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<latexit sha1_base64="dtKau9VzyBlThL2HKBv/NHcbT8s="></latexit>

Wu-Yang and ’tHooft-Polyakov monopoles

<latexit sha1_base64="YtyQ9OrwVqrcyeEGXXUTR3pjjlg=">AAACBHicdVBNSwMxFMz6WevXqje9BIvgxbIpYttb0YvHCtYW2qVk07dtaDa7JFmhlIIX/4oXDwri1R/hzX9jtq2gogOBYea9F2aCRHBtPO/DWVhcWl5Zza3l1zc2t7bdnd0bHaeKQYPFIlatgGoQXELDcCOglSigUSCgGQwvMr95C0rzWF6bUQJ+RPuSh5xRY6Wuuy9jeUIDu08lzjwwnOGQg+h13YJX9DyPEIIzQspnniXVaq VEKphklkUBzVHvuu+dXszSCKRhgmrdJl5i/DFV9qSASb6TakgoG9I+tC2VNALtj6cZJvjIKj0cxso+afBU/b4xppHWoyiwkxE1A/3by8S/vHZqwoo/5jJJDUg2+yhMBTYxzgrBPa6AGTGyhDLFs/hsQBVlxtaWtyV8JcX/k2apSE6LhFyVCrXzeR85dIAO0TEiqIxq6BLVUQMxdIce0BN6du6dR+fFeZ2NLjjznT30A87bJ41Cl+w=</latexit>

non-abelian magnetic field
<latexit sha1_base64="tV9eBdF/5+35pn2rNCcs+2fiJkU="></latexit>

Bi = �1

2
"ijk Fjk = �1

e

r̂i
r2

r̂ · T



Ai = �1

e
�ijk

r̂j
r
Tk Fij =

1

e
�ijk

r̂k
r2

r̂ · T [Ti , Tj ] = i �ijk Tk

At spatial infinity:

<latexit sha1_base64="dtKau9VzyBlThL2HKBv/NHcbT8s="></latexit>

Wu-Yang and ’tHooft-Polyakov monopoles

<latexit sha1_base64="YtyQ9OrwVqrcyeEGXXUTR3pjjlg=">AAACBHicdVBNSwMxFMz6WevXqje9BIvgxbIpYttb0YvHCtYW2qVk07dtaDa7JFmhlIIX/4oXDwri1R/hzX9jtq2gogOBYea9F2aCRHBtPO/DWVhcWl5Zza3l1zc2t7bdnd0bHaeKQYPFIlatgGoQXELDcCOglSigUSCgGQwvMr95C0rzWF6bUQJ+RPuSh5xRY6Wuuy9jeUIDu08lzjwwnOGQg+h13YJX9DyPEIIzQspnniXVaq VEKphklkUBzVHvuu+dXszSCKRhgmrdJl5i/DFV9qSASb6TakgoG9I+tC2VNALtj6cZJvjIKj0cxso+afBU/b4xppHWoyiwkxE1A/3by8S/vHZqwoo/5jJJDUg2+yhMBTYxzgrBPa6AGTGyhDLFs/hsQBVlxtaWtyV8JcX/k2apSE6LhFyVCrXzeR85dIAO0TEiqIxq6BLVUQMxdIce0BN6du6dR+fFeZ2NLjjznT30A87bJ41Cl+w=</latexit>

non-abelian magnetic field
<latexit sha1_base64="tV9eBdF/5+35pn2rNCcs+2fiJkU="></latexit>

Bi = �1

2
"ijk Fjk = �1

e

r̂i
r2

r̂ · T

<latexit sha1_base64="bf6BnIM/LY966z9lF+RFKozHDug="></latexit>

eQ = �
Z

d~⌃ · ~B = �1

e
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Z 2⇡

0
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Z ⇡

0
d✓ sin ✓ r̂j

<latexit sha1_base64="5NlxqcevaOpB7TmlaoZWlG80+2M=">AAAB+nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0ItQ9OKxBWsLbSibzaRduvlgd1Mpof/EiwcF8eov8ea/cdvmoK0PBh7vzTAzz08FV9pxvq3S2vrG5lZ5u7Kzu7d/YB8ePaokkwxbLBGJ7PhUoeAxtjTXAjupRBr5Atv+6G7mt8coFU/iBz1J0YvoIOYhZ1QbqW/bee+JB6i5CJA0pzdO3646NWcOskrcglShQKNvf/WChGURxpoJqlTXdVLt5VRqzgROK71MYUrZiA6wa2hMI1RePr98Ss6MEpAwkaZiTebq74mcRkpNIt90RlQP1bI3E//zupkOr72cx2mmMWaLRWEmiE7ILAYScIlMi4khlElubiVsSCVl2oRVMSG4yy+vkvZFzb2suW7zslq/LfIowwmcwjm4cAV1uIcGtIDBGJ7hFd6s3Hqx3q2PRWvJKmaO4Q+szx+atJNx</latexit>

eQ = 0



Ai = �1

e
�ijk

r̂j
r
Tk Fij =

1

e
�ijk

r̂k
r2

r̂ · T [Ti , Tj ] = i �ijk Tk

At spatial infinity:

<latexit sha1_base64="dtKau9VzyBlThL2HKBv/NHcbT8s="></latexit>

Wu-Yang and ’tHooft-Polyakov monopoles

<latexit sha1_base64="YtyQ9OrwVqrcyeEGXXUTR3pjjlg=">AAACBHicdVBNSwMxFMz6WevXqje9BIvgxbIpYttb0YvHCtYW2qVk07dtaDa7JFmhlIIX/4oXDwri1R/hzX9jtq2gogOBYea9F2aCRHBtPO/DWVhcWl5Zza3l1zc2t7bdnd0bHaeKQYPFIlatgGoQXELDcCOglSigUSCgGQwvMr95C0rzWF6bUQJ+RPuSh5xRY6Wuuy9jeUIDu08lzjwwnOGQg+h13YJX9DyPEIIzQspnniXVaq VEKphklkUBzVHvuu+dXszSCKRhgmrdJl5i/DFV9qSASb6TakgoG9I+tC2VNALtj6cZJvjIKj0cxso+afBU/b4xppHWoyiwkxE1A/3by8S/vHZqwoo/5jJJDUg2+yhMBTYxzgrBPa6AGTGyhDLFs/hsQBVlxtaWtyV8JcX/k2apSE6LhFyVCrXzeR85dIAO0TEiqIxq6BLVUQMxdIce0BN6du6dR+fFeZ2NLjjznT30A87bJ41Cl+w=</latexit>

non-abelian magnetic field
<latexit sha1_base64="tV9eBdF/5+35pn2rNCcs+2fiJkU="></latexit>

Bi = �1

2
"ijk Fjk = �1

e

r̂i
r2

r̂ · T

<latexit sha1_base64="bf6BnIM/LY966z9lF+RFKozHDug="></latexit>

eQ = �
Z

d~⌃ · ~B = �1

e
Tj

Z 2⇡

0
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Z ⇡

0
d✓ sin ✓ r̂j

<latexit sha1_base64="5NlxqcevaOpB7TmlaoZWlG80+2M=">AAAB+nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0ItQ9OKxBWsLbSibzaRduvlgd1Mpof/EiwcF8eov8ea/cdvmoK0PBh7vzTAzz08FV9pxvq3S2vrG5lZ5u7Kzu7d/YB8ePaokkwxbLBGJ7PhUoeAxtjTXAjupRBr5Atv+6G7mt8coFU/iBz1J0YvoIOYhZ1QbqW/bee+JB6i5CJA0pzdO3646NWcOskrcglShQKNvf/WChGURxpoJqlTXdVLt5VRqzgROK71MYUrZiA6wa2hMI1RePr98Ss6MEpAwkaZiTebq74mcRkpNIt90RlQP1bI3E//zupkOr72cx2mmMWaLRWEmiE7ILAYScIlMi4khlElubiVsSCVl2oRVMSG4yy+vkvZFzb2suW7zslq/LfIowwmcwjm4cAV1uIcGtIDBGJ7hFd6s3Hqx3q2PRWvJKmaO4Q+szx+atJNx</latexit>

eQ = 0
<latexit sha1_base64="CC8ytkwj7tRnr33+opjHufQr2Ws="></latexit>

Monopole without a magnetic flux !?



<latexit sha1_base64="y2lAELkuCoHHO6mxs7a8BMOUDng=">AAAB/XicdVBNSwMxFMz6WetXtUcvwSJ4KpsitvVU9KK3CtYW2lKyadqGZjcheSsspf4VLx4UxKv/w5v/xmxbQUUHAsPMe7zJBFoKC77/4S0tr6yurWc2sptb2zu7ub39W6tiw3iDKalMK6CWSxHxBgiQvKUNp2EgeTMYX6R+844bK1R0A4nm3ZAOIzEQjIKTern8VaiVARoB1kZpbiA56+UKftH3fUIITgkpn/qOVKuVEqlgkl oOBbRAvZd77/QVi0MeAZPU2jbxNXQn1IBgkk+zndhyTdmYDnnb0YiG3HYns/BTfOSUPh4o455LMVO/b0xoaG0SBm4ypDCyv71U/MtrxzCodCci0jHwiM0PDWKJQeG0CdwXhjOQiSOUGeGyYjaihjJwfWVdCV8/xf+TZqlIToqEXJcKtfNFHxl0gA7RMSKojGroEtVRAzGUoAf0hJ69e+/Re/Fe56NL3mInj37Ae/sE+y2Vcw==</latexit>

Important property:
<latexit sha1_base64="W1/3cJEJ289WbwDb7KsVTahyWL0="></latexit>

Dir̂ · T = @ir̂ · T + i e [Ai , r̂ · T ] = 0



<latexit sha1_base64="y2lAELkuCoHHO6mxs7a8BMOUDng=">AAAB/XicdVBNSwMxFMz6WetXtUcvwSJ4KpsitvVU9KK3CtYW2lKyadqGZjcheSsspf4VLx4UxKv/w5v/xmxbQUUHAsPMe7zJBFoKC77/4S0tr6yurWc2sptb2zu7ub39W6tiw3iDKalMK6CWSxHxBgiQvKUNp2EgeTMYX6R+844bK1R0A4nm3ZAOIzEQjIKTern8VaiVARoB1kZpbiA56+UKftH3fUIITgkpn/qOVKuVEqlgkl oOBbRAvZd77/QVi0MeAZPU2jbxNXQn1IBgkk+zndhyTdmYDnnb0YiG3HYns/BTfOSUPh4o455LMVO/b0xoaG0SBm4ypDCyv71U/MtrxzCodCci0jHwiM0PDWKJQeG0CdwXhjOQiSOUGeGyYjaihjJwfWVdCV8/xf+TZqlIToqEXJcKtfNFHxl0gA7RMSKojGroEtVRAzGUoAf0hJ69e+/Re/Fe56NL3mInj37Ae/sE+y2Vcw==</latexit>

Important property:
<latexit sha1_base64="W1/3cJEJ289WbwDb7KsVTahyWL0="></latexit>

Dir̂ · T = @ir̂ · T + i e [Ai , r̂ · T ] = 0

<latexit sha1_base64="h8qaZpuri4gOrWPTXZZkBpXmT0U="></latexit>

d

d�
(W�1 r̂ · T W ) =

d xi

d�
W�1 Di(r̂ · T )W = 0



<latexit sha1_base64="y2lAELkuCoHHO6mxs7a8BMOUDng=">AAAB/XicdVBNSwMxFMz6WetXtUcvwSJ4KpsitvVU9KK3CtYW2lKyadqGZjcheSsspf4VLx4UxKv/w5v/xmxbQUUHAsPMe7zJBFoKC77/4S0tr6yurWc2sptb2zu7ub39W6tiw3iDKalMK6CWSxHxBgiQvKUNp2EgeTMYX6R+844bK1R0A4nm3ZAOIzEQjIKTern8VaiVARoB1kZpbiA56+UKftH3fUIITgkpn/qOVKuVEqlgkl oOBbRAvZd77/QVi0MeAZPU2jbxNXQn1IBgkk+zndhyTdmYDnnb0YiG3HYns/BTfOSUPh4o455LMVO/b0xoaG0SBm4ypDCyv71U/MtrxzCodCci0jHwiM0PDWKJQeG0CdwXhjOQiSOUGeGyYjaihjJwfWVdCV8/xf+TZqlIToqEXJcKtfNFHxl0gA7RMSKojGroEtVRAzGUoAf0hJ69e+/Re/Fe56NL3mInj37Ae/sE+y2Vcw==</latexit>

Important property:
<latexit sha1_base64="W1/3cJEJ289WbwDb7KsVTahyWL0="></latexit>

Dir̂ · T = @ir̂ · T + i e [Ai , r̂ · T ] = 0

<latexit sha1_base64="h8qaZpuri4gOrWPTXZZkBpXmT0U="></latexit>

d

d�
(W�1 r̂ · T W ) =

d xi

d�
W�1 Di(r̂ · T )W = 0

<latexit sha1_base64="8wAIH9ntkuxpsjpUCclREJ/t2ug="></latexit>

W�1 r̂ · T W ⌘ TR = constant



<latexit sha1_base64="y2lAELkuCoHHO6mxs7a8BMOUDng=">AAAB/XicdVBNSwMxFMz6WetXtUcvwSJ4KpsitvVU9KK3CtYW2lKyadqGZjcheSsspf4VLx4UxKv/w5v/xmxbQUUHAsPMe7zJBFoKC77/4S0tr6yurWc2sptb2zu7ub39W6tiw3iDKalMK6CWSxHxBgiQvKUNp2EgeTMYX6R+844bK1R0A4nm3ZAOIzEQjIKTern8VaiVARoB1kZpbiA56+UKftH3fUIITgkpn/qOVKuVEqlgkl oOBbRAvZd77/QVi0MeAZPU2jbxNXQn1IBgkk+zndhyTdmYDnnb0YiG3HYns/BTfOSUPh4o455LMVO/b0xoaG0SBm4ypDCyv71U/MtrxzCodCci0jHwiM0PDWKJQeG0CdwXhjOQiSOUGeGyYjaihjJwfWVdCV8/xf+TZqlIToqEXJcKtfNFHxl0gA7RMSKojGroEtVRAzGUoAf0hJ69e+/Re/Fe56NL3mInj37Ae/sE+y2Vcw==</latexit>

Important property:
<latexit sha1_base64="W1/3cJEJ289WbwDb7KsVTahyWL0="></latexit>

Dir̂ · T = @ir̂ · T + i e [Ai , r̂ · T ] = 0

<latexit sha1_base64="h8qaZpuri4gOrWPTXZZkBpXmT0U="></latexit>

d

d�
(W�1 r̂ · T W ) =

d xi

d�
W�1 Di(r̂ · T )W = 0

<latexit sha1_base64="8wAIH9ntkuxpsjpUCclREJ/t2ug="></latexit>

W�1 r̂ · T W ⌘ TR = constant

<latexit sha1_base64="dgfblIz7JfWCQa/+a/YTuMJGH/8=">AAACAXicdVDLSgMxFM3UV62vURcu3ASL4KpMith2V9SFywrWFtqhZNI7bWjmQZIRSunGX3HjQkHc+hfu/BuTtoKKHggczrk3yTlBKrjSnvfh5JaWV1bX8uuFjc2t7R13d+9WJZlk0GSJSGQ7oAoEj6GpuRbQTiXQKBDQCkYX1m/dgVQ8iW/0OAU/ooOYh5xRbaSee3ApQSnoY6uD5gyHHES/0HOLXsnzPEIItoRUzjxDarVqmVQxsZZBES3Q6Lnv3X7CsghizQRVqkO8VPsTKs2dAqaFbqYgpWxEB9AxNKYRKH8yCzDFx5n9QphIc2KNZ+r3jQmNlBpHgZmMqB6q354V//I6mQ6r/oTHaaYhZvOHwkxgnWDbBu5zCUyLsSGUSW7zsyGVlGnTmS3hKyn+n7TKJXJaIuS6XKyfL/rIo0N0hE4QQRVUR1eogZqIoSl6QE/o2bl3Hp0X53U+mnMWO/voB5y3T9Nwll4=</latexit>

Dressed magnetic field
<latexit sha1_base64="P/QjlbLjpSJqD7jk5nr1/edefVw="></latexit>

W�1 Bi W = �1

e

r̂i
r2

TR



<latexit sha1_base64="y2lAELkuCoHHO6mxs7a8BMOUDng=">AAAB/XicdVBNSwMxFMz6WetXtUcvwSJ4KpsitvVU9KK3CtYW2lKyadqGZjcheSsspf4VLx4UxKv/w5v/xmxbQUUHAsPMe7zJBFoKC77/4S0tr6yurWc2sptb2zu7ub39W6tiw3iDKalMK6CWSxHxBgiQvKUNp2EgeTMYX6R+844bK1R0A4nm3ZAOIzEQjIKTern8VaiVARoB1kZpbiA56+UKftH3fUIITgkpn/qOVKuVEqlgkl oOBbRAvZd77/QVi0MeAZPU2jbxNXQn1IBgkk+zndhyTdmYDnnb0YiG3HYns/BTfOSUPh4o455LMVO/b0xoaG0SBm4ypDCyv71U/MtrxzCodCci0jHwiM0PDWKJQeG0CdwXhjOQiSOUGeGyYjaihjJwfWVdCV8/xf+TZqlIToqEXJcKtfNFHxl0gA7RMSKojGroEtVRAzGUoAf0hJ69e+/Re/Fe56NL3mInj37Ae/sE+y2Vcw==</latexit>

Important property:
<latexit sha1_base64="W1/3cJEJ289WbwDb7KsVTahyWL0="></latexit>

Dir̂ · T = @ir̂ · T + i e [Ai , r̂ · T ] = 0

<latexit sha1_base64="h8qaZpuri4gOrWPTXZZkBpXmT0U="></latexit>

d

d�
(W�1 r̂ · T W ) =

d xi

d�
W�1 Di(r̂ · T )W = 0

<latexit sha1_base64="8wAIH9ntkuxpsjpUCclREJ/t2ug="></latexit>

W�1 r̂ · T W ⌘ TR = constant

<latexit sha1_base64="dgfblIz7JfWCQa/+a/YTuMJGH/8=">AAACAXicdVDLSgMxFM3UV62vURcu3ASL4KpMith2V9SFywrWFtqhZNI7bWjmQZIRSunGX3HjQkHc+hfu/BuTtoKKHggczrk3yTlBKrjSnvfh5JaWV1bX8uuFjc2t7R13d+9WJZlk0GSJSGQ7oAoEj6GpuRbQTiXQKBDQCkYX1m/dgVQ8iW/0OAU/ooOYh5xRbaSee3ApQSnoY6uD5gyHHES/0HOLXsnzPEIItoRUzjxDarVqmVQxsZZBES3Q6Lnv3X7CsghizQRVqkO8VPsTKs2dAqaFbqYgpWxEB9AxNKYRKH8yCzDFx5n9QphIc2KNZ+r3jQmNlBpHgZmMqB6q354V//I6mQ6r/oTHaaYhZvOHwkxgnWDbBu5zCUyLsSGUSW7zsyGVlGnTmS3hKyn+n7TKJXJaIuS6XKyfL/rIo0N0hE4QQRVUR1eogZqIoSl6QE/o2bl3Hp0X53U+mnMWO/voB5y3T9Nwll4=</latexit>

Dressed magnetic field
<latexit sha1_base64="P/QjlbLjpSJqD7jk5nr1/edefVw="></latexit>

W�1 Bi W = �1

e

r̂i
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TR

<latexit sha1_base64="logYMMHo4f1/giw5EBFU6HPNrIY="></latexit>Z
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<latexit sha1_base64="C6O6g4Q3IKDhMJCRwvyL4ahs6GQ=">AAACAnicbVBNS8NAEJ3Ur1q/ol4EL4tF8FBLIgW9CEUvHqu0ttCEstlu2qWbD3Y3Qgnx4l/x4kFBvPorvPlv3LY5aOuDgcd7M8zM82LOpLKsb6OwtLyyulZcL21sbm3vmLt79zJKBKEtEvFIdDwsKWchbSmmOO3EguLA47Ttja4nfvuBCsmisKnGMXUDPAiZzwhWWuqZB5enji8wSWtOxYlZltLMqaBm765nlq2qNQVaJHZOypCj0TO/nH5EkoCGinAsZde2YuWmWChGOM1KTiJpjMkID2hX0xAHVLrp9IMMHWulj/xI6AoVmqq/J1IcSDkOPN0ZYDWU895E/M/rJsq/cFMWxomiIZkt8hOOVIQmcaA+E5QoPtYEE8H0rYgMsQ5E6dBKOgR7/uVF0j6r2rWqbd/WyvWrPI8iHMIRnIAN51CHG2hACwg8wjO8wpvxZLwY78bHrLVg5DP78AfG5w+bVZYp</latexit>

= �4⇡

e
TR



<latexit sha1_base64="y2lAELkuCoHHO6mxs7a8BMOUDng=">AAAB/XicdVBNSwMxFMz6WetXtUcvwSJ4KpsitvVU9KK3CtYW2lKyadqGZjcheSsspf4VLx4UxKv/w5v/xmxbQUUHAsPMe7zJBFoKC77/4S0tr6yurWc2sptb2zu7ub39W6tiw3iDKalMK6CWSxHxBgiQvKUNp2EgeTMYX6R+844bK1R0A4nm3ZAOIzEQjIKTern8VaiVARoB1kZpbiA56+UKftH3fUIITgkpn/qOVKuVEqlgkl oOBbRAvZd77/QVi0MeAZPU2jbxNXQn1IBgkk+zndhyTdmYDnnb0YiG3HYns/BTfOSUPh4o455LMVO/b0xoaG0SBm4ypDCyv71U/MtrxzCodCci0jHwiM0PDWKJQeG0CdwXhjOQiSOUGeGyYjaihjJwfWVdCV8/xf+TZqlIToqEXJcKtfNFHxl0gA7RMSKojGroEtVRAzGUoAf0hJ69e+/Re/Fe56NL3mInj37Ae/sE+y2Vcw==</latexit>

Important property:
<latexit sha1_base64="W1/3cJEJ289WbwDb7KsVTahyWL0="></latexit>

Dir̂ · T = @ir̂ · T + i e [Ai , r̂ · T ] = 0

<latexit sha1_base64="h8qaZpuri4gOrWPTXZZkBpXmT0U="></latexit>

d

d�
(W�1 r̂ · T W ) =

d xi

d�
W�1 Di(r̂ · T )W = 0

<latexit sha1_base64="8wAIH9ntkuxpsjpUCclREJ/t2ug="></latexit>

W�1 r̂ · T W ⌘ TR = constant

<latexit sha1_base64="dgfblIz7JfWCQa/+a/YTuMJGH/8=">AAACAXicdVDLSgMxFM3UV62vURcu3ASL4KpMith2V9SFywrWFtqhZNI7bWjmQZIRSunGX3HjQkHc+hfu/BuTtoKKHggczrk3yTlBKrjSnvfh5JaWV1bX8uuFjc2t7R13d+9WJZlk0GSJSGQ7oAoEj6GpuRbQTiXQKBDQCkYX1m/dgVQ8iW/0OAU/ooOYh5xRbaSee3ApQSnoY6uD5gyHHES/0HOLXsnzPEIItoRUzjxDarVqmVQxsZZBES3Q6Lnv3X7CsghizQRVqkO8VPsTKs2dAqaFbqYgpWxEB9AxNKYRKH8yCzDFx5n9QphIc2KNZ+r3jQmNlBpHgZmMqB6q354V//I6mQ6r/oTHaaYhZvOHwkxgnWDbBu5zCUyLsSGUSW7zsyGVlGnTmS3hKyn+n7TKJXJaIuS6XKyfL/rIo0N0hE4QQRVUR1eogZqIoSl6QE/o2bl3Hp0X53U+mnMWO/voB5y3T9Nwll4=</latexit>

Dressed magnetic field
<latexit sha1_base64="P/QjlbLjpSJqD7jk5nr1/edefVw="></latexit>

W�1 Bi W = �1

e

r̂i
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TR

<latexit sha1_base64="logYMMHo4f1/giw5EBFU6HPNrIY="></latexit>Z
d~⌃ ·W�1 ~BW = �1

e

Z 2⇡

0
d'

Z ⇡

0
d✓ sin ✓ TR

<latexit sha1_base64="C6O6g4Q3IKDhMJCRwvyL4ahs6GQ=">AAACAnicbVBNS8NAEJ3Ur1q/ol4EL4tF8FBLIgW9CEUvHqu0ttCEstlu2qWbD3Y3Qgnx4l/x4kFBvPorvPlv3LY5aOuDgcd7M8zM82LOpLKsb6OwtLyyulZcL21sbm3vmLt79zJKBKEtEvFIdDwsKWchbSmmOO3EguLA47Ttja4nfvuBCsmisKnGMXUDPAiZzwhWWuqZB5enji8wSWtOxYlZltLMqaBm765nlq2qNQVaJHZOypCj0TO/nH5EkoCGinAsZde2YuWmWChGOM1KTiJpjMkID2hX0xAHVLrp9IMMHWulj/xI6AoVmqq/J1IcSDkOPN0ZYDWU895E/M/rJsq/cFMWxomiIZkt8hOOVIQmcaA+E5QoPtYEE8H0rYgMsQ5E6dBKOgR7/uVF0j6r2rWqbd/WyvWrPI8iHMIRnIAN51CHG2hACwg8wjO8wpvxZLwY78bHrLVg5DP78AfG5w+bVZYp</latexit>

= �4⇡

e
TR

<latexit sha1_base64="M4/9bBoN9TAUke9rwLAdozyCnvo=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4KkkR264sunFZwdpCO5RMmmlDM8mYZApl6He4caEgbv0Xd/6NmbaCih64cHLOveTeE8SCG4vQh5dbWV1b38hvFra2d3b3ivsHd0YlmrIWVULpTkAME1yyluVWsE6sGYkCwdrB+Crz2xOmDVfy1k5j5kdkKHnIKbFO8qmShunJ/HHRL5ZQGSGEMYYZwdVz5Ei9XqvgGsSZ5VACSzT7xffeQNEkYtJSQYzpYhRbPyXacirYrNBLDIsJHZMh6zoqScSMn86XnsETpwxgqLQraeFc/T6RksiYaRS4zojYkfntZeJfXjexYc1PuYwTyyRdfBQmAloFswTggGtGrZg6QqjmbldIR0QTal1OBRfC16Xwf9KulPFZGeObSqlxucwjD47AMTgFGFRBA1yDJmgBCu7BA3gCz97Ee/RevNdFa85bzhyCH/DePgERK5LD</latexit>

conservation?
<latexit sha1_base64="fWLqjJek/rewONkYecKOgKYFw10=">AAAB/HicdVDLSgMxFM3UV62vsS7dBIvgqiRFbLuy6MZlBWsL7VAymUwbmskMSUYcSn/FjQsFceuHuPNvzLQVVPRCwuGce7nnHj8RXBuEPpzCyura+kZxs7S1vbO75+6Xb3WcKso6NBax6vlEM8El6xhuBOslipHIF6zrTy5zvXvHlOaxvDFZwryIjCQPOSXGUkO3nBAzhlwGLGH2kzQ7H7oVVEUIYYxhDnD9DFnQbDZquAFxLtmqgGW1h+77IIhpGjFpqCBa9zFKjDclynAq2Kw0SDVLCJ2QEetbKEnEtDede5/BY8sEMIyVfdLAOft9YkoirbPIt52Rtap/azn5l9ZPTdjwplwmqbFnLRaFqYAmhnkQMOCKUSMyCwhV3HqFdEwUocbGVbIhfF0K/wfdWhWfVjG+rlVaF8s8iuAQHIETgEEdtMAVaIMOoOAePIAn8OzMnEfnxXldtBac5cwB+FHO2yfhb5TO</latexit>

path independency?



<latexit sha1_base64="y2lAELkuCoHHO6mxs7a8BMOUDng=">AAAB/XicdVBNSwMxFMz6WetXtUcvwSJ4KpsitvVU9KK3CtYW2lKyadqGZjcheSsspf4VLx4UxKv/w5v/xmxbQUUHAsPMe7zJBFoKC77/4S0tr6yurWc2sptb2zu7ub39W6tiw3iDKalMK6CWSxHxBgiQvKUNp2EgeTMYX6R+844bK1R0A4nm3ZAOIzEQjIKTern8VaiVARoB1kZpbiA56+UKftH3fUIITgkpn/qOVKuVEqlgkl oOBbRAvZd77/QVi0MeAZPU2jbxNXQn1IBgkk+zndhyTdmYDnnb0YiG3HYns/BTfOSUPh4o455LMVO/b0xoaG0SBm4ypDCyv71U/MtrxzCodCci0jHwiM0PDWKJQeG0CdwXhjOQiSOUGeGyYjaihjJwfWVdCV8/xf+TZqlIToqEXJcKtfNFHxl0gA7RMSKojGroEtVRAzGUoAf0hJ69e+/Re/Fe56NL3mInj37Ae/sE+y2Vcw==</latexit>

Important property:
<latexit sha1_base64="W1/3cJEJ289WbwDb7KsVTahyWL0="></latexit>

Dir̂ · T = @ir̂ · T + i e [Ai , r̂ · T ] = 0

<latexit sha1_base64="h8qaZpuri4gOrWPTXZZkBpXmT0U="></latexit>

d

d�
(W�1 r̂ · T W ) =

d xi

d�
W�1 Di(r̂ · T )W = 0

<latexit sha1_base64="8wAIH9ntkuxpsjpUCclREJ/t2ug="></latexit>

W�1 r̂ · T W ⌘ TR = constant

<latexit sha1_base64="dgfblIz7JfWCQa/+a/YTuMJGH/8=">AAACAXicdVDLSgMxFM3UV62vURcu3ASL4KpMith2V9SFywrWFtqhZNI7bWjmQZIRSunGX3HjQkHc+hfu/BuTtoKKHggczrk3yTlBKrjSnvfh5JaWV1bX8uuFjc2t7R13d+9WJZlk0GSJSGQ7oAoEj6GpuRbQTiXQKBDQCkYX1m/dgVQ8iW/0OAU/ooOYh5xRbaSee3ApQSnoY6uD5gyHHES/0HOLXsnzPEIItoRUzjxDarVqmVQxsZZBES3Q6Lnv3X7CsghizQRVqkO8VPsTKs2dAqaFbqYgpWxEB9AxNKYRKH8yCzDFx5n9QphIc2KNZ+r3jQmNlBpHgZmMqB6q354V//I6mQ6r/oTHaaYhZvOHwkxgnWDbBu5zCUyLsSGUSW7zsyGVlGnTmS3hKyn+n7TKJXJaIuS6XKyfL/rIo0N0hE4QQRVUR1eogZqIoSl6QE/o2bl3Hp0X53U+mnMWO/voB5y3T9Nwll4=</latexit>

Dressed magnetic field
<latexit sha1_base64="P/QjlbLjpSJqD7jk5nr1/edefVw="></latexit>

W�1 Bi W = �1

e

r̂i
r2

TR

<latexit sha1_base64="logYMMHo4f1/giw5EBFU6HPNrIY="></latexit>Z
d~⌃ ·W�1 ~BW = �1

e

Z 2⇡

0
d'

Z ⇡

0
d✓ sin ✓ TR

<latexit sha1_base64="C6O6g4Q3IKDhMJCRwvyL4ahs6GQ=">AAACAnicbVBNS8NAEJ3Ur1q/ol4EL4tF8FBLIgW9CEUvHqu0ttCEstlu2qWbD3Y3Qgnx4l/x4kFBvPorvPlv3LY5aOuDgcd7M8zM82LOpLKsb6OwtLyyulZcL21sbm3vmLt79zJKBKEtEvFIdDwsKWchbSmmOO3EguLA47Ttja4nfvuBCsmisKnGMXUDPAiZzwhWWuqZB5enji8wSWtOxYlZltLMqaBm765nlq2qNQVaJHZOypCj0TO/nH5EkoCGinAsZde2YuWmWChGOM1KTiJpjMkID2hX0xAHVLrp9IMMHWulj/xI6AoVmqq/J1IcSDkOPN0ZYDWU895E/M/rJsq/cFMWxomiIZkt8hOOVIQmcaA+E5QoPtYEE8H0rYgMsQ5E6dBKOgR7/uVF0j6r2rWqbd/WyvWrPI8iHMIRnIAN51CHG2hACwg8wjO8wpvxZLwY78bHrLVg5DP78AfG5w+bVZYp</latexit>

= �4⇡

e
TR

<latexit sha1_base64="M4/9bBoN9TAUke9rwLAdozyCnvo=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4KkkR264sunFZwdpCO5RMmmlDM8mYZApl6He4caEgbv0Xd/6NmbaCih64cHLOveTeE8SCG4vQh5dbWV1b38hvFra2d3b3ivsHd0YlmrIWVULpTkAME1yyluVWsE6sGYkCwdrB+Crz2xOmDVfy1k5j5kdkKHnIKbFO8qmShunJ/HHRL5ZQGSGEMYYZwdVz5Ei9XqvgGsSZ5VACSzT7xffeQNEkYtJSQYzpYhRbPyXacirYrNBLDIsJHZMh6zoqScSMn86XnsETpwxgqLQraeFc/T6RksiYaRS4zojYkfntZeJfXjexYc1PuYwTyyRdfBQmAloFswTggGtGrZg6QqjmbldIR0QTal1OBRfC16Xwf9KulPFZGeObSqlxucwjD47AMTgFGFRBA1yDJmgBCu7BA3gCz97Ee/RevNdFa85bzhyCH/DePgERK5LD</latexit>

conservation?
<latexit sha1_base64="fWLqjJek/rewONkYecKOgKYFw10=">AAAB/HicdVDLSgMxFM3UV62vsS7dBIvgqiRFbLuy6MZlBWsL7VAymUwbmskMSUYcSn/FjQsFceuHuPNvzLQVVPRCwuGce7nnHj8RXBuEPpzCyura+kZxs7S1vbO75+6Xb3WcKso6NBax6vlEM8El6xhuBOslipHIF6zrTy5zvXvHlOaxvDFZwryIjCQPOSXGUkO3nBAzhlwGLGH2kzQ7H7oVVEUIYYxhDnD9DFnQbDZquAFxLtmqgGW1h+77IIhpGjFpqCBa9zFKjDclynAq2Kw0SDVLCJ2QEetbKEnEtDede5/BY8sEMIyVfdLAOft9YkoirbPIt52Rtap/azn5l9ZPTdjwplwmqbFnLRaFqYAmhnkQMOCKUSMyCwhV3HqFdEwUocbGVbIhfF0K/wfdWhWfVjG+rlVaF8s8iuAQHIETgEEdtMAVaIMOoOAePIAn8OzMnEfnxXldtBac5cwB+FHO2yfhb5TO</latexit>

path independency?
<latexit sha1_base64="VoUhGp1OWW164aCl5ZCqtaPsOJg="></latexit>

’tHooft-Polyakov and Wu-Yang have the same dynamical magnetic charge



<latexit sha1_base64="y2lAELkuCoHHO6mxs7a8BMOUDng=">AAAB/XicdVBNSwMxFMz6WetXtUcvwSJ4KpsitvVU9KK3CtYW2lKyadqGZjcheSsspf4VLx4UxKv/w5v/xmxbQUUHAsPMe7zJBFoKC77/4S0tr6yurWc2sptb2zu7ub39W6tiw3iDKalMK6CWSxHxBgiQvKUNp2EgeTMYX6R+844bK1R0A4nm3ZAOIzEQjIKTern8VaiVARoB1kZpbiA56+UKftH3fUIITgkpn/qOVKuVEqlgkl oOBbRAvZd77/QVi0MeAZPU2jbxNXQn1IBgkk+zndhyTdmYDnnb0YiG3HYns/BTfOSUPh4o455LMVO/b0xoaG0SBm4ypDCyv71U/MtrxzCodCci0jHwiM0PDWKJQeG0CdwXhjOQiSOUGeGyYjaihjJwfWVdCV8/xf+TZqlIToqEXJcKtfNFHxl0gA7RMSKojGroEtVRAzGUoAf0hJ69e+/Re/Fe56NL3mInj37Ae/sE+y2Vcw==</latexit>

Important property:
<latexit sha1_base64="W1/3cJEJ289WbwDb7KsVTahyWL0="></latexit>

Dir̂ · T = @ir̂ · T + i e [Ai , r̂ · T ] = 0

<latexit sha1_base64="h8qaZpuri4gOrWPTXZZkBpXmT0U="></latexit>

d

d�
(W�1 r̂ · T W ) =

d xi

d�
W�1 Di(r̂ · T )W = 0

<latexit sha1_base64="8wAIH9ntkuxpsjpUCclREJ/t2ug="></latexit>

W�1 r̂ · T W ⌘ TR = constant

<latexit sha1_base64="dgfblIz7JfWCQa/+a/YTuMJGH/8=">AAACAXicdVDLSgMxFM3UV62vURcu3ASL4KpMith2V9SFywrWFtqhZNI7bWjmQZIRSunGX3HjQkHc+hfu/BuTtoKKHggczrk3yTlBKrjSnvfh5JaWV1bX8uuFjc2t7R13d+9WJZlk0GSJSGQ7oAoEj6GpuRbQTiXQKBDQCkYX1m/dgVQ8iW/0OAU/ooOYh5xRbaSee3ApQSnoY6uD5gyHHES/0HOLXsnzPEIItoRUzjxDarVqmVQxsZZBES3Q6Lnv3X7CsghizQRVqkO8VPsTKs2dAqaFbqYgpWxEB9AxNKYRKH8yCzDFx5n9QphIc2KNZ+r3jQmNlBpHgZmMqB6q354V//I6mQ6r/oTHaaYhZvOHwkxgnWDbBu5zCUyLsSGUSW7zsyGVlGnTmS3hKyn+n7TKJXJaIuS6XKyfL/rIo0N0hE4QQRVUR1eogZqIoSl6QE/o2bl3Hp0X53U+mnMWO/voB5y3T9Nwll4=</latexit>

Dressed magnetic field
<latexit sha1_base64="P/QjlbLjpSJqD7jk5nr1/edefVw="></latexit>

W�1 Bi W = �1

e

r̂i
r2

TR

<latexit sha1_base64="logYMMHo4f1/giw5EBFU6HPNrIY="></latexit>Z
d~⌃ ·W�1 ~BW = �1

e

Z 2⇡

0
d'

Z ⇡

0
d✓ sin ✓ TR

<latexit sha1_base64="C6O6g4Q3IKDhMJCRwvyL4ahs6GQ=">AAACAnicbVBNS8NAEJ3Ur1q/ol4EL4tF8FBLIgW9CEUvHqu0ttCEstlu2qWbD3Y3Qgnx4l/x4kFBvPorvPlv3LY5aOuDgcd7M8zM82LOpLKsb6OwtLyyulZcL21sbm3vmLt79zJKBKEtEvFIdDwsKWchbSmmOO3EguLA47Ttja4nfvuBCsmisKnGMXUDPAiZzwhWWuqZB5enji8wSWtOxYlZltLMqaBm765nlq2qNQVaJHZOypCj0TO/nH5EkoCGinAsZde2YuWmWChGOM1KTiJpjMkID2hX0xAHVLrp9IMMHWulj/xI6AoVmqq/J1IcSDkOPN0ZYDWU895E/M/rJsq/cFMWxomiIZkt8hOOVIQmcaA+E5QoPtYEE8H0rYgMsQ5E6dBKOgR7/uVF0j6r2rWqbd/WyvWrPI8iHMIRnIAN51CHG2hACwg8wjO8wpvxZLwY78bHrLVg5DP78AfG5w+bVZYp</latexit>

= �4⇡

e
TR

<latexit sha1_base64="M4/9bBoN9TAUke9rwLAdozyCnvo=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4KkkR264sunFZwdpCO5RMmmlDM8mYZApl6He4caEgbv0Xd/6NmbaCih64cHLOveTeE8SCG4vQh5dbWV1b38hvFra2d3b3ivsHd0YlmrIWVULpTkAME1yyluVWsE6sGYkCwdrB+Crz2xOmDVfy1k5j5kdkKHnIKbFO8qmShunJ/HHRL5ZQGSGEMYYZwdVz5Ei9XqvgGsSZ5VACSzT7xffeQNEkYtJSQYzpYhRbPyXacirYrNBLDIsJHZMh6zoqScSMn86XnsETpwxgqLQraeFc/T6RksiYaRS4zojYkfntZeJfXjexYc1PuYwTyyRdfBQmAloFswTggGtGrZg6QqjmbldIR0QTal1OBRfC16Xwf9KulPFZGeObSqlxucwjD47AMTgFGFRBA1yDJmgBCu7BA3gCz97Ee/RevNdFa85bzhyCH/DePgERK5LD</latexit>

conservation?
<latexit sha1_base64="fWLqjJek/rewONkYecKOgKYFw10=">AAAB/HicdVDLSgMxFM3UV62vsS7dBIvgqiRFbLuy6MZlBWsL7VAymUwbmskMSUYcSn/FjQsFceuHuPNvzLQVVPRCwuGce7nnHj8RXBuEPpzCyura+kZxs7S1vbO75+6Xb3WcKso6NBax6vlEM8El6xhuBOslipHIF6zrTy5zvXvHlOaxvDFZwryIjCQPOSXGUkO3nBAzhlwGLGH2kzQ7H7oVVEUIYYxhDnD9DFnQbDZquAFxLtmqgGW1h+77IIhpGjFpqCBa9zFKjDclynAq2Kw0SDVLCJ2QEetbKEnEtDede5/BY8sEMIyVfdLAOft9YkoirbPIt52Rtap/azn5l9ZPTdjwplwmqbFnLRaFqYAmhnkQMOCKUSMyCwhV3HqFdEwUocbGVbIhfF0K/wfdWhWfVjG+rlVaF8s8iuAQHIETgEEdtMAVaIMOoOAePIAn8OzMnEfnxXldtBac5cwB+FHO2yfhb5TO</latexit>

path independency?
<latexit sha1_base64="VoUhGp1OWW164aCl5ZCqtaPsOJg="></latexit>

’tHooft-Polyakov and Wu-Yang have the same dynamical magnetic charge

<latexit sha1_base64="FxQ/sS9qqKm7cNo7XjmnUSU0vak="></latexit>

Wu-Yang needs a source to exist (Constantinidis, LAF, Luchini, JPA (2019))



<latexit sha1_base64="okTkNQowvEJuL3IKUeSoigxnJzg=">AAAB+XicdVBNS8NAEN3Ur1o/GvXoZbEInkoSQ1tvRQ96rGBtoQ1ls522SzebsLsRaukv8eJBQbz6T7z5b9y0FVT0wcDjvRlm5oUJZ0o7zoeVW1ldW9/Ibxa2tnd2i/be/q2KU0mhSWMey3ZIFHAmoKmZ5tBOJJAo5NAKxxeZ37oDqVgsbvQkgSAiQ8EGjBJtpJ5dvCTpEHBDMkFZwqFnl5zyWa3i+RXslB2n6npuRryqf+pj1ygZSmiJRs9+7/ZjmkYgNOVEqY7rJDqYEqkZ5TArdFMFCaFjMoSOoYJEoILp/PAZPjZKHw9iaUpoPFe/T0xJpNQkCk1nRPRI/fYy8S+vk+pBLZgykaQaBF0sGqQc6xhnKeA+k0A1nxhCqGTmVkxHRBKqTVYFE8LXp/h/0vLKrl923WuvVD9f5pFHh+gInSAXVVEdXaEGaiKKUvSAntCzdW89Wi/W66I1Zy1nDtAPWG+fbGmTaQ==</latexit>

Gauge Principle

<latexit sha1_base64="F1rYlkbQtOQMQbqPu+h7kssQjOs=">AAACBXicdVDNTgIxGOziH+If6pFLIzF6keyuBPBG9OIRExES2JBu+RYaut1N2zUhhIMXX8WLB02MV9/Bm29jFzBRo5M0mcx80/YbP+ZMadv+sDJLyyura9n13Mbm1vZOfnfvRkWJpNCkEY9k2ycKOBPQ1ExzaMcSSOhzaPmji9Rv3YJULBLXehyDF5KBYAGjRBuply+0YMyPFBaROGFCw0ASE8Xx0NzZyxft0lmt4pYr2C7ZdtVxnZS41fJpGTtGSVFECzR6+fduP6JJCEJTTpTqOHasvQmRmlEO01w3URATOiID6BgqSAjKm8yWmOJDo/RxEElzhMYz9XtiQkKlxqFvJkOih+q3l4p/eZ1EBzVvwkScaBB0/lCQcKwjnDaC+0wC1XxsCKGSmb9iOiSSUG16y5kSvjbF/5OWW3LKJce5cov180UfWVRAB+gYOaiK6ugSNVATUXSHHtATerburUfrxXqdj2asRWYf/YD19glHeZhT</latexit>

Weyl’s non-integrable phase

<latexit sha1_base64="ZpWOjSZZCR8m9UJcgowYCJiZLmI="></latexit>

 int. = P ei e
R
Aµdx

µ

 free

<latexit sha1_base64="o2KmvEcbjitnSiCL8NVDZcJhuww="></latexit>

Physics is compatible with non-integrable phases
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<latexit sha1_base64="qN/lNgwL4YwH02KBoGnm4GxR420=">AAAB83icdVDLSgMxFM34rPVVdekmWARXw2Qc2rorunHhoqK1helQMmmmDc1MhiQjlKGf4caFgrj1Z9z5N2baCip6IHA4596be0+Ycqa043xYS8srq2vrpY3y5tb2zm5lb/9OiUwS2iaCC9kNsaKcJbStmea0m0qK45DTTji+KPzOPZWKieRWT1IaxHiYsIgRrI3kXwmRwpsUE6r6lapjnzVqrleDju04deSigrh179SDyCgFqmCBVr/y3hsIksU00YRjpXzkpDrIsdSMcDot9zJFzeQxHlLf0ATHVAX5bOUpPDbKAEZCmpdoOFO/d+Q4VmoSh6YyxnqkfnuF+JfnZzpqBDlL0kzThMw/ijIOtYDF/XDAJCWaTwzBRDKzKyQjLDHRJqWyCeHrUvg/6bg28myErt1q83yRRwkcgiNwAhCogya4BC3QBgQI8ACewLOlrUfrxXqdly5Zi54D8APW2yflOJF6</latexit>

Loop Spaces



<latexit sha1_base64="qN/lNgwL4YwH02KBoGnm4GxR420=">AAAB83icdVDLSgMxFM34rPVVdekmWARXw2Qc2rorunHhoqK1helQMmmmDc1MhiQjlKGf4caFgrj1Z9z5N2baCip6IHA4596be0+Ycqa043xYS8srq2vrpY3y5tb2zm5lb/9OiUwS2iaCC9kNsaKcJbStmea0m0qK45DTTji+KPzOPZWKieRWT1IaxHiYsIgRrI3kXwmRwpsUE6r6lapjnzVqrleDju04deSigrh179SDyCgFqmCBVr/y3hsIksU00YRjpXzkpDrIsdSMcDot9zJFzeQxHlLf0ATHVAX5bOUpPDbKAEZCmpdoOFO/d+Q4VmoSh6YyxnqkfnuF+JfnZzpqBDlL0kzThMw/ijIOtYDF/XDAJCWaTwzBRDKzKyQjLDHRJqWyCeHrUvg/6bg28myErt1q83yRRwkcgiNwAhCogya4BC3QBgQI8ACewLOlrUfrxXqdly5Zi54D8APW2yflOJF6</latexit>

Loop Spaces

<latexit sha1_base64="/2Pb0cCZS9i15eA9ckpyR5f8gKU="></latexit>

L(2) = {f : S2 ! M | north pole ! xR}



<latexit sha1_base64="qN/lNgwL4YwH02KBoGnm4GxR420=">AAAB83icdVDLSgMxFM34rPVVdekmWARXw2Qc2rorunHhoqK1helQMmmmDc1MhiQjlKGf4caFgrj1Z9z5N2baCip6IHA4596be0+Ycqa043xYS8srq2vrpY3y5tb2zm5lb/9OiUwS2iaCC9kNsaKcJbStmea0m0qK45DTTji+KPzOPZWKieRWT1IaxHiYsIgRrI3kXwmRwpsUE6r6lapjnzVqrleDju04deSigrh179SDyCgFqmCBVr/y3hsIksU00YRjpXzkpDrIsdSMcDot9zJFzeQxHlLf0ATHVAX5bOUpPDbKAEZCmpdoOFO/d+Q4VmoSh6YyxnqkfnuF+JfnZzpqBDlL0kzThMw/ijIOtYDF/XDAJCWaTwzBRDKzKyQjLDHRJqWyCeHrUvg/6bg28myErt1q83yRRwkcgiNwAhCogya4BC3QBgQI8ACewLOlrUfrxXqdly5Zi54D8APW2yflOJF6</latexit>

Loop Spaces

<latexit sha1_base64="/2Pb0cCZS9i15eA9ckpyR5f8gKU="></latexit>

L(2) = {f : S2 ! M | north pole ! xR}

<latexit sha1_base64="m4PHjwmGTvSEQ+6/zLG54TRdYJY=">AAACBXicdVDLSgMxFM34rPU16rKbYEdwY5lUse2u6MaNWMHaQjuUTJppQzOZIckUSunCjb/ixoWCuPUf3Pk3ZtoKKnrgwuGce5N7jx9zprTrflgLi0vLK6uZtez6xubWtr2ze6uiRBJaJxGPZNPHinImaF0zzWkzlhSHPqcNf3Ce+o0hlYpF4kaPYuqFuCdYwAjWRurYOefYORpGPAkpdNpXIe1hBzIBnUsHduy8W3BdFyEEU4JKp64hlUq5iMoQpZZBHsxR69jv7W5EzFNCE46VaiE31t4YS80Ip5NsO1E0xmSAe7RlqMAhVd54esQEHhilC4NImhIaTtXvE2McKjUKfdMZYt1Xv71U/MtrJTooe2Mm4kRTQWYfBQmHOoJpIrDLJCWajwzBRDKzKyR9LDHRJresCeHrUvg/aRQL6KSA0HUxXz2b55EBObAPDgECJVAFF6AG6oCAO/AAnsCzdW89Wi/W66x1wZrP7IEfsN4+AXPIld8=</latexit>

3-volume ⌦ in M

!

xR

#



<latexit sha1_base64="qN/lNgwL4YwH02KBoGnm4GxR420=">AAAB83icdVDLSgMxFM34rPVVdekmWARXw2Qc2rorunHhoqK1helQMmmmDc1MhiQjlKGf4caFgrj1Z9z5N2baCip6IHA4596be0+Ycqa043xYS8srq2vrpY3y5tb2zm5lb/9OiUwS2iaCC9kNsaKcJbStmea0m0qK45DTTji+KPzOPZWKieRWT1IaxHiYsIgRrI3kXwmRwpsUE6r6lapjnzVqrleDju04deSigrh179SDyCgFqmCBVr/y3hsIksU00YRjpXzkpDrIsdSMcDot9zJFzeQxHlLf0ATHVAX5bOUpPDbKAEZCmpdoOFO/d+Q4VmoSh6YyxnqkfnuF+JfnZzpqBDlL0kzThMw/ijIOtYDF/XDAJCWaTwzBRDKzKyQjLDHRJqWyCeHrUvg/6bg28myErt1q83yRRwkcgiNwAhCogya4BC3QBgQI8ACewLOlrUfrxXqdly5Zi54D8APW2yflOJF6</latexit>

Loop Spaces

<latexit sha1_base64="/2Pb0cCZS9i15eA9ckpyR5f8gKU="></latexit>

L(2) = {f : S2 ! M | north pole ! xR}

xR

<latexit sha1_base64="HYfk5P6+s8vViy6mZFfs8zwEKlg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9BL96MYB6QLGF2MpuMmccyMyuEJf/gxYOCePV7vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfjm5nffqLaMCUf7CShocBDyWJGsHVSq3cn6BD3yxW/6s+BVkmQkwrkaPTLX72BIqmg0hKOjekGfmLDDGvLCKfTUi81NMFkjIe066jEgpowm187RWdOGaBYaVfSorn6eyLDwpiJiFynwHZklr2Z+J/XTW18FWZMJqmlkiwWxSlHVqHZ62jANCWWTxzBRDN3KyIjrDGxLqCSCyFYfnmVtC+qQa0aBPe1Sv06z6MIJ3AK5xDAJdThFhrQBAKP8Ayv8OYp78V79z4WrQUvnzmGP/A+fwD3FI80</latexit>

⌦

<latexit sha1_base64="cVeYjy4fIoQjouBW3lELj6DN/40=">AAAB9nicbVBNSwMxEM3Wr1q/qh69BIvgqexKQY9FL96sYG2hu5ZsOtuGJtklySpl6f/w4kFBvPpbvPlvzLZ70NYHA4/3ZpKZFyacaeO6305pZXVtfaO8Wdna3tndq+4f3Os4VRTaNOax6oZEA2cS2oYZDt1EAREhh044vsr9ziMozWJ5ZyYJBIIMJYsYJcZKD35ClGGE+zcChqRfrbl1dwa8TLyC1FCBVr/65Q9imgqQhnKidc9zExNk+ZuUw7TipxoSQsdkCD1LJRGgg2y29RSfWGWAo1jZkgbP1N8TGRFaT0RoOwUxI73o5eJ/Xi810UWQMZmkBiSdfxSlHJsY5xHgAVNADZ9YQqhidldMR0QRamxQFRuCt3jyMumc1b1G3fNuG7XmZZFHGR2hY3SKPHSOmugatVAbUaTQM3pFb86T8+K8Ox/z1pJTzByiP3A+fwA8MJLN</latexit>

@⌦

<latexit sha1_base64="04+YUi0TWXear9DbsjkyAqqerTU=">AAACAnicdVBNSwMxEM3Wr1q/ql4EL8FWqJeyWcS2t6IXDx4qWFto15JNs21oNrskWaEs9eJf8eJBQbz6K7z5b8y2FVT0wcDjvRlm5nkRZ0rb9oeVWVhcWl7JrubW1jc2t/LbO9cqjCWhTRLyULY9rChngjY105y2I0lx4HHa8kZnqd+6pVKxUFzpcUTdAA8E8xnB2ki9/F6E9RAyAYtJl2AOLyY3Sck5mhR7+YJdtm0bIQRTgiontiG1WtVBVYhSy6AA5mj08u/dfkjigApNOFaqg+xIuwmWmhFOJ7lurGiEyQgPaMdQgQOq3GT6wQQeGqUP/VCaEhpO1e8TCQ6UGgee6QzMweq3l4p/eZ1Y+1U3YSKKNRVktsiPOdQhTOOAfSYp0XxsCCaSmVshGWKJiTah5UwIX5/C/0nLKaPjMkKXTqF+Os8jC/bBASgBBCqgDs5BAzQBAXfgATyBZ+veerRerNdZa8aaz+yCH7DePgEkzJXd</latexit>

path in L(2)
<latexit sha1_base64="m4PHjwmGTvSEQ+6/zLG54TRdYJY=">AAACBXicdVDLSgMxFM34rPU16rKbYEdwY5lUse2u6MaNWMHaQjuUTJppQzOZIckUSunCjb/ixoWCuPUf3Pk3ZtoKKnrgwuGce5N7jx9zprTrflgLi0vLK6uZtez6xubWtr2ze6uiRBJaJxGPZNPHinImaF0zzWkzlhSHPqcNf3Ce+o0hlYpF4kaPYuqFuCdYwAjWRurYOefYORpGPAkpdNpXIe1hBzIBnUsHduy8W3BdFyEEU4JKp64hlUq5iMoQpZZBHsxR69jv7W5EzFNCE46VaiE31t4YS80Ip5NsO1E0xmSAe7RlqMAhVd54esQEHhilC4NImhIaTtXvE2McKjUKfdMZYt1Xv71U/MtrJTooe2Mm4kRTQWYfBQmHOoJpIrDLJCWajwzBRDKzKyR9LDHRJresCeHrUvg/aRQL6KSA0HUxXz2b55EBObAPDgECJVAFF6AG6oCAO/AAnsCzdW89Wi/W66x1wZrP7IEfsN4+AXPIld8=</latexit>

3-volume ⌦ in M

!

xR

#



<latexit sha1_base64="qN/lNgwL4YwH02KBoGnm4GxR420=">AAAB83icdVDLSgMxFM34rPVVdekmWARXw2Qc2rorunHhoqK1helQMmmmDc1MhiQjlKGf4caFgrj1Z9z5N2baCip6IHA4596be0+Ycqa043xYS8srq2vrpY3y5tb2zm5lb/9OiUwS2iaCC9kNsaKcJbStmea0m0qK45DTTji+KPzOPZWKieRWT1IaxHiYsIgRrI3kXwmRwpsUE6r6lapjnzVqrleDju04deSigrh179SDyCgFqmCBVr/y3hsIksU00YRjpXzkpDrIsdSMcDot9zJFzeQxHlLf0ATHVAX5bOUpPDbKAEZCmpdoOFO/d+Q4VmoSh6YyxnqkfnuF+JfnZzpqBDlL0kzThMw/ijIOtYDF/XDAJCWaTwzBRDKzKyQjLDHRJqWyCeHrUvg/6bg28myErt1q83yRRwkcgiNwAhCogya4BC3QBgQI8ACewLOlrUfrxXqdly5Zi54D8APW2yflOJF6</latexit>

Loop Spaces

<latexit sha1_base64="/2Pb0cCZS9i15eA9ckpyR5f8gKU="></latexit>

L(2) = {f : S2 ! M | north pole ! xR}

xR

<latexit sha1_base64="HYfk5P6+s8vViy6mZFfs8zwEKlg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQI9BL96MYB6QLGF2MpuMmccyMyuEJf/gxYOCePV7vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfjm5nffqLaMCUf7CShocBDyWJGsHVSq3cn6BD3yxW/6s+BVkmQkwrkaPTLX72BIqmg0hKOjekGfmLDDGvLCKfTUi81NMFkjIe066jEgpowm187RWdOGaBYaVfSorn6eyLDwpiJiFynwHZklr2Z+J/XTW18FWZMJqmlkiwWxSlHVqHZ62jANCWWTxzBRDN3KyIjrDGxLqCSCyFYfnmVtC+qQa0aBPe1Sv06z6MIJ3AK5xDAJdThFhrQBAKP8Ayv8OYp78V79z4WrQUvnzmGP/A+fwD3FI80</latexit>

⌦

<latexit sha1_base64="cVeYjy4fIoQjouBW3lELj6DN/40=">AAAB9nicbVBNSwMxEM3Wr1q/qh69BIvgqexKQY9FL96sYG2hu5ZsOtuGJtklySpl6f/w4kFBvPpbvPlvzLZ70NYHA4/3ZpKZFyacaeO6305pZXVtfaO8Wdna3tndq+4f3Os4VRTaNOax6oZEA2cS2oYZDt1EAREhh044vsr9ziMozWJ5ZyYJBIIMJYsYJcZKD35ClGGE+zcChqRfrbl1dwa8TLyC1FCBVr/65Q9imgqQhnKidc9zExNk+ZuUw7TipxoSQsdkCD1LJRGgg2y29RSfWGWAo1jZkgbP1N8TGRFaT0RoOwUxI73o5eJ/Xi810UWQMZmkBiSdfxSlHJsY5xHgAVNADZ9YQqhidldMR0QRamxQFRuCt3jyMumc1b1G3fNuG7XmZZFHGR2hY3SKPHSOmugatVAbUaTQM3pFb86T8+K8Ox/z1pJTzByiP3A+fwA8MJLN</latexit>

@⌦

<latexit sha1_base64="04+YUi0TWXear9DbsjkyAqqerTU=">AAACAnicdVBNSwMxEM3Wr1q/ql4EL8FWqJeyWcS2t6IXDx4qWFto15JNs21oNrskWaEs9eJf8eJBQbz6K7z5b8y2FVT0wcDjvRlm5nkRZ0rb9oeVWVhcWl7JrubW1jc2t/LbO9cqjCWhTRLyULY9rChngjY105y2I0lx4HHa8kZnqd+6pVKxUFzpcUTdAA8E8xnB2ki9/F6E9RAyAYtJl2AOLyY3Sck5mhR7+YJdtm0bIQRTgiontiG1WtVBVYhSy6AA5mj08u/dfkjigApNOFaqg+xIuwmWmhFOJ7lurGiEyQgPaMdQgQOq3GT6wQQeGqUP/VCaEhpO1e8TCQ6UGgee6QzMweq3l4p/eZ1Y+1U3YSKKNRVktsiPOdQhTOOAfSYp0XxsCCaSmVshGWKJiTah5UwIX5/C/0nLKaPjMkKXTqF+Os8jC/bBASgBBCqgDs5BAzQBAXfgATyBZ+veerRerNdZa8aaz+yCH7DePgEkzJXd</latexit>

path in L(2)
<latexit sha1_base64="m4PHjwmGTvSEQ+6/zLG54TRdYJY=">AAACBXicdVDLSgMxFM34rPU16rKbYEdwY5lUse2u6MaNWMHaQjuUTJppQzOZIckUSunCjb/ixoWCuPUf3Pk3ZtoKKnrgwuGce5N7jx9zprTrflgLi0vLK6uZtez6xubWtr2ze6uiRBJaJxGPZNPHinImaF0zzWkzlhSHPqcNf3Ce+o0hlYpF4kaPYuqFuCdYwAjWRurYOefYORpGPAkpdNpXIe1hBzIBnUsHduy8W3BdFyEEU4JKp64hlUq5iMoQpZZBHsxR69jv7W5EzFNCE46VaiE31t4YS80Ip5NsO1E0xmSAe7RlqMAhVd54esQEHhilC4NImhIaTtXvE2McKjUKfdMZYt1Xv71U/MtrJTooe2Mm4kRTQWYfBQmHOoJpIrDLJCWajwzBRDKzKyR9LDHRJresCeHrUvg/aRQL6KSA0HUxXz2b55EBObAPDgECJVAFF6AG6oCAO/AAnsCzdW89Wi/W66x1wZrP7IEfsN4+AXPIld8=</latexit>

3-volume ⌦ in M

!

xR

#

<latexit sha1_base64="ahEK6V3JwFIsmuCcUi30sTy1dmY="></latexit>

The right thing: holonomies in loop space



The generalized non-abelian Stokes theorem
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The generalized non-abelian Stokes theorem
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The generalized non-abelian Stokes theorem

O. Alvarez, L. A. Ferreira and J. Sanchez Guillen,

Nucl. Phys. B 529, 689 (1998) [arXiv:hep-th/9710147].

Int. J. Mod. Phys. A 24, 1825 (2009) [arXiv:0901.1654 [hep-th]]
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The integral equations for Yang-Mills
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The integral equations for Yang-Mills
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The integral equations for Yang-Mills
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The integral equations for Yang-Mills
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Direct consequence of Stokes theorem and Yang-Mills eqs.
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Implies Yang-Mills eqs. in the limit � ! 0

Direct consequence of Stokes theorem and Yang-Mills eqs.
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Iso-spectral evolution: V (�t) = U(t) · V (�0) · U�1(t)
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Eigenvalues of V (�t) are constant in time
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5) Infinite number of charges (expansion in ↵ and �)
C.P. Constantinidis
G. Luchini



Thank You 

<latexit sha1_base64="ChL5D761YvOTGZgw3MbIFzeIEvE="></latexit>

O.Alvarez, LAF, J.S.Guillen
1)[hep-th/9710147], NPB529,689(1998)
2)[arXiv:0901.1654[hep-th]], IJMPA24,1825(2009)
LAF, G.Luchini
3)[arXiv:1205.2088[hep-th]], PRD86,085039(2012)
4)[arXiv:1109.2606hep-th]], NPB858PM(2012)336-365
C.P.Constantinidis, LAF, G.Luchini
5)[arXiv:1508.03049[hep-th]], JHEP12(2015)137
6)[arXiv:1611.07041[hep-th]], JPA 52, 15, 155202 (2019)
7)[arXiv:1710.03359[hep-th]], PRD97(085006)2018


