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<latexit sha1_base64="32oxboM8s0V47DcjNOCk0eDNdeQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/KXqVcqV+WqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZx/jNQ=</latexit>

E

<latexit sha1_base64="R50FYFjSbsYt8Ae+V8N7LuwSJjY=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVBOR6rEogscK9gOaWDbbTbt0Nwm7G6XE/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDMvSDhT2nG+raXlldW19cJGcXNre2fXLu01VZxKQhsk5rFsB1hRziLa0Exz2k4kxSLgtBUMryZ+64FKxeLoTo8S6gvcj1jICNZG6tqlPjpB1/eZVx4jTzGB3K5ddirOFGiRuDkpQ4561/7yejFJBY004Vipjusk2s+w1IxwOi56qaIJJkPcpx1DIyyo8rPp6WN0ZJQeCmNpKtJoqv6eyLBQaiQC0ymwHqh5byL+53VSHV74GYuSVNOIzBaFKUc6RpMcUI9JSjQfGYKJZOZWRAZYYqJNWkUTgjv/8iJpnlbcaqV6e1auXeZxFOAADuEYXDiHGtxAHRpA4BGe4RXerCfrxXq3PmatS1Y+sw9/YH3+AL+ekmY=</latexit>

g/E# → 1
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g/E# → 1

<latexit sha1_base64="SuU1KbCaThiUhs52J0zgnXarPRM="></latexit>

ds2AdS = L2 dz
2 + d~x2

z2

<latexit sha1_base64="5Vq8xub59zIT1lAGbfhS+9zd/zI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxonlAsoTZySQZMju7zPQKccknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbEUBl3328ktLa+sruXXCxubW9s7xd29uokSzXiNRTLSzYAaLoXiNRQoeTPWnIaB5I1geDPxG49cGxGpBxzF3A9pX4meYBStdP905XaKJbfsTkEWiZeREmSodopf7W7EkpArZJIa0/LcGP2UahRM8nGhnRgeUzakfd6yVNGQGz+dnjomR1bpkl6kbSkkU/X3REpDY0ZhYDtDigMz703E/7xWgr1LPxUqTpArNlvUSyTBiEz+Jl2hOUM5soQyLeythA2opgxtOgUbgjf/8iKpn5S98/LZ3Wmpcp3FkYcDOIRj8OACKnALVagBgz48wyu8OdJ5cd6dj1lrzslm9uEPnM8f3L+NiQ==</latexit>

z = 0

<latexit sha1_base64="dnOmbtzNfls0X2O6gE3uJYA1AzA=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4xkUcCGzI79MKE2dllZtYECT/hxYPGePV3vPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh7cxvPqLSPJYPZpygH9G+5CFn1Fip9UQ6fRwRt1ssuWV3DrJKvIyUIEOtW/zq9GKWRigNE1Trtucmxp9QZTgTOC10Uo0JZUPax7alkkao/cn83ik5s0qPhLGyJQ2Zq78nJjTSehwFtjOiZqCXvZn4n9dOTXjtT7hMUoOSLRaFqSAmJrPnSY8rZEaMLaFMcXsrYQOqKDM2ooINwVt+eZU0LspepVy5vyxVb7I48nACp3AOHlxBFe6gBnVgIOAZXuHNGTkvzrvzsWjNOdnMMfyB8/kDDtePWA==</latexit>

z → 0

<latexit sha1_base64="+T9aN79vbU2x1wrKbjkk1fIKw+w=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEpLosunFZxT6giWUymbRDJ5MwMymWEDf+ihsXirj1L9z5N07aLLT1wIXDOfdy7z1ezKhUlvVtlJaWV1bXyuuVjc2t7R1zd68to0Rg0sIRi0TXQ5IwyklLUcVINxYEhR4jHW90lfudMRGSRvxOTWLihmjAaUAxUlrqmwfOmOD0IYMO5dAJkRp6Xnqb3ft9s2rVrCngIrELUgUFmn3zy/EjnISEK8yQlD3bipWbIqEoZiSrOIkkMcIjNCA9TTkKiXTT6QcZPNaKD4NI6OIKTtXfEykKpZyEnu7Mb5TzXi7+5/USFVy4KeVxogjHs0VBwqCKYB4H9KkgWLGJJggLqm+FeIgEwkqHVtEh2PMvL5L2ac2u1+o3Z9XGZRFHGRyCI3ACbHAOGuAaNEELYPAInsEreDOejBfj3fiYtZaMYmYf/IHx+QONEZb5</latexit>

ωx → Rd
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ωx → Rd

•Radius     : Dimensionless parameter         , allowing 
perturbative expansion 

<latexit sha1_base64="BkZirS3xLJHdCVdDDlMDKbxoLwk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZa9SrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCnG4zb</latexit>

L
<latexit sha1_base64="/pF56ihNEnxsbEajeWWgyBhfVFo=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFg/BKtyJRMugjYVFBPMhyRn2NnvJkt29Y3dPCEd+hY2FIrb+HDv/jZvkCk18MPB4b4aZeWHCmTae9+0UVlbX1jeKm6Wt7Z3dvfL+QVPHqSK0QWIeq3aINeVM0oZhhtN2oigWIaetcHQ99VtPVGkWy3szTmgg8ECyiBFsrPQwQLePWdedoF7Z9SreDGiZ+DlxIUe9V/7q9mOSCioN4Vjrju8lJsiwMoxwOil1U00TTEZ4QDuWSiyoDrLZwRN0YpU+imJlSxo0U39PZFhoPRah7RTYDPWiNxX/8zqpiS6DjMkkNVSS+aIo5cjEaPo96jNFieFjSzBRzN6KyBArTIzNqGRD8BdfXibNs4pfrVTvzt3aVR5HEY7gGE7BhwuowQ3UoQEEBDzDK7w5ynlx3p2PeWvByWcO4Q+czx+eJ4+n</latexit>

gL#

•Boundary correlators covariant under                    , like 
CFTd (but no stress tensor)       

<latexit sha1_base64="v9SH84GOcU8qa2X7ANdEuMwgzYU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BItQUUoiUj0WvXizov2QNpTNZtMu3d2E3Y1QQn+FFw+KePXnePPfuG1z0NYHA4/3ZpiZ58eMKu0431ZuaXlldS2/XtjY3NreKe7uNVWUSEwaOGKRbPtIEUYFaWiqGWnHkiDuM9Lyh9cTv/VEpKKReNCjmHgc9QUNKUbaSI/3t2X3NDhxj3vFklNxprAXiZuREmSo94pf3SDCCSdCY4aU6rhOrL0USU0xI+NCN1EkRniI+qRjqECcKC+dHjy2j4wS2GEkTQltT9XfEyniSo24bzo50gM1703E/7xOosNLL6UiTjQReLYoTJitI3vyvR1QSbBmI0MQltTcauMBkghrk1HBhODOv7xImmcVt1qp3p2XaldZHHk4gEMogwsXUIMbqEMDMHB4hld4s6T1Yr1bH7PWnJXN7MMfWJ8/hMiO7w==</latexit>

SO(1, d+ 1)

•Data (e.g. dimensions, OPE coeff.) fixed by         but 
not uniquely: choice of boundary condition

<latexit sha1_base64="/pF56ihNEnxsbEajeWWgyBhfVFo=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFg/BKtyJRMugjYVFBPMhyRn2NnvJkt29Y3dPCEd+hY2FIrb+HDv/jZvkCk18MPB4b4aZeWHCmTae9+0UVlbX1jeKm6Wt7Z3dvfL+QVPHqSK0QWIeq3aINeVM0oZhhtN2oigWIaetcHQ99VtPVGkWy3szTmgg8ECyiBFsrPQwQLePWdedoF7Z9SreDGiZ+DlxIUe9V/7q9mOSCioN4Vjrju8lJsiwMoxwOil1U00TTEZ4QDuWSiyoDrLZwRN0YpU+imJlSxo0U39PZFhoPRah7RTYDPWiNxX/8zqpiS6DjMkkNVSS+aIo5cjEaPo96jNFieFjSzBRzN6KyBArTIzNqGRD8BdfXibNs4pfrVTvzt3aVR5HEY7gGE7BhwuowQ3UoQEEBDzDK7w5ynlx3p2PeWvByWcO4Q+czx+eJ4+n</latexit>

gL#

[Paulos, Penedones, Toledo, van Rees, Vieira 
(2016)]



Spontaneous Symmetry Breaking in Anti-de Sitter

6

Possible equivalent definitions:
1. Symmetry breaking boundary condition

3. Charged operator with nonzero 1-pt function

2. Absence of symmetry in the boundary correlators

<latexit sha1_base64="rESGOOr2XxsC03/Y1Mz9g+5J5ZM=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJelblxWsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6WNza3tnfJuZW//4PCoenzS1TJVhHaI5FL1Q6wpZ4J2DDOc9hNFcRxy2gund7nfe6JKMykezSyhQYzHgkWMYGMlfxBjMyGYZ635sFpz6+4CaJ14BalBgfaw+jUYSZLGVBjCsda+5yYmyLAyjHA6rwxSTRNMpnhMfUsFjqkOskXkObqwyghFUtknDFqovzcyHGs9i0M7mUfUq14u/uf5qYlug4yJJDVUkOVHUcqRkSi/H42YosTwmSWYKGazIjLBChNjW6rYErzVk9dJ96ruNeqNh+tas1XUUYYzOIdL8OAGmnAPbegAAQnP8ApvjnFenHfnYzlacoqdU/gD5/MHdWWRYw==</latexit>

B

<latexit sha1_base64="oe/frwLLz9HrOaOJDgj18weP14Q=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0Ip/QtePCji1T/kzX/jps1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WDmSToR3QoecgZNZnUk/jYL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjT6kynAmclXqpxoSyMR1i11JJI9T+dH7rjJxZZUDCWNmShszV3xNTGmk9iQLbGVEz0steJv7ndVMTXvtTLpPUoGSLRWEqiIlJ9jgZcIXMiIkllClubyVsRBVlxsZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQxG8Ayv8OZEzovz7nwsWgtOPnMMf+B8/gAbn45N</latexit>

→=
<latexit sha1_base64="rESGOOr2XxsC03/Y1Mz9g+5J5ZM=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJelblxWsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6WNza3tnfJuZW//4PCoenzS1TJVhHaI5FL1Q6wpZ4J2DDOc9hNFcRxy2gund7nfe6JKMykezSyhQYzHgkWMYGMlfxBjMyGYZ635sFpz6+4CaJ14BalBgfaw+jUYSZLGVBjCsda+5yYmyLAyjHA6rwxSTRNMpnhMfUsFjqkOskXkObqwyghFUtknDFqovzcyHGs9i0M7mUfUq14u/uf5qYlug4yJJDVUkOVHUcqRkSi/H42YosTwmSWYKGazIjLBChNjW6rYErzVk9dJ96ruNeqNh+tas1XUUYYzOIdL8OAGmnAPbegAAQnP8ApvjnFenHfnYzlacoqdU/gD5/MHdWWRYw==</latexit>

B

<latexit sha1_base64="rESGOOr2XxsC03/Y1Mz9g+5J5ZM=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJelblxWsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6WNza3tnfJuZW//4PCoenzS1TJVhHaI5FL1Q6wpZ4J2DDOc9hNFcRxy2gund7nfe6JKMykezSyhQYzHgkWMYGMlfxBjMyGYZ635sFpz6+4CaJ14BalBgfaw+jUYSZLGVBjCsda+5yYmyLAyjHA6rwxSTRNMpnhMfUsFjqkOskXkObqwyghFUtknDFqovzcyHGs9i0M7mUfUq14u/uf5qYlug4yJJDVUkOVHUcqRkSi/H42YosTwmSWYKGazIjLBChNjW6rYErzVk9dJ96ruNeqNh+tas1XUUYYzOIdL8OAGmnAPbegAAQnP8ApvjnFenHfnYzlacoqdU/gD5/MHdWWRYw==</latexit>

B

<latexit sha1_base64="oe/frwLLz9HrOaOJDgj18weP14Q=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0Ip/QtePCji1T/kzX/jps1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WDmSToR3QoecgZNZnUk/jYL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjT6kynAmclXqpxoSyMR1i11JJI9T+dH7rjJxZZUDCWNmShszV3xNTGmk9iQLbGVEz0steJv7ndVMTXvtTLpPUoGSLRWEqiIlJ9jgZcIXMiIkllClubyVsRBVlxsZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQxG8Ayv8OZEzovz7nwsWgtOPnMMf+B8/gAbn45N</latexit>

→=
<latexit sha1_base64="rESGOOr2XxsC03/Y1Mz9g+5J5ZM=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJelblxWsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6WNza3tnfJuZW//4PCoenzS1TJVhHaI5FL1Q6wpZ4J2DDOc9hNFcRxy2gund7nfe6JKMykezSyhQYzHgkWMYGMlfxBjMyGYZ635sFpz6+4CaJ14BalBgfaw+jUYSZLGVBjCsda+5yYmyLAyjHA6rwxSTRNMpnhMfUsFjqkOskXkObqwyghFUtknDFqovzcyHGs9i0M7mUfUq14u/uf5qYlug4yJJDVUkOVHUcqRkSi/H42YosTwmSWYKGazIjLBChNjW6rYErzVk9dJ96ruNeqNh+tas1XUUYYzOIdL8OAGmnAPbegAAQnP8ApvjnFenHfnYzlacoqdU/gD5/MHdWWRYw==</latexit>

B

<latexit sha1_base64="rESGOOr2XxsC03/Y1Mz9g+5J5ZM=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJelblxWsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6WNza3tnfJuZW//4PCoenzS1TJVhHaI5FL1Q6wpZ4J2DDOc9hNFcRxy2gund7nfe6JKMykezSyhQYzHgkWMYGMlfxBjMyGYZ635sFpz6+4CaJ14BalBgfaw+jUYSZLGVBjCsda+5yYmyLAyjHA6rwxSTRNMpnhMfUsFjqkOskXkObqwyghFUtknDFqovzcyHGs9i0M7mUfUq14u/uf5qYlug4yJJDVUkOVHUcqRkSi/H42YosTwmSWYKGazIjLBChNjW6rYErzVk9dJ96ruNeqNh+tas1XUUYYzOIdL8OAGmnAPbegAAQnP8ApvjnFenHfnYzlacoqdU/gD5/MHdWWRYw==</latexit>

B

<latexit sha1_base64="pnzsxtEenW4sY8NFydCea62knAg=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjTsr2AdMh5JJM21oJhmSO0IZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMBHcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMSrVlLWpEkr3QmKY4JK1gYNgvUQzEoeCdcPJbe53n5g2XMlHmCYsiMlI8ohTAlby+zGBMSUiu58NqjW37s6BV4lXkBoq0BpUv/pDRdOYSaCCGON7bgJBRjRwKtis0k8NSwidkBHzLZUkZibI5pFn+MwqQxwpbZ8EPFd/b2QkNmYah3Yyj2iWvVz8z/NTiK6DjMskBSbp4qMoFRgUzu/HQ64ZBTG1hFDNbVZMx0QTCralii3BWz55lXQu6l6j3ni4rDVvijrK6ASdonPkoSvURHeohdqIIoWe0St6c8B5cd6dj8VoySl2jtEfOJ8/iSaRcA==</latexit>

O<latexit sha1_base64="n3bxH9RuCt8/9NrZRHazgn6X2h4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ac2oWw2m3bpZjfsboQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8MOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WmCG0TyaXqhVhTzgRtG2Y47aWK4iTktBuOb2d+94kqzaR4MJOUBgkeChYzgo2VHn01ksgnkTSDas2tu3OgVeIVpAYFWoPqlx9JkiVUGMKx1n3PTU2QY2UY4XRa8TNNU0zGeEj7lgqcUB3k84un6MwqEYqlsiUMmqu/J3KcaD1JQtuZYDPSy95M/M/rZya+DnIm0sxQQRaL4owjI9HsfRQxRYnhE0swUczeisgIK0yMDaliQ/CWX14lnYu616g37i9rzZsijjKcwCmcgwdX0IQ7aEEbCAh4hld4c7Tz4rw7H4vWklPMHMMfOJ8/UPqQtA==</latexit>ω· <latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>=
<latexit sha1_base64="rESGOOr2XxsC03/Y1Mz9g+5J5ZM=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJelblxWsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6WNza3tnfJuZW//4PCoenzS1TJVhHaI5FL1Q6wpZ4J2DDOc9hNFcRxy2gund7nfe6JKMykezSyhQYzHgkWMYGMlfxBjMyGYZ635sFpz6+4CaJ14BalBgfaw+jUYSZLGVBjCsda+5yYmyLAyjHA6rwxSTRNMpnhMfUsFjqkOskXkObqwyghFUtknDFqovzcyHGs9i0M7mUfUq14u/uf5qYlug4yJJDVUkOVHUcqRkSi/H42YosTwmSWYKGazIjLBChNjW6rYErzVk9dJ96ruNeqNh+tas1XUUYYzOIdL8OAGmnAPbegAAQnP8ApvjnFenHfnYzlacoqdU/gD5/MHdWWRYw==</latexit>

B

<latexit sha1_base64="pnzsxtEenW4sY8NFydCea62knAg=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjTsr2AdMh5JJM21oJhmSO0IZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMBHcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMSrVlLWpEkr3QmKY4JK1gYNgvUQzEoeCdcPJbe53n5g2XMlHmCYsiMlI8ohTAlby+zGBMSUiu58NqjW37s6BV4lXkBoq0BpUv/pDRdOYSaCCGON7bgJBRjRwKtis0k8NSwidkBHzLZUkZibI5pFn+MwqQxwpbZ8EPFd/b2QkNmYah3Yyj2iWvVz8z/NTiK6DjMskBSbp4qMoFRgUzu/HQ64ZBTG1hFDNbVZMx0QTCralii3BWz55lXQu6l6j3ni4rDVvijrK6ASdonPkoSvURHeohdqIIoWe0St6c8B5cd6dj8VoySl2jtEfOJ8/iSaRcA==</latexit>

O
<latexit sha1_base64="oe/frwLLz9HrOaOJDgj18weP14Q=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0Ip/QtePCji1T/kzX/jps1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4NvPbT6g0j+WDmSToR3QoecgZNZnUk/jYL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjT6kynAmclXqpxoSyMR1i11JJI9T+dH7rjJxZZUDCWNmShszV3xNTGmk9iQLbGVEz0steJv7ndVMTXvtTLpPUoGSLRWEqiIlJ9jgZcIXMiIkllClubyVsRBVlxsZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQxG8Ayv8OZEzovz7nwsWgtOPnMMf+B8/gAbn45N</latexit>

→=
<latexit sha1_base64="rESGOOr2XxsC03/Y1Mz9g+5J5ZM=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJelblxWsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6WNza3tnfJuZW//4PCoenzS1TJVhHaI5FL1Q6wpZ4J2DDOc9hNFcRxy2gund7nfe6JKMykezSyhQYzHgkWMYGMlfxBjMyGYZ635sFpz6+4CaJ14BalBgfaw+jUYSZLGVBjCsda+5yYmyLAyjHA6rwxSTRNMpnhMfUsFjqkOskXkObqwyghFUtknDFqovzcyHGs9i0M7mUfUq14u/uf5qYlug4yJJDVUkOVHUcqRkSi/H42YosTwmSWYKGazIjLBChNjW6rYErzVk9dJ96ruNeqNh+tas1XUUYYzOIdL8OAGmnAPbegAAQnP8ApvjnFenHfnYzlacoqdU/gD5/MHdWWRYw==</latexit>

B

<latexit sha1_base64="pnzsxtEenW4sY8NFydCea62knAg=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjTsr2AdMh5JJM21oJhmSO0IZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMBHcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMSrVlLWpEkr3QmKY4JK1gYNgvUQzEoeCdcPJbe53n5g2XMlHmCYsiMlI8ohTAlby+zGBMSUiu58NqjW37s6BV4lXkBoq0BpUv/pDRdOYSaCCGON7bgJBRjRwKtis0k8NSwidkBHzLZUkZibI5pFn+MwqQxwpbZ8EPFd/b2QkNmYah3Yyj2iWvVz8z/NTiK6DjMskBSbp4qMoFRgUzu/HQ64ZBTG1hFDNbVZMx0QTCralii3BWz55lXQu6l6j3ni4rDVvijrK6ASdonPkoSvURHeohdqIIoWe0St6c8B5cd6dj8VoySl2jtEfOJ8/iSaRcA==</latexit>

O
<latexit sha1_base64="JhNZnhvQV86dZHIRt6Ee5I/KNzo=">AAACC3icbVBNS8NAEN3Ur1q/oh69LC2Cp5KIVI9FL96sYD+gCWWznbZLN5u4uxFK6N2Lf8WLB0W8+ge8+W/ctDlo64OBx3szzMwLYs6Udpxvq7Cyura+UdwsbW3v7O7Z+wctFSWSQpNGPJKdgCjgTEBTM82hE0sgYcChHYyvMr/9AFKxSNzpSQx+SIaCDRgl2kg9u+xxIoYcsBcSPaKEpzdT7MlcE3CPnZ5dcarODHiZuDmpoByNnv3l9SOahCA05USpruvE2k+J1IxymJa8REFM6JgMoWuoICEoP539MsXHRunjQSRNCY1n6u+JlIRKTcLAdGYXq0UvE//zuokeXPgpE3GiQdD5okHCsY5wFgzuMwlU84khhEpmbsV0RCSh2sRXMiG4iy8vk9Zp1a1Va7dnlfplHkcRHaEyOkEuOkd1dI0aqIkoekTP6BW9WU/Wi/VufcxbC1Y+c4j+wPr8ASVfmns=</latexit>

→O↑ ↓= 0

<latexit sha1_base64="iE32i1w8uIx/SvJV5bwGtWJxPl4=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMi0WPQi8cEzALJEHo6NUmbnp6hu0cIQ77AiwdFvPpJ3vwbO4sQtwcFj/eqqKoXJIJr47ofTm5ldW19I79Z2Nre2d0r7h80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LWjBP0IzqQPOSMGivVG71iySu7MxD3F/mySrBArVd87/ZjlkYoDRNU647nJsbPqDKcCZwUuqnGhLIRHWDHUkkj1H42O3RCTqzSJ2GsbElDZuryREYjrcdRYDsjaob6pzcV//I6qQkv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsyksh/A/aZ6VvUq5Uj8vVa8WceThCI7hFDy4gCrcQA0awADhAZ7g2blzHp0X53XemnMWM4fwDc7bJ7Y/jOU=</latexit>

U

<latexit sha1_base64="iE32i1w8uIx/SvJV5bwGtWJxPl4=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMi0WPQi8cEzALJEHo6NUmbnp6hu0cIQ77AiwdFvPpJ3vwbO4sQtwcFj/eqqKoXJIJr47ofTm5ldW19I79Z2Nre2d0r7h80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LWjBP0IzqQPOSMGivVG71iySu7MxD3F/mySrBArVd87/ZjlkYoDRNU647nJsbPqDKcCZwUuqnGhLIRHWDHUkkj1H42O3RCTqzSJ2GsbElDZuryREYjrcdRYDsjaob6pzcV//I6qQkv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsyksh/A/aZ6VvUq5Uj8vVa8WceThCI7hFDy4gCrcQA0awADhAZ7g2blzHp0X53XemnMWM4fwDc7bJ7Y/jOU=</latexit>

U

<latexit sha1_base64="iE32i1w8uIx/SvJV5bwGtWJxPl4=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4CjMi0WPQi8cEzALJEHo6NUmbnp6hu0cIQ77AiwdFvPpJ3vwbO4sQtwcFj/eqqKoXJIJr47ofTm5ldW19I79Z2Nre2d0r7h80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqte1Sax/LWjBP0IzqQPOSMGivVG71iySu7MxD3F/mySrBArVd87/ZjlkYoDRNU647nJsbPqDKcCZwUuqnGhLIRHWDHUkkj1H42O3RCTqzSJ2GsbElDZuryREYjrcdRYDsjaob6pzcV//I6qQkv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsyksh/A/aZ6VvUq5Uj8vVa8WceThCI7hFDy4gCrcQA0awADhAZ7g2blzHp0X53XemnMWM4fwDc7bJ7Y/jOU=</latexit>

U

<latexit sha1_base64="KSDctgPD9FVqncFu4LNpnIL+GlA=">AAAB6XicdVDLSgNBEOyNrxhfUY9eBoPoKeyKRI9BLx6juEkgWcLsZDYZMju7zPQKIeQPvHhQxKt/5M2/cfIQ4qugoajqprsrTKUw6LofTm5peWV1Lb9e2Njc2t4p7u7VTZJpxn2WyEQ3Q2q4FIr7KFDyZqo5jUPJG+HgauI37rk2IlF3OEx5ENOeEpFgFK106x93iiWv7E5B3F/kyyrBHLVO8b3dTVgWc4VMUmNanptiMKIaBZN8XGhnhqeUDWiPtyxVNOYmGE0vHZMjq3RJlGhbCslUXZwY0diYYRzazphi3/z0JuJfXivD6CIYCZVmyBWbLYoySTAhk7dJV2jOUA4toUwLeythfaopQxtOYTGE/0n9tOxVypWbs1L1ch5HHg7gEE7Ag3OowjXUwAcGETzAEzw7A+fReXFeZ605Zz6zD9/gvH0CFqONFg==</latexit>

U →
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Specify to continuous symmetries
<latexit sha1_base64="XUBM1ONTqwn2p7l8B9NhFS3uxa0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwVWZEqhuh6EZcVbAP6IxDJs20oUlmSDJCHYq/4saFIm79D3f+jZl2Ftp64F4O59xLbk6YMKq043xbC4tLyyurpbXy+sbm1ra9s9tScSoxaeKYxbITIkUYFaSpqWakk0iCeMhIOxxe5X77gUhFY3GnRwnxOeoLGlGMtJECe98TKGTo3uMpvAnyfgGdwK44VWcCOE/cglRAgUZgf3m9GKecCI0ZUqrrOon2MyQ1xYyMy16qSILwEPVJ11CBOFF+Nrl+DI+M0oNRLE0JDSfq740McaVGPDSTHOmBmvVy8T+vm+ro3M+oSFJNBJ4+FKUM6hjmUcAelQRrNjIEYUnNrRAPkERYm8DKJgR39svzpHVSdWvV2u1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqajC1axswf+wPr8AcsilCg=</latexit>

→µJµ = 0 Bulk conserved current:
<latexit sha1_base64="aEZJ6wVZvOf0drJh8NMMafsNwus=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0WoICURqS6LbsRVBfuAJoTJdNIOnZmEmUmxhv6JGxeKuPVP3Pk3TtsstPXAhcM593LvPWHCqNKO820VVlbX1jeKm6Wt7Z3dPXv/oKXiVGLSxDGLZSdEijAqSFNTzUgnkQTxkJF2OLyZ+u0RkYrG4kGPE+Jz1Bc0ohhpIwW2fRd4PK08nXkjgrPHyWlgl52qMwNcJm5OyiBHI7C/vF6MU06Exgwp1XWdRPsZkppiRiYlL1UkQXiI+qRrqECcKD+bXT6BJ0bpwSiWpoSGM/X3RIa4UmMemk6O9EAtelPxP6+b6ujKz6hIUk0Eni+KUgZ1DKcxwB6VBGs2NgRhSc2tEA+QRFibsEomBHfx5WXSOq+6tWrt/qJcv87jKIIjcAwqwAWXoA5uQQM0AQYj8AxewZuVWS/Wu/Uxby1Y+cwh+APr8wf1bpM+</latexit>

Jµ(z, ωx) ,

<latexit sha1_base64="ufHD/6MibaN4ISBObrgMUIW1QiA=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVBKR6kUoevHYgmkLbSyb7aRdutmE3Y1SYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZFyScKe0439bK6tr6xmZhq7i9s7u3b5cOmipOJQWPxjyW7YAo4EyAp5nm0E4kkCjg0ApGN1O/9QBSsVjc6XECfkQGgoWMEm2knl3y8BXcZwx3CU+GBDcmPbvsVJwZ8DJxc1JGOeo9+6vbj2kagdCUE6U6rpNoPyNSM8phUuymChJCR2QAHUMFiUD52ez0CT4xSh+HsTQlNJ6pvycyEik1jgLTGRE9VIveVPzP66Q6vPQzJpJUg6DzRWHKsY7xNAfcZxKo5mNDCJXM3IrpkEhCtUmraEJwF19eJs2zilutVBvn5dp1HkcBHaFjdIpcdIFq6BbVkYcoekTP6BW9WU/Wi/VufcxbV6x85hD9gfX5A+x8kyk=</latexit>

U = eiωQ,

SSB means that:
<latexit sha1_base64="rESGOOr2XxsC03/Y1Mz9g+5J5ZM=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJelblxWsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6WNza3tnfJuZW//4PCoenzS1TJVhHaI5FL1Q6wpZ4J2DDOc9hNFcRxy2gund7nfe6JKMykezSyhQYzHgkWMYGMlfxBjMyGYZ635sFpz6+4CaJ14BalBgfaw+jUYSZLGVBjCsda+5yYmyLAyjHA6rwxSTRNMpnhMfUsFjqkOskXkObqwyghFUtknDFqovzcyHGs9i0M7mUfUq14u/uf5qYlug4yJJDVUkOVHUcqRkSi/H42YosTwmSWYKGazIjLBChNjW6rYErzVk9dJ96ruNeqNh+tas1XUUYYzOIdL8OAGmnAPbegAAQnP8ApvjnFenHfnYzlacoqdU/gD5/MHdWWRYw==</latexit>

B

<latexit sha1_base64="RBtPTmemV8UZAqYP1ZsaTJxwbGw=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8LZsgMcegF48JmAckS5id9CZjZh/MzAphyRd48aCIVz/Jm3/jbLIBFS0YpqjqprvLiwVX2nE+rbX1jc2t7cJOcXdv/+CwdHTcUVEiGbZZJCLZ86hCwUNsa64F9mKJNPAEdr3pTeZ3H1AqHoV3ehajG9BxyH3OqDZSqzUslR276mQgjl1fkVyp2IvfKUOO5rD0MRhFLAkw1ExQpfoVJ9ZuSqXmTOC8OEgUxpRN6Rj7hoY0QOWmi0Xn5NwoI+JH0rxQk4X6vSOlgVKzwDOVAdUT9dvLxL+8fqL9upvyME40hmw5yE8E0RHJriYjLpFpMTOEMsnNroRNqKRMm2yKJoTVpeR/0qnalZpda12WG9d5HAU4hTO4gApcQQNuoQltYIDwCM/wYt1bT9ar9bYsXbPynhP4Aev9C8ArjOw=</latexit>

Q <latexit sha1_base64="2ulNTl/CNPIvfNl6baNxucPydJU=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGC/YA2lM120q7dbOLuRiih/8GLB0W8+n+8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtJ1Sax/LejBP0IzqQPOSMGis1uxIfidsrld2KOwNZJl5OypCj3it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bXTshp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IRXfsZlkhqUbL4oTAUxMZm+TvpcITNibAllittbCRtSRZmxARVtCN7iy8ukeV7xqpXq3UW5dp3HUYBjOIEz8OASanALdWgAgwd4hld4c2LnxXl3PuatK04+cwR/4Hz+AOIVjrE=</latexit>

→= 0

flux of charge to the 
boundary

<latexit sha1_base64="N5M1PhyNRE/5K4zX8JOkJeeeVpA=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4sSQi1Y1QdCOuWrQPaEKYTKft0MkkzNwIJXTpxl9x40IRt36CO//G6WOhrQcuHM65l3vvCRPBNTjOt7WwuLS8sppby69vbG5t2zu7dR2nirIajUWsmiHRTHDJasBBsGaiGIlCwRph/3rkNx6Y0jyW9zBImB+RruQdTgkYKbAPqvgSn2COPS4hyLw73o1I0B5iTwNR+DawC07RGQPPE3dKCmiKSmB/ee2YphGTQAXRuuU6CfgZUcCpYMO8l2qWENonXdYyVJKIaT8bPzLER0Zp406sTEnAY/X3REYirQdRaDojAj09643E/7xWCp0LP+MySYFJOlnUSQWGGI9SwW2uGAUxMIRQxc2tmPaIIhRMdnkTgjv78jypnxbdUrFUPSuUr6Zx5NA+OkTHyEXnqIxuUAXVEEWP6Bm9ojfryXqx3q2PSeuCNZ3ZQ39gff4AOJSYPg==</latexit>

Q = →i

∫

!d

ωJ

<latexit sha1_base64="ZSwSrzJpqav32K4RvfK7wKE5K7I="></latexit>

Q|ω = i

∫
ddωx lim

z→0
z1↑dJz(z, ωx) →= 0
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More precisely phrased in terms of boundary 
operator expansion (BOE)

<latexit sha1_base64="KkbG40K5jQeLn9dxWkuZJE2ojyg="></latexit>

Jz(z, ωx) →
z→0

zd↑1 t(ωx)

only power compatible with current conservation
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8

More precisely phrased in terms of boundary 
operator expansion (BOE)

<latexit sha1_base64="KkbG40K5jQeLn9dxWkuZJE2ojyg="></latexit>

Jz(z, ωx) →
z→0

zd↑1 t(ωx)

only power compatible with current conservation
<latexit sha1_base64="HUIWGkdg+v0w7f6T0HGlmGGCXrw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN2N2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHssHM0nQj+hQ8pAzaqzU7uGT3aH75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6qXq1au7+s1G/yOIpwAqdwDh5cQR3uoAFNYDCGZ3iFNydxXpx352PRWnDymWP4A+fzB6Ayj8c=</latexit>

→   boundary scalar primary operator         of 
scaling dimension            , i.e. marginal:

<latexit sha1_base64="YXmIWEzFudMltPaYHrXP7RcZgEo=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CUA8eI5gHJkuYnUySIbOzy0yvEJb8hRcPinj1b7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VIoXkeBkrdizWkYSN4MRjdTv/nEtRGResBxzP2QDpToC0bRSo+dWy6RkivS6xZLbtmdgSwTLyMlyFDrFr86vYglIVfIJDWm7bkx+inVKJjkk0InMTymbEQHvG2poiE3fjq7eEJOrNIj/UjbUkhm6u+JlIbGjMPAdoYUh2bRm4r/ee0E+5d+KlScIFdsvqifSIIRmb5PekJzhnJsCWVa2FsJG1JNGdqQCjYEb/HlZdI4K3uVcuX+vFS9zuLIwxEcwyl4cAFVuIMa1IGBgmd4hTfHOC/Ou/Mxb8052cwh/IHz+QNXFpAQ</latexit>

! = d

tilt operator

<latexit sha1_base64="3MjdRIXp/bWNGHARML64jNWCWe4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BItQLyURqR6LXjxWsB/YhrLZbtqlm03YnRRL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPz/FhwjY7zbeXW1jc2t/LbhZ3dvf2D4uFRU0eJoqxBIxGptk80E1yyBnIUrB0rRkJfsJY/up35rTFTmkfyAScx80IykDzglKCRHrHcHTOaPk3Pe8WSU3HmsFeJm5ESZKj3il/dfkSTkEmkgmjdcZ0YvZQo5FSwaaGbaBYTOiID1jFUkpBpL51fPLXPjNK3g0iZkmjP1d8TKQm1noS+6QwJDvWyNxP/8zoJBtdeymWcIJN0sShIhI2RPXvf7nPFKIqJIYQqbm616ZAoQtGEVDAhuMsvr5LmRcWtVqr3l6XaTRZHHk7gFMrgwhXU4A7q0AAKEp7hFd4sbb1Y79bHojVnZTPH8AfW5w9XW5C4</latexit>

t(ωx)
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8

More precisely phrased in terms of boundary 
operator expansion (BOE)

<latexit sha1_base64="KkbG40K5jQeLn9dxWkuZJE2ojyg="></latexit>

Jz(z, ωx) →
z→0

zd↑1 t(ωx)

only power compatible with current conservation

Well-known in BCFT and DCFT  
[Bray, Moore (1977); Herzog, Huang (2017); Cuomo, Mezei, Raviv-Moshe (2021); 
Padayasi, Krishnan, Metlitski, Gruzberg, Meineri (2022)]

Adapted to massive QFT in AdS in [Copetti, Di Pietro, Ji, Komatsu (2023)]

<latexit sha1_base64="HUIWGkdg+v0w7f6T0HGlmGGCXrw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN2N2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHssHM0nQj+hQ8pAzaqzU7uGT3aH75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6qXq1au7+s1G/yOIpwAqdwDh5cQR3uoAFNYDCGZ3iFNydxXpx352PRWnDymWP4A+fzB6Ayj8c=</latexit>

→   boundary scalar primary operator         of 
scaling dimension            , i.e. marginal:

<latexit sha1_base64="YXmIWEzFudMltPaYHrXP7RcZgEo=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CUA8eI5gHJkuYnUySIbOzy0yvEJb8hRcPinj1b7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VIoXkeBkrdizWkYSN4MRjdTv/nEtRGResBxzP2QDpToC0bRSo+dWy6RkivS6xZLbtmdgSwTLyMlyFDrFr86vYglIVfIJDWm7bkx+inVKJjkk0InMTymbEQHvG2poiE3fjq7eEJOrNIj/UjbUkhm6u+JlIbGjMPAdoYUh2bRm4r/ee0E+5d+KlScIFdsvqifSIIRmb5PekJzhnJsCWVa2FsJG1JNGdqQCjYEb/HlZdI4K3uVcuX+vFS9zuLIwxEcwyl4cAFVuIMa1IGBgmd4hTfHOC/Ou/Mxb8052cwh/IHz+QNXFpAQ</latexit>

! = d

tilt operator

<latexit sha1_base64="3MjdRIXp/bWNGHARML64jNWCWe4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BItQLyURqR6LXjxWsB/YhrLZbtqlm03YnRRL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPz/FhwjY7zbeXW1jc2t/LbhZ3dvf2D4uFRU0eJoqxBIxGptk80E1yyBnIUrB0rRkJfsJY/up35rTFTmkfyAScx80IykDzglKCRHrHcHTOaPk3Pe8WSU3HmsFeJm5ESZKj3il/dfkSTkEmkgmjdcZ0YvZQo5FSwaaGbaBYTOiID1jFUkpBpL51fPLXPjNK3g0iZkmjP1d8TKQm1noS+6QwJDvWyNxP/8zoJBtdeymWcIJN0sShIhI2RPXvf7nPFKIqJIYQqbm616ZAoQtGEVDAhuMsvr5LmRcWtVqr3l6XaTRZHHk7gFMrgwhXU4A7q0AAKEp7hFd4sbb1Y79bHojVnZTPH8AfW5w9XW5C4</latexit>

t(ωx)
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,

<latexit sha1_base64="HXN1H/cx7tspZ38XJl8sf3RnNDE=">AAAB/3icbVBNS8NAFNzUr1q/ooIXL8EieCqJSPVY6sVjBVsLTQgv2027dLMJuxuhxBz8K148KOLVv+HNf+OmzUFbBxaGmfd4sxMkjEpl299GZWV1bX2julnb2t7Z3TP3D3oyTgUmXRyzWPQDkIRRTrqKKkb6iSAQBYzcB5Prwr9/IELSmN+paUK8CEachhSD0pJvHrkRqDEGlrVzP3OBJWPw7dw363bDnsFaJk5J6qhExze/3GGM04hwhRlIOXDsRHkZCEUxI3nNTSVJAE9gRAaacoiI9LJZ/tw61crQCmOhH1fWTP29kUEk5TQK9GSRVi56hfifN0hVeOVllCepIhzPD4Ups1RsFWVYQyoIVmyqCWBBdVYLj0EAVrqymi7BWfzyMumdN5xmo3l7UW+1yzqq6BidoDPkoEvUQjeog7oIo0f0jF7Rm/FkvBjvxsd8tGKUO4foD4zPH0l5lko=</latexit>

Bω0

<latexit sha1_base64="LljQNf3mkGGSBN9QDlVbtDqt5/k=">AAACHXicbVDLSgNBEJz1GeMr6tHLYBAiSNiVEL0IQS8eEzAPyK7L7OwkGTL7YKZXDEt+xIu/4sWDIh68iH/jJNmDJhY0FFXddHd5seAKTPPbWFpeWV1bz23kN7e2d3YLe/stFSWSsiaNRCQ7HlFM8JA1gYNgnVgyEniCtb3h9cRv3zOpeBTewihmTkD6Ie9xSkBLbqHSsLUNbmrHRAInYowvMcfY5iFg/87H2qbpwxjbp1DK+IlbKJplcwq8SKyMFFGGulv4tP2IJgELgQqiVNcyY3DSyUYq2DhvJ4rFhA5Jn3U1DUnAlJNOvxvjY634uBdJXfqoqfp7IiWBUqPA050BgYGa9ybif143gd6Fk/IwToCFdLaolwgMEZ5EhX0uGQUx0oRQyfWtmA6IJBR0oHkdgjX/8iJpnZWtarnaqBRrV1kcOXSIjlAJWegc1dANqqMmougRPaNX9GY8GS/Gu/Exa10yspkD9AfG1w9ooaGA</latexit>

Q|ω = i

∫
ddωx t(ωx)

<latexit sha1_base64="gv+Vo5LKiyisN6U8V+BkT5YaeIw="></latexit>

U(ω)|ω = e→
∫
ddεxϑ t(εx)

<latexit sha1_base64="x24EAq+0UpseTxhQ4f0y2DCWBiU=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYBDiJWxEosegF48R3CSSLKF3MpsMmZ1dZmaFsOQrvHhQxKuf482/cfIQ4qugoajqprsrSATXxnU/nKXlldW19dxGfnNre2e3sLff0HGqKPNoLGLVClAzwSXzDDeCtRLFMAoEawbDq4nfvGdK81jemlHC/Aj7koecorHSnVfqoEgGeNItFCtldwri/iJfVhHmqHcL751eTNOISUMFat2uuInxM1SGU8HG+U6qWYJ0iH3WtlRixLSfTQ8ek2Or9EgYK1vSkKm6OJFhpPUoCmxnhGagf3oT8S+vnZrwws+4TFLDJJ0tClNBTEwm35MeV4waMbIEqeL2VkIHqJAam1F+MYT/SeO0XKmWqzdnxdrlPI4cHMIRlKAC51CDa6iDBxQieIAneHaU8+i8OK+z1iVnPnMA3+C8fQIBO4/o</latexit>

U(ω)
<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>=

<latexit sha1_base64="pRsIcqUhf/ufaORGK1iWBpOPrDU=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFEISSiFSXpW5cVrAXaEI4mU7aoZMLMxOhhC7d+CpuXCji1kdw59s4abPQ1h8GPv5zDnPO7yecSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJOBaFtEvNY9HyQlLOIthVTnPYSQSH0Oe3645u83n2gQrI4uleThLohDCMWMAJKW5557ISgRgR41px6mQM8GYFn4XM8x6lnVq2aNRNeBruAKirU8swvZxCTNKSRIhyk7NtWotwMhGKE02nFSSVNgIxhSPsaIwipdLPZIVN8qp0BDmKhX6TwzP09kUEo5ST0dWe+tlys5eZ/tX6qgms3Y1GSKhqR+UdByrGKcZ4KHjBBieITDUAE07tiMgIBROnsKjoEe/HkZehc1Ox6rX53WW00izjK6AidoDNkoyvUQLeohdqIoEf0jF7Rm/FkvBjvxse8tWQUM4foj4zPHy0NmXE=</latexit>

Bω0+ω

9
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,

<latexit sha1_base64="HXN1H/cx7tspZ38XJl8sf3RnNDE=">AAAB/3icbVBNS8NAFNzUr1q/ooIXL8EieCqJSPVY6sVjBVsLTQgv2027dLMJuxuhxBz8K148KOLVv+HNf+OmzUFbBxaGmfd4sxMkjEpl299GZWV1bX2julnb2t7Z3TP3D3oyTgUmXRyzWPQDkIRRTrqKKkb6iSAQBYzcB5Prwr9/IELSmN+paUK8CEachhSD0pJvHrkRqDEGlrVzP3OBJWPw7dw363bDnsFaJk5J6qhExze/3GGM04hwhRlIOXDsRHkZCEUxI3nNTSVJAE9gRAaacoiI9LJZ/tw61crQCmOhH1fWTP29kUEk5TQK9GSRVi56hfifN0hVeOVllCepIhzPD4Ups1RsFWVYQyoIVmyqCWBBdVYLj0EAVrqymi7BWfzyMumdN5xmo3l7UW+1yzqq6BidoDPkoEvUQjeog7oIo0f0jF7Rm/FkvBjvxsd8tGKUO4foD4zPH0l5lko=</latexit>

Bω0

<latexit sha1_base64="LljQNf3mkGGSBN9QDlVbtDqt5/k=">AAACHXicbVDLSgNBEJz1GeMr6tHLYBAiSNiVEL0IQS8eEzAPyK7L7OwkGTL7YKZXDEt+xIu/4sWDIh68iH/jJNmDJhY0FFXddHd5seAKTPPbWFpeWV1bz23kN7e2d3YLe/stFSWSsiaNRCQ7HlFM8JA1gYNgnVgyEniCtb3h9cRv3zOpeBTewihmTkD6Ie9xSkBLbqHSsLUNbmrHRAInYowvMcfY5iFg/87H2qbpwxjbp1DK+IlbKJplcwq8SKyMFFGGulv4tP2IJgELgQqiVNcyY3DSyUYq2DhvJ4rFhA5Jn3U1DUnAlJNOvxvjY634uBdJXfqoqfp7IiWBUqPA050BgYGa9ybif143gd6Fk/IwToCFdLaolwgMEZ5EhX0uGQUx0oRQyfWtmA6IJBR0oHkdgjX/8iJpnZWtarnaqBRrV1kcOXSIjlAJWegc1dANqqMmougRPaNX9GY8GS/Gu/Exa10yspkD9AfG1w9ooaGA</latexit>

Q|ω = i

∫
ddωx t(ωx)

<latexit sha1_base64="gv+Vo5LKiyisN6U8V+BkT5YaeIw="></latexit>

U(ω)|ω = e→
∫
ddεxϑ t(εx)

<latexit sha1_base64="x24EAq+0UpseTxhQ4f0y2DCWBiU=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYBDiJWxEosegF48R3CSSLKF3MpsMmZ1dZmaFsOQrvHhQxKuf482/cfIQ4qugoajqprsrSATXxnU/nKXlldW19dxGfnNre2e3sLff0HGqKPNoLGLVClAzwSXzDDeCtRLFMAoEawbDq4nfvGdK81jemlHC/Aj7koecorHSnVfqoEgGeNItFCtldwri/iJfVhHmqHcL751eTNOISUMFat2uuInxM1SGU8HG+U6qWYJ0iH3WtlRixLSfTQ8ek2Or9EgYK1vSkKm6OJFhpPUoCmxnhGagf3oT8S+vnZrwws+4TFLDJJ0tClNBTEwm35MeV4waMbIEqeL2VkIHqJAam1F+MYT/SeO0XKmWqzdnxdrlPI4cHMIRlKAC51CDa6iDBxQieIAneHaU8+i8OK+z1iVnPnMA3+C8fQIBO4/o</latexit>

U(ω)
<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>=

<latexit sha1_base64="pRsIcqUhf/ufaORGK1iWBpOPrDU=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFEISSiFSXpW5cVrAXaEI4mU7aoZMLMxOhhC7d+CpuXCji1kdw59s4abPQ1h8GPv5zDnPO7yecSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJOBaFtEvNY9HyQlLOIthVTnPYSQSH0Oe3645u83n2gQrI4uleThLohDCMWMAJKW5557ISgRgR41px6mQM8GYFn4XM8x6lnVq2aNRNeBruAKirU8swvZxCTNKSRIhyk7NtWotwMhGKE02nFSSVNgIxhSPsaIwipdLPZIVN8qp0BDmKhX6TwzP09kUEo5ST0dWe+tlys5eZ/tX6qgms3Y1GSKhqR+UdByrGKcZ4KHjBBieITDUAE07tiMgIBROnsKjoEe/HkZehc1Ox6rX53WW00izjK6AidoDNkoyvUQLeohdqIoEf0jF7Rm/FkvBjvxse8tWQUM4foj4zPHy0NmXE=</latexit>

Bω0+ω

Continuous family of boundary conditions:
<latexit sha1_base64="QfwTwj4+4aBgQxTw7BXYpPlVqTQ="></latexit>

Z[Bω0+ω] = Z[Bω0 ]
〈
e→

∫
ddεxω t(εx)

〉

related by shift of the boundary 
action via marginal tilt operator

9
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,

<latexit sha1_base64="HXN1H/cx7tspZ38XJl8sf3RnNDE=">AAAB/3icbVBNS8NAFNzUr1q/ooIXL8EieCqJSPVY6sVjBVsLTQgv2027dLMJuxuhxBz8K148KOLVv+HNf+OmzUFbBxaGmfd4sxMkjEpl299GZWV1bX2julnb2t7Z3TP3D3oyTgUmXRyzWPQDkIRRTrqKKkb6iSAQBYzcB5Prwr9/IELSmN+paUK8CEachhSD0pJvHrkRqDEGlrVzP3OBJWPw7dw363bDnsFaJk5J6qhExze/3GGM04hwhRlIOXDsRHkZCEUxI3nNTSVJAE9gRAaacoiI9LJZ/tw61crQCmOhH1fWTP29kUEk5TQK9GSRVi56hfifN0hVeOVllCepIhzPD4Ups1RsFWVYQyoIVmyqCWBBdVYLj0EAVrqymi7BWfzyMumdN5xmo3l7UW+1yzqq6BidoDPkoEvUQjeog7oIo0f0jF7Rm/FkvBjvxsd8tGKUO4foD4zPH0l5lko=</latexit>

Bω0

<latexit sha1_base64="LljQNf3mkGGSBN9QDlVbtDqt5/k=">AAACHXicbVDLSgNBEJz1GeMr6tHLYBAiSNiVEL0IQS8eEzAPyK7L7OwkGTL7YKZXDEt+xIu/4sWDIh68iH/jJNmDJhY0FFXddHd5seAKTPPbWFpeWV1bz23kN7e2d3YLe/stFSWSsiaNRCQ7HlFM8JA1gYNgnVgyEniCtb3h9cRv3zOpeBTewihmTkD6Ie9xSkBLbqHSsLUNbmrHRAInYowvMcfY5iFg/87H2qbpwxjbp1DK+IlbKJplcwq8SKyMFFGGulv4tP2IJgELgQqiVNcyY3DSyUYq2DhvJ4rFhA5Jn3U1DUnAlJNOvxvjY634uBdJXfqoqfp7IiWBUqPA050BgYGa9ybif143gd6Fk/IwToCFdLaolwgMEZ5EhX0uGQUx0oRQyfWtmA6IJBR0oHkdgjX/8iJpnZWtarnaqBRrV1kcOXSIjlAJWegc1dANqqMmougRPaNX9GY8GS/Gu/Exa10yspkD9AfG1w9ooaGA</latexit>

Q|ω = i

∫
ddωx t(ωx)

<latexit sha1_base64="gv+Vo5LKiyisN6U8V+BkT5YaeIw="></latexit>

U(ω)|ω = e→
∫
ddεxϑ t(εx)

<latexit sha1_base64="x24EAq+0UpseTxhQ4f0y2DCWBiU=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYBDiJWxEosegF48R3CSSLKF3MpsMmZ1dZmaFsOQrvHhQxKuf482/cfIQ4qugoajqprsrSATXxnU/nKXlldW19dxGfnNre2e3sLff0HGqKPNoLGLVClAzwSXzDDeCtRLFMAoEawbDq4nfvGdK81jemlHC/Aj7koecorHSnVfqoEgGeNItFCtldwri/iJfVhHmqHcL751eTNOISUMFat2uuInxM1SGU8HG+U6qWYJ0iH3WtlRixLSfTQ8ek2Or9EgYK1vSkKm6OJFhpPUoCmxnhGagf3oT8S+vnZrwws+4TFLDJJ0tClNBTEwm35MeV4waMbIEqeL2VkIHqJAam1F+MYT/SeO0XKmWqzdnxdrlPI4cHMIRlKAC51CDa6iDBxQieIAneHaU8+i8OK+z1iVnPnMA3+C8fQIBO4/o</latexit>

U(ω)
<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>=

<latexit sha1_base64="pRsIcqUhf/ufaORGK1iWBpOPrDU=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFEISSiFSXpW5cVrAXaEI4mU7aoZMLMxOhhC7d+CpuXCji1kdw59s4abPQ1h8GPv5zDnPO7yecSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJOBaFtEvNY9HyQlLOIthVTnPYSQSH0Oe3645u83n2gQrI4uleThLohDCMWMAJKW5557ISgRgR41px6mQM8GYFn4XM8x6lnVq2aNRNeBruAKirU8swvZxCTNKSRIhyk7NtWotwMhGKE02nFSSVNgIxhSPsaIwipdLPZIVN8qp0BDmKhX6TwzP09kUEo5ST0dWe+tlys5eZ/tX6qgms3Y1GSKhqR+UdByrGKcZ4KHjBBieITDUAE07tiMgIBROnsKjoEe/HkZehc1Ox6rX53WW00izjK6AidoDNkoyvUQLeohdqIoEf0jF7Rm/FkvBjvxse8tWQUM4foj4zPHy0NmXE=</latexit>

Bω0+ω

Continuous family of boundary conditions:
<latexit sha1_base64="QfwTwj4+4aBgQxTw7BXYpPlVqTQ="></latexit>

Z[Bω0+ω] = Z[Bω0 ]
〈
e→

∫
ddεxω t(εx)

〉

related by shift of the boundary 
action via marginal tilt operator

SSB                gives  conformal manifold  
(“trivial”: same boundary data)

<latexit sha1_base64="9T9hZ9XDP9gLY00Aht5xv4hWx4U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKe6KRI9BD+YY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSK4Nq775eRWVtfWN/Kbha3tnd294v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm5nfekSleSwfzDhBP6IDyUPOqLHS/e1ZrVcsuWV3DvKXeBkpQYZ6r/jZ7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5qVNyYpU+CWNlSxoyV39OTGik9TgKbGdEzVAvezPxP6+TmvDKn3CZpAYlWywKU0FMTGZ/kz5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf88l/SPC97lXLl7qJUvc7iyMMRHMMpeHAJVahBHRrAYABP8AKvjnCenTfnfdGac7KZQ/gF5+MbnnmNYQ==</latexit>

G/H
<latexit sha1_base64="1hGpr+9xry+omXwjldTelgkhJzI=">AAAB7nicbVBNSwMxFHxbv2r9qnr0EiyCp7IrUj0WPdhjBWsL7VKy6ds2NJtdkqxQlv4ILx4U8erv8ea/MW33oK0DgWHmPfJmgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjRx2nimGLxSJWnYBqFFxiy3AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZK7TvSMzFp9MsVt+rOQVaJl5MK5Gj2y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+bnTsmZVQYkjJV90pC5+nsjo5HWkyiwkxE1I73szcT/vG5qwms/4zJJDUq2+ChMBbERZ9nJgCtkRkwsoUxxeythI6ooM7ahki3BW468Sh4vql6tWru/rNRv8jqKcAKncA4eXEEdGtCEFjAYwzO8wpuTOC/Ou/OxGC04+c4x/IHz+QM06Y7Z</latexit>

G → H

9
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10

Zamolodchikov metric on          : two-pt of the tilt
<latexit sha1_base64="9T9hZ9XDP9gLY00Aht5xv4hWx4U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKe6KRI9BD+YY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSK4Nq775eRWVtfWN/Kbha3tnd294v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm5nfekSleSwfzDhBP6IDyUPOqLHS/e1ZrVcsuWV3DvKXeBkpQYZ6r/jZ7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5qVNyYpU+CWNlSxoyV39OTGik9TgKbGdEzVAvezPxP6+TmvDKn3CZpAYlWywKU0FMTGZ/kz5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf88l/SPC97lXLl7qJUvc7iyMMRHMMpeHAJVahBHRrAYABP8AKvjnCenTfnfdGac7KZQ/gF5+MbnnmNYQ==</latexit>

G/H
<latexit sha1_base64="1m+eHOKMv9I7yadFdhh9CiohQ5A="></latexit>

→t(ωx)t(ωy)↑ = Ct
1

|ωx↓ ωy|2d

• related to size of the space of vacua, in units  of 
the AdS radius <latexit sha1_base64="BkZirS3xLJHdCVdDDlMDKbxoLwk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZa9SrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCnG4zb</latexit>

L

•nicely encoded in the harmonic decomposition of 
two-pt function of the bulk current

<latexit sha1_base64="p5SBQJ56aslLChcvt2ZiKoTIkKc="></latexit>

→Jµ1(X1)Jµ2(X2)↑ =
∫ +→

↑→
dω FJ(ω)(!

(1)
ω )µ1µ2(X1, X2)

<latexit sha1_base64="Wl4nliD6Cel03h6r3NoVTNHTN1w="></latexit>

Ct = →!(d+ 1)

ω
d
2!(d2 )

FJ(i(d/2→ 1))

[Costa, Goncalves, 
Penedones (2014)]



 SSB in AdS
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Outline

11

symmetries in QED3 from perturbation theory in 
<latexit sha1_base64="bLb6PnygFibuXHNZVEY7B4Wlqf8=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmIzGxInfEoCXRxsICEw9I4CR7ywAb9vYuu3smhPAbbCw0xtYfZOe/cYErFHzJJC/vzWRmXpgIro3rfju5tfWNza38dmFnd2//oHh41NBxqhj6LBaxaoVUo+ASfcONwFaikEahwGY4upn5zSdUmsfywYwTDCI6kLzPGTVW8vGxQu66xZJbducgq8TLSAky1LvFr04vZmmE0jBBtW57bmKCCVWGM4HTQifVmFA2ogNsWypphDqYzI+dkjOr9Eg/VrakIXP198SERlqPo9B2RtQM9bI3E//z2qnpXwUTLpPUoGSLRf1UEBOT2eekxxUyI8aWUKa4vZWwIVWUGZtPwYbgLb+8ShqVslctV+8vSrXrLI48nMApnIMHl1CDW6iDDww4PMMrvDnSeXHenY9Fa87JZo7hD5zPH+Hbjhg=</latexit>

e2L
w/ Stefano Lanza, Pierluigi Niro

strong-coupling expansion of Bremsstrahlung in SYM 
from Goldstone bosons in AdS2

w/ Federico Castellani, Valentina Forini, Roman Stemplowski
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Symmetries in QED3
<latexit sha1_base64="k5o8nH6iF4fZLfw5Z0Et4nObAZo="></latexit>

L =
1

4e2
F 2
µω + !̄I /D!I

<latexit sha1_base64="M9lMGeNSduRUS5fk3/k2+ESgbCs=">AAACDXicZVDNSgMxGMz6W9e/qkcvwSJ4KGVXpHoRil70IhXsD7RryWa/bUOz2SXJCqX0Gbx61XfwJl59Bl/BpzBtF7HtQGCY+QYm4yecKe0439bS8srq2npuw97c2t7Zze/t11WcSgo1GvNYNn2igDMBNc00h2YigUQ+h4bfvx77jSeQisXiQQ8S8CLSFSxklGgjPd7iS+wW20GsVRHfdfIFp+RMgBeJm5ECylDt5H9MlKYRCE05UarlOon2hkRqRjmM7HaqICG0T7rQMlSQCJQ3nLQe4WOjBDiMpXlC44n6PzEkkVKDyDeXEdE9Ne+NxT9vxlSmSw+CkW3PNtDhhTdkIkk1CDotEKYc6xiPp8EBk0A1HxhCqGTmD5j2iCRUmwFtM447P8UiqZ+W3HKpfH9WqFxlM+XQITpCJ8hF56iCblAV1RBFEr2gV/RmPVvv1of1OT1dsrLMAZqB9fULf9iZ7Q==</latexit>

I = 1, . . . , N

•  when     is odd the path integral over Dirac fermions 
breaks reflections     (i.e.                  ): assume      even <latexit sha1_base64="2PlUPN9R3nw7rIsReAQFEzRgDhA=">AAACAHicZVDLSsNAFL2prxpfVZdugkVwVRKR6rLoxpW0YB/QhjKZ3LZDJ5MwMxFK6MatW/0Hd+LWP/EX/AqnbRBrD1w4nHMvnHuChDOlXffLKqytb2xuFbftnd29/YPS4VFLxamk2KQxj2UnIAo5E9jUTHPsJBJJFHBsB+Pbmd9+RKlYLB70JEE/IkPBBowSbaTGfb9UdivuHM4q8XJShhz1fum7F8Y0jVBoyolSXc9NtJ8RqRnlOLV7qcKE0DEZYtdQQSJUfjYPOnXOjBI6g1iaEdqZq38vMhIpNYkCsxkRPVL/vZn46y2ZymQZYTi17eUEenDtZ0wkqUZBFwEGKXd07MzacEImkWo+MYRQycwPDh0RSag2ndmmHO9/FaukdVHxqpVq47Jcu8lrKsIJnMI5eHAFNbiDOjSBAsIzvMCr9WS9We/Wx2K1YOU3x7AE6/MH3ReV5g==</latexit>

N

<latexit sha1_base64="2PlUPN9R3nw7rIsReAQFEzRgDhA=">AAACAHicZVDLSsNAFL2prxpfVZdugkVwVRKR6rLoxpW0YB/QhjKZ3LZDJ5MwMxFK6MatW/0Hd+LWP/EX/AqnbRBrD1w4nHMvnHuChDOlXffLKqytb2xuFbftnd29/YPS4VFLxamk2KQxj2UnIAo5E9jUTHPsJBJJFHBsB+Pbmd9+RKlYLB70JEE/IkPBBowSbaTGfb9UdivuHM4q8XJShhz1fum7F8Y0jVBoyolSXc9NtJ8RqRnlOLV7qcKE0DEZYtdQQSJUfjYPOnXOjBI6g1iaEdqZq38vMhIpNYkCsxkRPVL/vZn46y2ZymQZYTi17eUEenDtZ0wkqUZBFwEGKXd07MzacEImkWo+MYRQycwPDh0RSag2ndmmHO9/FaukdVHxqpVq47Jcu8lrKsIJnMI5eHAFNbiDOjSBAsIzvMCr9WS9We/Wx2K1YOU3x7AE6/MH3ReV5g==</latexit>

N
<latexit sha1_base64="SyVsh1ubI6gTbmhtkprVYNXJos0=">AAACC3icZVDLSsNAFJ34rPFVdelmsAhuLIlKdVl047KCfUATy2Ry0w6dTMLMRCyln+DWrf6DO3HrR/gLfoXTNohtD1w4nHMvnHuClDOlHefbWlpeWV1bL2zYm1vbO7vFvf2GSjJJoU4TnshWQBRwJqCumebQSiWQOODQDPo3Y7/5CFKxRNzrQQp+TLqCRYwSbSTv6eEcezrBp4Z0iiWn7EyAF4mbkxLKUesUf7wwoVkMQlNOlGq7Tqr9IZGaUQ4j28sUpIT2SRfahgoSg/KHk8wjfGyUEEeJNCM0nqj/L4YkVmoQB2YzJrqn5r2x+OfNmMpk6UE4su3ZBDq68odMpJkGQacBooxj8/24GBwyCVTzgSGESmZ+wLRHJKHa1Gebctz5KhZJ46zsVsqVu4tS9TqvqYAO0RE6QS66RFV0i2qojihK0Qt6RW/Ws/VufVif09UlK785QDOwvn4BEmyZxA==</latexit>

x3 → ↑x3

3d two-component 
Dirac fermion

<latexit sha1_base64="BYYDZFWz0NzyFs+9m8VybcAAdTw=">AAACAHicZVDLSsNAFL2prxpfVZdugkVwVRKR6rLoxmUr9gFtKJPJbTt0MgkzE6GEbty61X9wJ279E3/Br3DaBrH2wIXDOffCuSdIOFPadb+swtr6xuZWcdve2d3bPygdHrVUnEqKTRrzWHYCopAzgU3NNMdOIpFEAcd2ML6d+e1HlIrF4kFPEvQjMhRswCjRRmrc90tlt+LO4awSLydlyFHvl757YUzTCIWmnCjV9dxE+xmRmlGOU7uXKkwIHZMhdg0VJELlZ/OgU+fMKKEziKUZoZ25+vciI5FSkygwmxHRI/Xfm4m/3pKpTJYRhlPbXk6gB9d+xkSSahR0EWCQckfHzqwNJ2QSqeYTQwiVzPzg0BGRhGrTmW3K8f5XsUpaFxWvWqk2Lsu1m7ymIpzAKZyDB1dQgzuoQxMoIDzDC7xaT9ab9W59LFYLVn5zDEuwPn8A44eV6g==</latexit>

R

<latexit sha1_base64="pVk3PYsgNRCtqvY0qmtV3+zkt7Q=">AAACG3icZVDLSsNAFJ3UV42vqDvdDBbBVUlEqsuiG9tVBdMW+giT6bQdOpmEmYlQQsQfcetW/8GduHXhL/gVTtsgtj1w4XDOvXDu8SNGpbLtbyO3srq2vpHfNLe2d3b3rP2DugxjgYmLQxaKpo8kYZQTV1HFSDMSBAU+Iw1/dDPxGw9ESBryezWOSCdAA077FCOlJc86atck7VZgW4XQ7Va85LGawqlW9ayCXbSngMvEyUgBZKh51k+7F+I4IFxhhqRsOXakOgkSimJGUrMdSxIhPEID0tKUo4DITjL9IYWnWunBfij0cAWn6v+LBAVSjgNfbwZIDeWiNxH/vDlT6ixD0ktNcz6B6l91EsqjWBGOZwH6MYO6iElRsEcFwYqNNUFYUP0DxEMkEFa6TlOX4yxWsUzq50WnVCzdXRTK11lNeXAMTsAZcMAlKINbUAMuwOAJvIBX8GY8G+/Gh/E5W80Z2c0hmIPx9QuQpJ/c</latexit>

!I → U I
J!

J•                                  trace  ,

•                                            ,
<latexit sha1_base64="mf039LxAbMGXM9O1G1krMxk4UwQ="></latexit>

Jm
µ =

i

4ω
ε ωε
µ Fωε

<latexit sha1_base64="ii4sOvv+i8kwkCapYUJ9DEK9PDE="></latexit>(
SU(N)→ U(1)m

ZN

)
⊋ (ZR

2 → ZC
2 )

<latexit sha1_base64="+3ZPdah4X/xXc2jl7iLJDb0rzYQ=">AAACKXicZVDLSgNBEJyNr7i+oh69DAYhp7ArEj0GvXgRIpgHZGPonXSSIbMPZmaFsOQX/BGvXvUfvKlXb36FkwdqkoKGoqobqsuPBVfacT6szMrq2vpGdtPe2t7Z3cvtH9RUlEiGVRaJSDZ8UCh4iFXNtcBGLBECX2DdH1yN/foDSsWj8E4PY2wF0At5lzPQRmrnCl4Aus9ApDcj6umI4n3KqQci7oMR/sx2Lu8UnQnoMnFnJE9mqLRz314nYkmAoWYClGq6TqxbKUjNmcCR7SUKY2AD6GHT0BACVK108tGInhilQ7uRNBNqOlH/X6QQKDUMfLM5jqgWvbH4682ZymTpY2dk2/MJdPeilfIwTjSGbBqgmwhqGhnXRjtcItNiaAgwyc0PlPVBAtOmXNuU4y5WsUxqp0W3VCzdnuXLl7OasuSIHJMCcck5KZNrUiFVwsgjeSYv5NV6st6sd+tzupqxZjeHZA7W1w8w8aaK</latexit>

M → eiωM

all together:

<latexit sha1_base64="j7TKANLzLJFocrub6GE5yWkjzrQ="></latexit>

(Jµ)
J
I = !̄Iωµ!

J
<latexit sha1_base64="b8Rfggz7KKzyWRA7M9BJifdSb7Q=">AAACAHicZVDLSgNBEOz1GddX1KOXwSB4MeyKRI9BLx4TMA9IljA720mGzD6YmRXCkotXr/oP3sSrf+Iv+BVOkkVMUtBQVHVDdfmJ4Eo7zre1tr6xubVd2LF39/YPDotHx00Vp5Jhg8Uilm2fKhQ8wobmWmA7kUhDX2DLH91P/dYTSsXj6FGPE/RCOoh4nzOqjVS/7BVLTtmZgawSNyclyFHrFX+6QczSECPNBFWq4zqJ9jIqNWcCJ3Y3VZhQNqID7Bga0RCVl82CTsi5UQLSj6WZSJOZ+v8io6FS49A3myHVQ7XsTcU/b8FUJssQg4ltLybQ/Vsv41GSaozYPEA/FUTHZNoGCbhEpsXYEMokNz8QNqSSMm06s0057nIVq6R5VXYr5Ur9ulS9y2sqwCmcwQW4cANVeIAaNIABwgu8wpv1bL1bH9bnfHXNym9OYAHW1y+n+5XF</latexit>→
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<latexit sha1_base64="32oxboM8s0V47DcjNOCk0eDNdeQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/KXqVcqV+WqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZx/jNQ=</latexit>

E

<latexit sha1_base64="5xczfw8QAuEY1esfuTwcVEiiXkg=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4qrtFqseiCB4r2A9otyWbZtvQJLskWaUs/R9ePCji1f/izX9j2u5BWx8MPN6bYWZeEHOmjet+Oyura+sbm7mt/PbO7t5+4eCwoaNEEVonEY9UK8CaciZp3TDDaStWFIuA02Ywupn6zUeqNIvkgxnH1Bd4IFnICDZW6tJuGZ2jW9TRTCCvVyi6JXcGtEy8jBQhQ61X+Or0I5IIKg3hWOu258bGT7EyjHA6yXcSTWNMRnhA25ZKLKj209nVE3RqlT4KI2VLGjRTf0+kWGg9FoHtFNgM9aI3Ff/z2okJr/yUyTgxVJL5ojDhyERoGgHqM0WJ4WNLMFHM3orIECtMjA0qb0PwFl9eJo1yyauUKvcXxep1FkcOjuEEzsCDS6jCHdSgDgQUPMMrvDlPzovz7nzMW1ecbOYI/sD5/AHaBpDQ</latexit>

e2/E → 1What happens in the IR?

One possibility is: SSB
flow to Goldstone bosons

Original proposal:  
[Pisarski (1984)]

<latexit sha1_base64="34BkMO+YmGzoJhd2zmRX44uTX/A="></latexit>

→!̄I!
J↑ ↓ e4

(
1N/2 0
0 ↔1N/2

)



13

Symmetries in QED3
<latexit sha1_base64="32oxboM8s0V47DcjNOCk0eDNdeQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/KXqVcqV+WqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZx/jNQ=</latexit>

E

<latexit sha1_base64="5xczfw8QAuEY1esfuTwcVEiiXkg=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4qrtFqseiCB4r2A9otyWbZtvQJLskWaUs/R9ePCji1f/izX9j2u5BWx8MPN6bYWZeEHOmjet+Oyura+sbm7mt/PbO7t5+4eCwoaNEEVonEY9UK8CaciZp3TDDaStWFIuA02Ywupn6zUeqNIvkgxnH1Bd4IFnICDZW6tJuGZ2jW9TRTCCvVyi6JXcGtEy8jBQhQ61X+Or0I5IIKg3hWOu258bGT7EyjHA6yXcSTWNMRnhA25ZKLKj209nVE3RqlT4KI2VLGjRTf0+kWGg9FoHtFNgM9aI3Ff/z2okJr/yUyTgxVJL5ojDhyERoGgHqM0WJ4WNLMFHM3orIECtMjA0qb0PwFl9eJo1yyauUKvcXxep1FkcOjuEEzsCDS6jCHdSgDgQUPMMrvDlPzovz7nzMW1ecbOYI/sD5/AHaBpDQ</latexit>

e2/E → 1What happens in the IR?

One possibility is: SSB
flow to Goldstone bosons

Original proposal:  
[Pisarski (1984)]

<latexit sha1_base64="34BkMO+YmGzoJhd2zmRX44uTX/A="></latexit>

→!̄I!
J↑ ↓ e4

(
1N/2 0
0 ↔1N/2

)

(Some of the) modern progress:
• from conformal bootstrap: evidence that              
flows instead to interacting CFT  
[Albayrak, Erramili, Li, Poland, Xin (2021)]            

<latexit sha1_base64="2bdLDCgReQWAC4srv9Dc9c6IHeg=">AAACB3icZVDLSsNAFJ3UV42vqks3g0VwVRIp1WXRjSupYB/QhjKZ3LRDJ5M4MxFK6Ae4dav/4E7c+hn+gl/htA1i2wMXDufcC+ceP+FMacf5tgpr6xubW8Vte2d3b/+gdHjUUnEqKTRpzGPZ8YkCzgQ0NdMcOokEEvkc2v7oZuq3n0AqFosHPU7Ai8hAsJBRoo3UucO9ATziar9UdirODHiVuDkpoxyNfumnF8Q0jUBoyolSXddJtJcRqRnlMLF7qYKE0BEZQNdQQSJQXjbLO8FnRglwGEszQuOZ+v8iI5FS48g3mxHRQ7XsTcU/b8FUJssQgoltLybQ4ZWXMZGkGgSdBwhTjnWMp6XggEmgmo8NIVQy8wOmQyIJ1aY625TjLlexSloXFbdWqd1Xy/XrvKYiOkGn6By56BLV0S1qoCaiiKMX9IrerGfr3fqwPuerBSu/OUYLsL5+ATXXmDk=</latexit>

N → 4

•proposal for            : monopole condensate  
[Dumitrescu, Niro, Thorngren; Chester, Komargodski (2024)]       

<latexit sha1_base64="ZNK7mrZ8Pji8PY9s8dsGz+jV3ds=">AAACAnicZVDLSsNAFJ34rPFVdelmsAiuSlKkuhGKblxJRfuANpTJ5KYdOpmEmYlQQndu3eo/uBO3/oi/4Fc4bYPY9sCFwzn3wrnHTzhT2nG+rZXVtfWNzcKWvb2zu7dfPDhsqjiVFBo05rFs+0QBZwIammkO7UQCiXwOLX94M/FbTyAVi8WjHiXgRaQvWMgo0UZ6uLuq9Iolp+xMgZeJm5MSylHvFX+6QUzTCISmnCjVcZ1EexmRmlEOY7ubKkgIHZI+dAwVJALlZdOoY3xqlACHsTQjNJ6q/y8yEik1inyzGRE9UIveRPzz5kxlsgwgGNv2fAIdXnoZE0mqQdBZgDDlWMd40gcOmASq+cgQQiUzP2A6IJJQbVqzTTnuYhXLpFkpu9Vy9f68VLvOayqgY3SCzpCLLlAN3aI6aiCK+ugFvaI369l6tz6sz9nqipXfHKE5WF+/2p2WaQ==</latexit>

N = 2
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Monopole with charge              is in fund. of
<latexit sha1_base64="I63YI8ISGha+pVOaSZvrnTmn+4I=">AAACBnicZVDLSgMxFM3UVx1fVZdugkVwVWZEqhuh6MZlBfuAdiiZzG0bmmTGJCOUoXu3bvUf3Ilbf8Nf8CtM20GsPXDhcM69cO4JE8608bwvp7Cyura+Udx0t7Z3dvdK+wdNHaeKQoPGPFbtkGjgTELDMMOhnSggIuTQCkc3U7/1CEqzWN6bcQKBIAPJ+owSY6XWQ0/gK+z3SmWv4s2Al4mfkzLKUe+VvrtRTFMB0lBOtO74XmKCjCjDKIeJ2001JISOyAA6lkoiQAfZLO4En1glwv1Y2ZEGz9S/FxkRWo9FaDcFMUP935uKv96CqW2WIUQT111MYPqXQcZkkhqQdB6gn3JsYjztBEdMATV8bAmhitkfMB0SRaixzbm2HP9/FcukeVbxq5Xq3Xm5dp3XVERH6BidIh9doBq6RXXUQBSN0DN6Qa/Ok/PmvDsf89WCk98cogU4nz9bNJe/</latexit>

qm = 1
<latexit sha1_base64="vG0TaECLxEJsRusRVRj1jsAR/w0=">AAACBHicZVDLSsNAFL3xWeOr6tLNYBHqpiRFqsuiG5cVTVtoQ5lMpu3QySTMTIQSunXrVv/Bnbj1P/wFv8JpG8S2By4czrkXzj1BwpnSjvNtra1vbG5tF3bs3b39g8Pi0XFTxakk1CMxj2U7wIpyJqinmea0nUiKo4DTVjC6nfqtJyoVi8WjHifUj/BAsD4jWBvJe/DK1YteseRUnBnQKnFzUoIcjV7xpxvGJI2o0IRjpTquk2g/w1IzwunE7qaKJpiM8IB2DBU4osrPZmEn6NwoIerH0ozQaKb+v8hwpNQ4CsxmhPVQLXtT8c9bMJXJMqThxLYXE+j+tZ8xkaSaCjIP0E850jGaNoJCJinRfGwIJpKZHxAZYomJNr3Zphx3uYpV0qxW3Fqldn9Zqt/kNRXgFM6gDC5cQR3uoAEeEGDwAq/wZj1b79aH9TlfXbPymxNYgPX1C9eqlus=</latexit>

SU(2)

<latexit sha1_base64="rIhQ3W2+Xhc7hpjWhofF7xl4OMs=">AAACJnicZVDLSsNAFJ3UV42vqEs3g6XgqiQi1WXRjS6ECvYBTS2T6W07dDKJMxOhhH6BP+LWrf6DOxF3rv0Kp20Qaw9cOJxzL5x7gpgzpV3308otLa+sruXX7Y3Nre0dZ3evrqJEUqjRiEeyGRAFnAmoaaY5NGMJJAw4NILhxcRvPIBULBK3ehRDOyR9wXqMEm2kjlP0ORF9DtgPiR5QwtPrcce7u/JlJgu4x27HKbgldwq8SLyMFFCGasf59rsRTUIQmnKiVMtzY91OidSMchjbfqIgJnRI+tAyVJAQVDudvjPGRaN0cS+SZoTGU/XvRUpCpUZhYDYnodV/byL+enOmMlkG0B3b9nwC3Ttrp0zEiQZBZwF6Ccc6wpPOcJdJoJqPDCFUMvMDpgMiCdWmWduU4/2vYpHUj0teuVS+OSlUzrOa8ugAHaIj5KFTVEGXqIpqiKJH9Ixe0Kv1ZL1Z79bHbDVnZTf7aA7W1w/W7qS3</latexit>

→MI
1↑ ↓= 0

<latexit sha1_base64="vnZgwJFdmOovxOaLo5G0AikiqUQ="></latexit>

U(2) =
SU(2)→ U(1)m

Z2
↑ U(1)+

mix between                           and 
<latexit sha1_base64="AHWeMhhDmS9Et1FrRgh2t8PuyNw=">AAACBXicZVDLSsNAFJ3UV42vqks3g0Wom5KIVJdFNy4rmLbQhjKZ3LZjJ5MwMxFK6NqtW/0Hd+LW7/AX/AqnbRDbHrhwOOdeOPcECWdKO863VVhb39jcKm7bO7t7+welw6OmilNJwaMxj2U7IAo4E+Bppjm0EwkkCji0gtHt1G89gVQsFg96nIAfkYFgfUaJNlLTq7jnvahXKjtVZwa8StyclFGORq/00w1jmkYgNOVEqY7rJNrPiNSMcpjY3VRBQuiIDKBjqCARKD+bpZ3gM6OEuB9LM0Ljmfr/IiORUuMoMJsR0UO17E3FP2/BVCbLEMKJbS8m0P1rP2MiSTUIOg/QTznWMZ5WgkMmgWo+NoRQycwPmA6JJFSb4mxTjrtcxSppXlTdWrV2f1mu3+Q1FdEJOkUV5KIrVEd3qIE8RNEjekGv6M16tt6tD+tzvlqw8ptjtADr6xe+nZdt</latexit>

U(1)m

•Mixing implies off-diagonal terms in the metric of 
the Goldstone target space: squashed sphere

•Argued by deforming with a mass  
 
 
 
and studying the controllable regime: 

<latexit sha1_base64="Ee45qqU2cJEG+2iUcAijOqudPak=">AAACDHicZVDLSsNAFJ3UV42vqks3g0VwVZMi1WXRjRuhgn1AG8tkctMOnUzizEQopb/g1q3+gztx6z/4C36F0zaIbQ9cOJxzL5x7/IQzpR3n28qtrK6tb+Q37a3tnd29wv5BQ8WppFCnMY9lyycKOBNQ10xzaCUSSORzaPqD64nffAKpWCzu9TABLyI9wUJGiTaSBw9lfIZvcYdz7HYLRafkTIGXiZuRIspQ6xZ+OkFM0wiEppwo1XadRHsjIjWjHMZ2J1WQEDogPWgbKkgEyhtNQ4/xiVECHMbSjNB4qv6/GJFIqWHkm82I6L5a9CbinzdnKpOlD8HYtucT6PDSGzGRpBoEnQUIU451jCfN4IBJoJoPDSFUMvMDpn0iCdWmP9uU4y5WsUwa5ZJbKVXuzovVq6ymPDpCx+gUuegCVdENqqE6ougRvaBX9GY9W+/Wh/U5W81Z2c0hmoP19QuPAJlm</latexit>

e2/M → 1

<latexit sha1_base64="r0ghgCadEMcWdm+8NlwGmULPA0A="></latexit>

M J
I = M

(
1 0
0 →1

)

<latexit sha1_base64="9ZLRM6BilcACZEHpUvxiFC5iBjY=">AAACFXicZVDLSsNAFJ3UV42v+ti5GSxCuylJleqy6MZlRdMW2hImk9t26GQSZiZCLf0Ot271H9yJW9f+gl/h9IHYeuDC4Zx74dwTJJwp7ThfVmZldW19I7tpb23v7O7l9g/qKk4lBY/GPJbNgCjgTICnmebQTCSQKODQCAbXE7/xAFKxWNzrYQKdiPQE6zJKtJH83JFXcIv+GW6rNFCg8Z1XKBf9XN4pOVPg/8Sdkzyao+bnvtthTNMIhKacKNVynUR3RkRqRjmM7XaqICF0QHrQMlSQCFRnNE0/xqdGCXE3lmaExlP178WIREoNo8BsRkT31bI3EX+9BVOZLH0Ix7a9mEB3LzsjJpJUg6CzAN2UYx3jSUU4ZBKo5kNDCJXM/IBpn0hCtSnSNuW4y1X8J/Vyya2UKrfn+erVvKYsOkYnqIBcdIGq6AbVkIcoekTP6AW9Wk/Wm/VufcxWM9b85hAtwPr8ARzsnE0=</latexit>

U(1)3 → SU(2)
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<latexit sha1_base64="Vu6LzdhhBQQ5l+8o4GIJFBu1wQc=">AAACBHicZVDLSsNAFJ34rPFVdelmsAiualKkuiy6cSNUMG2hjWUyuWmHTiZhZiKU0q1bt/oP7sSt/+Ev+BVO2yC2PXDhcM69cO4JUs6Udpxva2V1bX1js7Blb+/s7u0XDw4bKskkBY8mPJGtgCjgTICnmebQSiWQOODQDAY3E7/5BFKxRDzoYQp+THqCRYwSbSTv7hweK91iySk7U+Bl4uakhHLUu8WfTpjQLAahKSdKtV0n1f6ISM0oh7HdyRSkhA5ID9qGChKD8kfTsGN8apQQR4k0IzSeqv8vRiRWahgHZjMmuq8WvYn4582ZymTpQzi27fkEOrryR0ykmQZBZwGijGOd4EkjOGQSqOZDQwiVzPyAaZ9IQrXpzTbluItVLJNGpexWy9X7i1LtOq+pgI7RCTpDLrpENXSL6shDFDH0gl7Rm/VsvVsf1udsdcXKb47QHKyvX0h9lzE=</latexit>

M/e2
<latexit sha1_base64="zI/StncLANI9iri4kGI9/i80SeI=">AAACBHicZVDLSsNAFJ3UV42vqks3g0VwVRKR6kYounEjVDBtoQ1lMrlph04mYWYilNCtW7f6D+7Erf/hL/gVTtsg1h64cDjnXjj3BClnSjvOl1VaWV1b3yhv2lvbO7t7lf2DlkoyScGjCU9kJyAKOBPgaaY5dFIJJA44tIPRzdRvP4JULBEPepyCH5OBYBGjRBvJu8NX2OlXqk7NmQEvE7cgVVSg2a9898KEZjEITTlRqus6qfZzIjWjHCZ2L1OQEjoiA+gaKkgMys9nYSf4xCghjhJpRmg8U/9e5CRWahwHZjMmeqj+e1Px11swlckyhHBi24sJdHTp50ykmQZB5wGijGOd4GkjOGQSqOZjQwiVzPyA6ZBIQrXpzTbluP+rWCats5pbr9Xvz6uN66KmMjpCx+gUuegCNdAtaiIPUcTQM3pBr9aT9Wa9Wx/z1ZJV3ByiBVifP4gvlro=</latexit>

M = 0

Reliable calculation of symmetry breaking 
+ argument for no phase transition for any

<latexit sha1_base64="BLwlqRz1lv/gWrDwWzlSf4ZyV5s=">AAACB3icZVDLSgNBEOyNr7i+oh69DAbBU9gViR6DXrwIEcwDkhBmZ3uTIbOz68ysEEI+wKtX/Qdv4tXP8Bf8CicPxJiChqKqG6orSAXXxvO+nNzK6tr6Rn7T3dre2d0r7B/UdZIphjWWiEQ1A6pRcIk1w43AZqqQxoHARjC4nviNR1SaJ/LeDFPsxLQnecQZNVZq3pK2xAfidQtFr+RNQZaJPydFmKPaLXy3w4RlMUrDBNW65Xup6YyoMpwJHLvtTGNK2YD2sGWppDHqzmiad0xOrBKSKFF2pCFT9e/FiMZaD+PAbsbU9PV/byL+egumtln6GI5ddzGBiS47Iy7TzKBkswBRJohJyKQUEnKFzIihJZQpbn8grE8VZcZW59py/P9VLJP6Wckvl8p358XK1bymPBzBMZyCDxdQgRuoQg0YCHiGF3h1npw35935mK3mnPnNISzA+fwBOSSYOw==</latexit>

M →= 0

[Dumitrescu, Niro, Thorngren (2024)]
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<latexit sha1_base64="Vu6LzdhhBQQ5l+8o4GIJFBu1wQc=">AAACBHicZVDLSsNAFJ34rPFVdelmsAiualKkuiy6cSNUMG2hjWUyuWmHTiZhZiKU0q1bt/oP7sSt/+Ev+BVO2yC2PXDhcM69cO4JUs6Udpxva2V1bX1js7Blb+/s7u0XDw4bKskkBY8mPJGtgCjgTICnmebQSiWQOODQDAY3E7/5BFKxRDzoYQp+THqCRYwSbSTv7hweK91iySk7U+Bl4uakhHLUu8WfTpjQLAahKSdKtV0n1f6ISM0oh7HdyRSkhA5ID9qGChKD8kfTsGN8apQQR4k0IzSeqv8vRiRWahgHZjMmuq8WvYn4582ZymTpQzi27fkEOrryR0ykmQZBZwGijGOd4EkjOGQSqOZDQwiVzPyAaZ9IQrXpzTbluItVLJNGpexWy9X7i1LtOq+pgI7RCTpDLrpENXSL6shDFDH0gl7Rm/VsvVsf1udsdcXKb47QHKyvX0h9lzE=</latexit>

M/e2

[Dumitrescu, Niro, Thorngren (2024)]
<latexit sha1_base64="zI/StncLANI9iri4kGI9/i80SeI=">AAACBHicZVDLSsNAFJ3UV42vqks3g0VwVRKR6kYounEjVDBtoQ1lMrlph04mYWYilNCtW7f6D+7Erf/hL/gVTtsg1h64cDjnXjj3BClnSjvOl1VaWV1b3yhv2lvbO7t7lf2DlkoyScGjCU9kJyAKOBPgaaY5dFIJJA44tIPRzdRvP4JULBEPepyCH5OBYBGjRBvJu8NX2OlXqk7NmQEvE7cgVVSg2a9898KEZjEITTlRqus6qfZzIjWjHCZ2L1OQEjoiA+gaKkgMys9nYSf4xCghjhJpRmg8U/9e5CRWahwHZjMmeqj+e1Px11swlckyhHBi24sJdHTp50ykmQZB5wGijGOd4GkjOGQSqOZjQwiVzPyA6ZBIQrXpzTbluP+rWCats5pbr9Xvz6uN66KmMjpCx+gUuegCNdAtaiIPUcTQM3pBr9aT9Wa9Wx/z1ZJV3ByiBVifP4gvlro=</latexit>

M = 0

<latexit sha1_base64="/NYvCvedSFF94PxoBG/unrFRICs=">AAACCHicZVDLSsNAFJ3UV42vqks3g0Wom5oUqS6Lbly4qGAf0sYymdy0QycPZiZCCf0Bt271H9yJW//CX/ArnLZBbHvgwuGce+Hc48acSWVZ30ZuZXVtfSO/aW5t7+zuFfYPmjJKBIUGjXgk2i6RwFkIDcUUh3YsgAQuh5Y7vJ74rScQkkXhvRrF4ASkHzKfUaK09GCfleCxgm9Pe4WiVbamwMvEzkgRZaj3Cj9dL6JJAKGinE jZsa1YOSkRilEOY7ObSIgJHZI+dDQNSQDSSaeBx/hEKx72I6EnVHiq/r9ISSDlKHD1ZkDUQC56E/HPmzOlzjIAb2ya8wmUf+mkLIwTBSGdBfATjlWEJ61gjwmgio80IVQw/QOmAyIIVbo7U5djL1axTJqVsl0tV+/Oi7WrrKY8OkLHqIRsdIFq6AbVUQNRFKAX9IrejGfj3fgwPmerOSO7OURzML5+AeUvl/o=</latexit>

1/(e2L)

<latexit sha1_base64="bX2scgDyzi4Pa414jpYAfPrUscw=">AAACCXicZVDLSsNAFL2prxpfVZduBovgqiQi1Y1QdOPCRQX7wDaUyWTSDp1MwsxECKVf4Nat/oM7cetX+At+hdM2iG0PXDiccy+ce/yEM6Ud59sqrKyurW8UN+2t7Z3dvdL+QVPFqSS0QWIey7aPFeVM0IZmmtN2IimOfE5b/vBm4reeqFQsFg86S6gX4b5gISNYG+nxDl2hLhOhznqlslNxpkDLxM1JGXLUe6WfbhCTNKJCE46V6rhOor0RlpoRTsd2N1U0wWSI+7RjqMARVd5omniMTowSoDCWZoRGU/X/xQhHSmWRbzYjrAdq0ZuIf96cqUyWAQ3Gtj2fQIeX3oiJJNVUkFmAMOVIx2hSCwqYpETzzBBMJDM/IDLAEhNtyrNNOe5iFcukeVZxq5Xq/Xm5dp3XVIQjOIZTcOECanALdWgAAQEv8Apv1rP1bn1Yn7PVgpXfHMIcrK9fDFGZQQ==</latexit>

L = →

Our work: deformation to a calculable 
regime using AdS radius and keeping <latexit sha1_base64="zI/StncLANI9iri4kGI9/i80SeI=">AAACBHicZVDLSsNAFJ3UV42vqks3g0VwVRKR6kYounEjVDBtoQ1lMrlph04mYWYilNCtW7f6D+7Erf/hL/gVTtsg1h64cDjnXjj3BClnSjvOl1VaWV1b3yhv2lvbO7t7lf2DlkoyScGjCU9kJyAKOBPgaaY5dFIJJA44tIPRzdRvP4JULBEPepyCH5OBYBGjRBvJu8NX2OlXqk7NmQEvE7cgVVSg2a9898KEZjEITTlRqus6qfZzIjWjHCZ2L1OQEjoiA+gaKkgMys9nYSf4xCghjhJpRmg8U/9e5CRWahwHZjMmeqj+e1Px11swlckyhHBi24sJdHTp50ykmQZB5wGijGOd4GkjOGQSqOZjQwiVzPyA6ZBIQrXpzTbluP+rWCats5pbr9Xvz6uN66KmMjpCx+gUuegCNdAtaiIPUcTQM3pBr9aT9Wa9Wx/z1ZJV3ByiBVifP4gvlro=</latexit>

M = 0

We find the same pattern: 
<latexit sha1_base64="vnZgwJFdmOovxOaLo5G0AikiqUQ="></latexit>

U(2) =
SU(2)→ U(1)m

Z2
↑ U(1)+

Strengthens evidence that this is the 
correct phase at            ,

<latexit sha1_base64="zI/StncLANI9iri4kGI9/i80SeI=">AAACBHicZVDLSsNAFJ3UV42vqks3g0VwVRKR6kYounEjVDBtoQ1lMrlph04mYWYilNCtW7f6D+7Erf/hL/gVTtsg1h64cDjnXjj3BClnSjvOl1VaWV1b3yhv2lvbO7t7lf2DlkoyScGjCU9kJyAKOBPgaaY5dFIJJA44tIPRzdRvP4JULBEPepyCH5OBYBGjRBvJu8NX2OlXqk7NmQEvE7cgVVSg2a9898KEZjEITTlRqus6qfZzIjWjHCZ2L1OQEjoiA+gaKkgMys9nYSf4xCghjhJpRmg8U/9e5CRWahwHZjMmeqj+e1Px11swlckyhHBi24sJdHTp50ykmQZB5wGijGOd4GkjOGQSqOZjQwiVzPyA6ZBIQrXpzTbluP+rWCats5pbr9Xvz6uN66KmMjpCx+gUuegCNdAtaiIPUcTQM3pBr9aT9Wa9Wx/z1ZJV3ByiBVifP4gvlro=</latexit>

M = 0
<latexit sha1_base64="bX2scgDyzi4Pa414jpYAfPrUscw=">AAACCXicZVDLSsNAFL2prxpfVZduBovgqiQi1Y1QdOPCRQX7wDaUyWTSDp1MwsxECKVf4Nat/oM7cetX+At+hdM2iG0PXDiccy+ce/yEM6Ud59sqrKyurW8UN+2t7Z3dvdL+QVPFqSS0QWIey7aPFeVM0IZmmtN2IimOfE5b/vBm4reeqFQsFg86S6gX4b5gISNYG+nxDl2hLhOhznqlslNxpkDLxM1JGXLUe6WfbhCTNKJCE46V6rhOor0RlpoRTsd2N1U0wWSI+7RjqMARVd5omniMTowSoDCWZoRGU/X/xQhHSmWRbzYjrAdq0ZuIf96cqUyWAQ3Gtj2fQIeX3oiJJNVUkFmAMOVIx2hSCwqYpETzzBBMJDM/IDLAEhNtyrNNOe5iFcukeVZxq5Xq/Xm5dp3XVIQjOIZTcOECanALdWgAAQEv8Apv1rP1bn1Yn7PVgpXfHMIcrK9fDFGZQQ==</latexit>

L = →
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Symmetries in QED3

<latexit sha1_base64="cPxvbPCXwIdob81uOwA2ZzWmUj4="></latexit>

ωz!
I |ω = BI

J!
J |ω

<latexit sha1_base64="8OtmIDaJQ+DfhywqMjvPFsgIPkM="></latexit>

BI
J =

(
1 0
0 →1

)
, :

i.e.
<latexit sha1_base64="C5q7vXd6MVLPGAGLo0B9EjHQKmM=">AAACHHicZVDLSsNAFJ3UV42vqMtuBovgqiQi1Y1QFMRlBfuAJoTJZNIOnTyYmQg1ZOGPuHWr/+BO3Ar+gl/hpA1i2wMDh3PuHc49XsKokKb5rVVWVtfWN6qb+tb2zu6esX/QFXHKMengmMW87yFBGI1IR1LJSD/hBIUeIz1vfF34vQfCBY2jezlJiBOiYUQDipFUkmvUbtzsEdLcVkPSzewEcUkRy+ElNF2jbjbMKeAysUpSByXarvFj+zFOQxJJzJAQA8tMpJMVX2JGct1OBUkQHqMhGSgaoZAIJ5sekcNjpfgwiLl6kYRT9f9GhkIhJqGnJkMkR2LRK8Q/b84UKsuI+LmuzyeQwYWT0ShJJYnwLECQMihjWDQFfcoJlmyiCMKcqhsgHiGOsFR96qoca7GKZdI9bVjNRvPurN66Kmuqgho4AifAAuegBW5BG3QABk/gBbyCN+1Ze9c+tM/ZaEUrdw7BHLSvX1MEoNc=</latexit>

Fzi|ω = 0
<latexit sha1_base64="NVcZymb4Rl5sJrnkppdvWNn3IUs="></latexit>

Jm
z |ω = ωijFij |ω →= 0 :

<latexit sha1_base64="caTRpisAHiACFuMBJInfUp8KLtw=">AAACC3icZVDLSsNAFJ34rPFVdelmsAh1UxKR6rLoxmUF0xaaUCaTm3boTBJmJkIp/QS3bvUf3IlbP8Jf8CuctkFse+DC4Zx74dwTZpwp7Tjf1tr6xubWdmnH3t3bPzgsHx23VJpLCh5NeSo7IVHAWQKeZppDJ5NARMihHQ7vpn77CaRiafKoRxkEgvQTFjNKtJF8r+pe9AT2dYrdXrni1JwZ8CpxC1JBBZq98o8fpTQXkGjKiVJd18l0MCZSM8phYvu5gozQIelD19CECFDBeJZ5gs+NEuE4lWYSjWfq/4sxEUqNRGg2BdEDtexNxT9vwVQmywCiiW0vJtDxTTBmSZZrSOg8QJxzbF6fFoMjJoFqPjKEUMnMD5gOiCRUm/psU467XMUqaV3W3Hqt/nBVadwWNZXQKTpDVeSia9RA96iJPERRhl7QK3qznq1368P6nK+uWcXNCVqA9fULYpeZWQ==</latexit>

U(1)m → 1

Tree level:
<latexit sha1_base64="CY1NXnlaL0/5z7aWaGisNMeJGYo=">AAACEHicZVDLTsJAFJ3iC+uDqks3E4kJbEiLBl0S3bjEaIEEmmY6HWDCdNrMTE1Iw0+4dav/4M649Q/8Bb/CARojcJKbnJxzb3LuCRJGpbLtb6Owsbm1vVPcNff2Dw5L1tFxW8apwMTFMYtFN0CSMMqJq6hipJsIgqKAkU4wvp35nSciJI35o5okxIvQkNMBxUhpybdKD26lXu2rGLoVp+pf+FbZrtlzwHXi5KQMcrR866cfxjiNCFeYISl7jp0oL0NCUczI1OynkiQIj9GQ9DTlKCLSy+bBp/BcKyEcxEIPV3Cu/r/IUCTlJAr0ZoTUSK56M/HPWzKlzjIi4dQ0lxOowbWXUZ6kinC8CDBIGdT/z9qBIRUEKzbRBGFB9Q8Qj5BAWOkOTV2Os1rFOmnXa06j1ri/LDdv8pqK4BScgQpwwBVogjvQAi7AIAUv4BW8Gc/Gu/FhfC5WC0Z+cwKWYHz9Aljymkg=</latexit>

SU(2) → U(1)3
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Symmetries in QED3

<latexit sha1_base64="cPxvbPCXwIdob81uOwA2ZzWmUj4="></latexit>

ωz!
I |ω = BI

J!
J |ω

<latexit sha1_base64="8OtmIDaJQ+DfhywqMjvPFsgIPkM="></latexit>

BI
J =

(
1 0
0 →1

)
, :

i.e.
<latexit sha1_base64="C5q7vXd6MVLPGAGLo0B9EjHQKmM=">AAACHHicZVDLSsNAFJ3UV42vqMtuBovgqiQi1Y1QFMRlBfuAJoTJZNIOnTyYmQg1ZOGPuHWr/+BO3Ar+gl/hpA1i2wMDh3PuHc49XsKokKb5rVVWVtfWN6qb+tb2zu6esX/QFXHKMengmMW87yFBGI1IR1LJSD/hBIUeIz1vfF34vQfCBY2jezlJiBOiYUQDipFUkmvUbtzsEdLcVkPSzewEcUkRy+ElNF2jbjbMKeAysUpSByXarvFj+zFOQxJJzJAQA8tMpJMVX2JGct1OBUkQHqMhGSgaoZAIJ5sekcNjpfgwiLl6kYRT9f9GhkIhJqGnJkMkR2LRK8Q/b84UKsuI+LmuzyeQwYWT0ShJJYnwLECQMihjWDQFfcoJlmyiCMKcqhsgHiGOsFR96qoca7GKZdI9bVjNRvPurN66Kmuqgho4AifAAuegBW5BG3QABk/gBbyCN+1Ze9c+tM/ZaEUrdw7BHLSvX1MEoNc=</latexit>

Fzi|ω = 0
<latexit sha1_base64="NVcZymb4Rl5sJrnkppdvWNn3IUs="></latexit>

Jm
z |ω = ωijFij |ω →= 0 :

<latexit sha1_base64="caTRpisAHiACFuMBJInfUp8KLtw=">AAACC3icZVDLSsNAFJ34rPFVdelmsAh1UxKR6rLoxmUF0xaaUCaTm3boTBJmJkIp/QS3bvUf3IlbP8Jf8CuctkFse+DC4Zx74dwTZpwp7Tjf1tr6xubWdmnH3t3bPzgsHx23VJpLCh5NeSo7IVHAWQKeZppDJ5NARMihHQ7vpn77CaRiafKoRxkEgvQTFjNKtJF8r+pe9AT2dYrdXrni1JwZ8CpxC1JBBZq98o8fpTQXkGjKiVJd18l0MCZSM8phYvu5gozQIelD19CECFDBeJZ5gs+NEuE4lWYSjWfq/4sxEUqNRGg2BdEDtexNxT9vwVQmywCiiW0vJtDxTTBmSZZrSOg8QJxzbF6fFoMjJoFqPjKEUMnMD5gOiCRUm/psU467XMUqaV3W3Hqt/nBVadwWNZXQKTpDVeSia9RA96iJPERRhl7QK3qznq1368P6nK+uWcXNCVqA9fULYpeZWQ==</latexit>

U(1)m → 1

Tree level:
<latexit sha1_base64="CY1NXnlaL0/5z7aWaGisNMeJGYo=">AAACEHicZVDLTsJAFJ3iC+uDqks3E4kJbEiLBl0S3bjEaIEEmmY6HWDCdNrMTE1Iw0+4dav/4M649Q/8Bb/CARojcJKbnJxzb3LuCRJGpbLtb6Owsbm1vVPcNff2Dw5L1tFxW8apwMTFMYtFN0CSMMqJq6hipJsIgqKAkU4wvp35nSciJI35o5okxIvQkNMBxUhpybdKD26lXu2rGLoVp+pf+FbZrtlzwHXi5KQMcrR866cfxjiNCFeYISl7jp0oL0NCUczI1OynkiQIj9GQ9DTlKCLSy+bBp/BcKyEcxEIPV3Cu/r/IUCTlJAr0ZoTUSK56M/HPWzKlzjIi4dQ0lxOowbWXUZ6kinC8CDBIGdT/z9qBIRUEKzbRBGFB9Q8Qj5BAWOkOTV2Os1rFOmnXa06j1ri/LDdv8pqK4BScgQpwwBVogjvQAi7AIAUv4BW8Gc/Gu/FhfC5WC0Z+cwKWYHz9Aljymkg=</latexit>

SU(2) → U(1)3

We extract the geometry of the space of vacua/conformal 
manifold at 1 loop from the 2-pt function of the bulk current:

<latexit sha1_base64="nftgd3CGaNjlVFEoxz2wplJfPNU="></latexit>

Ct = → 2

ω
FJ(0) =

O(e2)

<latexit sha1_base64="uLdZf1T563VKXCXy8O81zjnRrME=">AAACAnicZVDLSsNAFL2prxpfVZduBovgqiQi1WXRjbiqaB/QxjKZTNqhk0mYmQgldOfWrf6DO3Hrj/gLfoXTNohtD1w4nHMvnHv8hDOlHefbKqysrq1vFDftre2d3b3S/kFTxakktEFiHsu2jxXlTNCGZprTdiIpjnxOW/7weuK3nqhULBYPepRQL8J9wUJGsDbS/e1j1CuVnYozBVombk7KkKPeK/10g5ikERWacKxUx3US7WVYakY4HdvdVNEEkyHu046hAkdUedk06hidGCVAYSzNCI2m6v+LDEdKjSLfbEZYD9SiNxH/vDlTmSwDGoxtez6BDi+9jIkk1VSQWYAw5UjHaNIHCpikRPORIZhIZn5AZIAlJtq0Zpty3MUqlknzrOJWK9W783LtKq+pCEdwDKfgwgXU4Abq0AACfXiBV3iznq1368P6nK0WrPzmEOZgff0CaGWWwQ==</latexit>

Jm
<latexit sha1_base64="6wXjbP+/eRqQoUQFBrKpMr5Y/tw=">AAACAnicZVDLSsNAFJ3UV42vqks3g0VwVRKV6rLoRlxVtA9oY5lMbtqhk0mYmQgldOfWrf6DO3Hrj/gLfoXTNoi1By4czrkXzj1+wpnSjvNlFZaWV1bXiuv2xubW9k5pd6+p4lRSaNCYx7LtEwWcCWhopjm0Ewkk8jm0/OHVxG89glQsFvd6lIAXkb5gIaNEG+nu5uG0Vyo7FWcKvEjcnJRRjnqv9N0NYppGIDTlRKmO6yTay4jUjHIY291UQULokPShY6ggESgvm0Yd4yOjBDiMpRmh8VT9e5GRSKlR5JvNiOiB+u9NxF9vzlQmywCCsW3PJ9DhhZcxkaQaBJ0FCFOOdYwnfeCASaCajwwhVDLzA6YDIgnVpjXblOP+r2KRNE8qbrVSvT0r1y7zmoroAB2iY+Sic1RD16iOGoiiPnpGL+jVerLerHfrY7ZasPKbfTQH6/MHCw2Whw==</latexit>

J3

<latexit sha1_base64="uLdZf1T563VKXCXy8O81zjnRrME=">AAACAnicZVDLSsNAFL2prxpfVZduBovgqiQi1WXRjbiqaB/QxjKZTNqhk0mYmQgldOfWrf6DO3Hrj/gLfoXTNohtD1w4nHMvnHv8hDOlHefbKqysrq1vFDftre2d3b3S/kFTxakktEFiHsu2jxXlTNCGZprTdiIpjnxOW/7weuK3nqhULBYPepRQL8J9wUJGsDbS/e1j1CuVnYozBVombk7KkKPeK/10g5ikERWacKxUx3US7WVYakY4HdvdVNEEkyHu046hAkdUedk06hidGCVAYSzNCI2m6v+LDEdKjSLfbEZYD9SiNxH/vDlTmSwDGoxtez6BDi+9jIkk1VSQWYAw5UjHaNIHCpikRPORIZhIZn5AZIAlJtq0Zpty3MUqlknzrOJWK9W783LtKq+pCEdwDKfgwgXU4Abq0AACfXiBV3iznq1368P6nK0WrPzmEOZgff0CaGWWwQ==</latexit>

Jm

<latexit sha1_base64="6wXjbP+/eRqQoUQFBrKpMr5Y/tw=">AAACAnicZVDLSsNAFJ3UV42vqks3g0VwVRKV6rLoRlxVtA9oY5lMbtqhk0mYmQgldOfWrf6DO3Hrj/gLfoXTNoi1By4czrkXzj1+wpnSjvNlFZaWV1bXiuv2xubW9k5pd6+p4lRSaNCYx7LtEwWcCWhopjm0Ewkk8jm0/OHVxG89glQsFvd6lIAXkb5gIaNEG+nu5uG0Vyo7FWcKvEjcnJRRjnqv9N0NYppGIDTlRKmO6yTay4jUjHIY291UQULokPShY6ggESgvm0Yd4yOjBDiMpRmh8VT9e5GRSKlR5JvNiOiB+u9NxF9vzlQmywCCsW3PJ9DhhZcxkaQaBJ0FCFOOdYwnfeCASaCajwwhVDLzA6YDIgnVpjXblOP+r2KRNE8qbrVSvT0r1y7zmoroAB2iY+Sic1RD16iOGoiiPnpGL+jVerLerHfrY7ZasPKbfTQH6/MHCw2Whw==</latexit>

J3
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symmetries in QED3 from perturbation theory in 
<latexit sha1_base64="bLb6PnygFibuXHNZVEY7B4Wlqf8=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmIzGxInfEoCXRxsICEw9I4CR7ywAb9vYuu3smhPAbbCw0xtYfZOe/cYErFHzJJC/vzWRmXpgIro3rfju5tfWNza38dmFnd2//oHh41NBxqhj6LBaxaoVUo+ASfcONwFaikEahwGY4upn5zSdUmsfywYwTDCI6kLzPGTVW8vGxQu66xZJbducgq8TLSAky1LvFr04vZmmE0jBBtW57bmKCCVWGM4HTQifVmFA2ogNsWypphDqYzI+dkjOr9Eg/VrakIXP198SERlqPo9B2RtQM9bI3E//z2qnpXwUTLpPUoGSLRf1UEBOT2eekxxUyI8aWUKa4vZWwIVWUGZtPwYbgLb+8ShqVslctV+8vSrXrLI48nMApnIMHl1CDW6iDDww4PMMrvDnSeXHenY9Fa87JZo7hD5zPH+Hbjhg=</latexit>

e2L
w/ Stefano Lanza, Pierluigi Niro

strong-coupling expansion of Bremsstrahlung in SYM 
from Goldstone bosons in AdS2

w/ Federico Castellani, Valentina Forini, Roman Stemplowski
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Bremsstrahlung function from AdS₂

1/2-BPS Wilson–Maldacena line in             SYM:
<latexit sha1_base64="zRlwGKrC3ez/LLG8W7TvzEuAevM=">AAACDHicZVDLSsNAFL2prxpfVZdugkVwVRKR6kYounElFewD2lAmk0k7dDKJMxOhhPyCW7f6D+7Erf/gL/gVTtogtj1w4XDOvXDu8WJGpbLtb6O0srq2vlHeNLe2d3b3KvsHbRklApMWjlgkuh6ShFFOWooqRrqxICj0GOl445vc7zwRIWnEH9QkJm6IhpwGFCOlJbcfIjXCiKV32dX5oFK1a/YU1jJxClKFAs1B5afvRzgJCVeYISl7jh0rN0VCUcxIZvYTSWKEx2hIeppyFBLpptPQmXWiFd8KIqGHK2uq/r9IUSjlJPT0Zh5SLnq5+OfNmVJnGRE/M835BCq4dFPK40QRjmcBgoRZKrLyZiyfCoIVm2iCsKD6BwuPkEBY6f5MXY6zWMUyaZ/VnHqtfn9ebVwXNZXhCI7hFBy4gAbcQhNagOERXuAV3oxn4934MD5nqyWjuDmEORhfvykmmv0=</latexit>

N = 4

breaks                           : tilt     ,    
<latexit sha1_base64="jkYI5VS1yiecyCwOJrnFVYVbw/0=">AAACEHicZVDLSsNAFL2prxofjbp0M1iEdlMS0eqy6MadFe0D2lAmk2k7dPJgZiKU0J9w61b/wZ249Q/8Bb/CaRvEtgcuHM65F849XsyZVLb9beTW1jc2t/Lb5s7u3n7BOjhsyigRhDZIxCPR9rCknIW0oZjitB0LigOP05Y3upn6rScqJIvCRzWOqRvgQcj6jGClpZ5VeLgrVcuoqyKk2UW5ZxXtij0DWiVORoqQod6zfrp+RJKAhopwLGXHsWPlplgoRjidmN1E0hiTER7QjqYhDqh001nwCTrVio/6kdATKjRT/1+kOJByHHh6M8BqKJe9qfjnLZhSZxlSf2KaiwlU/8pNWRgnioZkHqCfcKTfn7aDfCYoUXysCSaC6R8QGWKBidIdmrocZ7mKVdI8qzjVSvX+vFi7zmrKwzGcQAkcuIQa3EIdGkAggRd4hTfj2Xg3PozP+WrOyG6OYAHG1y8fbpol</latexit>

SO(6) → SO(5)

<latexit sha1_base64="OqFmwuL2c9vstS6c4sRQxZ2/KFQ="></latexit>

W = trPe
∫
dω(i Aω+!6)

<latexit sha1_base64="jIJpmZ74XZ70dP+vTpoCHPgKuaA=">AAACAnicZVDLSsNAFL2prxpfVZdugkVwVRKR6rLoxmVF+4A2lsnkth06mYSZiVBCd27d6j+4E7f+iL/gVzhtg1h74MLhnHvh3BMknCntul9WYWV1bX2juGlvbe/s7pX2D5oqTiXFBo15LNsBUciZwIZmmmM7kUiigGMrGF1P/dYjSsVica/HCfoRGQjWZ5RoI93ph6RXKrsVdwZnmXg5KUOOeq/03Q1jmkYoNOVEqY7nJtrPiNSMcpzY3VRhQuiIDLBjqCARKj+bRZ04J0YJnX4szQjtzNS/FxmJlBpHgdmMiB6q/95U/PUWTGWyDDGc2PZiAt2/9DMmklSjoPMA/ZQ7OnamfTghk0g1HxtCqGTmB4cOiSRUm9ZsU473v4pl0jyreNVK9fa8XLvKayrCERzDKXhwATW4gTo0gMIAnuEFXq0n6816tz7mqwUrvzmEBVifP7Ellu4=</latexit>

tp
<latexit sha1_base64="w5tsOw4L3yZOt+Of0pNCV6ZAWWU=">AAACDXicZVDNSgMxGMzWv7r+VT16CRbBQym7otWLUPTisYL9gXYt2ezXNjSbXZKsUJY+g1ev+g7exKvP4Cv4FKbtIrYdCAwz38Bk/JgzpR3n28qtrK6tb+Q37a3tnd29wv5BQ0WJpFCnEY9kyycKOBNQ10xzaMUSSOhzaPrD24nffAKpWCQe9CgGLyR9wXqMEm2kxxhfY7fUCSKtSviiWyg6ZWcKvEzcjBRRhlq38GOiNAlBaMqJUm3XibWXEqkZ5TC2O4mCmNAh6UPbUEFCUF46bT3GJ0YJcC+S5gmNp+r/REpCpUahby5Dogdq0ZuIf96cqUyXAQRj255voHtXXspEnGgQdFagl3CsIzyZBgdMAtV8ZAihkpk/YDogklBtBrTNOO7iFMukcVZ2K+XK/XmxepPNlEdH6BidIhddoiq6QzVURxRJ9IJe0Zv1bL1bH9bn7DRnZZlDNAfr6xeYW5n7</latexit>

p = 1, . . . , 5
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Bremsstrahlung function from AdS₂

1/2-BPS Wilson–Maldacena line in             SYM:
<latexit sha1_base64="zRlwGKrC3ez/LLG8W7TvzEuAevM=">AAACDHicZVDLSsNAFL2prxpfVZdugkVwVRKR6kYounElFewD2lAmk0k7dDKJMxOhhPyCW7f6D+7Erf/gL/gVTtogtj1w4XDOvXDu8WJGpbLtb6O0srq2vlHeNLe2d3b3KvsHbRklApMWjlgkuh6ShFFOWooqRrqxICj0GOl445vc7zwRIWnEH9QkJm6IhpwGFCOlJbcfIjXCiKV32dX5oFK1a/YU1jJxClKFAs1B5afvRzgJCVeYISl7jh0rN0VCUcxIZvYTSWKEx2hIeppyFBLpptPQmXWiFd8KIqGHK2uq/r9IUSjlJPT0Zh5SLnq5+OfNmVJnGRE/M835BCq4dFPK40QRjmcBgoRZKrLyZiyfCoIVm2iCsKD6BwuPkEBY6f5MXY6zWMUyaZ/VnHqtfn9ebVwXNZXhCI7hFBy4gAbcQhNagOERXuAV3oxn4934MD5nqyWjuDmEORhfvykmmv0=</latexit>

N = 4

breaks                           : tilt     ,    
<latexit sha1_base64="jkYI5VS1yiecyCwOJrnFVYVbw/0=">AAACEHicZVDLSsNAFL2prxofjbp0M1iEdlMS0eqy6MadFe0D2lAmk2k7dPJgZiKU0J9w61b/wZ249Q/8Bb/CaRvEtgcuHM65F849XsyZVLb9beTW1jc2t/Lb5s7u3n7BOjhsyigRhDZIxCPR9rCknIW0oZjitB0LigOP05Y3upn6rScqJIvCRzWOqRvgQcj6jGClpZ5VeLgrVcuoqyKk2UW5ZxXtij0DWiVORoqQod6zfrp+RJKAhopwLGXHsWPlplgoRjidmN1E0hiTER7QjqYhDqh001nwCTrVio/6kdATKjRT/1+kOJByHHh6M8BqKJe9qfjnLZhSZxlSf2KaiwlU/8pNWRgnioZkHqCfcKTfn7aDfCYoUXysCSaC6R8QGWKBidIdmrocZ7mKVdI8qzjVSvX+vFi7zmrKwzGcQAkcuIQa3EIdGkAggRd4hTfj2Xg3PozP+WrOyG6OYAHG1y8fbpol</latexit>

SO(6) → SO(5)

<latexit sha1_base64="OqFmwuL2c9vstS6c4sRQxZ2/KFQ="></latexit>

W = trPe
∫
dω(i Aω+!6)

<latexit sha1_base64="jIJpmZ74XZ70dP+vTpoCHPgKuaA=">AAACAnicZVDLSsNAFL2prxpfVZdugkVwVRKR6rLoxmVF+4A2lsnkth06mYSZiVBCd27d6j+4E7f+iL/gVzhtg1h74MLhnHvh3BMknCntul9WYWV1bX2juGlvbe/s7pX2D5oqTiXFBo15LNsBUciZwIZmmmM7kUiigGMrGF1P/dYjSsVica/HCfoRGQjWZ5RoI93ph6RXKrsVdwZnmXg5KUOOeq/03Q1jmkYoNOVEqY7nJtrPiNSMcpzY3VRhQuiIDLBjqCARKj+bRZ04J0YJnX4szQjtzNS/FxmJlBpHgdmMiB6q/95U/PUWTGWyDDGc2PZiAt2/9DMmklSjoPMA/ZQ7OnamfTghk0g1HxtCqGTmB4cOiSRUm9ZsU473v4pl0jyreNVK9fa8XLvKayrCERzDKXhwATW4gTo0gMIAnuEFXq0n6816tz7mqwUrvzmEBVifP7Ellu4=</latexit>

tp
<latexit sha1_base64="w5tsOw4L3yZOt+Of0pNCV6ZAWWU=">AAACDXicZVDNSgMxGMzWv7r+VT16CRbBQym7otWLUPTisYL9gXYt2ezXNjSbXZKsUJY+g1ev+g7exKvP4Cv4FKbtIrYdCAwz38Bk/JgzpR3n28qtrK6tb+Q37a3tnd29wv5BQ0WJpFCnEY9kyycKOBNQ10xzaMUSSOhzaPrD24nffAKpWCQe9CgGLyR9wXqMEm2kxxhfY7fUCSKtSviiWyg6ZWcKvEzcjBRRhlq38GOiNAlBaMqJUm3XibWXEqkZ5TC2O4mCmNAh6UPbUEFCUF46bT3GJ0YJcC+S5gmNp+r/REpCpUahby5Dogdq0ZuIf96cqUyXAQRj255voHtXXspEnGgQdFagl3CsIzyZBgdMAtV8ZAihkpk/YDogklBtBrTNOO7iFMukcVZ2K+XK/XmxepPNlEdH6BidIhddoiq6QzVURxRJ9IJe0Zv1bL1bH9bn7DRnZZlDNAfr6xeYW5n7</latexit>

p = 1, . . . , 5

Interesting observable, known from localization:

,
<latexit sha1_base64="ciDZBWT6B23N9N+OkQEZEkpeBn0=">AAACG3icZVDLSsNAFJ3UV42vqDvdBItQQUpSpLoRSrtxWcE+oAlhMpm0QyeTMDMRSij4I27d6j+4E7cu/AW/wmkbirUXBs6ccw+ce/yEEiEt61srrK1vbG4Vt/Wd3b39A+PwqCPilCPcRjGNec+HAlPCcFsSSXEv4RhGPsVdf9Sc6t1HzAWJ2YMcJ9iN4ICRkCAoFeUZJ01Plh2qDAG8uK06l43FzzNKVsWajbkK7ByUQD4tz/hxghilEWYSUShE37YS6WaQS4IonuhOKnAC0QgOcF9BBiMs3Gx2w8Q8V0xghjFXj0lzxv51ZDASYhz5ajOCcij+a1NyoS2JQmUZ4mCi68sJZHjjZoQlqcQMzQOEKTVlbE6LMgPCMZJ0rABEnKgbTDSEHCKp6tRVOfb/KlZBp1qxa5Xa/VWp3shrKoJTcAbKwAbXoA7uQAu0AQJP4AW8gjftWXvXPrTP+WpByz3HYGm0r19yMZ8u</latexit>

Ct(ω) = 2B(ω)
<latexit sha1_base64="GGynx1tYICpLKJ1wXlEtbNuj8ig="></latexit>

→tp(x)tq(x→)↑ = Ct(ω)εpq

|x↓ x→|2
[Correa, Henn, Maldacena, Sever (2012)]
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Bremsstrahlung function from AdS₂

1/2-BPS Wilson–Maldacena line in             SYM:
<latexit sha1_base64="zRlwGKrC3ez/LLG8W7TvzEuAevM=">AAACDHicZVDLSsNAFL2prxpfVZdugkVwVRKR6kYounElFewD2lAmk0k7dDKJMxOhhPyCW7f6D+7Erf/gL/gVTtogtj1w4XDOvXDu8WJGpbLtb6O0srq2vlHeNLe2d3b3KvsHbRklApMWjlgkuh6ShFFOWooqRrqxICj0GOl445vc7zwRIWnEH9QkJm6IhpwGFCOlJbcfIjXCiKV32dX5oFK1a/YU1jJxClKFAs1B5afvRzgJCVeYISl7jh0rN0VCUcxIZvYTSWKEx2hIeppyFBLpptPQmXWiFd8KIqGHK2uq/r9IUSjlJPT0Zh5SLnq5+OfNmVJnGRE/M835BCq4dFPK40QRjmcBgoRZKrLyZiyfCoIVm2iCsKD6BwuPkEBY6f5MXY6zWMUyaZ/VnHqtfn9ebVwXNZXhCI7hFBy4gAbcQhNagOERXuAV3oxn4934MD5nqyWjuDmEORhfvykmmv0=</latexit>

N = 4

breaks                           : tilt     ,    
<latexit sha1_base64="jkYI5VS1yiecyCwOJrnFVYVbw/0=">AAACEHicZVDLSsNAFL2prxofjbp0M1iEdlMS0eqy6MadFe0D2lAmk2k7dPJgZiKU0J9w61b/wZ249Q/8Bb/CaRvEtgcuHM65F849XsyZVLb9beTW1jc2t/Lb5s7u3n7BOjhsyigRhDZIxCPR9rCknIW0oZjitB0LigOP05Y3upn6rScqJIvCRzWOqRvgQcj6jGClpZ5VeLgrVcuoqyKk2UW5ZxXtij0DWiVORoqQod6zfrp+RJKAhopwLGXHsWPlplgoRjidmN1E0hiTER7QjqYhDqh001nwCTrVio/6kdATKjRT/1+kOJByHHh6M8BqKJe9qfjnLZhSZxlSf2KaiwlU/8pNWRgnioZkHqCfcKTfn7aDfCYoUXysCSaC6R8QGWKBidIdmrocZ7mKVdI8qzjVSvX+vFi7zmrKwzGcQAkcuIQa3EIdGkAggRd4hTfj2Xg3PozP+WrOyG6OYAHG1y8fbpol</latexit>

SO(6) → SO(5)

<latexit sha1_base64="OqFmwuL2c9vstS6c4sRQxZ2/KFQ="></latexit>

W = trPe
∫
dω(i Aω+!6)

<latexit sha1_base64="jIJpmZ74XZ70dP+vTpoCHPgKuaA=">AAACAnicZVDLSsNAFL2prxpfVZdugkVwVRKR6rLoxmVF+4A2lsnkth06mYSZiVBCd27d6j+4E7f+iL/gVzhtg1h74MLhnHvh3BMknCntul9WYWV1bX2juGlvbe/s7pX2D5oqTiXFBo15LNsBUciZwIZmmmM7kUiigGMrGF1P/dYjSsVica/HCfoRGQjWZ5RoI93ph6RXKrsVdwZnmXg5KUOOeq/03Q1jmkYoNOVEqY7nJtrPiNSMcpzY3VRhQuiIDLBjqCARKj+bRZ04J0YJnX4szQjtzNS/FxmJlBpHgdmMiB6q/95U/PUWTGWyDDGc2PZiAt2/9DMmklSjoPMA/ZQ7OnamfTghk0g1HxtCqGTmB4cOiSRUm9ZsU473v4pl0jyreNVK9fa8XLvKayrCERzDKXhwATW4gTo0gMIAnuEFXq0n6816tz7mqwUrvzmEBVifP7Ellu4=</latexit>

tp
<latexit sha1_base64="w5tsOw4L3yZOt+Of0pNCV6ZAWWU=">AAACDXicZVDNSgMxGMzWv7r+VT16CRbBQym7otWLUPTisYL9gXYt2ezXNjSbXZKsUJY+g1ev+g7exKvP4Cv4FKbtIrYdCAwz38Bk/JgzpR3n28qtrK6tb+Q37a3tnd29wv5BQ0WJpFCnEY9kyycKOBNQ10xzaMUSSOhzaPrD24nffAKpWCQe9CgGLyR9wXqMEm2kxxhfY7fUCSKtSviiWyg6ZWcKvEzcjBRRhlq38GOiNAlBaMqJUm3XibWXEqkZ5TC2O4mCmNAh6UPbUEFCUF46bT3GJ0YJcC+S5gmNp+r/REpCpUahby5Dogdq0ZuIf96cqUyXAQRj255voHtXXspEnGgQdFagl3CsIzyZBgdMAtV8ZAihkpk/YDogklBtBrTNOO7iFMukcVZ2K+XK/XmxepPNlEdH6BidIhddoiq6QzVURxRJ9IJe0Zv1bL1bH9bn7DRnZZlDNAfr6xeYW5n7</latexit>

p = 1, . . . , 5

Goal: match strong-coupling expansion with holographic 
calculation

<latexit sha1_base64="dXJSUWIkowKLZWvImbLDauoj3pU="></latexit>

Ct(ω) =

→
ω

2ε2
↑

3

4ε2
+O

(
1
→
ω

)

Interesting observable, known from localization:

,
<latexit sha1_base64="ciDZBWT6B23N9N+OkQEZEkpeBn0=">AAACG3icZVDLSsNAFJ3UV42vqDvdBItQQUpSpLoRSrtxWcE+oAlhMpm0QyeTMDMRSij4I27d6j+4E7cu/AW/wmkbirUXBs6ccw+ce/yEEiEt61srrK1vbG4Vt/Wd3b39A+PwqCPilCPcRjGNec+HAlPCcFsSSXEv4RhGPsVdf9Sc6t1HzAWJ2YMcJ9iN4ICRkCAoFeUZJ01Plh2qDAG8uK06l43FzzNKVsWajbkK7ByUQD4tz/hxghilEWYSUShE37YS6WaQS4IonuhOKnAC0QgOcF9BBiMs3Gx2w8Q8V0xghjFXj0lzxv51ZDASYhz5ajOCcij+a1NyoS2JQmUZ4mCi68sJZHjjZoQlqcQMzQOEKTVlbE6LMgPCMZJ0rABEnKgbTDSEHCKp6tRVOfb/KlZBp1qxa5Xa/VWp3shrKoJTcAbKwAbXoA7uQAu0AQJP4AW8gjftWXvXPrTP+WpByz3HYGm0r19yMZ8u</latexit>

Ct(ω) = 2B(ω)
<latexit sha1_base64="GGynx1tYICpLKJ1wXlEtbNuj8ig="></latexit>

→tp(x)tq(x→)↑ = Ct(ω)εpq

|x↓ x→|2
[Correa, Henn, Maldacena, Sever (2012)]
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Bremsstrahlung function from AdS₂

Holographic dual: string on
<latexit sha1_base64="axIxP18F4A/mi3lQx5qjNa1sqyY=">AAACMHicZVDLTgJBEJzFF66vVY9eJhITT7hLBD2iXjxiFDUBJLOzjUyYfWSm10g2fIY/4tWr/oOejFe/wgHRCHYymUpVd7q6/EQKja77ZuVmZufmF/KL9tLyyuqas75xqeNUcajzWMbq2mcapIigjgIlXCcKWOhLuPJ7J0P96g6UFnF0gf0EWiG7jURHcIaGajt7R8F5u0SbKELQ5oN7zBIc0KZOfQ1Ih3L5Rz6/Kbedglt0R0X/A28MCmRctbbz2QxinoYQIZdM64bnJtjKmELBJQzsZqohYbzHbqFhYMTMolY2OmxAdwwT0E6szIuQjti/ExkLte6HvukMGXb1tDYkf7UJURsvXQgGtj3pADuHrUxESYoQ8W8DnVRSjOkwPRoIBRxl3wDGlTA3UN5linE0GdsmHG86iv/gslT0KsXK2X6hejyOKU+2yDbZJR45IFVySmqkTjh5IE/kmbxYj9ar9W59fLfmrPHMJpko6/ML3LOoOw==</latexit>

AdS2 → pt ↑ AdS5 → S5

At large     : QFT on      <latexit sha1_base64="2PlUPN9R3nw7rIsReAQFEzRgDhA=">AAACAHicZVDLSsNAFL2prxpfVZdugkVwVRKR6rLoxpW0YB/QhjKZ3LZDJ5MwMxFK6MatW/0Hd+LWP/EX/AqnbRBrD1w4nHMvnHuChDOlXffLKqytb2xuFbftnd29/YPS4VFLxamk2KQxj2UnIAo5E9jUTHPsJBJJFHBsB+Pbmd9+RKlYLB70JEE/IkPBBowSbaTGfb9UdivuHM4q8XJShhz1fum7F8Y0jVBoyolSXc9NtJ8RqRnlOLV7qcKE0DEZYtdQQSJUfjYPOnXOjBI6g1iaEdqZq38vMhIpNYkCsxkRPVL/vZn46y2ZymQZYTi17eUEenDtZ0wkqUZBFwEGKXd07MzacEImkWo+MYRQycwPDh0RSag2ndmmHO9/FaukdVHxqpVq47Jcu8lrKsIJnMI5eHAFNbiDOjSBAsIzvMCr9WS9We/Wx2K1YOU3x7AE6/MH3ReV5g==</latexit>

N
<latexit sha1_base64="Rf3hSoO7/TXDFSQZ22h7QSGZLmU=">AAACBHicZVDLSsNAFL2prxpfVZduBovgqiRFqsuqG5cVTVtoQ5lMpu3QySTMTIQSunXrVv/Bnbj1P/wFv8JpG8S2By4czrkXzj1BwpnSjvNtFdbWNza3itv2zu7e/kHp8Kip4lQS6pGYx7IdYEU5E9TTTHPaTiTFUcBpKxjdTv3WE5WKxeJRjxPqR3ggWJ8RrI3kXYcPvWqvVHYqzgxolbg5KUOORq/00w1jkkZUaMKxUh3XSbSfYakZ4XRid1NFE0xGeEA7hgocUeVns7ATdGaUEPVjaUZoNFP/X2Q4UmocBWYzwnqolr2p+OctmMpkGdJwYtuLCXT/ys+YSFJNBZkH6Kcc6RhNG0Ehk5RoPjYEE8nMD4gMscREm95sU467XMUqaVYrbq1Su78o12/ymopwAqdwDi5cQh3uoAEeEGDwAq/wZj1b79aH9TlfLVj5zTEswPr6BW9pl0k=</latexit>

AdS2

with Green-Schwartz action [Giombi, Roiban, Tseytlin (2017); Beccaria, 
Kurlyand, Tseytlin (2026)]

<latexit sha1_base64="BMRhNzKi2v2a4UD7bXacLa6jUCo="></latexit>

S = T

∫
d2ω

→
↑g

(
L(2)
B + L(4)

B + L(2)
F + L(4)

F + o(ε4) + ...
)

xi, i = 1, 2, 3 ! = 2 (m2 = 2) SO(3) (AdS5 transverse)

yp, p = 1, . . . , 5 ! = d = 1 (massless) SO(5) Goldstone bosons

ω ! = 3
2 (|m| = 1) 8 Majorana fermions
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Bremsstrahlung function from AdS₂
<latexit sha1_base64="BMRhNzKi2v2a4UD7bXacLa6jUCo="></latexit>

S = T

∫
d2ω

→
↑g

(
L(2)
B + L(4)

B + L(2)
F + L(4)

F + o(ε4) + ...
)

sufficient for LO

LO calculation:      “dual” to     , i.e.

Matches general definition of the tilt:

<latexit sha1_base64="rhvQ50qu5q+rELMPzbsNOWAualY=">AAACC3icZVDLSsNAFJ3UV42vqks3g0VwVRKR6rLoxmUF+4Amlslk0g6dmYSZiRBCP8GtW/0Hd+LWj/AX/AonbRDbHrhwOOdeOPcECaNKO863VVlb39jcqm7bO7t7+we1w6OuilOJSQfHLJb9ACnCqCAdTTUj/UQSxANGesHktvB7T0QqGosHnSXE52gkaEQx0kbyPI70WPI8mz4mw1rdaTgzwFXilqQOSrSHtR8vjHHKidCYIaUGrpNoP0dSU8zI1PZSRRKEJ2hEBoYKxIny81nmKTwzSgijWJoRGs7U/xc54kplPDCbRUa17BXin7dgKpNlTMKpbS8m0NG1n1ORpJoIPA8QpQzqGBbFwJBKgjXLDEFYUvMDxGMkEdamPtuU4y5XsUq6Fw232WjeX9ZbN2VNVXACTsE5cMEVaIE70AYdgEECXsAreLOerXfrw/qcr1as8uYYLMD6+gVY6psq</latexit>

yp
<latexit sha1_base64="jIJpmZ74XZ70dP+vTpoCHPgKuaA=">AAACAnicZVDLSsNAFL2prxpfVZdugkVwVRKR6rLoxmVF+4A2lsnkth06mYSZiVBCd27d6j+4E7f+iL/gVzhtg1h74MLhnHvh3BMknCntul9WYWV1bX2juGlvbe/s7pX2D5oqTiXFBo15LNsBUciZwIZmmmM7kUiigGMrGF1P/dYjSsVica/HCfoRGQjWZ5RoI93ph6RXKrsVdwZnmXg5KUOOeq/03Q1jmkYoNOVEqY7nJtrPiNSMcpzY3VRhQuiIDLBjqCARKj+bRZ04J0YJnX4szQjtzNS/FxmJlBpHgdmMiB6q/95U/PUWTGWyDDGc2PZiAt2/9DMmklSjoPMA/ZQ7OnamfTghk0g1HxtCqGTmB4cOiSRUm9ZsU473v4pl0jyreNVK9fa8XLvKayrCERzDKXhwATW4gTo0gMIAnuEFXq0n6816tz7mqwUrvzmEBVifP7Ellu4=</latexit>

tp

<latexit sha1_base64="gZ7cu0FMpRL89Nm0vlFX7UY6mHs="></latexit>

Jp
µ = →Tωµy

p + . . .

<latexit sha1_base64="wjF64a4CqssXphRAw7iPeGncj4Y="></latexit>

yp(z, x) →
z→0

↑ 1

T
z tp(x)

<latexit sha1_base64="8Q3wU0FxHriZxczuu7ZbXFSZsKY="></latexit>

Jp
z (z, x) →

z→0
tp(x)

<latexit sha1_base64="dXJSUWIkowKLZWvImbLDauoj3pU="></latexit>

Ct(ω) =

→
ω

2ε2
↑

3

4ε2
+O

(
1
→
ω

)
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Bremsstrahlung function from AdS₂
<latexit sha1_base64="BMRhNzKi2v2a4UD7bXacLa6jUCo="></latexit>

S = T

∫
d2ω

→
↑g

(
L(2)
B + L(4)

B + L(2)
F + L(4)

F + o(ε4) + ...
)

sufficient for LO

LO calculation:      “dual” to     , i.e.
<latexit sha1_base64="rhvQ50qu5q+rELMPzbsNOWAualY=">AAACC3icZVDLSsNAFJ3UV42vqks3g0VwVRKR6rLoxmUF+4Amlslk0g6dmYSZiRBCP8GtW/0Hd+LWj/AX/AonbRDbHrhwOOdeOPcECaNKO863VVlb39jcqm7bO7t7+we1w6OuilOJSQfHLJb9ACnCqCAdTTUj/UQSxANGesHktvB7T0QqGosHnSXE52gkaEQx0kbyPI70WPI8mz4mw1rdaTgzwFXilqQOSrSHtR8vjHHKidCYIaUGrpNoP0dSU8zI1PZSRRKEJ2hEBoYKxIny81nmKTwzSgijWJoRGs7U/xc54kplPDCbRUa17BXin7dgKpNlTMKpbS8m0NG1n1ORpJoIPA8QpQzqGBbFwJBKgjXLDEFYUvMDxGMkEdamPtuU4y5XsUq6Fw232WjeX9ZbN2VNVXACTsE5cMEVaIE70AYdgEECXsAreLOerXfrw/qcr1as8uYYLMD6+gVY6psq</latexit>

yp
<latexit sha1_base64="jIJpmZ74XZ70dP+vTpoCHPgKuaA=">AAACAnicZVDLSsNAFL2prxpfVZdugkVwVRKR6rLoxmVF+4A2lsnkth06mYSZiVBCd27d6j+4E7f+iL/gVzhtg1h74MLhnHvh3BMknCntul9WYWV1bX2juGlvbe/s7pX2D5oqTiXFBo15LNsBUciZwIZmmmM7kUiigGMrGF1P/dYjSsVica/HCfoRGQjWZ5RoI93ph6RXKrsVdwZnmXg5KUOOeq/03Q1jmkYoNOVEqY7nJtrPiNSMcpzY3VRhQuiIDLBjqCARKj+bRZ04J0YJnX4szQjtzNS/FxmJlBpHgdmMiB6q/95U/PUWTGWyDDGc2PZiAt2/9DMmklSjoPMA/ZQ7OnamfTghk0g1HxtCqGTmB4cOiSRUm9ZsU473v4pl0jyreNVK9fa8XLvKayrCERzDKXhwATW4gTo0gMIAnuEFXq0n6816tz7mqwUrvzmEBVifP7Ellu4=</latexit>

tp
<latexit sha1_base64="wjF64a4CqssXphRAw7iPeGncj4Y="></latexit>

yp(z, x) →
z→0

↑ 1

T
z tp(x)

<latexit sha1_base64="nQtZquYenctTm0Q9mVeNL0+VpQM=">AAACCXicZVDLSsNAFJ3UV42vqks3g0VwVRKR6rLoxmUF+8A2lMlk0g6dmYSZiRBCvsCtW/0Hd+LWr/AX/AonbRDbHrhwOOdeOPf4MaNKO863VVlb39jcqm7bO7t7+we1w6OuihKJSQdHLJJ9HynCqCAdTTUj/VgSxH1Gev70tvB7T0QqGokHncbE42gsaEgx0kZ6HHKkJ5JnaT6q1Z2GMwNcJW5J6qBEe1T7GQYRTjgRGjOk1MB1Yu1lSGqKGcntYaJIjPAUjcnAUIE4UV42S5zDM6MEMIykGaHhTP1/kSGuVMp9s1kkVMteIf55C6YyWSYkyG17MYEOr72MijjRROB5gDBhUEewqAUGVBKsWWoIwpKaHyCeIImwNuXZphx3uYpV0r1ouM1G8/6y3ropa6qCE3AKzoELrkAL3IE26AAMBHgBr+DNerberQ/rc75ascqbY7AA6+sXuhyaSA==</latexit>y correct result upon identification
<latexit sha1_base64="A/rh8Jq0jPtp9+HVcsTWn9TG8Og=">AAACIHicZVDLSsNAFJ3UV42vqEsXDhbBVUmKVDdC0Y3LCn1BE8pkMmmHTiZxZiKUkKU/4tat/oM7camf4Fc4bYPYeuDC4Zx74dzjJ4xKZdufRmlldW19o7xpbm3v7O5Z+wcdGacCkzaOWSx6PpKEUU7aiipGeokgKPIZ6frjm6nffSBC0pi31CQhXoSGnIYUI6WlgXXcglfQDQXCmSvvhcpcpo8DlOdZzU1oPrAqdtWeAf4nTkEqoEBzYH27QYzTiHCFGZKy79iJ8jIkFMWM5KabSpIgPEZD0teUo4hIL5s9ksNTrQQwjIUeruBM/XuRoUjKSeTrzQipkVz2puKvt2BKnWVEgtw0FxOo8NLLKE9SRTieBwhTBlUMp23BgAqCFZtogrCg+geIR0i3pXSnpi7HWa7iP+nUqk69Wr87rzSui5rK4AicgDPggAvQALegCdoAg0fwDF7Aq/FkvBnvxsd8tWQUN4dgAcbXDyb9ovA=</latexit>

T =

→
ω

2ε
<latexit sha1_base64="77kBeD7ptGOB5vwhMTG6HUtT6Z0=">AAACAHicZVDLSsNAFL2prxpfVZdugkVwVRKR6rLoxmUL9gFtKJPJTTt0MgkzE6GUbty61X9wJ279E3/Br3DaBrHtgQuHc+6Fc0+Qcqa0635bhY3Nre2d4q69t39weFQ6PmmpJJMUmzThiewERCFnApuaaY6dVCKJA47tYHQ/89tPKBVLxKMep+jHZCBYxCjRRmrofqnsVtw5nHXi5aQMOer90k8vTGgWo9CUE6W6nptqf0KkZpTj1O5lClNCR2SAXUMFiVH5k3nQqXNhlNCJEmlGaGeu/r+YkFipcRyYzZjooVr1ZuKft2Qqk2WI4dS2lxPo6NafMJFmGgVdBIgy7ujEmbXhhEwi1XxsCKGSmR8cOiSSUG06s0053moV66R1VfGqlWrjuly7y2sqwhmcwyV4cAM1eIA6NIECwgu8wpv1bL1bH9bnYrVg5TensATr6xcaTpYM</latexit>

t
<latexit sha1_base64="77kBeD7ptGOB5vwhMTG6HUtT6Z0=">AAACAHicZVDLSsNAFL2prxpfVZdugkVwVRKR6rLoxmUL9gFtKJPJTTt0MgkzE6GUbty61X9wJ279E3/Br3DaBrHtgQuHc+6Fc0+Qcqa0635bhY3Nre2d4q69t39weFQ6PmmpJJMUmzThiewERCFnApuaaY6dVCKJA47tYHQ/89tPKBVLxKMep+jHZCBYxCjRRmrofqnsVtw5nHXi5aQMOer90k8vTGgWo9CUE6W6nptqf0KkZpTj1O5lClNCR2SAXUMFiVH5k3nQqXNhlNCJEmlGaGeu/r+YkFipcRyYzZjooVr1ZuKft2Qqk2WI4dS2lxPo6NafMJFmGgVdBIgy7ujEmbXhhEwi1XxsCKGSmR8cOiSSUG06s0053moV66R1VfGqlWrjuly7y2sqwhmcwyV4cAM1eIA6NIECwgu8wpv1bL1bH9bnYrVg5TensATr6xcaTpYM</latexit>

t

<latexit sha1_base64="dXJSUWIkowKLZWvImbLDauoj3pU="></latexit>

Ct(ω) =

→
ω

2ε2
↑

3

4ε2
+O

(
1
→
ω

)
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Bremsstrahlung function from AdS₂
<latexit sha1_base64="BMRhNzKi2v2a4UD7bXacLa6jUCo="></latexit>

S = T

∫
d2ω

→
↑g

(
L(2)
B + L(4)

B + L(2)
F + L(4)

F + o(ε4) + ...
)

needed for NLO

NLO calculation: puzzle

<latexit sha1_base64="77kBeD7ptGOB5vwhMTG6HUtT6Z0=">AAACAHicZVDLSsNAFL2prxpfVZdugkVwVRKR6rLoxmUL9gFtKJPJTTt0MgkzE6GUbty61X9wJ279E3/Br3DaBrHtgQuHc+6Fc0+Qcqa0635bhY3Nre2d4q69t39weFQ6PmmpJJMUmzThiewERCFnApuaaY6dVCKJA47tYHQ/89tPKBVLxKMep+jHZCBYxCjRRmrofqnsVtw5nHXi5aQMOer90k8vTGgWo9CUE6W6nptqf0KkZpTj1O5lClNCR2SAXUMFiVH5k3nQqXNhlNCJEmlGaGeu/r+YkFipcRyYzZjooVr1ZuKft2Qqk2WI4dS2lxPo6NafMJFmGgVdBIgy7ujEmbXhhEwi1XxsCKGSmR8cOiSSUG06s0053moV66R1VfGqlWrjuly7y2sqwhmcwyV4cAM1eIA6NIECwgu8wpv1bL1bH9bnYrVg5TensATr6xcaTpYM</latexit>

t
<latexit sha1_base64="77kBeD7ptGOB5vwhMTG6HUtT6Z0=">AAACAHicZVDLSsNAFL2prxpfVZdugkVwVRKR6rLoxmUL9gFtKJPJTTt0MgkzE6GUbty61X9wJ279E3/Br3DaBrHtgQuHc+6Fc0+Qcqa0635bhY3Nre2d4q69t39weFQ6PmmpJJMUmzThiewERCFnApuaaY6dVCKJA47tYHQ/89tPKBVLxKMep+jHZCBYxCjRRmrofqnsVtw5nHXi5aQMOer90k8vTGgWo9CUE6W6nptqf0KkZpTj1O5lClNCR2SAXUMFiVH5k3nQqXNhlNCJEmlGaGeu/r+YkFipcRyYzZjooVr1ZuKft2Qqk2WI4dS2lxPo6NafMJFmGgVdBIgy7ujEmbXhhEwi1XxsCKGSmR8cOiSSUG06s0053moV66R1VfGqlWrjuly7y2sqwhmcwyV4cAM1eIA6NIECwgu8wpv1bL1bH9bnYrVg5TensATr6xcaTpYM</latexit>

t

UV divergence does not cancel, 
seems to require mass counterterm,  
see similar discussion for     in 
[Beccaria, Kurlyand, Tseytlin (2026)]

<latexit sha1_base64="nQtZquYenctTm0Q9mVeNL0+VpQM=">AAACCXicZVDLSsNAFJ3UV42vqks3g0VwVRKR6rLoxmUF+8A2lMlk0g6dmYSZiRBCvsCtW/0Hd+LWr/AX/AonbRDbHrhwOOdeOPf4MaNKO863VVlb39jcqm7bO7t7+we1w6OuihKJSQdHLJJ9HynCqCAdTTUj/VgSxH1Gev70tvB7T0QqGokHncbE42gsaEgx0kZ6HHKkJ5JnaT6q1Z2GMwNcJW5J6qBEe1T7GQYRTjgRGjOk1MB1Yu1lSGqKGcntYaJIjPAUjcnAUIE4UV42S5zDM6MEMIykGaHhTP1/kSGuVMp9s1kkVMteIf55C6YyWSYkyG17MYEOr72MijjRROB5gDBhUEewqAUGVBKsWWoIwpKaHyCeIImwNuXZphx3uYpV0r1ouM1G8/6y3ropa6qCE3AKzoELrkAL3IE26AAMBHgBr+DNerberQ/rc75ascqbY7AA6+sXuhyaSA==</latexit>y<latexit sha1_base64="nQtZquYenctTm0Q9mVeNL0+VpQM=">AAACCXicZVDLSsNAFJ3UV42vqks3g0VwVRKR6rLoxmUF+8A2lMlk0g6dmYSZiRBCvsCtW/0Hd+LWr/AX/AonbRDbHrhwOOdeOPf4MaNKO863VVlb39jcqm7bO7t7+we1w6OuihKJSQdHLJJ9HynCqCAdTTUj/VgSxH1Gev70tvB7T0QqGokHncbE42gsaEgx0kZ6HHKkJ5JnaT6q1Z2GMwNcJW5J6qBEe1T7GQYRTjgRGjOk1MB1Yu1lSGqKGcntYaJIjPAUjcnAUIE4UV42S5zDM6MEMIykGaHhTP1/kSGuVMp9s1kkVMteIf55C6YyWSYkyG17MYEOr72MijjRROB5gDBhUEewqAUGVBKsWWoIwpKaHyCeIImwNuXZphx3uYpV0r1ouM1G8/6y3ropa6qCE3AKzoELrkAL3IE26AAMBHgBr+DNerberQ/rc75ascqbY7AA6+sXuhyaSA==</latexit>y

<latexit sha1_base64="oIf2jb57U93sfYwM0IEBd/WwMSw=">AAACHXicZZDLSsNAFIYn9VbjLepSF8EiuJCSiFSXRTcuK9gLtKVMpqft0MmFmROxhG58Ebdu9R3ciVvxFXwKJ20U2x4Y+Pj/M/Cf34sEV+g4X0ZuaXlldS2/bm5sbm3vWLt7NRXGkkGVhSKUDY8qEDyAKnIU0IgkUN8TUPeG16lfvwepeBjc4SiCtk/7Ae9xRlFLHeuw5VMcSD95GJ/+4kgjDgBpxyo4RWcy9iK4GRRINpWO9d3qhiz2IUAmqFJN14mwnVCJnAkYm61YQUTZkPahqTGgPqh2MrlibB9rpWv3QqlfgPZE/f8job5SI9/Tm2lQNe+l4p83YyqdZQDdsWnOJsDeZTvhQRQjBGwaoBcLG0M7rcrucgkMxUgDZZLrG2w2oJIy1IWauhx3vopFqJ0V3VKxdHteKF9lNeXJATkiJ8QlF6RMbkiFVAkjj+SZvJBX48l4M96Nj+lqzsj+7JOZMT5/ANIhokw=</latexit>

x, y, ω

<latexit sha1_base64="Oqn0pRnJSfXYEqCSuGLw7xn7HHs=">AAACCXicZVDLSsNAFL2prxpfVZdugkVwVRKR6rLoxmUF+8A2lMlk0g6dmYSZiVhCv8CtW/0Hd+LWr/AX/AonbRBrD1w4nHMvnHuChFGlXffLKq2srq1vlDftre2d3b3K/kFbxanEpIVjFstugBRhVJCWppqRbiIJ4gEjnWB8nfudByIVjcWdniTE52goaEQx0ka673OkR5Jnj9NBperW3BmcZeIVpAoFmoPKdz+MccqJ0JghpXqem2g/Q1JTzMjU7qeKJAiP0ZD0DBWIE+Vns8RT58QooRPF0ozQzkz9e5EhrtSEB2YzT6j+e7n46y2YymQZkXBq24sJdHTpZ1QkqSYCzwNEKXN07OS1OCGVBGs2MQRhSc0PDh4hibA25dmmHO9/FcukfVbz6rX67Xm1cVXUVIYjOIZT8OACGnADTWgBBgHP8AKv1pP1Zr1bH/PVklXcHMICrM8fuH+aRw==</latexit>x

<latexit sha1_base64="dXJSUWIkowKLZWvImbLDauoj3pU="></latexit>

Ct(ω) =

→
ω

2ε2
↑

3

4ε2
+O

(
1
→
ω

)



Bremsstrahlung function from AdS₂
Resolution: rely on the bulk current to properly 
identify / normalize the tilt operator

<latexit sha1_base64="xx3KnspZD8lNRVOIvgaaZcaZFCY="></latexit>

Jp
µ = →Tωµy

p+ cubic terms 

fixed from
<latexit sha1_base64="jE+xLg9TPUfVAFYrAQPdWFPFUkI=">AAACEnicZVDLSsNAFJ3UV42vVJduBotQNyWRUl0W3bhwUcE+oI1lMpm2QyeTMDNRSshfuHWr/+BO3PoD/oJf4aQNYtsDFw7n3AvnHi9iVCrb/jYKa+sbm1vFbXNnd2//wCodtmUYC0xaOGSh6HpIEkY5aSmqGOlGgqDAY6TjTa4zv/NIhKQhv1fTiLgBGnE6pBgpLQ2sUj9AaowRS27Th6RSO0sHVtmu2jPAVeLkpAxyNAfWT98PcRwQrjBDUvYcO1JugoSimJHU7MeSRAhP0Ij0NOUoINJNZtFTeKoVHw5DoYcrOFP/XyQokHIaeHozCyqXvUz88xZMqbOMiZ+a5mICNbx0E8qjWBGO5wGGMYMqhFk/0KeCYMWmmiAsqP4B4jESCCvdoqnLcZarWCXt86pTr9bvauXGVV5TERyDE1ABDrgADXADmqAFMHgCL+AVvBnPxrvxYXzOVwtGfnMEFmB8/QKSWpy+</latexit>

L(4)

24



Bremsstrahlung function from AdS₂
Resolution: rely on the bulk current to properly 
identify / normalize the tilt operator

<latexit sha1_base64="xx3KnspZD8lNRVOIvgaaZcaZFCY="></latexit>

Jp
µ = →Tωµy

p+ cubic terms 

fixed from
<latexit sha1_base64="jE+xLg9TPUfVAFYrAQPdWFPFUkI=">AAACEnicZVDLSsNAFJ3UV42vVJduBotQNyWRUl0W3bhwUcE+oI1lMpm2QyeTMDNRSshfuHWr/+BO3PoD/oJf4aQNYtsDFw7n3AvnHi9iVCrb/jYKa+sbm1vFbXNnd2//wCodtmUYC0xaOGSh6HpIEkY5aSmqGOlGgqDAY6TjTa4zv/NIhKQhv1fTiLgBGnE6pBgpLQ2sUj9AaowRS27Th6RSO0sHVtmu2jPAVeLkpAxyNAfWT98PcRwQrjBDUvYcO1JugoSimJHU7MeSRAhP0Ij0NOUoINJNZtFTeKoVHw5DoYcrOFP/XyQokHIaeHozCyqXvUz88xZMqbOMiZ+a5mICNbx0E8qjWBGO5wGGMYMqhFk/0KeCYMWmmiAsqP4B4jESCCvdoqnLcZarWCXt86pTr9bvauXGVV5TERyDE1ABDrgADXADmqAFMHgCL+AVvBnPxrvxYXzOVwtGfnMEFmB8/QKSWpy+</latexit>

L(4)

+ +

<latexit sha1_base64="RRxjma/svH3Zydf1JTpLzySBveA=">AAACAHicZVDLSsNAFL2prxpfVZdugkVwVRKR6rLoRly1YB/QhjKZ3LZDJ5MwMxFK6MatW/0Hd+LWP/EX/AqnbRBrD1w4nHMvnHuChDOlXffLKqytb2xuFbftnd29/YPS4VFLxamk2KQxj2UnIAo5E9jUTHPsJBJJFHBsB+Pbmd9+RKlYLB70JEE/IkPBBowSbaTGfb9UdivuHM4q8XJShhz1fum7F8Y0jVBoyolSXc9NtJ8RqRnlOLV7qcKE0DEZYtdQQSJUfjYPOnXOjBI6g1iaEdqZq38vMhIpNYkCsxkRPVL/vZn46y2ZymQZYTi17eUEenDtZ0wkqUZBFwEGKXd07MzacEImkWo+MYRQycwPDh0RSag2ndmmHO9/FaukdVHxqpVq47Jcu8lrKsIJnMI5eHAFNbiDOjSBAsIzvMCr9WS9We/Wx2K1YOU3x7AE6/MH1qeV4g==</latexit>

J
<latexit sha1_base64="RRxjma/svH3Zydf1JTpLzySBveA=">AAACAHicZVDLSsNAFL2prxpfVZdugkVwVRKR6rLoRly1YB/QhjKZ3LZDJ5MwMxFK6MatW/0Hd+LWP/EX/AqnbRBrD1w4nHMvnHuChDOlXffLKqytb2xuFbftnd29/YPS4VFLxamk2KQxj2UnIAo5E9jUTHPsJBJJFHBsB+Pbmd9+RKlYLB70JEE/IkPBBowSbaTGfb9UdivuHM4q8XJShhz1fum7F8Y0jVBoyolSXc9NtJ8RqRnlOLV7qcKE0DEZYtdQQSJUfjYPOnXOjBI6g1iaEdqZq38vMhIpNYkCsxkRPVL/vZn46y2ZymQZYTi17eUEenDtZ0wkqUZBFwEGKXd07MzacEImkWo+MYRQycwPDh0RSag2ndmmHO9/FaukdVHxqpVq47Jcu8lrKsIJnMI5eHAFNbiDOjSBAsIzvMCr9WS9We/Wx2K1YOU3x7AE6/MH1qeV4g==</latexit>

J

<latexit sha1_base64="RRxjma/svH3Zydf1JTpLzySBveA=">AAACAHicZVDLSsNAFL2prxpfVZdugkVwVRKR6rLoRly1YB/QhjKZ3LZDJ5MwMxFK6MatW/0Hd+LWP/EX/AqnbRBrD1w4nHMvnHuChDOlXffLKqytb2xuFbftnd29/YPS4VFLxamk2KQxj2UnIAo5E9jUTHPsJBJJFHBsB+Pbmd9+RKlYLB70JEE/IkPBBowSbaTGfb9UdivuHM4q8XJShhz1fum7F8Y0jVBoyolSXc9NtJ8RqRnlOLV7qcKE0DEZYtdQQSJUfjYPOnXOjBI6g1iaEdqZq38vMhIpNYkCsxkRPVL/vZn46y2ZymQZYTi17eUEenDtZ0wkqUZBFwEGKXd07MzacEImkWo+MYRQycwPDh0RSag2ndmmHO9/FaukdVHxqpVq47Jcu8lrKsIJnMI5eHAFNbiDOjSBAsIzvMCr9WS9We/Wx2K1YOU3x7AE6/MH1qeV4g==</latexit>

J
<latexit sha1_base64="RRxjma/svH3Zydf1JTpLzySBveA=">AAACAHicZVDLSsNAFL2prxpfVZdugkVwVRKR6rLoRly1YB/QhjKZ3LZDJ5MwMxFK6MatW/0Hd+LWP/EX/AqnbRBrD1w4nHMvnHuChDOlXffLKqytb2xuFbftnd29/YPS4VFLxamk2KQxj2UnIAo5E9jUTHPsJBJJFHBsB+Pbmd9+RKlYLB70JEE/IkPBBowSbaTGfb9UdivuHM4q8XJShhz1fum7F8Y0jVBoyolSXc9NtJ8RqRnlOLV7qcKE0DEZYtdQQSJUfjYPOnXOjBI6g1iaEdqZq38vMhIpNYkCsxkRPVL/vZn46y2ZymQZYTi17eUEenDtZ0wkqUZBFwEGKXd07MzacEImkWo+MYRQycwPDh0RSag2ndmmHO9/FaukdVHxqpVq47Jcu8lrKsIJnMI5eHAFNbiDOjSBAsIzvMCr9WS9We/Wx2K1YOU3x7AE6/MH1qeV4g==</latexit>

J
<latexit sha1_base64="RRxjma/svH3Zydf1JTpLzySBveA=">AAACAHicZVDLSsNAFL2prxpfVZdugkVwVRKR6rLoRly1YB/QhjKZ3LZDJ5MwMxFK6MatW/0Hd+LWP/EX/AqnbRBrD1w4nHMvnHuChDOlXffLKqytb2xuFbftnd29/YPS4VFLxamk2KQxj2UnIAo5E9jUTHPsJBJJFHBsB+Pbmd9+RKlYLB70JEE/IkPBBowSbaTGfb9UdivuHM4q8XJShhz1fum7F8Y0jVBoyolSXc9NtJ8RqRnlOLV7qcKE0DEZYtdQQSJUfjYPOnXOjBI6g1iaEdqZq38vMhIpNYkCsxkRPVL/vZn46y2ZymQZYTi17eUEenDtZ0wkqUZBFwEGKXd07MzacEImkWo+MYRQycwPDh0RSag2ndmmHO9/FaukdVHxqpVq47Jcu8lrKsIJnMI5eHAFNbiDOjSBAsIzvMCr9WS9We/Wx2K1YOU3x7AE6/MH1qeV4g==</latexit>

J
<latexit sha1_base64="RRxjma/svH3Zydf1JTpLzySBveA=">AAACAHicZVDLSsNAFL2prxpfVZdugkVwVRKR6rLoRly1YB/QhjKZ3LZDJ5MwMxFK6MatW/0Hd+LWP/EX/AqnbRBrD1w4nHMvnHuChDOlXffLKqytb2xuFbftnd29/YPS4VFLxamk2KQxj2UnIAo5E9jUTHPsJBJJFHBsB+Pbmd9+RKlYLB70JEE/IkPBBowSbaTGfb9UdivuHM4q8XJShhz1fum7F8Y0jVBoyolSXc9NtJ8RqRnlOLV7qcKE0DEZYtdQQSJUfjYPOnXOjBI6g1iaEdqZq38vMhIpNYkCsxkRPVL/vZn46y2ZymQZYTi17eUEenDtZ0wkqUZBFwEGKXd07MzacEImkWo+MYRQycwPDh0RSag2ndmmHO9/FaukdVHxqpVq47Jcu8lrKsIJnMI5eHAFNbiDOjSBAsIzvMCr9WS9We/Wx2K1YOU3x7AE6/MH1qeV4g==</latexit>

J

<latexit sha1_base64="LxggB/Knsj9Xrp1dgZ/D7VOoXAQ=">AAACH3icZVDLSsNAFJ34rPEVdSnIYBHqojUpUt0IxYKIqwr2AU0Jk+mkHTp5MDMRSsjOH3HrVv/BnbjtL/gVTtsgtj1w4XDOvXDucSNGhTTNsbayura+sZnb0rd3dvf2jYPDpghjjkkDhyzkbRcJwmhAGpJKRtoRJ8h3GWm5w9rEbz0TLmgYPMlRRLo+6gfUoxhJJTnGSc2R8AYWbY8jnFhpYkc0hXfOQ6FIL8rnjpE3S+YUcJlYGcmDDHXH+LF7IY59EkjMkBAdy4xkN0FcUsxIqtuxIBHCQ9QnHUUD5BPRTaZ/pPBMKT3ohVxNIOFU/X+RIF+Ike+qTR/JgVj0JuKfN2cKlWVAeqmuzyeQ3nU3oUEUSxLgWQAvZlCGcFIW7FFOsGQjRRDmVP0A8QCppqSqVFflWItVLJNmuWRVSpXHy3z1NqspB47BKSgAC1yBKrgHddAAGLyAN/AOPrRX7VP70r5nqytadnME5qCNfwG8wKBQ</latexit>

Ct = → 1

ω
FJ(→i/2)We use:

finite 
in dimreg

24
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Finite coefficient: the contributions from the  various 
tadpoles are (                  )

with

<latexit sha1_base64="k91qpTmsrTyyS3fl69yiBK9F95c="></latexit>

Gy
∣∣
0
=

1

4ωε

Gx
∣∣
0
=

1

4ωε
+

1

2ω

Gω
∣∣
0
= → 1

4ωε
+

1

4ω

<latexit sha1_base64="fi2aaJndkeiaNP/xNa3NXoTSpn0="></latexit>

y : (Ny → 1)Gy
∣∣
0

x :
(
1→ 2

D

)
Nx Gx

∣∣
0

ω :
1

4
Nω Gω

∣∣
0

<latexit sha1_base64="BK7D2lQzzc5aWJ/nm/od8yMgf54=">AAACE3icZVDLSsNAFJ3UV42vWpduBovgxpIUqW6Eoi5cVrAPaEOZTG7aoZNJmJmIpfQz3LrVf3Anbv0Af8GvcNoGsfXAhcM598K5x084U9pxvqzcyura+kZ+097a3tndK+wXmypOJYUGjXks2z5RwJmAhmaaQzuRQCKfQ8sfXk/91gNIxWJxr0cJeBHpCxYySrSReoXiDb7EFXyKK11IFOOxsHuFklN2ZsD/iZuREspQ7xW+u0FM0wiEppwo1XGdRHtjIjWjHCZ2N1WQEDokfegYKkgEyhvPsk/wsVECHMbSjNB4pv69GJNIqVHkm82I6IFa9qbir7dgKpNlAMHEthcT6PDCGzORpBoEnQcIU451jKcF4YBJoJqPDCFUMvMDpgMiCdWmxmk57nIV/0mzUnar5erdWal2ldWUR4foCJ0gF52jGrpFddRAFD2iZ/SCXq0n6816tz7mqzkruzlAC7A+fwBp+ptl</latexit>

D = 2→ 2ω

<latexit sha1_base64="dXJSUWIkowKLZWvImbLDauoj3pU="></latexit>

Ct(ω) =

→
ω

2ε2
↑

3

4ε2
+O

(
1
→
ω

)

Correct result if we take:
<latexit sha1_base64="BsOaBaxTsJp5wEeYP1MaF6xsiUU=">AAACH3icZVDLSsNAFJ3UV42vqktBBosgCCUpWt0IRTeupIJ9QFvKZHrbDp08mJkIIWTnj7h1q//gTtz2F/wKJ20Q2x64cDjnXjj3OAFnUlnWxMitrK6tb+Q3za3tnd29wv5BQ/qhoFCnPvdFyyESOPOgrpji0AoEENfh0HTGd6nffAYhme89qSiArkuGHhswSpSWeoXjh17ccYkaCTeOkgTf4Et8jssdCCTj6ULRKllT4GViZ6SIMtR6hZ9O36ehC56inEjZtq1AdWMiFKMcErMTSggIHZMhtDX1iAuyG0//SPCpVvp44As9nsJT9f9FTFwpI9fRm2lkueil4p83Z0qdZQT9xDTnE6jBdTdmXhAq8OgswCDkWPk4LQv3mQCqeKQJoYLpHzAdEUGo0pWauhx7sYpl0iiX7Eqp8nhRrN5mNeXRETpBZ8hGV6iK7lEN1RFFL+gNvaMP49X4NL6M79lqzshuDtEcjMkvyTGhiw==</latexit>

Ny = 5 + 2ω

This is the way SUSY-preserving DRED is typically 
implemented in 

<latexit sha1_base64="zRlwGKrC3ez/LLG8W7TvzEuAevM=">AAACDHicZVDLSsNAFL2prxpfVZdugkVwVRKR6kYounElFewD2lAmk0k7dDKJMxOhhPyCW7f6D+7Erf/gL/gVTtogtj1w4XDOvXDu8WJGpbLtb6O0srq2vlHeNLe2d3b3KvsHbRklApMWjlgkuh6ShFFOWooqRrqxICj0GOl445vc7zwRIWnEH9QkJm6IhpwGFCOlJbcfIjXCiKV32dX5oFK1a/YU1jJxClKFAs1B5afvRzgJCVeYISl7jh0rN0VCUcxIZvYTSWKEx2hIeppyFBLpptPQmXWiFd8KIqGHK2uq/r9IUSjlJPT0Zh5SLnq5+OfNmVJnGRE/M835BCq4dFPK40QRjmcBgoRZKrLyZiyfCoIVm2iCsKD6BwuPkEBY6f5MXY6zWMUyaZ/VnHqtfn9ebVwXNZXhCI7hFBy4gAbcQhNagOERXuAV3oxn4934MD5nqyWjuDmEORhfvykmmv0=</latexit>

N = 4
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Outlook

•More general breaking patterns in QED3 
<latexit sha1_base64="cPxvbPCXwIdob81uOwA2ZzWmUj4="></latexit>

ωz!
I |ω = BI

J!
J |ω

Differences in the flat-space limit? Presumably only 
<latexit sha1_base64="lZMOJWUDb5SBVDeTbYJywr6DY4c="></latexit>

BI
J =

(
1N/2 0
0 →1N/2

)

survives as allowed bc. Similar question for QCD4

•Large      limit

•Estimate of critical      from boundary conditions?

<latexit sha1_base64="2PlUPN9R3nw7rIsReAQFEzRgDhA=">AAACAHicZVDLSsNAFL2prxpfVZdugkVwVRKR6rLoxpW0YB/QhjKZ3LZDJ5MwMxFK6MatW/0Hd+LWP/EX/AqnbRBrD1w4nHMvnHuChDOlXffLKqytb2xuFbftnd29/YPS4VFLxamk2KQxj2UnIAo5E9jUTHPsJBJJFHBsB+Pbmd9+RKlYLB70JEE/IkPBBowSbaTGfb9UdivuHM4q8XJShhz1fum7F8Y0jVBoyolSXc9NtJ8RqRnlOLV7qcKE0DEZYtdQQSJUfjYPOnXOjBI6g1iaEdqZq38vMhIpNYkCsxkRPVL/vZn46y2ZymQZYTi17eUEenDtZ0wkqUZBFwEGKXd07MzacEImkWo+MYRQycwPDh0RSag2ndmmHO9/FaukdVHxqpVq47Jcu8lrKsIJnMI5eHAFNbiDOjSBAsIzvMCr9WS9We/Wx2K1YOU3x7AE6/MH3ReV5g==</latexit>

N

<latexit sha1_base64="2PlUPN9R3nw7rIsReAQFEzRgDhA=">AAACAHicZVDLSsNAFL2prxpfVZdugkVwVRKR6rLoxpW0YB/QhjKZ3LZDJ5MwMxFK6MatW/0Hd+LWP/EX/AqnbRBrD1w4nHMvnHuChDOlXffLKqytb2xuFbftnd29/YPS4VFLxamk2KQxj2UnIAo5E9jUTHPsJBJJFHBsB+Pbmd9+RKlYLB70JEE/IkPBBowSbaTGfb9UdivuHM4q8XJShhz1fum7F8Y0jVBoyolSXc9NtJ8RqRnlOLV7qcKE0DEZYtdQQSJUfjYPOnXOjBI6g1iaEdqZq38vMhIpNYkCsxkRPVL/vZn46y2ZymQZYTi17eUEenDtZ0wkqUZBFwEGKXd07MzacEImkWo+MYRQycwPDh0RSag2ndmmHO9/FaukdVHxqpVq47Jcu8lrKsIJnMI5eHAFNbiDOjSBAsIzvMCr9WS9We/Wx2K1YOU3x7AE6/MH3ReV5g==</latexit>

N
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Outlook

•Calculation of            at NLO in ABJM          
<latexit sha1_base64="iM2Khm3W9+o3UW0UxQXdkW7m83w=">AAACC3icZVDNSsNAGNzUvxr/qh69LBahXkoiUj0We/FYwf5AE8pm87VdutmE3Y1QQh/Bq1d9B2/i1YfwFXwKt20Q2w4sDDPzwewECWdKO863VdjY3NreKe7ae/sHh0el45O2ilNJoUVjHstuQBRwJqClmebQTSSQKODQCcaNmd95AqlYLB71JAE/IkPBBowSbSSv0dcVj5t4SC77pbJTdebA68TNSRnlaPZLP14Y0zQCoSknSvVcJ9F+RqRmlMPU9lIFCaFjMoSeoYJEoPxs3nmKL4wS4kEszRMaz9X/FxmJlJpEgUlGRI/UqjcT/7wlU5kuIwintr3cQA9u/YyJJNUg6KLAIOVYx3g2DA6ZBKr5xBBCJTN/wHREJKHazGebcdzVKdZJ+6rq1qq1h+ty/S6fqYjO0DmqIBfdoDq6R03UQhQl6AW9ojfr2Xq3PqzPRbRg5TenaAnW1y+4GJoq</latexit>

Ct(ω)

<latexit sha1_base64="zRlwGKrC3ez/LLG8W7TvzEuAevM=">AAACDHicZVDLSsNAFL2prxpfVZdugkVwVRKR6kYounElFewD2lAmk0k7dDKJMxOhhPyCW7f6D+7Erf/gL/gVTtogtj1w4XDOvXDu8WJGpbLtb6O0srq2vlHeNLe2d3b3KvsHbRklApMWjlgkuh6ShFFOWooqRrqxICj0GOl445vc7zwRIWnEH9QkJm6IhpwGFCOlJbcfIjXCiKV32dX5oFK1a/YU1jJxClKFAs1B5afvRzgJCVeYISl7jh0rN0VCUcxIZvYTSWKEx2hIeppyFBLpptPQmXWiFd8KIqGHK2uq/r9IUSjlJPT0Zh5SLnq5+OfNmVJnGRE/M835BCq4dFPK40QRjmcBgoRZKrLyZiyfCoIVm2iCsKD6BwuPkEBY6f5MXY6zWMUyaZ/VnHqtfn9ebVwXNZXhCI7hFBy4gAbcQhNagOERXuAV3oxn4934MD5nqyWjuDmEORhfvykmmv0=</latexit>

N = 4•NNLO for             seems attainable

•Similar logic for 2-pt function of the displacement operator 
from    . Caveat: more complicated non-linearly realized 
symmetry, mixing global with spacetime

<latexit sha1_base64="Oqn0pRnJSfXYEqCSuGLw7xn7HHs=">AAACCXicZVDLSsNAFL2prxpfVZdugkVwVRKR6rLoxmUF+8A2lMlk0g6dmYSZiVhCv8CtW/0Hd+LWr/AX/AonbRBrD1w4nHMvnHuChFGlXffLKq2srq1vlDftre2d3b3K/kFbxanEpIVjFstugBRhVJCWppqRbiIJ4gEjnWB8nfudByIVjcWdniTE52goaEQx0ka673OkR5Jnj9NBperW3BmcZeIVpAoFmoPKdz+MccqJ0JghpXqem2g/Q1JTzMjU7qeKJAiP0ZD0DBWIE+Vns8RT58QooRPF0ozQzkz9e5EhrtSEB2YzT6j+e7n46y2YymQZkXBq24sJdHTpZ1QkqSYCzwNEKXN07OS1OCGVBGs2MQRhSc0PDh4hibA25dmmHO9/FcukfVbz6rX67Xm1cVXUVIYjOIZT8OACGnADTWgBBgHP8AKv1pP1Zr1bH/PVklXcHMICrM8fuH+aRw==</latexit>x
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Data (e.g. dimensions, OPE coeff.) fixed by         but not 
uniquely: choice of boundary condition

<latexit sha1_base64="/pF56ihNEnxsbEajeWWgyBhfVFo=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFg/BKtyJRMugjYVFBPMhyRn2NnvJkt29Y3dPCEd+hY2FIrb+HDv/jZvkCk18MPB4b4aZeWHCmTae9+0UVlbX1jeKm6Wt7Z3dvfL+QVPHqSK0QWIeq3aINeVM0oZhhtN2oigWIaetcHQ99VtPVGkWy3szTmgg8ECyiBFsrPQwQLePWdedoF7Z9SreDGiZ+DlxIUe9V/7q9mOSCioN4Vjrju8lJsiwMoxwOil1U00TTEZ4QDuWSiyoDrLZwRN0YpU+imJlSxo0U39PZFhoPRah7RTYDPWiNxX/8zqpiS6DjMkkNVSS+aIo5cjEaPo96jNFieFjSzBRzN6KyBArTIzNqGRD8BdfXibNs4pfrVTvzt3aVR5HEY7gGE7BhwuowQ3UoQEEBDzDK7w5ynlx3p2PeWvByWcO4Q+czx+eJ4+n</latexit>

gL#
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Data (e.g. dimensions, OPE coeff.) fixed by         but not 
uniquely: choice of boundary condition

<latexit sha1_base64="/pF56ihNEnxsbEajeWWgyBhfVFo=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFg/BKtyJRMugjYVFBPMhyRn2NnvJkt29Y3dPCEd+hY2FIrb+HDv/jZvkCk18MPB4b4aZeWHCmTae9+0UVlbX1jeKm6Wt7Z3dvfL+QVPHqSK0QWIeq3aINeVM0oZhhtN2oigWIaetcHQ99VtPVGkWy3szTmgg8ECyiBFsrPQwQLePWdedoF7Z9SreDGiZ+DlxIUe9V/7q9mOSCioN4Vjrju8lJsiwMoxwOil1U00TTEZ4QDuWSiyoDrLZwRN0YpU+imJlSxo0U39PZFhoPRah7RTYDPWiNxX/8zqpiS6DjMkkNVSS+aIo5cjEaPo96jNFieFjSzBRzN6KyBArTIzNqGRD8BdfXibNs4pfrVTvzt3aVR5HEY7gGE7BhwuowQ3UoQEEBDzDK7w5ynlx3p2PeWvByWcO4Q+czx+eJ4+n</latexit>

gL#

Examples: 

(1) Free massive scalar field

<latexit sha1_base64="JQrkZVGBHx+R+IBivq45GWFN2bY=">AAACBXicbVDLSgMxFM3UV62vUZe6CBahLiwzRaoboagLFy4q2Ae0Y8lk0jY0yQxJRihDN278FTcuFHHrP7jzb0zbWWjrgUsO59zLzT1+xKjSjvNtZRYWl5ZXsqu5tfWNzS17e6euwlhiUsMhC2XTR4owKkhNU81IM5IEcZ+Rhj+4HPuNByIVDcWdHkbE46gnaJdipI3UsffbV4RpVJg+8Dg4gueQ35fgjamOnXeKzgRwnrgpyYMU1Y791Q5CHHMiNGZIqZbrRNpLkNQUMzLKtWNFIoQHqEdahgrEifKSyRUjeGiUAHZDaUpoOFF/TySIKzXkvunkSPfVrDcW//Nase6eeQkVUayJwNNF3ZhBHcJxJDCgkmDNhoYgLKn5K8R9JBHWJricCcGdPXme1EtFt1ws357kKxdpHFmwBw5AAbjgFFTANaiCGsDgETyDV/BmPVkv1rv1MW3NWOnMLvgD6/MHZPyV8g==</latexit>

!(!→ d) = m2L2  two possibilities: <latexit sha1_base64="kI5It9Fo4LK4yJoF9OB6ZfzE5VI=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LevBYwX5AdynZNG1Dk2xIskJZ+je8eFDEq3/Gm//GtN2Dtj4YeLw3w8y8WHFmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMkmqCW2ShCe6E2NDOZO0aZnltKM0xSLmtB2Pb2d++4lqwxL5aCeKRgIPJRswgq2TwvCOcot7WajEtFeu+FV/DrRKgpxUIEejV/4K+wlJBZWWcGxMN/CVjTKsLSOcTkthaqjCZIyHtOuoxIKaKJvfPEVnTumjQaJdSYvm6u+JDAtjJiJ2nQLbkVn2ZuJ/Xje1g+soY1KllkqyWDRIObIJmgWA+kxTYvnEEUw0c7ciMsIaE+tiKrkQguWXV0nrohrUqrWHy0r9Jo+jCCdwCucQwBXU4R4a0AQCCp7hFd681Hvx3r2PRWvBy2eO4Q+8zx84J5HT</latexit>

!±

Boundary correlators: GFF of 
<latexit sha1_base64="izn73OTm3XgsIYh7TdX9YQVLTeo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL95MwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+n2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVW+yOPJwAqdwDh5cQRXuoAYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A6unjN4=</latexit>

O

<latexit sha1_base64="jgwk/ZRtsONqIuA7iHUMlUrJRVo="></latexit>

ω(z, εx) →
z→0

z
!
O(εx)

<latexit sha1_base64="zS/RCdpgKM9Dad5kQozZu4lBjGs=">AAACIXicbVDLSgMxFM3UV62vUZdugkUQlDJTpHZZKogLFxXsA9qxZNK0Dc1khuSOWIb+iht/xY0LRboTf8b0sdDWAxdOzrmXm3v8SHANjvNlpVZW19Y30puZre2d3T17/6Cmw1hRVqWhCFXDJ5oJLlkVOAjWiBQjgS9Y3R9cTfz6I1Oah/IehhHzAtKTvMspASO17SIOHvL41lSLS9w0j3bSAvYESfl6NDL6OV7W8Jnrte2sk3OmwMvEnZMsmqPStsetTkjjgEmggmjddJ0IvIQo4FSwUaYVaxYROiA91jRUkoBpL5leOMInRungbqhMScBT9fdEQgKth4FvOgMCfb3oTcT/vGYM3aKXcBnFwCSdLerGAkOIJ3HhDleMghgaQqji5q+Y9okiFEyoGROCu3jyMqnlc24hV7i7yJbK8zjS6Agdo1PkoktUQjeogqqIomf0it7Rh/VivVmf1njWmrLmM4foD6zvH/QvoZQ=</latexit>

m2L2 → [m2
BFL

2,m2
BFL

2 + 1]
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Examples: 

(2) Real scalar with SSB potential

+…

Additional possibility:
<latexit sha1_base64="SACgjw9TsyGPbbwK6CsMzbFa1mg=">AAACFnicbVBNS8NAEN3Ur1q/qh69LBahgpZEpHoRil48VrAf0JSw2U7bpZtN2N0Ua+iv8OJf8eJBEa/izX/jts1Bqw8GHu/NMDPPjzhT2ra/rMzC4tLySnY1t7a+sbmV396pqzCWFGo05KFs+kQBZwJqmmkOzUgCCXwODX9wNfEbQ5CKheJWjyJoB6QnWJdRoo3k5Y9dTkSPA3ajPiveH+GcOwSa3I0PXTkzLrBb7TMvcaNg7OULdsmeAv8lTkoKKEXVy3+6nZDGAQhNOVGq5diRbidEakY5jHNurCAidEB60DJUkABUO5m+NcYHRungbihNCY2n6s+JhARKjQLfdAZE99W8NxH/81qx7p63EyaiWIOgs0XdmGMd4klGuMMkUM1HhhAqmbkV0z6RhGqTZM6E4My//JfUT0pOuVS+OS1ULtM4smgP7aMictAZqqBrVEU1RNEDekIv6NV6tJ6tN+t91pqx0pld9AvWxzfNZp6O</latexit>

→ω(z, εx)↑ = !±

<latexit sha1_base64="jgwk/ZRtsONqIuA7iHUMlUrJRVo="></latexit>

ω(z, εx) →
z→0

z
!
O(εx) +…

<latexit sha1_base64="Q8gPIZx5hY+kjXIhxl/hznRId74="></latexit>

ω(z, εx) →
z→0

!± + z
!→

O
↑(εx)

Data (e.g. dimensions, OPE coeff.) fixed by         but not 
uniquely: choice of boundary condition

<latexit sha1_base64="/pF56ihNEnxsbEajeWWgyBhfVFo=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFg/BKtyJRMugjYVFBPMhyRn2NnvJkt29Y3dPCEd+hY2FIrb+HDv/jZvkCk18MPB4b4aZeWHCmTae9+0UVlbX1jeKm6Wt7Z3dvfL+QVPHqSK0QWIeq3aINeVM0oZhhtN2oigWIaetcHQ99VtPVGkWy3szTmgg8ECyiBFsrPQwQLePWdedoF7Z9SreDGiZ+DlxIUe9V/7q9mOSCioN4Vjrju8lJsiwMoxwOil1U00TTEZ4QDuWSiyoDrLZwRN0YpU+imJlSxo0U39PZFhoPRah7RTYDPWiNxX/8zqpiS6DjMkkNVSS+aIo5cjEaPo96jNFieFjSzBRzN6KyBArTIzNqGRD8BdfXibNs4pfrVTvzt3aVR5HEY7gGE7BhwuowQ3UoQEEBDzDK7w5ynlx3p2PeWvByWcO4Q+czx+eJ4+n</latexit>

gL#



Spontaneous Symmetry Breaking in Anti-de Sitter

31

Examples: 

(3) Complex scalar with SSB potential

Additional possibility:

<latexit sha1_base64="jgwk/ZRtsONqIuA7iHUMlUrJRVo="></latexit>

ω(z, εx) →
z→0

z
!
O(εx) +…

<latexit sha1_base64="NSo34duYYAPswDX+AqsgXqmCNQo="></latexit>

ω(z, εx) →
z→0

ϑeiω + zd t(εx)
<latexit sha1_base64="Lqsdkb9boY6KtA3tOFeZajjLlfo=">AAACHXicbVDLSgNBEJyNrxhfUY9eBoOgIGFXRL0IohePEYwGsjHMTjrZIbOzy0yvGJf8iBd/xYsHRTx4Ef/GyeOgxoKGoqqb7q4gkcKg6345uanpmdm5/HxhYXFpeaW4unZl4lRzqPJYxroWMANSKKiiQAm1RAOLAgnXQfds4F/fgjYiVpfYS6ARsY4SbcEZWqlZ3PclUx0J1E9CsX2/Swv+LfDsrr/j65FxTH0dxhRuMkF9DAFZv1ksuWV3CDpJvDEpkTEqzeKH34p5GoFCLpkxdc9NsJExjYJL6Bf81EDCeJd1oG6pYhGYRjb8rk+3rNKi7VjbUkiH6s+JjEXG9KLAdkYMQ/PXG4j/efUU20eNTKgkRVB8tKidSooxHURFW0IDR9mzhHEt7K2Uh0wzjjbQgg3B+/vyJLnaK3sH5YOL/dLJ6TiOPNkgm2SbeOSQnJBzUiFVwskDeSIv5NV5dJ6dN+d91JpzxjPr5Becz2/3YKFC</latexit>

→ω(z, εx)↑ = ϑeiω

marginal  operator

Data (e.g. dimensions, OPE coeff.) fixed by         but not 
uniquely: choice of boundary condition

<latexit sha1_base64="/pF56ihNEnxsbEajeWWgyBhfVFo=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFg/BKtyJRMugjYVFBPMhyRn2NnvJkt29Y3dPCEd+hY2FIrb+HDv/jZvkCk18MPB4b4aZeWHCmTae9+0UVlbX1jeKm6Wt7Z3dvfL+QVPHqSK0QWIeq3aINeVM0oZhhtN2oigWIaetcHQ99VtPVGkWy3szTmgg8ECyiBFsrPQwQLePWdedoF7Z9SreDGiZ+DlxIUe9V/7q9mOSCioN4Vjrju8lJsiwMoxwOil1U00TTEZ4QDuWSiyoDrLZwRN0YpU+imJlSxo0U39PZFhoPRah7RTYDPWiNxX/8zqpiS6DjMkkNVSS+aIo5cjEaPo96jNFieFjSzBRzN6KyBArTIzNqGRD8BdfXibNs4pfrVTvzt3aVR5HEY7gGE7BhwuowQ3UoQEEBDzDK7w5ynlx3p2PeWvByWcO4Q+czx+eJ4+n</latexit>

gL#

+…

+…



Spontaneous Symmetry Breaking in Anti-de Sitter

Spectral representation :                                                             
<latexit sha1_base64="p5SBQJ56aslLChcvt2ZiKoTIkKc="></latexit>

→Jµ1(X1)Jµ2(X2)↑ =
∫ +→

↑→
dω FJ(ω)(!

(1)
ω )µ1µ2(X1, X2)

spin 1 AdS 
harmonic function

only 1 coefficient function 
encoding the correlator 
thanks to conservation

[Costa, Goncalves, Penedones (2014)]
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Spectral representation :                                                             
<latexit sha1_base64="p5SBQJ56aslLChcvt2ZiKoTIkKc="></latexit>

→Jµ1(X1)Jµ2(X2)↑ =
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↑→
dω FJ(ω)(!

(1)
ω )µ1µ2(X1, X2)

spin 1 AdS 
harmonic function

only 1 coefficient function 
encoding the correlator 
thanks to conservation
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<latexit sha1_base64="P4U24QkHzDhj5Raf0+YXH4oyWg0=">AAACBXicdZBNS8MwHMbT+TbnW9WjHoJDmAijHTI9Dr14nOBeYK0lTdMtLE1Lkgqj9OLFr+LFgyJe/Q7e/DZmL8J8eyDw8Dz/P0l+fsKoVJb1YRQWFpeWV4qrpbX1jc0tc3unLeNUYNLCMYtF10eSMMpJS1HFSDcRBEU+Ix1/eDHuO7dESBrzazVKiBuhPqchxUjpyDP3nSa9ySr2Ue5lTigQzoI8q+XH1OFp7pllu2pNBK1f5qsqg5manvnuBDFOI8IVZkjKnm0lys2QUBQzkpecVJIE4SHqk562HEVEutnkFzk81EkAw1jowxWcpPMbGYqkHEW+noyQGsif3Tj8q+ulKjxzM8qTVBGOpxeFKYMqhmMkMKCCYMVG2iAsqH4rxAOkWSgNrjQP4X/TrlXterV+dVJunM9wFMEeOAAVYINT0ACXoAlaAIM78ACewLNxbzwaL8brdLRgzHZ2wTcZb58paJhk</latexit>

!(1)
d
2+iω

<latexit sha1_base64="gJxgg5LrrLVGQlGDksgwJKf/dKQ=">AAACBXicdZBNS8MwHMbT+TbnW9WjHoJDmAdHO2R6HHrxOMG9wFpLmqZbWJqWJBVG6cWLX8WLB0W8+h28+W3MXoT59kDg4Xn+f5L8/IRRqSzrwygsLC4trxRXS2vrG5tb5vZOW8apwKSFYxaLro8kYZSTlqKKkW4iCIp8Rjr+8GLcd26JkDTm12qUEDdCfU5DipHSkWfuO016k1Xso9zLnFAgnAV5VsuPqcPT3DPLdtWaCFq/zFdVBjM1PfPdCWKcRoQrzJCUPdtKlJshoShmJC85qSQJwkPUJz1tOYqIdLPJL3J4qJMAhrHQhys4Sec3MhRJOYp8PRkhNZA/u3H4V9dLVXjmZpQnqSIcTy8KUwZVDMdIYEAFwYqNtEFYUP1WiAdIs1AaXGkewv+mXava9Wr96qTcOJ/hKII9cAAqwAanoAEuQRO0AAZ34AE8gWfj3ng0XozX6WjBmO3sgm8y3j4BLHqYZg==</latexit>

!(1)
d
2→iω<latexit sha1_base64="4bbGJsYWJB/aa6HHYp+7s3SRyVM="></latexit>

!(1)
ω =

iω

2ε
(”(1)

d
2+iω

→”(1)
d
2→iω

)

       : BOE block with spin 1, 
         and scaling dimension 

<latexit sha1_base64="/iUgS1Um68lOYXs/QHF70jEfwQw=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqpiQi1WVRFy4r2Ac0MUymN+3QyYOZiVhCfsWNC0Xc+iPu/BunbRbaeuDC4Zx7ufceP+FMKsv6NlZW19Y3Nktb5e2d3b1986DSkXEqKLRpzGPR84kEziJoK6Y49BIBJPQ5dP3x9dTvPoKQLI7u1SQBNyTDiAWMEqUlz6w4LfaQ1ezT3MucG+CK5J5ZterWDHiZ2AWpogItz/xyBjFNQ4gU5UTKvm0lys2IUIxyyMtOKiEhdEyG0Nc0IiFIN5vdnuMTrQxwEAtdkcIz9fdERkIpJ6GvO0OiRnLRm4r/ef1UBZduxqIkVRDR+aIg5VjFeBoEHjABVPGJJoQKpm/FdEQEoUrHVdYh2IsvL5POWd1u1Bt359XmVRFHCR2hY1RDNrpATXSLWqiNKHpCz+gVvRm58WK8Gx/z1hWjmDlEf2B8/gA+rpP0</latexit>

!(1)
!

<latexit sha1_base64="fUIy4QXzpf+Y0tBVa2PGE5JPfiA=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjUg8cK9gPaUDbbTbt2swm7E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6wHHC/YgOlAgFo2ilZveWS6S9UtmtuDOQZeLlpAw56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LFU04sbPZtdOyKlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG88jOhkhS5YvNFYSoJxmT6OukLzRnKsSWUaWFvJWxINWVoAyraELzFl5dJ87ziVSvV+4ty7TqPowDHcAJn4MEl1OAO6tAABo/wDK/w5sTOi/PufMxbV5x85gj+wPn8AWQejwc=</latexit>

!
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Spontaneous Symmetry Breaking in Anti-de Sitter

Poles of             give spin 1 operators in BOE, 
<latexit sha1_base64="nW8ZbrjisSjDoG+ft2P30Ckxgws=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXsquSPVYFEQ8VbAf0C4lm2bb0CS7JlmhLP0TXjwo4tW/481/Y9ruQVsfDDzem2FmXhBzpo3rfju5ldW19Y38ZmFre2d3r7h/0NRRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGF1P/dYTVZpF8sGMY+oLPJAsZAQbK7VvenflrkxOe8WSW3FnQMvEy0gJMtR7xa9uPyKJoNIQjrXueG5s/BQrwwink0I30TTGZIQHtGOpxIJqP53dO0EnVumjMFK2pEEz9fdEioXWYxHYToHNUC96U/E/r5OY8NJPmYwTQyWZLwoTjkyEps+jPlOUGD62BBPF7K2IDLHCxNiICjYEb/HlZdI8q3jVSvX+vFS7yuLIwxEcQxk8uIAa3EIdGkCAwzO8wpvz6Lw4787HvDXnZDOH8AfO5w8Hs49U</latexit>

FJ(ω)

seems impossible to get spin 0…
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Spontaneous Symmetry Breaking in Anti-de Sitter

Poles of             give spin 1 operators in BOE, 
<latexit sha1_base64="nW8ZbrjisSjDoG+ft2P30Ckxgws=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXsquSPVYFEQ8VbAf0C4lm2bb0CS7JlmhLP0TXjwo4tW/481/Y9ruQVsfDDzem2FmXhBzpo3rfju5ldW19Y38ZmFre2d3r7h/0NRRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGF1P/dYTVZpF8sGMY+oLPJAsZAQbK7VvenflrkxOe8WSW3FnQMvEy0gJMtR7xa9uPyKJoNIQjrXueG5s/BQrwwink0I30TTGZIQHtGOpxIJqP53dO0EnVumjMFK2pEEz9fdEioXWYxHYToHNUC96U/E/r5OY8NJPmYwTQyWZLwoTjkyEps+jPlOUGD62BBPF7K2IDLHCxNiICjYEb/HlZdI8q3jVSvX+vFS7yuLIwxEcQxk8uIAa3EIdGkCAwzO8wpvz6Lw4787HvDXnZDOH8AfO5w8Hs49U</latexit>

FJ(ω)

seems impossible to get spin 0…

Loophole:
<latexit sha1_base64="cmbACoKaVgboSz405XifR+qzV2s=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkpSpLosunFZwT6giWEymbRDJ5MwMxFKyNKNv+LGhSJu/QR3/o3TNgttPXDhcM693HuPnzAqlWV9G6WV1bX1jfJmZWt7Z3fP3D/oyjgVmHRwzGLR95EkjHLSUVQx0k8EQZHPSM8fX0/93gMRksb8Tk0S4kZoyGlIMVJa8sxjp03vs5p9lnuZEwqEsyDPGrmTRJA6PM09s2rVrRngMrELUgUF2p755QQxTiPCFWZIyoFtJcrNkFAUM5JXnFSSBOExGpKBphxFRLrZ7JEcnmolgGEsdHEFZ+rviQxFUk4iX3dGSI3kojcV//MGqQov3YzyJFWE4/miMGVQxXCaCgyoIFixiSYIC6pvhXiEdBxKZ1fRIdiLLy+TbqNuN+vN2/Nq66qIowyOwAmoARtcgBa4AW3QARg8gmfwCt6MJ+PFeDc+5q0lo5g5BH9gfP4AgoWZrw==</latexit>

!(1)
d
2±iω themselves have poles!

At the special location                          and proportional 
to a spin 0,              exchange              candidate tilt 

<latexit sha1_base64="hBrGMN3AVk5MvvpqDOkk4gqeC1I=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahHqxJkepFKHrxWMF+QBvLZrNpl242YXejlND/4cWDIl79L978N27bHLT6YODx3gwz87yYM6Vt+8vKLS2vrK7l1wsbm1vbO8XdvZaKEklok0Q8kh0PK8qZoE3NNKedWFIcepy2vdH11G8/UKlYJO70OKZuiAeCBYxgbaT7nkjQJWJl/7R64hz3iyW7Ys+A/hInIyXI0OgXP3t+RJKQCk04Vqrr2LF2Uyw1I5xOCr1E0RiTER7QrqECh1S56ezqCToyio+CSJoSGs3UnxMpDpUah57pDLEeqkVvKv7ndRMdXLgpE3GiqSDzRUHCkY7QNALkM0mJ5mNDMJHM3IrIEEtMtAmqYEJwFl/+S1rVilOr1G7PSvWrLI48HMAhlMGBc6jDDTSgCQQkPMELvFqP1rP1Zr3PW3NWNrMPv2B9fAOjSJCq</latexit>

ω = i(d/2→ 1)
<latexit sha1_base64="YXmIWEzFudMltPaYHrXP7RcZgEo=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CUA8eI5gHJkuYnUySIbOzy0yvEJb8hRcPinj1b7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VIoXkeBkrdizWkYSN4MRjdTv/nEtRGResBxzP2QDpToC0bRSo+dWy6RkivS6xZLbtmdgSwTLyMlyFDrFr86vYglIVfIJDWm7bkx+inVKJjkk0InMTymbEQHvG2poiE3fjq7eEJOrNIj/UjbUkhm6u+JlIbGjMPAdoYUh2bRm4r/ee0E+5d+KlScIFdsvqifSIIRmb5PekJzhnJsCWVa2FsJG1JNGdqQCjYEb/HlZdI4K3uVcuX+vFS9zuLIwxEcwyl4cAFVuIMa1IGBgmd4hTfHOC/Ou/Mxb8052cwh/IHz+QNXFpAQ</latexit>

! = d
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Spontaneous Symmetry Breaking in Anti-de Sitter

Poles of             give spin 1 operators in BOE, 
<latexit sha1_base64="nW8ZbrjisSjDoG+ft2P30Ckxgws=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXsquSPVYFEQ8VbAf0C4lm2bb0CS7JlmhLP0TXjwo4tW/481/Y9ruQVsfDDzem2FmXhBzpo3rfju5ldW19Y38ZmFre2d3r7h/0NRRoghtkIhHqh1gTTmTtGGY4bQdK4pFwGkrGF1P/dYTVZpF8sGMY+oLPJAsZAQbK7VvenflrkxOe8WSW3FnQMvEy0gJMtR7xa9uPyKJoNIQjrXueG5s/BQrwwink0I30TTGZIQHtGOpxIJqP53dO0EnVumjMFK2pEEz9fdEioXWYxHYToHNUC96U/E/r5OY8NJPmYwTQyWZLwoTjkyEps+jPlOUGD62BBPF7K2IDLHCxNiICjYEb/HlZdI8q3jVSvX+vFS7yuLIwxEcQxk8uIAa3EIdGkCAwzO8wpvz6Lw4787HvDXnZDOH8AfO5w8Hs49U</latexit>

FJ(ω)

seems impossible to get spin 0…

Loophole:
<latexit sha1_base64="cmbACoKaVgboSz405XifR+qzV2s=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkpSpLosunFZwT6giWEymbRDJ5MwMxFKyNKNv+LGhSJu/QR3/o3TNgttPXDhcM693HuPnzAqlWV9G6WV1bX1jfJmZWt7Z3fP3D/oyjgVmHRwzGLR95EkjHLSUVQx0k8EQZHPSM8fX0/93gMRksb8Tk0S4kZoyGlIMVJa8sxjp03vs5p9lnuZEwqEsyDPGrmTRJA6PM09s2rVrRngMrELUgUF2p755QQxTiPCFWZIyoFtJcrNkFAUM5JXnFSSBOExGpKBphxFRLrZ7JEcnmolgGEsdHEFZ+rviQxFUk4iX3dGSI3kojcV//MGqQov3YzyJFWE4/miMGVQxXCaCgyoIFixiSYIC6pvhXiEdBxKZ1fRIdiLLy+TbqNuN+vN2/Nq66qIowyOwAmoARtcgBa4AW3QARg8gmfwCt6MJ+PFeDc+5q0lo5g5BH9gfP4AgoWZrw==</latexit>

!(1)
d
2±iω themselves have poles!

At the special location                          and proportional 
to a spin 0,              exchange              candidate tilt 

<latexit sha1_base64="hBrGMN3AVk5MvvpqDOkk4gqeC1I=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahHqxJkepFKHrxWMF+QBvLZrNpl242YXejlND/4cWDIl79L978N27bHLT6YODx3gwz87yYM6Vt+8vKLS2vrK7l1wsbm1vbO8XdvZaKEklok0Q8kh0PK8qZoE3NNKedWFIcepy2vdH11G8/UKlYJO70OKZuiAeCBYxgbaT7nkjQJWJl/7R64hz3iyW7Ys+A/hInIyXI0OgXP3t+RJKQCk04Vqrr2LF2Uyw1I5xOCr1E0RiTER7QrqECh1S56ezqCToyio+CSJoSGs3UnxMpDpUah57pDLEeqkVvKv7ndRMdXLgpE3GiqSDzRUHCkY7QNALkM0mJ5mNDMJHM3IrIEEtMtAmqYEJwFl/+S1rVilOr1G7PSvWrLI48HMAhlMGBc6jDDTSgCQQkPMELvFqP1rP1Zr3PW3NWNrMPv2B9fAOjSJCq</latexit>

ω = i(d/2→ 1)
<latexit sha1_base64="YXmIWEzFudMltPaYHrXP7RcZgEo=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CUA8eI5gHJkuYnUySIbOzy0yvEJb8hRcPinj1b7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VIoXkeBkrdizWkYSN4MRjdTv/nEtRGResBxzP2QDpToC0bRSo+dWy6RkivS6xZLbtmdgSwTLyMlyFDrFr86vYglIVfIJDWm7bkx+inVKJjkk0InMTymbEQHvG2poiE3fjq7eEJOrNIj/UjbUkhm6u+JlIbGjMPAdoYUh2bRm4r/ee0E+5d+KlScIFdsvqifSIIRmb5PekJzhnJsCWVa2FsJG1JNGdqQCjYEb/HlZdI4K3uVcuX+vFS9zuLIwxEcwyl4cAFVuIMa1IGBgmd4hTfHOC/Ou/Mxb8052cwh/IHz+QNXFpAQ</latexit>

! = d

To avoid SSB it must be compensated by a zero:

If there is SSB: 
<latexit sha1_base64="Wl4nliD6Cel03h6r3NoVTNHTN1w="></latexit>

Ct = →!(d+ 1)

ω
d
2!(d2 )

FJ(i(d/2→ 1))

<latexit sha1_base64="IlQkbbNfkxw3mq/pERaY2xkDzRY=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovQLqxJkepGKAoirirYB7QhTCaTduhkEmYmSon9FDcuFHHrl7jzb5y2WWj1wIXDOfdy7z1ezKhUlvVl5JaWV1bX8uuFjc2t7R2zuNuWUSIwaeGIRaLrIUkY5aSlqGKkGwuCQo+Rjje6nPqdeyIkjfidGsfECdGA04BipLTkmsUr96ZMy/5x7ciuVOA5tFyzZFWtGeBfYmekBDI0XfOz70c4CQlXmCEpe7YVKydFQlHMyKTQTySJER6hAelpylFIpJPOTp/AQ634MIiELq7gTP05kaJQynHo6c4QqaFc9Kbif14vUcGZk1IeJ4pwPF8UJAyqCE5zgD4VBCs21gRhQfWtEA+RQFjptAo6BHvx5b+kXava9Wr99qTUuMjiyIN9cADKwAanoAGuQRO0AAYP4Am8gFfj0Xg23oz3eWvOyGb2wC8YH9/cQpEq</latexit>

FJ(i(d/2→ 1)) = 0


