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Chiral anomaly in pictures



Chiral anomaly in pictures



1+1 charged boson

Noether current

<latexit sha1_base64="q+AnSSSJoXCMdRn/zv7/aMQ7ayo=">AAACInicbVDLSsNAFJ34rPUVdelmsAjtpiTF10YounHhooJ9QBPLZDpph06SYWYilJBv8Cf8Bbe6dyeuBFd+iZM2C9t6YOBwzn3MPR5nVCrL+jKWlldW19YLG8XNre2dXXNvvyWjWGDSxBGLRMdDkjAakqaiipEOFwQFHiNtb3Sd+e1HIiSNwns15sQN0CCkPsVIaalnVpwAqSFGLLlN4SV0fIFwYqdJLS07HAlFEXP4kFYeaj2zZFWtCeAisXNSAjkaPfPH6Uc4DkioMENSdm2LKzfJhmJG0qITS8IRHqEB6WoaooBIN5mclMJjrfShHwn9QgUn6t+OBAVSjgNPV2YHyHkvE//zurHyL9yEhjxWJMTTRX7MoIpglg/sU0GwYmNNEBZU/xXiIdKpKJ3izBYvSIs6FHs+gkXSqlXts+rp3UmpfpXHUwCH4AiUgQ3OQR3cgAZoAgyewAt4BW/Gs/FufBif09IlI+85ADMwvn8BkDqj/g==</latexit>

L =
1

2
(@�)2

<latexit sha1_base64="ra7vjJcxP45lqBuMfEE+za7GhbU=">AAACKXicbVDLSgMxFM34rPVVdekmWARXZUZ8bYSCG5cV7AM6bcmkt21skglJRihDf8Of8Bfc6t6dutQfMX0sbOuBwLnn3JubnEhxZqzvf3pLyyura+uZjezm1vbObm5vv2LiRFMo05jHuhYRA5xJKFtmOdSUBiIiDtWofzPyq4+gDYvlvR0oaAjSlazDKLFOauX80DLeBvzQDEWCr3EIyjAey2bq6lAmw1ARbRnhLVeEqsdaubxf8MfAiySYkjyaotTKfYftmCYCpKWcGFMPfGUb6ehWymGYDRMDitA+6ULdUUkEmEY6/tkQHzuljTuxdkdaPFb/TqREGDMQkesUxPbMvDcS//Pqie1cNVImVWJB0smiTsKxjfEoJtxmGqjlA0cI1cy9FdMe0YRaF+bMlkgMsy6UYD6CRVI5LQQXhfO7s3yxNI0ngw7RETpBAbpERXSLSqiMKHpCL+gVvXnP3rv34X1NWpe86cwBmoH38wvtq6gH</latexit>

j̃µ = ✏µ⌫@⌫�

<latexit sha1_base64="peovZBQ3sEJGUO1JaHCAf5HEM5A=">AAACEHicbVC7TsMwFHXKq5RXgIGBxaJCYqoSxGtBqsTCWCT6kJpQOa7TmtqJZTtIVZSf4BdYYWdDrPwBK1+C02agLUeydHzOfdgnEIwq7TjfVmlpeWV1rbxe2djc2t6xd/daKk4kJk0cs1h2AqQIoxFpaqoZ6QhJEA8YaQejm9xvPxGpaBzd67EgPkeDiIYUI22knn3w+ODxBF57AklNEctvnhjSnl11as4EcJG4BamCAo2e/eP1Y5xwEmnMkFJd1xHaT/OpmJGs4iWKCIRHaEC6hkaIE+Wnkw9k8NgofRjG0pxIw4n6tyNFXKkxD0wlR3qo5r1c/M/rJjq88lMaiUSTCE8XhQmDOoZ5GrBPJcGajQ1BWFLzVoiHSCKsTWYzWwKeVUwo7nwEi6R1WnMvaud3Z9V6o4inDA7BETgBLrgEdXALGqAJMMjAC3gFb9az9W59WJ/T0pJV9OyDGVhfv3FmnTQ=</latexit>

jµ = @µ�

Topological current

<latexit sha1_base64="sVwv4gdqyI55AFW2yNTGQsKMMLc=">AAACDnicbVC7TsMwFHXKq5RXADGxWFRITFWCeC1IlVgYi0QfUhMix3VaU9uJbAepivoP/AIr7GyIlV9g5Utw2gy05Ui2js65L50wYVRpx/m2SkvLK6tr5fXKxubW9o69u9dScSoxaeKYxbITIkUYFaSpqWakk0iCeMhIOxze5H77iUhFY3GvRwnxOeoLGlGMtJEC+8BLkNQUscDjKXx8yP9rJ7CrTs2ZAC4StyBVUKAR2D9eL8YpJ0JjhpTquk6i/SwfjRkZV7xUkQThIeqTrqECcaL8bHL+GB4bpQejWJonNJyofzsyxJUa8dBUcqQHat7Lxf+8bqqjKz+jIkk1EXi6KEoZ1DHMs4A9KgnWbGQIwpKaWyEeIImwNonNbAn5uGJCcecjWCSt05p7UTu/O6vWG0U8ZXAIjsAJcMElqINb0ABNgEEGXsAreLOerXfrw/qclpasomcfzMD6+gUOPJvU</latexit>

@µj
µ = 0

<latexit sha1_base64="8Om2HBF/0xt3zExBTGKr0izGITY=">AAACFXicbVA7T8MwGHTKq5RXgBEGiwqJqUoQrwWpEgtjkehDakLkOE5rsJ3IdpCqqgt/gr/ACjsbYmVm5ZfgtBloy0mWznffp7MvTBlV2nG+rdLC4tLySnm1sra+sbllb++0VJJJTJo4YYnshEgRRgVpaqoZ6aSSIB4y0g4frnK//Uikoom41YOU+Bz1BI0pRtpIgb3vpUhqiljg8Qx6mrKIwPu7/HLpBHbVqTljwHniFqQKCjQC+8eLEpxxIjRmSKmu66TaH+YJmJFRxcsUSRF+QD3SNVQgTpQ/HP9iBA+NEsE4keYIDcfq340h4koNeGgmOdJ9Nevl4n9eN9PxhT+kIs00EXgSFGcM6gTmlcCISoI1GxiCsKTmrRD3kURYm+KmUkI+qphS3NkK5knruOae1U5vTqr1RlFPGeyBA3AEXHAO6uAaNEATYPAEXsAreLOerXfrw/qcjJasYmcXTMH6+gVbgZ6o</latexit>

@µj̃
µ = 0



1+1 charged boson

Noether current

<latexit sha1_base64="q+AnSSSJoXCMdRn/zv7/aMQ7ayo=">AAACInicbVDLSsNAFJ34rPUVdelmsAjtpiTF10YounHhooJ9QBPLZDpph06SYWYilJBv8Cf8Bbe6dyeuBFd+iZM2C9t6YOBwzn3MPR5nVCrL+jKWlldW19YLG8XNre2dXXNvvyWjWGDSxBGLRMdDkjAakqaiipEOFwQFHiNtb3Sd+e1HIiSNwns15sQN0CCkPsVIaalnVpwAqSFGLLlN4SV0fIFwYqdJLS07HAlFEXP4kFYeaj2zZFWtCeAisXNSAjkaPfPH6Uc4DkioMENSdm2LKzfJhmJG0qITS8IRHqEB6WoaooBIN5mclMJjrfShHwn9QgUn6t+OBAVSjgNPV2YHyHkvE//zurHyL9yEhjxWJMTTRX7MoIpglg/sU0GwYmNNEBZU/xXiIdKpKJ3izBYvSIs6FHs+gkXSqlXts+rp3UmpfpXHUwCH4AiUgQ3OQR3cgAZoAgyewAt4BW/Gs/FufBif09IlI+85ADMwvn8BkDqj/g==</latexit>

L =
1

2
(@�)2

Topological current

<latexit sha1_base64="t7+HFrS7/HGpGPnVNQzdwtR3Z1o=">AAACBXicbVDLSgMxFM3UV62vqks3wSK4KjPiayMU3bisYB/QGUsmzbSxSSYkGaEMXfsLbnXvTtz6HW79EjPtLGzrgQuHc+6LE0pGtXHdb6ewtLyyulZcL21sbm3vlHf3mjpOFCYNHLNYtUOkCaOCNAw1jLSlIoiHjLTC4U3mt56I0jQW92YkScBRX9CIYmSs9PB45UukDEXMlwPaLVfcqjsBXCReTiogR71b/vF7MU44EQYzpHXHc6UJ0mwjZmRc8hNNJMJD1CcdSwXiRAfp5OsxPLJKD0axsiUMnKh/J1LEtR7x0HZyZAZ63svE/7xOYqLLIKVCJoYIPD0UJQyaGGYRwB5VBBs2sgRhRe2vEA+QQtjYoGauhHxcsqF48xEskuZJ1Tuvnt2dVmrXeTxFcAAOwTHwwAWogVtQBw2AgQIv4BW8Oc/Ou/PhfE5bC04+sw9m4Hz9AiGsmUM=</latexit>

j = @�

<latexit sha1_base64="CIpnu5eiPCJwTSCIze4j+n3Jaa4=">AAACDXicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIr41QcOOygn1AE8pkMmnHzkzCzESood/gL7jVvTtx6ze49UuctFnY1gMXDufcFydIGFXacb6t0tLyyupaeb2ysbm1vWPv7rVUnEpMmjhmsewESBFGBWlqqhnpJJIgHjDSDoY3ud9+JFLRWNzrUUJ8jvqCRhQjbaSefeAlSGqKGPQ0ZSGBD/Da6dlVp+ZMABeJW5AqKNDo2T9eGOOUE6ExQ0p1XSfRfpZvxoyMK16qSILwEPVJ11CBOFF+Nvl+DI+NEsIolqaEhhP170SGuFIjHphOjvRAzXu5+J/XTXV05WdUJKkmAk8PRSmDOoZ5FDCkkmDNRoYgLKn5FeIBkghrE9jMlYCPKyYUdz6CRdI6rbkXtfO7s2q9UcRTBofgCJwAF1yCOrgFDdAEGDyBF/AK3qxn6936sD6nrSWrmNkHM7C+fgHRV5sf</latexit>

@j̃ = 0

<latexit sha1_base64="YQCaOe4iDjIPbx1GEFEO0Ndi+Rk=">AAACBXicbVC7SgNBFL3rM8ZX1NJmMAhWYVd8NULAxjKCeUCyhtnJbDJmZnaZmRXCktpfsNXeTmz9Dlu/xNlkC5N44MLhnPviBDFn2rjut7O0vLK6tl7YKG5ube/slvb2GzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Gw5vMbz5RpVkk780opr7AfclCRrCx0kMnxsowzBF6RNdut1R2K+4EaJF4OSlDjlq39NPpRSQRVBrCsdZtz42Nn2Y7CafjYifRNMZkiPu0banEgmo/nXw9RsdW6aEwUrakQRP170SKhdYjEdhOgc1Az3uZ+J/XTkx45adMxomhkkwPhQlHJkJZBKjHFCWGjyzBRDH7KyIDrDAxNqiZK4EYF20o3nwEi6RxWvEuKud3Z+VqLY+nAIdwBCfgwSVU4RZqUAcCCl7gFd6cZ+fd+XA+p61LTj5zADNwvn4BfBOYRA==</latexit>

@j = 0

<latexit sha1_base64="Nw7Wlam+yzUX/irRLHpTSb9IWfA=">AAACC3icbVDLSsNAFJ3UV62vWJduBovgqiTiayMU3LisYB+QhDKZTNqxM5MwMxFL6Cf4C251707c+hFu/RKnbRa29cCFwzn3ci4nTBlV2nG+rdLK6tr6RnmzsrW9s7tn71fbKskkJi2csER2Q6QIo4K0NNWMdFNJEA8Z6YTDm4nfeSRS0UTc61FKAo76gsYUI22knl31NWURgQ/wGnqRnw5o0LNrTt2ZAi4TtyA1UKDZs3/8KMEZJ0JjhpTyXCfVQY6kppiRccXPFEkRHqI+8QwViBMV5NPfx/DYKBGME2lGaDhV/17kiCs14qHZ5EgP1KI3Ef/zvEzHV0FORZppIvAsKM4Y1AmcFAEjKgnWbGQIwpKaXyEeIImwNnXNpYR8XDGluIsVLJP2ad29qJ/fndUazaKeMjgER+AEuOASNMAtaIIWwOAJvIBX8GY9W+/Wh/U5Wy1Zxc0BmIP19QtD8ppL</latexit>

j̃ = [d�]



Gauging 1+1 charged boson

Noether current

Topological current

<latexit sha1_base64="CIpnu5eiPCJwTSCIze4j+n3Jaa4=">AAACDXicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIr41QcOOygn1AE8pkMmnHzkzCzESood/gL7jVvTtx6ze49UuctFnY1gMXDufcFydIGFXacb6t0tLyyupaeb2ysbm1vWPv7rVUnEpMmjhmsewESBFGBWlqqhnpJJIgHjDSDoY3ud9+JFLRWNzrUUJ8jvqCRhQjbaSefeAlSGqKGPQ0ZSGBD/Da6dlVp+ZMABeJW5AqKNDo2T9eGOOUE6ExQ0p1XSfRfpZvxoyMK16qSILwEPVJ11CBOFF+Nvl+DI+NEsIolqaEhhP170SGuFIjHphOjvRAzXu5+J/XTXV05WdUJKkmAk8PRSmDOoZ5FDCkkmDNRoYgLKn5FeIBkghrE9jMlYCPKyYUdz6CRdI6rbkXtfO7s2q9UcRTBofgCJwAF1yCOrgFDdAEGDyBF/AK3qxn6936sD6nrSWrmNkHM7C+fgHRV5sf</latexit>

@j̃ = 0

<latexit sha1_base64="YQCaOe4iDjIPbx1GEFEO0Ndi+Rk=">AAACBXicbVC7SgNBFL3rM8ZX1NJmMAhWYVd8NULAxjKCeUCyhtnJbDJmZnaZmRXCktpfsNXeTmz9Dlu/xNlkC5N44MLhnPviBDFn2rjut7O0vLK6tl7YKG5ube/slvb2GzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Gw5vMbz5RpVkk780opr7AfclCRrCx0kMnxsowzBF6RNdut1R2K+4EaJF4OSlDjlq39NPpRSQRVBrCsdZtz42Nn2Y7CafjYifRNMZkiPu0banEgmo/nXw9RsdW6aEwUrakQRP170SKhdYjEdhOgc1Az3uZ+J/XTkx45adMxomhkkwPhQlHJkJZBKjHFCWGjyzBRDH7KyIDrDAxNqiZK4EYF20o3nwEi6RxWvEuKud3Z+VqLY+nAIdwBCfgwSVU4RZqUAcCCl7gFd6cZ+fd+XA+p61LTj5zADNwvn4BfBOYRA==</latexit>

@j = 0

<latexit sha1_base64="Nw7Wlam+yzUX/irRLHpTSb9IWfA=">AAACC3icbVDLSsNAFJ3UV62vWJduBovgqiTiayMU3LisYB+QhDKZTNqxM5MwMxFL6Cf4C251707c+hFu/RKnbRa29cCFwzn3ci4nTBlV2nG+rdLK6tr6RnmzsrW9s7tn71fbKskkJi2csER2Q6QIo4K0NNWMdFNJEA8Z6YTDm4nfeSRS0UTc61FKAo76gsYUI22knl31NWURgQ/wGnqRnw5o0LNrTt2ZAi4TtyA1UKDZs3/8KMEZJ0JjhpTyXCfVQY6kppiRccXPFEkRHqI+8QwViBMV5NPfx/DYKBGME2lGaDhV/17kiCs14qHZ5EgP1KI3Ef/zvEzHV0FORZppIvAsKM4Y1AmcFAEjKgnWbGQIwpKaXyEeIImwNnXNpYR8XDGluIsVLJP2ad29qJ/fndUazaKeMjgER+AEuOASNMAtaIIWwOAJvIBX8GY9W+/Wh/U5Wy1Zxc0BmIP19QtD8ppL</latexit>

j̃ = [d�]

<latexit sha1_base64="pFwjO/0Y+vQF1WNs5DorAsMfpps="></latexit>

L =
1

2
(@��A)2

<latexit sha1_base64="R8W3orRWKMxsdkNOjwCdiJk69X8=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwY5kRXxuh4sZlBfuAzlAyaaaNTTIhyRRK6Rf4C251707c+hVu/RIz7Sxs9cCFwzn3xYkko9p43pdTWFpeWV0rrpc2Nre2d9zdvYZOUoVJHScsUa0IacKoIHVDDSMtqQjiESPNaHCb+c0hUZom4sGMJAk56gkaU4yMlTqu+3gdSKQMRSyQfXpy03HLXsWbAv4lfk7KIEet434H3QSnnAiDGdK67XvShONsJ2ZkUgpSTSTCA9QjbUsF4kSH4+nnE3hklS6ME2VLGDhVf0+MEdd6xCPbyZHp60UvE//z2qmJr8IxFTI1RODZoThl0CQwiwF2qSLYsJElCCtqf4W4jxTCxoY1dyXik5INxV+M4C9pnFb8i8r5/Vm5WsvjKYIDcAiOgQ8uQRXcgRqoAwyG4Bm8gFfnyXlz3p2PWWvByWf2wRyczx+ispoE</latexit>

j = @��A

Not gauge-invariant!



Gauging 1+1 charged boson

Noether current

Topological current

<latexit sha1_base64="YQCaOe4iDjIPbx1GEFEO0Ndi+Rk=">AAACBXicbVC7SgNBFL3rM8ZX1NJmMAhWYVd8NULAxjKCeUCyhtnJbDJmZnaZmRXCktpfsNXeTmz9Dlu/xNlkC5N44MLhnPviBDFn2rjut7O0vLK6tl7YKG5ube/slvb2GzpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Gw5vMbz5RpVkk780opr7AfclCRrCx0kMnxsowzBF6RNdut1R2K+4EaJF4OSlDjlq39NPpRSQRVBrCsdZtz42Nn2Y7CafjYifRNMZkiPu0banEgmo/nXw9RsdW6aEwUrakQRP170SKhdYjEdhOgc1Az3uZ+J/XTkx45adMxomhkkwPhQlHJkJZBKjHFCWGjyzBRDH7KyIDrDAxNqiZK4EYF20o3nwEi6RxWvEuKud3Z+VqLY+nAIdwBCfgwSVU4RZqUAcCCl7gFd6cZ+fd+XA+p61LTj5zADNwvn4BfBOYRA==</latexit>

@j = 0

<latexit sha1_base64="pFwjO/0Y+vQF1WNs5DorAsMfpps="></latexit>

L =
1

2
(@��A)2

<latexit sha1_base64="R8W3orRWKMxsdkNOjwCdiJk69X8=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwY5kRXxuh4sZlBfuAzlAyaaaNTTIhyRRK6Rf4C251707c+hVu/RIz7Sxs9cCFwzn3xYkko9p43pdTWFpeWV0rrpc2Nre2d9zdvYZOUoVJHScsUa0IacKoIHVDDSMtqQjiESPNaHCb+c0hUZom4sGMJAk56gkaU4yMlTqu+3gdSKQMRSyQfXpy03HLXsWbAv4lfk7KIEet434H3QSnnAiDGdK67XvShONsJ2ZkUgpSTSTCA9QjbUsF4kSH4+nnE3hklS6ME2VLGDhVf0+MEdd6xCPbyZHp60UvE//z2qmJr8IxFTI1RODZoThl0CQwiwF2qSLYsJElCCtqf4W4jxTCxoY1dyXik5INxV+M4C9pnFb8i8r5/Vm5WsvjKYIDcAiOgQ8uQRXcgRqoAwyG4Bm8gFfnyXlz3p2PWWvByWf2wRyczx+ispoE</latexit>

j = @��A

Gauge-invariant!

<latexit sha1_base64="1cJ4kNnaGOhxj1hZsx6LH6FifSw=">AAACC3icbVDLSsNAFJ3UV62vWJduBovgxpKIr41QceOygn1AEspkMmnHzkzCzEQsoZ/gL7jVvTtx60e49UucPha29cCFwzn3ci4nTBlV2nG+rcLS8srqWnG9tLG5tb1j75abKskkJg2csES2Q6QIo4I0NNWMtFNJEA8ZaYX9m5HfeiRS0UTc60FKAo66gsYUI22kjl32NWURgQ9XXuSnPXp8HXTsilN1xoCLxJ2SCpii3rF//CjBGSdCY4aU8lwn1UGOpKaYkWHJzxRJEe6jLvEMFYgTFeTj34fw0CgRjBNpRmg4Vv9e5IgrNeCh2eRI99S8NxL/87xMx5dBTkWaaSLwJCjOGNQJHBUBIyoJ1mxgCMKSml8h7iGJsDZ1zaSEfFgypbjzFSyS5knVPa+e3Z1WavVpPUWwDw7AEXDBBaiBW1AHDYDBE3gBr+DNerberQ/rc7JasKY3e2AG1tcvkBqaeQ==</latexit>

j̃ = [d��A] <latexit sha1_base64="OWyNNMKDX8hmPIzd0Hn6ual4lK4=">AAACEnicbVDLSsNAFJ3UV62vqCtxM1gEN5ZEfG2EihuXFewDklAmk0k7djIJMxOhhOJP+Atude9O3PoDbv0SJ20WtvXAhcM5986de/yEUaks69soLSwuLa+UVytr6xubW+b2TkvGqcCkiWMWi46PJGGUk6aiipFOIgiKfEba/uAm99uPREga83s1TIgXoR6nIcVIaalr7rkJEooiBqGrKAsIfIBXx05w7XXNqlWzxoDzxC5IFRRodM0fN4hxGhGuMENSOraVKC/Ln8eMjCpuKkmC8AD1iKMpRxGRXjY+YQQPtRLAMBa6uIJj9e9EhiIph5GvOyOk+nLWy8X/PCdV4aWXUZ6kinA8WRSmDKoY5nnAgAqCFRtqgrCg+q8Q95FAWOnUprb40aiiQ7FnI5gnrZOafV47uzut1htFPGWwDw7AEbDBBaiDW9AATYDBE3gBr+DNeDbejQ/jc9JaMoqZXTAF4+sXA1ucyw==</latexit>

@j̃ = �[dA]

Not conserved



Gauging 1+1 charged boson

Noether current

Topological current

<latexit sha1_base64="R8W3orRWKMxsdkNOjwCdiJk69X8=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwY5kRXxuh4sZlBfuAzlAyaaaNTTIhyRRK6Rf4C251707c+hVu/RIz7Sxs9cCFwzn3xYkko9p43pdTWFpeWV0rrpc2Nre2d9zdvYZOUoVJHScsUa0IacKoIHVDDSMtqQjiESPNaHCb+c0hUZom4sGMJAk56gkaU4yMlTqu+3gdSKQMRSyQfXpy03HLXsWbAv4lfk7KIEet434H3QSnnAiDGdK67XvShONsJ2ZkUgpSTSTCA9QjbUsF4kSH4+nnE3hklS6ME2VLGDhVf0+MEdd6xCPbyZHp60UvE//z2qmJr8IxFTI1RODZoThl0CQwiwF2qSLYsJElCCtqf4W4jxTCxoY1dyXik5INxV+M4C9pnFb8i8r5/Vm5WsvjKYIDcAiOgQ8uQRXcgRqoAwyG4Bm8gFfnyXlz3p2PWWvByWf2wRyczx+ispoE</latexit>

j = @��A

<latexit sha1_base64="CpF7DN2nEdr/MMvv8leAqrVy0ME="></latexit>

L =
1

2
(@��A)2 + Ã ^ (d��A)

<latexit sha1_base64="1cJ4kNnaGOhxj1hZsx6LH6FifSw=">AAACC3icbVDLSsNAFJ3UV62vWJduBovgxpKIr41QceOygn1AEspkMmnHzkzCzEQsoZ/gL7jVvTtx60e49UucPha29cCFwzn3ci4nTBlV2nG+rcLS8srqWnG9tLG5tb1j75abKskkJg2csES2Q6QIo4I0NNWMtFNJEA8ZaYX9m5HfeiRS0UTc60FKAo66gsYUI22kjl32NWURgQ9XXuSnPXp8HXTsilN1xoCLxJ2SCpii3rF//CjBGSdCY4aU8lwn1UGOpKaYkWHJzxRJEe6jLvEMFYgTFeTj34fw0CgRjBNpRmg4Vv9e5IgrNeCh2eRI99S8NxL/87xMx5dBTkWaaSLwJCjOGNQJHBUBIyoJ1mxgCMKSml8h7iGJsDZ1zaSEfFgypbjzFSyS5knVPa+e3Z1WavVpPUWwDw7AEXDBBaiBW1AHDYDBE3gBr+DNerberQ/rc7JasKY3e2AG1tcvkBqaeQ==</latexit>

j̃ = [d��A]
<latexit sha1_base64="OWyNNMKDX8hmPIzd0Hn6ual4lK4=">AAACEnicbVDLSsNAFJ3UV62vqCtxM1gEN5ZEfG2EihuXFewDklAmk0k7djIJMxOhhOJP+Atude9O3PoDbv0SJ20WtvXAhcM5986de/yEUaks69soLSwuLa+UVytr6xubW+b2TkvGqcCkiWMWi46PJGGUk6aiipFOIgiKfEba/uAm99uPREga83s1TIgXoR6nIcVIaalr7rkJEooiBqGrKAsIfIBXx05w7XXNqlWzxoDzxC5IFRRodM0fN4hxGhGuMENSOraVKC/Ln8eMjCpuKkmC8AD1iKMpRxGRXjY+YQQPtRLAMBa6uIJj9e9EhiIph5GvOyOk+nLWy8X/PCdV4aWXUZ6kinA8WRSmDKoY5nnAgAqCFRtqgrCg+q8Q95FAWOnUprb40aiiQ7FnI5gnrZOafV47uzut1htFPGWwDw7AEbDBBaiDW9AATYDBE3gBr+DNeDbejQ/jc9JaMoqZXTAF4+sXA1ucyw==</latexit>

@j̃ = �[dA]

<latexit sha1_base64="fqyjfMOIQNSarpGrXIAJq19f+/M=">AAACEXicbVDLSgMxFM3UV62vUTeCm2ARXJUZ8bURKm5cVrAPmBlKJpNpY5PMkGSEMtSf8Bfc6t6duPUL3PolZtoubPXAhcM59+bmnjBlVGnH+bJKC4tLyyvl1cra+sbmlr2901JJJjFp4oQlshMiRRgVpKmpZqSTSoJ4yEg7HFwXfvuBSEUTcaeHKQk46gkaU4y0kbr2np8iqSliEN7DSy/yNWURgVdB1646NWcM+Je4U1IFUzS69rcfJTjjRGjMkFKe66Q6yIvXMSOjip8pkiI8QD3iGSoQJyrIxxeM4KFRIhgn0pTQcKz+nsgRV2rIQ9PJke6rea8Q//O8TMcXQU5Fmmki8GRRnDGoE1jEASMqCdZsaAjCkpq/QtxHEmFtQpvZEvJRxYTizkfwl7SOa+5Z7fT2pFpvTOMpg31wAI6AC85BHdyABmgCDB7BM3gBr9aT9Wa9Wx+T1pI1ndkFM7A+fwCNWZyU</latexit>

@j = [dÃ]

Both covariant currents are not conserved!  Mixed vector-axial anomaly.



Anomaly Inflow

Noether current

Topological current

<latexit sha1_base64="R8W3orRWKMxsdkNOjwCdiJk69X8=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwY5kRXxuh4sZlBfuAzlAyaaaNTTIhyRRK6Rf4C251707c+hVu/RIz7Sxs9cCFwzn3xYkko9p43pdTWFpeWV0rrpc2Nre2d9zdvYZOUoVJHScsUa0IacKoIHVDDSMtqQjiESPNaHCb+c0hUZom4sGMJAk56gkaU4yMlTqu+3gdSKQMRSyQfXpy03HLXsWbAv4lfk7KIEet434H3QSnnAiDGdK67XvShONsJ2ZkUgpSTSTCA9QjbUsF4kSH4+nnE3hklS6ME2VLGDhVf0+MEdd6xCPbyZHp60UvE//z2qmJr8IxFTI1RODZoThl0CQwiwF2qSLYsJElCCtqf4W4jxTCxoY1dyXik5INxV+M4C9pnFb8i8r5/Vm5WsvjKYIDcAiOgQ8uQRXcgRqoAwyG4Bm8gFfnyXlz3p2PWWvByWf2wRyczx+ispoE</latexit>

j = @��A

<latexit sha1_base64="1cJ4kNnaGOhxj1hZsx6LH6FifSw=">AAACC3icbVDLSsNAFJ3UV62vWJduBovgxpKIr41QceOygn1AEspkMmnHzkzCzEQsoZ/gL7jVvTtx60e49UucPha29cCFwzn3ci4nTBlV2nG+rcLS8srqWnG9tLG5tb1j75abKskkJg2csES2Q6QIo4I0NNWMtFNJEA8ZaYX9m5HfeiRS0UTc60FKAo66gsYUI22kjl32NWURgQ9XXuSnPXp8HXTsilN1xoCLxJ2SCpii3rF//CjBGSdCY4aU8lwn1UGOpKaYkWHJzxRJEe6jLvEMFYgTFeTj34fw0CgRjBNpRmg4Vv9e5IgrNeCh2eRI99S8NxL/87xMx5dBTkWaaSLwJCjOGNQJHBUBIyoJ1mxgCMKSml8h7iGJsDZ1zaSEfFgypbjzFSyS5knVPa+e3Z1WavVpPUWwDw7AEXDBBaiBW1AHDYDBE3gBr+DNerberQ/rc7JasKY3e2AG1tcvkBqaeQ==</latexit>

j̃ = [d��A]
<latexit sha1_base64="OWyNNMKDX8hmPIzd0Hn6ual4lK4=">AAACEnicbVDLSsNAFJ3UV62vqCtxM1gEN5ZEfG2EihuXFewDklAmk0k7djIJMxOhhOJP+Atude9O3PoDbv0SJ20WtvXAhcM5986de/yEUaks69soLSwuLa+UVytr6xubW+b2TkvGqcCkiWMWi46PJGGUk6aiipFOIgiKfEba/uAm99uPREga83s1TIgXoR6nIcVIaalr7rkJEooiBqGrKAsIfIBXx05w7XXNqlWzxoDzxC5IFRRodM0fN4hxGhGuMENSOraVKC/Ln8eMjCpuKkmC8AD1iKMpRxGRXjY+YQQPtRLAMBa6uIJj9e9EhiIph5GvOyOk+nLWy8X/PCdV4aWXUZ6kinA8WRSmDKoY5nnAgAqCFRtqgrCg+q8Q95FAWOnUprb40aiiQ7FnI5gnrZOafV47uzut1htFPGWwDw7AEbDBBaiDW9AATYDBE3gBr+DNeDbejQ/jc9JaMoqZXTAF4+sXA1ucyw==</latexit>

@j̃ = �[dA]

<latexit sha1_base64="fqyjfMOIQNSarpGrXIAJq19f+/M=">AAACEXicbVDLSgMxFM3UV62vUTeCm2ARXJUZ8bURKm5cVrAPmBlKJpNpY5PMkGSEMtSf8Bfc6t6duPUL3PolZtoubPXAhcM59+bmnjBlVGnH+bJKC4tLyyvl1cra+sbmlr2901JJJjFp4oQlshMiRRgVpKmpZqSTSoJ4yEg7HFwXfvuBSEUTcaeHKQk46gkaU4y0kbr2np8iqSliEN7DSy/yNWURgVdB1646NWcM+Je4U1IFUzS69rcfJTjjRGjMkFKe66Q6yIvXMSOjip8pkiI8QD3iGSoQJyrIxxeM4KFRIhgn0pTQcKz+nsgRV2rIQ9PJke6rea8Q//O8TMcXQU5Fmmki8GRRnDGoE1jEASMqCdZsaAjCkpq/QtxHEmFtQpvZEvJRxYTizkfwl7SOa+5Z7fT2pFpvTOMpg31wAI6AC85BHdyABmgCDB7BM3gBr9aT9Wa9Wx+T1pI1ndkFM7A+fwCNWZyU</latexit>

@j = [dÃ]

Both covariant currents are not conserved!  Mixed vector-axial anomaly.

<latexit sha1_base64="pCpOkwsssBtuvKVlT0cHG13ogvo="></latexit>

L =
1

2
(@��A)2 + Ã ^ (d��A)�

Z

M3

Ã ^ dA



Anomaly Inflow

Noether current

Topological current

<latexit sha1_base64="R8W3orRWKMxsdkNOjwCdiJk69X8=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwY5kRXxuh4sZlBfuAzlAyaaaNTTIhyRRK6Rf4C251707c+hVu/RIz7Sxs9cCFwzn3xYkko9p43pdTWFpeWV0rrpc2Nre2d9zdvYZOUoVJHScsUa0IacKoIHVDDSMtqQjiESPNaHCb+c0hUZom4sGMJAk56gkaU4yMlTqu+3gdSKQMRSyQfXpy03HLXsWbAv4lfk7KIEet434H3QSnnAiDGdK67XvShONsJ2ZkUgpSTSTCA9QjbUsF4kSH4+nnE3hklS6ME2VLGDhVf0+MEdd6xCPbyZHp60UvE//z2qmJr8IxFTI1RODZoThl0CQwiwF2qSLYsJElCCtqf4W4jxTCxoY1dyXik5INxV+M4C9pnFb8i8r5/Vm5WsvjKYIDcAiOgQ8uQRXcgRqoAwyG4Bm8gFfnyXlz3p2PWWvByWf2wRyczx+ispoE</latexit>

j = @��A

<latexit sha1_base64="1cJ4kNnaGOhxj1hZsx6LH6FifSw=">AAACC3icbVDLSsNAFJ3UV62vWJduBovgxpKIr41QceOygn1AEspkMmnHzkzCzEQsoZ/gL7jVvTtx60e49UucPha29cCFwzn3ci4nTBlV2nG+rcLS8srqWnG9tLG5tb1j75abKskkJg2csES2Q6QIo4I0NNWMtFNJEA8ZaYX9m5HfeiRS0UTc60FKAo66gsYUI22kjl32NWURgQ9XXuSnPXp8HXTsilN1xoCLxJ2SCpii3rF//CjBGSdCY4aU8lwn1UGOpKaYkWHJzxRJEe6jLvEMFYgTFeTj34fw0CgRjBNpRmg4Vv9e5IgrNeCh2eRI99S8NxL/87xMx5dBTkWaaSLwJCjOGNQJHBUBIyoJ1mxgCMKSml8h7iGJsDZ1zaSEfFgypbjzFSyS5knVPa+e3Z1WavVpPUWwDw7AEXDBBaiBW1AHDYDBE3gBr+DNerberQ/rc7JasKY3e2AG1tcvkBqaeQ==</latexit>

j̃ = [d��A]
<latexit sha1_base64="OWyNNMKDX8hmPIzd0Hn6ual4lK4=">AAACEnicbVDLSsNAFJ3UV62vqCtxM1gEN5ZEfG2EihuXFewDklAmk0k7djIJMxOhhOJP+Atude9O3PoDbv0SJ20WtvXAhcM5986de/yEUaks69soLSwuLa+UVytr6xubW+b2TkvGqcCkiWMWi46PJGGUk6aiipFOIgiKfEba/uAm99uPREga83s1TIgXoR6nIcVIaalr7rkJEooiBqGrKAsIfIBXx05w7XXNqlWzxoDzxC5IFRRodM0fN4hxGhGuMENSOraVKC/Ln8eMjCpuKkmC8AD1iKMpRxGRXjY+YQQPtRLAMBa6uIJj9e9EhiIph5GvOyOk+nLWy8X/PCdV4aWXUZ6kinA8WRSmDKoY5nnAgAqCFRtqgrCg+q8Q95FAWOnUprb40aiiQ7FnI5gnrZOafV47uzut1htFPGWwDw7AEbDBBaiDW9AATYDBE3gBr+DNeDbejQ/jc9JaMoqZXTAF4+sXA1ucyw==</latexit>

@j̃ = �[dA]

<latexit sha1_base64="fqyjfMOIQNSarpGrXIAJq19f+/M=">AAACEXicbVDLSgMxFM3UV62vUTeCm2ARXJUZ8bURKm5cVrAPmBlKJpNpY5PMkGSEMtSf8Bfc6t6duPUL3PolZtoubPXAhcM59+bmnjBlVGnH+bJKC4tLyyvl1cra+sbmlr2901JJJjFp4oQlshMiRRgVpKmpZqSTSoJ4yEg7HFwXfvuBSEUTcaeHKQk46gkaU4y0kbr2np8iqSliEN7DSy/yNWURgVdB1646NWcM+Je4U1IFUzS69rcfJTjjRGjMkFKe66Q6yIvXMSOjip8pkiI8QD3iGSoQJyrIxxeM4KFRIhgn0pTQcKz+nsgRV2rIQ9PJke6rea8Q//O8TMcXQU5Fmmki8GRRnDGoE1jEASMqCdZsaAjCkpq/QtxHEmFtQpvZEvJRxYTizkfwl7SOa+5Z7fT2pFpvTOMpg31wAI6AC85BHdyABmgCDB7BM3gBr9aT9Wa9Wx+T1pI1ndkFM7A+fwCNWZyU</latexit>

@j = [dÃ]

Both covariant currents are not conserved!  Mixed vector-axial anomaly.

<latexit sha1_base64="9XqWUpV6TrSfZk9FOYJHRS07Q2M="></latexit>

L = P (@��A) + Ã ^ (d��A)�
Z

M3

Ã ^ dA

Pressure, equation of state



Euler fluid and helicity conservation in 3d

barotropic equation of state

<latexit sha1_base64="L0orUg2+f50JROQJ1BUVtMjl4e0=">AAACFHicbZDLSgMxFIYz9Vbrreqym2ARKmKZEW8boeDGZQV7gc4wZNJMG5pkhiRTKEMXvoSv4Fb37sSte7c+iWk7C9v6Q+DjP+dwTv4gZlRp2/62ciura+sb+c3C1vbO7l5x/6CpokRi0sARi2Q7QIowKkhDU81IO5YE8YCRVjC4m9RbQyIVjcSjHsXE46gnaEgx0sbyi6Whr+FpZegKFDB0MoS3ZzN0eeIXy3bVngoug5NBGWSq+8UftxvhhBOhMUNKdRw71l6KpKaYkXHBTRSJER6gHukYFIgT5aXTT4zhsXG6MIykeULDqft3IkVcqREPTCdHuq8WaxPzv1on0eGNl1IRJ5oIPFsUJgzqCE4SgV0qCdZsZABhSc2tEPeRRFib3Oa2BHxcMKE4ixEsQ/O86lxVLx8uyrV6Fk8elMARqAAHXIMauAd10AAYPIEX8ArerGfr3fqwPmetOSubOQRzsr5+AcCdncQ=</latexit>

vt + (vr)v = �rµ
<latexit sha1_base64="mDRFEKtpyZWkPBEl8RrMSo8VPEo=">AAACBHicbVC7SgNBFJ2NrxhfUUubwSBYhV3x1QgBG8sVzAOyS5idnU2GzGOdmRXCktZfsNXeTmz9D1u/xEmyhUk8cOFwzr2cy4lSRrVx3W+ntLK6tr5R3qxsbe/s7lX3D1paZgqTJpZMqk6ENGFUkKahhpFOqgjiESPtaHg78dtPRGkqxYMZpSTkqC9oQjEyVgpjH94EPINxoAayV625dXcKuEy8gtRAAb9X/QliiTNOhMEMad313NSEOVKGYkbGlSDTJEV4iPqka6lAnOgwnz49hidWiWEilR1h4FT9e5EjrvWIR3aTIzPQi95E/M/rZia5DnMq0swQgWdBScagkXDSAIypItiwkSUIK2p/hXiAFMLG9jSXEvFxxZbiLVawTFpnde+yfnF/Xmv4RT1lcASOwSnwwBVogDvggybA4BG8gFfw5jw7786H8zlbLTnFzSGYg/P1C0EkmDI=</latexit>

dP = µd⇢

<latexit sha1_base64="QR68J3viUalSCXzlPyUD7uf8NcU=">AAACEnicbVDLSgMxFM3UV62vUVfiJliEilBmxNdGKLhxWcE+oDMMmTRtQzPJkGQKZSj+hL/gVvfuxK0/4NYvMdPOwlYPXDg5515u7gljRpV2nC+rsLS8srpWXC9tbG5t79i7e00lEolJAwsmZDtEijDKSUNTzUg7lgRFISOtcHib+a0RkYoK/qDHMfEj1Oe0RzHSRgrsA08ORKDhqcdRyFAle8LRCbxxArvsVJ0p4F/i5qQMctQD+9vrCpxEhGvMkFId14m1nyKpKWZkUvISRWKEh6hPOoZyFBHlp9MTJvDYKF3YE9IU13Cq/p5IUaTUOApNZ4T0QC16mfif10l079pPKY8TTTieLeolDGoBszxgl0qCNRsbgrCk5q8QD5BEWJvU5raE0aRkQnEXI/hLmmdV97J6cX9ertXzeIrgEByBCnDBFaiBO1AHDYDBI3gGL+DVerLerHfrY9ZasPKZfTAH6/MHs7ScmQ==</latexit>

⇢t +r(⇢v) = 0

Consequence of equations: conservation of helicity

<latexit sha1_base64="+cYKC4DCZGaExXG6vacOVLN20OY=">AAACHnicbVC7SgNBFJ2NrxhfUUubwRCITdgVX40QsLGMYB6QDeHuZJIMmZ1dZu4GQsgX+BP+gq32dmKrrV/i5FGYxAMDh3Pu5dw5QSyFQdf9dlJr6xubW+ntzM7u3v5B9vCoaqJEM15hkYx0PQDDpVC8ggIlr8eaQxhIXgv6dxO/NuDaiEg94jDmzRC6SnQEA7RSK5v3Y9AoQLaQ+kIhpYOCryCQ4KMIuaGDM3rrtrI5t+hOQVeJNyc5Mke5lf3x2xFLQq6QSTCm4bkxNkeTKCb5OOMnhsfA+tDlDUsV2KjmaPqdMc1bpU07kbbPXjRV/26MIDRmGAZ2MgTsmWVvIv7nNRLs3DRHQsUJcsVmQZ1EUozopBvaFpozlENLgGlhb6WsBxoY2gYXUoJwnLGleMsVrJLqedG7Kl4+XORK5Xk9aXJCTkmBeOSalMg9KZMKYeSJvJBX8uY8O+/Oh/M5G005851jsgDn6xdjjaHA</latexit>

@t

Z
v(r⇥ v) = 0

<latexit sha1_base64="bz0Z2zW0TpXiYcSizMyDPdTbDLk=">AAACIHicbVDLSgNBEJz1bXxFPXoZDGKCEHbF10UQvHiMYKKQDaF3MkkG57HM9Aoh5BP8CX/Bq969iUc9+iVOYg5GLRgoqrqpnkpSKRyG4XswNT0zOze/sJhbWl5ZXcuvb9ScySzjVWaksTcJOC6F5lUUKPlNajmoRPLr5PZ86F/fceuE0VfYS3lDQUeLtmCAXmrmd+MULAqQTaTFu9go3oES3Ys1JBKKsWwZdCV6GjbzhbAcjkD/kmhMCmSMSjP/GbcMyxTXyCQ4V4/CFBv9YRiTfJCLM8dTYLfQ4XVPNSjuGv3RhwZ0xyst2jbWP410pP7c6INyrqcSP6kAu+63NxT/8+oZtk8afaHTDLlm30HtTFI0dNgObQnLGcqeJ8Cs8LdS1gULDH2HEymJGuR8KdHvCv6S2n45OiofXh4UzirjehbIFtkmRRKRY3JGLkiFVAkj9+SRPJHn4CF4CV6Dt+/RqWC8s0kmEHx8AZwAolw=</latexit>

@t(v!) +r(. . .) = 0

additional conservation law!

<latexit sha1_base64="JHHC2HBJ133IytGejfQUZru8miI=">AAACEHicbVC7SgNBFJ31GeNr1cLCZjAIVmFXfDVCwMYygnlANoS7k0kyZB7LzGwghPyEv2CrvZ3Y+ge2fomTZAuTeGDgcM69nDsnTjgzNgi+vZXVtfWNzdxWfntnd2/fPzisGpVqQitEcaXrMRjKmaQVyyyn9URTEDGntbh/P/FrA6oNU/LJDhPaFNCVrMMIWCe1/ONICdoFfBdJiDngyDJBDR60/EJQDKbAyyTMSAFlKLf8n6itSCqotISDMY0wSGxzBNoywuk4H6WGJkD60KUNRyW4mOZo+oExPnNKG3eUdk9aPFX/boxAGDMUsZsUYHtm0ZuI/3mN1HZumyMmk9RSSWZBnZRjq/CkDdxmmhLLh44A0czdikkPNBDrOptLicU470oJFytYJtWLYnhdvHq8LJTKWT05dIJO0TkK0Q0qoQdURhVE0Bi9oFf05j17796H9zkbXfGynSM0B+/rF4K4nJ8=</latexit>

! = r⇥ v
<latexit sha1_base64="9VdpYkke5sZWTmcYOjU1BS7K+T8=">AAACCnicbVDLSsNAFJ3UV62vVJduBovgqiTiayMU3LisYB/QhDKZTNqh8wgzk0op/QN/wa3u3Ylbf8KtX+K0zcK2HrhwOOdezuVEKaPaeN63U1hb39jcKm6Xdnb39g/c8mFTy0xh0sCSSdWOkCaMCtIw1DDSThVBPGKkFQ3upn5rSJSmUjyaUUpCjnqCJhQjY6WuW+7D22GAY2lgIDnpIdh1K17VmwGuEj8nFZCj3nV/gljijBNhMENad3wvNeEYKUMxI5NSkGmSIjxAPdKxVCBOdDievT6Bp1aJYSKVHWHgTP17MUZc6xGP7CZHpq+Xvan4n9fJTHITjqlIM0MEngclGYNGwmkPMKaKYMNGliCsqP0V4j5SCBvb1kJKxCclW4q/XMEqaZ5X/avq5cNFpVbP6ymCY3ACzoAPrkEN3IM6aAAMnsALeAVvzrPz7nw4n/PVgpPfHIEFOF+/p1OZ+Q==</latexit>

h = v · !

- vorticity

- helicity



Euler fluid and helicity conservation in 3d

barotropic equation of state

<latexit sha1_base64="L0orUg2+f50JROQJ1BUVtMjl4e0=">AAACFHicbZDLSgMxFIYz9Vbrreqym2ARKmKZEW8boeDGZQV7gc4wZNJMG5pkhiRTKEMXvoSv4Fb37sSte7c+iWk7C9v6Q+DjP+dwTv4gZlRp2/62ciura+sb+c3C1vbO7l5x/6CpokRi0sARi2Q7QIowKkhDU81IO5YE8YCRVjC4m9RbQyIVjcSjHsXE46gnaEgx0sbyi6Whr+FpZegKFDB0MoS3ZzN0eeIXy3bVngoug5NBGWSq+8UftxvhhBOhMUNKdRw71l6KpKaYkXHBTRSJER6gHukYFIgT5aXTT4zhsXG6MIykeULDqft3IkVcqREPTCdHuq8WaxPzv1on0eGNl1IRJ5oIPFsUJgzqCE4SgV0qCdZsZABhSc2tEPeRRFib3Oa2BHxcMKE4ixEsQ/O86lxVLx8uyrV6Fk8elMARqAAHXIMauAd10AAYPIEX8ArerGfr3fqwPmetOSubOQRzsr5+AcCdncQ=</latexit>

vt + (vr)v = �rµ
<latexit sha1_base64="mDRFEKtpyZWkPBEl8RrMSo8VPEo=">AAACBHicbVC7SgNBFJ2NrxhfUUubwSBYhV3x1QgBG8sVzAOyS5idnU2GzGOdmRXCktZfsNXeTmz9D1u/xEmyhUk8cOFwzr2cy4lSRrVx3W+ntLK6tr5R3qxsbe/s7lX3D1paZgqTJpZMqk6ENGFUkKahhpFOqgjiESPtaHg78dtPRGkqxYMZpSTkqC9oQjEyVgpjH94EPINxoAayV625dXcKuEy8gtRAAb9X/QliiTNOhMEMad313NSEOVKGYkbGlSDTJEV4iPqka6lAnOgwnz49hidWiWEilR1h4FT9e5EjrvWIR3aTIzPQi95E/M/rZia5DnMq0swQgWdBScagkXDSAIypItiwkSUIK2p/hXiAFMLG9jSXEvFxxZbiLVawTFpnde+yfnF/Xmv4RT1lcASOwSnwwBVogDvggybA4BG8gFfw5jw7786H8zlbLTnFzSGYg/P1C0EkmDI=</latexit>

dP = µd⇢

<latexit sha1_base64="QR68J3viUalSCXzlPyUD7uf8NcU=">AAACEnicbVDLSgMxFM3UV62vUVfiJliEilBmxNdGKLhxWcE+oDMMmTRtQzPJkGQKZSj+hL/gVvfuxK0/4NYvMdPOwlYPXDg5515u7gljRpV2nC+rsLS8srpWXC9tbG5t79i7e00lEolJAwsmZDtEijDKSUNTzUg7lgRFISOtcHib+a0RkYoK/qDHMfEj1Oe0RzHSRgrsA08ORKDhqcdRyFAle8LRCbxxArvsVJ0p4F/i5qQMctQD+9vrCpxEhGvMkFId14m1nyKpKWZkUvISRWKEh6hPOoZyFBHlp9MTJvDYKF3YE9IU13Cq/p5IUaTUOApNZ4T0QC16mfif10l079pPKY8TTTieLeolDGoBszxgl0qCNRsbgrCk5q8QD5BEWJvU5raE0aRkQnEXI/hLmmdV97J6cX9ertXzeIrgEByBCnDBFaiBO1AHDYDBI3gGL+DVerLerHfrY9ZasPKZfTAH6/MHs7ScmQ==</latexit>

⇢t +r(⇢v) = 0

<latexit sha1_base64="bz0Z2zW0TpXiYcSizMyDPdTbDLk=">AAACIHicbVDLSgNBEJz1bXxFPXoZDGKCEHbF10UQvHiMYKKQDaF3MkkG57HM9Aoh5BP8CX/Bq969iUc9+iVOYg5GLRgoqrqpnkpSKRyG4XswNT0zOze/sJhbWl5ZXcuvb9ScySzjVWaksTcJOC6F5lUUKPlNajmoRPLr5PZ86F/fceuE0VfYS3lDQUeLtmCAXmrmd+MULAqQTaTFu9go3oES3Ys1JBKKsWwZdCV6GjbzhbAcjkD/kmhMCmSMSjP/GbcMyxTXyCQ4V4/CFBv9YRiTfJCLM8dTYLfQ4XVPNSjuGv3RhwZ0xyst2jbWP410pP7c6INyrqcSP6kAu+63NxT/8+oZtk8afaHTDLlm30HtTFI0dNgObQnLGcqeJ8Cs8LdS1gULDH2HEymJGuR8KdHvCv6S2n45OiofXh4UzirjehbIFtkmRRKRY3JGLkiFVAkj9+SRPJHn4CF4CV6Dt+/RqWC8s0kmEHx8AZwAolw=</latexit>

@t(v!) +r(. . .) = 0

Is there a mixed anomaly between two conservation laws?



Euler fluid and helicity conservation in 3d

<latexit sha1_base64="QR68J3viUalSCXzlPyUD7uf8NcU=">AAACEnicbVDLSgMxFM3UV62vUVfiJliEilBmxNdGKLhxWcE+oDMMmTRtQzPJkGQKZSj+hL/gVvfuxK0/4NYvMdPOwlYPXDg5515u7gljRpV2nC+rsLS8srpWXC9tbG5t79i7e00lEolJAwsmZDtEijDKSUNTzUg7lgRFISOtcHib+a0RkYoK/qDHMfEj1Oe0RzHSRgrsA08ORKDhqcdRyFAle8LRCbxxArvsVJ0p4F/i5qQMctQD+9vrCpxEhGvMkFId14m1nyKpKWZkUvISRWKEh6hPOoZyFBHlp9MTJvDYKF3YE9IU13Cq/p5IUaTUOApNZ4T0QC16mfif10l079pPKY8TTTieLeolDGoBszxgl0qCNRsbgrCk5q8QD5BEWJvU5raE0aRkQnEXI/hLmmdV97J6cX9ertXzeIrgEByBCnDBFaiBO1AHDYDBI3gGL+DVerLerHfrY9ZasPKZfTAH6/MHs7ScmQ==</latexit>

⇢t +r(⇢v) = 0

<latexit sha1_base64="Of4vDPTJPg2O4eL+20ijamsRk+8="></latexit>

vt + (vr)v = �rµ+ E + v ⇥B

<latexit sha1_base64="Z58KZHeEHDplIyg2zZ7ub2d7n3g="></latexit>

@t
⇣
(v +A) · (! +B)

⌘
+r(. . .) = 0

Not gauge-invariant!



Euler fluid and helicity conservation in 3d

<latexit sha1_base64="QR68J3viUalSCXzlPyUD7uf8NcU=">AAACEnicbVDLSgMxFM3UV62vUVfiJliEilBmxNdGKLhxWcE+oDMMmTRtQzPJkGQKZSj+hL/gVvfuxK0/4NYvMdPOwlYPXDg5515u7gljRpV2nC+rsLS8srpWXC9tbG5t79i7e00lEolJAwsmZDtEijDKSUNTzUg7lgRFISOtcHib+a0RkYoK/qDHMfEj1Oe0RzHSRgrsA08ORKDhqcdRyFAle8LRCbxxArvsVJ0p4F/i5qQMctQD+9vrCpxEhGvMkFId14m1nyKpKWZkUvISRWKEh6hPOoZyFBHlp9MTJvDYKF3YE9IU13Cq/p5IUaTUOApNZ4T0QC16mfif10l079pPKY8TTTieLeolDGoBszxgl0qCNRsbgrCk5q8QD5BEWJvU5raE0aRkQnEXI/hLmmdV97J6cX9ertXzeIrgEByBCnDBFaiBO1AHDYDBI3gGL+DVerLerHfrY9ZasPKZfTAH6/MHs7ScmQ==</latexit>

⇢t +r(⇢v) = 0

Anomaly for axial current in presence of vector gauge field!

<latexit sha1_base64="Of4vDPTJPg2O4eL+20ijamsRk+8="></latexit>

vt + (vr)v = �rµ+ E + v ⇥B

<latexit sha1_base64="2mj+v+h7JzVxJzY/d8b09j4gKPo="></latexit>

@t
⇣
v · (! + 2B)

⌘
+r(. . .) = 2E ·B

Gauge-invariant! Not conserved



Covariant notations
<latexit sha1_base64="NY3SNXw9t81oT1psAZUyLDn+gwY=">AAACGXicbZC7TsMwFIadcivlFmBksaiQWFolFbcFqYiFsUj0IjUhclyntWonke1UqqKsvASvwAo7G2JlYuVJcNsMtOWXLP36zzk6x58fMyqVZX0bhZXVtfWN4mZpa3tnd8/cP2jJKBGYNHHEItHxkSSMhqSpqGKkEwuCuM9I2x/eTurtERGSRuGDGsfE5agf0oBipHTkmdCJqWdVbjwLXsOKwxNYgU4gEE5Hj7UsrWWeWbaq1lRw2di5KYNcDc/8cXoRTjgJFWZIyq5txcpNkVAUM5KVnESSGOEh6pOutiHiRLrp9CcZPNFJDwaR0C9UcJr+nUgRl3LMfd3JkRrIxdok/K/WTVRw5aY0jBNFQjxbFCQMqghOsMAeFQQrNtYGYUH1rRAPkOagNLy5LT7PShqKvYhg2bRqVfuien5/Vq43cjxFcASOwSmwwSWogzvQAE2AwRN4Aa/gzXg23o0P43PWWjDymUMwJ+PrFwlXnt8=</latexit>

⇡0 �A0 = �µ� v2

2
<latexit sha1_base64="uIg1La7xxp/PvuDDvIWaQL7LIM8=">AAACCHicbVDLSsNAFL3xWeujUZduBovgxpKIr41QceOygn1AG8JkOmmHziRhZlIooT/gL7jVvTtx61+49UuctlnY1gMXDufcy7mcIOFMacf5tlZW19Y3Ngtbxe2d3b2SvX/QUHEqCa2TmMeyFWBFOYtoXTPNaSuRFIuA02YwuJ/4zSGVisXRkx4l1BO4F7GQEayN5NulTsJ8dnbnM3SLhj7z7bJTcaZAy8TNSRly1Hz7p9ONSSpopAnHSrVdJ9FehqVmhNNxsZMqmmAywD3aNjTCgiovmz4+RidG6aIwlmYijabq34sMC6VGIjCbAuu+WvQm4n9eO9XhjZexKEk1jcgsKEw50jGatIC6TFKi+cgQTCQzvyLSxxITbbqaSwnEuGhKcRcrWCaN84p7Vbl8vChXa3k9BTiCYzgFF66hCg9QgzoQSOEFXuHNerberQ/rc7a6YuU3hzAH6+sXyjqY7Q==</latexit>

⇡i �Ai = vi

<latexit sha1_base64="eCgXF7hONSKOIZCIRK8vuSEk1xk="></latexit>

@µ
⇣
✏µ⌫�⇢⇡⌫@�⇡⇢

⌘
= 0

<latexit sha1_base64="gUgTwbtS7A5+9iWgM8TKuerK2co=">AAACC3icbZDLSsNAFIYn9VbrLdalm8EiuCqJeNsIBTcuK9gLNKFMJift0MmFmYlaQh/BV3Cre3fi1odw65M4abOwrT8c+PjPOZzD7yWcSWVZ30ZpZXVtfaO8Wdna3tndM/erbRmngkKLxjwWXY9I4CyClmKKQzcRQEKPQ8cb3eT9zgMIyeLoXo0TcEMyiFjAKFHa6ptV30mY8wj+AHCO+NrqmzWrbk2Fl8EuoIYKNfvmj+PHNA0hUpQTKXu2lSg3I0IxymFScVIJCaEjMoCexoiEIN1s+vsEH2vHx0EsdEUKT92/GxkJpRyHnp4MiRrKxV5u/tfrpSq4cjMWJamCiM4OBSnHKsZ5ENhnAqjiYw2ECqZ/xXRIBKFKxzV3xQsnFR2KvRjBMrRP6/ZF/fzurNZoFvGU0SE6QifIRpeogW5RE7UQRU/oBb2iN+PZeDc+jM/ZaMkodg7QnIyvX3EkmmQ=</latexit>

d⇡ ^ d⇡ = 0

- covariant notations

for A=0
<latexit sha1_base64="bz0Z2zW0TpXiYcSizMyDPdTbDLk=">AAACIHicbVDLSgNBEJz1bXxFPXoZDGKCEHbF10UQvHiMYKKQDaF3MkkG57HM9Aoh5BP8CX/Bq969iUc9+iVOYg5GLRgoqrqpnkpSKRyG4XswNT0zOze/sJhbWl5ZXcuvb9ScySzjVWaksTcJOC6F5lUUKPlNajmoRPLr5PZ86F/fceuE0VfYS3lDQUeLtmCAXmrmd+MULAqQTaTFu9go3oES3Ys1JBKKsWwZdCV6GjbzhbAcjkD/kmhMCmSMSjP/GbcMyxTXyCQ4V4/CFBv9YRiTfJCLM8dTYLfQ4XVPNSjuGv3RhwZ0xyst2jbWP410pP7c6INyrqcSP6kAu+63NxT/8+oZtk8afaHTDLlm30HtTFI0dNgObQnLGcqeJ8Cs8LdS1gULDH2HEymJGuR8KdHvCv6S2n45OiofXh4UzirjehbIFtkmRRKRY3JGLkiFVAkj9+SRPJHn4CF4CV6Dt+/RqWC8s0kmEHx8AZwAolw=</latexit>

@t(v!) +r(. . .) = 0

Not gauge-invariant!

covariant form of  
helicity conservation



Covariant notations
<latexit sha1_base64="NY3SNXw9t81oT1psAZUyLDn+gwY=">AAACGXicbZC7TsMwFIadcivlFmBksaiQWFolFbcFqYiFsUj0IjUhclyntWonke1UqqKsvASvwAo7G2JlYuVJcNsMtOWXLP36zzk6x58fMyqVZX0bhZXVtfWN4mZpa3tnd8/cP2jJKBGYNHHEItHxkSSMhqSpqGKkEwuCuM9I2x/eTurtERGSRuGDGsfE5agf0oBipHTkmdCJqWdVbjwLXsOKwxNYgU4gEE5Hj7UsrWWeWbaq1lRw2di5KYNcDc/8cXoRTjgJFWZIyq5txcpNkVAUM5KVnESSGOEh6pOutiHiRLrp9CcZPNFJDwaR0C9UcJr+nUgRl3LMfd3JkRrIxdok/K/WTVRw5aY0jBNFQjxbFCQMqghOsMAeFQQrNtYGYUH1rRAPkOagNLy5LT7PShqKvYhg2bRqVfuien5/Vq43cjxFcASOwSmwwSWogzvQAE2AwRN4Aa/gzXg23o0P43PWWjDymUMwJ+PrFwlXnt8=</latexit>

⇡0 �A0 = �µ� v2

2
<latexit sha1_base64="uIg1La7xxp/PvuDDvIWaQL7LIM8=">AAACCHicbVDLSsNAFL3xWeujUZduBovgxpKIr41QceOygn1AG8JkOmmHziRhZlIooT/gL7jVvTtx61+49UuctlnY1gMXDufcy7mcIOFMacf5tlZW19Y3Ngtbxe2d3b2SvX/QUHEqCa2TmMeyFWBFOYtoXTPNaSuRFIuA02YwuJ/4zSGVisXRkx4l1BO4F7GQEayN5NulTsJ8dnbnM3SLhj7z7bJTcaZAy8TNSRly1Hz7p9ONSSpopAnHSrVdJ9FehqVmhNNxsZMqmmAywD3aNjTCgiovmz4+RidG6aIwlmYijabq34sMC6VGIjCbAuu+WvQm4n9eO9XhjZexKEk1jcgsKEw50jGatIC6TFKi+cgQTCQzvyLSxxITbbqaSwnEuGhKcRcrWCaN84p7Vbl8vChXa3k9BTiCYzgFF66hCg9QgzoQSOEFXuHNerberQ/rc7a6YuU3hzAH6+sXyjqY7Q==</latexit>

⇡i �Ai = vi

<latexit sha1_base64="gUgTwbtS7A5+9iWgM8TKuerK2co=">AAACC3icbZDLSsNAFIYn9VbrLdalm8EiuCqJeNsIBTcuK9gLNKFMJift0MmFmYlaQh/BV3Cre3fi1odw65M4abOwrT8c+PjPOZzD7yWcSWVZ30ZpZXVtfaO8Wdna3tndM/erbRmngkKLxjwWXY9I4CyClmKKQzcRQEKPQ8cb3eT9zgMIyeLoXo0TcEMyiFjAKFHa6ptV30mY8wj+AHCO+NrqmzWrbk2Fl8EuoIYKNfvmj+PHNA0hUpQTKXu2lSg3I0IxymFScVIJCaEjMoCexoiEIN1s+vsEH2vHx0EsdEUKT92/GxkJpRyHnp4MiRrKxV5u/tfrpSq4cjMWJamCiM4OBSnHKsZ5ENhnAqjiYw2ECqZ/xXRIBKFKxzV3xQsnFR2KvRjBMrRP6/ZF/fzurNZoFvGU0SE6QifIRpeogW5RE7UQRU/oBb2iN+PZeDc+jM/ZaMkodg7QnIyvX3EkmmQ=</latexit>

d⇡ ^ d⇡ = 0

- covariant notations

<latexit sha1_base64="DjA9hfOj5iALBicOSCOvbC+mM38="></latexit>

d
⇣
(⇡ �A) ^ d(⇡ +A)

⌘
= d⇡ ^ d⇡ � dA ^ dA = �dA ^ dA

<latexit sha1_base64="wm1/4A0WUm1JmbXGpvicZV/AGXo=">AAACCnicbVDLSsNAFJ3UV62vVJdugkWoCCUpvpZFNy4r2Ac0oUwm03boPMLMpFJC/8BfcKt7d+LWn3Drlzhts7CtBy4czrmXczlhTInSrvtt5dbWNza38tuFnd29/QO7eNhUIpEIN5CgQrZDqDAlHDc00RS3Y4khCyluhcO7qd8aYamI4I96HOOAwT4nPYKgNlLXLo58FAld9gXDfXhevT3r2iW34s7grBIvIyWQod61f/xIoIRhrhGFSnU8N9ZBCqUmiOJJwU8UjiEawj7uGMohwypIZ69PnFOjRE5PSDNcOzP170UKmVJjFppNBvVALXtT8T+vk+jeTZASHicaczQP6iXU0cKZ9uBERGKk6dgQiCQxvzpoACVE2rS1kBKyScGU4i1XsEqa1Yp3Vbl8uCjV6lk9eXAMTkAZeOAa1MA9qIMGQOAJvIBX8GY9W+/Wh/U5X81Z2c0RWID19QuK85nk</latexit>

v · (! + 2B)

Gauge-invariant!

covariant form of  
helicity conservation

Not conserved

<latexit sha1_base64="aZ9J0xuyBqz7SwGjk61Wt4C9hGc=">AAACAXicbVDLSgNBEOyNrxhfUY9eBoPgKewGX8egCB4jmAcmS5idnU2GzMwuM7NCCDn5C1717k28+iVe/RInyR5MYkFDUdVNd1eQcKaN6347uZXVtfWN/GZha3tnd6+4f9DQcaoIrZOYx6oVYE05k7RumOG0lSiKRcBpMxjcTPzmE1WaxfLBDBPqC9yTLGIEGys9VtBth4SxQdfdYsktu1OgZeJlpAQZat3iTyeMSSqoNIRjrduemxh/hJVhhNNxoZNqmmAywD3atlRiQbU/ml48RidWCVEUK1vSoKn6d2KEhdZDEdhOgU1fL3oT8T+vnZroyh8xmaSGSjJbFKUcmRhN3kchU5QYPrQEE8XsrYj0scLE2JDmtgRiXLCheIsRLJNGpexdlM/vz0rVWhZPHo7gGE7Bg0uowh3UoA4EJLzAK7w5z8678+F8zlpzTjZzCHNwvn4Bct6Wmw==</latexit>

2E ·B

<latexit sha1_base64="K3G9R3Seqjxq+xxQ7T0cIJ6mjG0=">AAACFXicbVC7SgNBFJ31GeNr1VKLwSBYhd3gqxGCIlhGMA/ILmF2djYZM/tg5q4QQhp/wl+w1d5ObK1t/RJnky1M4oGBwzn3cu4cLxFcgWV9GwuLS8srq4W14vrG5ta2ubPbUHEqKavTWMSy5RHFBI9YHTgI1kokI6EnWNPrX2d+85FJxePoHgYJc0PSjXjAKQEtdcwDJyESOBEOcOEz/IAvceXGoX4M+KpjlqyyNQaeJ3ZOSihHrWP+OH5M05BFQAVRqm1bCbjDLIEKNio6qWIJoX3SZW1NIxIy5Q7HvxjhI634OIilfhHgsfp3Y0hCpQahpydDAj0162Xif147heDCHfIoSYFFdBIUpAJDjLNKsM8loyAGmhAqub4V0x6RhIIubirFC0dFXYo9W8E8aVTK9ln59O6kVK3l9RTQPjpEx8hG56iKblEN1RFFT+gFvaI349l4Nz6Mz8nogpHv7KEpGF+/e1GeHg==</latexit>

@j̃ = 2E ·B



Actions in 1d and 3d
<latexit sha1_base64="XnpBppAr5COkJMicmLSFuNTQfn0="></latexit>

L = P (⇡ �A) + Ã ^ (⇡ �A)�
Z

M3

Ã ^ dA

<latexit sha1_base64="BnM5X3I8BveH7jC02osIrDs9pFk=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ8OIxgnlAsoTZ2dlkzMzsMjMrhCX4C1717k28+i1e/RInyR5MYkFDUdVNd1eQcKaN6347hZXVtfWN4mZpa3tnd6+8f9DUcaoIbZCYx6odYE05k7RhmOG0nSiKRcBpKxjeTvzWE1WaxfLBjBLqC9yXLGIEGys1w27CbtxeueJW3SnQMvFyUoEc9V75pxvGJBVUGsKx1h3PTYyfYWUY4XRc6qaaJpgMcZ92LJVYUO1n02vH6MQqIYpiZUsaNFX/TmRYaD0Sge0U2Az0ojcR//M6qYmu/YzJJDVUktmiKOXIxGjyOgqZosTwkSWYKGZvRWSAFSbGBjS3JRDjkg3FW4xgmTTPqt5l9eL+vFKr5/EU4QiO4RQ8uIIa3EEdGkDgEV7gFd6cZ+fd+XA+Z60FJ585hDk4X79O6pV6</latexit>

d⇡ = 0
<latexit sha1_base64="H6XkKZmWAQltKY8+0Opv1Kb4B4E=">AAACAnicbVC7SgNBFJ2NrxhfUUubwSBYhV3x1QgBG8sIJgayS5idnU2GzIuZWSEs6fwFW+3txNYfsfVLnCRbmMQDFw7n3Mu998SKUWN9/9srrayurW+UNytb2zu7e9X9g7aRmcakhSWTuhMjQxgVpGWpZaSjNEE8ZuQxHt5O/Mcnog2V4sGOFIk46guaUoysk7qhovAGJqEa0F615tf9KeAyCQpSAwWavepPmEiccSIsZsiYbuArG+VIW4oZGVfCzBCF8BD1SddRgTgxUT49eQxPnJLAVGpXwsKp+nciR9yYEY9dJ0d2YBa9ifif181seh3lVKjMEoFni9KMQSvh5H+YUE2wZSNHENbU3QrxAGmErUtpbkvMxxUXSrAYwTJpn9WDy/rF/Xmt0SziKYMjcAxOQQCuQAPcgSZoAQwkeAGv4M179t69D+9z1lryiplDMAfv6xe5DJdZ</latexit>

⇡ = d�

<latexit sha1_base64="6TS+8XkVIW6FCO3NzYGSvsCQk90="></latexit>

L = P (⇡ �A) + Ã ^ (⇡ �A) ^ d(⇡ +A)�
Z

M5

Ã ^ dA ^ dA

<latexit sha1_base64="rxD9N5//q5SFeJzrmSM+liovFrI=">AAACCnicbZDLSsNAFIYn9VbrLdWlm8EiuCqJeNsIBTcuK9gLNKFMJift0MmFmYmlhL6Br+BW9+7ErS/h1idx0mZhW3848PGfcziH30s4k8qyvo3S2vrG5lZ5u7Kzu7d/YFYP2zJOBYUWjXksuh6RwFkELcUUh24igIQeh443usv7nScQksXRo5ok4IZkELGAUaK01TervpMwZwz+AHCOt1bfrFl1aya8CnYBNVSo2Td/HD+maQiRopxI2bOtRLkZEYpRDtOKk0pICB2RAfQ0RiQE6Waz16f4VDs+DmKhK1J45v7dyEgo5ST09GRI1FAu93Lzv14vVcGNm7EoSRVEdH4oSDlWMc5zwD4TQBWfaCBUMP0rpkMiCFU6rYUrXjit6FDs5QhWoX1et6/qlw8XtUaziKeMjtEJOkM2ukYNdI+aqIUoGqMX9IrejGfj3fgwPuejJaPYOUILMr5+ARN3mjo=</latexit>

d⇡ ^ d⇡ = 0
<latexit sha1_base64="gFS2bVnZaUsi/zSZ+Td0ZI7Pbz8=">AAACEnicbVDLSsNAFJ3UV62vqitxM1gEQSiJ+NoIBTcuK9gHNKHcTCbN0EkyzEyEEoo/4S+41b07cesPuPVLnD4WtvXAhcM593LvPb7gTGnb/rYKS8srq2vF9dLG5tb2Tnl3r6nSTBLaIClPZdsHRTlLaEMzzWlbSAqxz2nL79+O/NYjlYqlyYMeCOrF0EtYyAhoI3XLB65g+CZwRcTwqQtcRIAD16cauuWKXbXHwIvEmZIKmqLeLf+4QUqymCaacFCq49hCezlIzQinw5KbKSqA9KFHO4YmEFPl5eMXhvjYKAEOU2kq0Xis/p3IIVZqEPumMwYdqXlvJP7ndTIdXns5S0SmaUImi8KMY53iUR44YJISzQeGAJHM3IpJBBKINqnNbPHjYcmE4sxHsEiaZ1Xnsnpxf16p1afxFNEhOkInyEFXqIbuUB01EEFP6AW9ojfr2Xq3PqzPSWvBms7soxlYX7+CUp0f</latexit>

⇡ = d�+ ↵d�
<latexit sha1_base64="QhtL21FuKPM1AucdPF322o9ThLc=">AAACI3icbVDLSgMxFM3UV62vqks3wSKIYJkRXxuh6sZlBfuAmaFkMnfa2MyDJKOUof/gT/gLbnXvTty4cOOXmD4WtvVA4OSceznJ8RLOpDLNLyM3N7+wuJRfLqysrq1vFDe36jJOBYUajXksmh6RwFkENcUUh2YigIQeh4bXvR74jQcQksXRneol4IakHbGAUaK01CoeOAkRihGOHcW4D/geX+BD54q1bf/SeQS/DVgTfXdbxZJZNofAs8QakxIao9oq/jh+TNMQIkU5kdK2zES52SCPcugXnFRCQmiXtMHWNCIhSDcb/qmP97Ti4yAW+kQKD9W/GxkJpeyFnp4MierIaW8g/ufZqQrO3YxFSaogoqOgIOVYxXhQEPaZAKp4TxNCBdNvxbRDBKFK1ziR4oX9gi7Fmq5gltSPytZp+eT2uFSpjuvJox20i/aRhc5QBd2gKqohip7QC3pFb8az8W58GJ+j0Zwx3tlGEzC+fwHHF6N+</latexit>

@j̃ = �
h
dA ^ dA

i<latexit sha1_base64="WzdU6LHDwDiM2xIZw8FyHnNu2jo=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwoWWm+NoIrW5cVrAP6Awlk7ltYzMPkoxSSn/Cn/AX3OrenQiuBL/ETNuFbT0QOJxzL+fmeDFnUlnWl5FZWFxaXsmu5tbWNza3zO2dmowSQaFKIx6JhkckcBZCVTHFoRELIIHHoe71rlO//gBCsii8U/0Y3IB0QtZmlCgttcwjJyZCMcLxPb7Ex0XsXLFO0y87j+B3APuOYtwHXE5lt2XmrYI1Ap4n9oTk0QSVlvnj+BFNAggV5UTKpm3Fyh2kiZTDMOckEmJCe6QDTU1DEoB0B6NfDfGBVnzcjoR+ocIj9e/GgARS9gNPTwZEdeWsl4r/ec1EtS/cAQvjREFIx0HthGMV4bQi7DMBVPG+JoQKpm/FtEsEoUoXOZXiBcOcLsWerWCe1IoF+6xwenuSL1Um9WTRHtpHh8hG56iEblAFVRFFT+gFvaI349l4Nz6Mz/Foxpjs7KIpGN+/n2ij5A==</latexit>

@j = �2
h
dA ^ dÃ

i

<latexit sha1_base64="OWyNNMKDX8hmPIzd0Hn6ual4lK4=">AAACEnicbVDLSsNAFJ3UV62vqCtxM1gEN5ZEfG2EihuXFewDklAmk0k7djIJMxOhhOJP+Atude9O3PoDbv0SJ20WtvXAhcM5986de/yEUaks69soLSwuLa+UVytr6xubW+b2TkvGqcCkiWMWi46PJGGUk6aiipFOIgiKfEba/uAm99uPREga83s1TIgXoR6nIcVIaalr7rkJEooiBqGrKAsIfIBXx05w7XXNqlWzxoDzxC5IFRRodM0fN4hxGhGuMENSOraVKC/Ln8eMjCpuKkmC8AD1iKMpRxGRXjY+YQQPtRLAMBa6uIJj9e9EhiIph5GvOyOk+nLWy8X/PCdV4aWXUZ6kinA8WRSmDKoY5nnAgAqCFRtqgrCg+q8Q95FAWOnUprb40aiiQ7FnI5gnrZOafV47uzut1htFPGWwDw7AEbDBBaiDW9AATYDBE3gBr+DNeDbejQ/jc9JaMoqZXTAF4+sXA1ucyw==</latexit>

@j̃ = �[dA]
<latexit sha1_base64="fqyjfMOIQNSarpGrXIAJq19f+/M=">AAACEXicbVDLSgMxFM3UV62vUTeCm2ARXJUZ8bURKm5cVrAPmBlKJpNpY5PMkGSEMtSf8Bfc6t6duPUL3PolZtoubPXAhcM59+bmnjBlVGnH+bJKC4tLyyvl1cra+sbmlr2901JJJjFp4oQlshMiRRgVpKmpZqSTSoJ4yEg7HFwXfvuBSEUTcaeHKQk46gkaU4y0kbr2np8iqSliEN7DSy/yNWURgVdB1646NWcM+Je4U1IFUzS69rcfJTjjRGjMkFKe66Q6yIvXMSOjip8pkiI8QD3iGSoQJyrIxxeM4KFRIhgn0pTQcKz+nsgRV2rIQ9PJke6rea8Q//O8TMcXQU5Fmmki8GRRnDGoE1jEASMqCdZsaAjCkpq/QtxHEmFtQpvZEvJRxYTizkfwl7SOa+5Z7fT2pFpvTOMpg31wAI6AC85BHdyABmgCDB7BM3gBr9aT9Wa9Wx+T1pI1ndkFM7A+fwCNWZyU</latexit>

@j = [dÃ]



Even more general!
<latexit sha1_base64="6TS+8XkVIW6FCO3NzYGSvsCQk90="></latexit>

L = P (⇡ �A) + Ã ^ (⇡ �A) ^ d(⇡ +A)�
Z

M5

Ã ^ dA ^ dA

<latexit sha1_base64="YTe7Ic/mv+AQHuTiWNfQUwdExAw="></latexit>

+  
h
d⇡ ^ d⇡ + ↵dÃ ^ dÃ

i <latexit sha1_base64="fZYwtDs+QJnJcCNW3TLMer0xDPw=">AAACNXicdVC7SgNBFJ2N7/iKWtoMBsHGsCu+CgvFxkaIYFTIhmV29iYZMju7zNxVwpKf8Sf8BVvtLGxEbP0FJzGFMXrgwplz7uXOPWEqhUHXfXEKE5NT0zOzc8X5hcWl5dLK6pVJMs2hxhOZ6JuQGZBCQQ0FSrhJNbA4lHAddk77/vUtaCMSdYndFBoxaynRFJyhlYLS0Tb1hcIgPw/2etRnMm0z6qOQEdAT/w6iFtDov3dQKrsVdwA6TrwhKZMhqkHpzY8SnsWgkEtmTN1zU2zkTKPgEnpFPzOQMt5hLahbqlgMppEPruzRTatEtJloWwrpQP05kbPYmG4c2s6YYdv89vriX149w+ZhIxcqzRAU/17UzCTFhPYjo5HQwFF2LWFcC/tXyttMM4422JEtYdwr2lC83xGMk6udirdf2bvYLR9Xh/HMknWyQbaIRw7IMTkjVVIjnNyTR/JEnp0H59V5dz6+WwvOcGaNjMD5/AIfEarU</latexit>

�
Z

M5

↵Ã ^ dÃ ^ dÃ

<latexit sha1_base64="WzdU6LHDwDiM2xIZw8FyHnNu2jo=">AAACJXicbVDLSgMxFM3UV62vUZdugkVwoWWm+NoIrW5cVrAP6Awlk7ltYzMPkoxSSn/Cn/AX3OrenQiuBL/ETNuFbT0QOJxzL+fmeDFnUlnWl5FZWFxaXsmu5tbWNza3zO2dmowSQaFKIx6JhkckcBZCVTHFoRELIIHHoe71rlO//gBCsii8U/0Y3IB0QtZmlCgttcwjJyZCMcLxPb7Ex0XsXLFO0y87j+B3APuOYtwHXE5lt2XmrYI1Ap4n9oTk0QSVlvnj+BFNAggV5UTKpm3Fyh2kiZTDMOckEmJCe6QDTU1DEoB0B6NfDfGBVnzcjoR+ocIj9e/GgARS9gNPTwZEdeWsl4r/ec1EtS/cAQvjREFIx0HthGMV4bQi7DMBVPG+JoQKpm/FtEsEoUoXOZXiBcOcLsWerWCe1IoF+6xwenuSL1Um9WTRHtpHh8hG56iEblAFVRFFT+gFvaI349l4Nz6Mz/Foxpjs7KIpGN+/n2ij5A==</latexit>

@j = �2
h
dA ^ dÃ

i

<latexit sha1_base64="Ame5w8ARJ+5gRfA89pS3NSIFwZk="></latexit>

@j̃ = �
h
dA ^ dA

i
� 3↵

h
dÃ ^ dÃ

i
Most general axial-vector  
mixed anomaly as in  
fermionic theories



•A variational principle constructed for a fluid with mixed axial-vector 
anomaly 

•The anomaly inflow picture for 3+1 fluid is analogous to 1+1 
bosonization picture 

•The most general mixed anomaly requires two 5d Chern-Simons terms 

•Mixed axial-gravitational anomalies can be obtained similarly 

•There are multiple versions of anomalous fluid dynamics to be 
explored…

Conclusions



Buon Compleanno, Andrea!

Grazie per aver condiviso la tua passione 
per la fisica, la musica e molte altre cose!


