGYkU48upn6nUciFU3FvR5nJOJoIGhCMdJWekh6eRByEwoTTa68XrXm1b0Z3GXiF6QGBZq96lfYT7HhRGjMkFKB72U6ypHUFDMyqYRGkQzhERqQwFKBOFFRPrt64p5Ype8mqbQltDtTf0/kiCs15rHt5EgP1aI3Ff/zAqOTyyinIjOaCDxflBjm6tSdRuD2qSRYs7ElCEtqb3XxEEmEtQ2qYkPwF19eJu2zuu/V/bvzWuO6iKMMR3AMp+DDBTTgFprQAgwSnuEV3pwn58V5dz7mrSWnmDmEP3A+fwBZ25Jl</latexit><latexit sha1_base64="zRElm9Xz97e/Rvl2rlY+CmMyLpc=">AAAB9XicbVDLSsNAFL2pr1pfVZdugkVwVRIRdCMU3bisYB+QxDKZTtqhM5MwD6WE/ocbF4q49V/c+TdO2yy09cCFwzn3cu89ccao0p737ZRWVtfWN8qbla3tnd296v5BW6VGYtLCKUtlN0aKMCpIS1PNSDeTBPGYkU48upn6nUciFU3FvR5nJOJoIGhCMdJWekh6eRByEwoTTa68XrXm1b0Z3GXiF6QGBZq96lfYT7HhRGjMkFKB72U6ypHUFDMyqYRGkQzhERqQwFKBOFFRPrt64p5Ype8mqbQltDtTf0/kiCs15rHt5EgP1aI3Ff/zAqOTyyinIjOaCDxflBjm6tSdRuD2qSRYs7ElCEtqb3XxEEmEtQ2qYkPwF19eJu2zuu/V/bvzWuO6iKMMR3AMp+DDBTTgFprQAgwSnuEV3pwn58V5dz7mrSWnmDmEP3A+fwBZ25Jl</latexit>

sI[µ⌫] = 0
<latexit sha1_base64="U+Esy+nRrONwEYXfALzs7FLOsPQ=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAiuSiKCboSiG91VsA9IYphMJ+3QmUmYR6GE/okbF4q49U/c+TdO2yy09cCFwzn3cu89Sc6o0p737aysrq1vbFa2qts7u3v77sFhW2VGYtLCGctkN0GKMCpIS1PNSDeXBPGEkU4yvJ36nRGRimbiUY9zEnHUFzSlGGkrxa6rnu7jIgi5CYWJJtde7Na8ujcDXCZ+SWqgRDN2v8Jehg0nQmOGlAp8L9dRgaSmmJFJNTSK5AgPUZ8ElgrEiYqK2eUTeGqVHkwzaUtoOFN/TxSIKzXmie3kSA/UojcV//MCo9OrqKAiN5oIPF+UGgZ1BqcxwB6VBGs2tgRhSe2tEA+QRFjbsKo2BH/x5WXSPq/7Xt1/uKg1bso4KuAYnIAz4INL0AB3oAlaAIMReAav4M0pnBfn3fmYt6445cwR+APn8wc3A5Ne</latexit><latexit sha1_base64="U+Esy+nRrONwEYXfALzs7FLOsPQ=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAiuSiKCboSiG91VsA9IYphMJ+3QmUmYR6GE/okbF4q49U/c+TdO2yy09cCFwzn3cu89Sc6o0p737aysrq1vbFa2qts7u3v77sFhW2VGYtLCGctkN0GKMCpIS1PNSDeXBPGEkU4yvJ36nRGRimbiUY9zEnHUFzSlGGkrxa6rnu7jIgi5CYWJJtde7Na8ujcDXCZ+SWqgRDN2v8Jehg0nQmOGlAp8L9dRgaSmmJFJNTSK5AgPUZ8ElgrEiYqK2eUTeGqVHkwzaUtoOFN/TxSIKzXmie3kSA/UojcV//MCo9OrqKAiN5oIPF+UGgZ1BqcxwB6VBGs2tgRhSe2tEA+QRFjbsKo2BH/x5WXSPq/7Xt1/uKg1bso4KuAYnIAz4INL0AB3oAlaAIMReAav4M0pnBfn3fmYt6445cwR+APn8wc3A5Ne</latexit><latexit sha1_base64="U+Esy+nRrONwEYXfALzs7FLOsPQ=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAiuSiKCboSiG91VsA9IYphMJ+3QmUmYR6GE/okbF4q49U/c+TdO2yy09cCFwzn3cu89Sc6o0p737aysrq1vbFa2qts7u3v77sFhW2VGYtLCGctkN0GKMCpIS1PNSDeXBPGEkU4yvJ36nRGRimbiUY9zEnHUFzSlGGkrxa6rnu7jIgi5CYWJJtde7Na8ujcDXCZ+SWqgRDN2v8Jehg0nQmOGlAp8L9dRgaSmmJFJNTSK5AgPUZ8ElgrEiYqK2eUTeGqVHkwzaUtoOFN/TxSIKzXmie3kSA/UojcV//MCo9OrqKAiN5oIPF+UGgZ1BqcxwB6VBGs2tgRhSe2tEA+QRFjbsKo2BH/x5WXSPq/7Xt1/uKg1bso4KuAYnIAz4INL0AB3oAlaAIMReAav4M0pnBfn3fmYt6445cwR+APn8wc3A5Ne</latexit><latexit sha1_base64="U+Esy+nRrONwEYXfALzs7FLOsPQ=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAiuSiKCboSiG91VsA9IYphMJ+3QmUmYR6GE/okbF4q49U/c+TdO2yy09cCFwzn3cu89Sc6o0p737aysrq1vbFa2qts7u3v77sFhW2VGYtLCGctkN0GKMCpIS1PNSDeXBPGEkU4yvJ36nRGRimbiUY9zEnHUFzSlGGkrxa6rnu7jIgi5CYWJJtde7Na8ujcDXCZ+SWqgRDN2v8Jehg0nQmOGlAp8L9dRgaSmmJFJNTSK5AgPUZ8ElgrEiYqK2eUTeGqVHkwzaUtoOFN/TxSIKzXmie3kSA/UojcV//MCo9OrqKAiN5oIPF+UGgZ1BqcxwB6VBGs2tgRhSe2tEA+QRFjbsKo2BH/x5WXSPq/7Xt1/uKg1bso4KuAYnIAz4INL0AB3oAlaAIMReAav4M0pnBfn3fmYt6445cwR+APn8wc3A5Ne</latexit>

eom for aIJ
<latexit sha1_base64="GbHL0oYqzoXaaKsAanqA62yAipA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3qqYD+gjWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup76rSeujYjVA44T7kd0oEQoGEUrtejjbTbp3fXKFbfqzkCWiZeTCuSo98pf3X7M0ogrZJIa0/HcBP2MahRM8kmpmxqeUDaiA96xVNGIGz+bnTshJ1bpkzDWthSSmfp7IqORMeMosJ0RxaFZ9Kbif14nxfDSz4RKUuSKzReFqSQYk+nvpC80ZyjHllCmhb2VsCHVlKFNqGRD8BZfXibNs6rnVr3780rtKo+jCEdwDKfgwQXU4Abq0AAGI3iGV3hzEufFeXc+5q0FJ585hD9wPn8AHkiPaQ==</latexit><latexit sha1_base64="GbHL0oYqzoXaaKsAanqA62yAipA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3qqYD+gjWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup76rSeujYjVA44T7kd0oEQoGEUrtejjbTbp3fXKFbfqzkCWiZeTCuSo98pf3X7M0ogrZJIa0/HcBP2MahRM8kmpmxqeUDaiA96xVNGIGz+bnTshJ1bpkzDWthSSmfp7IqORMeMosJ0RxaFZ9Kbif14nxfDSz4RKUuSKzReFqSQYk+nvpC80ZyjHllCmhb2VsCHVlKFNqGRD8BZfXibNs6rnVr3780rtKo+jCEdwDKfgwQXU4Abq0AAGI3iGV3hzEufFeXc+5q0FJ585hD9wPn8AHkiPaQ==</latexit><latexit sha1_base64="GbHL0oYqzoXaaKsAanqA62yAipA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3qqYD+gjWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup76rSeujYjVA44T7kd0oEQoGEUrtejjbTbp3fXKFbfqzkCWiZeTCuSo98pf3X7M0ogrZJIa0/HcBP2MahRM8kmpmxqeUDaiA96xVNGIGz+bnTshJ1bpkzDWthSSmfp7IqORMeMosJ0RxaFZ9Kbif14nxfDSz4RKUuSKzReFqSQYk+nvpC80ZyjHllCmhb2VsCHVlKFNqGRD8BZfXibNs6rnVr3780rtKo+jCEdwDKfgwQXU4Abq0AAGI3iGV3hzEufFeXc+5q0FJ585hD9wPn8AHkiPaQ==</latexit><latexit sha1_base64="GbHL0oYqzoXaaKsAanqA62yAipA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3qqYD+gjWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup76rSeujYjVA44T7kd0oEQoGEUrtejjbTbp3fXKFbfqzkCWiZeTCuSo98pf3X7M0ogrZJIa0/HcBP2MahRM8kmpmxqeUDaiA96xVNGIGz+bnTshJ1bpkzDWthSSmfp7IqORMeMosJ0RxaFZ9Kbif14nxfDSz4RKUuSKzReFqSQYk+nvpC80ZyjHllCmhb2VsCHVlKFNqGRD8BZfXibNs6rnVr3780rtKo+jCEdwDKfgwQXU4Abq0AAGI3iGV3hzEufFeXc+5q0FJ585hD9wPn8AHkiPaQ==</latexit>

eom for        andsIµ⌫
<latexit sha1_base64="To3YhOIb7RbSYEtt7k02Ir/0Hmk=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj0orcI5gHZNcxOZpMhM7PLPISw5De8eFDEqz/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1ldW9/YLG2Vt3d29/YrB4ctnVpFaJOkPFWdGGvKmaRNwwynnUxRLGJO2/HoZuq3n6jSLJUPZpzRSOCBZAkj2Dgp1I93vTwUNpR20qtU/Zo/A1omQUGqUKDRq3yF/ZRYQaUhHGvdDfzMRDlWhhFOJ+XQapphMsID2nVUYkF1lM9unqBTp/RRkipX0qCZ+nsix0LrsYhdp8BmqBe9qfif17UmuYpyJjNrqCTzRYnlyKRoGgDqM0WJ4WNHMFHM3YrIECtMjIup7EIIFl9eJq3zWuDXgvuLav26iKMEx3ACZxDAJdThFhrQBAIZPMMrvHnWe/HevY9564pXzBzBH3ifP1nXkeA=</latexit><latexit sha1_base64="To3YhOIb7RbSYEtt7k02Ir/0Hmk=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj0orcI5gHZNcxOZpMhM7PLPISw5De8eFDEqz/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1ldW9/YLG2Vt3d29/YrB4ctnVpFaJOkPFWdGGvKmaRNwwynnUxRLGJO2/HoZuq3n6jSLJUPZpzRSOCBZAkj2Dgp1I93vTwUNpR20qtU/Zo/A1omQUGqUKDRq3yF/ZRYQaUhHGvdDfzMRDlWhhFOJ+XQapphMsID2nVUYkF1lM9unqBTp/RRkipX0qCZ+nsix0LrsYhdp8BmqBe9qfif17UmuYpyJjNrqCTzRYnlyKRoGgDqM0WJ4WNHMFHM3YrIECtMjIup7EIIFl9eJq3zWuDXgvuLav26iKMEx3ACZxDAJdThFhrQBAIZPMMrvHnWe/HevY9564pXzBzBH3ifP1nXkeA=</latexit><latexit sha1_base64="To3YhOIb7RbSYEtt7k02Ir/0Hmk=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj0orcI5gHZNcxOZpMhM7PLPISw5De8eFDEqz/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1ldW9/YLG2Vt3d29/YrB4ctnVpFaJOkPFWdGGvKmaRNwwynnUxRLGJO2/HoZuq3n6jSLJUPZpzRSOCBZAkj2Dgp1I93vTwUNpR20qtU/Zo/A1omQUGqUKDRq3yF/ZRYQaUhHGvdDfzMRDlWhhFOJ+XQapphMsID2nVUYkF1lM9unqBTp/RRkipX0qCZ+nsix0LrsYhdp8BmqBe9qfif17UmuYpyJjNrqCTzRYnlyKRoGgDqM0WJ4WNHMFHM3YrIECtMjIup7EIIFl9eJq3zWuDXgvuLav26iKMEx3ACZxDAJdThFhrQBAIZPMMrvHnWe/HevY9564pXzBzBH3ifP1nXkeA=</latexit><latexit sha1_base64="To3YhOIb7RbSYEtt7k02Ir/0Hmk=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj0orcI5gHZNcxOZpMhM7PLPISw5De8eFDEqz/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1ldW9/YLG2Vt3d29/YrB4ctnVpFaJOkPFWdGGvKmaRNwwynnUxRLGJO2/HoZuq3n6jSLJUPZpzRSOCBZAkj2Dgp1I93vTwUNpR20qtU/Zo/A1omQUGqUKDRq3yF/ZRYQaUhHGvdDfzMRDlWhhFOJ+XQapphMsID2nVUYkF1lM9unqBTp/RRkipX0qCZ+nsix0LrsYhdp8BmqBe9qfif17UmuYpyJjNrqCTzRYnlyKRoGgDqM0WJ4WNHMFHM3YrIECtMjIup7EIIFl9eJq3zWuDXgvuLav26iKMEx3ACZxDAJdThFhrQBAIZPMMrvHnWe/HevY9564pXzBzBH3ifP1nXkeA=</latexit>

eom for  gµ⌫
<latexit sha1_base64="KiRAn3HExPmtthSX415eHa2TEQc=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5idzCZDZmaXeQhhyV948aCIV//Gm3/jJNmDJhY0FFXddHfFGWfa+P63V1pb39jcKm9Xdnb39g+qh0dtnVpFaIukPFXdGGvKmaQtwwyn3UxRLGJOO/H4duZ3nqjSLJUPZpLRSOChZAkj2DjpcdjPQ2FDaaf9as2v+3OgVRIUpAYFmv3qVzhIiRVUGsKx1r3Az0yUY2UY4XRaCa2mGSZjPKQ9RyUWVEf5/OIpOnPKACWpciUNmqu/J3IstJ6I2HUKbEZ62ZuJ/3k9a5LrKGcys4ZKsliUWI5MimbvowFTlBg+cQQTxdytiIywwsS4kCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS0gIOEZXuHN096L9+59LFpLXjFzDH/gff4A+PCRGQ==</latexit><latexit sha1_base64="KiRAn3HExPmtthSX415eHa2TEQc=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5idzCZDZmaXeQhhyV948aCIV//Gm3/jJNmDJhY0FFXddHfFGWfa+P63V1pb39jcKm9Xdnb39g+qh0dtnVpFaIukPFXdGGvKmaQtwwyn3UxRLGJOO/H4duZ3nqjSLJUPZpLRSOChZAkj2DjpcdjPQ2FDaaf9as2v+3OgVRIUpAYFmv3qVzhIiRVUGsKx1r3Az0yUY2UY4XRaCa2mGSZjPKQ9RyUWVEf5/OIpOnPKACWpciUNmqu/J3IstJ6I2HUKbEZ62ZuJ/3k9a5LrKGcys4ZKsliUWI5MimbvowFTlBg+cQQTxdytiIywwsS4kCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS0gIOEZXuHN096L9+59LFpLXjFzDH/gff4A+PCRGQ==</latexit><latexit sha1_base64="KiRAn3HExPmtthSX415eHa2TEQc=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5idzCZDZmaXeQhhyV948aCIV//Gm3/jJNmDJhY0FFXddHfFGWfa+P63V1pb39jcKm9Xdnb39g+qh0dtnVpFaIukPFXdGGvKmaQtwwyn3UxRLGJOO/H4duZ3nqjSLJUPZpLRSOChZAkj2DjpcdjPQ2FDaaf9as2v+3OgVRIUpAYFmv3qVzhIiRVUGsKx1r3Az0yUY2UY4XRaCa2mGSZjPKQ9RyUWVEf5/OIpOnPKACWpciUNmqu/J3IstJ6I2HUKbEZ62ZuJ/3k9a5LrKGcys4ZKsliUWI5MimbvowFTlBg+cQQTxdytiIywwsS4kCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS0gIOEZXuHN096L9+59LFpLXjFzDH/gff4A+PCRGQ==</latexit><latexit sha1_base64="KiRAn3HExPmtthSX415eHa2TEQc=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5idzCZDZmaXeQhhyV948aCIV//Gm3/jJNmDJhY0FFXddHfFGWfa+P63V1pb39jcKm9Xdnb39g+qh0dtnVpFaIukPFXdGGvKmaQtwwyn3UxRLGJOO/H4duZ3nqjSLJUPZpLRSOChZAkj2DjpcdjPQ2FDaaf9as2v+3OgVRIUpAYFmv3qVzhIiRVUGsKx1r3Az0yUY2UY4XRaCa2mGSZjPKQ9RyUWVEf5/OIpOnPKACWpciUNmqu/J3IstJ6I2HUKbEZ62ZuJ/3k9a5LrKGcys4ZKsliUWI5MimbvowFTlBg+cQQTxdytiIywwsS4kCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS0gIOEZXuHN096L9+59LFpLXjFzDH/gff4A+PCRGQ==</latexit>

• The field equations are F = dA+A2 = 0
<latexit sha1_base64="P1Ry5Nu/POuXqiCODiKZmrJrkcU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBZBEEpSCnoptArisYL9gDaWzWbTLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzPNizpS27W8rt7a+sbmV3y7s7O7tHxQPj9oqSiShLRLxSHY9rChngrY005x2Y0lx6HHa8cY3M7/zRKVikXjQk5i6IR4KFjCCtZH6tzW/cdF4TCvTmj0oluyyPQdaJU5GSpChOSh+9f2IJCEVmnCsVM+xY+2mWGpGOJ0W+omiMSZjPKQ9QwUOqXLT+c1TdGYUHwWRNCU0mqu/J1IcKjUJPdMZYj1Sy95M/M/rJTq4clMm4kRTQRaLgoQjHaFZAMhnkhLNJ4ZgIpm5FZERlphoE1PBhOAsv7xK2pWyY5ed+2qpfp3FkYcTOIVzcOAS6nAHTWgBgRie4RXerMR6sd6tj0VrzspmjuEPrM8fNdKQew==</latexit><latexit sha1_base64="P1Ry5Nu/POuXqiCODiKZmrJrkcU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBZBEEpSCnoptArisYL9gDaWzWbTLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzPNizpS27W8rt7a+sbmV3y7s7O7tHxQPj9oqSiShLRLxSHY9rChngrY005x2Y0lx6HHa8cY3M7/zRKVikXjQk5i6IR4KFjCCtZH6tzW/cdF4TCvTmj0oluyyPQdaJU5GSpChOSh+9f2IJCEVmnCsVM+xY+2mWGpGOJ0W+omiMSZjPKQ9QwUOqXLT+c1TdGYUHwWRNCU0mqu/J1IcKjUJPdMZYj1Sy95M/M/rJTq4clMm4kRTQRaLgoQjHaFZAMhnkhLNJ4ZgIpm5FZERlphoE1PBhOAsv7xK2pWyY5ed+2qpfp3FkYcTOIVzcOAS6nAHTWgBgRie4RXerMR6sd6tj0VrzspmjuEPrM8fNdKQew==</latexit><latexit sha1_base64="P1Ry5Nu/POuXqiCODiKZmrJrkcU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBZBEEpSCnoptArisYL9gDaWzWbTLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzPNizpS27W8rt7a+sbmV3y7s7O7tHxQPj9oqSiShLRLxSHY9rChngrY005x2Y0lx6HHa8cY3M7/zRKVikXjQk5i6IR4KFjCCtZH6tzW/cdF4TCvTmj0oluyyPQdaJU5GSpChOSh+9f2IJCEVmnCsVM+xY+2mWGpGOJ0W+omiMSZjPKQ9QwUOqXLT+c1TdGYUHwWRNCU0mqu/J1IcKjUJPdMZYj1Sy95M/M/rJTq4clMm4kRTQRaLgoQjHaFZAMhnkhLNJ4ZgIpm5FZERlphoE1PBhOAsv7xK2pWyY5ed+2qpfp3FkYcTOIVzcOAS6nAHTWgBgRie4RXerMR6sd6tj0VrzspmjuEPrM8fNdKQew==</latexit><latexit sha1_base64="P1Ry5Nu/POuXqiCODiKZmrJrkcU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBZBEEpSCnoptArisYL9gDaWzWbTLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzPNizpS27W8rt7a+sbmV3y7s7O7tHxQPj9oqSiShLRLxSHY9rChngrY005x2Y0lx6HHa8cY3M7/zRKVikXjQk5i6IR4KFjCCtZH6tzW/cdF4TCvTmj0oluyyPQdaJU5GSpChOSh+9f2IJCEVmnCsVM+xY+2mWGpGOJ0W+omiMSZjPKQ9QwUOqXLT+c1TdGYUHwWRNCU0mqu/J1IcKjUJPdMZYj1Sy95M/M/rJTq4clMm4kRTQRaLgoQjHaFZAMhnkhLNJ4ZgIpm5FZERlphoE1PBhOAsv7xK2pWyY5ed+2qpfp3FkYcTOIVzcOAS6nAHTWgBgRie4RXerMR6sd6tj0VrzspmjuEPrM8fNdKQew==</latexit>

F a = Ra � 2✏abcebfc � ✏abcsbIs
I
c ,

T a
+ = T a ,

T a
� = Dfa � vIsaI ,

T a
I = DsaI + vIe

a

F+� = �2eafa ,

FI+ = �2saIea ,

FI� = DvI � 2saIfa ,

FIJ = FIJ � 2saIsaJ ,
<latexit sha1_base64="Vxp/fcnOPnN80LwRCmJKig2BLow="></latexit><latexit sha1_base64="Vxp/fcnOPnN80LwRCmJKig2BLow="></latexit><latexit sha1_base64="Vxp/fcnOPnN80LwRCmJKig2BLow="></latexit><latexit sha1_base64="Vxp/fcnOPnN80LwRCmJKig2BLow="></latexit>

vIµ =
1

2
D↵s

↵
(I) µ

<latexit sha1_base64="/FF00MEbe23Ho1OAynHIlpWgAps="></latexit><latexit sha1_base64="/FF00MEbe23Ho1OAynHIlpWgAps="></latexit><latexit sha1_base64="/FF00MEbe23Ho1OAynHIlpWgAps="></latexit><latexit sha1_base64="/FF00MEbe23Ho1OAynHIlpWgAps="></latexit>

fµ⌫ =
1

2

✓
Rµ⌫ � 1

4
gµ⌫R

◆

+ s(I)µ↵s
↵
(I)⌫ � 1

4
gµ⌫s

(I)
↵�s(I)↵�

<latexit sha1_base64="xLhEEJZArqkaSrG4+1ViW6jdB18="></latexit><latexit sha1_base64="xLhEEJZArqkaSrG4+1ViW6jdB18="></latexit><latexit sha1_base64="xLhEEJZArqkaSrG4+1ViW6jdB18="></latexit><latexit sha1_base64="xLhEEJZArqkaSrG4+1ViW6jdB18="></latexit>
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Chern-Simons formulation 

torsion is zero

f[µ⌫] = 0
<latexit sha1_base64="zRElm9Xz97e/Rvl2rlY+CmMyLpc=">AAAB9XicbVDLSsNAFL2pr1pfVZdugkVwVRIRdCMU3bisYB+QxDKZTtqhM5MwD6WE/ocbF4q49V/c+TdO2yy09cCFwzn3cu89ccao0p737ZRWVtfWN8qbla3tnd296v5BW6VGYtLCKUtlN0aKMCpIS1PNSDeTBPGYkU48upn6nUciFU3FvR5nJOJoIGhCMdJWekh6eRByEwoTTa68XrXm1b0Z3GXiF6QGBZq96lfYT7HhRGjMkFKB72U6ypHUFDMyqYRGkQzhERqQwFKBOFFRPrt64p5Ype8mqbQltDtTf0/kiCs15rHt5EgP1aI3Ff/zAqOTyyinIjOaCDxflBjm6tSdRuD2qSRYs7ElCEtqb3XxEEmEtQ2qYkPwF19eJu2zuu/V/bvzWuO6iKMMR3AMp+DDBTTgFprQAgwSnuEV3pwn58V5dz7mrSWnmDmEP3A+fwBZ25Jl</latexit><latexit sha1_base64="zRElm9Xz97e/Rvl2rlY+CmMyLpc=">AAAB9XicbVDLSsNAFL2pr1pfVZdugkVwVRIRdCMU3bisYB+QxDKZTtqhM5MwD6WE/ocbF4q49V/c+TdO2yy09cCFwzn3cu89ccao0p737ZRWVtfWN8qbla3tnd296v5BW6VGYtLCKUtlN0aKMCpIS1PNSDeTBPGYkU48upn6nUciFU3FvR5nJOJoIGhCMdJWekh6eRByEwoTTa68XrXm1b0Z3GXiF6QGBZq96lfYT7HhRGjMkFKB72U6ypHUFDMyqYRGkQzhERqQwFKBOFFRPrt64p5Ype8mqbQltDtTf0/kiCs15rHt5EgP1aI3Ff/zAqOTyyinIjOaCDxflBjm6tSdRuD2qSRYs7ElCEtqb3XxEEmEtQ2qYkPwF19eJu2zuu/V/bvzWuO6iKMMR3AMp+DDBTTgFprQAgwSnuEV3pwn58V5dz7mrSWnmDmEP3A+fwBZ25Jl</latexit><latexit sha1_base64="zRElm9Xz97e/Rvl2rlY+CmMyLpc=">AAAB9XicbVDLSsNAFL2pr1pfVZdugkVwVRIRdCMU3bisYB+QxDKZTtqhM5MwD6WE/ocbF4q49V/c+TdO2yy09cCFwzn3cu89ccao0p737ZRWVtfWN8qbla3tnd296v5BW6VGYtLCKUtlN0aKMCpIS1PNSDeTBPGYkU48upn6nUciFU3FvR5nJOJoIGhCMdJWekh6eRByEwoTTa68XrXm1b0Z3GXiF6QGBZq96lfYT7HhRGjMkFKB72U6ypHUFDMyqYRGkQzhERqQwFKBOFFRPrt64p5Ype8mqbQltDtTf0/kiCs15rHt5EgP1aI3Ff/zAqOTyyinIjOaCDxflBjm6tSdRuD2qSRYs7ElCEtqb3XxEEmEtQ2qYkPwF19eJu2zuu/V/bvzWuO6iKMMR3AMp+DDBTTgFprQAgwSnuEV3pwn58V5dz7mrSWnmDmEP3A+fwBZ25Jl</latexit><latexit sha1_base64="zRElm9Xz97e/Rvl2rlY+CmMyLpc=">AAAB9XicbVDLSsNAFL2pr1pfVZdugkVwVRIRdCMU3bisYB+QxDKZTtqhM5MwD6WE/ocbF4q49V/c+TdO2yy09cCFwzn3cu89ccao0p737ZRWVtfWN8qbla3tnd296v5BW6VGYtLCKUtlN0aKMCpIS1PNSDeTBPGYkU48upn6nUciFU3FvR5nJOJoIGhCMdJWekh6eRByEwoTTa68XrXm1b0Z3GXiF6QGBZq96lfYT7HhRGjMkFKB72U6ypHUFDMyqYRGkQzhERqQwFKBOFFRPrt64p5Ype8mqbQltDtTf0/kiCs15rHt5EgP1aI3Ff/zAqOTyyinIjOaCDxflBjm6tSdRuD2qSRYs7ElCEtqb3XxEEmEtQ2qYkPwF19eJu2zuu/V/bvzWuO6iKMMR3AMp+DDBTTgFprQAgwSnuEV3pwn58V5dz7mrSWnmDmEP3A+fwBZ25Jl</latexit>

sI[µ⌫] = 0
<latexit sha1_base64="U+Esy+nRrONwEYXfALzs7FLOsPQ=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAiuSiKCboSiG91VsA9IYphMJ+3QmUmYR6GE/okbF4q49U/c+TdO2yy09cCFwzn3cu89Sc6o0p737aysrq1vbFa2qts7u3v77sFhW2VGYtLCGctkN0GKMCpIS1PNSDeXBPGEkU4yvJ36nRGRimbiUY9zEnHUFzSlGGkrxa6rnu7jIgi5CYWJJtde7Na8ujcDXCZ+SWqgRDN2v8Jehg0nQmOGlAp8L9dRgaSmmJFJNTSK5AgPUZ8ElgrEiYqK2eUTeGqVHkwzaUtoOFN/TxSIKzXmie3kSA/UojcV//MCo9OrqKAiN5oIPF+UGgZ1BqcxwB6VBGs2tgRhSe2tEA+QRFjbsKo2BH/x5WXSPq/7Xt1/uKg1bso4KuAYnIAz4INL0AB3oAlaAIMReAav4M0pnBfn3fmYt6445cwR+APn8wc3A5Ne</latexit><latexit sha1_base64="U+Esy+nRrONwEYXfALzs7FLOsPQ=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAiuSiKCboSiG91VsA9IYphMJ+3QmUmYR6GE/okbF4q49U/c+TdO2yy09cCFwzn3cu89Sc6o0p737aysrq1vbFa2qts7u3v77sFhW2VGYtLCGctkN0GKMCpIS1PNSDeXBPGEkU4yvJ36nRGRimbiUY9zEnHUFzSlGGkrxa6rnu7jIgi5CYWJJtde7Na8ujcDXCZ+SWqgRDN2v8Jehg0nQmOGlAp8L9dRgaSmmJFJNTSK5AgPUZ8ElgrEiYqK2eUTeGqVHkwzaUtoOFN/TxSIKzXmie3kSA/UojcV//MCo9OrqKAiN5oIPF+UGgZ1BqcxwB6VBGs2tgRhSe2tEA+QRFjbsKo2BH/x5WXSPq/7Xt1/uKg1bso4KuAYnIAz4INL0AB3oAlaAIMReAav4M0pnBfn3fmYt6445cwR+APn8wc3A5Ne</latexit><latexit sha1_base64="U+Esy+nRrONwEYXfALzs7FLOsPQ=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAiuSiKCboSiG91VsA9IYphMJ+3QmUmYR6GE/okbF4q49U/c+TdO2yy09cCFwzn3cu89Sc6o0p737aysrq1vbFa2qts7u3v77sFhW2VGYtLCGctkN0GKMCpIS1PNSDeXBPGEkU4yvJ36nRGRimbiUY9zEnHUFzSlGGkrxa6rnu7jIgi5CYWJJtde7Na8ujcDXCZ+SWqgRDN2v8Jehg0nQmOGlAp8L9dRgaSmmJFJNTSK5AgPUZ8ElgrEiYqK2eUTeGqVHkwzaUtoOFN/TxSIKzXmie3kSA/UojcV//MCo9OrqKAiN5oIPF+UGgZ1BqcxwB6VBGs2tgRhSe2tEA+QRFjbsKo2BH/x5WXSPq/7Xt1/uKg1bso4KuAYnIAz4INL0AB3oAlaAIMReAav4M0pnBfn3fmYt6445cwR+APn8wc3A5Ne</latexit><latexit sha1_base64="U+Esy+nRrONwEYXfALzs7FLOsPQ=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAiuSiKCboSiG91VsA9IYphMJ+3QmUmYR6GE/okbF4q49U/c+TdO2yy09cCFwzn3cu89Sc6o0p737aysrq1vbFa2qts7u3v77sFhW2VGYtLCGctkN0GKMCpIS1PNSDeXBPGEkU4yvJ36nRGRimbiUY9zEnHUFzSlGGkrxa6rnu7jIgi5CYWJJtde7Na8ujcDXCZ+SWqgRDN2v8Jehg0nQmOGlAp8L9dRgaSmmJFJNTSK5AgPUZ8ElgrEiYqK2eUTeGqVHkwzaUtoOFN/TxSIKzXmie3kSA/UojcV//MCo9OrqKAiN5oIPF+UGgZ1BqcxwB6VBGs2tgRhSe2tEA+QRFjbsKo2BH/x5WXSPq/7Xt1/uKg1bso4KuAYnIAz4INL0AB3oAlaAIMReAav4M0pnBfn3fmYt6445cwR+APn8wc3A5Ne</latexit>

eom for aIJ
<latexit sha1_base64="GbHL0oYqzoXaaKsAanqA62yAipA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3qqYD+gjWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup76rSeujYjVA44T7kd0oEQoGEUrtejjbTbp3fXKFbfqzkCWiZeTCuSo98pf3X7M0ogrZJIa0/HcBP2MahRM8kmpmxqeUDaiA96xVNGIGz+bnTshJ1bpkzDWthSSmfp7IqORMeMosJ0RxaFZ9Kbif14nxfDSz4RKUuSKzReFqSQYk+nvpC80ZyjHllCmhb2VsCHVlKFNqGRD8BZfXibNs6rnVr3780rtKo+jCEdwDKfgwQXU4Abq0AAGI3iGV3hzEufFeXc+5q0FJ585hD9wPn8AHkiPaQ==</latexit><latexit sha1_base64="GbHL0oYqzoXaaKsAanqA62yAipA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3qqYD+gjWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup76rSeujYjVA44T7kd0oEQoGEUrtejjbTbp3fXKFbfqzkCWiZeTCuSo98pf3X7M0ogrZJIa0/HcBP2MahRM8kmpmxqeUDaiA96xVNGIGz+bnTshJ1bpkzDWthSSmfp7IqORMeMosJ0RxaFZ9Kbif14nxfDSz4RKUuSKzReFqSQYk+nvpC80ZyjHllCmhb2VsCHVlKFNqGRD8BZfXibNs6rnVr3780rtKo+jCEdwDKfgwQXU4Abq0AAGI3iGV3hzEufFeXc+5q0FJ585hD9wPn8AHkiPaQ==</latexit><latexit sha1_base64="GbHL0oYqzoXaaKsAanqA62yAipA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3qqYD+gjWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup76rSeujYjVA44T7kd0oEQoGEUrtejjbTbp3fXKFbfqzkCWiZeTCuSo98pf3X7M0ogrZJIa0/HcBP2MahRM8kmpmxqeUDaiA96xVNGIGz+bnTshJ1bpkzDWthSSmfp7IqORMeMosJ0RxaFZ9Kbif14nxfDSz4RKUuSKzReFqSQYk+nvpC80ZyjHllCmhb2VsCHVlKFNqGRD8BZfXibNs6rnVr3780rtKo+jCEdwDKfgwQXU4Abq0AAGI3iGV3hzEufFeXc+5q0FJ585hD9wPn8AHkiPaQ==</latexit><latexit sha1_base64="GbHL0oYqzoXaaKsAanqA62yAipA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3qqYD+gjWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup76rSeujYjVA44T7kd0oEQoGEUrtejjbTbp3fXKFbfqzkCWiZeTCuSo98pf3X7M0ogrZJIa0/HcBP2MahRM8kmpmxqeUDaiA96xVNGIGz+bnTshJ1bpkzDWthSSmfp7IqORMeMosJ0RxaFZ9Kbif14nxfDSz4RKUuSKzReFqSQYk+nvpC80ZyjHllCmhb2VsCHVlKFNqGRD8BZfXibNs6rnVr3780rtKo+jCEdwDKfgwQXU4Abq0AAGI3iGV3hzEufFeXc+5q0FJ585hD9wPn8AHkiPaQ==</latexit>

eom for        andsIµ⌫
<latexit sha1_base64="To3YhOIb7RbSYEtt7k02Ir/0Hmk=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj0orcI5gHZNcxOZpMhM7PLPISw5De8eFDEqz/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1ldW9/YLG2Vt3d29/YrB4ctnVpFaJOkPFWdGGvKmaRNwwynnUxRLGJO2/HoZuq3n6jSLJUPZpzRSOCBZAkj2Dgp1I93vTwUNpR20qtU/Zo/A1omQUGqUKDRq3yF/ZRYQaUhHGvdDfzMRDlWhhFOJ+XQapphMsID2nVUYkF1lM9unqBTp/RRkipX0qCZ+nsix0LrsYhdp8BmqBe9qfif17UmuYpyJjNrqCTzRYnlyKRoGgDqM0WJ4WNHMFHM3YrIECtMjIup7EIIFl9eJq3zWuDXgvuLav26iKMEx3ACZxDAJdThFhrQBAIZPMMrvHnWe/HevY9564pXzBzBH3ifP1nXkeA=</latexit><latexit sha1_base64="To3YhOIb7RbSYEtt7k02Ir/0Hmk=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj0orcI5gHZNcxOZpMhM7PLPISw5De8eFDEqz/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1ldW9/YLG2Vt3d29/YrB4ctnVpFaJOkPFWdGGvKmaRNwwynnUxRLGJO2/HoZuq3n6jSLJUPZpzRSOCBZAkj2Dgp1I93vTwUNpR20qtU/Zo/A1omQUGqUKDRq3yF/ZRYQaUhHGvdDfzMRDlWhhFOJ+XQapphMsID2nVUYkF1lM9unqBTp/RRkipX0qCZ+nsix0LrsYhdp8BmqBe9qfif17UmuYpyJjNrqCTzRYnlyKRoGgDqM0WJ4WNHMFHM3YrIECtMjIup7EIIFl9eJq3zWuDXgvuLav26iKMEx3ACZxDAJdThFhrQBAIZPMMrvHnWe/HevY9564pXzBzBH3ifP1nXkeA=</latexit><latexit sha1_base64="To3YhOIb7RbSYEtt7k02Ir/0Hmk=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj0orcI5gHZNcxOZpMhM7PLPISw5De8eFDEqz/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1ldW9/YLG2Vt3d29/YrB4ctnVpFaJOkPFWdGGvKmaRNwwynnUxRLGJO2/HoZuq3n6jSLJUPZpzRSOCBZAkj2Dgp1I93vTwUNpR20qtU/Zo/A1omQUGqUKDRq3yF/ZRYQaUhHGvdDfzMRDlWhhFOJ+XQapphMsID2nVUYkF1lM9unqBTp/RRkipX0qCZ+nsix0LrsYhdp8BmqBe9qfif17UmuYpyJjNrqCTzRYnlyKRoGgDqM0WJ4WNHMFHM3YrIECtMjIup7EIIFl9eJq3zWuDXgvuLav26iKMEx3ACZxDAJdThFhrQBAIZPMMrvHnWe/HevY9564pXzBzBH3ifP1nXkeA=</latexit><latexit sha1_base64="To3YhOIb7RbSYEtt7k02Ir/0Hmk=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj0orcI5gHZNcxOZpMhM7PLPISw5De8eFDEqz/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1ldW9/YLG2Vt3d29/YrB4ctnVpFaJOkPFWdGGvKmaRNwwynnUxRLGJO2/HoZuq3n6jSLJUPZpzRSOCBZAkj2Dgp1I93vTwUNpR20qtU/Zo/A1omQUGqUKDRq3yF/ZRYQaUhHGvdDfzMRDlWhhFOJ+XQapphMsID2nVUYkF1lM9unqBTp/RRkipX0qCZ+nsix0LrsYhdp8BmqBe9qfif17UmuYpyJjNrqCTzRYnlyKRoGgDqM0WJ4WNHMFHM3YrIECtMjIup7EIIFl9eJq3zWuDXgvuLav26iKMEx3ACZxDAJdThFhrQBAIZPMMrvHnWe/HevY9564pXzBzBH3ifP1nXkeA=</latexit>

consistency condition for 
the eom for sIµ⌫

<latexit sha1_base64="To3YhOIb7RbSYEtt7k02Ir/0Hmk=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj0orcI5gHZNcxOZpMhM7PLPISw5De8eFDEqz/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1ldW9/YLG2Vt3d29/YrB4ctnVpFaJOkPFWdGGvKmaRNwwynnUxRLGJO2/HoZuq3n6jSLJUPZpzRSOCBZAkj2Dgp1I93vTwUNpR20qtU/Zo/A1omQUGqUKDRq3yF/ZRYQaUhHGvdDfzMRDlWhhFOJ+XQapphMsID2nVUYkF1lM9unqBTp/RRkipX0qCZ+nsix0LrsYhdp8BmqBe9qfif17UmuYpyJjNrqCTzRYnlyKRoGgDqM0WJ4WNHMFHM3YrIECtMjIup7EIIFl9eJq3zWuDXgvuLav26iKMEx3ACZxDAJdThFhrQBAIZPMMrvHnWe/HevY9564pXzBzBH3ifP1nXkeA=</latexit><latexit sha1_base64="To3YhOIb7RbSYEtt7k02Ir/0Hmk=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj0orcI5gHZNcxOZpMhM7PLPISw5De8eFDEqz/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1ldW9/YLG2Vt3d29/YrB4ctnVpFaJOkPFWdGGvKmaRNwwynnUxRLGJO2/HoZuq3n6jSLJUPZpzRSOCBZAkj2Dgp1I93vTwUNpR20qtU/Zo/A1omQUGqUKDRq3yF/ZRYQaUhHGvdDfzMRDlWhhFOJ+XQapphMsID2nVUYkF1lM9unqBTp/RRkipX0qCZ+nsix0LrsYhdp8BmqBe9qfif17UmuYpyJjNrqCTzRYnlyKRoGgDqM0WJ4WNHMFHM3YrIECtMjIup7EIIFl9eJq3zWuDXgvuLav26iKMEx3ACZxDAJdThFhrQBAIZPMMrvHnWe/HevY9564pXzBzBH3ifP1nXkeA=</latexit><latexit sha1_base64="To3YhOIb7RbSYEtt7k02Ir/0Hmk=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj0orcI5gHZNcxOZpMhM7PLPISw5De8eFDEqz/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1ldW9/YLG2Vt3d29/YrB4ctnVpFaJOkPFWdGGvKmaRNwwynnUxRLGJO2/HoZuq3n6jSLJUPZpzRSOCBZAkj2Dgp1I93vTwUNpR20qtU/Zo/A1omQUGqUKDRq3yF/ZRYQaUhHGvdDfzMRDlWhhFOJ+XQapphMsID2nVUYkF1lM9unqBTp/RRkipX0qCZ+nsix0LrsYhdp8BmqBe9qfif17UmuYpyJjNrqCTzRYnlyKRoGgDqM0WJ4WNHMFHM3YrIECtMjIup7EIIFl9eJq3zWuDXgvuLav26iKMEx3ACZxDAJdThFhrQBAIZPMMrvHnWe/HevY9564pXzBzBH3ifP1nXkeA=</latexit><latexit sha1_base64="To3YhOIb7RbSYEtt7k02Ir/0Hmk=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj0orcI5gHZNcxOZpMhM7PLPISw5De8eFDEqz/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1ldW9/YLG2Vt3d29/YrB4ctnVpFaJOkPFWdGGvKmaRNwwynnUxRLGJO2/HoZuq3n6jSLJUPZpzRSOCBZAkj2Dgp1I93vTwUNpR20qtU/Zo/A1omQUGqUKDRq3yF/ZRYQaUhHGvdDfzMRDlWhhFOJ+XQapphMsID2nVUYkF1lM9unqBTp/RRkipX0qCZ+nsix0LrsYhdp8BmqBe9qfif17UmuYpyJjNrqCTzRYnlyKRoGgDqM0WJ4WNHMFHM3YrIECtMjIup7EIIFl9eJq3zWuDXgvuLav26iKMEx3ACZxDAJdThFhrQBAIZPMMrvHnWe/HevY9564pXzBzBH3ifP1nXkeA=</latexit>

eom for  gµ⌫
<latexit sha1_base64="KiRAn3HExPmtthSX415eHa2TEQc=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5idzCZDZmaXeQhhyV948aCIV//Gm3/jJNmDJhY0FFXddHfFGWfa+P63V1pb39jcKm9Xdnb39g+qh0dtnVpFaIukPFXdGGvKmaQtwwyn3UxRLGJOO/H4duZ3nqjSLJUPZpLRSOChZAkj2DjpcdjPQ2FDaaf9as2v+3OgVRIUpAYFmv3qVzhIiRVUGsKx1r3Az0yUY2UY4XRaCa2mGSZjPKQ9RyUWVEf5/OIpOnPKACWpciUNmqu/J3IstJ6I2HUKbEZ62ZuJ/3k9a5LrKGcys4ZKsliUWI5MimbvowFTlBg+cQQTxdytiIywwsS4kCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS0gIOEZXuHN096L9+59LFpLXjFzDH/gff4A+PCRGQ==</latexit><latexit sha1_base64="KiRAn3HExPmtthSX415eHa2TEQc=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5idzCZDZmaXeQhhyV948aCIV//Gm3/jJNmDJhY0FFXddHfFGWfa+P63V1pb39jcKm9Xdnb39g+qh0dtnVpFaIukPFXdGGvKmaQtwwyn3UxRLGJOO/H4duZ3nqjSLJUPZpLRSOChZAkj2DjpcdjPQ2FDaaf9as2v+3OgVRIUpAYFmv3qVzhIiRVUGsKx1r3Az0yUY2UY4XRaCa2mGSZjPKQ9RyUWVEf5/OIpOnPKACWpciUNmqu/J3IstJ6I2HUKbEZ62ZuJ/3k9a5LrKGcys4ZKsliUWI5MimbvowFTlBg+cQQTxdytiIywwsS4kCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS0gIOEZXuHN096L9+59LFpLXjFzDH/gff4A+PCRGQ==</latexit><latexit sha1_base64="KiRAn3HExPmtthSX415eHa2TEQc=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5idzCZDZmaXeQhhyV948aCIV//Gm3/jJNmDJhY0FFXddHfFGWfa+P63V1pb39jcKm9Xdnb39g+qh0dtnVpFaIukPFXdGGvKmaQtwwyn3UxRLGJOO/H4duZ3nqjSLJUPZpLRSOChZAkj2DjpcdjPQ2FDaaf9as2v+3OgVRIUpAYFmv3qVzhIiRVUGsKx1r3Az0yUY2UY4XRaCa2mGSZjPKQ9RyUWVEf5/OIpOnPKACWpciUNmqu/J3IstJ6I2HUKbEZ62ZuJ/3k9a5LrKGcys4ZKsliUWI5MimbvowFTlBg+cQQTxdytiIywwsS4kCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS0gIOEZXuHN096L9+59LFpLXjFzDH/gff4A+PCRGQ==</latexit><latexit sha1_base64="KiRAn3HExPmtthSX415eHa2TEQc=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOzS5idzCZDZmaXeQhhyV948aCIV//Gm3/jJNmDJhY0FFXddHfFGWfa+P63V1pb39jcKm9Xdnb39g+qh0dtnVpFaIukPFXdGGvKmaQtwwyn3UxRLGJOO/H4duZ3nqjSLJUPZpLRSOChZAkj2DjpcdjPQ2FDaaf9as2v+3OgVRIUpAYFmv3qVzhIiRVUGsKx1r3Az0yUY2UY4XRaCa2mGSZjPKQ9RyUWVEf5/OIpOnPKACWpciUNmqu/J3IstJ6I2HUKbEZ62ZuJ/3k9a5LrKGcys4ZKsliUWI5MimbvowFTlBg+cQQTxdytiIywwsS4kCouhGD55VXSvqgHfj24v6w1boo4ynACp3AOAVxBA+6gCS0gIOEZXuHN096L9+59LFpLXjFzDH/gff4A+PCRGQ==</latexit>

• The field equations are F = dA+A2 = 0
<latexit sha1_base64="P1Ry5Nu/POuXqiCODiKZmrJrkcU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBZBEEpSCnoptArisYL9gDaWzWbTLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzPNizpS27W8rt7a+sbmV3y7s7O7tHxQPj9oqSiShLRLxSHY9rChngrY005x2Y0lx6HHa8cY3M7/zRKVikXjQk5i6IR4KFjCCtZH6tzW/cdF4TCvTmj0oluyyPQdaJU5GSpChOSh+9f2IJCEVmnCsVM+xY+2mWGpGOJ0W+omiMSZjPKQ9QwUOqXLT+c1TdGYUHwWRNCU0mqu/J1IcKjUJPdMZYj1Sy95M/M/rJTq4clMm4kRTQRaLgoQjHaFZAMhnkhLNJ4ZgIpm5FZERlphoE1PBhOAsv7xK2pWyY5ed+2qpfp3FkYcTOIVzcOAS6nAHTWgBgRie4RXerMR6sd6tj0VrzspmjuEPrM8fNdKQew==</latexit><latexit sha1_base64="P1Ry5Nu/POuXqiCODiKZmrJrkcU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBZBEEpSCnoptArisYL9gDaWzWbTLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzPNizpS27W8rt7a+sbmV3y7s7O7tHxQPj9oqSiShLRLxSHY9rChngrY005x2Y0lx6HHa8cY3M7/zRKVikXjQk5i6IR4KFjCCtZH6tzW/cdF4TCvTmj0oluyyPQdaJU5GSpChOSh+9f2IJCEVmnCsVM+xY+2mWGpGOJ0W+omiMSZjPKQ9QwUOqXLT+c1TdGYUHwWRNCU0mqu/J1IcKjUJPdMZYj1Sy95M/M/rJTq4clMm4kRTQRaLgoQjHaFZAMhnkhLNJ4ZgIpm5FZERlphoE1PBhOAsv7xK2pWyY5ed+2qpfp3FkYcTOIVzcOAS6nAHTWgBgRie4RXerMR6sd6tj0VrzspmjuEPrM8fNdKQew==</latexit><latexit sha1_base64="P1Ry5Nu/POuXqiCODiKZmrJrkcU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBZBEEpSCnoptArisYL9gDaWzWbTLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzPNizpS27W8rt7a+sbmV3y7s7O7tHxQPj9oqSiShLRLxSHY9rChngrY005x2Y0lx6HHa8cY3M7/zRKVikXjQk5i6IR4KFjCCtZH6tzW/cdF4TCvTmj0oluyyPQdaJU5GSpChOSh+9f2IJCEVmnCsVM+xY+2mWGpGOJ0W+omiMSZjPKQ9QwUOqXLT+c1TdGYUHwWRNCU0mqu/J1IcKjUJPdMZYj1Sy95M/M/rJTq4clMm4kRTQRaLgoQjHaFZAMhnkhLNJ4ZgIpm5FZERlphoE1PBhOAsv7xK2pWyY5ed+2qpfp3FkYcTOIVzcOAS6nAHTWgBgRie4RXerMR6sd6tj0VrzspmjuEPrM8fNdKQew==</latexit><latexit sha1_base64="P1Ry5Nu/POuXqiCODiKZmrJrkcU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBZBEEpSCnoptArisYL9gDaWzWbTLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzPNizpS27W8rt7a+sbmV3y7s7O7tHxQPj9oqSiShLRLxSHY9rChngrY005x2Y0lx6HHa8cY3M7/zRKVikXjQk5i6IR4KFjCCtZH6tzW/cdF4TCvTmj0oluyyPQdaJU5GSpChOSh+9f2IJCEVmnCsVM+xY+2mWGpGOJ0W+omiMSZjPKQ9QwUOqXLT+c1TdGYUHwWRNCU0mqu/J1IcKjUJPdMZYj1Sy95M/M/rJTq4clMm4kRTQRaLgoQjHaFZAMhnkhLNJ4ZgIpm5FZERlphoE1PBhOAsv7xK2pWyY5ed+2qpfp3FkYcTOIVzcOAS6nAHTWgBgRie4RXerMR6sd6tj0VrzspmjuEPrM8fNdKQew==</latexit>

F a = Ra � 2✏abcebfc � ✏abcsbIs
I
c ,

T a
+ = T a ,

T a
� = Dfa � vIsaI ,

T a
I = DsaI + vIe

a

F+� = �2eafa ,

FI+ = �2saIea ,

FI� = DvI � 2saIfa ,

FIJ = FIJ � 2saIsaJ ,
<latexit sha1_base64="Vxp/fcnOPnN80LwRCmJKig2BLow="></latexit><latexit sha1_base64="Vxp/fcnOPnN80LwRCmJKig2BLow="></latexit><latexit sha1_base64="Vxp/fcnOPnN80LwRCmJKig2BLow="></latexit><latexit sha1_base64="Vxp/fcnOPnN80LwRCmJKig2BLow="></latexit>

vIµ =
1

2
D↵s

↵
(I) µ

<latexit sha1_base64="/FF00MEbe23Ho1OAynHIlpWgAps="></latexit><latexit sha1_base64="/FF00MEbe23Ho1OAynHIlpWgAps="></latexit><latexit sha1_base64="/FF00MEbe23Ho1OAynHIlpWgAps="></latexit><latexit sha1_base64="/FF00MEbe23Ho1OAynHIlpWgAps="></latexit>

fµ⌫ =
1

2

✓
Rµ⌫ � 1

4
gµ⌫R

◆

+ s(I)µ↵s
↵
(I)⌫ � 1

4
gµ⌫s

(I)
↵�s(I)↵�

<latexit sha1_base64="xLhEEJZArqkaSrG4+1ViW6jdB18="></latexit><latexit sha1_base64="xLhEEJZArqkaSrG4+1ViW6jdB18="></latexit><latexit sha1_base64="xLhEEJZArqkaSrG4+1ViW6jdB18="></latexit><latexit sha1_base64="xLhEEJZArqkaSrG4+1ViW6jdB18="></latexit>

55


