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Form factors (FF) = amplitudes for a local operator to create an n-particle asymptotic state

FO(k1, . . . , kn) = hk1, . . . , kn|O(q)|0i =
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Naturally, they live in momentum space

Aim — Bootstrap planar form factors at finite ’t Hooft coupling

Introduction

FF in N=4 SYM have been studies a lot in perturbation theory and also at strong coupling
[van Neerven], [Brandhuber, Spence, Travaglini, Yang], [Bork, Kazakov, Vartanov], …                see review by [Yang] for references
[Maldacena, Zhiboedov], [Gao, Yang]

only consider MHV FF of the stress-tensor multiplet operator 
in planar limit of N=4 SYM theory

In this talk -



Analogy with scattering amplitudes

An operator product 

expansion around 

the collinear limit

Duality with polygon 

Wilson loops An = AMHV tree

n ⇥ hWni
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T-duality



Analogy with scattering amplitudes

An operator product 

expansion around 

the collinear limit
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pentagon transition

can be bootstrapped 
at finite coupling

Duality with polygon 

Wilson loops An = AMHV tree

n ⇥ hWni
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Form factors

Duality with polygon periodic 

Wilson path operators
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<latexit sha1_base64="cGTsg5SUqxyJYZ9LMX3QnmJb4j8=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgKSQi6MFD0YvHCvYDmlA22027dLOJu5NCCf0dXjwo4tUf481/47bNQVsfDDzem2FmXpgKrtF1v63S2vrG5lZ5u7Kzu7d/UD08aukkU5Q1aSIS1QmJZoJL1kSOgnVSxUgcCtYOR3czvz1mSvNEPuIkZUFMBpJHnBI0UuALFuGNr/hgiE6vWnMddw57lXgFqUGBRq/65fcTmsVMIhVE667nphjkRCGngk0rfqZZSuiIDFjXUElipoN8fvTUPjNK344SZUqiPVd/T+Qk1noSh6YzJjjUy95M/M/rZhhdBzmXaYZM0sWiKBM2JvYsAbvPFaMoJoYQqri51aZDoghFk1PFhOAtv7xKWheO5zrew2WtflvEUYYTOIVz8OAK6nAPDWgChSd4hld4s8bWi/VufSxaS1Yxcwx/YH3+AH5/kec=</latexit><latexit sha1_base64="cGTsg5SUqxyJYZ9LMX3QnmJb4j8=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgKSQi6MFD0YvHCvYDmlA22027dLOJu5NCCf0dXjwo4tUf481/47bNQVsfDDzem2FmXpgKrtF1v63S2vrG5lZ5u7Kzu7d/UD08aukkU5Q1aSIS1QmJZoJL1kSOgnVSxUgcCtYOR3czvz1mSvNEPuIkZUFMBpJHnBI0UuALFuGNr/hgiE6vWnMddw57lXgFqUGBRq/65fcTmsVMIhVE667nphjkRCGngk0rfqZZSuiIDFjXUElipoN8fvTUPjNK344SZUqiPVd/T+Qk1noSh6YzJjjUy95M/M/rZhhdBzmXaYZM0sWiKBM2JvYsAbvPFaMoJoYQqri51aZDoghFk1PFhOAtv7xKWheO5zrew2WtflvEUYYTOIVz8OAK6nAPDWgChSd4hld4s8bWi/VufSxaS1Yxcwx/YH3+AH5/kec=</latexit><latexit sha1_base64="cGTsg5SUqxyJYZ9LMX3QnmJb4j8=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgKSQi6MFD0YvHCvYDmlA22027dLOJu5NCCf0dXjwo4tUf481/47bNQVsfDDzem2FmXpgKrtF1v63S2vrG5lZ5u7Kzu7d/UD08aukkU5Q1aSIS1QmJZoJL1kSOgnVSxUgcCtYOR3czvz1mSvNEPuIkZUFMBpJHnBI0UuALFuGNr/hgiE6vWnMddw57lXgFqUGBRq/65fcTmsVMIhVE667nphjkRCGngk0rfqZZSuiIDFjXUElipoN8fvTUPjNK344SZUqiPVd/T+Qk1noSh6YzJjjUy95M/M/rZhhdBzmXaYZM0sWiKBM2JvYsAbvPFaMoJoYQqri51aZDoghFk1PFhOAtv7xKWheO5zrew2WtflvEUYYTOIVz8OAK6nAPDWgChSd4hld4s8bWi/VufSxaS1Yxcwx/YH3+AH5/kec=</latexit><latexit sha1_base64="cGTsg5SUqxyJYZ9LMX3QnmJb4j8=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgKSQi6MFD0YvHCvYDmlA22027dLOJu5NCCf0dXjwo4tUf481/47bNQVsfDDzem2FmXpgKrtF1v63S2vrG5lZ5u7Kzu7d/UD08aukkU5Q1aSIS1QmJZoJL1kSOgnVSxUgcCtYOR3czvz1mSvNEPuIkZUFMBpJHnBI0UuALFuGNr/hgiE6vWnMddw57lXgFqUGBRq/65fcTmsVMIhVE667nphjkRCGngk0rfqZZSuiIDFjXUElipoN8fvTUPjNK344SZUqiPVd/T+Qk1noSh6YzJjjUy95M/M/rZhhdBzmXaYZM0sWiKBM2JvYsAbvPFaMoJoYQqri51aZDoghFk1PFhOAtv7xKWheO5zrew2WtflvEUYYTOIVz8OAK6nAPDWgChSd4hld4s8bWi/VufSxaS1Yxcwx/YH3+AH5/kec=</latexit>

i
<latexit sha1_base64="NTU4E+hve0HFtQmqka+KEzY6umQ=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgKSQi6EmKXjxWsB/QhLLZbtqlm03cnRRK6O/w4kERr/4Yb/4bt20O2vpg4PHeDDPzwlRwja77bZXW1jc2t8rblZ3dvf2D6uFRSyeZoqxJE5GoTkg0E1yyJnIUrJMqRuJQsHY4upv57TFTmifyEScpC2IykDzilKCRAl+wCB1f8cEQb3rVmuu4c9irxCtIDQo0etUvv5/QLGYSqSBadz03xSAnCjkVbFrxM81SQkdkwLqGShIzHeTzo6f2mVH6dpQoUxLtufp7Iiex1pM4NJ0xwaFe9mbif143w+g6yLlMM2SSLhZFmbAxsWcJ2H2uGEUxMYRQxc2tNh0SRSianComBG/55VXSunA81/EeLmv12yKOMpzAKZyDB1dQh3toQBMoPMEzvMKbNbZerHfrY9FasoqZY/gD6/MHgSWR6Q==</latexit><latexit sha1_base64="NTU4E+hve0HFtQmqka+KEzY6umQ=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgKSQi6EmKXjxWsB/QhLLZbtqlm03cnRRK6O/w4kERr/4Yb/4bt20O2vpg4PHeDDPzwlRwja77bZXW1jc2t8rblZ3dvf2D6uFRSyeZoqxJE5GoTkg0E1yyJnIUrJMqRuJQsHY4upv57TFTmifyEScpC2IykDzilKCRAl+wCB1f8cEQb3rVmuu4c9irxCtIDQo0etUvv5/QLGYSqSBadz03xSAnCjkVbFrxM81SQkdkwLqGShIzHeTzo6f2mVH6dpQoUxLtufp7Iiex1pM4NJ0xwaFe9mbif143w+g6yLlMM2SSLhZFmbAxsWcJ2H2uGEUxMYRQxc2tNh0SRSianComBG/55VXSunA81/EeLmv12yKOMpzAKZyDB1dQh3toQBMoPMEzvMKbNbZerHfrY9FasoqZY/gD6/MHgSWR6Q==</latexit><latexit sha1_base64="NTU4E+hve0HFtQmqka+KEzY6umQ=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgKSQi6EmKXjxWsB/QhLLZbtqlm03cnRRK6O/w4kERr/4Yb/4bt20O2vpg4PHeDDPzwlRwja77bZXW1jc2t8rblZ3dvf2D6uFRSyeZoqxJE5GoTkg0E1yyJnIUrJMqRuJQsHY4upv57TFTmifyEScpC2IykDzilKCRAl+wCB1f8cEQb3rVmuu4c9irxCtIDQo0etUvv5/QLGYSqSBadz03xSAnCjkVbFrxM81SQkdkwLqGShIzHeTzo6f2mVH6dpQoUxLtufp7Iiex1pM4NJ0xwaFe9mbif143w+g6yLlMM2SSLhZFmbAxsWcJ2H2uGEUxMYRQxc2tNh0SRSianComBG/55VXSunA81/EeLmv12yKOMpzAKZyDB1dQh3toQBMoPMEzvMKbNbZerHfrY9FasoqZY/gD6/MHgSWR6Q==</latexit><latexit sha1_base64="NTU4E+hve0HFtQmqka+KEzY6umQ=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgKSQi6EmKXjxWsB/QhLLZbtqlm03cnRRK6O/w4kERr/4Yb/4bt20O2vpg4PHeDDPzwlRwja77bZXW1jc2t8rblZ3dvf2D6uFRSyeZoqxJE5GoTkg0E1yyJnIUrJMqRuJQsHY4upv57TFTmifyEScpC2IykDzilKCRAl+wCB1f8cEQb3rVmuu4c9irxCtIDQo0etUvv5/QLGYSqSBadz03xSAnCjkVbFrxM81SQkdkwLqGShIzHeTzo6f2mVH6dpQoUxLtufp7Iiex1pM4NJ0xwaFe9mbif143w+g6yLlMM2SSLhZFmbAxsWcJ2H2uGEUxMYRQxc2tNh0SRSianComBG/55VXSunA81/EeLmv12yKOMpzAKZyDB1dQh3toQBMoPMEzvMKbNbZerHfrY9FasoqZY/gD6/MHgSWR6Q==</latexit>

k1
<latexit sha1_base64="7m0XAhFb0TMdl4vUEeGzQtrySLw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdz3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB/fTjZM=</latexit><latexit sha1_base64="7m0XAhFb0TMdl4vUEeGzQtrySLw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdz3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB/fTjZM=</latexit><latexit sha1_base64="7m0XAhFb0TMdl4vUEeGzQtrySLw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdz3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB/fTjZM=</latexit><latexit sha1_base64="7m0XAhFb0TMdl4vUEeGzQtrySLw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdz3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB/fTjZM=</latexit>

k2
<latexit sha1_base64="iR+qAF2Hj9H8E/BHBQzwz7ORs+k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTKoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD5V42U</latexit><latexit sha1_base64="iR+qAF2Hj9H8E/BHBQzwz7ORs+k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTKoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD5V42U</latexit><latexit sha1_base64="iR+qAF2Hj9H8E/BHBQzwz7ORs+k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTKoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD5V42U</latexit><latexit sha1_base64="iR+qAF2Hj9H8E/BHBQzwz7ORs+k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTKoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD5V42U</latexit>

k3
<latexit sha1_base64="Bj1Pi2bfBzBB3jqIxib2cdg4GF8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh3H/sl+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD6242V</latexit><latexit sha1_base64="Bj1Pi2bfBzBB3jqIxib2cdg4GF8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh3H/sl+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD6242V</latexit><latexit sha1_base64="Bj1Pi2bfBzBB3jqIxib2cdg4GF8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh3H/sl+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD6242V</latexit><latexit sha1_base64="Bj1Pi2bfBzBB3jqIxib2cdg4GF8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh3H/sl+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD6242V</latexit> kn

<latexit sha1_base64="zcDpg5drRJ9+7NDMT1nqEdmSpkQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdxXfbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A1RWjdA=</latexit><latexit sha1_base64="zcDpg5drRJ9+7NDMT1nqEdmSpkQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdxXfbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A1RWjdA=</latexit><latexit sha1_base64="zcDpg5drRJ9+7NDMT1nqEdmSpkQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdxXfbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A1RWjdA=</latexit><latexit sha1_base64="zcDpg5drRJ9+7NDMT1nqEdmSpkQ=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdxXfbfq1bw5yCrxC1KFAo2++9UbJCyLuUImqTFd30sxyKlGwSSfVnqZ4SllYzrkXUsVjbkJ8vmpU3JmlQGJEm1LIZmrvydyGhsziUPbGVMcmWVvJv7ndTOMroNcqDRDrthiUZRJggmZ/U0GQnOGcmIJZVrYWwkbUU0Z2nQqNgR/+eVV0rqo+V7Nv7+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A1RWjdA=</latexit>

k1
<latexit sha1_base64="7m0XAhFb0TMdl4vUEeGzQtrySLw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdz3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB/fTjZM=</latexit><latexit sha1_base64="7m0XAhFb0TMdl4vUEeGzQtrySLw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdz3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB/fTjZM=</latexit><latexit sha1_base64="7m0XAhFb0TMdl4vUEeGzQtrySLw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdz3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB/fTjZM=</latexit><latexit sha1_base64="7m0XAhFb0TMdl4vUEeGzQtrySLw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdz3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB/fTjZM=</latexit> cylinder

<latexit sha1_base64="wr8pPs4XDeYuoEJd/YF0jbU8K+Q=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lspu3SzSbsTsQY+ku8eFDEqz/Fm//GbZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqGLRYLGLVDagGwSW0kKOAbqKARoGATjC5mfmdB1Cax/IeswT8iI4kH3JG0UgDu9pHeMScZeaBENR0YNfcujuHs0q8gtRIgebA/uqHMUsjkMgE1brnuQn6OVXImYBppZ9qSCib0BH0DJU0Au3n88WnzqlRQmcYK1MSnbn6eyKnkdZZFJjOiOJYL3sz8T+vl+Lwys+5TFIEyRYfDVPhYOzMUnBCroChyAyhTHGzq8PGVFGGJquKCcFbPnmVtM/rnlv37i5qjesijjI5JifkjHjkkjTILWmSFmEkJc/klbxZT9aL9W59LFpLVjFzRP7A+vwBoQOTtA==</latexit><latexit sha1_base64="wr8pPs4XDeYuoEJd/YF0jbU8K+Q=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lspu3SzSbsTsQY+ku8eFDEqz/Fm//GbZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqGLRYLGLVDagGwSW0kKOAbqKARoGATjC5mfmdB1Cax/IeswT8iI4kH3JG0UgDu9pHeMScZeaBENR0YNfcujuHs0q8gtRIgebA/uqHMUsjkMgE1brnuQn6OVXImYBppZ9qSCib0BH0DJU0Au3n88WnzqlRQmcYK1MSnbn6eyKnkdZZFJjOiOJYL3sz8T+vl+Lwys+5TFIEyRYfDVPhYOzMUnBCroChyAyhTHGzq8PGVFGGJquKCcFbPnmVtM/rnlv37i5qjesijjI5JifkjHjkkjTILWmSFmEkJc/klbxZT9aL9W59LFpLVjFzRP7A+vwBoQOTtA==</latexit><latexit sha1_base64="wr8pPs4XDeYuoEJd/YF0jbU8K+Q=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lspu3SzSbsTsQY+ku8eFDEqz/Fm//GbZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqGLRYLGLVDagGwSW0kKOAbqKARoGATjC5mfmdB1Cax/IeswT8iI4kH3JG0UgDu9pHeMScZeaBENR0YNfcujuHs0q8gtRIgebA/uqHMUsjkMgE1brnuQn6OVXImYBppZ9qSCib0BH0DJU0Au3n88WnzqlRQmcYK1MSnbn6eyKnkdZZFJjOiOJYL3sz8T+vl+Lwys+5TFIEyRYfDVPhYOzMUnBCroChyAyhTHGzq8PGVFGGJquKCcFbPnmVtM/rnlv37i5qjesijjI5JifkjHjkkjTILWmSFmEkJc/klbxZT9aL9W59LFpLVjFzRP7A+vwBoQOTtA==</latexit><latexit sha1_base64="wr8pPs4XDeYuoEJd/YF0jbU8K+Q=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lspu3SzSbsTsQY+ku8eFDEqz/Fm//GbZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqGLRYLGLVDagGwSW0kKOAbqKARoGATjC5mfmdB1Cax/IeswT8iI4kH3JG0UgDu9pHeMScZeaBENR0YNfcujuHs0q8gtRIgebA/uqHMUsjkMgE1brnuQn6OVXImYBppZ9qSCib0BH0DJU0Au3n88WnzqlRQmcYK1MSnbn6eyKnkdZZFJjOiOJYL3sz8T+vl+Lwys+5TFIEyRYfDVPhYOzMUnBCroChyAyhTHGzq8PGVFGGJquKCcFbPnmVtM/rnlv37i5qjesijjI5JifkjHjkkjTILWmSFmEkJc/klbxZT9aL9W59LFpLVjFzRP7A+vwBoQOTtA==</latexit>

k1
<latexit sha1_base64="7m0XAhFb0TMdl4vUEeGzQtrySLw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdz3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB/fTjZM=</latexit><latexit sha1_base64="7m0XAhFb0TMdl4vUEeGzQtrySLw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdz3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB/fTjZM=</latexit><latexit sha1_base64="7m0XAhFb0TMdl4vUEeGzQtrySLw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdz3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB/fTjZM=</latexit><latexit sha1_base64="7m0XAhFb0TMdl4vUEeGzQtrySLw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdz3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB/fTjZM=</latexit>

k2
<latexit sha1_base64="iR+qAF2Hj9H8E/BHBQzwz7ORs+k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTKoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD5V42U</latexit><latexit sha1_base64="iR+qAF2Hj9H8E/BHBQzwz7ORs+k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTKoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD5V42U</latexit><latexit sha1_base64="iR+qAF2Hj9H8E/BHBQzwz7ORs+k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTKoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD5V42U</latexit><latexit sha1_base64="iR+qAF2Hj9H8E/BHBQzwz7ORs+k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTKoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD5V42U</latexit>

kn
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[Maldacena, Zhiboedov], [Brandhuber, Spence, Travaglini, Yang], 
[Bianchi, Brandhuber, Panerai, Travaglini], [Israel, Tumanov, A.S.] 

FL = FMHV tree

L ⇥ hW i
cylinder
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T-duality

• The duality has not been proven. We will analyze perturbative FF data and find a 
match with the Wilson loop OPE predictions.

• What is the dual of FF for general local operator?
Natural expectation — modified periodicity constraint (T-dual to other charges)

• Can be generalised to              FF — Wilson lines with super periodicityN
k
MHV
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Form factors OPE

q
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Form factors OPE

same as before 
(does not “know” about the periodicity)

new 
“FF transition”

Geometry

• 2-particle FF has no ccr (like the pentagon)

• 3-particle FF has two ccr -  (� = 0)
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{⌧,�}
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• n-particle FF has 3n-7 independent ccr  

P ( |') $ C123

E $ �

analogy with correlation functions

F ( ) $ hOidefect

<latexit sha1_base64="KZhVhIJByTyBPtGWh9To3HwjEH4="></latexit>

Only need to bootstrap one new ingredient

=
X

 i

"
Y

i

e�Ei⌧i+ipi�i+imi�i

#
P (0| 1)P ( 1| 2)P ( 2| 3)⇥ F ( 3)
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The conformal invariant finite ratio

conjugation, see footnote 8. Note finally that these form factors, PF (0|u) and PF̄ (0|u), can
be set to 1 by an appropriate normalization of the single gauge field wave function (see end
of this section and section 2.4 for further discussion of this point). Under this convention
the WL (34) becomes

Whex = 1 + 2 cos(�)f(⌧,�) + . . . with f(⌧,�) ⌘
Z

du

2⇡
µ(u)e�E(u)⌧+ip(u)� . (35)

Our next example is the MHV heptagon for which we have

Whep ⌘

(36)

=
X

a,b

Z
du dv Pa(0|u) e�E(u)⌧1+ip(u)�1+im1�1Pab(ū|v) e�E(v)⌧2+ip(v)�2+im2�2Pb(v̄|0)

Again, the vacuum contribution gives 1. Then, the leading processes at large ⌧1, ⌧2 are those
involving a single gluonic excitation F or F̄ . Such gluonic excitation can be produced at
the bottom and absorbed at the top. It can also be produced latter or annihilated before.
Furthermore, in the middle transition, it can change its nature. This is because the pentagon
can absorb the U(1) charge of the excitations and convert an F into an F̄ . We therefore
have two possible gluonic transitions

P (u|v) ⌘ PFF (u|v) = PFF (u|v) and P̄ (u|v) ⌘ PFF̄ (u|v) = PF̄F (u|v) , (37)

associated respectively to the U(1)-preserving and U(1)-violating processes: F
�
F̄

�
! F

�
F̄

�

and F
�
F̄

�
! F̄ (F ). In sum, we have

Whep = 1 vacuum! vacuum! vacuum! vacuum

+ 2 cos(�1)f(⌧1, �1) vacuum! F (F̄ ) ! vacuum! vacuum

+ 2 cos(�2)f(⌧2, �2) vacuum! vacuum! F (F̄ ) ! vacuum

+ 2 cos(�1 � �2)h̄(⌧1, ⌧2, �1, �2) vacuum! F̄ (F̄ ) ! F (F̄ ) ! vacuum

+ 2 cos(�1 + �2)h(⌧1, ⌧2, �1, �2) vacuum! F (F̄ ) ! F (F̄ ) ! vacuum

+ . . . (38)

Here, f is the same as before, see (35), the helicity preserving transition contributes as

h(⌧1, ⌧2, �1, �2) =

Z
du

2⇡

Z
dv

2⇡
µ(u) P (�u|v)µ(v) e�⌧1E(u)+ip(u)�1�⌧2E(v)+ip(v)�2 , (39)

18

For a given tessellation of a closed polygon in terms of null squares we define the following 
finite conformal invariant ratio

Similarly, for a given tessellation of a periodic polygon in terms of null squares we define 
the following finite conformal invariant ratio

Note - the conformal transformation also acts on the periodicity constraint

2pt FF



The FF transition
GKP states are characterized by - {number of excitations, their type, their momentum}

| i = |(u1, a1), . . . , (un, an)i
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momentum or rapidity flavour

Correspondingly

F ( ) = F ((u1, a1), . . . , (un, an)) =
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The FF transition is neutral under transverse rotations and internal symmetries

) n � 2
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) | i
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 is a singlet the FF OPE is very hard to check!

• It starts with two particle singlet 
•     only couples to the c.o.m. of the two excitations 
• In perturbation theory, the singlet state mixes all type of fields - {gauge fields, scalars, fermions} 

and has not been constructed before + there is degeneracy

�
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<latexit sha1_base64="aPbyqQot+RduiG70k5hrOxDE498=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgooQkhj52RUFcVrCt0IQwmU7boZMHMxOlxH6KGxeKuPVL3Pk3TtoKKnrgwuGce7n3niBhVEjT/NAKK6tr6xvFzdLW9s7unl7e74o45Zh0cMxifhMgQRiNSEdSychNwgkKA0Z6weQ893u3hAsaR9dymhAvRKOIDilGUkm+XnYzNxnTqpsIWr3wkTvz9YppNBs126lB0zDNumVbObHrzqkDLaXkqIAl2r7+7g5inIYkkpghIfqWmUgvQ1xSzMis5KaCJAhP0Ij0FY1QSISXzU+fwWOlDOAw5qoiCefq94kMhUJMw0B1hkiOxW8vF//y+qkcNryMRkkqSYQXi4YpgzKGeQ5wQDnBkk0VQZhTdSvEY8QRliqtkgrh61P4P+nahuUYzSun0jpbxlEEh+AInAAL1EELXII26AAM7sADeALP2r32qL1or4vWgracOQA/oL19AiVIk/Y=</latexit>



Non-perturbative properties

lim
u1!un

F ((u1, a), . . . , (un, ā)) =
i

µa(u1)

✓
1

u1 � un + i✏
⌥ Saā(u1, u1)

1

u1 � un � i✏

◆

<latexit sha1_base64="CGXwN7GW7LspJnyuJ9XU27X/ZNs="></latexit>

-function for gluons and fermions, principle part for scalars

fermions/bosons

±1

<latexit sha1_base64="5bx3w8uhLp9EqsIHVAudNNVHB/o=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hq6Met6MVjBWsLbSib7aZdupuE3Y1QQv+CFw+KePUPefPfuGkrqOiDgcd7M8zMCxLOlHacD6uwtr6xuVXcLu3s7u0flA+P7lScSkI7JOax7AVYUc4i2tFMc9pLJMUi4LQbTK9yv3tPpWJxdKtnCfUFHkcsZATrXBokwh2WK47dbNSqXg05tuPU3aqbk2rdu/CQa5QcFVihPSy/D0YxSQWNNOFYqb7rJNrPsNSMcDovDVJFE0ymeEz7hkZYUOVni1vn6MwoIxTG0lSk0UL9PpFhodRMBKZTYD1Rv71c/Mvrpzps+BmLklTTiCwXhSlHOkb542jEJCWazwzBRDJzKyITLDHRJp6SCeHrU/Q/uavarmc3b7xK63IVRxFO4BTOwYU6tOAa2tABAhN4gCd4toT1aL1Yr8vWgrWaOYYfsN4+ASowjlo=</latexit>

) �

<latexit sha1_base64="nxEa3YQpRRaAPfpCs742zA7apz4=">AAAB/3icdVDLSgNBEJz1GeMrKnjxMhgET2E3PrJ7C3rxGMWokA2hd3aSDJl9ONOrhJiDv+LFgyJe/Q1v/o0TjaCiBQ1FVTfdXUEqhUbbfrMmJqemZ2Zzc/n5hcWl5cLK6plOMsV4nSUyURcBaC5FzOsoUPKLVHGIAsnPg97hyD+/4kqLJD7FfsqbEXRi0RYM0Eitwrp/IjpdBKWSa/8yg9APuURoFYp2ybYrnudSu+RU9vfKFUP2PLfs7lDHWCMUyRi1VuHVDxOWRTxGJkHrhmOn2ByAQsEkH+b9TPMUWA86vGFoDBHXzcHH/UO6ZZSQthNlKkb6oX6fGECkdT8KTGcE2NW/vZH4l9fIsO02ByJOM+Qx+1zUziTFhI7CoKFQnKHsGwJMCXMrZV1QwNBEljchfH1K/ydn5ZKzW/KOd4vVg3EcObJBNsk2cUiFVMkRqZE6YeSG3JEH8mjdWvfWk/X82TphjWfWyA9YL+8s7Zbl</latexit>

II. Square limit

+

<latexit sha1_base64="5gUpEueemIOpL4kdq4Bq/9+7w9Q=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXAuot6MVjAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupv5rSdUmsfywYwT9CM6kDzkjBor1S96xZJbducgq8TLSAky1HrFr24/ZmmE0jBBte54bmL8CVWGM4HTQjfVmFA2ogPsWCpphNqfzA+dkjOr9EkYK1vSkLn6e2JCI63HUWA7I2qGetmbif95ndSE1/6EyyQ1KNliUZgKYmIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2BC85ZdXSfOy7FXKN/VKqXqbxZGHEziFc/DgCqpwDzVoAAOEZ3iFN+fReXHenY9Fa87JZo7hD5zPH3VljLs=</latexit>

I. Watson F (. . . , (ui, ai), (ui+1, ai+1), . . . ) = Sai ai+1(ui, ui+1)⇥ F (. . . , (ui+1, ai+1), (ui, ai), . . . )

<latexit sha1_base64="t7RKyg1mgblZoX/IQDu4v9VIIYM="></latexit>

(property of the state)



Non-perturbative properties

III. Reflection symmetry F ((u1, a1), . . . , (un, an)) = F ((�un, an), . . . , (�u1, a1))

<latexit sha1_base64="YIagRA8YiV1/lEbaPmlB/8r2sZM="></latexit>

V. Factorization

F ((u1, a1), . . . , (un, an)) =
Y

i<j

F ((ui, ai), (uj , aj))

<latexit sha1_base64="ayRyqEdB1K43heMfUK4Ek811aBA="></latexit>

a factorized ansatz is consistent with all properties 

IV. Miror axiom F ((u2�
1 , a1), . . . , (un, an)) = F ((u2, a2), . . . , (un, an), (u1, a1))

<latexit sha1_base64="0QzfAeDnIKv97AF+rG3NoiNgFTs="></latexit>

=

<latexit sha1_base64="J/wzsS3rFQoBbzuLmGotn6iaI5A=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQD0IQS8eEzAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7TK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPInXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZa9Svq5XStXbLI48nMApnIMHl1CFe6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCQrYzN</latexit>



Perturbative check and predictions
The first singlet state above the vacuum has two excitations and energy  E = 2

<latexit sha1_base64="sozR0UhmdsE9NGbe44WcVZtdwGo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQT0IRRE8VrS20Iay2W7apZtN2J0IpfQnePGgiFd/kTf/jds2B219MPB4b4aZeUEihUHX/XZyK6tr6xv5zcLW9s7uXnH/4NHEqWa8wWIZ61ZADZdC8QYKlLyVaE6jQPJmMLye+s0nro2I1QOOEu5HtK9EKBhFK93fXFa6xZJbdmcgy8TLSAky1LvFr04vZmnEFTJJjWl7boL+mGoUTPJJoZManlA2pH3etlTRiBt/PDt1Qk6s0iNhrG0pJDP198SYRsaMosB2RhQHZtGbiv957RTDc38sVJIiV2y+KEwlwZhM/yY9oTlDObKEMi3srYQNqKYMbToFG4K3+PIyeayUvWr54q5aql1lceThCI7hFDw4gxrcQh0awKAPz/AKb450Xpx352PemnOymUP4A+fzB4+pjVg=</latexit>

�(x(�1))

<latexit sha1_base64="H63xBXN0qLeL4Fraz8hJJ2nQH/Q=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovQbkoiBXVXdOOygn1AE8JkOmmHzkzCzEQtsZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7T5gwqrTjfFuFtfWNza3idmlnd2//wC4fdlScSkzaOGax7IVIEUYFaWuqGeklkiAeMtINx9czv3tPpKKxuNOThPgcDQWNKEbaSIFd9lojWn2seooOOQrcWi2wK07dmQOuEjcnFZCjFdhf3iDGKSdCY4aU6rtOov0MSU0xI9OSlyqSIDxGQ9I3VCBOlJ/NT5/CU6MMYBRLU0LDufp7IkNcqQkPTSdHeqSWvZn4n9dPdXThZ1QkqSYCLxZFKYM6hrMc4IBKgjWbGIKwpOZWiEdIIqxNWiUTgrv88irpnNXdRv3ytlFpXuVxFMExOAFV4IJz0AQ3oAXaAIMH8AxewZv1ZL1Y79bHorVg5TNH4A+szx+fyJL1</latexit>

� 2 {F,�, , . . . }

<latexit sha1_base64="2FBjF/pKreGAqMneMxnAAUDRURc=">AAACBXicdVDLSsNAFJ3UV62vqEtdDBbBhZQkhj52RUFcVrAPaEKZTKft0MkkzEyEErpx46+4caGIW//BnX/jpK2gohfmcjjnHu7cE8SMSmVZH0ZuaXlldS2/XtjY3NreMXf3WjJKBCZNHLFIdAIkCaOcNBVVjHRiQVAYMNIOxheZ3r4lQtKI36hJTPwQDTkdUIyUpnrmodcYUY9yL7089eIR1U3q1o+U9KY9s2iVatWy45ahVbKsiu3YGXAq7pkLbc1kVQSLavTMd+3ESUi4wgxJ2bWtWPkpEopiRqYFL5EkRniMhqSrIUchkX46u2IKjzXTh4NI6McVnLHfHSkKpZyEgZ4MkRrJ31pG/qV1EzWo+inlcaIIx/NFg4RBFcEsEtingmDFJhogLKj+K8QjJBBWOriCDuHrUvg/aDkl2y3Vrt1i/XwRRx4cgCNwAmxQAXVwBRqgCTC4Aw/gCTwb98aj8WK8zkdzxsKzD36U8fYJciyYlg==</latexit>

�̄(x(�2))

<latexit sha1_base64="XOlhIBDZRE+qWaNPZU+2P/Cxh2o=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEdlOSUlB3RTcuK9gHNCFMppN26MwkzEzEEgr+ihsXirj1O9z5N07bLLT1wIXDOfdy7z1hwqjSjvNtFdbWNza3itulnd29/QP78Kij4lRi0sYxi2UvRIowKkhbU81IL5EE8ZCRbji+mfndByIVjcW9niTE52goaEQx0kYK7BMvRNJrjWjlseIpOuQoqFergV12as4ccJW4OSmDHK3A/vIGMU45ERozpFTfdRLtZ0hqihmZlrxUkQThMRqSvqECcaL8bH7+FJ4bZQCjWJoSGs7V3xMZ4kpNeGg6OdIjtezNxP+8fqqjSz+jIkk1EXixKEoZ1DGcZQEHVBKs2cQQhCU1t0I8QhJhbRIrmRDc5ZdXSadecxu1q7tGuXmdx1EEp+AMVIALLkAT3IIWaAMMMvAMXsGb9WS9WO/Wx6K1YOUzx+APrM8fsrGUrw==</latexit>

|u1, u2;�1,�2i⇠singlet

<latexit sha1_base64="Q03orNIjg6MTGWPyXEFHP0ZaKV8=">AAACHXicbVBNS8NAEN34WetX1aOXYBE8SElKQcVL0YvHCrYKTQyb7aQubjZhdyItsX/Ei3/FiwdFPHgR/43bmoNfDxbevDfD7LwwFVyj43xYU9Mzs3PzpYXy4tLyymplbb2jk0wxaLNEJOoipBoEl9BGjgIuUgU0DgWch9fHY//8BpTmiTzDYQp+TPuSR5xRNFJQadxmgbubBfVDT/N+TE1RkLqnqOwLCDyEAeaajwscXXoDHlSqTs2ZwP5L3IJUSYFWUHnzegnLYpDIBNW66zop+jlVyJmAUdnLNKSUXdM+dA2VNAbt55PrRva2UXp2lCjzJNoT9ftETmOth3FoOmOKV/q3Nxb/87oZRvt+zmWaIUj2tSjKhI2JPY7K7nEFDMXQEMoUN3+12RVVlKEJtGxCcH+f/Jd06jW3UTs4bVSbR0UcJbJJtsgOcckeaZIT0iJtwsgdeSBP5Nm6tx6tF+v1q3XKKmY2yA9Y7582zqKy</latexit>

two asymptotic {scalars, fermions, gauge fields}

=  ⇠
��̄

|�(�1) �̄(�2)i+  ⇠
  ̄

| (�1)  ̄(�2)i+  ⇠
FF̄

|F (�1) F̄ (�2)i

<latexit sha1_base64="aYjh2o3S0WWPjQbbPVv0B+D7CaA="></latexit>



Perturbative check and predictions
The first singlet state above the vacuum has two excitations and energy  E = 2

<latexit sha1_base64="sozR0UhmdsE9NGbe44WcVZtdwGo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQT0IRRE8VrS20Iay2W7apZtN2J0IpfQnePGgiFd/kTf/jds2B219MPB4b4aZeUEihUHX/XZyK6tr6xv5zcLW9s7uXnH/4NHEqWa8wWIZ61ZADZdC8QYKlLyVaE6jQPJmMLye+s0nro2I1QOOEu5HtK9EKBhFK93fXFa6xZJbdmcgy8TLSAky1LvFr04vZmnEFTJJjWl7boL+mGoUTPJJoZManlA2pH3etlTRiBt/PDt1Qk6s0iNhrG0pJDP198SYRsaMosB2RhQHZtGbiv957RTDc38sVJIiV2y+KEwlwZhM/yY9oTlDObKEMi3srYQNqKYMbToFG4K3+PIyeayUvWr54q5aql1lceThCI7hFDw4gxrcQh0awKAPz/AKb450Xpx352PemnOymUP4A+fzB4+pjVg=</latexit>

|u1, u2;�1,�2i⇠singlet

<latexit sha1_base64="Q03orNIjg6MTGWPyXEFHP0ZaKV8=">AAACHXicbVBNS8NAEN34WetX1aOXYBE8SElKQcVL0YvHCrYKTQyb7aQubjZhdyItsX/Ei3/FiwdFPHgR/43bmoNfDxbevDfD7LwwFVyj43xYU9Mzs3PzpYXy4tLyymplbb2jk0wxaLNEJOoipBoEl9BGjgIuUgU0DgWch9fHY//8BpTmiTzDYQp+TPuSR5xRNFJQadxmgbubBfVDT/N+TE1RkLqnqOwLCDyEAeaajwscXXoDHlSqTs2ZwP5L3IJUSYFWUHnzegnLYpDIBNW66zop+jlVyJmAUdnLNKSUXdM+dA2VNAbt55PrRva2UXp2lCjzJNoT9ftETmOth3FoOmOKV/q3Nxb/87oZRvt+zmWaIUj2tSjKhI2JPY7K7nEFDMXQEMoUN3+12RVVlKEJtGxCcH+f/Jd06jW3UTs4bVSbR0UcJbJJtsgOcckeaZIT0iJtwsgdeSBP5Nm6tx6tF+v1q3XKKmY2yA9Y7582zqKy</latexit>

two asymptotic {scalars, fermions, gauge fields}

=  ⇠
��̄

|�(�1) �̄(�2)i+  ⇠
  ̄

| (�1)  ̄(�2)i+  ⇠
FF̄

|F (�1) F̄ (�2)i

<latexit sha1_base64="aYjh2o3S0WWPjQbbPVv0B+D7CaA="></latexit>

FF transition at Born level

tree level propagator
periodic image of the same propagator

�(x(�1))

<latexit sha1_base64="H63xBXN0qLeL4Fraz8hJJ2nQH/Q=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovQbkoiBXVXdOOygn1AE8JkOmmHzkzCzEQtsZ/ixoUibv0Sd/6N0zYLbT1w4XDOvdx7T5gwqrTjfFuFtfWNza3idmlnd2//wC4fdlScSkzaOGax7IVIEUYFaWuqGeklkiAeMtINx9czv3tPpKKxuNOThPgcDQWNKEbaSIFd9lojWn2seooOOQrcWi2wK07dmQOuEjcnFZCjFdhf3iDGKSdCY4aU6rtOov0MSU0xI9OSlyqSIDxGQ9I3VCBOlJ/NT5/CU6MMYBRLU0LDufp7IkNcqQkPTSdHeqSWvZn4n9dPdXThZ1QkqSYCLxZFKYM6hrMc4IBKgjWbGIKwpOZWiEdIIqxNWiUTgrv88irpnNXdRv3ytlFpXuVxFMExOAFV4IJz0AQ3oAXaAIMH8AxewZv1ZL1Y79bHorVg5TNH4A+szx+fyJL1</latexit>

�̄(x(�2))

<latexit sha1_base64="XOlhIBDZRE+qWaNPZU+2P/Cxh2o=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEdlOSUlB3RTcuK9gHNCFMppN26MwkzEzEEgr+ihsXirj1O9z5N07bLLT1wIXDOfdy7z1hwqjSjvNtFdbWNza3itulnd29/QP78Kij4lRi0sYxi2UvRIowKkhbU81IL5EE8ZCRbji+mfndByIVjcW9niTE52goaEQx0kYK7BMvRNJrjWjlseIpOuQoqFergV12as4ccJW4OSmDHK3A/vIGMU45ERozpFTfdRLtZ0hqihmZlrxUkQThMRqSvqECcaL8bH7+FJ4bZQCjWJoSGs7V3xMZ4kpNeGg6OdIjtezNxP+8fqqjSz+jIkk1EXixKEoZ1DGcZQEHVBKs2cQQhCU1t0I8QhJhbRIrmRDc5ZdXSadecxu1q7tGuXmdx1EEp+AMVIALLkAT3IIWaAMMMvAMXsGb9WS9WO/Wx6K1YOUzx+APrM8fsrGUrw==</latexit>

hFF |�s(�1) �̄s(�2)i =
"p

@�1x�(�1)
p

|@�2x�(�2)

x�(�1)� x�(�2)

#2s

=
1

(e�1+�2 + e��1��2 + 2 e�1��2)2s

<latexit sha1_base64="zFoWbIL4yhgGgJ6mW08zZWr70EI="></latexit>



Perturbative check and predictions

Fscalar(u1, u2) = � 12

(u1 � u2 � 2i) (u1 � u2 � i)

� (iu1 � iu2)

�
�
1
2 + iu1

�
�
�
1
2 � iu2

�

<latexit sha1_base64="oq0iTP3oWg3/9hu7Gdk3FiYcC+k="></latexit>

Ffermions(u1, u2) = 8i u1 sinh(⇡u1) �(u1 � u2)

<latexit sha1_base64="yh4JfAUCpRShtT2+4lrWevn20+0="></latexit>

Fgauge field(u1, u2) = � 2

✓
u2
1 +

1

4

◆
cosh(⇡u1) �(u1 � u2)

<latexit sha1_base64="3Y2ZknhQsViYad2L48jclPdbJ+I="></latexit>

F⇠(u1, u2) =

Z
d�1d�2 hFF |u1, u2;�1,�2i⇠singlet

<latexit sha1_base64="41msE20i516PTTGEdOrnHeDV1pc="></latexit>

W
1-loop
3pt ↵ = e�2⌧

X

⇠2{�, ,F}

Z
du1

2⇡

du2

2⇡
e2i(u1+u2)� P⇠(0|u1, u2)µ⇠(u1)µ⇠(u2)F⇠(u1, u2) + O(e�4⌧ )

<latexit sha1_base64="i4mM5ZMkKniByzW2Gd55amLgb+c="></latexit>

This combine into

= 2e�2⌧
�
1 + �2e2� � 2 cosh2(�) log

�
1 + e2�

��
+ O(e�4⌧ )

<latexit sha1_base64="qdghWQBJkmrB4DdwfOUUJTh6FOs="></latexit>

FF transition at Born-level
(at this order the Wilson line is computed by integrating the gluon propagator along the path)



Perturbative check and predictions

W3pt ↵ =

<latexit sha1_base64="r1POKz3Ox9XDsWO4C+TOdX4SkNE=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KokW1IVQdOOygn1AE8pkOmmHTh7M3IglZOPGX3HjQhG3/oM7/8ZJm4W2HrhwOOde7r3HiwVXYFnfxsLi0vLKammtvL6xubVt7uy2VJRIypo0EpHseEQxwUPWBA6CdWLJSOAJ1vZG17nfvmdS8Si8g3HM3IAMQu5zSkBLPfPACQgMKRFpO+ulDrAHSE9jwL6fZZc9s2JVrQnwPLELUkEFGj3zy+lHNAlYCFQQpbq2FYObEgmcCpaVnUSxmNARGbCupiEJmHLTyRcZPtJKH/uR1BUCnqi/J1ISKDUOPN2Z36xmvVz8z+sm4J+7KQ/jBFhIp4v8RGCIcB4J7nPJKIixJoRKrm/FdEgkoaCDK+sQ7NmX50nrpGrXqhe3tUr9qoijhPbRITpGNjpDdXSDGqiJKHpEz+gVvRlPxovxbnxMWxeMYmYP/YHx+QMr5JkE</latexit>

W1-loop
3pt ↵ = �2 � 2Li2 (�e2⌧ ) + 2Li2

�
�e2⌧ � e�2�

�
+ 2Li2

⇣
�e2⌧ � e2�

�
1 + e2⌧

�2⌘

<latexit sha1_base64="YhLGQAfT3ut35+JGIj6pOCx5q28="></latexit>

= 2e�2⌧
�
1 + �2e2� � 2 cosh2(�) log

�
1 + e2�

��
+ O(e�4⌧ )

<latexit sha1_base64="qdghWQBJkmrB4DdwfOUUJTh6FOs="></latexit>

X



Perturbative check and predictions

X

2-loop check

The term linear in     comes from 1-loop correction to the particles energy ⌧

<latexit sha1_base64="unM+HbUKmICdZAwlzcMsQNNYVYY=">AAAB63icdVDLSsNAFJ34rPVVdelmsAiuQlJSk+6KblxWsA9oQ5lMJ+3QmUmYmQgl9BfcuFDErT/kzr9x0lZQ0QMXDufcy733RCmjSjvOh7W2vrG5tV3aKe/u7R8cVo6OOyrJJCZtnLBE9iKkCKOCtDXVjPRSSRCPGOlG0+vC794TqWgi7vQsJSFHY0FjipEupIFG2bBSdWzH9QM3gI7t+pee1zCk3ghqfh26trNAFazQGlbeB6MEZ5wIjRlSqu86qQ5zJDXFjMzLg0yRFOEpGpO+oQJxosJ8cescnhtlBONEmhIaLtTvEzniSs14ZDo50hP12yvEv7x+puMgzKlIM00EXi6KMwZ1AovH4YhKgjWbGYKwpOZWiCdIIqxNPGUTwten8H/SqdmuZzduvWrzahVHCZyCM3ABXOCDJrgBLdAGGEzAA3gCzxa3Hq0X63XZumatZk7AD1hvn6mzjrA=</latexit>
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3-loop prediction W
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Future directions

FF transition at finite coupling (in progress with B. Basso)


Strong coupling


               and charged FF transition


Other operators


FF transition and QSC 
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