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<latexit sha1_base64="WNp6GEhZkEShPsf5p/guMQKfpdY=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwISUpgm6EYkFcVugL2lAmk0k7dCYJMzdiCPVX3LhQxK0f4s6/cdpmoa3ncuFwzr3MnePFnCmw7W+jsLa+sblV3C7t7O7tH5iHRx0VJZLQNol4JHseVpSzkLaBAae9WFIsPE673qQx87sPVCoWhS1IY+oKPApZwAgGLQ3Nsn9dG5zrAvoIUmSN29Z0aFbsqj2HtUqcnFRQjubQ/Br4EUkEDYFwrFTfsWNwMyyBEU6npUGiaIzJBI9oX9MQC6rcbH781DrVim8FkdQdgjVXf29kWCiVCk9PCgxjtezNxP+8fgLBlZuxME6AhmTxUJBwCyJrloTlM0kJ8FQTTCTTt1pkjCUmoPMq6RCc5S+vkk6t6thV5/6iUr/J4yiiY3SCzpCDLlEd3aEmaiOCUvSMXtGb8WS8GO/Gx2K0YOQ7ZfQHxucPqXuUIQ==</latexit><latexit sha1_base64="WNp6GEhZkEShPsf5p/guMQKfpdY=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwISUpgm6EYkFcVugL2lAmk0k7dCYJMzdiCPVX3LhQxK0f4s6/cdpmoa3ncuFwzr3MnePFnCmw7W+jsLa+sblV3C7t7O7tH5iHRx0VJZLQNol4JHseVpSzkLaBAae9WFIsPE673qQx87sPVCoWhS1IY+oKPApZwAgGLQ3Nsn9dG5zrAvoIUmSN29Z0aFbsqj2HtUqcnFRQjubQ/Br4EUkEDYFwrFTfsWNwMyyBEU6npUGiaIzJBI9oX9MQC6rcbH781DrVim8FkdQdgjVXf29kWCiVCk9PCgxjtezNxP+8fgLBlZuxME6AhmTxUJBwCyJrloTlM0kJ8FQTTCTTt1pkjCUmoPMq6RCc5S+vkk6t6thV5/6iUr/J4yiiY3SCzpCDLlEd3aEmaiOCUvSMXtGb8WS8GO/Gx2K0YOQ7ZfQHxucPqXuUIQ==</latexit><latexit sha1_base64="WNp6GEhZkEShPsf5p/guMQKfpdY=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwISUpgm6EYkFcVugL2lAmk0k7dCYJMzdiCPVX3LhQxK0f4s6/cdpmoa3ncuFwzr3MnePFnCmw7W+jsLa+sblV3C7t7O7tH5iHRx0VJZLQNol4JHseVpSzkLaBAae9WFIsPE673qQx87sPVCoWhS1IY+oKPApZwAgGLQ3Nsn9dG5zrAvoIUmSN29Z0aFbsqj2HtUqcnFRQjubQ/Br4EUkEDYFwrFTfsWNwMyyBEU6npUGiaIzJBI9oX9MQC6rcbH781DrVim8FkdQdgjVXf29kWCiVCk9PCgxjtezNxP+8fgLBlZuxME6AhmTxUJBwCyJrloTlM0kJ8FQTTCTTt1pkjCUmoPMq6RCc5S+vkk6t6thV5/6iUr/J4yiiY3SCzpCDLlEd3aEmaiOCUvSMXtGb8WS8GO/Gx2K0YOQ7ZfQHxucPqXuUIQ==</latexit><latexit sha1_base64="WNp6GEhZkEShPsf5p/guMQKfpdY=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwISUpgm6EYkFcVugL2lAmk0k7dCYJMzdiCPVX3LhQxK0f4s6/cdpmoa3ncuFwzr3MnePFnCmw7W+jsLa+sblV3C7t7O7tH5iHRx0VJZLQNol4JHseVpSzkLaBAae9WFIsPE673qQx87sPVCoWhS1IY+oKPApZwAgGLQ3Nsn9dG5zrAvoIUmSN29Z0aFbsqj2HtUqcnFRQjubQ/Br4EUkEDYFwrFTfsWNwMyyBEU6npUGiaIzJBI9oX9MQC6rcbH781DrVim8FkdQdgjVXf29kWCiVCk9PCgxjtezNxP+8fgLBlZuxME6AhmTxUJBwCyJrloTlM0kJ8FQTTCTTt1pkjCUmoPMq6RCc5S+vkk6t6thV5/6iUr/J4yiiY3SCzpCDLlEd3aEmaiOCUvSMXtGb8WS8GO/Gx2K0YOQ7ZfQHxucPqXuUIQ==</latexit>

Add a single, free, massless, real scalar field
or single, free, massless Dirac fermion

c ! c+ 1

Reflection positivity (unitarity)
vacuum state normalizability

c � 0
<latexit sha1_base64="XZTvQul1cSphO70HklTBoir85ks=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cK9gPaUDbbSbt0s0l3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3nlBpHstHM0nQj+hA8pAzaqzUZqQ7wDFxe+WKW3XnIKvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nAaambakwoG9EBdiyVNELtZ/N7p+TMKn0SxsqWNGSu/p7IaKT1JApsZ0TNUC97M/E/r5Oa8MbPuExSg5ItFoWpICYms+dJnytkRkwsoUxxeythQ6ooMzaikg3BW355lTQvqt5l1X24qtRu8ziKcAKncA4eXEMN7qEODWAg4Ble4c0ZOy/Ou/OxaC04+cwx/IHz+QPoY484</latexit>

central charge c
<latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit>

Counts the number of degrees of freedom

Trace Anomaly



Reflection positivity (Unitarity)

The c-theorem

RG flow from UV CFT to IR CFT
cUV � cIR

<latexit sha1_base64="gn9ZYbYQBOMYwRMj6yM16seIUuc=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaaBfFPCBZwuzkJhky+3DmrhiW/QAbf8XGQhFbP8DOv3GSbBETDwwczjmXO/d4kRQabfvHyi0tr6yu5dcLG5tb2zvF3b26DmPFocZDGaqmxzRIEUANBUpoRgqY70loeMPLsd94AKVFGNzhKALXZ/1A9ARnaKROscQ7SRvhEZWf1Opp2u7DPZ3Rrm/T1KTssj0BXSRORkokQ7VT/G53Qx77ECCXTOuWY0foJkyh4BLSQjvWEDE+ZH1oGRowH7SbTI5J6ZFRurQXKvMCpBN1diJhvtYj3zNJn+FAz3tj8T+vFWPv3E1EEMUIAZ8u6sWSYkjHzdCuUMBRjgxhXAnzV8oHTDGOpr+CKcGZP3mR1E/KjuE3p6XKRVZHnhyQQ3JMHHJGKuSKVEmNcPJEXsgbebeerVfrw/qcRnNWNrNP/sD6+gVZU5xs</latexit><latexit sha1_base64="gn9ZYbYQBOMYwRMj6yM16seIUuc=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaaBfFPCBZwuzkJhky+3DmrhiW/QAbf8XGQhFbP8DOv3GSbBETDwwczjmXO/d4kRQabfvHyi0tr6yu5dcLG5tb2zvF3b26DmPFocZDGaqmxzRIEUANBUpoRgqY70loeMPLsd94AKVFGNzhKALXZ/1A9ARnaKROscQ7SRvhEZWf1Opp2u7DPZ3Rrm/T1KTssj0BXSRORkokQ7VT/G53Qx77ECCXTOuWY0foJkyh4BLSQjvWEDE+ZH1oGRowH7SbTI5J6ZFRurQXKvMCpBN1diJhvtYj3zNJn+FAz3tj8T+vFWPv3E1EEMUIAZ8u6sWSYkjHzdCuUMBRjgxhXAnzV8oHTDGOpr+CKcGZP3mR1E/KjuE3p6XKRVZHnhyQQ3JMHHJGKuSKVEmNcPJEXsgbebeerVfrw/qcRnNWNrNP/sD6+gVZU5xs</latexit><latexit sha1_base64="gn9ZYbYQBOMYwRMj6yM16seIUuc=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaaBfFPCBZwuzkJhky+3DmrhiW/QAbf8XGQhFbP8DOv3GSbBETDwwczjmXO/d4kRQabfvHyi0tr6yu5dcLG5tb2zvF3b26DmPFocZDGaqmxzRIEUANBUpoRgqY70loeMPLsd94AKVFGNzhKALXZ/1A9ARnaKROscQ7SRvhEZWf1Opp2u7DPZ3Rrm/T1KTssj0BXSRORkokQ7VT/G53Qx77ECCXTOuWY0foJkyh4BLSQjvWEDE+ZH1oGRowH7SbTI5J6ZFRurQXKvMCpBN1diJhvtYj3zNJn+FAz3tj8T+vFWPv3E1EEMUIAZ8u6sWSYkjHzdCuUMBRjgxhXAnzV8oHTDGOpr+CKcGZP3mR1E/KjuE3p6XKRVZHnhyQQ3JMHHJGKuSKVEmNcPJEXsgbebeerVfrw/qcRnNWNrNP/sD6+gVZU5xs</latexit><latexit sha1_base64="gn9ZYbYQBOMYwRMj6yM16seIUuc=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaaBfFPCBZwuzkJhky+3DmrhiW/QAbf8XGQhFbP8DOv3GSbBETDwwczjmXO/d4kRQabfvHyi0tr6yu5dcLG5tb2zvF3b26DmPFocZDGaqmxzRIEUANBUpoRgqY70loeMPLsd94AKVFGNzhKALXZ/1A9ARnaKROscQ7SRvhEZWf1Opp2u7DPZ3Rrm/T1KTssj0BXSRORkokQ7VT/G53Qx77ECCXTOuWY0foJkyh4BLSQjvWEDE+ZH1oGRowH7SbTI5J6ZFRurQXKvMCpBN1diJhvtYj3zNJn+FAz3tj8T+vFWPv3E1EEMUIAZ8u6sWSYkjHzdCuUMBRjgxhXAnzV8oHTDGOpr+CKcGZP3mR1E/KjuE3p6XKRVZHnhyQQ3JMHHJGKuSKVEmNcPJEXsgbebeerVfrw/qcRnNWNrNP/sD6+gVZU5xs</latexit>

A.B. Zamolodchikov
JETP Vol. 43 No. 12 p. 565, 1986

Euclidean symmetry (Poincaré symmetry)
Locality

d = 2 CFT
<latexit sha1_base64="WNp6GEhZkEShPsf5p/guMQKfpdY=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwISUpgm6EYkFcVugL2lAmk0k7dCYJMzdiCPVX3LhQxK0f4s6/cdpmoa3ncuFwzr3MnePFnCmw7W+jsLa+sblV3C7t7O7tH5iHRx0VJZLQNol4JHseVpSzkLaBAae9WFIsPE673qQx87sPVCoWhS1IY+oKPApZwAgGLQ3Nsn9dG5zrAvoIUmSN29Z0aFbsqj2HtUqcnFRQjubQ/Br4EUkEDYFwrFTfsWNwMyyBEU6npUGiaIzJBI9oX9MQC6rcbH781DrVim8FkdQdgjVXf29kWCiVCk9PCgxjtezNxP+8fgLBlZuxME6AhmTxUJBwCyJrloTlM0kJ8FQTTCTTt1pkjCUmoPMq6RCc5S+vkk6t6thV5/6iUr/J4yiiY3SCzpCDLlEd3aEmaiOCUvSMXtGb8WS8GO/Gx2K0YOQ7ZfQHxucPqXuUIQ==</latexit><latexit sha1_base64="WNp6GEhZkEShPsf5p/guMQKfpdY=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwISUpgm6EYkFcVugL2lAmk0k7dCYJMzdiCPVX3LhQxK0f4s6/cdpmoa3ncuFwzr3MnePFnCmw7W+jsLa+sblV3C7t7O7tH5iHRx0VJZLQNol4JHseVpSzkLaBAae9WFIsPE673qQx87sPVCoWhS1IY+oKPApZwAgGLQ3Nsn9dG5zrAvoIUmSN29Z0aFbsqj2HtUqcnFRQjubQ/Br4EUkEDYFwrFTfsWNwMyyBEU6npUGiaIzJBI9oX9MQC6rcbH781DrVim8FkdQdgjVXf29kWCiVCk9PCgxjtezNxP+8fgLBlZuxME6AhmTxUJBwCyJrloTlM0kJ8FQTTCTTt1pkjCUmoPMq6RCc5S+vkk6t6thV5/6iUr/J4yiiY3SCzpCDLlEd3aEmaiOCUvSMXtGb8WS8GO/Gx2K0YOQ7ZfQHxucPqXuUIQ==</latexit><latexit sha1_base64="WNp6GEhZkEShPsf5p/guMQKfpdY=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwISUpgm6EYkFcVugL2lAmk0k7dCYJMzdiCPVX3LhQxK0f4s6/cdpmoa3ncuFwzr3MnePFnCmw7W+jsLa+sblV3C7t7O7tH5iHRx0VJZLQNol4JHseVpSzkLaBAae9WFIsPE673qQx87sPVCoWhS1IY+oKPApZwAgGLQ3Nsn9dG5zrAvoIUmSN29Z0aFbsqj2HtUqcnFRQjubQ/Br4EUkEDYFwrFTfsWNwMyyBEU6npUGiaIzJBI9oX9MQC6rcbH781DrVim8FkdQdgjVXf29kWCiVCk9PCgxjtezNxP+8fgLBlZuxME6AhmTxUJBwCyJrloTlM0kJ8FQTTCTTt1pkjCUmoPMq6RCc5S+vkk6t6thV5/6iUr/J4yiiY3SCzpCDLlEd3aEmaiOCUvSMXtGb8WS8GO/Gx2K0YOQ7ZfQHxucPqXuUIQ==</latexit><latexit sha1_base64="WNp6GEhZkEShPsf5p/guMQKfpdY=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwISUpgm6EYkFcVugL2lAmk0k7dCYJMzdiCPVX3LhQxK0f4s6/cdpmoa3ncuFwzr3MnePFnCmw7W+jsLa+sblV3C7t7O7tH5iHRx0VJZLQNol4JHseVpSzkLaBAae9WFIsPE673qQx87sPVCoWhS1IY+oKPApZwAgGLQ3Nsn9dG5zrAvoIUmSN29Z0aFbsqj2HtUqcnFRQjubQ/Br4EUkEDYFwrFTfsWNwMyyBEU6npUGiaIzJBI9oX9MQC6rcbH781DrVim8FkdQdgjVXf29kWCiVCk9PCgxjtezNxP+8fgLBlZuxME6AhmTxUJBwCyJrloTlM0kJ8FQTTCTTt1pkjCUmoPMq6RCc5S+vkk6t6thV5/6iUr/J4yiiY3SCzpCDLlEd3aEmaiOCUvSMXtGb8WS8GO/Gx2K0YOQ7ZfQHxucPqXuUIQ==</latexit>

central charge c
<latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit><latexit sha1_base64="MK9TkR1XfIASB2dfp9XX0/+fbPE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/GZYzn</latexit>

Counts the number of degrees of freedom

Trace Anomaly



Boundary Conformal Field Theory (BCFT)

conformal field theory (CFT) with a boundary
+ conformally-invariant boundary conditions

possibly + massless degrees of freedom at the boundary

Boundary dimension

Co-dimension
<latexit sha1_base64="+/zwTw9NKMACOTBvmUJ05wQRV/w=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy203bpZhN2N4UQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBZcG9f9dgobm1vbO8Xd0t7+weFR+fikpaNEMWyySESqE1CNgktsGm4EdmKFNAwEtoPJ/dxvT1FpHsknk8boh3Qk+ZAzaqzU7k2RZemsX664VXcBsk68nFQgR6Nf/uoNIpaEKA0TVOuu58bGz6gynAmclXqJxpiyCR1h11JJQ9R+tjh3Ri6sMiDDSNmShizU3xMZDbVOw8B2htSM9ao3F//zuokZ3voZl3FiULLlomEiiInI/Hcy4AqZEakllClubyVsTBVlxiZUsiF4qy+vk9ZV1buu1h5rlfpdHkcRzuAcLsGDG6jDAzSgCQwm8Ayv8ObEzovz7nwsWwtOPnMKf+B8/gC2Vo/U</latexit>

~y

CFT dimension
<latexit sha1_base64="OlQqY3YZLIxt2bgUY/MluCmov9E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJu3azSbsboRS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCSqE1CNgktsGW4EdlKFNA4EPgSj25n/8IRK80Tem3GKfkwHkkecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9cKEZTFKwwTVuuu5qfEnVBnOBE5LvUxjStmIDrBrqaQxan8yP3RKzqwSkihRtqQhc/X3xITGWo/jwHbG1Az1sjcT//O6mYmu/QmXaWZQssWiKBPEJGT2NQm5QmbE2BLKFLe3EjakijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fyteM8Q==</latexit>

d
<latexit sha1_base64="FRK44Im1s/iLZSFrD627urHn0EQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8eK9gPaUDabTbt0swm7E6GU/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmiTTjDdYIhPdDqjhUijeQIGSt1PNaRxI3gqGt1O/9cS1EYl6xFHK/Zj2lYgEo2ilh/Dc65XKbsWdgSwTLydlyFHvlb66YcKymCtkkhrT8dwU/THVKJjkk2I3MzylbEj7vGOpojE3/nh26oScWiUkUaJtKSQz9ffEmMbGjOLAdsYUB2bRm4r/eZ0Mo2t/LFSaIVdsvijKJMGETP8modCcoRxZQpkW9lbCBlRThjadog3BW3x5mTQvKt5lpXpfLddu8jgKcAwncAYeXEEN7qAODWDQh2d4hTdHOi/Ou/Mxb11x8pkj+APn8wekHY1j</latexit>

d� 1
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="jqylwcxBagMhesCQ8VFOWEkScmo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOknjQU=</latexit>x



Quantum Field Theory
free fields, Ising model, Wilson-Fisher, etc.

with a boundary

Experiments
graphene with a boundary

String theory + M-theory
various branes ending on branes

Examples

Holography
many examples



<latexit sha1_base64="bbwnDVOU7CsWx+04f1unqbjFPu8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0swm7m2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3xqg0j+WjmSToR3QgecgZNVZqdcfIsqdpr1xxq+4cZJV4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4LXVTjQllIzrAjqWSRqj9bH7ulJxZpU/CWNmShszV3xMZjbSeRIHtjKgZ6mVvJv7ndVIT3vgZl0lqULLFojAVxMRk9jvpc4XMiIkllClubyVsSBVlxiZUsiF4yy+vkuZF1buqXj5cVmq3eRxFOIFTOAcPrqEG91CHBjAYwTO8wpuTOC/Ou/OxaC04+cwx/IHz+QO00Y/T</latexit>

~x

Defect Conformal Field Theory (DCFT)

CFT with a conformally-invariant defect:
conformally-invariant boundary conditions along a submanifold

and/or massless degrees of freedom supported along a submanifold

Defect dimension
<latexit sha1_base64="mcbuxDXTW9QgPzCOHFrdFyHodyI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtIvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP3QeM/Q==</latexit>p

<latexit sha1_base64="dEvWWiUYITKVO4dNCZj9uEuF5ns=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8eK9gPaUDabTbt0swm7E6GU/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmiTTjDdYIhPdDqjhUijeQIGSt1PNaRxI3gqGt1O/9cS1EYl6xFHK/Zj2lYgEo2ilh/A87ZXKbsWdgSwTLydlyFHvlb66YcKymCtkkhrT8dwU/THVKJjkk2I3MzylbEj7vGOpojE3/nh26oScWiUkUaJtKSQz9ffEmMbGjOLAdsYUB2bRm4r/eZ0Mo2t/LFSaIVdsvijKJMGETP8modCcoRxZQpkW9lbCBlRThjadog3BW3x5mTQvKt5lpXpfLddu8jgKcAwncAYeXEEN7qAODWDQh2d4hTdHOi/Ou/Mxb11x8pkj+APn8wcDqI2i</latexit>

d� p

CFT dimension
<latexit sha1_base64="OlQqY3YZLIxt2bgUY/MluCmov9E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJu3azSbsboRS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCSqE1CNgktsGW4EdlKFNA4EPgSj25n/8IRK80Tem3GKfkwHkkecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9cKEZTFKwwTVuuu5qfEnVBnOBE5LvUxjStmIDrBrqaQxan8yP3RKzqwSkihRtqQhc/X3xITGWo/jwHbG1Az1sjcT//O6mYmu/QmXaWZQssWiKBPEJGT2NQm5QmbE2BLKFLe3EjakijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fyteM8Q==</latexit>

d

Co-dimension
<latexit sha1_base64="+/zwTw9NKMACOTBvmUJ05wQRV/w=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy203bpZhN2N4UQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBZcG9f9dgobm1vbO8Xd0t7+weFR+fikpaNEMWyySESqE1CNgktsGm4EdmKFNAwEtoPJ/dxvT1FpHsknk8boh3Qk+ZAzaqzU7k2RZemsX664VXcBsk68nFQgR6Nf/uoNIpaEKA0TVOuu58bGz6gynAmclXqJxpiyCR1h11JJQ9R+tjh3Ri6sMiDDSNmShizU3xMZDbVOw8B2htSM9ao3F//zuokZ3voZl3FiULLlomEiiInI/Hcy4AqZEakllClubyVsTBVlxiZUsiF4qy+vk9ZV1buu1h5rlfpdHkcRzuAcLsGDG6jDAzSgCQwm8Ayv8ObEzovz7nwsWwtOPnMKf+B8/gC2Vo/U</latexit>

~y



Quantum Field Theory
Wilson lines, ’t Hooft lines, surface operators, etc.

Experiments
graphene with an impurity, line defect, etc.

String theory + M-theory
various branes intersecting branes

Holography
many examples

Examples



Can we define boundary and defect 
central charges?

How do boundaries and defects 
contribute to the trace anomaly?

Do they obey constraints? c-theorems?

Questions

How do they appear in physical observables?



Outline:

• Review: Trace Anomalies

• Review: Boundaries and Defects

• 1d Boundary or Defect

• 2d Boundary or Defect

• 3d Boundary or Defect

• 4d Boundary or Defect

• Summary and Outlook



Quantum Field Theory

Macroscopic/Low-energy scales

Microscopic/High-energy scales

Renormalisation Group (RG) flow
from the UV to IR

UV

IR



RG fixed points

UV

IR

Conformal Field Theories 
(CFTs)

UV CFT

IR CFT



<latexit sha1_base64="6k+VD0ipgbSLlwS1yoZ/kDkHmIE="></latexit>

Tµ⌫ ⌘ 2
p
g

�

�gµ⌫
lnZ[gµ⌫ ]

Quantum Field Theory

Non-dynamical background metric gµ⌫(x)

Generating functional Z

<latexit sha1_base64="UAeo+R0BkzuoZI5SL5eWLwPwkhI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo9ELx4hkUeEDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1K+rFdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALtZjOY=</latexit>

Stress-Energy Tensor



Quantum Field Theory

Translational and Rotational Symmetry

gµ⌫ ! �µ⌫

@µTµ⌫ = 0

Non-dynamical background metric gµ⌫(x)

Generating functional Z

<latexit sha1_base64="UAeo+R0BkzuoZI5SL5eWLwPwkhI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo9ELx4hkUeEDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1K+rFdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALtZjOY=</latexit>

Stress-Energy Tensor



Conformal Field Theory

xµ ! x0µ(x)

Conformal Transformation

Diffeomorphism

such that

gµ⌫(x) ! e2⌦(x)gµ⌫(x)

Non-dynamical background metric gµ⌫(x)

Generating functional Z

<latexit sha1_base64="UAeo+R0BkzuoZI5SL5eWLwPwkhI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNRo9ELx4hkUeEDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1K+rFdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALtZjOY=</latexit>



gµ⌫(x) ! e2⌦(x)gµ⌫(x)

Conformal invariance

T µ
µ = 0

Conformal Field Theory

<latexit sha1_base64="r5F4iJTAoGN7iPSgB6RTc6/+T5A="></latexit>

T µ
µ = � 1

p
g

�

�⌦
lnZ[gµ⌫ ]



Dilatations

Special Conformal

xµ ! ⇤µ
⌫ x

⌫Rotations

Translations xµ ! xµ + cµ

xµ ! �xµ

SO(d+ 1, 1)

xµ ! xµ + bµx2

1 + 2x⌫b⌫ + b2x2

flat space
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd

Conformal Field Theory



Conformal invariance

T µ
µ = 0

gµ⌫ = �µ⌫
<latexit sha1_base64="6+F+9ItSyyJoltrebQqEiN0Awpc=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFcFVmRNCNUHTjsoK9QGcYMpm0DU0yQy5CGQpufBU3LhRx60u4821M20G09YfAl/+cQ3L+OGNUac/7ckpLyyura+X1ysbm1vaOu7vXUqmRmDRxylLZiZEijArS1FQz0skkQTxmpB0Pryf19j2RiqbiTo8yEnLUF7RHMdLWityDfpQH3ATCjC+DhDCNfu6RW/Vq3lRwEfwCqqBQI3I/gyTFhhOhMUNKdX0v02GOpKaYkXElMIpkCA9Rn3QtCsSJCvPpDmN4bJ0E9lJpj9Bw6v6eyBFXasRj28mRHqj52sT8r9Y1uncR5lRkRhOBZw/1DIM6hZNAYEIlwZqNLCAsqf0rxAMkEdY2tooNwZ9feRFapzXf8u1ZtX5VxFEGh+AInAAfnIM6uAEN0AQYPIAn8AJenUfn2Xlz3metJaeY2Qd/5Hx8AwEBmGE=</latexit><latexit sha1_base64="6+F+9ItSyyJoltrebQqEiN0Awpc=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFcFVmRNCNUHTjsoK9QGcYMpm0DU0yQy5CGQpufBU3LhRx60u4821M20G09YfAl/+cQ3L+OGNUac/7ckpLyyura+X1ysbm1vaOu7vXUqmRmDRxylLZiZEijArS1FQz0skkQTxmpB0Pryf19j2RiqbiTo8yEnLUF7RHMdLWityDfpQH3ATCjC+DhDCNfu6RW/Vq3lRwEfwCqqBQI3I/gyTFhhOhMUNKdX0v02GOpKaYkXElMIpkCA9Rn3QtCsSJCvPpDmN4bJ0E9lJpj9Bw6v6eyBFXasRj28mRHqj52sT8r9Y1uncR5lRkRhOBZw/1DIM6hZNAYEIlwZqNLCAsqf0rxAMkEdY2tooNwZ9feRFapzXf8u1ZtX5VxFEGh+AInAAfnIM6uAEN0AQYPIAn8AJenUfn2Xlz3metJaeY2Qd/5Hx8AwEBmGE=</latexit><latexit sha1_base64="6+F+9ItSyyJoltrebQqEiN0Awpc=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFcFVmRNCNUHTjsoK9QGcYMpm0DU0yQy5CGQpufBU3LhRx60u4821M20G09YfAl/+cQ3L+OGNUac/7ckpLyyura+X1ysbm1vaOu7vXUqmRmDRxylLZiZEijArS1FQz0skkQTxmpB0Pryf19j2RiqbiTo8yEnLUF7RHMdLWityDfpQH3ATCjC+DhDCNfu6RW/Vq3lRwEfwCqqBQI3I/gyTFhhOhMUNKdX0v02GOpKaYkXElMIpkCA9Rn3QtCsSJCvPpDmN4bJ0E9lJpj9Bw6v6eyBFXasRj28mRHqj52sT8r9Y1uncR5lRkRhOBZw/1DIM6hZNAYEIlwZqNLCAsqf0rxAMkEdY2tooNwZ9feRFapzXf8u1ZtX5VxFEGh+AInAAfnIM6uAEN0AQYPIAn8AJenUfn2Xlz3metJaeY2Qd/5Hx8AwEBmGE=</latexit><latexit sha1_base64="6+F+9ItSyyJoltrebQqEiN0Awpc=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFcFVmRNCNUHTjsoK9QGcYMpm0DU0yQy5CGQpufBU3LhRx60u4821M20G09YfAl/+cQ3L+OGNUac/7ckpLyyura+X1ysbm1vaOu7vXUqmRmDRxylLZiZEijArS1FQz0skkQTxmpB0Pryf19j2RiqbiTo8yEnLUF7RHMdLWityDfpQH3ATCjC+DhDCNfu6RW/Vq3lRwEfwCqqBQI3I/gyTFhhOhMUNKdX0v02GOpKaYkXElMIpkCA9Rn3QtCsSJCvPpDmN4bJ0E9lJpj9Bw6v6eyBFXasRj28mRHqj52sT8r9Y1uncR5lRkRhOBZw/1DIM6hZNAYEIlwZqNLCAsqf0rxAMkEdY2tooNwZ9feRFapzXf8u1ZtX5VxFEGh+AInAAfnIM6uAEN0AQYPIAn8AJenUfn2Xlz3metJaeY2Qd/5Hx8AwEBmGE=</latexit>

Conformal Field Theory

Trace Anomaly



T µ
µ 6= 0

gµ⌫ 6= �µ⌫
<latexit sha1_base64="pSS5hE/zTn+SDLzx0l3kq9ElW6Y=">AAACBnicbZDLSsNAFIYn9VbrLepShGARXJVEBF0W3bisYC/QlDCZnLRDJ5M4F6GErtz4Km5cKOLWZ3Dn2zhtg2jrDwMf/zmHM+cPM0alct0vq7S0vLK6Vl6vbGxube/Yu3stmWpBoElSlopOiCUwyqGpqGLQyQTgJGTQDodXk3r7HoSkKb9Vowx6Ce5zGlOClbEC+7Af5H6ifa7HPoc7PwKm8I8V2FW35k7lLIJXQBUVagT2px+lRCfAFWFYyq7nZqqXY6EoYTCu+FpChskQ96FrkOMEZC+fnjF2jo0TOXEqzOPKmbq/J3KcSDlKQtOZYDWQ87WJ+V+tq1V80cspz7QCTmaLYs0clTqTTJyICiCKjQxgIqj5q0MGWGCiTHIVE4I3f/IitE5rnuGbs2r9soijjA7QETpBHjpHdXSNGqiJCHpAT+gFvVqP1rP1Zr3PWktWMbOP/sj6+Aauo5ni</latexit><latexit sha1_base64="pSS5hE/zTn+SDLzx0l3kq9ElW6Y=">AAACBnicbZDLSsNAFIYn9VbrLepShGARXJVEBF0W3bisYC/QlDCZnLRDJ5M4F6GErtz4Km5cKOLWZ3Dn2zhtg2jrDwMf/zmHM+cPM0alct0vq7S0vLK6Vl6vbGxube/Yu3stmWpBoElSlopOiCUwyqGpqGLQyQTgJGTQDodXk3r7HoSkKb9Vowx6Ce5zGlOClbEC+7Af5H6ifa7HPoc7PwKm8I8V2FW35k7lLIJXQBUVagT2px+lRCfAFWFYyq7nZqqXY6EoYTCu+FpChskQ96FrkOMEZC+fnjF2jo0TOXEqzOPKmbq/J3KcSDlKQtOZYDWQ87WJ+V+tq1V80cspz7QCTmaLYs0clTqTTJyICiCKjQxgIqj5q0MGWGCiTHIVE4I3f/IitE5rnuGbs2r9soijjA7QETpBHjpHdXSNGqiJCHpAT+gFvVqP1rP1Zr3PWktWMbOP/sj6+Aauo5ni</latexit><latexit sha1_base64="pSS5hE/zTn+SDLzx0l3kq9ElW6Y=">AAACBnicbZDLSsNAFIYn9VbrLepShGARXJVEBF0W3bisYC/QlDCZnLRDJ5M4F6GErtz4Km5cKOLWZ3Dn2zhtg2jrDwMf/zmHM+cPM0alct0vq7S0vLK6Vl6vbGxube/Yu3stmWpBoElSlopOiCUwyqGpqGLQyQTgJGTQDodXk3r7HoSkKb9Vowx6Ce5zGlOClbEC+7Af5H6ifa7HPoc7PwKm8I8V2FW35k7lLIJXQBUVagT2px+lRCfAFWFYyq7nZqqXY6EoYTCu+FpChskQ96FrkOMEZC+fnjF2jo0TOXEqzOPKmbq/J3KcSDlKQtOZYDWQ87WJ+V+tq1V80cspz7QCTmaLYs0clTqTTJyICiCKjQxgIqj5q0MGWGCiTHIVE4I3f/IitE5rnuGbs2r9soijjA7QETpBHjpHdXSNGqiJCHpAT+gFvVqP1rP1Zr3PWktWMbOP/sj6+Aauo5ni</latexit><latexit sha1_base64="pSS5hE/zTn+SDLzx0l3kq9ElW6Y=">AAACBnicbZDLSsNAFIYn9VbrLepShGARXJVEBF0W3bisYC/QlDCZnLRDJ5M4F6GErtz4Km5cKOLWZ3Dn2zhtg2jrDwMf/zmHM+cPM0alct0vq7S0vLK6Vl6vbGxube/Yu3stmWpBoElSlopOiCUwyqGpqGLQyQTgJGTQDodXk3r7HoSkKb9Vowx6Ce5zGlOClbEC+7Af5H6ifa7HPoc7PwKm8I8V2FW35k7lLIJXQBUVagT2px+lRCfAFWFYyq7nZqqXY6EoYTCu+FpChskQ96FrkOMEZC+fnjF2jo0TOXEqzOPKmbq/J3KcSDlKQtOZYDWQ87WJ+V+tq1V80cspz7QCTmaLYs0clTqTTJyICiCKjQxgIqj5q0MGWGCiTHIVE4I3f/IitE5rnuGbs2r9soijjA7QETpBHjpHdXSNGqiJCHpAT+gFvVqP1rP1Zr3PWktWMbOP/sj6+Aauo5ni</latexit>

Conformal invarianceQuantum Effects
Break Conformal Invariance

Conformal Field Theory

Trace Anomaly



What is the general form of ?T µ
µ

Step #1

with the correct dimension

gµ⌫built from

d = 4

Write down all curvature invariants

T µ
µ = c1Rµ⌫⇢�R

µ⌫⇢� + c2Rµ⌫R
µ⌫ + c3R

2 + c4⇤R

CFT

Trace Anomaly



What is the general form of ?T µ
µ

Step #2

Wess-Zumino consistency
=gµ⌫ ! e2⌦1e2⌦2gµ⌫ gµ⌫ ! e2⌦2e2⌦1gµ⌫

Trace Anomaly

<latexit sha1_base64="k/uc227WKt0NF7z1wy/6Y0MAeyo="></latexit>

R �
µ⌫⇢ ! R �

µ⌫⇢ + 2��[µ
�
r⌫] + @⌫]⌦

�
@⇢⌦� 2g⇢[µ

�
r⌫] + @⌫]⌦

�
@�⌦� 2g⇢[µ�

�
⌫]@↵⌦@

↵⌦



What is the general form of ?T µ
µ

Step #2

Wess-Zumino consistency
=gµ⌫ ! e2⌦1e2⌦2gµ⌫ gµ⌫ ! e2⌦2e2⌦1gµ⌫

gives constraints on the coefficients

T µ
µ = c1Rµ⌫⇢�R

µ⌫⇢� + c2Rµ⌫R
µ⌫ + c3R

2 + c4⇤R

Trace Anomaly



What is the general form of ?T µ
µ

Step #3

Add local counterterms
Determine how they enter T µ

µ

T µ
µ = c1Rµ⌫⇢�R

µ⌫⇢� + c2Rµ⌫R
µ⌫ + c3R

2 + c4⇤R

0

Trace Anomaly

gives more constraints on the coefficients



d odd

d even T µ
µ 6= 0

T µ
µ = 0

What is the general form of ?T µ
µ

Conformal Field Theory

Trace Anomaly



<latexit sha1_base64="OUY5M5CAtKon+cCvng6dnslEQzQ="></latexit>

T µ
µ =

1

(4⇡)2
(�a4d E4 + c4d Wµ⌫⇢�W

µ⌫⇢�)

Duff hep-th/9308075

Bastianelli, Frolov, Tseytlin hep-th/0001041 

Bonora, Pasti, Bregola CQG 3 (1986) 635

Deser, Duff, Isham NPB 111 (1976) 45

d = 2

d = 4

<latexit sha1_base64="gVB98OWp3gEzjYr68aPXrDbgWJE=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKqV6EohePFe0HtEvJZrNtaDa7JFmhLP0JXjwo4tVf5M1/Y9ruQVsfDDzem2Fmnp8Iro3jfKPC2vrG5lZxu7Szu7d/UD48aus4VZS1aCxi1fWJZoJL1jLcCNZNFCORL1jHH9/O/M4TU5rH8tFMEuZFZCh5yCkxVnoIruuDcsWpOnPgVeLmpAI5moPyVz+IaRoxaaggWvdcJzFeRpThVLBpqZ9qlhA6JkPWs1SSiGkvm586xWdWCXAYK1vS4Ln6eyIjkdaTyLedETEjvezNxP+8XmrCKy/jMkkNk3SxKEwFNjGe/Y0Drhg1YmIJoYrbWzEdEUWosemUbAju8surpH1RdevV2n2t0rjJ4yjCCZzCObhwCQ24gya0gMIQnuEV3pBAL+gdfSxaCyifOYY/QJ8/xAGNeA==</latexit>

d = 6
<latexit sha1_base64="zCSgfUe5on1JV17v4oazwONnvos="></latexit>

T µ
µ =

1

(4⇡)3

⇣
a6d E6 + c(1)6d I1 + c(2)6d I2 + c(3)6d I3

⌘

<latexit sha1_base64="xNmzc14W7LCZBr2JsBEBlCNzjvg=">AAACJHicbVDLSgMxFM34rPVVdekmWAQXUmZKqYIIRRFcVugLOuOQSTNtaOZBkhFKGP/Fjb/ixoUPXLjxW0ynRbT1QMjJOfdyc48XMyqkaX4aC4tLyyurubX8+sbm1nZhZ7clooRj0sQRi3jHQ4IwGpKmpJKRTswJCjxG2t7wcuy37wgXNAobchQTJ0D9kPoUI6klt3DWcJUdJOmtuh9f8BzaPkdYWamq2DFNf17VFNrHELuq3MvYlVt2C0WzZGaA88SakiKYou4W3uxehJOAhBIzJETXMmPpKMQlxYykeTsRJEZ4iPqkq2mIAiIclS2ZwkOt9KAfcX1CCTP1d4dCgRCjwNOVAZIDMeuNxf+8biL9U0fRME4kCfFkkJ8wKCM4Tgz2KCdYspEmCHOq/wrxAOlYpM41r0OwZleeJ61yyaqWKjeVYu1iGkcO7IMDcAQscAJq4BrUQRNg8ACewAt4NR6NZ+Pd+JiULhjTnj3wB8bXN3eJpAE=</latexit>

T µ
µ =

1

4⇡

1

6
c2d E2

Trace Anomaly



<latexit sha1_base64="xNmzc14W7LCZBr2JsBEBlCNzjvg=">AAACJHicbVDLSgMxFM34rPVVdekmWAQXUmZKqYIIRRFcVugLOuOQSTNtaOZBkhFKGP/Fjb/ixoUPXLjxW0ynRbT1QMjJOfdyc48XMyqkaX4aC4tLyyurubX8+sbm1nZhZ7clooRj0sQRi3jHQ4IwGpKmpJKRTswJCjxG2t7wcuy37wgXNAobchQTJ0D9kPoUI6klt3DWcJUdJOmtuh9f8BzaPkdYWamq2DFNf17VFNrHELuq3MvYlVt2C0WzZGaA88SakiKYou4W3uxehJOAhBIzJETXMmPpKMQlxYykeTsRJEZ4iPqkq2mIAiIclS2ZwkOt9KAfcX1CCTP1d4dCgRCjwNOVAZIDMeuNxf+8biL9U0fRME4kCfFkkJ8wKCM4Tgz2KCdYspEmCHOq/wrxAOlYpM41r0OwZleeJ61yyaqWKjeVYu1iGkcO7IMDcAQscAJq4BrUQRNg8ACewAt4NR6NZ+Pd+JiULhjTnj3wB8bXN3eJpAE=</latexit>

T µ
µ =

1

4⇡

1

6
c2d E2

<latexit sha1_base64="OUY5M5CAtKon+cCvng6dnslEQzQ="></latexit>

T µ
µ =

1

(4⇡)2
(�a4d E4 + c4d Wµ⌫⇢�W

µ⌫⇢�)

Euler density
<latexit sha1_base64="f2mQPCjKIrZp+HbSW3XNwugVe5k="></latexit>

Ed =
1

2d/2
�
µ1⌫1...µd/2⌫d/2
⇢1�1...⇢d/2�d/2 R

⇢1�1
µ1⌫1 R

⇢2�2
µ2⌫2 . . . R

⇢d/2�d/2
µd/2⌫d/2

d = 2

d = 4

<latexit sha1_base64="gVB98OWp3gEzjYr68aPXrDbgWJE=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKqV6EohePFe0HtEvJZrNtaDa7JFmhLP0JXjwo4tVf5M1/Y9ruQVsfDDzem2Fmnp8Iro3jfKPC2vrG5lZxu7Szu7d/UD48aus4VZS1aCxi1fWJZoJL1jLcCNZNFCORL1jHH9/O/M4TU5rH8tFMEuZFZCh5yCkxVnoIruuDcsWpOnPgVeLmpAI5moPyVz+IaRoxaaggWvdcJzFeRpThVLBpqZ9qlhA6JkPWs1SSiGkvm586xWdWCXAYK1vS4Ln6eyIjkdaTyLedETEjvezNxP+8XmrCKy/jMkkNk3SxKEwFNjGe/Y0Drhg1YmIJoYrbWzEdEUWosemUbAju8surpH1RdevV2n2t0rjJ4yjCCZzCObhwCQ24gya0gMIQnuEV3pBAL+gdfSxaCyifOYY/QJ8/xAGNeA==</latexit>

d = 6
<latexit sha1_base64="zCSgfUe5on1JV17v4oazwONnvos="></latexit>

T µ
µ =

1

(4⇡)3

⇣
a6d E6 + c(1)6d I1 + c(2)6d I2 + c(3)6d I3

⌘

Trace Anomaly



<latexit sha1_base64="OUY5M5CAtKon+cCvng6dnslEQzQ="></latexit>

T µ
µ =

1

(4⇡)2
(�a4d E4 + c4d Wµ⌫⇢�W

µ⌫⇢�)

Weyl tensor

d = 2

d = 4

<latexit sha1_base64="gVB98OWp3gEzjYr68aPXrDbgWJE=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKqV6EohePFe0HtEvJZrNtaDa7JFmhLP0JXjwo4tVf5M1/Y9ruQVsfDDzem2Fmnp8Iro3jfKPC2vrG5lZxu7Szu7d/UD48aus4VZS1aCxi1fWJZoJL1jLcCNZNFCORL1jHH9/O/M4TU5rH8tFMEuZFZCh5yCkxVnoIruuDcsWpOnPgVeLmpAI5moPyVz+IaRoxaaggWvdcJzFeRpThVLBpqZ9qlhA6JkPWs1SSiGkvm586xWdWCXAYK1vS4Ln6eyIjkdaTyLedETEjvezNxP+8XmrCKy/jMkkNk3SxKEwFNjGe/Y0Drhg1YmIJoYrbWzEdEUWosemUbAju8surpH1RdevV2n2t0rjJ4yjCCZzCObhwCQ24gya0gMIQnuEV3pBAL+gdfSxaCyifOYY/QJ8/xAGNeA==</latexit>

d = 6
<latexit sha1_base64="zCSgfUe5on1JV17v4oazwONnvos="></latexit>

T µ
µ =

1

(4⇡)3

⇣
a6d E6 + c(1)6d I1 + c(2)6d I2 + c(3)6d I3

⌘

<latexit sha1_base64="xNmzc14W7LCZBr2JsBEBlCNzjvg=">AAACJHicbVDLSgMxFM34rPVVdekmWAQXUmZKqYIIRRFcVugLOuOQSTNtaOZBkhFKGP/Fjb/ixoUPXLjxW0ynRbT1QMjJOfdyc48XMyqkaX4aC4tLyyurubX8+sbm1nZhZ7clooRj0sQRi3jHQ4IwGpKmpJKRTswJCjxG2t7wcuy37wgXNAobchQTJ0D9kPoUI6klt3DWcJUdJOmtuh9f8BzaPkdYWamq2DFNf17VFNrHELuq3MvYlVt2C0WzZGaA88SakiKYou4W3uxehJOAhBIzJETXMmPpKMQlxYykeTsRJEZ4iPqkq2mIAiIclS2ZwkOt9KAfcX1CCTP1d4dCgRCjwNOVAZIDMeuNxf+8biL9U0fRME4kCfFkkJ8wKCM4Tgz2KCdYspEmCHOq/wrxAOlYpM41r0OwZleeJ61yyaqWKjeVYu1iGkcO7IMDcAQscAJq4BrUQRNg8ACewAt4NR6NZ+Pd+JiULhjTnj3wB8bXN3eJpAE=</latexit>

T µ
µ =

1

4⇡

1

6
c2d E2

Trace Anomaly

<latexit sha1_base64="/Wr+nenTXkJ7kVHCOz4th6EWxeM="></latexit>

Wµ⌫⇢� ⌘ Rµ⌫⇢� +
2

d� 2

�
g⌫[⇢R�]µ � gµ[⇢R�]⌫

�
+

2

(d� 1)(d� 2)
gµ[⇢g�]⌫ R



<latexit sha1_base64="vMlJc5ukVZjxH7J9eBKJFzGEBJA="></latexit>

I1 = Wµ�⇢⌫W
��⌧⇢W�

µ⌫
⌧

<latexit sha1_base64="ifhJLBstFaDXnlHvsVR19kNZB9I="></latexit>

I2 = Wµ⌫
�⇢W�⇢

�⌧W�⌧
µ⌫

<latexit sha1_base64="3xkJBwhTKAOQGWhHL5ZqceX7m0M="></latexit>

I3 = Wµ⌫�⇢

✓
D2 �⌫� � 6

5
R �⌫� + 4R⌫

�

◆
W �⌫�⇢

d = 2

d = 4

<latexit sha1_base64="gVB98OWp3gEzjYr68aPXrDbgWJE=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKqV6EohePFe0HtEvJZrNtaDa7JFmhLP0JXjwo4tVf5M1/Y9ruQVsfDDzem2Fmnp8Iro3jfKPC2vrG5lZxu7Szu7d/UD48aus4VZS1aCxi1fWJZoJL1jLcCNZNFCORL1jHH9/O/M4TU5rH8tFMEuZFZCh5yCkxVnoIruuDcsWpOnPgVeLmpAI5moPyVz+IaRoxaaggWvdcJzFeRpThVLBpqZ9qlhA6JkPWs1SSiGkvm586xWdWCXAYK1vS4Ln6eyIjkdaTyLedETEjvezNxP+8XmrCKy/jMkkNk3SxKEwFNjGe/Y0Drhg1YmIJoYrbWzEdEUWosemUbAju8surpH1RdevV2n2t0rjJ4yjCCZzCObhwCQ24gya0gMIQnuEV3pBAL+gdfSxaCyifOYY/QJ8/xAGNeA==</latexit>

d = 6
<latexit sha1_base64="zCSgfUe5on1JV17v4oazwONnvos="></latexit>

T µ
µ =

1

(4⇡)3

⇣
a6d E6 + c(1)6d I1 + c(2)6d I2 + c(3)6d I3

⌘

<latexit sha1_base64="OUY5M5CAtKon+cCvng6dnslEQzQ="></latexit>

T µ
µ =

1

(4⇡)2
(�a4d E4 + c4d Wµ⌫⇢�W

µ⌫⇢�)

<latexit sha1_base64="xNmzc14W7LCZBr2JsBEBlCNzjvg=">AAACJHicbVDLSgMxFM34rPVVdekmWAQXUmZKqYIIRRFcVugLOuOQSTNtaOZBkhFKGP/Fjb/ixoUPXLjxW0ynRbT1QMjJOfdyc48XMyqkaX4aC4tLyyurubX8+sbm1nZhZ7clooRj0sQRi3jHQ4IwGpKmpJKRTswJCjxG2t7wcuy37wgXNAobchQTJ0D9kPoUI6klt3DWcJUdJOmtuh9f8BzaPkdYWamq2DFNf17VFNrHELuq3MvYlVt2C0WzZGaA88SakiKYou4W3uxehJOAhBIzJETXMmPpKMQlxYykeTsRJEZ4iPqkq2mIAiIclS2ZwkOt9KAfcX1CCTP1d4dCgRCjwNOVAZIDMeuNxf+8biL9U0fRME4kCfFkkJ8wKCM4Tgz2KCdYspEmCHOq/wrxAOlYpM41r0OwZleeJ61yyaqWKjeVYu1iGkcO7IMDcAQscAJq4BrUQRNg8ACewAt4NR6NZ+Pd+JiULhjTnj3wB8bXN3eJpAE=</latexit>

T µ
µ =

1

4⇡

1

6
c2d E2

Trace Anomaly



Type A Type B

Changes by a total derivative Invariant

p
g E p

gW 2

Z
ddx

p
g T µ

µ is conformally invariant

Wess-Zumino consistency

d = 4
<latexit sha1_base64="OUY5M5CAtKon+cCvng6dnslEQzQ="></latexit>

T µ
µ =

1

(4⇡)2
(�a4d E4 + c4d Wµ⌫⇢�W

µ⌫⇢�)



<latexit sha1_base64="xNmzc14W7LCZBr2JsBEBlCNzjvg=">AAACJHicbVDLSgMxFM34rPVVdekmWAQXUmZKqYIIRRFcVugLOuOQSTNtaOZBkhFKGP/Fjb/ixoUPXLjxW0ynRbT1QMjJOfdyc48XMyqkaX4aC4tLyyurubX8+sbm1nZhZ7clooRj0sQRi3jHQ4IwGpKmpJKRTswJCjxG2t7wcuy37wgXNAobchQTJ0D9kPoUI6klt3DWcJUdJOmtuh9f8BzaPkdYWamq2DFNf17VFNrHELuq3MvYlVt2C0WzZGaA88SakiKYou4W3uxehJOAhBIzJETXMmPpKMQlxYykeTsRJEZ4iPqkq2mIAiIclS2ZwkOt9KAfcX1CCTP1d4dCgRCjwNOVAZIDMeuNxf+8biL9U0fRME4kCfFkkJ8wKCM4Tgz2KCdYspEmCHOq/wrxAOlYpM41r0OwZleeJ61yyaqWKjeVYu1iGkcO7IMDcAQscAJq4BrUQRNg8ACewAt4NR6NZ+Pd+JiULhjTnj3wB8bXN3eJpAE=</latexit>

T µ
µ =

1

4⇡

1

6
c2d E2

<latexit sha1_base64="zCSgfUe5on1JV17v4oazwONnvos="></latexit>

T µ
µ =

1

(4⇡)3

⇣
a6d E6 + c(1)6d I1 + c(2)6d I2 + c(3)6d I3

⌘

<latexit sha1_base64="OUY5M5CAtKon+cCvng6dnslEQzQ="></latexit>

T µ
µ =

1

(4⇡)2
(�a4d E4 + c4d Wµ⌫⇢�W

µ⌫⇢�)

Type A Type B

d = 2

d = 4

<latexit sha1_base64="gVB98OWp3gEzjYr68aPXrDbgWJE=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKqV6EohePFe0HtEvJZrNtaDa7JFmhLP0JXjwo4tVf5M1/Y9ruQVsfDDzem2Fmnp8Iro3jfKPC2vrG5lZxu7Szu7d/UD48aus4VZS1aCxi1fWJZoJL1jLcCNZNFCORL1jHH9/O/M4TU5rH8tFMEuZFZCh5yCkxVnoIruuDcsWpOnPgVeLmpAI5moPyVz+IaRoxaaggWvdcJzFeRpThVLBpqZ9qlhA6JkPWs1SSiGkvm586xWdWCXAYK1vS4Ln6eyIjkdaTyLedETEjvezNxP+8XmrCKy/jMkkNk3SxKEwFNjGe/Y0Drhg1YmIJoYrbWzEdEUWosemUbAju8surpH1RdevV2n2t0rjJ4yjCCZzCObhwCQ24gya0gMIQnuEV3pBAL+gdfSxaCyifOYY/QJ8/xAGNeA==</latexit>

d = 6

Trace Anomaly



“central charges”

<latexit sha1_base64="zCSgfUe5on1JV17v4oazwONnvos="></latexit>

T µ
µ =

1

(4⇡)3

⇣
a6d E6 + c(1)6d I1 + c(2)6d I2 + c(3)6d I3

⌘

<latexit sha1_base64="OUY5M5CAtKon+cCvng6dnslEQzQ="></latexit>

T µ
µ =

1

(4⇡)2
(�a4d E4 + c4d Wµ⌫⇢�W

µ⌫⇢�)

d = 2

d = 4

<latexit sha1_base64="gVB98OWp3gEzjYr68aPXrDbgWJE=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKqV6EohePFe0HtEvJZrNtaDa7JFmhLP0JXjwo4tVf5M1/Y9ruQVsfDDzem2Fmnp8Iro3jfKPC2vrG5lZxu7Szu7d/UD48aus4VZS1aCxi1fWJZoJL1jLcCNZNFCORL1jHH9/O/M4TU5rH8tFMEuZFZCh5yCkxVnoIruuDcsWpOnPgVeLmpAI5moPyVz+IaRoxaaggWvdcJzFeRpThVLBpqZ9qlhA6JkPWs1SSiGkvm586xWdWCXAYK1vS4Ln6eyIjkdaTyLedETEjvezNxP+8XmrCKy/jMkkNk3SxKEwFNjGe/Y0Drhg1YmIJoYrbWzEdEUWosemUbAju8surpH1RdevV2n2t0rjJ4yjCCZzCObhwCQ24gya0gMIQnuEV3pBAL+gdfSxaCyifOYY/QJ8/xAGNeA==</latexit>

d = 6

“Weyl anomaly coefficients”

<latexit sha1_base64="xNmzc14W7LCZBr2JsBEBlCNzjvg=">AAACJHicbVDLSgMxFM34rPVVdekmWAQXUmZKqYIIRRFcVugLOuOQSTNtaOZBkhFKGP/Fjb/ixoUPXLjxW0ynRbT1QMjJOfdyc48XMyqkaX4aC4tLyyurubX8+sbm1nZhZ7clooRj0sQRi3jHQ4IwGpKmpJKRTswJCjxG2t7wcuy37wgXNAobchQTJ0D9kPoUI6klt3DWcJUdJOmtuh9f8BzaPkdYWamq2DFNf17VFNrHELuq3MvYlVt2C0WzZGaA88SakiKYou4W3uxehJOAhBIzJETXMmPpKMQlxYykeTsRJEZ4iPqkq2mIAiIclS2ZwkOt9KAfcX1CCTP1d4dCgRCjwNOVAZIDMeuNxf+8biL9U0fRME4kCfFkkJ8wKCM4Tgz2KCdYspEmCHOq/wrxAOlYpM41r0OwZleeJ61yyaqWKjeVYu1iGkcO7IMDcAQscAJq4BrUQRNg8ACewAt4NR6NZ+Pd+JiULhjTnj3wB8bXN3eJpAE=</latexit>

T µ
µ =

1

4⇡

1

6
c2d E2

Trace Anomaly



<latexit sha1_base64="zCSgfUe5on1JV17v4oazwONnvos="></latexit>

T µ
µ =

1

(4⇡)3

⇣
a6d E6 + c(1)6d I1 + c(2)6d I2 + c(3)6d I3

⌘

<latexit sha1_base64="OUY5M5CAtKon+cCvng6dnslEQzQ="></latexit>

T µ
µ =

1

(4⇡)2
(�a4d E4 + c4d Wµ⌫⇢�W

µ⌫⇢�)

d = 2

d = 4

<latexit sha1_base64="gVB98OWp3gEzjYr68aPXrDbgWJE=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKqV6EohePFe0HtEvJZrNtaDa7JFmhLP0JXjwo4tVf5M1/Y9ruQVsfDDzem2Fmnp8Iro3jfKPC2vrG5lZxu7Szu7d/UD48aus4VZS1aCxi1fWJZoJL1jLcCNZNFCORL1jHH9/O/M4TU5rH8tFMEuZFZCh5yCkxVnoIruuDcsWpOnPgVeLmpAI5moPyVz+IaRoxaaggWvdcJzFeRpThVLBpqZ9qlhA6JkPWs1SSiGkvm586xWdWCXAYK1vS4Ln6eyIjkdaTyLedETEjvezNxP+8XmrCKy/jMkkNk3SxKEwFNjGe/Y0Drhg1YmIJoYrbWzEdEUWosemUbAju8surpH1RdevV2n2t0rjJ4yjCCZzCObhwCQ24gya0gMIQnuEV3pBAL+gdfSxaCyifOYY/QJ8/xAGNeA==</latexit>

d = 6

<latexit sha1_base64="xNmzc14W7LCZBr2JsBEBlCNzjvg=">AAACJHicbVDLSgMxFM34rPVVdekmWAQXUmZKqYIIRRFcVugLOuOQSTNtaOZBkhFKGP/Fjb/ixoUPXLjxW0ynRbT1QMjJOfdyc48XMyqkaX4aC4tLyyurubX8+sbm1nZhZ7clooRj0sQRi3jHQ4IwGpKmpJKRTswJCjxG2t7wcuy37wgXNAobchQTJ0D9kPoUI6klt3DWcJUdJOmtuh9f8BzaPkdYWamq2DFNf17VFNrHELuq3MvYlVt2C0WzZGaA88SakiKYou4W3uxehJOAhBIzJETXMmPpKMQlxYykeTsRJEZ4iPqkq2mIAiIclS2ZwkOt9KAfcX1CCTP1d4dCgRCjwNOVAZIDMeuNxf+8biL9U0fRME4kCfFkkJ8wKCM4Tgz2KCdYspEmCHOq/wrxAOlYpM41r0OwZleeJ61yyaqWKjeVYu1iGkcO7IMDcAQscAJq4BrUQRNg8ACewAt4NR6NZ+Pd+JiULhjTnj3wB8bXN3eJpAE=</latexit>

T µ
µ =

1

4⇡

1

6
c2d E2

Trace Anomaly

Do they obey constraints? c-theorems?

How do they appear in physical observables?



<latexit sha1_base64="OUY5M5CAtKon+cCvng6dnslEQzQ="></latexit>

T µ
µ =

1

(4⇡)2
(�a4d E4 + c4d Wµ⌫⇢�W

µ⌫⇢�)

<latexit sha1_base64="PN6QxLv9tOUW+6paavx8IM4MoLg=">AAACGXicbVA7T8MwGHTKq5RXgZHFokJqlypBFTBWsDAWqS+piSLHdVKrthPZDqKK+jdY+CssDCDECBP/BjftAC0nWTrf3Sf7uyBhVGnb/rYKa+sbm1vF7dLO7t7+QfnwqKviVGLSwTGLZT9AijAqSEdTzUg/kQTxgJFeML6Z+b17IhWNRVtPEuJxFAkaUoy0kfyy7TIkIkZg289cnroincLqQy2/ylHsKhpxNK3aNejKPOiXK3bdzgFXibMgFbBAyy9/usMYp5wIjRlSauDYifYyJDXFjExLbqpIgvAYRWRgqECcKC/LN5vCM6MMYRhLc4SGufp7IkNcqQkPTJIjPVLL3kz8zxukOrzyMiqSVBOB5w+FKYM6hrOa4JBKgjWbGIKwpOavEI+QRFibMkumBGd55VXSPa87F/XGXaPSvF7UUQQn4BRUgQMuQRPcghboAAwewTN4BW/Wk/VivVsf82jBWswcgz+wvn4AXVKf5w==</latexit>

hTµ⌫(x)T⇢�(0)i
fix normalisation of

d = 2

d = 4

<latexit sha1_base64="gVB98OWp3gEzjYr68aPXrDbgWJE=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKqV6EohePFe0HtEvJZrNtaDa7JFmhLP0JXjwo4tVf5M1/Y9ruQVsfDDzem2Fmnp8Iro3jfKPC2vrG5lZxu7Szu7d/UD48aus4VZS1aCxi1fWJZoJL1jLcCNZNFCORL1jHH9/O/M4TU5rH8tFMEuZFZCh5yCkxVnoIruuDcsWpOnPgVeLmpAI5moPyVz+IaRoxaaggWvdcJzFeRpThVLBpqZ9qlhA6JkPWs1SSiGkvm586xWdWCXAYK1vS4Ln6eyIjkdaTyLedETEjvezNxP+8XmrCKy/jMkkNk3SxKEwFNjGe/Y0Drhg1YmIJoYrbWzEdEUWosemUbAju8surpH1RdevV2n2t0rjJ4yjCCZzCObhwCQ24gya0gMIQnuEV3pBAL+gdfSxaCyifOYY/QJ8/xAGNeA==</latexit>

d = 6
<latexit sha1_base64="zCSgfUe5on1JV17v4oazwONnvos="></latexit>

T µ
µ =

1

(4⇡)3

⇣
a6d E6 + c(1)6d I1 + c(2)6d I2 + c(3)6d I3

⌘

<latexit sha1_base64="3Jye6BOg0mpSKyIIzkgWq/W9nrA="></latexit>

hTzz(z)Tzz(0)i =
c2d/2

z4
d = 2

<latexit sha1_base64="xNmzc14W7LCZBr2JsBEBlCNzjvg=">AAACJHicbVDLSgMxFM34rPVVdekmWAQXUmZKqYIIRRFcVugLOuOQSTNtaOZBkhFKGP/Fjb/ixoUPXLjxW0ynRbT1QMjJOfdyc48XMyqkaX4aC4tLyyurubX8+sbm1nZhZ7clooRj0sQRi3jHQ4IwGpKmpJKRTswJCjxG2t7wcuy37wgXNAobchQTJ0D9kPoUI6klt3DWcJUdJOmtuh9f8BzaPkdYWamq2DFNf17VFNrHELuq3MvYlVt2C0WzZGaA88SakiKYou4W3uxehJOAhBIzJETXMmPpKMQlxYykeTsRJEZ4iPqkq2mIAiIclS2ZwkOt9KAfcX1CCTP1d4dCgRCjwNOVAZIDMeuNxf+8biL9U0fRME4kCfFkkJ8wKCM4Tgz2KCdYspEmCHOq/wrxAOlYpM41r0OwZleeJ61yyaqWKjeVYu1iGkcO7IMDcAQscAJq4BrUQRNg8ACewAt4NR6NZ+Pd+JiULhjTnj3wB8bXN3eJpAE=</latexit>

T µ
µ =

1

4⇡

1

6
c2d E2

Trace Anomaly



<latexit sha1_base64="OUY5M5CAtKon+cCvng6dnslEQzQ="></latexit>

T µ
µ =

1

(4⇡)2
(�a4d E4 + c4d Wµ⌫⇢�W

µ⌫⇢�)

<latexit sha1_base64="PN6QxLv9tOUW+6paavx8IM4MoLg=">AAACGXicbVA7T8MwGHTKq5RXgZHFokJqlypBFTBWsDAWqS+piSLHdVKrthPZDqKK+jdY+CssDCDECBP/BjftAC0nWTrf3Sf7uyBhVGnb/rYKa+sbm1vF7dLO7t7+QfnwqKviVGLSwTGLZT9AijAqSEdTzUg/kQTxgJFeML6Z+b17IhWNRVtPEuJxFAkaUoy0kfyy7TIkIkZg289cnroincLqQy2/ylHsKhpxNK3aNejKPOiXK3bdzgFXibMgFbBAyy9/usMYp5wIjRlSauDYifYyJDXFjExLbqpIgvAYRWRgqECcKC/LN5vCM6MMYRhLc4SGufp7IkNcqQkPTJIjPVLL3kz8zxukOrzyMiqSVBOB5w+FKYM6hrOa4JBKgjWbGIKwpOavEI+QRFibMkumBGd55VXSPa87F/XGXaPSvF7UUQQn4BRUgQMuQRPcghboAAwewTN4BW/Wk/VivVsf82jBWswcgz+wvn4AXVKf5w==</latexit>

hTµ⌫(x)T⇢�(0)i
fix normalisation of

reflection positivity (unitarity)

d = 2

d = 4

<latexit sha1_base64="gVB98OWp3gEzjYr68aPXrDbgWJE=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKqV6EohePFe0HtEvJZrNtaDa7JFmhLP0JXjwo4tVf5M1/Y9ruQVsfDDzem2Fmnp8Iro3jfKPC2vrG5lZxu7Szu7d/UD48aus4VZS1aCxi1fWJZoJL1jLcCNZNFCORL1jHH9/O/M4TU5rH8tFMEuZFZCh5yCkxVnoIruuDcsWpOnPgVeLmpAI5moPyVz+IaRoxaaggWvdcJzFeRpThVLBpqZ9qlhA6JkPWs1SSiGkvm586xWdWCXAYK1vS4Ln6eyIjkdaTyLedETEjvezNxP+8XmrCKy/jMkkNk3SxKEwFNjGe/Y0Drhg1YmIJoYrbWzEdEUWosemUbAju8surpH1RdevV2n2t0rjJ4yjCCZzCObhwCQ24gya0gMIQnuEV3pBAL+gdfSxaCyifOYY/QJ8/xAGNeA==</latexit>

d = 6
<latexit sha1_base64="zCSgfUe5on1JV17v4oazwONnvos="></latexit>

T µ
µ =

1

(4⇡)3

⇣
a6d E6 + c(1)6d I1 + c(2)6d I2 + c(3)6d I3

⌘

<latexit sha1_base64="8siPVZGWP//sVlkjbw5Oi//m5G4=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4xETCBDZmd7YUJsw9mZknIhu/w4kFjvPox3vwbB9iDgpV0UqnqTneXlwiutG1/W4WNza3tneJuaW//4PCofHzSVnEqGbZYLGL55FGFgkfY0lwLfEok0tAT2PFGd3O/M0GpeBw96mmCbkgHEQ84o9pILutnNX9GegMcE7tfrthVewGyTpycVCBHs1/+6vkxS0OMNBNUqa5jJ9rNqNScCZyVeqnChLIRHWDX0IiGqNxscfSMXBjFJ0EsTUWaLNTfExkNlZqGnukMqR6qVW8u/ud1Ux3cuBmPklRjxJaLglQQHZN5AsTnEpkWU0Mok9zcStiQSsq0yalkQnBWX14n7VrVuarWH+qVxm0eRxHO4BwuwYFraMA9NKEFDMbwDK/wZk2sF+vd+li2Fqx85hT+wPr8AaIEkV4=</latexit>

c2d � 0
<latexit sha1_base64="P7mf46xNgJjkBxrLbVdUMgeu0R0=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4jmAckS5id7U2GzD4yMxsIS77DiwdFvPox3vwbJ8keNLGgoajqprvLSwRX2ra/rcLG5tb2TnG3tLd/cHhUPj5pqTiVDJssFrHseFSh4BE2NdcCO4lEGnoC297ofu63JygVj6MnPU3QDekg4gFnVBvJZf2s5s9Ib4BjYvfLFbtqL0DWiZOTCuRo9MtfPT9maYiRZoIq1XXsRLsZlZozgbNSL1WYUDaiA+waGtEQlZstjp6RC6P4JIilqUiThfp7IqOhUtPQM50h1UO16s3F/7xuqoNbN+NRkmqM2HJRkAqiYzJPgPhcItNiaghlkptbCRtSSZk2OZVMCM7qy+ukdVV1rqu1x1qlfpfHUYQzOIdLcOAG6vAADWgCgzE8wyu8WRPrxXq3PpatBSufOYU/sD5/AKUekWA=</latexit>

c4d � 0
<latexit sha1_base64="n7ppCfgn0eap74BNiJrhxz+0k+M=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqpiRaqsuiG5cV7APaGCaTSTt0MokzEyGE+CtuXCji1g9x5984bbPQ1gMXDufcy733eDGjUlnWt7Gyura+sVnaKm/v7O7tmweHXRklApMOjlgk+h6ShFFOOooqRvqxICj0GOl5k+up33skQtKI36k0Jk6IRpwGFCOlJdesYDdr+vl9Vjs/zeFwRB6g5ZpVq27NAJeJXZAqKNB2za+hH+EkJFxhhqQc2FasnAwJRTEjeXmYSBIjPEEjMtCUo5BIJ5sdn8MTrfgwiIQuruBM/T2RoVDKNPR0Z4jUWC56U/E/b5Co4NLJKI8TRTieLwoSBlUEp0lAnwqCFUs1QVhQfSvEYyQQVjqvsg7BXnx5mXTP6naz3rhtVFtXRRwlcASOQQ3Y4AK0wA1ogw7AIAXP4BW8GU/Gi/FufMxbV4xipgL+wPj8AezKk6k=</latexit>

c(3)6d � 0

<latexit sha1_base64="xNmzc14W7LCZBr2JsBEBlCNzjvg=">AAACJHicbVDLSgMxFM34rPVVdekmWAQXUmZKqYIIRRFcVugLOuOQSTNtaOZBkhFKGP/Fjb/ixoUPXLjxW0ynRbT1QMjJOfdyc48XMyqkaX4aC4tLyyurubX8+sbm1nZhZ7clooRj0sQRi3jHQ4IwGpKmpJKRTswJCjxG2t7wcuy37wgXNAobchQTJ0D9kPoUI6klt3DWcJUdJOmtuh9f8BzaPkdYWamq2DFNf17VFNrHELuq3MvYlVt2C0WzZGaA88SakiKYou4W3uxehJOAhBIzJETXMmPpKMQlxYykeTsRJEZ4iPqkq2mIAiIclS2ZwkOt9KAfcX1CCTP1d4dCgRCjwNOVAZIDMeuNxf+8biL9U0fRME4kCfFkkJ8wKCM4Tgz2KCdYspEmCHOq/wrxAOlYpM41r0OwZleeJ61yyaqWKjeVYu1iGkcO7IMDcAQscAJq4BrUQRNg8ACewAt4NR6NZ+Pd+JiULhjTnj3wB8bXN3eJpAE=</latexit>

T µ
µ =

1

4⇡

1

6
c2d E2

Trace Anomaly



<latexit sha1_base64="OUY5M5CAtKon+cCvng6dnslEQzQ="></latexit>

T µ
µ =

1

(4⇡)2
(�a4d E4 + c4d Wµ⌫⇢�W

µ⌫⇢�)

d = 2

d = 4

<latexit sha1_base64="gVB98OWp3gEzjYr68aPXrDbgWJE=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKqV6EohePFe0HtEvJZrNtaDa7JFmhLP0JXjwo4tVf5M1/Y9ruQVsfDDzem2Fmnp8Iro3jfKPC2vrG5lZxu7Szu7d/UD48aus4VZS1aCxi1fWJZoJL1jLcCNZNFCORL1jHH9/O/M4TU5rH8tFMEuZFZCh5yCkxVnoIruuDcsWpOnPgVeLmpAI5moPyVz+IaRoxaaggWvdcJzFeRpThVLBpqZ9qlhA6JkPWs1SSiGkvm586xWdWCXAYK1vS4Ln6eyIjkdaTyLedETEjvezNxP+8XmrCKy/jMkkNk3SxKEwFNjGe/Y0Drhg1YmIJoYrbWzEdEUWosemUbAju8surpH1RdevV2n2t0rjJ4yjCCZzCObhwCQ24gya0gMIQnuEV3pBAL+gdfSxaCyifOYY/QJ8/xAGNeA==</latexit>

d = 6
<latexit sha1_base64="zCSgfUe5on1JV17v4oazwONnvos="></latexit>

T µ
µ =

1

(4⇡)3

⇣
a6d E6 + c(1)6d I1 + c(2)6d I2 + c(3)6d I3

⌘

Hofman + Maldacena 0803.1467, Hofman et al. 1603.03771 

d = 4

<latexit sha1_base64="2VhvZGxgz+yfoexVSUJcLA8j3CQ=">AAACInicbVDNS8MwHE3n15xfVY9egkPwNFo3dN6GXjxOcB+wlpJm6RaWpjVJhVH6t3jxX/HiQVFPgn+M2dqDbj4Iebz3fiS/58eMSmVZX0ZpZXVtfaO8Wdna3tndM/cPujJKBCYdHLFI9H0kCaOcdBRVjPRjQVDoM9LzJ9czv/dAhKQRv1PTmLghGnEaUIyUljzz0gkEwmndzlK7mUFnRO5hLiEvbQyzLMX5/dvS4XrmmVWrZs0Bl4ldkCoo0PbMD2cY4SQkXGGGpBzYVqzcFAlFMSNZxUkkiRGeoBEZaMpRSKSbzlfM4IlWhjCIhD5cwbn6eyJFoZTT0NfJEKmxXPRm4n/eIFFB000pjxNFOM4fChIGVQRnfcEhFQQrNtUEYUH1XyEeI92C0q1WdAn24srLpHtWs89rjdtGtXVV1FEGR+AYnAIbXIAWuAFt0AEYPIJn8ArejCfjxXg3PvNoyShmDsEfGN8/S7ekKw==</latexit>

31

18
� a4d

c4d
� 1

3

reflection positivity (unitarity)

<latexit sha1_base64="Hixo8HSyHyFdnDxjE5iKL5SELL0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmFldW19o7hZ2tre2d0r7x80jco0ZQ2qhNLtiBgmuGQN5ChYO9WMJJFgrWh4M/Vbj0wbruQDjlIWJqQvecwpQSsFnXveHyDRWj11yxWv6s3gLhM/JxXIUe+Wvzo9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cU+s0nNjpW1JdGfq74kxSYwZJZHtTAgOzKI3Ff/zggzjq3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZeXSfOs6l9Uz+/OK7XrPI4iHMExnIIPl1CDW6hDAygoeIZXeHPQeXHenY95a8HJZw7hD5zPH5QJkXY=</latexit>)
<latexit sha1_base64="eEj6gkuRO0EgC6pjzHVAlHpg4SU=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4jmAdklzA725sMmX04MyuEJb/hxYMiXv0Zb/6Nk2QPmljQUFR1093lp4IrbdvfVmltfWNzq7xd2dnd2z+oHh51VJJJhm2WiET2fKpQ8BjbmmuBvVQijXyBXX98O/O7TygVT+IHPUnRi+gw5iFnVBvJpYO8EUzdIT4Se1Ct2XV7DrJKnILUoEBrUP1yg4RlEcaaCapU37FT7eVUas4ETitupjClbEyH2Dc0phEqL5/fPCVnRglImEhTsSZz9fdETiOlJpFvOiOqR2rZm4n/ef1Mh9dezuM00xizxaIwE0QnZBYACbhEpsXEEMokN7cSNqKSMm1iqpgQnOWXV0nnou5c1hv3jVrzpoijDCdwCufgwBU04Q5a0AYGKTzDK7xZmfVivVsfi9aSVcwcwx9Ynz9JdJE0</latexit>

a4d � 0

<latexit sha1_base64="xNmzc14W7LCZBr2JsBEBlCNzjvg=">AAACJHicbVDLSgMxFM34rPVVdekmWAQXUmZKqYIIRRFcVugLOuOQSTNtaOZBkhFKGP/Fjb/ixoUPXLjxW0ynRbT1QMjJOfdyc48XMyqkaX4aC4tLyyurubX8+sbm1nZhZ7clooRj0sQRi3jHQ4IwGpKmpJKRTswJCjxG2t7wcuy37wgXNAobchQTJ0D9kPoUI6klt3DWcJUdJOmtuh9f8BzaPkdYWamq2DFNf17VFNrHELuq3MvYlVt2C0WzZGaA88SakiKYou4W3uxehJOAhBIzJETXMmPpKMQlxYykeTsRJEZ4iPqkq2mIAiIclS2ZwkOt9KAfcX1CCTP1d4dCgRCjwNOVAZIDMeuNxf+8biL9U0fRME4kCfFkkJ8wKCM4Tgz2KCdYspEmCHOq/wrxAOlYpM41r0OwZleeJ61yyaqWKjeVYu1iGkcO7IMDcAQscAJq4BrUQRNg8ACewAt4NR6NZ+Pd+JiULhjTnj3wB8bXN3eJpAE=</latexit>

T µ
µ =

1

4⇡

1

6
c2d E2

Trace Anomaly



<latexit sha1_base64="zCSgfUe5on1JV17v4oazwONnvos="></latexit>

T µ
µ =

1

(4⇡)3

⇣
a6d E6 + c(1)6d I1 + c(2)6d I2 + c(3)6d I3

⌘

<latexit sha1_base64="OUY5M5CAtKon+cCvng6dnslEQzQ="></latexit>

T µ
µ =

1

(4⇡)2
(�a4d E4 + c4d Wµ⌫⇢�W

µ⌫⇢�)

Entanglement Entropy (EE)

spherical region of radius
<latexit sha1_base64="4dO+dl+Mtar58ds6JIJ/ot8nSuA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6KMSgWnPr7hxklXgFqUGB5qD61R9GLJGoLBPUmJ7nxtZPqbacCZxV+onBmLIJHWEvo4pKNH46v3VGzjJlSMJIZ6Usmau/J1IqjZnKIOuU1I7NspeL/3m9xIY3fspVnFhUbLEoTASxEckfJ0OukVkxzQhlmme3EjammjKbxVPJQvCWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c6L86787FoLTnFzDH8gfP5AxBUjkQ=</latexit>

`
<latexit sha1_base64="XrUek9rYNPRbHC9GjThPVkvLX0A="></latexit>

SEE = #
Area

"d�2
+

#

"d�4
+ . . .+# a ln (`/") + . . .

d = 2

d = 4

<latexit sha1_base64="gVB98OWp3gEzjYr68aPXrDbgWJE=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKqV6EohePFe0HtEvJZrNtaDa7JFmhLP0JXjwo4tVf5M1/Y9ruQVsfDDzem2Fmnp8Iro3jfKPC2vrG5lZxu7Szu7d/UD48aus4VZS1aCxi1fWJZoJL1jLcCNZNFCORL1jHH9/O/M4TU5rH8tFMEuZFZCh5yCkxVnoIruuDcsWpOnPgVeLmpAI5moPyVz+IaRoxaaggWvdcJzFeRpThVLBpqZ9qlhA6JkPWs1SSiGkvm586xWdWCXAYK1vS4Ln6eyIjkdaTyLedETEjvezNxP+8XmrCKy/jMkkNk3SxKEwFNjGe/Y0Drhg1YmIJoYrbWzEdEUWosemUbAju8surpH1RdevV2n2t0rjJ4yjCCZzCObhwCQ24gya0gMIQnuEV3pBAL+gdfSxaCyifOYY/QJ8/xAGNeA==</latexit>

d = 6

<latexit sha1_base64="xNmzc14W7LCZBr2JsBEBlCNzjvg=">AAACJHicbVDLSgMxFM34rPVVdekmWAQXUmZKqYIIRRFcVugLOuOQSTNtaOZBkhFKGP/Fjb/ixoUPXLjxW0ynRbT1QMjJOfdyc48XMyqkaX4aC4tLyyurubX8+sbm1nZhZ7clooRj0sQRi3jHQ4IwGpKmpJKRTswJCjxG2t7wcuy37wgXNAobchQTJ0D9kPoUI6klt3DWcJUdJOmtuh9f8BzaPkdYWamq2DFNf17VFNrHELuq3MvYlVt2C0WzZGaA88SakiKYou4W3uxehJOAhBIzJETXMmPpKMQlxYykeTsRJEZ4iPqkq2mIAiIclS2ZwkOt9KAfcX1CCTP1d4dCgRCjwNOVAZIDMeuNxf+8biL9U0fRME4kCfFkkJ8wKCM4Tgz2KCdYspEmCHOq/wrxAOlYpM41r0OwZleeJ61yyaqWKjeVYu1iGkcO7IMDcAQscAJq4BrUQRNg8ACewAt4NR6NZ+Pd+JiULhjTnj3wB8bXN3eJpAE=</latexit>

T µ
µ =

1

4⇡

1

6
c2d E2

Trace Anomaly



Entanglement Entropy

A
<latexit sha1_base64="wQLQGa+qlSTDWbhL7mjlMc82XmU=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdVNy4r2Ad0hpJJM21oJhmSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uDcnSjnTxvO+ncra+sbmVnW7trO7t3/gHh51tMwUoW0iuVS9CGvKmaBtwwynvVRRnEScdqPJXeF3n6jSTIpHM01pmOCRYDEj2FgpCKQ1i2x+Mxu4da/hzYFWiV+SOpRoDdyvYChJllBhCMda930vNWGOlWGE01ktyDRNMZngEe1bKnBCdZjPb56hM6sMUSyVfcKgufo7keNE62kS2ckEm7Fe9grxP6+fmfg6zJlIM0MFWSyKM46MREUBaMgUJYZPLcFEMXsrImOsMDG2ppotwV/+8irpXDR8yx8u683bso4qnMApnIMPV9CEe2hBGwik8Ayv8OZkzovz7nwsRitOmTmGP3A+fwBr6ZHr</latexit><latexit sha1_base64="wQLQGa+qlSTDWbhL7mjlMc82XmU=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdVNy4r2Ad0hpJJM21oJhmSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uDcnSjnTxvO+ncra+sbmVnW7trO7t3/gHh51tMwUoW0iuVS9CGvKmaBtwwynvVRRnEScdqPJXeF3n6jSTIpHM01pmOCRYDEj2FgpCKQ1i2x+Mxu4da/hzYFWiV+SOpRoDdyvYChJllBhCMda930vNWGOlWGE01ktyDRNMZngEe1bKnBCdZjPb56hM6sMUSyVfcKgufo7keNE62kS2ckEm7Fe9grxP6+fmfg6zJlIM0MFWSyKM46MREUBaMgUJYZPLcFEMXsrImOsMDG2ppotwV/+8irpXDR8yx8u683bso4qnMApnIMPV9CEe2hBGwik8Ayv8OZkzovz7nwsRitOmTmGP3A+fwBr6ZHr</latexit><latexit sha1_base64="wQLQGa+qlSTDWbhL7mjlMc82XmU=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdVNy4r2Ad0hpJJM21oJhmSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uDcnSjnTxvO+ncra+sbmVnW7trO7t3/gHh51tMwUoW0iuVS9CGvKmaBtwwynvVRRnEScdqPJXeF3n6jSTIpHM01pmOCRYDEj2FgpCKQ1i2x+Mxu4da/hzYFWiV+SOpRoDdyvYChJllBhCMda930vNWGOlWGE01ktyDRNMZngEe1bKnBCdZjPb56hM6sMUSyVfcKgufo7keNE62kS2ckEm7Fe9grxP6+fmfg6zJlIM0MFWSyKM46MREUBaMgUJYZPLcFEMXsrImOsMDG2ppotwV/+8irpXDR8yx8u683bso4qnMApnIMPV9CEe2hBGwik8Ayv8OZkzovz7nwsRitOmTmGP3A+fwBr6ZHr</latexit><latexit sha1_base64="wQLQGa+qlSTDWbhL7mjlMc82XmU=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdVNy4r2Ad0hpJJM21oJhmSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uDcnSjnTxvO+ncra+sbmVnW7trO7t3/gHh51tMwUoW0iuVS9CGvKmaBtwwynvVRRnEScdqPJXeF3n6jSTIpHM01pmOCRYDEj2FgpCKQ1i2x+Mxu4da/hzYFWiV+SOpRoDdyvYChJllBhCMda930vNWGOlWGE01ktyDRNMZngEe1bKnBCdZjPb56hM6sMUSyVfcKgufo7keNE62kS2ckEm7Fe9grxP6+fmfg6zJlIM0MFWSyKM46MREUBaMgUJYZPLcFEMXsrImOsMDG2ppotwV/+8irpXDR8yx8u683bso4qnMApnIMPV9CEe2hBGwik8Ayv8OZkzovz7nwsRitOmTmGP3A+fwBr6ZHr</latexit>

t
<latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit><latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit><latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit><latexit sha1_base64="q/23RjEfsJaZXEDdSc7eZ9qiFOA=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3bhMwDwgGUJPp5K06XnQXSOEIV/gxoUibv0kd/6NnWQWmnih4XCriq66QaKkIdf9dtbWNza3tgs7xd29/YPD0tFx08SpFtgQsYp1O+AGlYywQZIUthONPAwUtoLx3azeekJtZBw90CRBP+TDSA6k4GStOvVKZbfizsVWwcuhDLlqvdJXtx+LNMSIhOLGdDw3IT/jmqRQOC12U4MJF2M+xI7FiIdo/Gy+6JSdW6fPBrG2LyI2d39PZDw0ZhIGtjPkNDLLtZn5X62T0uDGz2SUpISRWHw0SBWjmM2uZn2pUZCaWOBCS7srEyOuuSCbTdGG4C2fvArNy4pnuX5Vrt7mcRTgFM7gAjy4hircQw0aIADhGV7hzXl0Xpx352PRuubkMyfwR87nD+ArjPg=</latexit>

A
<latexit sha1_base64="glsIYP92PSMcW8DkNNhZ8pvJRFs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d2s3n5CpXksH8wkQT+iQ8lDzqixVuOmX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu12zyOIpzAKZyDB1dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Akt+MxQ==</latexit><latexit sha1_base64="glsIYP92PSMcW8DkNNhZ8pvJRFs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d2s3n5CpXksH8wkQT+iQ8lDzqixVuOmX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu12zyOIpzAKZyDB1dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Akt+MxQ==</latexit><latexit sha1_base64="glsIYP92PSMcW8DkNNhZ8pvJRFs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d2s3n5CpXksH8wkQT+iQ8lDzqixVuOmX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu12zyOIpzAKZyDB1dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Akt+MxQ==</latexit><latexit sha1_base64="glsIYP92PSMcW8DkNNhZ8pvJRFs=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9eKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8d2s3n5CpXksH8wkQT+iQ8lDzqixVuOmX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu12zyOIpzAKZyDB1dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/kfP4Akt+MxQ==</latexit>

A
<latexit sha1_base64="wQLQGa+qlSTDWbhL7mjlMc82XmU=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdVNy4r2Ad0hpJJM21oJhmSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uDcnSjnTxvO+ncra+sbmVnW7trO7t3/gHh51tMwUoW0iuVS9CGvKmaBtwwynvVRRnEScdqPJXeF3n6jSTIpHM01pmOCRYDEj2FgpCKQ1i2x+Mxu4da/hzYFWiV+SOpRoDdyvYChJllBhCMda930vNWGOlWGE01ktyDRNMZngEe1bKnBCdZjPb56hM6sMUSyVfcKgufo7keNE62kS2ckEm7Fe9grxP6+fmfg6zJlIM0MFWSyKM46MREUBaMgUJYZPLcFEMXsrImOsMDG2ppotwV/+8irpXDR8yx8u683bso4qnMApnIMPV9CEe2hBGwik8Ayv8OZkzovz7nwsRitOmTmGP3A+fwBr6ZHr</latexit><latexit sha1_base64="wQLQGa+qlSTDWbhL7mjlMc82XmU=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdVNy4r2Ad0hpJJM21oJhmSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uDcnSjnTxvO+ncra+sbmVnW7trO7t3/gHh51tMwUoW0iuVS9CGvKmaBtwwynvVRRnEScdqPJXeF3n6jSTIpHM01pmOCRYDEj2FgpCKQ1i2x+Mxu4da/hzYFWiV+SOpRoDdyvYChJllBhCMda930vNWGOlWGE01ktyDRNMZngEe1bKnBCdZjPb56hM6sMUSyVfcKgufo7keNE62kS2ckEm7Fe9grxP6+fmfg6zJlIM0MFWSyKM46MREUBaMgUJYZPLcFEMXsrImOsMDG2ppotwV/+8irpXDR8yx8u683bso4qnMApnIMPV9CEe2hBGwik8Ayv8OZkzovz7nwsRitOmTmGP3A+fwBr6ZHr</latexit><latexit sha1_base64="wQLQGa+qlSTDWbhL7mjlMc82XmU=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdVNy4r2Ad0hpJJM21oJhmSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uDcnSjnTxvO+ncra+sbmVnW7trO7t3/gHh51tMwUoW0iuVS9CGvKmaBtwwynvVRRnEScdqPJXeF3n6jSTIpHM01pmOCRYDEj2FgpCKQ1i2x+Mxu4da/hzYFWiV+SOpRoDdyvYChJllBhCMda930vNWGOlWGE01ktyDRNMZngEe1bKnBCdZjPb56hM6sMUSyVfcKgufo7keNE62kS2ckEm7Fe9grxP6+fmfg6zJlIM0MFWSyKM46MREUBaMgUJYZPLcFEMXsrImOsMDG2ppotwV/+8irpXDR8yx8u683bso4qnMApnIMPV9CEe2hBGwik8Ayv8OZkzovz7nwsRitOmTmGP3A+fwBr6ZHr</latexit><latexit sha1_base64="wQLQGa+qlSTDWbhL7mjlMc82XmU=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdVNy4r2Ad0hpJJM21oJhmSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uDcnSjnTxvO+ncra+sbmVnW7trO7t3/gHh51tMwUoW0iuVS9CGvKmaBtwwynvVRRnEScdqPJXeF3n6jSTIpHM01pmOCRYDEj2FgpCKQ1i2x+Mxu4da/hzYFWiV+SOpRoDdyvYChJllBhCMda930vNWGOlWGE01ktyDRNMZngEe1bKnBCdZjPb56hM6sMUSyVfcKgufo7keNE62kS2ckEm7Fe9grxP6+fmfg6zJlIM0MFWSyKM46MREUBaMgUJYZPLcFEMXsrImOsMDG2ppotwV/+8irpXDR8yx8u683bso4qnMApnIMPV9CEe2hBGwik8Ayv8OZkzovz7nwsRitOmTmGP3A+fwBr6ZHr</latexit>

⇢A ⌘ trA ⇢
<latexit sha1_base64="MjvfeRg6VzpuBFlYHSJrXfWTHmA=">AAACJHicbVDLSgMxFM3UV62vqks3wSK4EJkRQcGNj43LCrYKnVIy6a0NzUzG5I5YhvkYN/6KGxc+cOHGbzHTjuDrQuDknHtyc08QS2HQdd+d0sTk1PRMebYyN7+wuFRdXmkalWgODa6k0pcBMyBFBA0UKOEy1sDCQMJFMDjJ9Ysb0Eao6ByHMbRDdhWJnuAMLdWpHvi6rzqpj3CLOkyPsoz6cJ2IG/pFoc6svuUr+0w+Je+x19xWrbnb7qjoX+AVoEaKqneqL35X8SSECLlkxrQ8N8Z2yjQKLiGr+ImBmPEBu4KWhRELwbTT0ZIZ3bBMl/aUtidCOmK/O1IWGjMMA9sZMuyb31pO/qe1Euztt1MRxQlCxMeDeomkqGieGO0KDRzl0ALGtbB/pbzPNONoc63YELzfK/8FzZ1tz+Kz3drhcRFHmayRdbJJPLJHDskpqZMG4eSOPJAn8uzcO4/Oq/M2bi05hWeV/Cjn4xP+f6bX</latexit><latexit sha1_base64="MjvfeRg6VzpuBFlYHSJrXfWTHmA=">AAACJHicbVDLSgMxFM3UV62vqks3wSK4EJkRQcGNj43LCrYKnVIy6a0NzUzG5I5YhvkYN/6KGxc+cOHGbzHTjuDrQuDknHtyc08QS2HQdd+d0sTk1PRMebYyN7+wuFRdXmkalWgODa6k0pcBMyBFBA0UKOEy1sDCQMJFMDjJ9Ysb0Eao6ByHMbRDdhWJnuAMLdWpHvi6rzqpj3CLOkyPsoz6cJ2IG/pFoc6svuUr+0w+Je+x19xWrbnb7qjoX+AVoEaKqneqL35X8SSECLlkxrQ8N8Z2yjQKLiGr+ImBmPEBu4KWhRELwbTT0ZIZ3bBMl/aUtidCOmK/O1IWGjMMA9sZMuyb31pO/qe1Euztt1MRxQlCxMeDeomkqGieGO0KDRzl0ALGtbB/pbzPNONoc63YELzfK/8FzZ1tz+Kz3drhcRFHmayRdbJJPLJHDskpqZMG4eSOPJAn8uzcO4/Oq/M2bi05hWeV/Cjn4xP+f6bX</latexit><latexit sha1_base64="MjvfeRg6VzpuBFlYHSJrXfWTHmA=">AAACJHicbVDLSgMxFM3UV62vqks3wSK4EJkRQcGNj43LCrYKnVIy6a0NzUzG5I5YhvkYN/6KGxc+cOHGbzHTjuDrQuDknHtyc08QS2HQdd+d0sTk1PRMebYyN7+wuFRdXmkalWgODa6k0pcBMyBFBA0UKOEy1sDCQMJFMDjJ9Ysb0Eao6ByHMbRDdhWJnuAMLdWpHvi6rzqpj3CLOkyPsoz6cJ2IG/pFoc6svuUr+0w+Je+x19xWrbnb7qjoX+AVoEaKqneqL35X8SSECLlkxrQ8N8Z2yjQKLiGr+ImBmPEBu4KWhRELwbTT0ZIZ3bBMl/aUtidCOmK/O1IWGjMMA9sZMuyb31pO/qe1Euztt1MRxQlCxMeDeomkqGieGO0KDRzl0ALGtbB/pbzPNONoc63YELzfK/8FzZ1tz+Kz3drhcRFHmayRdbJJPLJHDskpqZMG4eSOPJAn8uzcO4/Oq/M2bi05hWeV/Cjn4xP+f6bX</latexit><latexit sha1_base64="MjvfeRg6VzpuBFlYHSJrXfWTHmA=">AAACJHicbVDLSgMxFM3UV62vqks3wSK4EJkRQcGNj43LCrYKnVIy6a0NzUzG5I5YhvkYN/6KGxc+cOHGbzHTjuDrQuDknHtyc08QS2HQdd+d0sTk1PRMebYyN7+wuFRdXmkalWgODa6k0pcBMyBFBA0UKOEy1sDCQMJFMDjJ9Ysb0Eao6ByHMbRDdhWJnuAMLdWpHvi6rzqpj3CLOkyPsoz6cJ2IG/pFoc6svuUr+0w+Je+x19xWrbnb7qjoX+AVoEaKqneqL35X8SSECLlkxrQ8N8Z2yjQKLiGr+ImBmPEBu4KWhRELwbTT0ZIZ3bBMl/aUtidCOmK/O1IWGjMMA9sZMuyb31pO/qe1Euztt1MRxQlCxMeDeomkqGieGO0KDRzl0ALGtbB/pbzPNONoc63YELzfK/8FzZ1tz+Kz3drhcRFHmayRdbJJPLJHDskpqZMG4eSOPJAn8uzcO4/Oq/M2bi05hWeV/Cjn4xP+f6bX</latexit>

SEE = �tr⇢A ln ⇢A
<latexit sha1_base64="jnBjodAZ3iJ1Bmg75AR6VpluXb0=">AAACL3icbVDLSgMxFM34rPU16tJNsAhuLDMi6EaoSsVlRfuATimZNG1DM5khuSOWYf7Ijb/SjYgibv0L04eorQcCh3PO5eYePxJcg+O8WHPzC4tLy5mV7Ora+samvbVd0WGsKCvTUISq5hPNBJesDBwEq0WKkcAXrOr3Lod+9Z4pzUN5B/2INQLSkbzNKQEjNe2r22biAXsAFSTFYpriM3yIvwVQqae64U/i3AQ8IfGM2rRzTt4ZAc8Sd0JyaIJS0x54rZDGAZNABdG67joRNBKigFPB0qwXaxYR2iMdVjdUkoDpRjK6N8X7RmnhdqjMk4BH6u+JhARa9wPfJAMCXT3tDcX/vHoM7dNGwmUUA5N0vKgdCwwhHpaHW1wxCqJvCKGKm79i2iWKUDAVZ00J7vTJs6RylHcNvznOFS4mdWTQLtpDB8hFJ6iArlEJlRFFj2iAXtGb9WQ9W+/Wxzg6Z01mdtAfWJ9fWserGw==</latexit><latexit sha1_base64="jnBjodAZ3iJ1Bmg75AR6VpluXb0=">AAACL3icbVDLSgMxFM34rPU16tJNsAhuLDMi6EaoSsVlRfuATimZNG1DM5khuSOWYf7Ijb/SjYgibv0L04eorQcCh3PO5eYePxJcg+O8WHPzC4tLy5mV7Ora+samvbVd0WGsKCvTUISq5hPNBJesDBwEq0WKkcAXrOr3Lod+9Z4pzUN5B/2INQLSkbzNKQEjNe2r22biAXsAFSTFYpriM3yIvwVQqae64U/i3AQ8IfGM2rRzTt4ZAc8Sd0JyaIJS0x54rZDGAZNABdG67joRNBKigFPB0qwXaxYR2iMdVjdUkoDpRjK6N8X7RmnhdqjMk4BH6u+JhARa9wPfJAMCXT3tDcX/vHoM7dNGwmUUA5N0vKgdCwwhHpaHW1wxCqJvCKGKm79i2iWKUDAVZ00J7vTJs6RylHcNvznOFS4mdWTQLtpDB8hFJ6iArlEJlRFFj2iAXtGb9WQ9W+/Wxzg6Z01mdtAfWJ9fWserGw==</latexit><latexit sha1_base64="jnBjodAZ3iJ1Bmg75AR6VpluXb0=">AAACL3icbVDLSgMxFM34rPU16tJNsAhuLDMi6EaoSsVlRfuATimZNG1DM5khuSOWYf7Ijb/SjYgibv0L04eorQcCh3PO5eYePxJcg+O8WHPzC4tLy5mV7Ora+samvbVd0WGsKCvTUISq5hPNBJesDBwEq0WKkcAXrOr3Lod+9Z4pzUN5B/2INQLSkbzNKQEjNe2r22biAXsAFSTFYpriM3yIvwVQqae64U/i3AQ8IfGM2rRzTt4ZAc8Sd0JyaIJS0x54rZDGAZNABdG67joRNBKigFPB0qwXaxYR2iMdVjdUkoDpRjK6N8X7RmnhdqjMk4BH6u+JhARa9wPfJAMCXT3tDcX/vHoM7dNGwmUUA5N0vKgdCwwhHpaHW1wxCqJvCKGKm79i2iWKUDAVZ00J7vTJs6RylHcNvznOFS4mdWTQLtpDB8hFJ6iArlEJlRFFj2iAXtGb9WQ9W+/Wxzg6Z01mdtAfWJ9fWserGw==</latexit><latexit sha1_base64="jnBjodAZ3iJ1Bmg75AR6VpluXb0=">AAACL3icbVDLSgMxFM34rPU16tJNsAhuLDMi6EaoSsVlRfuATimZNG1DM5khuSOWYf7Ijb/SjYgibv0L04eorQcCh3PO5eYePxJcg+O8WHPzC4tLy5mV7Ora+samvbVd0WGsKCvTUISq5hPNBJesDBwEq0WKkcAXrOr3Lod+9Z4pzUN5B/2INQLSkbzNKQEjNe2r22biAXsAFSTFYpriM3yIvwVQqae64U/i3AQ8IfGM2rRzTt4ZAc8Sd0JyaIJS0x54rZDGAZNABdG67joRNBKigFPB0qwXaxYR2iMdVjdUkoDpRjK6N8X7RmnhdqjMk4BH6u+JhARa9wPfJAMCXT3tDcX/vHoM7dNGwmUUA5N0vKgdCwwhHpaHW1wxCqJvCKGKm79i2iWKUDAVZ00J7vTJs6RylHcNvznOFS4mdWTQLtpDB8hFJ6iArlEJlRFFj2iAXtGb9WQ9W+/Wxzg6Z01mdtAfWJ9fWserGw==</latexit>

<latexit sha1_base64="gQGe+T0mW/9LAVKQLLyFdhIECK8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4rmLbQhrLZTtqlm03Y3Qil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSq4Nq777RQ2Nre2d4q7pb39g8Oj8vFJSyeZYuizRCSqE1KNgkv0DTcCO6lCGocC2+H4bu63n1BpnshHM0kxiOlQ8ogzaqzk13ooRL9ccavuAmSdeDmpQI5mv/zVGyQsi1EaJqjWXc9NTTClynAmcFbqZRpTysZ0iF1LJY1RB9PFsTNyYZUBiRJlSxqyUH9PTGms9SQObWdMzUivenPxP6+bmegmmHKZZgYlWy6KMkFMQuafkwFXyIyYWEKZ4vZWwkZUUWZsPiUbgrf68jpp1areVbX+UK80bvM4inAG53AJHlxDA+6hCT4w4PAMr/DmSOfFeXc+lq0FJ585hT9wPn8Agc6OgA==</latexit>

2`

<latexit sha1_base64="bbwnDVOU7CsWx+04f1unqbjFPu8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0swm7m2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3xqg0j+WjmSToR3QgecgZNVZqdcfIsqdpr1xxq+4cZJV4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4LXVTjQllIzrAjqWSRqj9bH7ulJxZpU/CWNmShszV3xMZjbSeRIHtjKgZ6mVvJv7ndVIT3vgZl0lqULLFojAVxMRk9jvpc4XMiIkllClubyVsSBVlxiZUsiF4yy+vkuZF1buqXj5cVmq3eRxFOIFTOAcPrqEG91CHBjAYwTO8wpuTOC/Ou/OxaC04+cwx/IHz+QO00Y/T</latexit>

~x



<latexit sha1_base64="zCSgfUe5on1JV17v4oazwONnvos="></latexit>

T µ
µ =

1

(4⇡)3

⇣
a6d E6 + c(1)6d I1 + c(2)6d I2 + c(3)6d I3

⌘

<latexit sha1_base64="OUY5M5CAtKon+cCvng6dnslEQzQ="></latexit>

T µ
µ =

1

(4⇡)2
(�a4d E4 + c4d Wµ⌫⇢�W

µ⌫⇢�)

Entanglement Entropy (EE)

spherical region of radius
<latexit sha1_base64="4dO+dl+Mtar58ds6JIJ/ot8nSuA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6KMSgWnPr7hxklXgFqUGB5qD61R9GLJGoLBPUmJ7nxtZPqbacCZxV+onBmLIJHWEvo4pKNH46v3VGzjJlSMJIZ6Usmau/J1IqjZnKIOuU1I7NspeL/3m9xIY3fspVnFhUbLEoTASxEckfJ0OukVkxzQhlmme3EjammjKbxVPJQvCWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c6L86787FoLTnFzDH8gfP5AxBUjkQ=</latexit>

`
<latexit sha1_base64="XrUek9rYNPRbHC9GjThPVkvLX0A="></latexit>

SEE = #
Area

"d�2
+

#

"d�4
+ . . .+# a ln (`/") + . . .

d = 2

d = 4

<latexit sha1_base64="gVB98OWp3gEzjYr68aPXrDbgWJE=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKqV6EohePFe0HtEvJZrNtaDa7JFmhLP0JXjwo4tVf5M1/Y9ruQVsfDDzem2Fmnp8Iro3jfKPC2vrG5lZxu7Szu7d/UD48aus4VZS1aCxi1fWJZoJL1jLcCNZNFCORL1jHH9/O/M4TU5rH8tFMEuZFZCh5yCkxVnoIruuDcsWpOnPgVeLmpAI5moPyVz+IaRoxaaggWvdcJzFeRpThVLBpqZ9qlhA6JkPWs1SSiGkvm586xWdWCXAYK1vS4Ln6eyIjkdaTyLedETEjvezNxP+8XmrCKy/jMkkNk3SxKEwFNjGe/Y0Drhg1YmIJoYrbWzEdEUWosemUbAju8surpH1RdevV2n2t0rjJ4yjCCZzCObhwCQ24gya0gMIQnuEV3pBAL+gdfSxaCyifOYY/QJ8/xAGNeA==</latexit>

d = 6

<latexit sha1_base64="xNmzc14W7LCZBr2JsBEBlCNzjvg=">AAACJHicbVDLSgMxFM34rPVVdekmWAQXUmZKqYIIRRFcVugLOuOQSTNtaOZBkhFKGP/Fjb/ixoUPXLjxW0ynRbT1QMjJOfdyc48XMyqkaX4aC4tLyyurubX8+sbm1nZhZ7clooRj0sQRi3jHQ4IwGpKmpJKRTswJCjxG2t7wcuy37wgXNAobchQTJ0D9kPoUI6klt3DWcJUdJOmtuh9f8BzaPkdYWamq2DFNf17VFNrHELuq3MvYlVt2C0WzZGaA88SakiKYou4W3uxehJOAhBIzJETXMmPpKMQlxYykeTsRJEZ4iPqkq2mIAiIclS2ZwkOt9KAfcX1CCTP1d4dCgRCjwNOVAZIDMeuNxf+8biL9U0fRME4kCfFkkJ8wKCM4Tgz2KCdYspEmCHOq/wrxAOlYpM41r0OwZleeJ61yyaqWKjeVYu1iGkcO7IMDcAQscAJq4BrUQRNg8ACewAt4NR6NZ+Pd+JiULhjTnj3wB8bXN3eJpAE=</latexit>

T µ
µ =

1

4⇡

1

6
c2d E2

Trace Anomaly



<latexit sha1_base64="OUY5M5CAtKon+cCvng6dnslEQzQ="></latexit>

T µ
µ =

1

(4⇡)2
(�a4d E4 + c4d Wµ⌫⇢�W

µ⌫⇢�)

a-theorem
<latexit sha1_base64="VbN89VVzDbFgK7GPvjTLfUn6WEE=">AAACFnicbVDJSgNBEO2JW4xb1KOXxiB4McyEoB6DXvQWxSyQxNDTqSRNeha7a8QwzFd48Ve8eFDEq3jzb+wsB018UPB4r4qqem4ohUbb/rZSC4tLyyvp1cza+sbmVnZ7p6qDSHGo8EAGqu4yDVL4UEGBEuqhAua5Emru4Hzk1+5BaRH4NzgMoeWxni+6gjM0Ujt7xNtxoZPcxk2EB1ReXKkmSbMHd3TWuLxOknY2Z+ftMeg8caYkR6Yot7NfzU7AIw985JJp3XDsEFsxUyi4hCTTjDSEjA9YDxqG+swD3YrHbyX0wCgd2g2UKR/pWP09ETNP66Hnmk6PYV/PeiPxP68RYfe0FQs/jBB8PlnUjSTFgI4yoh2hgKMcGsK4EuZWyvtMMY4myYwJwZl9eZ5UC3nnOF+8KuZKZ9M40mSP7JND4pATUiIXpEwqhJNH8kxeyZv1ZL1Y79bHpDVlTWd2yR9Ynz8+y6Cx</latexit>

cUV
2d � cIR2d

Cardy PLB 215 (1988) 749
Komargodski + Schwimmer 1107.3987

A.B. Zamolodchikov
JETP Vol. 43 No. 12 p. 565, 1986

<latexit sha1_base64="US6nugHNt65+u3amTRU2L9G2wbs=">AAACFnicbVDJSgNBEO1xjXEb9eilMQheDDMS1GPQi96imAWSGHo6laRJz2J3jRiG+Qov/ooXD4p4FW/+jZ3loIkPCh7vVVFVz4uk0Og439bc/MLi0nJmJbu6tr6xaW9tV3QYKw5lHspQ1TymQYoAyihQQi1SwHxPQtXrnw/96j0oLcLgBgcRNH3WDURHcIZGatmHrJUU2ult0kB4QOUn5UqaNrpwR6eNy+s0bdk5J++MQGeJOyE5MkGpZX812iGPfQiQS6Z13XUibCZMoeAS0mwj1hAx3mddqBsaMB90Mxm9ldJ9o7RpJ1SmAqQj9fdEwnytB75nOn2GPT3tDcX/vHqMndNmIoIoRgj4eFEnlhRDOsyItoUCjnJgCONKmFsp7zHFOJoksyYEd/rlWVI5yrvH+cJVIVc8m8SRIbtkjxwQl5yQIrkgJVImnDySZ/JK3qwn68V6tz7GrXPWZGaH/IH1+QM+v6Cx</latexit>

aUV
4d � aIR4d

d = 2

d = 4

<latexit sha1_base64="gVB98OWp3gEzjYr68aPXrDbgWJE=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKqV6EohePFe0HtEvJZrNtaDa7JFmhLP0JXjwo4tVf5M1/Y9ruQVsfDDzem2Fmnp8Iro3jfKPC2vrG5lZxu7Szu7d/UD48aus4VZS1aCxi1fWJZoJL1jLcCNZNFCORL1jHH9/O/M4TU5rH8tFMEuZFZCh5yCkxVnoIruuDcsWpOnPgVeLmpAI5moPyVz+IaRoxaaggWvdcJzFeRpThVLBpqZ9qlhA6JkPWs1SSiGkvm586xWdWCXAYK1vS4Ln6eyIjkdaTyLedETEjvezNxP+8XmrCKy/jMkkNk3SxKEwFNjGe/Y0Drhg1YmIJoYrbWzEdEUWosemUbAju8surpH1RdevV2n2t0rjJ4yjCCZzCObhwCQ24gya0gMIQnuEV3pBAL+gdfSxaCyifOYY/QJ8/xAGNeA==</latexit>

d = 6
<latexit sha1_base64="zCSgfUe5on1JV17v4oazwONnvos="></latexit>

T µ
µ =

1

(4⇡)3

⇣
a6d E6 + c(1)6d I1 + c(2)6d I2 + c(3)6d I3

⌘

c-theorem
Type A

<latexit sha1_base64="xNmzc14W7LCZBr2JsBEBlCNzjvg=">AAACJHicbVDLSgMxFM34rPVVdekmWAQXUmZKqYIIRRFcVugLOuOQSTNtaOZBkhFKGP/Fjb/ixoUPXLjxW0ynRbT1QMjJOfdyc48XMyqkaX4aC4tLyyurubX8+sbm1nZhZ7clooRj0sQRi3jHQ4IwGpKmpJKRTswJCjxG2t7wcuy37wgXNAobchQTJ0D9kPoUI6klt3DWcJUdJOmtuh9f8BzaPkdYWamq2DFNf17VFNrHELuq3MvYlVt2C0WzZGaA88SakiKYou4W3uxehJOAhBIzJETXMmPpKMQlxYykeTsRJEZ4iPqkq2mIAiIclS2ZwkOt9KAfcX1CCTP1d4dCgRCjwNOVAZIDMeuNxf+8biL9U0fRME4kCfFkkJ8wKCM4Tgz2KCdYspEmCHOq/wrxAOlYpM41r0OwZleeJ61yyaqWKjeVYu1iGkcO7IMDcAQscAJq4BrUQRNg8ACewAt4NR6NZ+Pd+JiULhjTnj3wB8bXN3eJpAE=</latexit>

T µ
µ =

1

4⇡

1

6
c2d E2

Trace Anomaly



<latexit sha1_base64="OUY5M5CAtKon+cCvng6dnslEQzQ="></latexit>

T µ
µ =

1

(4⇡)2
(�a4d E4 + c4d Wµ⌫⇢�W

µ⌫⇢�)

Counts the number of degrees of freedom

d = 2

d = 4

<latexit sha1_base64="gVB98OWp3gEzjYr68aPXrDbgWJE=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKqV6EohePFe0HtEvJZrNtaDa7JFmhLP0JXjwo4tVf5M1/Y9ruQVsfDDzem2Fmnp8Iro3jfKPC2vrG5lZxu7Szu7d/UD48aus4VZS1aCxi1fWJZoJL1jLcCNZNFCORL1jHH9/O/M4TU5rH8tFMEuZFZCh5yCkxVnoIruuDcsWpOnPgVeLmpAI5moPyVz+IaRoxaaggWvdcJzFeRpThVLBpqZ9qlhA6JkPWs1SSiGkvm586xWdWCXAYK1vS4Ln6eyIjkdaTyLedETEjvezNxP+8XmrCKy/jMkkNk3SxKEwFNjGe/Y0Drhg1YmIJoYrbWzEdEUWosemUbAju8surpH1RdevV2n2t0rjJ4yjCCZzCObhwCQ24gya0gMIQnuEV3pBAL+gdfSxaCyifOYY/QJ8/xAGNeA==</latexit>

d = 6
<latexit sha1_base64="zCSgfUe5on1JV17v4oazwONnvos="></latexit>

T µ
µ =

1

(4⇡)3

⇣
a6d E6 + c(1)6d I1 + c(2)6d I2 + c(3)6d I3

⌘

a-theorem
<latexit sha1_base64="VbN89VVzDbFgK7GPvjTLfUn6WEE=">AAACFnicbVDJSgNBEO2JW4xb1KOXxiB4McyEoB6DXvQWxSyQxNDTqSRNeha7a8QwzFd48Ve8eFDEq3jzb+wsB018UPB4r4qqem4ohUbb/rZSC4tLyyvp1cza+sbmVnZ7p6qDSHGo8EAGqu4yDVL4UEGBEuqhAua5Emru4Hzk1+5BaRH4NzgMoeWxni+6gjM0Ujt7xNtxoZPcxk2EB1ReXKkmSbMHd3TWuLxOknY2Z+ftMeg8caYkR6Yot7NfzU7AIw985JJp3XDsEFsxUyi4hCTTjDSEjA9YDxqG+swD3YrHbyX0wCgd2g2UKR/pWP09ETNP66Hnmk6PYV/PeiPxP68RYfe0FQs/jBB8PlnUjSTFgI4yoh2hgKMcGsK4EuZWyvtMMY4myYwJwZl9eZ5UC3nnOF+8KuZKZ9M40mSP7JND4pATUiIXpEwqhJNH8kxeyZv1ZL1Y79bHpDVlTWd2yR9Ynz8+y6Cx</latexit>

cUV
2d � cIR2d

<latexit sha1_base64="US6nugHNt65+u3amTRU2L9G2wbs=">AAACFnicbVDJSgNBEO1xjXEb9eilMQheDDMS1GPQi96imAWSGHo6laRJz2J3jRiG+Qov/ooXD4p4FW/+jZ3loIkPCh7vVVFVz4uk0Og439bc/MLi0nJmJbu6tr6xaW9tV3QYKw5lHspQ1TymQYoAyihQQi1SwHxPQtXrnw/96j0oLcLgBgcRNH3WDURHcIZGatmHrJUU2ult0kB4QOUn5UqaNrpwR6eNy+s0bdk5J++MQGeJOyE5MkGpZX812iGPfQiQS6Z13XUibCZMoeAS0mwj1hAx3mddqBsaMB90Mxm9ldJ9o7RpJ1SmAqQj9fdEwnytB75nOn2GPT3tDcX/vHqMndNmIoIoRgj4eFEnlhRDOsyItoUCjnJgCONKmFsp7zHFOJoksyYEd/rlWVI5yrvH+cJVIVc8m8SRIbtkjxwQl5yQIrkgJVImnDySZ/JK3qwn68V6tz7GrXPWZGaH/IH1+QM+v6Cx</latexit>

aUV
4d � aIR4d

c-theorem
Type A

<latexit sha1_base64="xNmzc14W7LCZBr2JsBEBlCNzjvg=">AAACJHicbVDLSgMxFM34rPVVdekmWAQXUmZKqYIIRRFcVugLOuOQSTNtaOZBkhFKGP/Fjb/ixoUPXLjxW0ynRbT1QMjJOfdyc48XMyqkaX4aC4tLyyurubX8+sbm1nZhZ7clooRj0sQRi3jHQ4IwGpKmpJKRTswJCjxG2t7wcuy37wgXNAobchQTJ0D9kPoUI6klt3DWcJUdJOmtuh9f8BzaPkdYWamq2DFNf17VFNrHELuq3MvYlVt2C0WzZGaA88SakiKYou4W3uxehJOAhBIzJETXMmPpKMQlxYykeTsRJEZ4iPqkq2mIAiIclS2ZwkOt9KAfcX1CCTP1d4dCgRCjwNOVAZIDMeuNxf+8biL9U0fRME4kCfFkkJ8wKCM4Tgz2KCdYspEmCHOq/wrxAOlYpM41r0OwZleeJ61yyaqWKjeVYu1iGkcO7IMDcAQscAJq4BrUQRNg8ACewAt4NR6NZ+Pd+JiULhjTnj3wB8bXN3eJpAE=</latexit>

T µ
µ =

1

4⇡

1

6
c2d E2

Trace Anomaly



<latexit sha1_base64="OUY5M5CAtKon+cCvng6dnslEQzQ="></latexit>

T µ
µ =

1

(4⇡)2
(�a4d E4 + c4d Wµ⌫⇢�W

µ⌫⇢�)

d = 2

d = 4

<latexit sha1_base64="gVB98OWp3gEzjYr68aPXrDbgWJE=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKqV6EohePFe0HtEvJZrNtaDa7JFmhLP0JXjwo4tVf5M1/Y9ruQVsfDDzem2Fmnp8Iro3jfKPC2vrG5lZxu7Szu7d/UD48aus4VZS1aCxi1fWJZoJL1jLcCNZNFCORL1jHH9/O/M4TU5rH8tFMEuZFZCh5yCkxVnoIruuDcsWpOnPgVeLmpAI5moPyVz+IaRoxaaggWvdcJzFeRpThVLBpqZ9qlhA6JkPWs1SSiGkvm586xWdWCXAYK1vS4Ln6eyIjkdaTyLedETEjvezNxP+8XmrCKy/jMkkNk3SxKEwFNjGe/Y0Drhg1YmIJoYrbWzEdEUWosemUbAju8surpH1RdevV2n2t0rjJ4yjCCZzCObhwCQ24gya0gMIQnuEV3pBAL+gdfSxaCyifOYY/QJ8/xAGNeA==</latexit>

d = 6
<latexit sha1_base64="zCSgfUe5on1JV17v4oazwONnvos="></latexit>

T µ
µ =

1

(4⇡)3

⇣
a6d E6 + c(1)6d I1 + c(2)6d I2 + c(3)6d I3

⌘

<latexit sha1_base64="xNmzc14W7LCZBr2JsBEBlCNzjvg=">AAACJHicbVDLSgMxFM34rPVVdekmWAQXUmZKqYIIRRFcVugLOuOQSTNtaOZBkhFKGP/Fjb/ixoUPXLjxW0ynRbT1QMjJOfdyc48XMyqkaX4aC4tLyyurubX8+sbm1nZhZ7clooRj0sQRi3jHQ4IwGpKmpJKRTswJCjxG2t7wcuy37wgXNAobchQTJ0D9kPoUI6klt3DWcJUdJOmtuh9f8BzaPkdYWamq2DFNf17VFNrHELuq3MvYlVt2C0WzZGaA88SakiKYou4W3uxehJOAhBIzJETXMmPpKMQlxYykeTsRJEZ4iPqkq2mIAiIclS2ZwkOt9KAfcX1CCTP1d4dCgRCjwNOVAZIDMeuNxf+8biL9U0fRME4kCfFkkJ8wKCM4Tgz2KCdYspEmCHOq/wrxAOlYpM41r0OwZleeJ61yyaqWKjeVYu1iGkcO7IMDcAQscAJq4BrUQRNg8ACewAt4NR6NZ+Pd+JiULhjTnj3wB8bXN3eJpAE=</latexit>

T µ
µ =

1

4⇡

1

6
c2d E2

Trace Anomaly

d = 2 CFT
<latexit sha1_base64="WNp6GEhZkEShPsf5p/guMQKfpdY=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwISUpgm6EYkFcVugL2lAmk0k7dCYJMzdiCPVX3LhQxK0f4s6/cdpmoa3ncuFwzr3MnePFnCmw7W+jsLa+sblV3C7t7O7tH5iHRx0VJZLQNol4JHseVpSzkLaBAae9WFIsPE673qQx87sPVCoWhS1IY+oKPApZwAgGLQ3Nsn9dG5zrAvoIUmSN29Z0aFbsqj2HtUqcnFRQjubQ/Br4EUkEDYFwrFTfsWNwMyyBEU6npUGiaIzJBI9oX9MQC6rcbH781DrVim8FkdQdgjVXf29kWCiVCk9PCgxjtezNxP+8fgLBlZuxME6AhmTxUJBwCyJrloTlM0kJ8FQTTCTTt1pkjCUmoPMq6RCc5S+vkk6t6thV5/6iUr/J4yiiY3SCzpCDLlEd3aEmaiOCUvSMXtGb8WS8GO/Gx2K0YOQ7ZfQHxucPqXuUIQ==</latexit><latexit sha1_base64="WNp6GEhZkEShPsf5p/guMQKfpdY=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwISUpgm6EYkFcVugL2lAmk0k7dCYJMzdiCPVX3LhQxK0f4s6/cdpmoa3ncuFwzr3MnePFnCmw7W+jsLa+sblV3C7t7O7tH5iHRx0VJZLQNol4JHseVpSzkLaBAae9WFIsPE673qQx87sPVCoWhS1IY+oKPApZwAgGLQ3Nsn9dG5zrAvoIUmSN29Z0aFbsqj2HtUqcnFRQjubQ/Br4EUkEDYFwrFTfsWNwMyyBEU6npUGiaIzJBI9oX9MQC6rcbH781DrVim8FkdQdgjVXf29kWCiVCk9PCgxjtezNxP+8fgLBlZuxME6AhmTxUJBwCyJrloTlM0kJ8FQTTCTTt1pkjCUmoPMq6RCc5S+vkk6t6thV5/6iUr/J4yiiY3SCzpCDLlEd3aEmaiOCUvSMXtGb8WS8GO/Gx2K0YOQ7ZfQHxucPqXuUIQ==</latexit><latexit sha1_base64="WNp6GEhZkEShPsf5p/guMQKfpdY=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwISUpgm6EYkFcVugL2lAmk0k7dCYJMzdiCPVX3LhQxK0f4s6/cdpmoa3ncuFwzr3MnePFnCmw7W+jsLa+sblV3C7t7O7tH5iHRx0VJZLQNol4JHseVpSzkLaBAae9WFIsPE673qQx87sPVCoWhS1IY+oKPApZwAgGLQ3Nsn9dG5zrAvoIUmSN29Z0aFbsqj2HtUqcnFRQjubQ/Br4EUkEDYFwrFTfsWNwMyyBEU6npUGiaIzJBI9oX9MQC6rcbH781DrVim8FkdQdgjVXf29kWCiVCk9PCgxjtezNxP+8fgLBlZuxME6AhmTxUJBwCyJrloTlM0kJ8FQTTCTTt1pkjCUmoPMq6RCc5S+vkk6t6thV5/6iUr/J4yiiY3SCzpCDLlEd3aEmaiOCUvSMXtGb8WS8GO/Gx2K0YOQ7ZfQHxucPqXuUIQ==</latexit><latexit sha1_base64="WNp6GEhZkEShPsf5p/guMQKfpdY=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwISUpgm6EYkFcVugL2lAmk0k7dCYJMzdiCPVX3LhQxK0f4s6/cdpmoa3ncuFwzr3MnePFnCmw7W+jsLa+sblV3C7t7O7tH5iHRx0VJZLQNol4JHseVpSzkLaBAae9WFIsPE673qQx87sPVCoWhS1IY+oKPApZwAgGLQ3Nsn9dG5zrAvoIUmSN29Z0aFbsqj2HtUqcnFRQjubQ/Br4EUkEDYFwrFTfsWNwMyyBEU6npUGiaIzJBI9oX9MQC6rcbH781DrVim8FkdQdgjVXf29kWCiVCk9PCgxjtezNxP+8fgLBlZuxME6AhmTxUJBwCyJrloTlM0kJ8FQTTCTTt1pkjCUmoPMq6RCc5S+vkk6t6thV5/6iUr/J4yiiY3SCzpCDLlEd3aEmaiOCUvSMXtGb8WS8GO/Gx2K0YOQ7ZfQHxucPqXuUIQ==</latexit>

<latexit sha1_base64="NRr24Q+KgkPyj23OOCEP9ul2Glw="></latexit>

Theory c2d
free massless scalar 1

free massless Dirac fermion 1

Kac-Moody currents gk
Dim(g)k
C2(g)+k



<latexit sha1_base64="HVHvE3UR1wHqALXSkfDSjhvurU0=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIvgQsqMlOpGKBbEZYW+oB1KJpO2oZkHyR1xGOqvuHGhiFs/xJ1/Y9rOQlvP5cLhnHvJzXEjwRVY1reRW1vf2NzKbxd2dvf2D8zDo7YKY0lZi4YilF2XKCZ4wFrAQbBuJBnxXcE67qQ+8zsPTCoeBk1IIub4ZBTwIacEtDQwi951pX+uC9gjSD+t3zanA7Nkla058CqxM1JCGRoD86vvhTT2WQBUEKV6thWBkxIJnAo2LfRjxSJCJ2TEepoGxGfKSefHT/GpVjw8DKXuAPBc/b2REl+pxHf1pE9grJa9mfif14theOWkPIhiYAFdPDSMBYYQz5LAHpeMgkg0IVRyfSumYyIJBZ1XQYdgL395lbQvyna1XL2vlGo3WRx5dIxO0Bmy0SWqoTvUQC1EUYKe0St6M56MF+Pd+FiM5oxsp4j+wPj8AbA1lC4=</latexit>

d = 4 CFT

<latexit sha1_base64="OUY5M5CAtKon+cCvng6dnslEQzQ="></latexit>

T µ
µ =

1

(4⇡)2
(�a4d E4 + c4d Wµ⌫⇢�W

µ⌫⇢�)

d = 2

d = 4

<latexit sha1_base64="gVB98OWp3gEzjYr68aPXrDbgWJE=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKqV6EohePFe0HtEvJZrNtaDa7JFmhLP0JXjwo4tVf5M1/Y9ruQVsfDDzem2Fmnp8Iro3jfKPC2vrG5lZxu7Szu7d/UD48aus4VZS1aCxi1fWJZoJL1jLcCNZNFCORL1jHH9/O/M4TU5rH8tFMEuZFZCh5yCkxVnoIruuDcsWpOnPgVeLmpAI5moPyVz+IaRoxaaggWvdcJzFeRpThVLBpqZ9qlhA6JkPWs1SSiGkvm586xWdWCXAYK1vS4Ln6eyIjkdaTyLedETEjvezNxP+8XmrCKy/jMkkNk3SxKEwFNjGe/Y0Drhg1YmIJoYrbWzEdEUWosemUbAju8surpH1RdevV2n2t0rjJ4yjCCZzCObhwCQ24gya0gMIQnuEV3pBAL+gdfSxaCyifOYY/QJ8/xAGNeA==</latexit>

d = 6
<latexit sha1_base64="zCSgfUe5on1JV17v4oazwONnvos="></latexit>

T µ
µ =

1

(4⇡)3

⇣
a6d E6 + c(1)6d I1 + c(2)6d I2 + c(3)6d I3

⌘

<latexit sha1_base64="xNmzc14W7LCZBr2JsBEBlCNzjvg=">AAACJHicbVDLSgMxFM34rPVVdekmWAQXUmZKqYIIRRFcVugLOuOQSTNtaOZBkhFKGP/Fjb/ixoUPXLjxW0ynRbT1QMjJOfdyc48XMyqkaX4aC4tLyyurubX8+sbm1nZhZ7clooRj0sQRi3jHQ4IwGpKmpJKRTswJCjxG2t7wcuy37wgXNAobchQTJ0D9kPoUI6klt3DWcJUdJOmtuh9f8BzaPkdYWamq2DFNf17VFNrHELuq3MvYlVt2C0WzZGaA88SakiKYou4W3uxehJOAhBIzJETXMmPpKMQlxYykeTsRJEZ4iPqkq2mIAiIclS2ZwkOt9KAfcX1CCTP1d4dCgRCjwNOVAZIDMeuNxf+8biL9U0fRME4kCfFkkJ8wKCM4Tgz2KCdYspEmCHOq/wrxAOlYpM41r0OwZleeJ61yyaqWKjeVYu1iGkcO7IMDcAQscAJq4BrUQRNg8ACewAt4NR6NZ+Pd+JiULhjTnj3wB8bXN3eJpAE=</latexit>

T µ
µ =

1

4⇡

1

6
c2d E2

Trace Anomaly

<latexit sha1_base64="jR2nBgy9IcGQqTBNnBbyw+w250k="></latexit>

Theory a4d c4d
free massless scalar 1/360 1/120

free massless Dirac fermion 11/360 1/20
Maxwell 31/180 1/10

N=4 SYM with gauge algebra g dim(g)/4 dim(g)/4



<latexit sha1_base64="TYJm1l1CMLLNhlVRisnW3cYA6Ck=">AAAB/HicbVDLSsNAFJ34rPUV7dJNsAgupCQi1Y1QLIjLCn1BG8pkMmmHziRh5kYMof6KGxeKuPVD3Pk3TtsstPVcLhzOuZe5c7yYMwW2/W2srK6tb2wWtorbO7t7++bBYVtFiSS0RSIeya6HFeUspC1gwGk3lhQLj9OON65P/c4DlYpFYRPSmLoCD0MWMIJBSwOz5F9X+2e6gD6CFFn9tjkZmGW7Ys9gLRMnJ2WUozEwv/p+RBJBQyAcK9Vz7BjcDEtghNNJsZ8oGmMyxkPa0zTEgio3mx0/sU604ltBJHWHYM3U3xsZFkqlwtOTAsNILXpT8T+vl0Bw5WYsjBOgIZk/FCTcgsiaJmH5TFICPNUEE8n0rRYZYYkJ6LyKOgRn8cvLpH1ecaqV6v1FuXaTx1FAR+gYnSIHXaIaukMN1EIEpegZvaI348l4Md6Nj/noipHvlNAfGJ8/s12UMA==</latexit>

d = 6 CFT

<latexit sha1_base64="OUY5M5CAtKon+cCvng6dnslEQzQ="></latexit>

T µ
µ =

1

(4⇡)2
(�a4d E4 + c4d Wµ⌫⇢�W

µ⌫⇢�)

d = 2

d = 4

<latexit sha1_base64="gVB98OWp3gEzjYr68aPXrDbgWJE=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKqV6EohePFe0HtEvJZrNtaDa7JFmhLP0JXjwo4tVf5M1/Y9ruQVsfDDzem2Fmnp8Iro3jfKPC2vrG5lZxu7Szu7d/UD48aus4VZS1aCxi1fWJZoJL1jLcCNZNFCORL1jHH9/O/M4TU5rH8tFMEuZFZCh5yCkxVnoIruuDcsWpOnPgVeLmpAI5moPyVz+IaRoxaaggWvdcJzFeRpThVLBpqZ9qlhA6JkPWs1SSiGkvm586xWdWCXAYK1vS4Ln6eyIjkdaTyLedETEjvezNxP+8XmrCKy/jMkkNk3SxKEwFNjGe/Y0Drhg1YmIJoYrbWzEdEUWosemUbAju8surpH1RdevV2n2t0rjJ4yjCCZzCObhwCQ24gya0gMIQnuEV3pBAL+gdfSxaCyifOYY/QJ8/xAGNeA==</latexit>

d = 6
<latexit sha1_base64="zCSgfUe5on1JV17v4oazwONnvos="></latexit>

T µ
µ =

1

(4⇡)3

⇣
a6d E6 + c(1)6d I1 + c(2)6d I2 + c(3)6d I3

⌘

<latexit sha1_base64="xNmzc14W7LCZBr2JsBEBlCNzjvg=">AAACJHicbVDLSgMxFM34rPVVdekmWAQXUmZKqYIIRRFcVugLOuOQSTNtaOZBkhFKGP/Fjb/ixoUPXLjxW0ynRbT1QMjJOfdyc48XMyqkaX4aC4tLyyurubX8+sbm1nZhZ7clooRj0sQRi3jHQ4IwGpKmpJKRTswJCjxG2t7wcuy37wgXNAobchQTJ0D9kPoUI6klt3DWcJUdJOmtuh9f8BzaPkdYWamq2DFNf17VFNrHELuq3MvYlVt2C0WzZGaA88SakiKYou4W3uxehJOAhBIzJETXMmPpKMQlxYykeTsRJEZ4iPqkq2mIAiIclS2ZwkOt9KAfcX1CCTP1d4dCgRCjwNOVAZIDMeuNxf+8biL9U0fRME4kCfFkkJ8wKCM4Tgz2KCdYspEmCHOq/wrxAOlYpM41r0OwZleeJ61yyaqWKjeVYu1iGkcO7IMDcAQscAJq4BrUQRNg8ACewAt4NR6NZ+Pd+JiULhjTnj3wB8bXN3eJpAE=</latexit>

T µ
µ =

1

4⇡

1

6
c2d E2

Trace Anomaly

N = (2, 0) SUSY
<latexit sha1_base64="DT1SuxNFv/7sQAgh+G4eHbRVmUQ=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2ARKpQyUwTdCEU3rqRSp610SsmkaRuauZCcEcswWze+ihsXirj1Ddz5NqaXhbaeEPj4/3NIzu9FgiuwrG8js7S8srqWXc9tbG5t75i7e3UVxpIyh4YilE2PKCZ4wBzgIFgzkoz4nmANb3g59hv3TCoeBrcwiljbJ/2A9zgloKWOiROXEpFcp+l5oVy0jt2iPsAeQPpJzandpR0zb5WsSeFFsGeQR7OqdswvtxvS2GcBUEGUatlWBO2ESOBUsDTnxopFhA5Jn7U0BsRnqp1MNknxkVa6uBdKfQPAE/X3REJ8pUa+pzt9AgM1743F/7xWDL2zdsKDKAYW0OlDvVhgCPE4FtzlklEQIw2ESq7/iumASEJBh5fTIdjzKy9CvVyyNd+c5CsXsziy6AAdogKy0SmqoCtURQ6i6BE9o1f0ZjwZL8a78TFtzRizmX30p4zPH+J4mS0=</latexit><latexit sha1_base64="DT1SuxNFv/7sQAgh+G4eHbRVmUQ=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2ARKpQyUwTdCEU3rqRSp610SsmkaRuauZCcEcswWze+ihsXirj1Ddz5NqaXhbaeEPj4/3NIzu9FgiuwrG8js7S8srqWXc9tbG5t75i7e3UVxpIyh4YilE2PKCZ4wBzgIFgzkoz4nmANb3g59hv3TCoeBrcwiljbJ/2A9zgloKWOiROXEpFcp+l5oVy0jt2iPsAeQPpJzandpR0zb5WsSeFFsGeQR7OqdswvtxvS2GcBUEGUatlWBO2ESOBUsDTnxopFhA5Jn7U0BsRnqp1MNknxkVa6uBdKfQPAE/X3REJ8pUa+pzt9AgM1743F/7xWDL2zdsKDKAYW0OlDvVhgCPE4FtzlklEQIw2ESq7/iumASEJBh5fTIdjzKy9CvVyyNd+c5CsXsziy6AAdogKy0SmqoCtURQ6i6BE9o1f0ZjwZL8a78TFtzRizmX30p4zPH+J4mS0=</latexit><latexit sha1_base64="DT1SuxNFv/7sQAgh+G4eHbRVmUQ=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2ARKpQyUwTdCEU3rqRSp610SsmkaRuauZCcEcswWze+ihsXirj1Ddz5NqaXhbaeEPj4/3NIzu9FgiuwrG8js7S8srqWXc9tbG5t75i7e3UVxpIyh4YilE2PKCZ4wBzgIFgzkoz4nmANb3g59hv3TCoeBrcwiljbJ/2A9zgloKWOiROXEpFcp+l5oVy0jt2iPsAeQPpJzandpR0zb5WsSeFFsGeQR7OqdswvtxvS2GcBUEGUatlWBO2ESOBUsDTnxopFhA5Jn7U0BsRnqp1MNknxkVa6uBdKfQPAE/X3REJ8pUa+pzt9AgM1743F/7xWDL2zdsKDKAYW0OlDvVhgCPE4FtzlklEQIw2ESq7/iumASEJBh5fTIdjzKy9CvVyyNd+c5CsXsziy6AAdogKy0SmqoCtURQ6i6BE9o1f0ZjwZL8a78TFtzRizmX30p4zPH+J4mS0=</latexit><latexit sha1_base64="DT1SuxNFv/7sQAgh+G4eHbRVmUQ=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2ARKpQyUwTdCEU3rqRSp610SsmkaRuauZCcEcswWze+ihsXirj1Ddz5NqaXhbaeEPj4/3NIzu9FgiuwrG8js7S8srqWXc9tbG5t75i7e3UVxpIyh4YilE2PKCZ4wBzgIFgzkoz4nmANb3g59hv3TCoeBrcwiljbJ/2A9zgloKWOiROXEpFcp+l5oVy0jt2iPsAeQPpJzandpR0zb5WsSeFFsGeQR7OqdswvtxvS2GcBUEGUatlWBO2ESOBUsDTnxopFhA5Jn7U0BsRnqp1MNknxkVa6uBdKfQPAE/X3REJ8pUa+pzt9AgM1743F/7xWDL2zdsKDKAYW0OlDvVhgCPE4FtzlklEQIw2ESq7/iumASEJBh5fTIdjzKy9CvVyyNd+c5CsXsziy6AAdogKy0SmqoCtURQ6i6BE9o1f0ZjwZL8a78TFtzRizmX30p4zPH+J4mS0=</latexit>

<latexit sha1_base64="l0xfPWdgHabIO9+WArJi1b1nJ5Y=">AAACD3icbVDLSsNAFJ34rPUVdelmsCjtpiRVqhuh6MZlBfuANobJZNoOnUzCzEQoIX/gxl9x40IRt27d+TdO2yC19cDAuefcy517vIhRqSzr21haXlldW89t5De3tnd2zb39pgxjgUkDhywUbQ9JwignDUUVI+1IEBR4jLS84fXYbz0QIWnI79QoIk6A+pz2KEZKS655gt2k6qf3SdEupZe/RWW2OC2lrlmwytYEcJHYGSmADHXX/Or6IY4DwhVmSMqObUXKSZBQFDOS5ruxJBHCQ9QnHU05Coh0ksk9KTzWig97odCPKzhRZycSFEg5CjzdGSA1kPPeWPzP68Sqd+EklEexIhxPF/ViBlUIx+FAnwqCFRtpgrCg+q8QD5BAWOkI8zoEe/7kRdKslO1quXp7VqhdZXHkwCE4AkVgg3NQAzegDhoAg0fwDF7Bm/FkvBjvxse0dcnIZg7AHxifP7RumzM=</latexit>

c(1)6d = c(2)6d = c(3)6d

g
<latexit sha1_base64="0UHRIEIAfdj0yvY3G/HeKIkd7jM=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpZhN2X4QS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwnt4X/+MS1EYl6wGnKg5iOlIgEo2gl348pjiNNJ/loNqg33KY7B1klXkkaUKI9qH/5w4RlMVfIJDWm77kpBjnVKJjks5qfGZ5SNqEj3rdU0ZibIJ9nnpEzqwxJlGj7FJK5+nsjp7Ex0zi0k0VGs+wV4n9eP8PoOsiFSjPkii0ORZkkmJCiADIUmjOUU0so08JmJWxMNWVoa6rZErzlL6+S7kXTc5ve/WWjdVPWUYUTOIVz8OAKWnAHbegAgxSe4RXenMx5cd6dj8VoxSl3juEPnM8fg5WR+w==</latexit><latexit sha1_base64="0UHRIEIAfdj0yvY3G/HeKIkd7jM=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpZhN2X4QS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwnt4X/+MS1EYl6wGnKg5iOlIgEo2gl348pjiNNJ/loNqg33KY7B1klXkkaUKI9qH/5w4RlMVfIJDWm77kpBjnVKJjks5qfGZ5SNqEj3rdU0ZibIJ9nnpEzqwxJlGj7FJK5+nsjp7Ex0zi0k0VGs+wV4n9eP8PoOsiFSjPkii0ORZkkmJCiADIUmjOUU0so08JmJWxMNWVoa6rZErzlL6+S7kXTc5ve/WWjdVPWUYUTOIVz8OAKWnAHbegAgxSe4RXenMx5cd6dj8VoxSl3juEPnM8fg5WR+w==</latexit><latexit sha1_base64="0UHRIEIAfdj0yvY3G/HeKIkd7jM=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpZhN2X4QS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwnt4X/+MS1EYl6wGnKg5iOlIgEo2gl348pjiNNJ/loNqg33KY7B1klXkkaUKI9qH/5w4RlMVfIJDWm77kpBjnVKJjks5qfGZ5SNqEj3rdU0ZibIJ9nnpEzqwxJlGj7FJK5+nsjp7Ex0zi0k0VGs+wV4n9eP8PoOsiFSjPkii0ORZkkmJCiADIUmjOUU0so08JmJWxMNWVoa6rZErzlL6+S7kXTc5ve/WWjdVPWUYUTOIVz8OAKWnAHbegAgxSe4RXenMx5cd6dj8VoxSl3juEPnM8fg5WR+w==</latexit><latexit sha1_base64="0UHRIEIAfdj0yvY3G/HeKIkd7jM=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbC00oWy2m3bpZhN2X4QS+je8eFDEq3/Gm//GTZuDtg4sDDPv8WYnTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TZJpxjsskYnuhdRwKRTvoEDJe6nmNA4lfwwnt4X/+MS1EYl6wGnKg5iOlIgEo2gl348pjiNNJ/loNqg33KY7B1klXkkaUKI9qH/5w4RlMVfIJDWm77kpBjnVKJjks5qfGZ5SNqEj3rdU0ZibIJ9nnpEzqwxJlGj7FJK5+nsjp7Ex0zi0k0VGs+wV4n9eP8PoOsiFSjPkii0ORZkkmJCiADIUmjOUU0so08JmJWxMNWVoa6rZErzlL6+S7kXTc5ve/WWjdVPWUYUTOIVz8OAKWnAHbegAgxSe4RXenMx5cd6dj8VoxSl3juEPnM8fg5WR+w==</latexit>

Lie algebra



<latexit sha1_base64="/c66IcJoVo/oBW5hunhjDxl94iQ="></latexit>

c6d = rankg + 4dimg h
_
g

<latexit sha1_base64="Otymf/dFsv5SQYJndr7oXJt6znc="></latexit>

a6d = rankg +
16

7
dimg h

_
g

<latexit sha1_base64="TYJm1l1CMLLNhlVRisnW3cYA6Ck=">AAAB/HicbVDLSsNAFJ34rPUV7dJNsAgupCQi1Y1QLIjLCn1BG8pkMmmHziRh5kYMof6KGxeKuPVD3Pk3TtsstPVcLhzOuZe5c7yYMwW2/W2srK6tb2wWtorbO7t7++bBYVtFiSS0RSIeya6HFeUspC1gwGk3lhQLj9OON65P/c4DlYpFYRPSmLoCD0MWMIJBSwOz5F9X+2e6gD6CFFn9tjkZmGW7Ys9gLRMnJ2WUozEwv/p+RBJBQyAcK9Vz7BjcDEtghNNJsZ8oGmMyxkPa0zTEgio3mx0/sU604ltBJHWHYM3U3xsZFkqlwtOTAsNILXpT8T+vl0Bw5WYsjBOgIZk/FCTcgsiaJmH5TFICPNUEE8n0rRYZYYkJ6LyKOgRn8cvLpH1ecaqV6v1FuXaTx1FAR+gYnSIHXaIaukMN1EIEpegZvaI348l4Md6Nj/noipHvlNAfGJ8/s12UMA==</latexit>

d = 6 CFT

<latexit sha1_base64="OUY5M5CAtKon+cCvng6dnslEQzQ="></latexit>

T µ
µ =

1

(4⇡)2
(�a4d E4 + c4d Wµ⌫⇢�W

µ⌫⇢�)

d = 2

d = 4

<latexit sha1_base64="gVB98OWp3gEzjYr68aPXrDbgWJE=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKqV6EohePFe0HtEvJZrNtaDa7JFmhLP0JXjwo4tVf5M1/Y9ruQVsfDDzem2Fmnp8Iro3jfKPC2vrG5lZxu7Szu7d/UD48aus4VZS1aCxi1fWJZoJL1jLcCNZNFCORL1jHH9/O/M4TU5rH8tFMEuZFZCh5yCkxVnoIruuDcsWpOnPgVeLmpAI5moPyVz+IaRoxaaggWvdcJzFeRpThVLBpqZ9qlhA6JkPWs1SSiGkvm586xWdWCXAYK1vS4Ln6eyIjkdaTyLedETEjvezNxP+8XmrCKy/jMkkNk3SxKEwFNjGe/Y0Drhg1YmIJoYrbWzEdEUWosemUbAju8surpH1RdevV2n2t0rjJ4yjCCZzCObhwCQ24gya0gMIQnuEV3pBAL+gdfSxaCyifOYY/QJ8/xAGNeA==</latexit>

d = 6
<latexit sha1_base64="zCSgfUe5on1JV17v4oazwONnvos="></latexit>

T µ
µ =

1

(4⇡)3

⇣
a6d E6 + c(1)6d I1 + c(2)6d I2 + c(3)6d I3

⌘

<latexit sha1_base64="xNmzc14W7LCZBr2JsBEBlCNzjvg=">AAACJHicbVDLSgMxFM34rPVVdekmWAQXUmZKqYIIRRFcVugLOuOQSTNtaOZBkhFKGP/Fjb/ixoUPXLjxW0ynRbT1QMjJOfdyc48XMyqkaX4aC4tLyyurubX8+sbm1nZhZ7clooRj0sQRi3jHQ4IwGpKmpJKRTswJCjxG2t7wcuy37wgXNAobchQTJ0D9kPoUI6klt3DWcJUdJOmtuh9f8BzaPkdYWamq2DFNf17VFNrHELuq3MvYlVt2C0WzZGaA88SakiKYou4W3uxehJOAhBIzJETXMmPpKMQlxYykeTsRJEZ4iPqkq2mIAiIclS2ZwkOt9KAfcX1CCTP1d4dCgRCjwNOVAZIDMeuNxf+8biL9U0fRME4kCfFkkJ8wKCM4Tgz2KCdYspEmCHOq/wrxAOlYpM41r0OwZleeJ61yyaqWKjeVYu1iGkcO7IMDcAQscAJq4BrUQRNg8ACewAt4NR6NZ+Pd+JiULhjTnj3wB8bXN3eJpAE=</latexit>

T µ
µ =

1

4⇡

1

6
c2d E2

Trace Anomaly

N = (2, 0) SUSY
<latexit sha1_base64="DT1SuxNFv/7sQAgh+G4eHbRVmUQ=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2ARKpQyUwTdCEU3rqRSp610SsmkaRuauZCcEcswWze+ihsXirj1Ddz5NqaXhbaeEPj4/3NIzu9FgiuwrG8js7S8srqWXc9tbG5t75i7e3UVxpIyh4YilE2PKCZ4wBzgIFgzkoz4nmANb3g59hv3TCoeBrcwiljbJ/2A9zgloKWOiROXEpFcp+l5oVy0jt2iPsAeQPpJzandpR0zb5WsSeFFsGeQR7OqdswvtxvS2GcBUEGUatlWBO2ESOBUsDTnxopFhA5Jn7U0BsRnqp1MNknxkVa6uBdKfQPAE/X3REJ8pUa+pzt9AgM1743F/7xWDL2zdsKDKAYW0OlDvVhgCPE4FtzlklEQIw2ESq7/iumASEJBh5fTIdjzKy9CvVyyNd+c5CsXsziy6AAdogKy0SmqoCtURQ6i6BE9o1f0ZjwZL8a78TFtzRizmX30p4zPH+J4mS0=</latexit><latexit sha1_base64="DT1SuxNFv/7sQAgh+G4eHbRVmUQ=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2ARKpQyUwTdCEU3rqRSp610SsmkaRuauZCcEcswWze+ihsXirj1Ddz5NqaXhbaeEPj4/3NIzu9FgiuwrG8js7S8srqWXc9tbG5t75i7e3UVxpIyh4YilE2PKCZ4wBzgIFgzkoz4nmANb3g59hv3TCoeBrcwiljbJ/2A9zgloKWOiROXEpFcp+l5oVy0jt2iPsAeQPpJzandpR0zb5WsSeFFsGeQR7OqdswvtxvS2GcBUEGUatlWBO2ESOBUsDTnxopFhA5Jn7U0BsRnqp1MNknxkVa6uBdKfQPAE/X3REJ8pUa+pzt9AgM1743F/7xWDL2zdsKDKAYW0OlDvVhgCPE4FtzlklEQIw2ESq7/iumASEJBh5fTIdjzKy9CvVyyNd+c5CsXsziy6AAdogKy0SmqoCtURQ6i6BE9o1f0ZjwZL8a78TFtzRizmX30p4zPH+J4mS0=</latexit><latexit sha1_base64="DT1SuxNFv/7sQAgh+G4eHbRVmUQ=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2ARKpQyUwTdCEU3rqRSp610SsmkaRuauZCcEcswWze+ihsXirj1Ddz5NqaXhbaeEPj4/3NIzu9FgiuwrG8js7S8srqWXc9tbG5t75i7e3UVxpIyh4YilE2PKCZ4wBzgIFgzkoz4nmANb3g59hv3TCoeBrcwiljbJ/2A9zgloKWOiROXEpFcp+l5oVy0jt2iPsAeQPpJzandpR0zb5WsSeFFsGeQR7OqdswvtxvS2GcBUEGUatlWBO2ESOBUsDTnxopFhA5Jn7U0BsRnqp1MNknxkVa6uBdKfQPAE/X3REJ8pUa+pzt9AgM1743F/7xWDL2zdsKDKAYW0OlDvVhgCPE4FtzlklEQIw2ESq7/iumASEJBh5fTIdjzKy9CvVyyNd+c5CsXsziy6AAdogKy0SmqoCtURQ6i6BE9o1f0ZjwZL8a78TFtzRizmX30p4zPH+J4mS0=</latexit><latexit sha1_base64="DT1SuxNFv/7sQAgh+G4eHbRVmUQ=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2ARKpQyUwTdCEU3rqRSp610SsmkaRuauZCcEcswWze+ihsXirj1Ddz5NqaXhbaeEPj4/3NIzu9FgiuwrG8js7S8srqWXc9tbG5t75i7e3UVxpIyh4YilE2PKCZ4wBzgIFgzkoz4nmANb3g59hv3TCoeBrcwiljbJ/2A9zgloKWOiROXEpFcp+l5oVy0jt2iPsAeQPpJzandpR0zb5WsSeFFsGeQR7OqdswvtxvS2GcBUEGUatlWBO2ESOBUsDTnxopFhA5Jn7U0BsRnqp1MNknxkVa6uBdKfQPAE/X3REJ8pUa+pzt9AgM1743F/7xWDL2zdsKDKAYW0OlDvVhgCPE4FtzlklEQIw2ESq7/iumASEJBh5fTIdjzKy9CvVyyNd+c5CsXsziy6AAdogKy0SmqoCtURQ6i6BE9o1f0ZjwZL8a78TFtzRizmX30p4zPH+J4mS0=</latexit>

h_
g = dual Coxeter number

<latexit sha1_base64="WZcHw/BFEUxzBGe1OmI10ypaRnQ=">AAACH3icbVBNSwMxFMzW7/pV9eglWARPZVdEvQiiF48KVgvdWrLp2zY0yS7JW7Es+0+8+Fe8eFBEvPlvTGsP2joQGGbe42UmSqWw6PtfXmlmdm5+YXGpvLyyurZe2di8sUlmONR5IhPTiJgFKTTUUaCERmqAqUjCbdQ/H/q392CsSPQ1DlJoKdbVIhacoZPalcPeXR7eAxTtPFQMe7Fh/bxbFPSEhggPaFTeyZik58kDIBiqMxWBKdqVql/zR6DTJBiTKhnjsl35DDsJzxRo5JJZ2wz8FFs5Myi4hKIcZhZSxvusC01HNVNgW/koX0F3ndKhcWLc00hH6u+NnClrBypyk8MMdtIbiv95zQzj41YudJohaP5zKM4kxYQOy6IdYYCjHDjCuBHur5T3mGHcVWHLroRgMvI0udmvBX4tuDqonp6N61gk22SH7JGAHJFTckEuSZ1w8kieySt58568F+/d+/gZLXnjnS3yB97XNySvpD8=</latexit><latexit sha1_base64="WZcHw/BFEUxzBGe1OmI10ypaRnQ=">AAACH3icbVBNSwMxFMzW7/pV9eglWARPZVdEvQiiF48KVgvdWrLp2zY0yS7JW7Es+0+8+Fe8eFBEvPlvTGsP2joQGGbe42UmSqWw6PtfXmlmdm5+YXGpvLyyurZe2di8sUlmONR5IhPTiJgFKTTUUaCERmqAqUjCbdQ/H/q392CsSPQ1DlJoKdbVIhacoZPalcPeXR7eAxTtPFQMe7Fh/bxbFPSEhggPaFTeyZik58kDIBiqMxWBKdqVql/zR6DTJBiTKhnjsl35DDsJzxRo5JJZ2wz8FFs5Myi4hKIcZhZSxvusC01HNVNgW/koX0F3ndKhcWLc00hH6u+NnClrBypyk8MMdtIbiv95zQzj41YudJohaP5zKM4kxYQOy6IdYYCjHDjCuBHur5T3mGHcVWHLroRgMvI0udmvBX4tuDqonp6N61gk22SH7JGAHJFTckEuSZ1w8kieySt58568F+/d+/gZLXnjnS3yB97XNySvpD8=</latexit><latexit sha1_base64="WZcHw/BFEUxzBGe1OmI10ypaRnQ=">AAACH3icbVBNSwMxFMzW7/pV9eglWARPZVdEvQiiF48KVgvdWrLp2zY0yS7JW7Es+0+8+Fe8eFBEvPlvTGsP2joQGGbe42UmSqWw6PtfXmlmdm5+YXGpvLyyurZe2di8sUlmONR5IhPTiJgFKTTUUaCERmqAqUjCbdQ/H/q392CsSPQ1DlJoKdbVIhacoZPalcPeXR7eAxTtPFQMe7Fh/bxbFPSEhggPaFTeyZik58kDIBiqMxWBKdqVql/zR6DTJBiTKhnjsl35DDsJzxRo5JJZ2wz8FFs5Myi4hKIcZhZSxvusC01HNVNgW/koX0F3ndKhcWLc00hH6u+NnClrBypyk8MMdtIbiv95zQzj41YudJohaP5zKM4kxYQOy6IdYYCjHDjCuBHur5T3mGHcVWHLroRgMvI0udmvBX4tuDqonp6N61gk22SH7JGAHJFTckEuSZ1w8kieySt58568F+/d+/gZLXnjnS3yB97XNySvpD8=</latexit><latexit sha1_base64="WZcHw/BFEUxzBGe1OmI10ypaRnQ=">AAACH3icbVBNSwMxFMzW7/pV9eglWARPZVdEvQiiF48KVgvdWrLp2zY0yS7JW7Es+0+8+Fe8eFBEvPlvTGsP2joQGGbe42UmSqWw6PtfXmlmdm5+YXGpvLyyurZe2di8sUlmONR5IhPTiJgFKTTUUaCERmqAqUjCbdQ/H/q392CsSPQ1DlJoKdbVIhacoZPalcPeXR7eAxTtPFQMe7Fh/bxbFPSEhggPaFTeyZik58kDIBiqMxWBKdqVql/zR6DTJBiTKhnjsl35DDsJzxRo5JJZ2wz8FFs5Myi4hKIcZhZSxvusC01HNVNgW/koX0F3ndKhcWLc00hH6u+NnClrBypyk8MMdtIbiv95zQzj41YudJohaP5zKM4kxYQOy6IdYYCjHDjCuBHur5T3mGHcVWHLroRgMvI0udmvBX4tuDqonp6N61gk22SH7JGAHJFTckEuSZ1w8kieySt58568F+/d+/gZLXnjnS3yB97XNySvpD8=</latexit>
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• Review: Trace Anomalies

• Review: Boundaries and Defects

• 1d Boundary or Defect

• 2d Boundary or Defect

• 3d Boundary or Defect

• 4d Boundary or Defect

• Summary and Outlook

Outline:



CFT

Dilatations

Special Conformal

xµ ! ⇤µ
⌫ x

⌫Rotations

Translations xµ ! xµ + cµ

xµ ! �xµ

SO(d+ 1, 1)

xµ ! xµ + bµx2

1 + 2x⌫b⌫ + b2x2

flat space
<latexit sha1_base64="Awg7ReDBaIXwVLcntgx/b+ewUFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRSqsuiG5dV7AOaWCaTSTt0MgkzE6GE/oYbF4q49Wfc+TdO2iy09cDA4Zx7uWeOn3CmtG1/W6W19Y3NrfJ2ZWd3b/+genjUVXEqCe2QmMey72NFORO0o5nmtJ9IiiOf054/ucn93hOVisXiQU8T6kV4JFjICNZGct0I67HvZ/ezx2BYrdl1ew60SpyC1KBAe1j9coOYpBEVmnCs1MCxE+1lWGpGOJ1V3FTRBJMJHtGBoQJHVHnZPPMMnRklQGEszRMazdXfGxmOlJpGvpnMM6plLxf/8wapDq+8jIkk1VSQxaEw5UjHKC8ABUxSovnUEEwkM1kRGWOJiTY1VUwJzvKXV0n3ou406427Rq11XdRRhhM4hXNw4BJacAtt6ACBBJ7hFd6s1Hqx3q2PxWjJKnaO4Q+szx8455HR</latexit>

Rd



Dilatations

Special Conformal

xµ ! ⇤µ
⌫ x

⌫Rotations

Translations xµ ! xµ + cµ

xµ ! �xµ

SO(d+ 1, 1)

xµ ! xµ + bµx2

1 + 2x⌫b⌫ + b2x2

BCFT + DCFT

Broken to subgroup
that preserves the boundary or defect

boundary or defect in flat space



xµ ! ⇤µ
⌫ x

⌫Rotations

Broken to rotations in + rotations in

BCFT + DCFT
boundary or defect in flat space

<latexit sha1_base64="bbwnDVOU7CsWx+04f1unqbjFPu8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0swm7m2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3xqg0j+WjmSToR3QgecgZNVZqdcfIsqdpr1xxq+4cZJV4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4LXVTjQllIzrAjqWSRqj9bH7ulJxZpU/CWNmShszV3xMZjbSeRIHtjKgZ6mVvJv7ndVIT3vgZl0lqULLFojAVxMRk9jvpc4XMiIkllClubyVsSBVlxiZUsiF4yy+vkuZF1buqXj5cVmq3eRxFOIFTOAcPrqEG91CHBjAYwTO8wpuTOC/Ou/OxaC04+cwx/IHz+QO00Y/T</latexit>

~x

<latexit sha1_base64="+/zwTw9NKMACOTBvmUJ05wQRV/w=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy203bpZhN2N4UQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBZcG9f9dgobm1vbO8Xd0t7+weFR+fikpaNEMWyySESqE1CNgktsGm4EdmKFNAwEtoPJ/dxvT1FpHsknk8boh3Qk+ZAzaqzU7k2RZemsX664VXcBsk68nFQgR6Nf/uoNIpaEKA0TVOuu58bGz6gynAmclXqJxpiyCR1h11JJQ9R+tjh3Ri6sMiDDSNmShizU3xMZDbVOw8B2htSM9ao3F//zuokZ3voZl3FiULLlomEiiInI/Hcy4AqZEakllClubyVsTBVlxiZUsiF4qy+vk9ZV1buu1h5rlfpdHkcRzuAcLsGDG6jDAzSgCQwm8Ayv8ObEzovz7nwsWwtOPnMKf+B8/gC2Vo/U</latexit>

~y

<latexit sha1_base64="+/zwTw9NKMACOTBvmUJ05wQRV/w=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy203bpZhN2N4UQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBZcG9f9dgobm1vbO8Xd0t7+weFR+fikpaNEMWyySESqE1CNgktsGm4EdmKFNAwEtoPJ/dxvT1FpHsknk8boh3Qk+ZAzaqzU7k2RZemsX664VXcBsk68nFQgR6Nf/uoNIpaEKA0TVOuu58bGz6gynAmclXqJxpiyCR1h11JJQ9R+tjh3Ri6sMiDDSNmShizU3xMZDbVOw8B2htSM9ao3F//zuokZ3voZl3FiULLlomEiiInI/Hcy4AqZEakllClubyVsTBVlxiZUsiF4qy+vk9ZV1buu1h5rlfpdHkcRzuAcLsGDG6jDAzSgCQwm8Ayv8ObEzovz7nwsWwtOPnMKf+B8/gC2Vo/U</latexit>

~y
<latexit sha1_base64="bbwnDVOU7CsWx+04f1unqbjFPu8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0swm7m2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3xqg0j+WjmSToR3QgecgZNVZqdcfIsqdpr1xxq+4cZJV4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4LXVTjQllIzrAjqWSRqj9bH7ulJxZpU/CWNmShszV3xMZjbSeRIHtjKgZ6mVvJv7ndVIT3vgZl0lqULLFojAVxMRk9jvpc4XMiIkllClubyVsSBVlxiZUsiF4yy+vkuZF1buqXj5cVmq3eRxFOIFTOAcPrqEG91CHBjAYwTO8wpuTOC/Ou/OxaC04+cwx/IHz+QO00Y/T</latexit>

~x



Translations

Broken to translations along

xµ ! xµ + cµ

BCFT + DCFT
boundary or defect in flat space

<latexit sha1_base64="bbwnDVOU7CsWx+04f1unqbjFPu8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0swm7m2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3xqg0j+WjmSToR3QgecgZNVZqdcfIsqdpr1xxq+4cZJV4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4LXVTjQllIzrAjqWSRqj9bH7ulJxZpU/CWNmShszV3xMZjbSeRIHtjKgZ6mVvJv7ndVIT3vgZl0lqULLFojAVxMRk9jvpc4XMiIkllClubyVsSBVlxiZUsiF4yy+vkuZF1buqXj5cVmq3eRxFOIFTOAcPrqEG91CHBjAYwTO8wpuTOC/Ou/OxaC04+cwx/IHz+QO00Y/T</latexit>

~x

<latexit sha1_base64="+/zwTw9NKMACOTBvmUJ05wQRV/w=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy203bpZhN2N4UQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBZcG9f9dgobm1vbO8Xd0t7+weFR+fikpaNEMWyySESqE1CNgktsGm4EdmKFNAwEtoPJ/dxvT1FpHsknk8boh3Qk+ZAzaqzU7k2RZemsX664VXcBsk68nFQgR6Nf/uoNIpaEKA0TVOuu58bGz6gynAmclXqJxpiyCR1h11JJQ9R+tjh3Ri6sMiDDSNmShizU3xMZDbVOw8B2htSM9ao3F//zuokZ3voZl3FiULLlomEiiInI/Hcy4AqZEakllClubyVsTBVlxiZUsiF4qy+vk9ZV1buu1h5rlfpdHkcRzuAcLsGDG6jDAzSgCQwm8Ayv8ObEzovz7nwsWwtOPnMKf+B8/gC2Vo/U</latexit>

~y

<latexit sha1_base64="+/zwTw9NKMACOTBvmUJ05wQRV/w=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy203bpZhN2N4UQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBZcG9f9dgobm1vbO8Xd0t7+weFR+fikpaNEMWyySESqE1CNgktsGm4EdmKFNAwEtoPJ/dxvT1FpHsknk8boh3Qk+ZAzaqzU7k2RZemsX664VXcBsk68nFQgR6Nf/uoNIpaEKA0TVOuu58bGz6gynAmclXqJxpiyCR1h11JJQ9R+tjh3Ri6sMiDDSNmShizU3xMZDbVOw8B2htSM9ao3F//zuokZ3voZl3FiULLlomEiiInI/Hcy4AqZEakllClubyVsTBVlxiZUsiF4qy+vk9ZV1buu1h5rlfpdHkcRzuAcLsGDG6jDAzSgCQwm8Ayv8ObEzovz7nwsWwtOPnMKf+B8/gC2Vo/U</latexit>

~y



Dilatations xµ ! �xµ

Unbroken

BCFT + DCFT
boundary or defect in flat space

<latexit sha1_base64="bbwnDVOU7CsWx+04f1unqbjFPu8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0swm7m2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3xqg0j+WjmSToR3QgecgZNVZqdcfIsqdpr1xxq+4cZJV4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4LXVTjQllIzrAjqWSRqj9bH7ulJxZpU/CWNmShszV3xMZjbSeRIHtjKgZ6mVvJv7ndVIT3vgZl0lqULLFojAVxMRk9jvpc4XMiIkllClubyVsSBVlxiZUsiF4yy+vkuZF1buqXj5cVmq3eRxFOIFTOAcPrqEG91CHBjAYwTO8wpuTOC/Ou/OxaC04+cwx/IHz+QO00Y/T</latexit>

~x

<latexit sha1_base64="+/zwTw9NKMACOTBvmUJ05wQRV/w=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy203bpZhN2N4UQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBZcG9f9dgobm1vbO8Xd0t7+weFR+fikpaNEMWyySESqE1CNgktsGm4EdmKFNAwEtoPJ/dxvT1FpHsknk8boh3Qk+ZAzaqzU7k2RZemsX664VXcBsk68nFQgR6Nf/uoNIpaEKA0TVOuu58bGz6gynAmclXqJxpiyCR1h11JJQ9R+tjh3Ri6sMiDDSNmShizU3xMZDbVOw8B2htSM9ao3F//zuokZ3voZl3FiULLlomEiiInI/Hcy4AqZEakllClubyVsTBVlxiZUsiF4qy+vk9ZV1buu1h5rlfpdHkcRzuAcLsGDG6jDAzSgCQwm8Ayv8ObEzovz7nwsWwtOPnMKf+B8/gC2Vo/U</latexit>

~y



Special Conformal xµ ! xµ + bµx2

1 + 2x⌫b⌫ + b2x2

Broken to b? = 0
<latexit sha1_base64="c4nfPq+uUIqW6l1LzYJDt69vasY=">AAAB8nicbVBNSwMxEJ31s9avqkcvwSJ4KrtV0ItQ9OKxgv2Adi3ZNNuGZpOQZIWy9Gd48aCIV3+NN/+NabsHbX0w8Hhvhpl5keLMWN//9lZW19Y3Ngtbxe2d3b390sFh08hUE9ogkkvdjrChnAnasMxy2laa4iTitBWNbqd+64lqw6R4sGNFwwQPBIsZwdZJnegx6yqq1eTa75XKfsWfAS2TICdlyFHvlb66fUnShApLODamE/jKhhnWlhFOJ8VuaqjCZIQHtOOowAk1YTY7eYJOndJHsdSuhEUz9fdEhhNjxknkOhNsh2bRm4r/eZ3UxldhxoRKLRVkvihOObISTf9HfaYpsXzsCCaauVsRGWKNiXUpFV0IweLLy6RZrQTnler9Rbl2k8dRgGM4gTMI4BJqcAd1aAABCc/wCm+e9V68d+9j3rri5TNH8Afe5w8ep5Ek</latexit>

BCFT + DCFT
boundary or defect in flat space

<latexit sha1_base64="bbwnDVOU7CsWx+04f1unqbjFPu8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0swm7m2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3xqg0j+WjmSToR3QgecgZNVZqdcfIsqdpr1xxq+4cZJV4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4LXVTjQllIzrAjqWSRqj9bH7ulJxZpU/CWNmShszV3xMZjbSeRIHtjKgZ6mVvJv7ndVIT3vgZl0lqULLFojAVxMRk9jvpc4XMiIkllClubyVsSBVlxiZUsiF4yy+vkuZF1buqXj5cVmq3eRxFOIFTOAcPrqEG91CHBjAYwTO8wpuTOC/Ou/OxaC04+cwx/IHz+QO00Y/T</latexit>

~x

<latexit sha1_base64="+/zwTw9NKMACOTBvmUJ05wQRV/w=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy203bpZhN2N4UQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBZcG9f9dgobm1vbO8Xd0t7+weFR+fikpaNEMWyySESqE1CNgktsGm4EdmKFNAwEtoPJ/dxvT1FpHsknk8boh3Qk+ZAzaqzU7k2RZemsX664VXcBsk68nFQgR6Nf/uoNIpaEKA0TVOuu58bGz6gynAmclXqJxpiyCR1h11JJQ9R+tjh3Ri6sMiDDSNmShizU3xMZDbVOw8B2htSM9ao3F//zuokZ3voZl3FiULLlomEiiInI/Hcy4AqZEakllClubyVsTBVlxiZUsiF4qy+vk9ZV1buu1h5rlfpdHkcRzuAcLsGDG6jDAzSgCQwm8Ayv8ObEzovz7nwsWwtOPnMKf+B8/gC2Vo/U</latexit>

~y



conformal transformations 
preserving the boundary/defect

rotations around 
the defect

BCFT + DCFT
boundary or defect in flat space

<latexit sha1_base64="bbwnDVOU7CsWx+04f1unqbjFPu8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0swm7m2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3xqg0j+WjmSToR3QgecgZNVZqdcfIsqdpr1xxq+4cZJV4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4LXVTjQllIzrAjqWSRqj9bH7ulJxZpU/CWNmShszV3xMZjbSeRIHtjKgZ6mVvJv7ndVIT3vgZl0lqULLFojAVxMRk9jvpc4XMiIkllClubyVsSBVlxiZUsiF4yy+vkuZF1buqXj5cVmq3eRxFOIFTOAcPrqEG91CHBjAYwTO8wpuTOC/Ou/OxaC04+cwx/IHz+QO00Y/T</latexit>

~x

<latexit sha1_base64="+/zwTw9NKMACOTBvmUJ05wQRV/w=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy203bpZhN2N4UQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBZcG9f9dgobm1vbO8Xd0t7+weFR+fikpaNEMWyySESqE1CNgktsGm4EdmKFNAwEtoPJ/dxvT1FpHsknk8boh3Qk+ZAzaqzU7k2RZemsX664VXcBsk68nFQgR6Nf/uoNIpaEKA0TVOuu58bGz6gynAmclXqJxpiyCR1h11JJQ9R+tjh3Ri6sMiDDSNmShizU3xMZDbVOw8B2htSM9ao3F//zuokZ3voZl3FiULLlomEiiInI/Hcy4AqZEakllClubyVsTBVlxiZUsiF4qy+vk9ZV1buu1h5rlfpdHkcRzuAcLsGDG6jDAzSgCQwm8Ayv8ObEzovz7nwsWwtOPnMKf+B8/gC2Vo/U</latexit>

~y

<latexit sha1_base64="aH93RFt3LGiwgpQ+6J23Cu7yNmE=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiC1AqoEVcBYwcJGEfQhtVHlOE5r1XEi20Gqov4AC7/CwgBCrOxs/A1OmwFajmTp3HPv1fU5bsSoVJb1beQWFpeWV/KrhbX1jc0tc3unKcNYYNLAIQtF20WSMMpJQ1HFSDsSBAUuIy13eJX2Ww9ESBryezWKiBOgPqc+xUhpqWce3N2UvCP72C53VQh1EWUFDYhMa+8kKvfMolWxJoDzxM5IEWSo98yvrhfiOCBcYYak7NhWpJwECUUxI+NCN5YkQniI+qSjKUf6mJNM3IzhoVY86IdCP67gRP29kaBAylHg6skAqYGc7aXif71OrPwLJ6E8ihXheHrIjxnUxtNooEcFwYqNNEFYUP1XiAdIIKx0gAUdgj1reZ40Tyv2WaV6Wy3WLrM48mAP7IMSsME5qIFrUAcNgMEjeAav4M14Ml6Md+NjOpozsp1d8AfG5w+9w5g5</latexit>

SO(d+ 1, 1) ! SO(p+ 1, 1)⇥ SO(d� p)



xi
<latexit sha1_base64="n7X7iiMdbFId6dt3NaFYbQVkhFk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix68VjRfkAby2Y7aZduNmF3I5bQn+DFgyJe/UXe/Ddu2xy09cHA470ZZuYFieDauO63s7S8srq2Xtgobm5t7+yW9vYbOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxheT/zmIyrNY3lvRgn6Ee1LHnJGjZXunh54t1R2K+4UZJF4OSlDjlq39NXpxSyNUBomqNZtz02Mn1FlOBM4LnZSjQllQ9rHtqWSRqj9bHrqmBxbpUfCWNmShkzV3xMZjbQeRYHtjKgZ6HlvIv7ntVMTXvoZl0lqULLZojAVxMRk8jfpcYXMiJEllClubyVsQBVlxqZTtCF48y8vksZpxTuruLfn5epVHkcBDuEITsCDC6jCDdSgDgz68Ayv8OYI58V5dz5mrUtOPnMAf+B8/gBftY3Z</latexit>

along the boundary/defect

transverse to the boundary/defect

with

with

withxµ

<latexit sha1_base64="lAnDXfVIA++0rxyRK4bhMUy1NFI=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoseiF48V7Ae0a8mm2TY0yS5JVixLf4QXD4p49fd489+YtnvQ1gcDj/dmmJkXJoIb63nfqLCyura+UdwsbW3v7O6V9w+aJk41ZQ0ai1i3Q2KY4Io1LLeCtRPNiAwFa4Wjm6nfemTa8Fjd23HCAkkGikecEuuk1tND1pXppFeueFVvBrxM/JxUIEe9V/7q9mOaSqYsFcSYju8lNsiItpwKNil1U8MSQkdkwDqOKiKZCbLZuRN84pQ+jmLtSlk8U39PZEQaM5ah65TEDs2iNxX/8zqpja6CjKsktUzR+aIoFdjGePo77nPNqBVjRwjV3N2K6ZBoQq1LqORC8BdfXibNs6p/Xr24O6/UrvM4inAEx3AKPlxCDW6hDg2gMIJneIU3lKAX9I4+5q0FlM8cwh+gzx+314/U</latexit>

µ = 1, 2, 3, . . . , d

<latexit sha1_base64="xGxGrP1AYlhGjjl+1wuZDZPl40I=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwEUpSK7oRim5cVrAPaEKZTCbt0HmEmYlYSn/FjQtF3Poj7vwbp20W2nrgwuGce7n3niilRGnP+7YKa+sbm1vF7dLO7t7+gX1YbiuRSYRbSFAhuxFUmBKOW5poirupxJBFFHei0e3M7zxiqYjgD3qc4pDBAScJQVAbqW+XA5Zd+27NPXcDGgut3LhvV7yqN4ezSvycVECOZt/+CmKBMoa5RhQq1fO9VIcTKDVBFE9LQaZwCtEIDnDPUA4ZVuFkfvvUOTVK7CRCmuLamau/JyaQKTVmkelkUA/VsjcT//N6mU6uwgnhaaYxR4tFSUYdLZxZEE5MJEaajg2BSBJzq4OGUEKkTVwlE4K//PIqadeqfr16cV+vNG7yOIrgGJyAM+CDS9AAd6AJWgCBJ/AMXsGbNbVerHfrY9FasPKZI/AH1ucP3tWTDg==</latexit>

BCFT + DCFT
boundary or defect in flat space

<latexit sha1_base64="ly3zJNz6VTpnCMVtpYqah/uqzHg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/fiR9soVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5udOiEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QNXX43Z</latexit>

ya
<latexit sha1_base64="xcddWFHQzbDT/+jJNvrMzd8ZPEA=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4KGW3FPUiFL14rGA/oF1LNpttQ7PJkmSVUvo/vHhQxKv/xZv/xrTdg7Y+GHi8N8PMvCDhTBvX/XZWVtfWNzZzW/ntnd29/cLBYVPLVBHaIJJL1Q6wppwJ2jDMcNpOFMVxwGkrGN5M/dYjVZpJcW9GCfVj3BcsYgQbKz3gK69UKXV5KI0uJb1C0S27M6Bl4mWkCBnqvcJXN5QkjakwhGOtO56bGH+MlWGE00m+m2qaYDLEfdqxVOCYan88u3qCTq0SokgqW8Kgmfp7YoxjrUdxYDtjbAZ60ZuK/3md1ESX/piJJDVUkPmiKOXISDSNAIVMUWL4yBJMFLO3IjLAChNjg8rbELzFl5dJs1L2zsvVu2qxdp3FkYNjOIEz8OACanALdWgAAQXP8ApvzpPz4rw7H/PWFSebOYI/cD5/APIzkYY=</latexit>

a = 1, 2, . . . , p

<latexit sha1_base64="oJqsRIeAVqKEI//F3cRLz7YFCwk=">AAAB+3icbVDLSgMxFM34rPU11qWbYBGEljJTiroRim5cVrAPaIeSyWTa0EwSkoxYSn/FjQtF3Poj7vwb03YW2nrgwuGce7n3nlAyqo3nfTtr6xubW9u5nfzu3v7BoXtUaGmRKkyaWDChOiHShFFOmoYaRjpSEZSEjLTD0e3Mbz8SpangD2YsSZCgAacxxchYqe8W6LUs+WVZqpZ7LBJGl6O+W/Qq3hxwlfgZKYIMjb771YsEThPCDWZI667vSRNMkDIUMzLN91JNJMIjNCBdSzlKiA4m89un8MwqEYyFssUNnKu/JyYo0XqchLYzQWaol72Z+J/XTU18FUwol6khHC8WxSmDRsBZEDCiimDDxpYgrKi9FeIhUggbG1fehuAvv7xKWtWKf1Gp3deK9Zssjhw4AafgHPjgEtTBHWiAJsDgCTyDV/DmTJ0X5935WLSuOdnMMfgD5/MH4WCTEQ==</latexit>

i = p+ 1, p+ 2, . . . , d



<latexit sha1_base64="nyLe1afMkfSY/t+ZsRCXRAw66FY="></latexit>

@a
⇥
T ab

⇤
p=d�1

/
⇥
T b?⇤defect

bulk

<latexit sha1_base64="0wONv6sYWAoFKShISKfYJeXPFpg="></latexit>

D /
⇥
T??⇤defect

bulk

Displacement operator Di

<latexit sha1_base64="4sTG29sDiTi17hmBxpG/GBVMEMo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BPXiMaB6QrGF2MkmGzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMYXU/95hPXRkTqAccx90M6UKIvGEUr3d88im6x5JbdGcgy8TJSggy1bvGr04tYEnKFTFJj2p4bo59SjYJJPil0EsNjykZ0wNuWKhpy46ezUyfkxCo90o+0LYVkpv6eSGlozDgMbGdIcWgWvan4n9dOsH/pp0LFCXLF5ov6iSQYkenfpCc0ZyjHllCmhb2VsCHVlKFNp2BD8BZfXiaNs7JXKZ/fVUrVqyyOPBzBMZyCBxdQhVuoQR0YDOAZXuHNkc6L8+58zFtzTjZzCH/gfP4AEmuNqw==</latexit>

Gaussian pillbox integration around boundary/defect

BCFT + DCFT
boundary or defect in flat space

<latexit sha1_base64="3XqhrygN1qTXD71rqOHm9H+SzAU="></latexit>

@µT
µi = �d�p(~x)Di

<latexit sha1_base64="NEDlK9n/3uAvHstzUeRidYxMamw="></latexit>

Tµ⌫ = [Tµ⌫ ]bulk + �d�p(~x) [Tµ⌫ ]p

<latexit sha1_base64="Cetx7cd6tH9Erej2WMwBBq0Chec=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi1YtQ9OKxgmkLbSibzaZdutksuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL5ScaeO6387K6tr6xmZpq7y9s7u3Xzk4bOk0U4T6JOWp6oRYU84E9Q0znHakojgJOW2Ho7up336iSrNUPJqxpEGCB4LFjGBjJV/eROdev1J1a+4MaJl4BalCgWa/8tWLUpIlVBjCsdZdz5UmyLEyjHA6KfcyTSUmIzygXUsFTqgO8tmxE3RqlQjFqbIlDJqpvydynGg9TkLbmWAz1IveVPzP62Ymvg5yJmRmqCDzRXHGkUnR9HMUMUWJ4WNLMFHM3orIECtMjM2nbEPwFl9eJq2Lmlev1R8uq43bIo4SHMMJnIEHV9CAe2iCDwQYPMMrvDnCeXHenY9564pTzBzBHzifP/dNjiY=</latexit>

p = d� 1



Displacement operator Di

<latexit sha1_base64="4sTG29sDiTi17hmBxpG/GBVMEMo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BPXiMaB6QrGF2MkmGzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMYXU/95hPXRkTqAccx90M6UKIvGEUr3d88im6x5JbdGcgy8TJSggy1bvGr04tYEnKFTFJj2p4bo59SjYJJPil0EsNjykZ0wNuWKhpy46ezUyfkxCo90o+0LYVkpv6eSGlozDgMbGdIcWgWvan4n9dOsH/pp0LFCXLF5ov6iSQYkenfpCc0ZyjHllCmhb2VsCHVlKFNp2BD8BZfXiaNs7JXKZ/fVUrVqyyOPBzBMZyCBxdQhVuoQR0YDOAZXuHNkc6L8+58zFtzTjZzCH/gfP4AEmuNqw==</latexit>

BCFT + DCFT
boundary or defect in flat space

<latexit sha1_base64="3XqhrygN1qTXD71rqOHm9H+SzAU="></latexit>

@µT
µi = �d�p(~x)Di

T µ
µ = 0 )

<latexit sha1_base64="BwttjCQqzrTbpCEpJtPXZhKYmPc=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmFldW19o7hZ2tre2d0r7x80jco0ZQ2qhNLtiBgmuGQN5ChYO9WMJJFgrWh4M/Vbj0wbruQDjlIWJqQvecwpQSsFnXveHyDRWj11yxWv6s3gLhM/JxXIUe+Wvzo9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cU+s0nNjpW1JdGfq74kxSYwZJZHtTAgOzKI3Ff/zggzjq3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZeXSfOs6p9XL+7OK7XrPI4iHMExnIIPl1CDW6hDAygoeIZXeHPQeXHenY95a8HJZw7hD5zPH5OzkXU=</latexit>

<latexit sha1_base64="AOJOvuZNgp/QtsoeKpT+WeBEdLo=">AAACGXicbVBNS8NAEN3Ur1q/qh69LBbBU0mkqBeh6MWjglWhiWWznbRLd5OwOxFLiD/Di3/FiwdFPOrJf+O29uDXg2Ee782wOy9MpTDouh9OaWp6ZnauPF9ZWFxaXqmurp2bJNMcWjyRib4MmQEpYmihQAmXqQamQgkX4eBo5F9cgzYiic9wmEKgWC8WkeAMrdSpur6ECGmbnnVyX2XFVX47atTXotfHwIoIN6hVHmZyUBQHbqdac+vuGPQv8SakRiY46VTf/G7CMwUxcsmMaXtuikHONAouoaj4mYGU8QHrQdvSmCkwQT6+rKBbVunSKNG2YqRj9ftGzpQxQxXaScWwb357I/E/r51htB/kIk4zhJh/PRRlkmJCRzHRrtDAUQ4tYVwL+1fK+0wzjjbMig3B+33yX3K+U/d2643TRq15OImjTDbIJtkmHtkjTXJMTkiLcHJHHsgTeXbunUfnxXn9Gi05k5118gPO+yf9faGS</latexit>⇥
T µ
µ

⇤
bulk

= 0

Conformal invariance

<latexit sha1_base64="NEDlK9n/3uAvHstzUeRidYxMamw="></latexit>

Tµ⌫ = [Tµ⌫ ]bulk + �d�p(~x) [Tµ⌫ ]p

<latexit sha1_base64="uA13SM557jngq0U/cr73apwsvKw=">AAACCnicbVDLSsNAFJ3UV62vqks3o0VwVRIp6kYounFZoS9IYphMJ+3QyYOZG6GEunXjr7hxoYhbv8Cdf+O0zUJbD1zu4Zx7mbnHTwRXYJrfRmFpeWV1rbhe2tjc2t4p7+61VZxKylo0FrHs+kQxwSPWAg6CdRPJSOgL1vGH1xO/c8+k4nHUhFHC3JD0Ix5wSkBLXvnQESwAbOOmlzlhOr7LHibNkbw/ANdLLk2vXDGr5hR4kVg5qaAcDa/85fRimoYsAiqIUrZlJuBmRAKngo1LTqpYQuiQ9JmtaURCptxsesoYH2ulh4NY6ooAT9XfGxkJlRqFvp4MCQzUvDcR//PsFIILN+NRkgKL6OyhIBUYYjzJBfe4ZBTESBNCJdd/xXRAJKGg0yvpEKz5kxdJ+7RqnVVrt7VK/SqPo4gO0BE6QRY6R3V0gxqohSh6RM/oFb0ZT8aL8W58zEYLRr6zj/7A+PwBU3yarg==</latexit>⇥
T µ
µ

⇤
p
= 0



Displacement operator Di

<latexit sha1_base64="4sTG29sDiTi17hmBxpG/GBVMEMo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BPXiMaB6QrGF2MkmGzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMYXU/95hPXRkTqAccx90M6UKIvGEUr3d88im6x5JbdGcgy8TJSggy1bvGr04tYEnKFTFJj2p4bo59SjYJJPil0EsNjykZ0wNuWKhpy46ezUyfkxCo90o+0LYVkpv6eSGlozDgMbGdIcWgWvan4n9dOsH/pp0LFCXLF5ov6iSQYkenfpCc0ZyjHllCmhb2VsCHVlKFNp2BD8BZfXiaNs7JXKZ/fVUrVqyyOPBzBMZyCBxdQhVuoQR0YDOAZXuHNkc6L8+58zFtzTjZzCH/gfP4AEmuNqw==</latexit>

BCFT + DCFT
boundary or defect in flat space

<latexit sha1_base64="3XqhrygN1qTXD71rqOHm9H+SzAU="></latexit>

@µT
µi = �d�p(~x)Di

Conformal invariance
<latexit sha1_base64="qXTdnmUlTVFaVXG392LTXbBNpGM="></latexit>

hDi(ya)Dj(0)i / �ij

|ya|2(p+1)

<latexit sha1_base64="NEDlK9n/3uAvHstzUeRidYxMamw="></latexit>

Tµ⌫ = [Tµ⌫ ]bulk + �d�p(~x) [Tµ⌫ ]p



Questions

<latexit sha1_base64="VioLq227cFGW0nQZMwThRd2rfvY="></latexit>

T µ
µ =

⇥
T µ
µ

⇤
bulk

+ �d�p(~x)
⇥
T µ
µ

⇤
p

What is the general form of ?
<latexit sha1_base64="pt05ehVeMG3Zfv3P0TUYNKunjdU=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4KokUdVl047JCX5DEMJlO2qGTBzM3Qgl158ZfceNCEbd+gjv/xknbhbYeuNzDOfcyc0+QCq7Asr6NpeWV1bX10kZ5c2t7Z9fc22+rJJOUtWgiEtkNiGKCx6wFHATrppKRKBCsEwyvC79zz6TiSdyEUcq8iPRjHnJKQEu+eeQKFgJ2cNPP3Sgb3+UPRXMl7w/A81PfrFhVawK8SOwZqaAZGr755fYSmkUsBiqIUo5tpeDlRAKngo3LbqZYSuiQ9JmjaUwiprx8csgYn2ilh8NE6ooBT9TfGzmJlBpFgZ6MCAzUvFeI/3lOBuGll/M4zYDFdPpQmAkMCS5SwT0uGQUx0oRQyfVfMR0QSSjo7Mo6BHv+5EXSPqva59Xaba1Sv5rFUUKH6BidIhtdoDq6QQ3UQhQ9omf0it6MJ+PFeDc+pqNLxmznAP2B8fkDSvaaLQ==</latexit>⇥
T µ
µ

⇤
p

Depends on and
<latexit sha1_base64="OlQqY3YZLIxt2bgUY/MluCmov9E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJu3azSbsboRS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCSqE1CNgktsGW4EdlKFNA4EPgSj25n/8IRK80Tem3GKfkwHkkecUWOlZtgvV9yqOwdZJV5OKpCj0S9/9cKEZTFKwwTVuuu5qfEnVBnOBE5LvUxjStmIDrBrqaQxan8yP3RKzqwSkihRtqQhc/X3xITGWo/jwHbG1Az1sjcT//O6mYmu/QmXaWZQssWiKBPEJGT2NQm5QmbE2BLKFLe3EjakijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fyteM8Q==</latexit>

d <latexit sha1_base64="mcbuxDXTW9QgPzCOHFrdFyHodyI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtIvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP3QeM/Q==</latexit>p

How do boundaries and defects 
contribute to the trace anomaly?



<latexit sha1_base64="ClFjIUg85a7OEnT4AFriW80uKnw="></latexit>

I̊I
µ

ab ⌘ IIµab � ĝabII
µ/p

<latexit sha1_base64="NWkaUs+Cg2WyvpiLNTk7jNpBbtM=">AAACJ3icbVDLSsNAFJ34rPUVdelmtAiuSiJFXUnRjd1VsA9oYphMJ+3QmSTOTAol5G/c+CtuBBXRpX/ipO3Cth4YOJxzLnPv8WNGpbKsb2NpeWV1bb2wUdzc2t7ZNff2mzJKBCYNHLFItH0kCaMhaSiqGGnHgiDuM9LyBze53xoSIWkU3qtRTFyOeiENKEZKS5555XCk+oKnNeeolj2kDk8yhzwmdAidPlJpT2vIz2ZSXq5Mop5ZssrWGHCR2FNSAlPUPfPN6UY44SRUmCEpO7YVKzdFQlHMSFZ0EklihAeoRzqahogT6abjOzN4opUuDCKhX6jgWP07kSIu5Yj7OpnvK+e9XPzP6yQquHRTGsaJIiGefBQkDKoI5qXBLhUEKzbSBGFB9a4Q95FAWOlqi7oEe/7kRdI8K9vn5cpdpVS9ntZRAIfgGJwCG1yAKrgFddAAGDyBF/AOPoxn49X4NL4m0SVjOnMAZmD8/AIW1qfx</latexit>

IIµ ⌘ ĝabIIµab

embedding

boundary/defect

R̂abcd R̂ab R̂

Geometry of Submanifolds

“target space” xµ

ĝab = gµ⌫
@xµ

@�a

@x⌫

@�b

xµ(�a)

second fundamental form

Intrinsic curvature )
<latexit sha1_base64="wpk/zjynGmYSy0lRI+eU5+ZY+O4=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxiq2FNJTNdtMu3WTD7kQpoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53Syura+kZ5s7K1vbO7V90/aBuVacZbTEmlOyE1XIqEt1Cg5J1UcxqHkj+Eo+tp/eGRayNUco/jlAcxHSQiEoyitfzunRgMkWqtnnrVmlt3ZyLL4BVQg0LNXvWr21csi3mCTFJjfM9NMcipRsEkn1S6meEpZSM64L7FhMbcBPls5Qk5sU6fRErblyCZub8nchobM45D2xlTHJrF2tT8r+ZnGF0GuUjSDHnC5h9FmSSoyPR+0heaM5RjC5RpYXclbEg1ZWhTqtgQvMWTl6F9Vvcs357XGldFHGU4gmM4BQ8uoAE30IQWMFDwDK/w5qDz4rw7H/PWklPMHMIfOZ8/kR2RbQ==</latexit><latexit sha1_base64="wpk/zjynGmYSy0lRI+eU5+ZY+O4=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxiq2FNJTNdtMu3WTD7kQpoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53Syura+kZ5s7K1vbO7V90/aBuVacZbTEmlOyE1XIqEt1Cg5J1UcxqHkj+Eo+tp/eGRayNUco/jlAcxHSQiEoyitfzunRgMkWqtnnrVmlt3ZyLL4BVQg0LNXvWr21csi3mCTFJjfM9NMcipRsEkn1S6meEpZSM64L7FhMbcBPls5Qk5sU6fRErblyCZub8nchobM45D2xlTHJrF2tT8r+ZnGF0GuUjSDHnC5h9FmSSoyPR+0heaM5RjC5RpYXclbEg1ZWhTqtgQvMWTl6F9Vvcs357XGldFHGU4gmM4BQ8uoAE30IQWMFDwDK/w5qDz4rw7H/PWklPMHMIfOZ8/kR2RbQ==</latexit><latexit sha1_base64="wpk/zjynGmYSy0lRI+eU5+ZY+O4=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxiq2FNJTNdtMu3WTD7kQpoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53Syura+kZ5s7K1vbO7V90/aBuVacZbTEmlOyE1XIqEt1Cg5J1UcxqHkj+Eo+tp/eGRayNUco/jlAcxHSQiEoyitfzunRgMkWqtnnrVmlt3ZyLL4BVQg0LNXvWr21csi3mCTFJjfM9NMcipRsEkn1S6meEpZSM64L7FhMbcBPls5Qk5sU6fRErblyCZub8nchobM45D2xlTHJrF2tT8r+ZnGF0GuUjSDHnC5h9FmSSoyPR+0heaM5RjC5RpYXclbEg1ZWhTqtgQvMWTl6F9Vvcs357XGldFHGU4gmM4BQ8uoAE30IQWMFDwDK/w5qDz4rw7H/PWklPMHMIfOZ8/kR2RbQ==</latexit><latexit sha1_base64="wpk/zjynGmYSy0lRI+eU5+ZY+O4=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxiq2FNJTNdtMu3WTD7kQpoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53Syura+kZ5s7K1vbO7V90/aBuVacZbTEmlOyE1XIqEt1Cg5J1UcxqHkj+Eo+tp/eGRayNUco/jlAcxHSQiEoyitfzunRgMkWqtnnrVmlt3ZyLL4BVQg0LNXvWr21csi3mCTFJjfM9NMcipRsEkn1S6meEpZSM64L7FhMbcBPls5Qk5sU6fRErblyCZub8nchobM45D2xlTHJrF2tT8r+ZnGF0GuUjSDHnC5h9FmSSoyPR+0heaM5RjC5RpYXclbEg1ZWhTqtgQvMWTl6F9Vvcs357XGldFHGU4gmM4BQ8uoAE30IQWMFDwDK/w5qDz4rw7H/PWklPMHMIfOZ8/kR2RbQ==</latexit>

)
<latexit sha1_base64="wpk/zjynGmYSy0lRI+eU5+ZY+O4=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxiq2FNJTNdtMu3WTD7kQpoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53Syura+kZ5s7K1vbO7V90/aBuVacZbTEmlOyE1XIqEt1Cg5J1UcxqHkj+Eo+tp/eGRayNUco/jlAcxHSQiEoyitfzunRgMkWqtnnrVmlt3ZyLL4BVQg0LNXvWr21csi3mCTFJjfM9NMcipRsEkn1S6meEpZSM64L7FhMbcBPls5Qk5sU6fRErblyCZub8nchobM45D2xlTHJrF2tT8r+ZnGF0GuUjSDHnC5h9FmSSoyPR+0heaM5RjC5RpYXclbEg1ZWhTqtgQvMWTl6F9Vvcs357XGldFHGU4gmM4BQ8uoAE30IQWMFDwDK/w5qDz4rw7H/PWklPMHMIfOZ8/kR2RbQ==</latexit><latexit sha1_base64="wpk/zjynGmYSy0lRI+eU5+ZY+O4=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxiq2FNJTNdtMu3WTD7kQpoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53Syura+kZ5s7K1vbO7V90/aBuVacZbTEmlOyE1XIqEt1Cg5J1UcxqHkj+Eo+tp/eGRayNUco/jlAcxHSQiEoyitfzunRgMkWqtnnrVmlt3ZyLL4BVQg0LNXvWr21csi3mCTFJjfM9NMcipRsEkn1S6meEpZSM64L7FhMbcBPls5Qk5sU6fRErblyCZub8nchobM45D2xlTHJrF2tT8r+ZnGF0GuUjSDHnC5h9FmSSoyPR+0heaM5RjC5RpYXclbEg1ZWhTqtgQvMWTl6F9Vvcs357XGldFHGU4gmM4BQ8uoAE30IQWMFDwDK/w5qDz4rw7H/PWklPMHMIfOZ8/kR2RbQ==</latexit><latexit sha1_base64="wpk/zjynGmYSy0lRI+eU5+ZY+O4=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxiq2FNJTNdtMu3WTD7kQpoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53Syura+kZ5s7K1vbO7V90/aBuVacZbTEmlOyE1XIqEt1Cg5J1UcxqHkj+Eo+tp/eGRayNUco/jlAcxHSQiEoyitfzunRgMkWqtnnrVmlt3ZyLL4BVQg0LNXvWr21csi3mCTFJjfM9NMcipRsEkn1S6meEpZSM64L7FhMbcBPls5Qk5sU6fRErblyCZub8nchobM45D2xlTHJrF2tT8r+ZnGF0GuUjSDHnC5h9FmSSoyPR+0heaM5RjC5RpYXclbEg1ZWhTqtgQvMWTl6F9Vvcs357XGldFHGU4gmM4BQ8uoAE30IQWMFDwDK/w5qDz4rw7H/PWklPMHMIfOZ8/kR2RbQ==</latexit><latexit sha1_base64="wpk/zjynGmYSy0lRI+eU5+ZY+O4=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxiq2FNJTNdtMu3WTD7kQpoT/DiwdFvPprvPlv3LY5aOsLCw/vzLAzb5hKYdB1v53Syura+kZ5s7K1vbO7V90/aBuVacZbTEmlOyE1XIqEt1Cg5J1UcxqHkj+Eo+tp/eGRayNUco/jlAcxHSQiEoyitfzunRgMkWqtnnrVmlt3ZyLL4BVQg0LNXvWr21csi3mCTFJjfM9NMcipRsEkn1S6meEpZSM64L7FhMbcBPls5Qk5sU6fRErblyCZub8nchobM45D2xlTHJrF2tT8r+ZnGF0GuUjSDHnC5h9FmSSoyPR+0heaM5RjC5RpYXclbEg1ZWhTqtgQvMWTl6F9Vvcs357XGldFHGU4gmM4BQ8uoAE30IQWMFDwDK/w5qDz4rw7H/PWklPMHMIfOZ8/kR2RbQ==</latexit>

induced metric

<latexit sha1_base64="BHL0QccUx6eLfrYLEVjH7VWMdSg=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaWCbbTbt0N4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVlDVoLGLVDlAzwSPWMNwI1k4UQxkI1gpGN1O/9cSU5nF0b8YJ8yUOIh5yisZK7a7mA4kP2CtX3Ko7A1kmXk4qkKPeK391+zFNJYsMFah1x3MT42eoDKeCTUrdVLME6QgHrGNphJJpP5vdOyEnVumTMFa2IkNm6u+JDKXWYxnYTolmqBe9qfif10lNeOVnPEpSwyI6XxSmgpiYTJ8nfa4YNWJsCVLF7a2EDlEhNTaikg3BW3x5mTTPqt5F9fzuvFK7zuMowhEcwyl4cAk1uIU6NICCgGd4hTfn0Xlx3p2PeWvByWcO4Q+czx8P/Y//</latexit>

�a

<latexit sha1_base64="A7LHgeIv4TOCAYGPTUdZZnvCq9A=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWgRXJVEirosurG7CvYBTQyT6aQdOpOEmYlQQtz4K25cKOLWv3Dn3zhps9DWAxcO59zLvff4MaNSWda3UVpaXlldK69XNja3tnfM3b2OjBKBSRtHLBI9H0nCaEjaiipGerEgiPuMdP3xde53H4iQNArv1CQmLkfDkAYUI6UlzzxwOFIjwdOmc9TMvBT52X3q8CTzzKpVs6aAi8QuSBUUaHnmlzOIcMJJqDBDUvZtK1ZuioSimJGs4iSSxAiP0ZD0NQ0RJ9JNpx9k8EQrAxhEQleo4FT9PZEiLuWE+7ozv1fOe7n4n9dPVHDppjSME0VCPFsUJAyqCOZxwAEVBCs20QRhQfWtEI+QQFjp0Co6BHv+5UXSOavZ57X6bb3auCriKINDcAxOgQ0uQAPcgBZoAwwewTN4BW/Gk/FivBsfs9aSUczsgz8wPn8A+OiXPg==</latexit>

IIµab
trace

traceless



• Review: Trace Anomalies

• Review: Boundaries and Defects

• 1d Boundary or Defect

• 2d Boundary or Defect

• 3d Boundary or Defect

• 4d Boundary or Defect

• Summary and Outlook

Outline:



<latexit sha1_base64="2aU6FI8bo27PFvIhkp8qrH8D220=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktRb0IRS8eK9oPaJeSzWbb0GyyJFmhLP0JXjwo4tVf5M1/Y9ruQVsfDDzem2FmXpBwpo3rfjuFtfWNza3idmlnd2//oHx41NYyVYS2iORSdQOsKWeCtgwznHYTRXEccNoJxrczv/NElWZSPJpJQv0YDwWLGMHGSg/hdW1QrrhVdw60SrycVCBHc1D+6oeSpDEVhnCsdc9zE+NnWBlGOJ2W+qmmCSZjPKQ9SwWOqfaz+alTdGaVEEVS2RIGzdXfExmOtZ7Ege2MsRnpZW8m/uf1UhNd+RkTSWqoIItFUcqRkWj2NwqZosTwiSWYKGZvRWSEFSbGplOyIXjLL6+Sdq3qXVTr9/VK4yaPowgncArn4MElNOAOmtACAkN4hld4c7jz4rw7H4vWgpPPHMMfOJ8/vfGNdA==</latexit>

d = 2

Boundary contribution to Euler density
<latexit sha1_base64="0gfZGpskOCfc/Rd3/dK+m2r6vrU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB6DIniMaB6QLGF2MpsMmZ1dZnqFEPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3cz81hPXRsTqEccJ9yM6UCIUjKKVHm57lV6x5JbdOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/MT52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDKnwiVpMgVWywKU0kwJrO/SV9ozlCOLaFMC3srYUOqKUObTsGG4C2/vEqalbJ3Ua7eV0u16yyOPJzAKZyDB5dQgzuoQwMYDOAZXuHNkc6L8+58LFpzTjZzDH/gfP4AwmGNdw==</latexit>

E2

No new central charge(s)

<latexit sha1_base64="SyeawOYCi7/VDmZrUS2lPrYdUBE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9JBce71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVM/vzyu1mzyOIhzBMZyCB5dQgzuoQwMYDOAZXuHNkc6L8+58zFsLTj5zCH/gfP4AzrWNfw==</latexit>

p = 1

What is the general form of

<latexit sha1_base64="L8jyIbBxhpJq3q2khZTSMkcb+dM=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB6DXjxGMA9IljA725sMmX1kZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprvLSwRX2ra/rcLG5tb2TnG3tLd/cHhUPj5pqziVDFssFrHselSh4BG2NNcCu4lEGnoCO974bu53nlAqHkePepqgG9JhxAPOqDZS1yf9IU5IbVCu2FV7AbJOnJxUIEdzUP7q+zFLQ4w0E1SpnmMn2s2o1JwJnJX6qcKEsjEdYs/QiIao3Gxx74xcGMUnQSxNRZos1N8TGQ2Vmoae6QypHqlVby7+5/VSHdy4GY+SVGPElouCVBAdk/nzxOcSmRZTQyiT3NxK2IhKyrSJqGRCcFZfXiftWtW5qtYf6pXGbR5HEc7gHC7BgWtowD00oQUMBDzDK7xZE+vFerc+lq0FK585hT+wPn8A7zqPQg==</latexit>

d � 2

1d Boundary or Defect

?
<latexit sha1_base64="CJ6+Mxu1krJnwRJaC+ieI3fANKQ=">AAACDnicbVDLSsNAFJ3UV62vqks3g6XgqiRS1I1QdOOyQl+QxDCZTtqhkwczN0IJ9Qfc+CtuXCji1rU7/8Zpm4W2Hrjcwzn3MnOPnwiuwDS/jcLK6tr6RnGztLW9s7tX3j/oqDiVlLVpLGLZ84ligkesDRwE6yWSkdAXrOuPrqd+955JxeOoBeOEuSEZRDzglICWvHLVESwAbOOWlzlhOrnLHqYNO5IPhoBdL0surYlXrpg1cwa8TKycVFCOplf+cvoxTUMWARVEKdsyE3AzIoFTwSYlJ1UsIXREBszWNCIhU242O2eCq1rp4yCWuiLAM/X3RkZCpcahrydDAkO16E3F/zw7heDCzXiUpMAiOn8oSAWGGE+zwX0uGQUx1oRQyfVfMR0SSSjoBEs6BGvx5GXSOa1ZZ7X6bb3SuMrjKKIjdIxOkIXOUQPdoCZqI4oe0TN6RW/Gk/FivBsf89GCke8coj8wPn8A89qcDw==</latexit>⇥
T µ
µ

⇤
p=1

<latexit sha1_base64="cdbdGV1Ua39/1ZQJ2xEcGwhw7Kw="></latexit>⇥
T µ
µ

⇤
p=1

= � 1

12⇡
c2d II

?

CFT

Non-zero only when

Boundary/Defect

(codimension
<latexit sha1_base64="JrsdCVpeFHvrTGlk8Z9EJNYV2FY=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1ItQ9OKxgmkLbSibzaZdutksuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL5ScaeO6387K6tr6xmZpq7y9s7u3Xzk4bOk0U4T6JOWp6oRYU84E9Q0znHakojgJOW2Ho7up336iSrNUPJqxpEGCB4LFjGBjJT86lzdev1J1a+4MaJl4BalCgWa/8tWLUpIlVBjCsdZdz5UmyLEyjHA6KfcyTSUmIzygXUsFTqgO8tmxE3RqlQjFqbIlDJqpvydynGg9TkLbmWAz1IveVPzP62Ymvg5yJmRmqCDzRXHGkUnR9HMUMUWJ4WNLMFHM3orIECtMjM2nbEPwFl9eJq2LmndZqz/Uq43bIo4SHMMJnIEHV9CAe2iCDwQYPMMrvDnCeXHenY9564pTzBzBHzifP/ZxjiQ=</latexit>

d� p = 1 )
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<latexit sha1_base64="xqxUcxzEZQGREBjQ4VZx0kxKzGs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoF6EoBePEc0DkiXMTnqTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/loxkn6Ed0IHnIGTVWekiuK71iyS27c5BV4mWkBBnqveJXtx+zNEJpmKBadzw3Mf6EKsOZwGmhm2pMKBvRAXYslTRC7U/mp07JmVX6JIyVLWnIXP09MaGR1uMosJ0RNUO97M3E/7xOasIrf8JlkhqUbLEoTAUxMZn9TfpcITNibAllittbCRtSRZmx6RRsCN7yy6ukWSl7F+XqfbVUu8niyMMJnMI5eHAJNbiDOjSAwQCe4RXeHOG8OO/Ox6I152Qzx/AHzucP0DmNgA==</latexit>

p = 2
<latexit sha1_base64="1VszUu8JCK5W8U5ORkHM+zlwa48=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexqUI9BLx4jmAckS5id7U2GzD4yMyuEJT/hxYMiXv0db/6Nk2QPmljQUFR1093lJYIrbdvfVmFtfWNzq7hd2tnd2z8oHx61VJxKhk0Wi1h2PKpQ8AibmmuBnUQiDT2BbW90N/PbTygVj6NHPUnQDekg4gFnVBup45PeAMfksl+u2FV7DrJKnJxUIEejX/7q+TFLQ4w0E1SprmMn2s2o1JwJnJZ6qcKEshEdYNfQiIao3Gx+75ScGcUnQSxNRZrM1d8TGQ2VmoSe6QypHqplbyb+53VTHdy4GY+SVGPEFouCVBAdk9nzxOcSmRYTQyiT3NxK2JBKyrSJqGRCcJZfXiWti6pzVa091Cr12zyOIpzAKZyDA9dQh3toQBMYCHiGV3izxtaL9W59LFoLVj5zDH9gff4A8L6PQw==</latexit>

d � 3

2d Boundary or Defect

Graham + Witten hep-th/9901021

Henningson + Skenderis hep-th/9905163

Gustavsson hep-th/0310037, 0404150

Asnin 0801.1469

Schwimmer + Theisen 0802.1017

Berenstein, Corrado, Fischler, Maldacena hep-th/9809188

What is the general form of
<latexit sha1_base64="XzoPhewp7attca6sLk0CAZsOgv4=">AAACDnicbVDLSsNAFJ34rPVVdelmsBRclaQUdSMU3bis0BckMUymk3bo5MHMjVBC/AE3/oobF4q4de3Ov3H6WGjrgcs9nHMvM/f4ieAKTPPbWFldW9/YLGwVt3d29/ZLB4cdFaeSsjaNRSx7PlFM8Ii1gYNgvUQyEvqCdf3R9cTv3jOpeBy1YJwwNySDiAecEtCSV6o4ggWAbdzyMidM87vsYdKwI/lgCNj1suSylnulslk1p8DLxJqTMpqj6ZW+nH5M05BFQAVRyrbMBNyMSOBUsLzopIolhI7IgNmaRiRkys2m5+S4opU+DmKpKwI8VX9vZCRUahz6ejIkMFSL3kT8z7NTCC7cjEdJCiyis4eCVGCI8SQb3OeSURBjTQiVXP8V0yGRhIJOsKhDsBZPXiadWtU6q9Zv6+XG1TyOAjpGJ+gUWegcNdANaqI2ougRPaNX9GY8GS/Gu/ExG10x5jtH6A+Mzx/1X5wQ</latexit>⇥
T µ
µ

⇤
p=2

?

CFT Boundary/Defect



<latexit sha1_base64="+5Xx0fxFFwsdI91IhOnYncfrDC4="></latexit>⇥
T µ
µ

⇤
p=2

=
b

24⇡
Ê2 +

d1
24⇡

I̊I
µ

abI̊I
ab

µ � d2
24⇡

W ab
ab

b
<latexit sha1_base64="s6L+Z+fhtGywXDdOyCIOKOnOTTA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWYwKFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz/E44zm</latexit><latexit sha1_base64="s6L+Z+fhtGywXDdOyCIOKOnOTTA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWYwKFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz/E44zm</latexit><latexit sha1_base64="s6L+Z+fhtGywXDdOyCIOKOnOTTA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWYwKFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz/E44zm</latexit><latexit sha1_base64="s6L+Z+fhtGywXDdOyCIOKOnOTTA=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWYwKFfcqrsQWQcvhwrkagzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWZQ0Qu1ni0Vn5MI6QxLGyj5pyML9PZHRSOtpFNjOiJqxXq3Nzf9qvdSEN37GZZIalGz5UZgKYmIyv5oMuUJmxNQCZYrbXQkbU0WZsdmUbAje6snr0L6qepab15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh85nz/E44zm</latexit>

d1
<latexit sha1_base64="Pn+YB/+LofogiYtJ0zSW2txUQyo=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNZtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AKro3rfjultfWNza3ydmVnd2//oHp41NZJphi2WCIS1Q2oRsEltgw3ArupQhoHAjvB+HZW7zyh0jyRj2aSoh/ToeQRZ9RY6yEceINqza27c5FV8AqoQaHmoPrVDxOWxSgNE1Trnuemxs+pMpwJnFb6mcaUsjEdYs+ipDFqP5+vOiVn1glJlCj7pCFz9/dETmOtJ3FgO2NqRnq5NjP/q/UyE137OZdpZlCyxUdRJohJyOxuEnKFzIiJBcoUt7sSNqKKMmPTqdgQvOWTV6F9Ufcs31/WGjdFHGU4gVM4Bw+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Ae0rjYw=</latexit><latexit sha1_base64="Pn+YB/+LofogiYtJ0zSW2txUQyo=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNZtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AKro3rfjultfWNza3ydmVnd2//oHp41NZJphi2WCIS1Q2oRsEltgw3ArupQhoHAjvB+HZW7zyh0jyRj2aSoh/ToeQRZ9RY6yEceINqza27c5FV8AqoQaHmoPrVDxOWxSgNE1Trnuemxs+pMpwJnFb6mcaUsjEdYs+ipDFqP5+vOiVn1glJlCj7pCFz9/dETmOtJ3FgO2NqRnq5NjP/q/UyE137OZdpZlCyxUdRJohJyOxuEnKFzIiJBcoUt7sSNqKKMmPTqdgQvOWTV6F9Ufcs31/WGjdFHGU4gVM4Bw+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Ae0rjYw=</latexit><latexit sha1_base64="Pn+YB/+LofogiYtJ0zSW2txUQyo=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNZtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AKro3rfjultfWNza3ydmVnd2//oHp41NZJphi2WCIS1Q2oRsEltgw3ArupQhoHAjvB+HZW7zyh0jyRj2aSoh/ToeQRZ9RY6yEceINqza27c5FV8AqoQaHmoPrVDxOWxSgNE1Trnuemxs+pMpwJnFb6mcaUsjEdYs+ipDFqP5+vOiVn1glJlCj7pCFz9/dETmOtJ3FgO2NqRnq5NjP/q/UyE137OZdpZlCyxUdRJohJyOxuEnKFzIiJBcoUt7sSNqKKMmPTqdgQvOWTV6F9Ufcs31/WGjdFHGU4gVM4Bw+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Ae0rjYw=</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="R3V/QDgQmroLta8zdkJqXz5x1p8=">AAAB33icbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZ0T6gHUomc9uGZjJDckcoQ3+CGxeK+K/c+W9MHwttPRD4OCch954oU9KS7397pa3tnd298n7loHp4dFw7qbZtmhuBLZGq1HQjblFJjS2SpLCbGeRJpLATTe7meecZjZWpfqJphmHCR1oOpeDkrMd4EAxqdb/hL8Q2IVhBHVZqDmpf/TgVeYKahOLW9gI/o7DghqRQOKv0c4sZFxM+wp5DzRO0YbEYdcYunBOzYWrc0cQW7u8XBU+snSaRu5lwGtv1bG7+l/VyGt6EhdRZTqjF8qNhrhilbL43i6VBQWrqgAsj3axMjLnhglw7FVdCsL7yJrSvGoHjBx/KcAbncAkBXMMt3EMTWiBgBC/wBu+e8l69j2VdJW/V2yn8kff5A9KxjDc=</latexit><latexit sha1_base64="R3V/QDgQmroLta8zdkJqXz5x1p8=">AAAB33icbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZ0T6gHUomc9uGZjJDckcoQ3+CGxeK+K/c+W9MHwttPRD4OCch954oU9KS7397pa3tnd298n7loHp4dFw7qbZtmhuBLZGq1HQjblFJjS2SpLCbGeRJpLATTe7meecZjZWpfqJphmHCR1oOpeDkrMd4EAxqdb/hL8Q2IVhBHVZqDmpf/TgVeYKahOLW9gI/o7DghqRQOKv0c4sZFxM+wp5DzRO0YbEYdcYunBOzYWrc0cQW7u8XBU+snSaRu5lwGtv1bG7+l/VyGt6EhdRZTqjF8qNhrhilbL43i6VBQWrqgAsj3axMjLnhglw7FVdCsL7yJrSvGoHjBx/KcAbncAkBXMMt3EMTWiBgBC/wBu+e8l69j2VdJW/V2yn8kff5A9KxjDc=</latexit><latexit sha1_base64="8OeHyWeu2r6lOQxFFwUO5osBtlk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSL/ZY9OKxov2ANpTNZtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BKYdB1v53SxubW9k55t7K3f3B4VD0+6Zgk04y3WSIT3Quo4VIo3kaBkvdSzWkcSN4NJrfzeveJayMS9YjTlPsxHSkRCUbRWg/h0BtWa27dXYisg1dADQq1htWvQZiwLOYKmaTG9D03RT+nGgWTfFYZZIanlE3oiPctKhpz4+eLVWfkwjohiRJtn0KycH9P5DQ2ZhoHtjOmODartbn5X62fYdTwc6HSDLliy4+iTBJMyPxuEgrNGcqpBcq0sLsSNqaaMrTpVGwI3urJ69C5qnuW791a86aIowxncA6X4ME1NOEOWtAGBiN4hld4c6Tz4rw7H8vWklPMnMIfOZ8/6+uNiA==</latexit><latexit sha1_base64="Pn+YB/+LofogiYtJ0zSW2txUQyo=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNZtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AKro3rfjultfWNza3ydmVnd2//oHp41NZJphi2WCIS1Q2oRsEltgw3ArupQhoHAjvB+HZW7zyh0jyRj2aSoh/ToeQRZ9RY6yEceINqza27c5FV8AqoQaHmoPrVDxOWxSgNE1Trnuemxs+pMpwJnFb6mcaUsjEdYs+ipDFqP5+vOiVn1glJlCj7pCFz9/dETmOtJ3FgO2NqRnq5NjP/q/UyE137OZdpZlCyxUdRJohJyOxuEnKFzIiJBcoUt7sSNqKKMmPTqdgQvOWTV6F9Ufcs31/WGjdFHGU4gVM4Bw+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Ae0rjYw=</latexit><latexit sha1_base64="Pn+YB/+LofogiYtJ0zSW2txUQyo=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNZtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AKro3rfjultfWNza3ydmVnd2//oHp41NZJphi2WCIS1Q2oRsEltgw3ArupQhoHAjvB+HZW7zyh0jyRj2aSoh/ToeQRZ9RY6yEceINqza27c5FV8AqoQaHmoPrVDxOWxSgNE1Trnuemxs+pMpwJnFb6mcaUsjEdYs+ipDFqP5+vOiVn1glJlCj7pCFz9/dETmOtJ3FgO2NqRnq5NjP/q/UyE137OZdpZlCyxUdRJohJyOxuEnKFzIiJBcoUt7sSNqKKMmPTqdgQvOWTV6F9Ufcs31/WGjdFHGU4gVM4Bw+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Ae0rjYw=</latexit><latexit sha1_base64="Pn+YB/+LofogiYtJ0zSW2txUQyo=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNZtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AKro3rfjultfWNza3ydmVnd2//oHp41NZJphi2WCIS1Q2oRsEltgw3ArupQhoHAjvB+HZW7zyh0jyRj2aSoh/ToeQRZ9RY6yEceINqza27c5FV8AqoQaHmoPrVDxOWxSgNE1Trnuemxs+pMpwJnFb6mcaUsjEdYs+ipDFqP5+vOiVn1glJlCj7pCFz9/dETmOtJ3FgO2NqRnq5NjP/q/UyE137OZdpZlCyxUdRJohJyOxuEnKFzIiJBcoUt7sSNqKKMmPTqdgQvOWTV6F9Ufcs31/WGjdFHGU4gVM4Bw+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Ae0rjYw=</latexit><latexit sha1_base64="Pn+YB/+LofogiYtJ0zSW2txUQyo=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNZtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AKro3rfjultfWNza3ydmVnd2//oHp41NZJphi2WCIS1Q2oRsEltgw3ArupQhoHAjvB+HZW7zyh0jyRj2aSoh/ToeQRZ9RY6yEceINqza27c5FV8AqoQaHmoPrVDxOWxSgNE1Trnuemxs+pMpwJnFb6mcaUsjEdYs+ipDFqP5+vOiVn1glJlCj7pCFz9/dETmOtJ3FgO2NqRnq5NjP/q/UyE137OZdpZlCyxUdRJohJyOxuEnKFzIiJBcoUt7sSNqKKMmPTqdgQvOWTV6F9Ufcs31/WGjdFHGU4gVM4Bw+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Ae0rjYw=</latexit><latexit sha1_base64="Pn+YB/+LofogiYtJ0zSW2txUQyo=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNZtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AKro3rfjultfWNza3ydmVnd2//oHp41NZJphi2WCIS1Q2oRsEltgw3ArupQhoHAjvB+HZW7zyh0jyRj2aSoh/ToeQRZ9RY6yEceINqza27c5FV8AqoQaHmoPrVDxOWxSgNE1Trnuemxs+pMpwJnFb6mcaUsjEdYs+ipDFqP5+vOiVn1glJlCj7pCFz9/dETmOtJ3FgO2NqRnq5NjP/q/UyE137OZdpZlCyxUdRJohJyOxuEnKFzIiJBcoUt7sSNqKKMmPTqdgQvOWTV6F9Ufcs31/WGjdFHGU4gVM4Bw+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Ae0rjYw=</latexit><latexit sha1_base64="Pn+YB/+LofogiYtJ0zSW2txUQyo=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNZtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AKro3rfjultfWNza3ydmVnd2//oHp41NZJphi2WCIS1Q2oRsEltgw3ArupQhoHAjvB+HZW7zyh0jyRj2aSoh/ToeQRZ9RY6yEceINqza27c5FV8AqoQaHmoPrVDxOWxSgNE1Trnuemxs+pMpwJnFb6mcaUsjEdYs+ipDFqP5+vOiVn1glJlCj7pCFz9/dETmOtJ3FgO2NqRnq5NjP/q/UyE137OZdpZlCyxUdRJohJyOxuEnKFzIiJBcoUt7sSNqKKMmPTqdgQvOWTV6F9Ufcs31/WGjdFHGU4gVM4Bw+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Ae0rjYw=</latexit>
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<latexit sha1_base64="TU6rMnMbFxM06SuN5r32xIpDbCg=">AAAB6nicbZBNS8NAEIYnftb6VfXoZbEInkpSBD0WvXisaD+gDWWzmbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vrCwsM7M+zMG6SCa+O6387a+sbm1nZpp7y7t39wWDk6buskUwxbLBGJ6gZUo+ASW4Ybgd1UIY0DgZ1gfDurd55QaZ7IRzNJ0Y/pUPKIM2qs9RAO6oNK1a25c5FV8AqoQqHmoPLVDxOWxSgNE1Trnuemxs+pMpwJnJb7mcaUsjEdYs+ipDFqP5+vOiXn1glJlCj7pCFz9/dETmOtJ3FgO2NqRnq5NjP/q/UyE137OZdpZlCyxUdRJohJyOxuEnKFzIiJBcoUt7sSNqKKMmPTKdsQvOWTV6Fdr3mW7y+rjZsijhKcwhlcgAdX0IA7aEILGAzhGV7hzRHOi/PufCxa15xi5gT+yPn8Ae6vjY0=</latexit><latexit sha1_base64="TU6rMnMbFxM06SuN5r32xIpDbCg=">AAAB6nicbZBNS8NAEIYnftb6VfXoZbEInkpSBD0WvXisaD+gDWWzmbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vrCwsM7M+zMG6SCa+O6387a+sbm1nZpp7y7t39wWDk6buskUwxbLBGJ6gZUo+ASW4Ybgd1UIY0DgZ1gfDurd55QaZ7IRzNJ0Y/pUPKIM2qs9RAO6oNK1a25c5FV8AqoQqHmoPLVDxOWxSgNE1Trnuemxs+pMpwJnJb7mcaUsjEdYs+ipDFqP5+vOiXn1glJlCj7pCFz9/dETmOtJ3FgO2NqRnq5NjP/q/UyE137OZdpZlCyxUdRJohJyOxuEnKFzIiJBcoUt7sSNqKKMmPTKdsQvOWTV6Fdr3mW7y+rjZsijhKcwhlcgAdX0IA7aEILGAzhGV7hzRHOi/PufCxa15xi5gT+yPn8Ae6vjY0=</latexit><latexit sha1_base64="TU6rMnMbFxM06SuN5r32xIpDbCg=">AAAB6nicbZBNS8NAEIYnftb6VfXoZbEInkpSBD0WvXisaD+gDWWzmbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vrCwsM7M+zMG6SCa+O6387a+sbm1nZpp7y7t39wWDk6buskUwxbLBGJ6gZUo+ASW4Ybgd1UIY0DgZ1gfDurd55QaZ7IRzNJ0Y/pUPKIM2qs9RAO6oNK1a25c5FV8AqoQqHmoPLVDxOWxSgNE1Trnuemxs+pMpwJnJb7mcaUsjEdYs+ipDFqP5+vOiXn1glJlCj7pCFz9/dETmOtJ3FgO2NqRnq5NjP/q/UyE137OZdpZlCyxUdRJohJyOxuEnKFzIiJBcoUt7sSNqKKMmPTKdsQvOWTV6Fdr3mW7y+rjZsijhKcwhlcgAdX0IA7aEILGAzhGV7hzRHOi/PufCxa15xi5gT+yPn8Ae6vjY0=</latexit><latexit sha1_base64="TU6rMnMbFxM06SuN5r32xIpDbCg=">AAAB6nicbZBNS8NAEIYnftb6VfXoZbEInkpSBD0WvXisaD+gDWWzmbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vrCwsM7M+zMG6SCa+O6387a+sbm1nZpp7y7t39wWDk6buskUwxbLBGJ6gZUo+ASW4Ybgd1UIY0DgZ1gfDurd55QaZ7IRzNJ0Y/pUPKIM2qs9RAO6oNK1a25c5FV8AqoQqHmoPLVDxOWxSgNE1Trnuemxs+pMpwJnJb7mcaUsjEdYs+ipDFqP5+vOiXn1glJlCj7pCFz9/dETmOtJ3FgO2NqRnq5NjP/q/UyE137OZdpZlCyxUdRJohJyOxuEnKFzIiJBcoUt7sSNqKKMmPTKdsQvOWTV6Fdr3mW7y+rjZsijhKcwhlcgAdX0IA7aEILGAzhGV7hzRHOi/PufCxa15xi5gT+yPn8Ae6vjY0=</latexit>

boundary/defect central charges

2d Boundary or Defect



Type A Type B

Changes by a
total derivative Invariant

p
ĝ R̂

<latexit sha1_base64="wgjgW8tKAvRnD3Jr1W5kESvRrMk=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIriQklRBl0U3LqvYCzShTKaTdujk4syJUEI2voobF4q49THc+TZO0yy09YeBj/+cw5nze7HgCizr2ygtLa+srpXXKxubW9s75u5eW0WJpKxFIxHJrkcUEzxkLeAgWDeWjASeYB1vfD2tdx6ZVDwK72ESMzcgw5D7nBLQVt88cNSDhNQZEUiHWeac5nSX9c2qVbNy4UWwC6iiQs2++eUMIpoELAQqiFI924rBTYkETgXLKk6iWEzomAxZT2NIAqbcND8gw8faGWA/kvqFgHP390RKAqUmgac7AwIjNV+bmv/Vegn4l27KwzgBFtLZIj8RGCI8TQMPuGQUxEQDoZLrv2I6IpJQ0JlVdAj2/MmL0K7X7LNa/fa82rgq4iijQ3SETpCNLlAD3aAmaiGKMvSMXtGb8WS8GO/Gx6y1ZBQz++iPjM8fqi6XFg==</latexit>

p
ĝ W ab

ab
<latexit sha1_base64="XeGVldTyjCbQFCeYq/+V3xkZChc=">AAACC3icbZC7SgNBFIZn4y3GW9TSZkgQLCTsRkHLoI1lBHOBbAxnJ5NkyOwlM2eFsGxv46vYWChi6wvY+TZOLoUm/jDw8Z9zOHN+L5JCo21/W5mV1bX1jexmbmt7Z3cvv39Q12GsGK+xUIaq6YHmUgS8hgIlb0aKg+9J3vCG15N644ErLcLgDscRb/vQD0RPMEBjdfIFV48UJu4AMOmnqXtKG50EvPQ+cUcxdKnBTr5ol+yp6DI4cyiSuaqd/JfbDVns8wCZBK1bjh1hOwGFgkme5txY8wjYEPq8ZTAAn+t2Mr0lpcfG6dJeqMwLkE7d3xMJ+FqPfc90+oADvVibmP/VWjH2LtuJCKIYecBmi3qxpBjSSTC0KxRnKMcGgClh/krZABQwNPHlTAjO4snLUC+XnLNS+fa8WLmax5ElR6RATohDLkiF3JAqqRFGHskzeSVv1pP1Yr1bH7PWjDWfOSR/ZH3+ALGvm3I=</latexit>

2d Boundary or Defect

<latexit sha1_base64="jaM9RV++nuH3LC9bo/g7lk30hLI=">AAACFHicbZDLSgMxFIYz9VbrrerSTbQIglJmSlGXRTd2V8FeoFNLJk3b0ExmTM4IZZiHcOOruHGhiFsX7nwbM20XWv0h8PGfc8g5vxcKrsG2v6zMwuLS8kp2Nbe2vrG5ld/eaeggUpTVaSAC1fKIZoJLVgcOgrVCxYjvCdb0RpdpvXnPlOaBvIFxyDo+GUje55SAsbr5Y1ffKYjdIYF4kCTuiesTGCouB/GU/Ljq7leT5LaEu/mCXbQnwn/BmUEBzVTr5j/dXkAjn0mggmjdduwQOjFRwKlgSc6NNAsJHZEBaxuUxGe6E0+OSvChcXq4HyjzJOCJ+3MiJr7WY98znemier6Wmv/V2hH0zzsxl2EETNLpR/1IYAhwmhDuccUoiLEBQhU3u2I6JIpQMDnmTAjO/Ml/oVEqOqfF8nW5ULmYxZFFe+gAHSEHnaEKukI1VEcUPaAn9IJerUfr2Xqz3qetGWs2s4t+yfr4BtiNn0o=</latexit>p
ĝ I̊I
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<latexit sha1_base64="+5Xx0fxFFwsdI91IhOnYncfrDC4="></latexit>⇥
T µ
µ

⇤
p=2

=
b

24⇡
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<latexit sha1_base64="+5Xx0fxFFwsdI91IhOnYncfrDC4="></latexit>⇥
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b-theorem
<latexit sha1_base64="40c61ZgB4M57GMM0T6r+Vs7yrfM=">AAAB+3icbZBNS8NAEIY39avWr1iPXoJF8GJJRNBj0YvHCrYW2lA220m7dDcJuxNpCfkrXjwo4tU/4s1/47bNQVtfWHh4Z4aZfYNEcI2u+22V1tY3NrfK25Wd3b39A/uw2tZxqhi0WCxi1QmoBsEjaCFHAZ1EAZWBgMdgfDurPz6B0jyOHnCagC/pMOIhZxSN1berQQ9hgkpm5ziCWIHM+3bNrbtzOavgFVAjhZp9+6s3iFkqIUImqNZdz03Qz6hCzgTklV6qIaFsTIfQNRhRCdrP5rfnzqlxBk4YK/MidObu74mMSq2nMjCdkuJIL9dm5n+1borhtZ/xKEkRIrZYFKbCwdiZBeEMuAKGYmqAMsXNrQ4bUUUZmrgqJgRv+cur0L6oe4bvL2uNmyKOMjkmJ+SMeOSKNMgdaZIWYWRCnskrebNy68V6tz4WrSWrmDkif2R9/gCyvJTa</latexit><latexit sha1_base64="40c61ZgB4M57GMM0T6r+Vs7yrfM=">AAAB+3icbZBNS8NAEIY39avWr1iPXoJF8GJJRNBj0YvHCrYW2lA220m7dDcJuxNpCfkrXjwo4tU/4s1/47bNQVtfWHh4Z4aZfYNEcI2u+22V1tY3NrfK25Wd3b39A/uw2tZxqhi0WCxi1QmoBsEjaCFHAZ1EAZWBgMdgfDurPz6B0jyOHnCagC/pMOIhZxSN1berQQ9hgkpm5ziCWIHM+3bNrbtzOavgFVAjhZp9+6s3iFkqIUImqNZdz03Qz6hCzgTklV6qIaFsTIfQNRhRCdrP5rfnzqlxBk4YK/MidObu74mMSq2nMjCdkuJIL9dm5n+1borhtZ/xKEkRIrZYFKbCwdiZBeEMuAKGYmqAMsXNrQ4bUUUZmrgqJgRv+cur0L6oe4bvL2uNmyKOMjkmJ+SMeOSKNMgdaZIWYWRCnskrebNy68V6tz4WrSWrmDkif2R9/gCyvJTa</latexit><latexit sha1_base64="40c61ZgB4M57GMM0T6r+Vs7yrfM=">AAAB+3icbZBNS8NAEIY39avWr1iPXoJF8GJJRNBj0YvHCrYW2lA220m7dDcJuxNpCfkrXjwo4tU/4s1/47bNQVtfWHh4Z4aZfYNEcI2u+22V1tY3NrfK25Wd3b39A/uw2tZxqhi0WCxi1QmoBsEjaCFHAZ1EAZWBgMdgfDurPz6B0jyOHnCagC/pMOIhZxSN1berQQ9hgkpm5ziCWIHM+3bNrbtzOavgFVAjhZp9+6s3iFkqIUImqNZdz03Qz6hCzgTklV6qIaFsTIfQNRhRCdrP5rfnzqlxBk4YK/MidObu74mMSq2nMjCdkuJIL9dm5n+1borhtZ/xKEkRIrZYFKbCwdiZBeEMuAKGYmqAMsXNrQ4bUUUZmrgqJgRv+cur0L6oe4bvL2uNmyKOMjkmJ+SMeOSKNMgdaZIWYWRCnskrebNy68V6tz4WrSWrmDkif2R9/gCyvJTa</latexit><latexit sha1_base64="40c61ZgB4M57GMM0T6r+Vs7yrfM=">AAAB+3icbZBNS8NAEIY39avWr1iPXoJF8GJJRNBj0YvHCrYW2lA220m7dDcJuxNpCfkrXjwo4tU/4s1/47bNQVtfWHh4Z4aZfYNEcI2u+22V1tY3NrfK25Wd3b39A/uw2tZxqhi0WCxi1QmoBsEjaCFHAZ1EAZWBgMdgfDurPz6B0jyOHnCagC/pMOIhZxSN1berQQ9hgkpm5ziCWIHM+3bNrbtzOavgFVAjhZp9+6s3iFkqIUImqNZdz03Qz6hCzgTklV6qIaFsTIfQNRhRCdrP5rfnzqlxBk4YK/MidObu74mMSq2nMjCdkuJIL9dm5n+1borhtZ/xKEkRIrZYFKbCwdiZBeEMuAKGYmqAMsXNrQ4bUUUZmrgqJgRv+cur0L6oe4bvL2uNmyKOMjkmJ+SMeOSKNMgdaZIWYWRCnskrebNy68V6tz4WrSWrmDkif2R9/gCyvJTa</latexit>

Jensen and O’Bannon 1509.02160
Casini, Landea, Torroba 1812.08183, 2303.16935

RG flow on the boundary/defect
bUV � bIR

<latexit sha1_base64="Y429dYpp2flkoLLE67Dny66B0zQ=">AAACDXicbZC7SgNBFIZnvcZ4i1raDEbBKuyKoGXQRrso5gLJssxOTpIhsxdnzoph2Rew8VVsLBSxtbfzbZxcipj4w8DHf87hzPn9WAqNtv1jLSwuLa+s5tby6xubW9uFnd2ajhLFocojGamGzzRIEUIVBUpoxApY4Euo+/3LYb3+AEqLKLzDQQxuwLqh6AjO0Fhe4dD30hbCI6ogrdayjLa6cE+nzOvbLPMKRbtkj0TnwZlAkUxU8QrfrXbEkwBC5JJp3XTsGN2UKRRcQpZvJRpixvusC02DIQtAu+nomoweGadNO5EyL0Q6cqcnUhZoPQh80xkw7OnZ2tD8r9ZMsHPupiKME4SQjxd1EkkxosNoaFso4CgHBhhXwvyV8h5TjKMJMG9CcGZPnofaSckxfHNaLF9M4siRfXJAjolDzkiZXJEKqRJOnsgLeSPv1rP1an1Yn+PWBWsys0f+yPr6BbS+nJQ=</latexit><latexit sha1_base64="Y429dYpp2flkoLLE67Dny66B0zQ=">AAACDXicbZC7SgNBFIZnvcZ4i1raDEbBKuyKoGXQRrso5gLJssxOTpIhsxdnzoph2Rew8VVsLBSxtbfzbZxcipj4w8DHf87hzPn9WAqNtv1jLSwuLa+s5tby6xubW9uFnd2ajhLFocojGamGzzRIEUIVBUpoxApY4Euo+/3LYb3+AEqLKLzDQQxuwLqh6AjO0Fhe4dD30hbCI6ogrdayjLa6cE+nzOvbLPMKRbtkj0TnwZlAkUxU8QrfrXbEkwBC5JJp3XTsGN2UKRRcQpZvJRpixvusC02DIQtAu+nomoweGadNO5EyL0Q6cqcnUhZoPQh80xkw7OnZ2tD8r9ZMsHPupiKME4SQjxd1EkkxosNoaFso4CgHBhhXwvyV8h5TjKMJMG9CcGZPnofaSckxfHNaLF9M4siRfXJAjolDzkiZXJEKqRJOnsgLeSPv1rP1an1Yn+PWBWsys0f+yPr6BbS+nJQ=</latexit><latexit sha1_base64="Y429dYpp2flkoLLE67Dny66B0zQ=">AAACDXicbZC7SgNBFIZnvcZ4i1raDEbBKuyKoGXQRrso5gLJssxOTpIhsxdnzoph2Rew8VVsLBSxtbfzbZxcipj4w8DHf87hzPn9WAqNtv1jLSwuLa+s5tby6xubW9uFnd2ajhLFocojGamGzzRIEUIVBUpoxApY4Euo+/3LYb3+AEqLKLzDQQxuwLqh6AjO0Fhe4dD30hbCI6ogrdayjLa6cE+nzOvbLPMKRbtkj0TnwZlAkUxU8QrfrXbEkwBC5JJp3XTsGN2UKRRcQpZvJRpixvusC02DIQtAu+nomoweGadNO5EyL0Q6cqcnUhZoPQh80xkw7OnZ2tD8r9ZMsHPupiKME4SQjxd1EkkxosNoaFso4CgHBhhXwvyV8h5TjKMJMG9CcGZPnofaSckxfHNaLF9M4siRfXJAjolDzkiZXJEKqRJOnsgLeSPv1rP1an1Yn+PWBWsys0f+yPr6BbS+nJQ=</latexit><latexit sha1_base64="Y429dYpp2flkoLLE67Dny66B0zQ=">AAACDXicbZC7SgNBFIZnvcZ4i1raDEbBKuyKoGXQRrso5gLJssxOTpIhsxdnzoph2Rew8VVsLBSxtbfzbZxcipj4w8DHf87hzPn9WAqNtv1jLSwuLa+s5tby6xubW9uFnd2ajhLFocojGamGzzRIEUIVBUpoxApY4Euo+/3LYb3+AEqLKLzDQQxuwLqh6AjO0Fhe4dD30hbCI6ogrdayjLa6cE+nzOvbLPMKRbtkj0TnwZlAkUxU8QrfrXbEkwBC5JJp3XTsGN2UKRRcQpZvJRpixvusC02DIQtAu+nomoweGadNO5EyL0Q6cqcnUhZoPQh80xkw7OnZ2tD8r9ZMsHPupiKME4SQjxd1EkkxosNoaFso4CgHBhhXwvyV8h5TjKMJMG9CcGZPnofaSckxfHNaLF9M4siRfXJAjolDzkiZXJEKqRJOnsgLeSPv1rP1an1Yn+PWBWsys0f+yPr6BbS+nJQ=</latexit>

Reflection positivity (Unitarity)
Euclidean symmetry (Poincaré symmetry) along the boundary/defect

Locality

Counts the number of degrees of freedom

2d Boundary or Defect



<latexit sha1_base64="+5Xx0fxFFwsdI91IhOnYncfrDC4="></latexit>⇥
T µ
µ

⇤
p=2

=
b

24⇡
Ê2 +

d1
24⇡

I̊I
µ

abI̊I
ab

µ � d2
24⇡

W ab
ab

<latexit sha1_base64="U290qOwnaF51Vnr7dE4IcnQW+KM="></latexit>

hDi(ya)Dj(0)i / d1 �ij

|ya|4

Reflection positivity (unitarity)

d1 � 0
<latexit sha1_base64="VT8eu+oQ9h8qVBBCAzVe7nAwqb4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cK9gPbUDababt0s4m7G6GE/gsvHhTx6r/x5r9x2+agrQ8 GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+W9GSfoR3QgeZ8zaqz0EPY80h3gI3F75YpbdWcgy8TLSQVy1Hvlr24YszRCaZigWnc8NzF+RpXhTOCk1E01JpSN6AA7lkoaofaz2cUTcmKVkPRjZUsaMlN/T2Q00nocBbYzomaoF72p+J/XSU3/ys+4TFKDks0X9VNBTEym75OQK2RGjC2hTHF7K2FDqigzNqSSDcFbfHmZNM+q3nnVvbuo1K7zOIpwBMdwCh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxbC04+cwh/4Hz+ABNJj90=</latexit>

Bianchi, Meineri, Myers, Smolkin 1511.06713
Herzog + Huang 1707.06224

Herzog, Huang, Jensen 1709.07431

2d Boundary or Defect

Displacement operator Di

<latexit sha1_base64="4sTG29sDiTi17hmBxpG/GBVMEMo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BPXiMaB6QrGF2MkmGzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMYXU/95hPXRkTqAccx90M6UKIvGEUr3d88im6x5JbdGcgy8TJSggy1bvGr04tYEnKFTFJj2p4bo59SjYJJPil0EsNjykZ0wNuWKhpy46ezUyfkxCo90o+0LYVkpv6eSGlozDgMbGdIcWgWvan4n9dOsH/pp0LFCXLF5ov6iSQYkenfpCc0ZyjHllCmhb2VsCHVlKFNp2BD8BZfXiaNs7JXKZ/fVUrVqyyOPBzBMZyCBxdQhVuoQR0YDOAZXuHNkc6L8+58zFtzTjZzCH/gfP4AEmuNqw==</latexit>



<latexit sha1_base64="+5Xx0fxFFwsdI91IhOnYncfrDC4="></latexit>⇥
T µ
µ

⇤
p=2

=
b

24⇡
Ê2 +

d1
24⇡

I̊I
µ

abI̊I
ab

µ � d2
24⇡

W ab
ab

Weyl tensor

d = 3 ) Wµ⌫⇢� ⌘ 0
<latexit sha1_base64="dtRx9uSMagKPgS0hpeIczGkp++k=">AAACIHicbVDJSgNBFOyJW4xb1KOXxiB4kDBjhHgRgl48RjELZELo6XSSJr2MvUTCkE/x4q948aCI3vRr7CwHTazHg6LqPbpfRTGj2vj+l5daWl5ZXUuvZzY2t7Z3srt7VS2twqSCJZOqHiFNGBWkYqhhpB4rgnjESC3qX4392oAoTaW4M8OYNDnqCtqhGBkntbLF9kUhPJnULe32DFJKPsCpUmslIbehsKHqyVDTLkejkNxbOoB+K5vz8/4EcJEEM5IDM5Rb2c+wLbHlRBjMkNaNwI9NM0HKUMzIKBNaTWKE+6hLGo4KxIluJpMDR/DIKW3Ykcq1MHCi/t5IENd6yCM3yZHp6XlvLP7nNazpnDcTKmJriMDThzqWQSPhOC3Ypopgw4aOIKyo+yvEPaQQNi7TjAshmD95kVRP80Eh79+c5UqXszjS4AAcgmMQgCIogWtQBhWAwSN4Bq/gzXvyXrx372M6mvJmO/vgD7zvH2i4oo8=</latexit>

d2
<latexit sha1_base64="F3tKaqZWVPufUU/ZkBgLj4rwbNY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWw2k3bpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj+lA8ogzaqz0EPZr/XLFrbpzkFXi5aQCORr98lcvTFgWozRMUK27npsaf0KV4UzgtNTLNKaUjegAu5ZKGqP2J/NTp+TMKiGJEmVLGjJXf09MaKz1OA5sZ0zNUC97M/E/r5uZ6NqfcJlmBiVbLIoyQUxCZn+TkCtkRowtoUxxeythQ6ooMzadkg3BW355lbRqVe+i6t5fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwDO8wpsjnBfn3flYtBacfOYY/sD5/AHvV42P</latexit>

is only defined for d > 3
<latexit sha1_base64="xUJdxvrKXoB31j4GfxHSjiY/pjo=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9ltBT1J0YvHivYD2qVks9k2NJssSVYoS3+CFw+KePUXefPfmLZ70NYHA4/3ZpiZFyScaeO6305hbX1jc6u4XdrZ3ds/KB8etbVMFaEtIrlU3QBrypmgLcMMp91EURwHnHaC8e3M7zxRpZkUj2aSUD/GQ8EiRrCx0kN4XR+UK27VnQOtEi8nFcjRHJS/+qEkaUyFIRxr3fPcxPgZVoYRTqelfqppgskYD2nPUoFjqv1sfuoUnVklRJFUtoRBc/X3RIZjrSdxYDtjbEZ62ZuJ/3m91ERXfsZEkhoqyGJRlHJkJJr9jUKmKDF8YgkmitlbERlhhYmx6ZRsCN7yy6ukXat69Wrt/qLSuMnjKMIJnMI5eHAJDbiDJrSAwBCe4RXeHO68OO/Ox6K14OQzx/AHzucPv1qNcQ==</latexit>

2d Boundary or Defect

(codimension )
<latexit sha1_base64="G9ri+gviKRgYxrliqHZ3MXAbsEA=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1JMUvXisYNpCG8pms2mXbjbL7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCyVn2rjut7Oyura+sVnaKm/v7O7tVw4OWzrNFKE+SXmqOiHWlDNBfcMMpx2pKE5CTtvh6G7qt5+o0iwVj2YsaZDggWAxI9hYyY/O5Y3Xr1TdmjsDWiZeQapQoNmvfPWilGQJFYZwrHXXc6UJcqwMI5xOyr1MU4nJCA9o11KBE6qDfHbsBJ1aJUJxqmwJg2bq74kcJ1qPk9B2JtgM9aI3Ff/zupmJr4OcCZkZKsh8UZxxZFI0/RxFTFFi+NgSTBSztyIyxAoTY/Mp2xC8xZeXSeui5l3W6g/1auO2iKMEx3ACZ+DBFTTgHprgAwEGz/AKb45wXpx352PeuuIUM0fwB87nD/f2jiU=</latexit>

d� p > 1



<latexit sha1_base64="G9ri+gviKRgYxrliqHZ3MXAbsEA=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1JMUvXisYNpCG8pms2mXbjbL7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCyVn2rjut7Oyura+sVnaKm/v7O7tVw4OWzrNFKE+SXmqOiHWlDNBfcMMpx2pKE5CTtvh6G7qt5+o0iwVj2YsaZDggWAxI9hYyY/O5Y3Xr1TdmjsDWiZeQapQoNmvfPWilGQJFYZwrHXXc6UJcqwMI5xOyr1MU4nJCA9o11KBE6qDfHbsBJ1aJUJxqmwJg2bq74kcJ1qPk9B2JtgM9aI3Ff/zupmJr4OcCZkZKsh8UZxxZFI0/RxFTFFi+NgSTBSztyIyxAoTY/Mp2xC8xZeXSeui5l3W6g/1auO2iKMEx3ACZ+DBFTTgHprgAwEGz/AKb45wXpx352PeuuIUM0fwB87nD/f2jiU=</latexit>

d� p > 1

BCFT + DCFT
boundary or defect in flat space

Co-dimension

symmetry allows
<latexit sha1_base64="eO9UVdqhxwZaIKS2JgTkR7QKC8U="></latexit>

h
⇥
T ab

⇤
bulk

i = �h(d� p� 1)
�ab

|x?|d
<latexit sha1_base64="wvfT/J8tPfTC3I85guwtsV/+12A="></latexit>

h
⇥
T ij

⇤
bulk

i = h
(p+ 1)�ij � d

xi
?xj

?
|x?|2

|x?|d

<latexit sha1_base64="K59ikEB8gqAEkh4Jrv9MHcO9+j0=">AAACHnicbVDLSsNAFJ34tr6qLt0MFsFVScTXRhDduFSwrdDEMpnetEMnkzBzI5aQL3Hjr7hxoYjgSv/Gae1CWw8MHM45lzv3hKkUBl33y5manpmdm19YLC0tr6yuldc36ibJNIcaT2Sib0JmQAoFNRQo4SbVwOJQQiPsnQ/8xh1oIxJ1jf0Ugph1lIgEZ2ilVvnAl0x1JFBfQoTN69ucicLXotPFoJX7CPeo4zzMZK8oqK+H2RO3Va64VXcIOkm8EamQES5b5Q+/nfAsBoVcMmOanptikDONgksoSn5mIGW8xzrQtFSxGEyQD88r6I5V2jRKtH0K6VD9PZGz2Jh+HNpkzLBrxr2B+J/XzDA6DnKh0gxB8Z9FUSYpJnTQFW0LDRxl3xLGtbB/pbzLNONoGy3ZErzxkydJfa/qHVb3r/Yrp2ejOhbIFtkmu8QjR+SUXJBLUiOcPJAn8kJenUfn2Xlz3n+iU85oZpP8gfP5DSqzo8E=</latexit>

h
⇥
T ai

⇤
bulk

i = 0

<latexit sha1_base64="aH93RFt3LGiwgpQ+6J23Cu7yNmE=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiC1AqoEVcBYwcJGEfQhtVHlOE5r1XEi20Gqov4AC7/CwgBCrOxs/A1OmwFajmTp3HPv1fU5bsSoVJb1beQWFpeWV/KrhbX1jc0tc3unKcNYYNLAIQtF20WSMMpJQ1HFSDsSBAUuIy13eJX2Ww9ESBryezWKiBOgPqc+xUhpqWce3N2UvCP72C53VQh1EWUFDYhMa+8kKvfMolWxJoDzxM5IEWSo98yvrhfiOCBcYYak7NhWpJwECUUxI+NCN5YkQniI+qSjKUf6mJNM3IzhoVY86IdCP67gRP29kaBAylHg6skAqYGc7aXif71OrPwLJ6E8ihXheHrIjxnUxtNooEcFwYqNNEFYUP1XiAdIIKx0gAUdgj1reZ40Tyv2WaV6Wy3WLrM48mAP7IMSsME5qIFrUAcNgMEjeAav4M14Ml6Md+NjOpozsp1d8AfG5w+9w5g5</latexit>

SO(d+ 1, 1) ! SO(p+ 1, 1)⇥ SO(d� p)



<latexit sha1_base64="+5Xx0fxFFwsdI91IhOnYncfrDC4="></latexit>⇥
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Jensen, O’Bannon, Robinson, Rodgers 1812.08745 
Bianchi, Meineri, Myers, Smolkin 1511.06713

2d Boundary or Defect

<latexit sha1_base64="eO9UVdqhxwZaIKS2JgTkR7QKC8U="></latexit>

h
⇥
T ab

⇤
bulk

i = �h(d� p� 1)
�ab

|x?|d
<latexit sha1_base64="wvfT/J8tPfTC3I85guwtsV/+12A="></latexit>

h
⇥
T ij

⇤
bulk

i = h
(p+ 1)�ij � d

xi
?xj

?
|x?|2

|x?|d

<latexit sha1_base64="K59ikEB8gqAEkh4Jrv9MHcO9+j0=">AAACHnicbVDLSsNAFJ34tr6qLt0MFsFVScTXRhDduFSwrdDEMpnetEMnkzBzI5aQL3Hjr7hxoYjgSv/Gae1CWw8MHM45lzv3hKkUBl33y5manpmdm19YLC0tr6yuldc36ibJNIcaT2Sib0JmQAoFNRQo4SbVwOJQQiPsnQ/8xh1oIxJ1jf0Ugph1lIgEZ2ilVvnAl0x1JFBfQoTN69ucicLXotPFoJX7CPeo4zzMZK8oqK+H2RO3Va64VXcIOkm8EamQES5b5Q+/nfAsBoVcMmOanptikDONgksoSn5mIGW8xzrQtFSxGEyQD88r6I5V2jRKtH0K6VD9PZGz2Jh+HNpkzLBrxr2B+J/XzDA6DnKh0gxB8Z9FUSYpJnTQFW0LDRxl3xLGtbB/pbzLNONoGy3ZErzxkydJfa/qHVb3r/Yrp2ejOhbIFtkmu8QjR+SUXJBLUiOcPJAn8kJenUfn2Xlz3n+iU85oZpP8gfP5DSqzo8E=</latexit>

h
⇥
T ai

⇤
bulk

i = 0

<latexit sha1_base64="a4i/EISz6mw35GABtdFQaRV5JjQ="></latexit>

h =
d� 3

3(d� 1)vol(Sd) d2



Hartman, Kundu, Tajdini 1610.05308

Faulkner, Leigh, Parrikar, Wang 1605.08072

Z 1

�1
duhTuui � 0

<latexit sha1_base64="ML4sL2aFaLKoc9mPu81dk+MAnpA=">AAACIXicbVDLSgMxFM34tr6qLt0Ei+DGMqOCXYpuXFawKnTqkEnv1GAmMyY3Qhn6K278FTcuFOlO/BnTdha+DoScnHMvN/fEuRQGff/Dm5qemZ2bX1isLC2vrK5V1zcuTWY1hxbPZKavY2ZACgUtFCjhOtfA0ljCVXx3OvKvHkAbkakL7OfQSVlPiURwhk6Kqo1QKIyKPXcl2B/cFCWhXUtDyVRPAr2ICmsHNNSTZ9iDe+pH1Zpf98egf0lQkhop0Yyqw7CbcZuCQi6ZMe3Az7FTMI2CSxhUQmsgZ/yO9aDtqGIpmE4x3nBAd5zSpUmm3VFIx+r3joKlxvTT2FWmDG/Nb28k/ue1LSaNTiFUbhEUnwxKrKSY0VFctCs0cJR9RxjXwv2V8lumGUcXasWFEPxe+S+53K8HB3X//LB2fFLGsUC2yDbZJQE5IsfkjDRJi3DySJ7JK3nznrwX790bTkqnvLJnk/yA9/kFFYqkBQ==</latexit>

along any null direction

CFT

excited state

Lorentzian CFT

<latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u

Average Null Energy Condition (ANEC)



Jensen, O’Bannon, Robinson, Rodgers 1812.08745

Z 1

�1
duhTuui � 0

<latexit sha1_base64="ML4sL2aFaLKoc9mPu81dk+MAnpA=">AAACIXicbVDLSgMxFM34tr6qLt0Ei+DGMqOCXYpuXFawKnTqkEnv1GAmMyY3Qhn6K278FTcuFOlO/BnTdha+DoScnHMvN/fEuRQGff/Dm5qemZ2bX1isLC2vrK5V1zcuTWY1hxbPZKavY2ZACgUtFCjhOtfA0ljCVXx3OvKvHkAbkakL7OfQSVlPiURwhk6Kqo1QKIyKPXcl2B/cFCWhXUtDyVRPAr2ICmsHNNSTZ9iDe+pH1Zpf98egf0lQkhop0Yyqw7CbcZuCQi6ZMe3Az7FTMI2CSxhUQmsgZ/yO9aDtqGIpmE4x3nBAd5zSpUmm3VFIx+r3joKlxvTT2FWmDG/Nb28k/ue1LSaNTiFUbhEUnwxKrKSY0VFctCs0cJR9RxjXwv2V8lumGUcXasWFEPxe+S+53K8HB3X//LB2fFLGsUC2yDbZJQE5IsfkjDRJi3DySJ7JK3nznrwX790bTkqnvLJnk/yA9/kFFYqkBQ==</latexit>

BCFT + DCFT
Average Null Energy Condition (ANEC)

<latexit sha1_base64="oy0VKMUSSe+XLEN2H1OhQ6bWobI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUHvWG+EjcfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzcKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7Hcy4AqZERNLKFPc3krYiCrKjE2oZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AGbxo8a</latexit>

h � 0

Lorentzian BCFT/DCFT

⌃

R

 
t

x3

x2

defect
null ray

along any null direction
<latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u

<latexit sha1_base64="PBdIeWs8pwn7k7mCPjhm/PMM4nU=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4xkUeEDZmdbWDC7Ow6M2tCCH/hxYPGePVvvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaHSPJb3ZpygH9GB5H3OqLHSQ9irkO4AH4nbK5bcsjsHWSVeRkqQod4rfnXDmKURSsME1brjuYnxJ1QZzgROC91UY0LZiA6wY6mkEWp/Mr94Ss6sEpJ+rGxJQ+bq74kJjbQeR4HtjKgZ6mVvJv7ndVLTv/InXCapQckWi/qpICYms/dJyBUyI8aWUKa4vZWwIVWUGRtSwYbgLb+8SpqVsndRrt5VS7XrLI48nMApnIMHl1CDW6hDAxhIeIZXeHO08+K8Ox+L1pyTzRzDHzifPxcYj+U=</latexit>

d2 � 0
<latexit sha1_base64="Hixo8HSyHyFdnDxjE5iKL5SELL0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmFldW19o7hZ2tre2d0r7x80jco0ZQ2qhNLtiBgmuGQN5ChYO9WMJJFgrWh4M/Vbj0wbruQDjlIWJqQvecwpQSsFnXveHyDRWj11yxWv6s3gLhM/JxXIUe+Wvzo9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cU+s0nNjpW1JdGfq74kxSYwZJZHtTAgOzKI3Ff/zggzjq3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZeXSfOs6l9Uz+/OK7XrPI4iHMExnIIPl1CDW6hDAygoeIZXeHPQeXHenY95a8HJZw7hD5zPH5QJkXY=</latexit>)
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Examples
d = 3BCFTs 2

The Systems. We start with a local, unitary, Lorentzian
CFT on a D � 3 spacetime M with coordinates xµ

(µ = 0, 1, . . . , D � 1) and metric gµ⌫ , which we will call
the “bulk” CFT. We introduce a codimension D � 2
defect along a static 2D submanifold ⌃ with coordi-
nates ya (a = 0, 1). We parameterize ⌃ ,! M by
embedding functions Xµ(y) such that ⌃’s induced met-
ric is �ab ⌘ @aXµ@bX⌫ gµ⌫ . We denote M’s covariant
derivative as rµ and ⌃’s induced covariant derivative

as r̂a, which acts on a mixed tensor T
µ

a
as r̂aT

µ

b
=

@aT
µ

b
+�µ

⌫a
T

⌫

b
� �̂c

ab
T

µ

c
. The second fundamental form

is then ⇧µ

ab
= r̂a@bXµ, with traceless part ⇧̊µ

ab
⌘

⇧µ

ab
�

1

2
�ab�cd⇧µ

cd
.

Physically, the defect can arise from 2D DOF coupled
to the bulk CFT and/or BCs imposed on bulk CFT fields.
In 3D the defect is a domain wall between two CFTs, and
if one of these is the “trivial” CFT, then the defect is a
boundary. Our results will thus apply to 3D BCFTs, but
for brevity we will only explicitly discuss DCFTs unless
stated otherwise.

The Weyl Anomaly. We denote the DCFT partition
function as Z. The generating functional of connected
correlators is then W ⌘ �i ln Z. Both are functionals
of gµ⌫ and Xµ. We define the stress-energy tensor, Tµ⌫ ,
and displacement operator, Dµ, by variations of W ,

�W =
1

2

Z
dDx

p
�g �gµ⌫hT

µ⌫
i +

Z
d2y

p
�� �Xµ

hDµi,

where g ⌘ det gµ⌫ and � ⌘ det �ab. Invariance of
W under reparametrizations of ya implies Dµ’s com-
ponents along ⌃ vanish [14]. Invariance of W under
reparametrizations of xµ implies r⌫hT ⌫µ

i = ��D�2
hD

µ
i,

with �D�2 a delta function that restricts to ⌃ [14]. Phys-
ically hTµ⌫

i is not conserved at ⌃ because the defect and
bulk can exchange transverse energy-momentum.

Our DCFTs are invariant under infinitesimal Weyl
transformations, �!gµ⌫ = 2!gµ⌫ and �!Xµ = 0, only up
to the Weyl anomaly [2–5]: �!W =

R
dDx

p
�g !hTµ

µ
i,

where hTµ

µ
i is built from external sources, such as gµ⌫ .

We will consider contributions to hTµ

µ
i from gµ⌫ and

@aXµ only. Determining hTµ

µ
i’s most general form re-

quires solving the Wess-Zumino (WZ) consistency condi-
tion, which comes from the fact that two successive Weyl
transformations of W commute, and then fixing any local
counterterms that contribute to hTµ

µ
i. In our DCFTs,

hTµ

µ
i = hTµ

µ
ibulk + �D�2

hTµ

µ
idef, where hTµ

µ
ibulk and

hTµ

µ
idef are bulk CFT and defect Weyl anomalies, respec-

tively, and we fixed local counterterms to cancel terms
with normal derivatives of �D�2. For hTµ

µ
ibulk we will

only need to know that hTµ

µ
ibulk = 0 in odd D, but can

be non-zero in even D, which defines the bulk central
charge(s). For a 2D defect in a D � 3 DCFT [10, 11, 15],

hTµ

µ
idef = �

1

24⇡

⇣
bR⌃ + d1 I̊I

µ

ab
I̊I
ab

µ
� d2 W ab

ab

⌘
, (1)

Theory BC b d1 d2
Scalar Dirichlet �1/16 3/32 N/A
Scalar Robin 1/16 3/32 N/A
Fermion Mixed 0 3/16 N/A

Probe Brane N/A 6⇡L3Tbr 6⇡L3Tbr 6⇡L3Tbr

TABLE I. Central charges b, d1, and d2 of eq. (1) for 3D
BCFTs of free, massless real scalars with Dirichlet or Robin
BC, or Dirac fermion with the unique conformal “mixed”
BC [14, 18, 19], and for a 2D defect dual to a probe brane of
tension Tbr along AdS3 inside AdSD+1 of radius L [15].

where R⌃ is ⌃’s intrinsic scalar curvature, Wabcd is the
pullback of the bulk Weyl tensor to ⌃, and b, d1, and
d2 are defect central charges. When D = 3, Wabcd = 0
identically, so d2 exists only for D � 4.
Bounds on Central Charges. As mentioned above, in

a 2D CFT c determines various observables and with
reasonable assumptions, such as unitarity, obeys c � 0
and the c-theorem. By comparison, less is known about
b, d1, and d2. Under Weyl transformations

p
�� R⌃

changes by a total derivative (type A in the classifica-

tion of ref. [4]), while both
p
�� I̊I

µ

ab
I̊I
ab

µ
and

p
��W ab

ab

are invariant (type B). As a result, in the Euclidean
DCFT on S

D of radius r with bulk partition func-
tion with ZCFT and with defect along a maximal S

2,
Z/ZCFT / (r⇤)b/3 [14]. For a local, unitary defect RG
flow, b obeys a c-theorem, suggesting b counts defect
DOF [14]. WZ consistency forces b to be independent
of any marginal couplings. The normalization of Dµ’s 2-
point function is fixed by d1, such that unitarity implies
d1 � 0 [16, 17].

Table I shows b, d1, and d2 in the 3D BCFTs of a
free, massless real scalar or Dirac fermion [14, 18, 19],
and in CFTs holographically dual to Einstein gravity
in (D + 1)-dimensional Anti-de Sitter space, AdSD+1,
with metric GMN (M, N = 0, 1, . . . , D) and defect dual
to a probe brane along AdS3 whose action Sprobe =
�Tbr

R
d3⇠

p
�det(P [GMN ]) with tension Tbr and brane

coordinates ⇠ [15]. In all of these theories, the central
charges are � 0 with the exception of the scalar with
Dirichlet BC, which has b < 0. This example proves that
unitarity does not require b � 0.

Indeed, for a unitary 3D BCFT with unique stress-
energy tensor at the boundary [20], ref. [17] conjectured

b =
2⇡2

3
✏(1) �

2

3
d1, (2)

where ✏(v) is a contribution to Tµ⌫ ’s 2-point function
from exchange of spin-2 boundary operators, with v 2

[0, 1] the BCFT conformal cross ratio, with boundary
at v = 1 [16, 21, 22]. Unitarity implies ✏(v) � 0 [16].
However, if the BCFT has any spin-2 boundary operators
of dimension � 2 [2, 3), then ✏(v) diverges as (1� v)��3

when v ! 1. In that case, unitarity does not constrain
the sign of ✏(1), the (1 � v)0 term in ✏(v)’s expansion

free massless real scalar or Dirac fermion

Neumann
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d = 3BCFTs 2

The Systems. We start with a local, unitary, Lorentzian
CFT on a D � 3 spacetime M with coordinates xµ

(µ = 0, 1, . . . , D � 1) and metric gµ⌫ , which we will call
the “bulk” CFT. We introduce a codimension D � 2
defect along a static 2D submanifold ⌃ with coordi-
nates ya (a = 0, 1). We parameterize ⌃ ,! M by
embedding functions Xµ(y) such that ⌃’s induced met-
ric is �ab ⌘ @aXµ@bX⌫ gµ⌫ . We denote M’s covariant
derivative as rµ and ⌃’s induced covariant derivative

as r̂a, which acts on a mixed tensor T
µ
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=
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ab
⌘
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Physically, the defect can arise from 2D DOF coupled
to the bulk CFT and/or BCs imposed on bulk CFT fields.
In 3D the defect is a domain wall between two CFTs, and
if one of these is the “trivial” CFT, then the defect is a
boundary. Our results will thus apply to 3D BCFTs, but
for brevity we will only explicitly discuss DCFTs unless
stated otherwise.

The Weyl Anomaly. We denote the DCFT partition
function as Z. The generating functional of connected
correlators is then W ⌘ �i ln Z. Both are functionals
of gµ⌫ and Xµ. We define the stress-energy tensor, Tµ⌫ ,
and displacement operator, Dµ, by variations of W ,

�W =
1

2

Z
dDx

p
�g �gµ⌫hT

µ⌫
i +

Z
d2y

p
�� �Xµ

hDµi,

where g ⌘ det gµ⌫ and � ⌘ det �ab. Invariance of
W under reparametrizations of ya implies Dµ’s com-
ponents along ⌃ vanish [14]. Invariance of W under
reparametrizations of xµ implies r⌫hT ⌫µ

i = ��D�2
hD

µ
i,

with �D�2 a delta function that restricts to ⌃ [14]. Phys-
ically hTµ⌫

i is not conserved at ⌃ because the defect and
bulk can exchange transverse energy-momentum.

Our DCFTs are invariant under infinitesimal Weyl
transformations, �!gµ⌫ = 2!gµ⌫ and �!Xµ = 0, only up
to the Weyl anomaly [2–5]: �!W =

R
dDx

p
�g !hTµ

µ
i,

where hTµ

µ
i is built from external sources, such as gµ⌫ .

We will consider contributions to hTµ

µ
i from gµ⌫ and

@aXµ only. Determining hTµ

µ
i’s most general form re-

quires solving the Wess-Zumino (WZ) consistency condi-
tion, which comes from the fact that two successive Weyl
transformations of W commute, and then fixing any local
counterterms that contribute to hTµ

µ
i. In our DCFTs,

hTµ

µ
i = hTµ

µ
ibulk + �D�2

hTµ

µ
idef, where hTµ

µ
ibulk and

hTµ

µ
idef are bulk CFT and defect Weyl anomalies, respec-

tively, and we fixed local counterterms to cancel terms
with normal derivatives of �D�2. For hTµ

µ
ibulk we will

only need to know that hTµ

µ
ibulk = 0 in odd D, but can

be non-zero in even D, which defines the bulk central
charge(s). For a 2D defect in a D � 3 DCFT [10, 11, 15],
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idef = �
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24⇡
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, (1)

Theory BC b d1 d2
Scalar Dirichlet �1/16 3/32 N/A
Scalar Robin 1/16 3/32 N/A
Fermion Mixed 0 3/16 N/A

Probe Brane N/A 6⇡L3Tbr 6⇡L3Tbr 6⇡L3Tbr

TABLE I. Central charges b, d1, and d2 of eq. (1) for 3D
BCFTs of free, massless real scalars with Dirichlet or Robin
BC, or Dirac fermion with the unique conformal “mixed”
BC [14, 18, 19], and for a 2D defect dual to a probe brane of
tension Tbr along AdS3 inside AdSD+1 of radius L [15].

where R⌃ is ⌃’s intrinsic scalar curvature, Wabcd is the
pullback of the bulk Weyl tensor to ⌃, and b, d1, and
d2 are defect central charges. When D = 3, Wabcd = 0
identically, so d2 exists only for D � 4.
Bounds on Central Charges. As mentioned above, in

a 2D CFT c determines various observables and with
reasonable assumptions, such as unitarity, obeys c � 0
and the c-theorem. By comparison, less is known about
b, d1, and d2. Under Weyl transformations
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�� R⌃

changes by a total derivative (type A in the classifica-

tion of ref. [4]), while both
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and
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��W ab

ab

are invariant (type B). As a result, in the Euclidean
DCFT on S

D of radius r with bulk partition func-
tion with ZCFT and with defect along a maximal S

2,
Z/ZCFT / (r⇤)b/3 [14]. For a local, unitary defect RG
flow, b obeys a c-theorem, suggesting b counts defect
DOF [14]. WZ consistency forces b to be independent
of any marginal couplings. The normalization of Dµ’s 2-
point function is fixed by d1, such that unitarity implies
d1 � 0 [16, 17].

Table I shows b, d1, and d2 in the 3D BCFTs of a
free, massless real scalar or Dirac fermion [14, 18, 19],
and in CFTs holographically dual to Einstein gravity
in (D + 1)-dimensional Anti-de Sitter space, AdSD+1,
with metric GMN (M, N = 0, 1, . . . , D) and defect dual
to a probe brane along AdS3 whose action Sprobe =
�Tbr

R
d3⇠

p
�det(P [GMN ]) with tension Tbr and brane

coordinates ⇠ [15]. In all of these theories, the central
charges are � 0 with the exception of the scalar with
Dirichlet BC, which has b < 0. This example proves that
unitarity does not require b � 0.

Indeed, for a unitary 3D BCFT with unique stress-
energy tensor at the boundary [20], ref. [17] conjectured

b =
2⇡2

3
✏(1) �

2

3
d1, (2)

where ✏(v) is a contribution to Tµ⌫ ’s 2-point function
from exchange of spin-2 boundary operators, with v 2

[0, 1] the BCFT conformal cross ratio, with boundary
at v = 1 [16, 21, 22]. Unitarity implies ✏(v) � 0 [16].
However, if the BCFT has any spin-2 boundary operators
of dimension � 2 [2, 3), then ✏(v) diverges as (1� v)��3

when v ! 1. In that case, unitarity does not constrain
the sign of ✏(1), the (1 � v)0 term in ✏(v)’s expansion
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(µ = 0, 1, . . . , D � 1) and metric gµ⌫ , which we will call
the “bulk” CFT. We introduce a codimension D � 2
defect along a static 2D submanifold ⌃ with coordi-
nates ya (a = 0, 1). We parameterize ⌃ ,! M by
embedding functions Xµ(y) such that ⌃’s induced met-
ric is �ab ⌘ @aXµ@bX⌫ gµ⌫ . We denote M’s covariant
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T

µ

c
. The second fundamental form

is then ⇧µ

ab
= r̂a@bXµ, with traceless part ⇧̊µ

ab
⌘

⇧µ

ab
�

1

2
�ab�cd⇧µ

cd
.

Physically, the defect can arise from 2D DOF coupled
to the bulk CFT and/or BCs imposed on bulk CFT fields.
In 3D the defect is a domain wall between two CFTs, and
if one of these is the “trivial” CFT, then the defect is a
boundary. Our results will thus apply to 3D BCFTs, but
for brevity we will only explicitly discuss DCFTs unless
stated otherwise.

The Weyl Anomaly. We denote the DCFT partition
function as Z. The generating functional of connected
correlators is then W ⌘ �i ln Z. Both are functionals
of gµ⌫ and Xµ. We define the stress-energy tensor, Tµ⌫ ,
and displacement operator, Dµ, by variations of W ,

�W =
1

2

Z
dDx

p
�g �gµ⌫hT

µ⌫
i +

Z
d2y

p
�� �Xµ

hDµi,

where g ⌘ det gµ⌫ and � ⌘ det �ab. Invariance of
W under reparametrizations of ya implies Dµ’s com-
ponents along ⌃ vanish [14]. Invariance of W under
reparametrizations of xµ implies r⌫hT ⌫µ

i = ��D�2
hD

µ
i,

with �D�2 a delta function that restricts to ⌃ [14]. Phys-
ically hTµ⌫

i is not conserved at ⌃ because the defect and
bulk can exchange transverse energy-momentum.

Our DCFTs are invariant under infinitesimal Weyl
transformations, �!gµ⌫ = 2!gµ⌫ and �!Xµ = 0, only up
to the Weyl anomaly [2–5]: �!W =

R
dDx

p
�g !hTµ

µ
i,

where hTµ

µ
i is built from external sources, such as gµ⌫ .

We will consider contributions to hTµ

µ
i from gµ⌫ and

@aXµ only. Determining hTµ

µ
i’s most general form re-

quires solving the Wess-Zumino (WZ) consistency condi-
tion, which comes from the fact that two successive Weyl
transformations of W commute, and then fixing any local
counterterms that contribute to hTµ

µ
i. In our DCFTs,

hTµ

µ
i = hTµ

µ
ibulk + �D�2

hTµ

µ
idef, where hTµ

µ
ibulk and

hTµ

µ
idef are bulk CFT and defect Weyl anomalies, respec-

tively, and we fixed local counterterms to cancel terms
with normal derivatives of �D�2. For hTµ

µ
ibulk we will

only need to know that hTµ

µ
ibulk = 0 in odd D, but can

be non-zero in even D, which defines the bulk central
charge(s). For a 2D defect in a D � 3 DCFT [10, 11, 15],

hTµ

µ
idef = �

1

24⇡

⇣
bR⌃ + d1 I̊I

µ

ab
I̊I
ab

µ
� d2 W ab

ab

⌘
, (1)

Theory BC b d1 d2
Scalar Dirichlet �1/16 3/32 N/A
Scalar Robin 1/16 3/32 N/A
Fermion Mixed 0 3/16 N/A

Probe Brane N/A 6⇡L3Tbr 6⇡L3Tbr 6⇡L3Tbr

TABLE I. Central charges b, d1, and d2 of eq. (1) for 3D
BCFTs of free, massless real scalars with Dirichlet or Robin
BC, or Dirac fermion with the unique conformal “mixed”
BC [14, 18, 19], and for a 2D defect dual to a probe brane of
tension Tbr along AdS3 inside AdSD+1 of radius L [15].

where R⌃ is ⌃’s intrinsic scalar curvature, Wabcd is the
pullback of the bulk Weyl tensor to ⌃, and b, d1, and
d2 are defect central charges. When D = 3, Wabcd = 0
identically, so d2 exists only for D � 4.
Bounds on Central Charges. As mentioned above, in

a 2D CFT c determines various observables and with
reasonable assumptions, such as unitarity, obeys c � 0
and the c-theorem. By comparison, less is known about
b, d1, and d2. Under Weyl transformations

p
�� R⌃

changes by a total derivative (type A in the classifica-

tion of ref. [4]), while both
p
�� I̊I

µ

ab
I̊I
ab

µ
and

p
��W ab

ab

are invariant (type B). As a result, in the Euclidean
DCFT on S

D of radius r with bulk partition func-
tion with ZCFT and with defect along a maximal S

2,
Z/ZCFT / (r⇤)b/3 [14]. For a local, unitary defect RG
flow, b obeys a c-theorem, suggesting b counts defect
DOF [14]. WZ consistency forces b to be independent
of any marginal couplings. The normalization of Dµ’s 2-
point function is fixed by d1, such that unitarity implies
d1 � 0 [16, 17].

Table I shows b, d1, and d2 in the 3D BCFTs of a
free, massless real scalar or Dirac fermion [14, 18, 19],
and in CFTs holographically dual to Einstein gravity
in (D + 1)-dimensional Anti-de Sitter space, AdSD+1,
with metric GMN (M, N = 0, 1, . . . , D) and defect dual
to a probe brane along AdS3 whose action Sprobe =
�Tbr

R
d3⇠

p
�det(P [GMN ]) with tension Tbr and brane

coordinates ⇠ [15]. In all of these theories, the central
charges are � 0 with the exception of the scalar with
Dirichlet BC, which has b < 0. This example proves that
unitarity does not require b � 0.

Indeed, for a unitary 3D BCFT with unique stress-
energy tensor at the boundary [20], ref. [17] conjectured

b =
2⇡2

3
✏(1) �

2

3
d1, (2)

where ✏(v) is a contribution to Tµ⌫ ’s 2-point function
from exchange of spin-2 boundary operators, with v 2

[0, 1] the BCFT conformal cross ratio, with boundary
at v = 1 [16, 21, 22]. Unitarity implies ✏(v) � 0 [16].
However, if the BCFT has any spin-2 boundary operators
of dimension � 2 [2, 3), then ✏(v) diverges as (1� v)��3

when v ! 1. In that case, unitarity does not constrain
the sign of ✏(1), the (1 � v)0 term in ✏(v)’s expansion

free massless real scalar or Dirac fermion

Neumann
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Free, massless, real scalar

d3x �(x)m2�2(~x)

UV BCFT

IR BCFT

Boundary RG Flow
Z
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BCFT ! SUV

BCFT+

Free, massless, real scalar
Dirichlet B.C.

Neumann B.C.
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M2-branes ending on M5-branes

N coincident M5-branes’ worldvolume theory

Gauge algebra

SUSY CFTd = 6 N = (2, 0)
<latexit sha1_base64="czKO6c9hZpMJN5bbc0niQrvPrqs=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEqlJIUUTeFohtXUsE+oA1lMpm0QyeTMDMRSujCjb/ixoUibv0Id/6NkzQLbT3DwOGce7n3HjdiVCrL+jZWVtfWNzYLW8Xtnd29ffPgsCPDWGDSxiELRc9FkjDKSVtRxUgvEgQFLiNdd3Kd+t0HIiQN+b2aRsQJ0IhTn2KktDQ0S17jHA6q2QuQGmPEkttZo1KvWqdDs2zVrAxwmdg5KYMcraH5NfBCHAeEK8yQlH3bipSTIKEoZmRWHMSSRAhP0Ij0NeUoINJJsiNm8EQrHvRDoT9XMFN/dyQokHIauLoyXVQueqn4n9ePlX/pJJRHsSIczwf5MYMqhGki0KOCYMWmmiAsqN4V4jESCCudW1GHYC+evEw69Zpt1ey7s3LzKo+jAErgGFSADS5AE9yAFmgDDB7BM3gFb8aT8WK8Gx/z0hUj7zkCf2B8/gAym5Xg</latexit><latexit sha1_base64="czKO6c9hZpMJN5bbc0niQrvPrqs=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEqlJIUUTeFohtXUsE+oA1lMpm0QyeTMDMRSujCjb/ixoUibv0Id/6NkzQLbT3DwOGce7n3HjdiVCrL+jZWVtfWNzYLW8Xtnd29ffPgsCPDWGDSxiELRc9FkjDKSVtRxUgvEgQFLiNdd3Kd+t0HIiQN+b2aRsQJ0IhTn2KktDQ0S17jHA6q2QuQGmPEkttZo1KvWqdDs2zVrAxwmdg5KYMcraH5NfBCHAeEK8yQlH3bipSTIKEoZmRWHMSSRAhP0Ij0NeUoINJJsiNm8EQrHvRDoT9XMFN/dyQokHIauLoyXVQueqn4n9ePlX/pJJRHsSIczwf5MYMqhGki0KOCYMWmmiAsqN4V4jESCCudW1GHYC+evEw69Zpt1ey7s3LzKo+jAErgGFSADS5AE9yAFmgDDB7BM3gFb8aT8WK8Gx/z0hUj7zkCf2B8/gAym5Xg</latexit><latexit sha1_base64="czKO6c9hZpMJN5bbc0niQrvPrqs=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEqlJIUUTeFohtXUsE+oA1lMpm0QyeTMDMRSujCjb/ixoUibv0Id/6NkzQLbT3DwOGce7n3HjdiVCrL+jZWVtfWNzYLW8Xtnd29ffPgsCPDWGDSxiELRc9FkjDKSVtRxUgvEgQFLiNdd3Kd+t0HIiQN+b2aRsQJ0IhTn2KktDQ0S17jHA6q2QuQGmPEkttZo1KvWqdDs2zVrAxwmdg5KYMcraH5NfBCHAeEK8yQlH3bipSTIKEoZmRWHMSSRAhP0Ij0NeUoINJJsiNm8EQrHvRDoT9XMFN/dyQokHIauLoyXVQueqn4n9ePlX/pJJRHsSIczwf5MYMqhGki0KOCYMWmmiAsqN4V4jESCCudW1GHYC+evEw69Zpt1ey7s3LzKo+jAErgGFSADS5AE9yAFmgDDB7BM3gFb8aT8WK8Gx/z0hUj7zkCf2B8/gAym5Xg</latexit><latexit sha1_base64="czKO6c9hZpMJN5bbc0niQrvPrqs=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEqlJIUUTeFohtXUsE+oA1lMpm0QyeTMDMRSujCjb/ixoUibv0Id/6NkzQLbT3DwOGce7n3HjdiVCrL+jZWVtfWNzYLW8Xtnd29ffPgsCPDWGDSxiELRc9FkjDKSVtRxUgvEgQFLiNdd3Kd+t0HIiQN+b2aRsQJ0IhTn2KktDQ0S17jHA6q2QuQGmPEkttZo1KvWqdDs2zVrAxwmdg5KYMcraH5NfBCHAeEK8yQlH3bipSTIKEoZmRWHMSSRAhP0Ij0NeUoINJJsiNm8EQrHvRDoT9XMFN/dyQokHIauLoyXVQueqn4n9ePlX/pJJRHsSIczwf5MYMqhGki0KOCYMWmmiAsqN4V4jESCCudW1GHYC+evEw69Zpt1ey7s3LzKo+jAErgGFSADS5AE9yAFmgDDB7BM3gFb8aT8WK8Gx/z0hUj7zkCf2B8/gAym5Xg</latexit>

U(N)
<latexit sha1_base64="ya9Mx2eXonZzYulFOiaN4a6zA5Y=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OJJKrhtoV1KNs22oUl2SbJCKf0LXjwo4tU/5M1/Y7bdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVBHqk5jHqhNiTTmT1DfMcNpJFMUi5LQdjm8zv/1ElWaxfDSThAYCDyWLGMEmk/zq/Xm/XHFr7hxolXg5qUCOZr/81RvEJBVUGsKx1l3PTUwwxcowwums1Es1TTAZ4yHtWiqxoDqYzm+doTOrDFAUK1vSoLn6e2KKhdYTEdpOgc1IL3uZ+J/XTU10HUyZTFJDJVksilKOTIyyx9GAKUoMn1iCiWL2VkRGWGFibDwlG4K3/PIqadVr3kWt/nBZadzkcRThBE6hCh5cQQPuoAk+EBjBM7zCmyOcF+fd+Vi0Fpx85hj+wPn8ARPkjZo=</latexit>

M2-branes = “Wilson surface”

<latexit sha1_base64="ZRsN9VqjMSGZK88qFueE+9nAbCY=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNEY9ELx4xyiOBlcwOA0yYnd3M9BrJhk/w4kFjvPpF3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRjNdZJCPdCqjhUiheR4GSt2LNaRhI3gxG11O/+ci1EZG6x3HM/ZAOlOgLRtFKd08PlW6x5JbdGcgy8TJSggy1bvGr04tYEnKFTFJj2p4bo59SjYJJPil0EsNjykZ0wNuWKhpy46ezUyfkxCo90o+0LYVkpv6eSGlozDgMbGdIcWgWvan4n9dOsH/pp0LFCXLF5ov6iSQYkenfpCc0ZyjHllCmhb2VsCHVlKFNp2BD8BZfXiaNs7J3UfZuz0vVqyyOPBzBMZyCBxWowg3UoA4MBvAMr/DmSOfFeXc+5q05J5s5hD9wPn8AFTuNqw==</latexit>
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(a) (b)

Figure 1: (a) An example Young tableau illustrating how the parameters
describing the brane embedding map to the representation of the Wilson sur-
face. (b) An illustration of how the Young tableaux for a representation and
its conjugate fit together. The upper polygon represents the Young tableau for
a representation (for concreteness I have chosen n = 3), and the lower polygon
is the tableau for the conjugate representation, rotated by ⇡. Together they
form a rectangle of width N1 and height M .

Here Ma is the number of M5-branes which have Na M2-branes ending on them. The
index a runes from 1 to n + 1, with Nn+1 = 0. These numbers are related to the Young
tableau of the representation of the Wilson surface operator in the dual field theory, as
depicted in figure 1a. The total numbers of M2- and M5-branes are given by

N =
nX

a=1

MaNa, M =
n+1X

a=1

Ma. (5.2)

The Young tableaux corresponding to a representation R and its conjugate R̄ fit together
to form a rectangle of with N1 and height M [12], as illustrated in figure 1b. The param-
eters of R̄ are given in terms of those of R by

M̄a = Mn+2�a, N̄a = N1 �Nn+2�a. (5.3)

A rectangular Young tableau corresponds to n = 1 (which implies N1 = N/M1 and
M2 = M �M1). In this case, the central charge (5.1) simplifies to

c =
24

5

N1M1(M �M1)(M �N1/8)

M
. (5.4)

This central charge is manifestly invariant underM1 ! M�M1, corresponding to replacing
the representation with its complex conjugate.

8

R $
<latexit sha1_base64="oQfn/uTwY0kDwEN9vRSmBuSo+LY=">AAACAHicbZDNSgMxFIUz9a/Wv1EXLtwEi+CqzIigy6Ibl1VsLXRKyaSZNjSTDMkdpQyz8VXcuFDErY/hzrcxbWehrQcCH+fey809YSK4Ac/7dkpLyyura+X1ysbm1vaOu7vXMirVlDWpEkq3Q2KY4JI1gYNg7UQzEoeC3Yejq0n9/oFpw5W8g3HCujEZSB5xSsBaPfcgoERktzkOBItA88EQiNbqsedWvZo3FV4Ev4AqKtTouV9BX9E0ZhKoIMZ0fC+BbkY0cCpYXglSwxJCR2TAOhYliZnpZtMDcnxsnT6OlLZPAp66vycyEhszjkPbGRMYmvnaxPyv1kkhuuhmXCYpMElni6JUYFB4kgbuc80oiLEFQjW3f8V0SDShYDOr2BD8+ZMXoXVa8y3fnFXrl0UcZXSIjtAJ8tE5qqNr1EBNRFGOntErenOenBfn3fmYtZacYmYf/ZHz+QNIIZbX</latexit><latexit sha1_base64="oQfn/uTwY0kDwEN9vRSmBuSo+LY=">AAACAHicbZDNSgMxFIUz9a/Wv1EXLtwEi+CqzIigy6Ibl1VsLXRKyaSZNjSTDMkdpQyz8VXcuFDErY/hzrcxbWehrQcCH+fey809YSK4Ac/7dkpLyyura+X1ysbm1vaOu7vXMirVlDWpEkq3Q2KY4JI1gYNg7UQzEoeC3Yejq0n9/oFpw5W8g3HCujEZSB5xSsBaPfcgoERktzkOBItA88EQiNbqsedWvZo3FV4Ev4AqKtTouV9BX9E0ZhKoIMZ0fC+BbkY0cCpYXglSwxJCR2TAOhYliZnpZtMDcnxsnT6OlLZPAp66vycyEhszjkPbGRMYmvnaxPyv1kkhuuhmXCYpMElni6JUYFB4kgbuc80oiLEFQjW3f8V0SDShYDOr2BD8+ZMXoXVa8y3fnFXrl0UcZXSIjtAJ8tE5qqNr1EBNRFGOntErenOenBfn3fmYtZacYmYf/ZHz+QNIIZbX</latexit><latexit sha1_base64="oQfn/uTwY0kDwEN9vRSmBuSo+LY=">AAACAHicbZDNSgMxFIUz9a/Wv1EXLtwEi+CqzIigy6Ibl1VsLXRKyaSZNjSTDMkdpQyz8VXcuFDErY/hzrcxbWehrQcCH+fey809YSK4Ac/7dkpLyyura+X1ysbm1vaOu7vXMirVlDWpEkq3Q2KY4JI1gYNg7UQzEoeC3Yejq0n9/oFpw5W8g3HCujEZSB5xSsBaPfcgoERktzkOBItA88EQiNbqsedWvZo3FV4Ev4AqKtTouV9BX9E0ZhKoIMZ0fC+BbkY0cCpYXglSwxJCR2TAOhYliZnpZtMDcnxsnT6OlLZPAp66vycyEhszjkPbGRMYmvnaxPyv1kkhuuhmXCYpMElni6JUYFB4kgbuc80oiLEFQjW3f8V0SDShYDOr2BD8+ZMXoXVa8y3fnFXrl0UcZXSIjtAJ8tE5qqNr1EBNRFGOntErenOenBfn3fmYtZacYmYf/ZHz+QNIIZbX</latexit><latexit sha1_base64="oQfn/uTwY0kDwEN9vRSmBuSo+LY=">AAACAHicbZDNSgMxFIUz9a/Wv1EXLtwEi+CqzIigy6Ibl1VsLXRKyaSZNjSTDMkdpQyz8VXcuFDErY/hzrcxbWehrQcCH+fey809YSK4Ac/7dkpLyyura+X1ysbm1vaOu7vXMirVlDWpEkq3Q2KY4JI1gYNg7UQzEoeC3Yejq0n9/oFpw5W8g3HCujEZSB5xSsBaPfcgoERktzkOBItA88EQiNbqsedWvZo3FV4Ev4AqKtTouV9BX9E0ZhKoIMZ0fC+BbkY0cCpYXglSwxJCR2TAOhYliZnpZtMDcnxsnT6OlLZPAp66vycyEhszjkPbGRMYmvnaxPyv1kkhuuhmXCYpMElni6JUYFB4kgbuc80oiLEFQjW3f8V0SDShYDOr2BD8+ZMXoXVa8y3fnFXrl0UcZXSIjtAJ8tE5qqNr1EBNRFGOntErenOenBfn3fmYtZacYmYf/ZHz+QNIIZbX</latexit>

<latexit sha1_base64="ZRsN9VqjMSGZK88qFueE+9nAbCY=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNEY9ELx4xyiOBlcwOA0yYnd3M9BrJhk/w4kFjvPpF3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRjNdZJCPdCqjhUiheR4GSt2LNaRhI3gxG11O/+ci1EZG6x3HM/ZAOlOgLRtFKd08PlW6x5JbdGcgy8TJSggy1bvGr04tYEnKFTFJj2p4bo59SjYJJPil0EsNjykZ0wNuWKhpy46ezUyfkxCo90o+0LYVkpv6eSGlozDgMbGdIcWgWvan4n9dOsH/pp0LFCXLF5ov6iSQYkenfpCc0ZyjHllCmhb2VsCHVlKFNp2BD8BZfXiaNs7J3UfZuz0vVqyyOPBzBMZyCBxWowg3UoA4MBvAMr/DmSOfFeXc+5q05J5s5hD9wPn8AFTuNqw==</latexit>
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� ⌘ highest weight
<latexit sha1_base64="F5kuMM5Ip7Il9YwcCDQhPCXoTg8=">AAACD3icbVC7SgNBFJ2NrxhfUUubwaBYhV0RtAzaWEYwD8iGMDt7Nxky+3DmbjQs+QMbf8XGQhFbWzv/xsmj0MQDA4dzzuXOPV4ihUbb/rZyS8srq2v59cLG5tb2TnF3r67jVHGo8VjGqukxDVJEUEOBEpqJAhZ6Ehpe/2rsNwagtIijWxwm0A5ZNxKB4AyN1Ckeu9KEfUZduEvFgLoID6jCrCe6PdBI78EQHHWKJbtsT0AXiTMjJTJDtVP8cv2YpyFEyCXTuuXYCbYzplBwCaOCm2pIGO+zLrQMjVgIup1N7hnRI6P4NIiVeRHSifp7ImOh1sPQM8mQYU/Pe2PxP6+VYnDRzkSUpAgRny4KUkkxpuNyqC8UcJRDQxhXwvyV8h5TjKOpsGBKcOZPXiT107Jjl52bs1LlclZHnhyQQ3JCHHJOKuSaVEmNcPJInskrebOerBfr3fqYRnPWbGaf/IH1+QPpY502</latexit><latexit sha1_base64="F5kuMM5Ip7Il9YwcCDQhPCXoTg8=">AAACD3icbVC7SgNBFJ2NrxhfUUubwaBYhV0RtAzaWEYwD8iGMDt7Nxky+3DmbjQs+QMbf8XGQhFbWzv/xsmj0MQDA4dzzuXOPV4ihUbb/rZyS8srq2v59cLG5tb2TnF3r67jVHGo8VjGqukxDVJEUEOBEpqJAhZ6Ehpe/2rsNwagtIijWxwm0A5ZNxKB4AyN1Ckeu9KEfUZduEvFgLoID6jCrCe6PdBI78EQHHWKJbtsT0AXiTMjJTJDtVP8cv2YpyFEyCXTuuXYCbYzplBwCaOCm2pIGO+zLrQMjVgIup1N7hnRI6P4NIiVeRHSifp7ImOh1sPQM8mQYU/Pe2PxP6+VYnDRzkSUpAgRny4KUkkxpuNyqC8UcJRDQxhXwvyV8h5TjKOpsGBKcOZPXiT107Jjl52bs1LlclZHnhyQQ3JCHHJOKuSaVEmNcPJInskrebOerBfr3fqYRnPWbGaf/IH1+QPpY502</latexit><latexit sha1_base64="F5kuMM5Ip7Il9YwcCDQhPCXoTg8=">AAACD3icbVC7SgNBFJ2NrxhfUUubwaBYhV0RtAzaWEYwD8iGMDt7Nxky+3DmbjQs+QMbf8XGQhFbWzv/xsmj0MQDA4dzzuXOPV4ihUbb/rZyS8srq2v59cLG5tb2TnF3r67jVHGo8VjGqukxDVJEUEOBEpqJAhZ6Ehpe/2rsNwagtIijWxwm0A5ZNxKB4AyN1Ckeu9KEfUZduEvFgLoID6jCrCe6PdBI78EQHHWKJbtsT0AXiTMjJTJDtVP8cv2YpyFEyCXTuuXYCbYzplBwCaOCm2pIGO+zLrQMjVgIup1N7hnRI6P4NIiVeRHSifp7ImOh1sPQM8mQYU/Pe2PxP6+VYnDRzkSUpAgRny4KUkkxpuNyqC8UcJRDQxhXwvyV8h5TjKOpsGBKcOZPXiT107Jjl52bs1LlclZHnhyQQ3JCHHJOKuSaVEmNcPJInskrebOerBfr3fqYRnPWbGaf/IH1+QPpY502</latexit><latexit sha1_base64="F5kuMM5Ip7Il9YwcCDQhPCXoTg8=">AAACD3icbVC7SgNBFJ2NrxhfUUubwaBYhV0RtAzaWEYwD8iGMDt7Nxky+3DmbjQs+QMbf8XGQhFbWzv/xsmj0MQDA4dzzuXOPV4ihUbb/rZyS8srq2v59cLG5tb2TnF3r67jVHGo8VjGqukxDVJEUEOBEpqJAhZ6Ehpe/2rsNwagtIijWxwm0A5ZNxKB4AyN1Ckeu9KEfUZduEvFgLoID6jCrCe6PdBI78EQHHWKJbtsT0AXiTMjJTJDtVP8cv2YpyFEyCXTuuXYCbYzplBwCaOCm2pIGO+zLrQMjVgIup1N7hnRI6P4NIiVeRHSifp7ImOh1sPQM8mQYU/Pe2PxP6+VYnDRzkSUpAgRny4KUkkxpuNyqC8UcJRDQxhXwvyV8h5TjKOpsGBKcOZPXiT107Jjl52bs1LlclZHnhyQQ3JCHHJOKuSaVEmNcPJInskrebOerBfr3fqYRnPWbGaf/IH1+QPpY502</latexit>

⇢ ⌘ Weyl vector
<latexit sha1_base64="jAwQ0sc19eQCEF0J4yeMg6PJrk4=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWEYwD8iGMDu5SYbM7qwzd4PLktbGX7GxUMTWP7Dzb5w8Ck08MHA4517unBPEUhh03W8nt7K6tr6R3yxsbe/s7hX3D+pGJZpDjSupdDNgBqSIoIYCJTRjDSwMJDSC4fXEb4xAG6GiO0xjaIesH4me4Ayt1ClSXw8U9eE+ESPqIzygDrMGpJKOgKPS406x5JbdKegy8eakROaodopfflfxJIQIuWTGtDw3xnbGNAouYVzwEwMx40PWh5alEQvBtLNpkjE9sUqX9pS2L0I6VX9vZCw0Jg0DOxkyHJhFbyL+57US7F22MxHFCULEZ4d6iaSo6KQW2hXa5pWpJYxrYf9K+YBpxtGWV7AleIuRl0n9rOy5Ze/2vFS5mteRJ0fkmJwSj1yQCrkhVVIjnDySZ/JK3pwn58V5dz5mozlnvnNI/sD5/AEsKZqi</latexit><latexit sha1_base64="jAwQ0sc19eQCEF0J4yeMg6PJrk4=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWEYwD8iGMDu5SYbM7qwzd4PLktbGX7GxUMTWP7Dzb5w8Ck08MHA4517unBPEUhh03W8nt7K6tr6R3yxsbe/s7hX3D+pGJZpDjSupdDNgBqSIoIYCJTRjDSwMJDSC4fXEb4xAG6GiO0xjaIesH4me4Ayt1ClSXw8U9eE+ESPqIzygDrMGpJKOgKPS406x5JbdKegy8eakROaodopfflfxJIQIuWTGtDw3xnbGNAouYVzwEwMx40PWh5alEQvBtLNpkjE9sUqX9pS2L0I6VX9vZCw0Jg0DOxkyHJhFbyL+57US7F22MxHFCULEZ4d6iaSo6KQW2hXa5pWpJYxrYf9K+YBpxtGWV7AleIuRl0n9rOy5Ze/2vFS5mteRJ0fkmJwSj1yQCrkhVVIjnDySZ/JK3pwn58V5dz5mozlnvnNI/sD5/AEsKZqi</latexit><latexit sha1_base64="jAwQ0sc19eQCEF0J4yeMg6PJrk4=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWEYwD8iGMDu5SYbM7qwzd4PLktbGX7GxUMTWP7Dzb5w8Ck08MHA4517unBPEUhh03W8nt7K6tr6R3yxsbe/s7hX3D+pGJZpDjSupdDNgBqSIoIYCJTRjDSwMJDSC4fXEb4xAG6GiO0xjaIesH4me4Ayt1ClSXw8U9eE+ESPqIzygDrMGpJKOgKPS406x5JbdKegy8eakROaodopfflfxJIQIuWTGtDw3xnbGNAouYVzwEwMx40PWh5alEQvBtLNpkjE9sUqX9pS2L0I6VX9vZCw0Jg0DOxkyHJhFbyL+57US7F22MxHFCULEZ4d6iaSo6KQW2hXa5pWpJYxrYf9K+YBpxtGWV7AleIuRl0n9rOy5Ze/2vFS5mteRJ0fkmJwSj1yQCrkhVVIjnDySZ/JK3pwn58V5dz5mozlnvnNI/sD5/AEsKZqi</latexit><latexit sha1_base64="jAwQ0sc19eQCEF0J4yeMg6PJrk4=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhV0RtAzaWEYwD8iGMDu5SYbM7qwzd4PLktbGX7GxUMTWP7Dzb5w8Ck08MHA4517unBPEUhh03W8nt7K6tr6R3yxsbe/s7hX3D+pGJZpDjSupdDNgBqSIoIYCJTRjDSwMJDSC4fXEb4xAG6GiO0xjaIesH4me4Ayt1ClSXw8U9eE+ESPqIzygDrMGpJKOgKPS406x5JbdKegy8eakROaodopfflfxJIQIuWTGtDw3xnbGNAouYVzwEwMx40PWh5alEQvBtLNpkjE9sUqX9pS2L0I6VX9vZCw0Jg0DOxkyHJhFbyL+57US7F22MxHFCULEZ4d6iaSo6KQW2hXa5pWpJYxrYf9K+YBpxtGWV7AleIuRl0n9rOy5Ze/2vFS5mteRJ0fkmJwSj1yQCrkhVVIjnDySZ/JK3pwn58V5dz5mozlnvnNI/sD5/AEsKZqi</latexit>

d2 = 24(�, ⇢) + 6(�,�)
<latexit sha1_base64="0s1EUbH28ZNzx2vT1/ySs4CgTg8=">AAACEHicbVDLSgMxFM3UV62vUZduBovYopSZWtSNUHTjsoJ9QGcYMplMG5pJhiQjlKGf4MZfceNCEbcu3fk3pg9QqwdCTs69h5t7goQSqWz708gtLC4tr+RXC2vrG5tb5vZOS/JUINxEnHLRCaDElDDcVERR3EkEhnFAcTsYXI3r7TssJOHsVg0T7MWwx0hEEFRa8s3D0K9eVGsll2pPCI9d0eflo9Pv9/Qu+2bRrtgTWH+JMyNFMEPDNz/ckKM0xkwhCqXsOnaivAwKRRDFo4KbSpxANIA93NWUwRhLL5ssNLIOtBJaERf6MGVN1J+ODMZSDuNAd8ZQ9eV8bSz+V+umKjr3MsKSVGGGpoOilFqKW+N0rJAIjBQdagKRIPqvFupDAZHSGRZ0CM78yn9Jq1pxTir2Ta1Yv5zFkQd7YB+UgAPOQB1cgwZoAgTuwSN4Bi/Gg/FkvBpv09acMfPsgl8w3r8AgembAg==</latexit>

Estes, Krym, O’Bannon, Robinson, Rodgers 1812.00923
Jensen, O’Bannon, Robinson, Rodgers 1812.08745

Bianchi + Lemos 1911.05082
Chalabi, O’Bannon, Robinson, Sisti 2003.02857

Drukker, Probst, Trépanier 2003.12372, 2009.10732, 2012.11087
Drukker, Giombi, Tseytlin, Zhou 2004.04562

Wang 2012.06574
Bachas, Bianchi, Chen 2501.13197 

<latexit sha1_base64="zbdxwwrj6ehghMTCblquF5S26u4=">AAACEHicbVDLSgMxFM3UV62vUZdugkVsUcpMKdWNUHTjsoJ9QGcYMpm0Dc1MhiQjlKGf4MZfceNCEbcu3fk3pu2AWj0QcnLuPdzc48eMSmVZn0ZuaXlldS2/XtjY3NreMXf32pInApMW5oyLro8kYTQiLUUVI91YEBT6jHT80dW03rkjQlIe3apxTNwQDSLapxgpLXnmceDZF9VayWHaE6BTRwx5+aT+/Z7fZc8sWhVrBviX2BkpggxNz/xwAo6TkEQKMyRlz7Zi5aZIKIoZmRScRJIY4REakJ6mEQqJdNPZQhN4pJUA9rnQJ1Jwpv50pCiUchz6ujNEaigXa1Pxv1ovUf1zN6VRnCgS4fmgfsKg4nCaDgyoIFixsSYIC6r/CvEQCYSVzrCgQ7AXV/5L2tWKXa/Ub2rFxmUWRx4cgENQAjY4Aw1wDZqgBTC4B4/gGbwYD8aT8Wq8zVtzRubZB79gvH8BgymbCg==</latexit>

d1 = 24(�, ⇢) + 6(�,�)

M2-branes ending on M5-branes

b = 24(�, ⇢) + 3(�,�)
<latexit sha1_base64="Wk8e6j2l8jjIu0bfCPAjqxKhU9Q=">AAACDnicbVDLSgMxFM3UV62vUZduBkuhRSkzbUE3QtGNywr2AZ2hZDKZNjSTDElGKEO/wI2/4saFIm5du/NvTNsBtXog5OTce7i5x48pkcq2P43cyura+kZ+s7C1vbO7Z+4fdCRPBMJtxCkXPR9KTAnDbUUUxb1YYBj5FHf98dWs3r3DQhLObtUkxl4Eh4yEBEGlpYFZ8i9qjbJLtSOAp64Y8cpJ/fu9uCsDs2hX7Tmsv8TJSBFkaA3MDzfgKIkwU4hCKfuOHSsvhUIRRPG04CYSxxCN4RD3NWUwwtJL5+tMrZJWAivkQh+mrLn605HCSMpJ5OvOCKqRXK7NxP9q/USF515KWJwozNBiUJhQS3Frlo0VEIGRohNNIBJE/9VCIyggUjrBgg7BWV75L+nUqk69at80is3LLI48OALHoAwccAaa4Bq0QBsgcA8ewTN4MR6MJ+PVeFu05ozMcwh+wXj/Aj3kmlg=</latexit>



Examples

d2 = 24(�, ⇢) + 6(�,�)
<latexit sha1_base64="0s1EUbH28ZNzx2vT1/ySs4CgTg8=">AAACEHicbVDLSgMxFM3UV62vUZduBovYopSZWtSNUHTjsoJ9QGcYMplMG5pJhiQjlKGf4MZfceNCEbcu3fk3pg9QqwdCTs69h5t7goQSqWz708gtLC4tr+RXC2vrG5tb5vZOS/JUINxEnHLRCaDElDDcVERR3EkEhnFAcTsYXI3r7TssJOHsVg0T7MWwx0hEEFRa8s3D0K9eVGsll2pPCI9d0eflo9Pv9/Qu+2bRrtgTWH+JMyNFMEPDNz/ckKM0xkwhCqXsOnaivAwKRRDFo4KbSpxANIA93NWUwRhLL5ssNLIOtBJaERf6MGVN1J+ODMZSDuNAd8ZQ9eV8bSz+V+umKjr3MsKSVGGGpoOilFqKW+N0rJAIjBQdagKRIPqvFupDAZHSGRZ0CM78yn9Jq1pxTir2Ta1Yv5zFkQd7YB+UgAPOQB1cgwZoAgTuwSN4Bi/Gg/FkvBpv09acMfPsgl8w3r8AgembAg==</latexit>

Estes, Krym, O’Bannon, Robinson, Rodgers 1812.00923
Jensen, O’Bannon, Robinson, Rodgers 1812.08745

Bianchi + Lemos 1911.05082
Chalabi, O’Bannon, Robinson, Sisti 2003.02857

Drukker, Probst, Trépanier 2003.12372, 2009.10732, 2012.11087
Drukker, Giombi, Tseytlin, Zhou 2004.04562

Wang 2012.06574
Bachas, Bianchi, Chen 2501.13197 

<latexit sha1_base64="zbdxwwrj6ehghMTCblquF5S26u4=">AAACEHicbVDLSgMxFM3UV62vUZdugkVsUcpMKdWNUHTjsoJ9QGcYMpm0Dc1MhiQjlKGf4MZfceNCEbcu3fk3pu2AWj0QcnLuPdzc48eMSmVZn0ZuaXlldS2/XtjY3NreMXf32pInApMW5oyLro8kYTQiLUUVI91YEBT6jHT80dW03rkjQlIe3apxTNwQDSLapxgpLXnmceDZF9VayWHaE6BTRwx5+aT+/Z7fZc8sWhVrBviX2BkpggxNz/xwAo6TkEQKMyRlz7Zi5aZIKIoZmRScRJIY4REakJ6mEQqJdNPZQhN4pJUA9rnQJ1Jwpv50pCiUchz6ujNEaigXa1Pxv1ovUf1zN6VRnCgS4fmgfsKg4nCaDgyoIFixsSYIC6r/CvEQCYSVzrCgQ7AXV/5L2tWKXa/Ub2rFxmUWRx4cgENQAjY4Aw1wDZqgBTC4B4/gGbwYD8aT8Wq8zVtzRubZB79gvH8BgymbCg==</latexit>

d1 = 24(�, ⇢) + 6(�,�)

M2-branes ending on M5-branes

supersymmetry
<latexit sha1_base64="ZRJS7TMT9w71fyNMqvA8wZzu3dI=">AAAB7nicbVBNS8NAEJ31s9avqkcvi0XwVJIi1YtQ9OKxgv2ANoTNZtMu3WzC7kYooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1LBtXGcb7S2vrG5tV3aKe/u7R8cVo6OOzrJFGVtmohE9QKimeCStQ03gvVSxUgcCNYNxnczv/vElOaJfDSTlHkxGUoecUqMlbqh796Eft2vVJ2aMwdeJW5BqlCg5Ve+BmFCs5hJQwXRuu86qfFyogyngk3Lg0yzlNAxGbK+pZLETHv5/NwpPrdKiKNE2ZIGz9XfEzmJtZ7Ege2MiRnpZW8m/uf1MxNdezmXaWaYpItFUSawSfDsdxxyxagRE0sIVdzeiumIKEKNTahsQ3CXX14lnXrNbdQaD5fV5m0RRwlO4QwuwIUraMI9tKANFMbwDK/whlL0gt7Rx6J1DRUzJ/AH6PMHWgqO8Q==</latexit>

d1 = d2

b = 24(�, ⇢) + 3(�,�)
<latexit sha1_base64="Wk8e6j2l8jjIu0bfCPAjqxKhU9Q=">AAACDnicbVDLSgMxFM3UV62vUZduBkuhRSkzbUE3QtGNywr2AZ2hZDKZNjSTDElGKEO/wI2/4saFIm5du/NvTNsBtXog5OTce7i5x48pkcq2P43cyura+kZ+s7C1vbO7Z+4fdCRPBMJtxCkXPR9KTAnDbUUUxb1YYBj5FHf98dWs3r3DQhLObtUkxl4Eh4yEBEGlpYFZ8i9qjbJLtSOAp64Y8cpJ/fu9uCsDs2hX7Tmsv8TJSBFkaA3MDzfgKIkwU4hCKfuOHSsvhUIRRPG04CYSxxCN4RD3NWUwwtJL5+tMrZJWAivkQh+mrLn605HCSMpJ5OvOCKqRXK7NxP9q/USF515KWJwozNBiUJhQS3Frlo0VEIGRohNNIBJE/9VCIyggUjrBgg7BWV75L+nUqk69at80is3LLI48OALHoAwccAaa4Bq0QBsgcA8ewTN4MR6MJ+PVeFu05ozMcwh+wXj/Aj3kmlg=</latexit>

<latexit sha1_base64="G60T4ouz5kZRbOYmKM68M+ZvrSc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGK/YA2lM120y7dZMPuRCmhP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bRqWa8QZTUul2QA2XIuYNFCh5O9GcRoHkrWB0M/Vbj1wboeIHHCfcj+ggFqFgFK3U6d6LwRCp1uqpVyq7FXcGsky8nJQhR71X+ur2FUsjHiOT1JiO5yboZ1SjYJJPit3U8ISyER3wjqUxjbjxs9nJE3JqlT4JlbYVI5mpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMxEmKPGbzRWEqCSoy/Z/0heYM5dgSyrSwtxI2pJoytCkVbQje4svLpHle8aqV6t1FuXadx1GAYziBM/DgEmpwC3VoAAMFz/AKbw46L8678zFvXXHymSP4A+fzB5StkXg=</latexit>)



Examples

b = 24(�, ⇢) + 3(�,�)
<latexit sha1_base64="Wk8e6j2l8jjIu0bfCPAjqxKhU9Q=">AAACDnicbVDLSgMxFM3UV62vUZduBkuhRSkzbUE3QtGNywr2AZ2hZDKZNjSTDElGKEO/wI2/4saFIm5du/NvTNsBtXog5OTce7i5x48pkcq2P43cyura+kZ+s7C1vbO7Z+4fdCRPBMJtxCkXPR9KTAnDbUUUxb1YYBj5FHf98dWs3r3DQhLObtUkxl4Eh4yEBEGlpYFZ8i9qjbJLtSOAp64Y8cpJ/fu9uCsDs2hX7Tmsv8TJSBFkaA3MDzfgKIkwU4hCKfuOHSsvhUIRRPG04CYSxxCN4RD3NWUwwtJL5+tMrZJWAivkQh+mrLn605HCSMpJ5OvOCKqRXK7NxP9q/USF515KWJwozNBiUJhQS3Frlo0VEIGRohNNIBJE/9VCIyggUjrBgg7BWV75L+nUqk69at80is3LLI48OALHoAwccAaa4Bq0QBsgcA8ewTN4MR6MJ+PVeFu05ozMcwh+wXj/Aj3kmlg=</latexit>

d2 = 24(�, ⇢) + 6(�,�)
<latexit sha1_base64="0s1EUbH28ZNzx2vT1/ySs4CgTg8=">AAACEHicbVDLSgMxFM3UV62vUZduBovYopSZWtSNUHTjsoJ9QGcYMplMG5pJhiQjlKGf4MZfceNCEbcu3fk3pg9QqwdCTs69h5t7goQSqWz708gtLC4tr+RXC2vrG5tb5vZOS/JUINxEnHLRCaDElDDcVERR3EkEhnFAcTsYXI3r7TssJOHsVg0T7MWwx0hEEFRa8s3D0K9eVGsll2pPCI9d0eflo9Pv9/Qu+2bRrtgTWH+JMyNFMEPDNz/ckKM0xkwhCqXsOnaivAwKRRDFo4KbSpxANIA93NWUwRhLL5ssNLIOtBJaERf6MGVN1J+ODMZSDuNAd8ZQ9eV8bSz+V+umKjr3MsKSVGGGpoOilFqKW+N0rJAIjBQdagKRIPqvFupDAZHSGRZ0CM78yn9Jq1pxTir2Ta1Yv5zFkQd7YB+UgAPOQB1cgwZoAgTuwSN4Bi/Gg/FkvBpv09acMfPsgl8w3r8AgembAg==</latexit>

Estes, Krym, O’Bannon, Robinson, Rodgers 1812.00923
Jensen, O’Bannon, Robinson, Rodgers 1812.08745

Bianchi + Lemos 1911.05082
Chalabi, O’Bannon, Robinson, Sisti 2003.02857

Drukker, Probst, Trépanier 2003.12372, 2009.10732, 2012.11087
Drukker, Giombi, Tseytlin, Zhou 2004.04562

Wang 2012.06574
Bachas, Bianchi, Chen 2501.13197 

<latexit sha1_base64="zbdxwwrj6ehghMTCblquF5S26u4=">AAACEHicbVDLSgMxFM3UV62vUZdugkVsUcpMKdWNUHTjsoJ9QGcYMpm0Dc1MhiQjlKGf4MZfceNCEbcu3fk3pu2AWj0QcnLuPdzc48eMSmVZn0ZuaXlldS2/XtjY3NreMXf32pInApMW5oyLro8kYTQiLUUVI91YEBT6jHT80dW03rkjQlIe3apxTNwQDSLapxgpLXnmceDZF9VayWHaE6BTRwx5+aT+/Z7fZc8sWhVrBviX2BkpggxNz/xwAo6TkEQKMyRlz7Zi5aZIKIoZmRScRJIY4REakJ6mEQqJdNPZQhN4pJUA9rnQJ1Jwpv50pCiUchz6ujNEaigXa1Pxv1ovUf1zN6VRnCgS4fmgfsKg4nCaDgyoIFixsSYIC6r/CvEQCYSVzrCgQ7AXV/5L2tWKXa/Ub2rFxmUWRx4cgENQAjY4Aw1wDZqgBTC4B4/gGbwYD8aT8Wq8zVtzRubZB79gvH8BgymbCg==</latexit>

d1 = 24(�, ⇢) + 6(�,�)

M2-branes ending on M5-branes

<latexit sha1_base64="D9GMh9RXBBlUGUMSTCvfZR68u7I=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGC/YA2lM120q7dbOLuRiih/8GLB0W8+n+8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtJ1Sax/LejBP0IzqQPOSMGis1g+4AH91eqexW3BnIMvFyUoYc9V7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NoJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa88jMuk9SgZPNFYSqIicn0ddLnCpkRY0soU9zeStiQKsqMDahoQ/AWX14mzfOKV61U7y7Ktes8jgIcwwmcgQeXUINbqEMDGDzAM7zCmxM7L8678zFvXXHymSP4A+fzBzuljuw=</latexit>

b � 0
<latexit sha1_base64="eZ9ScfEpAF14kx9iPk7/AghRq3I=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VbC20oWw2k3bpZpPuboRS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCopZNMMWyyRCSqHVCNgktsGm4EtlOFNA4EPgbD25n/+IRK80Q+mHGKfkz7kkecUWOldtjzun0cub1yxa26c5BV4uWkAjkavfJXN0xYFqM0TFCtO56bGn9CleFM4LTUzTSmlA1pHzuWShqj9ifze6fkzCohiRJlSxoyV39PTGis9TgObGdMzUAvezPxP6+Tmejan3CZZgYlWyyKMkFMQmbPk5ArZEaMLaFMcXsrYQOqKDM2opINwVt+eZW0LqperVq7v6zUb/I4inACp3AOHlxBHe6gAU1gIOAZXuHNGTkvzrvzsWgtOPnMMfyB8/kDZtuPkg==</latexit>

d1 � 0
<latexit sha1_base64="7jsnJrRI/w033FF81dwSS3EI5bs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSRFqseiF48V7Ae0oWw2k3bpZpPuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8w8P+FMacf5tgobm1vbO8Xd0t7+weFR+fikreJUUmzRmMey6xOFnAlsaaY5dhOJJPI5dvzx3dzvPKFULBaPepqgF5GhYCGjRBupGwxq/SFOnEG54lSdBex14uakAjmag/JXP4hpGqHQlBOleq6TaC8jUjPKcVbqpwoTQsdkiD1DBYlQedni3pl9YZTADmNpSmh7of6eyEik1DTyTWdE9EitenPxP6+X6vDGy5hIUo2CLheFKbd1bM+ftwMmkWo+NYRQycytNh0RSag2EZVMCO7qy+ukXau69Wr94arSuM3jKMIZnMMluHANDbiHJrSAAodneIU3a2K9WO/Wx7K1YOUzp/AH1ucPaGSPkw==</latexit>

d2 � 0



Examples

b = 24(�, ⇢) + 3(�,�)
<latexit sha1_base64="Wk8e6j2l8jjIu0bfCPAjqxKhU9Q=">AAACDnicbVDLSgMxFM3UV62vUZduBkuhRSkzbUE3QtGNywr2AZ2hZDKZNjSTDElGKEO/wI2/4saFIm5du/NvTNsBtXog5OTce7i5x48pkcq2P43cyura+kZ+s7C1vbO7Z+4fdCRPBMJtxCkXPR9KTAnDbUUUxb1YYBj5FHf98dWs3r3DQhLObtUkxl4Eh4yEBEGlpYFZ8i9qjbJLtSOAp64Y8cpJ/fu9uCsDs2hX7Tmsv8TJSBFkaA3MDzfgKIkwU4hCKfuOHSsvhUIRRPG04CYSxxCN4RD3NWUwwtJL5+tMrZJWAivkQh+mrLn605HCSMpJ5OvOCKqRXK7NxP9q/USF515KWJwozNBiUJhQS3Frlo0VEIGRohNNIBJE/9VCIyggUjrBgg7BWV75L+nUqk69at80is3LLI48OALHoAwccAaa4Bq0QBsgcA8ewTN4MR6MJ+PVeFu05ozMcwh+wXj/Aj3kmlg=</latexit>

d2 = 24(�, ⇢) + 6(�,�)
<latexit sha1_base64="0s1EUbH28ZNzx2vT1/ySs4CgTg8=">AAACEHicbVDLSgMxFM3UV62vUZduBovYopSZWtSNUHTjsoJ9QGcYMplMG5pJhiQjlKGf4MZfceNCEbcu3fk3pg9QqwdCTs69h5t7goQSqWz708gtLC4tr+RXC2vrG5tb5vZOS/JUINxEnHLRCaDElDDcVERR3EkEhnFAcTsYXI3r7TssJOHsVg0T7MWwx0hEEFRa8s3D0K9eVGsll2pPCI9d0eflo9Pv9/Qu+2bRrtgTWH+JMyNFMEPDNz/ckKM0xkwhCqXsOnaivAwKRRDFo4KbSpxANIA93NWUwRhLL5ssNLIOtBJaERf6MGVN1J+ODMZSDuNAd8ZQ9eV8bSz+V+umKjr3MsKSVGGGpoOilFqKW+N0rJAIjBQdagKRIPqvFupDAZHSGRZ0CM78yn9Jq1pxTir2Ta1Yv5zFkQd7YB+UgAPOQB1cgwZoAgTuwSN4Bi/Gg/FkvBpv09acMfPsgl8w3r8AgembAg==</latexit>

Estes, Krym, O’Bannon, Robinson, Rodgers 1812.00923
Jensen, O’Bannon, Robinson, Rodgers 1812.08745

Bianchi + Lemos 1911.05082
Chalabi, O’Bannon, Robinson, Sisti 2003.02857

Drukker, Probst, Trépanier 2003.12372, 2009.10732, 2012.11087
Drukker, Giombi, Tseytlin, Zhou 2004.04562

Wang 2012.06574
Bachas, Bianchi, Chen 2501.13197 

<latexit sha1_base64="zbdxwwrj6ehghMTCblquF5S26u4=">AAACEHicbVDLSgMxFM3UV62vUZdugkVsUcpMKdWNUHTjsoJ9QGcYMpm0Dc1MhiQjlKGf4MZfceNCEbcu3fk3pu2AWj0QcnLuPdzc48eMSmVZn0ZuaXlldS2/XtjY3NreMXf32pInApMW5oyLro8kYTQiLUUVI91YEBT6jHT80dW03rkjQlIe3apxTNwQDSLapxgpLXnmceDZF9VayWHaE6BTRwx5+aT+/Z7fZc8sWhVrBviX2BkpggxNz/xwAo6TkEQKMyRlz7Zi5aZIKIoZmRScRJIY4REakJ6mEQqJdNPZQhN4pJUA9rnQJ1Jwpv50pCiUchz6ujNEaigXa1Pxv1ovUf1zN6VRnCgS4fmgfsKg4nCaDgyoIFixsSYIC6r/CvEQCYSVzrCgQ7AXV/5L2tWKXa/Ub2rFxmUWRx4cgENQAjY4Aw1wDZqgBTC4B4/gGbwYD8aT8Wq8zVtzRubZB79gvH8BgymbCg==</latexit>

d1 = 24(�, ⇢) + 6(�,�)

M2-branes ending on M5-branes

All three are invariant under the Weyl group
and complex conjugation of the representation R ! R⇤

<latexit sha1_base64="ogjJfWY2o1pL8B7+0Il5NzUFbW4=">AAACAHicbVDLSgMxFL1TX7W+Rl24cBMsgrgoMyrosujGZRX7gM5YMmnahmYyQ5IRyjAbf8WNC0Xc+hnu/BvTdgRtPRA4OedeknOCmDOlHefLKiwsLi2vFFdLa+sbm1v29k5DRYkktE4iHslWgBXlTNC6ZprTViwpDgNOm8Hwauw3H6hULBJ3ehRTP8R9wXqMYG2kjr2XegRzdJshT0fo53J/3LHLTsWZAM0TNydlyFHr2J9eNyJJSIUmHCvVdp1Y+ymWmhFOs5KXKBpjMsR92jZU4JAqP50EyNChUbqoF0lzhEYT9fdGikOlRmFgJkOsB2rWG4v/ee1E9y78lIk40VSQ6UO9hCOTddwG6jJJieYjQzCRzPwVkQGWmGjTWcmU4M5GnieNk4p7WnFuzsrVy7yOIuzDARyBC+dQhWuoQR0IZPAEL/BqPVrP1pv1Ph0tWPnOLvyB9fENPoOVhg==</latexit>



Examples

probe braneAdS3
<latexit sha1_base64="Qcx3fsRzAOqirUZz/zCgP9q7mK8=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBU0laQY9VLx4rmrbQhrLZbNqlm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5QcqZ0o7zbZXW1jc2t8rblZ3dvf0D+/CorZJMEuqRhCeyG2BFORPU00xz2k0lxXHAaScY3878zhOViiXiUU9S6sd4KFjECNZG8q7Dh0FjYFedmjMHWiVuQapQoDWwv/phQrKYCk04VqrnOqn2cyw1I5xOK/1M0RSTMR7SnqECx1T5+fzYKTozSoiiRJoSGs3V3xM5jpWaxIHpjLEeqWVvJv7n9TIdXfk5E2mmqSCLRVHGkU7Q7HMUMkmJ5hNDMJHM3IrICEtMtMmnYkJwl19eJe16zW3U6vcX1eZNEUcZTuAUzsGFS2jCHbTAAwIMnuEV3ixhvVjv1seitWQVM8fwB9bnDx3Njjo=</latexit>

L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

AdSd+1
<latexit sha1_base64="bgP+r07Pz3P7nrYGVHg3SFGVaGY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRZBEMpuFfRY9eKxom2VdinZbLYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBQln2rjut1NYWl5ZXSuulzY2t7Z3yrt7LR2nitAmiXmsHgKsKWeSNg0znD4kimIRcNoOhtcTv/1ElWaxvDejhPoC9yWLGMHGSo+X4V0vC0+8ca9ccavuFGiReDmpQI5Gr/zVDWOSCioN4Vjrjucmxs+wMoxwOi51U00TTIa4TzuWSiyo9rPpwWN0ZJUQRbGyJQ2aqr8nMiy0HonAdgpsBnrem4j/eZ3URBd+xmSSGirJbFGUcmRiNPkehUxRYvjIEkwUs7ciMsAKE2MzKtkQvPmXF0mrVvVOq7Xbs0r9Ko+jCAdwCMfgwTnU4QYa0AQCAp7hFd4c5bw4787HrLXg5DP78AfO5w8IRY/n</latexit>

radius of curvature

b = d1 = d2 = 6⇡L3 T
<latexit sha1_base64="rPhsPFH9xwP86A1Er8cMYPfSQXY=">AAACD3icbVC7TsMwFHXKq5RXgJHFogIxoCppEbBUqmBhYChSX1ITIsdxWqvOQ7aDVEX9AxZ+hYUBhFhZ2fgbnDYDtBzpWkfn3Cvfe9yYUSEN41srLC2vrK4V10sbm1vbO/ruXkdECcekjSMW8Z6LBGE0JG1JJSO9mBMUuIx03dF15ncfCBc0CltyHBM7QIOQ+hQjqSRHP3brnmOqqsI6PIdWTKF1entfU68VIDnEiKWtCXT0slExpoCLxMxJGeRoOvqX5UU4CUgoMUNC9E0jlnaKuKSYkUnJSgSJER6hAekrGqKACDud3jOBR0rxoB9xVaGEU/X3RIoCIcaBqzqzHcW8l4n/ef1E+pd2SsM4kSTEs4/8hEEZwSwc6FFOsGRjRRDmVO0K8RBxhKWKsKRCMOdPXiSdasWsVap3Z+XGVR5HERyAQ3ACTHABGuAGNEEbYPAInsEreNOetBftXfuYtRa0fGYf/IH2+QNpYZnH</latexit>

Sbrane = T
Z

d3⇠
p

detP [GMN ]
<latexit sha1_base64="8/guFGK370UM79BBZZz4sXVvsAg="></latexit>

Jensen, O’Bannon, Robinson, Rodgers 1812.08745 
Graham + Witten hep-th/9901021

Similar to holographic CFTs in d = 4

<latexit sha1_base64="BbKU0wdBO0L0NQxAiRwy1PQ6Emg=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolU9CIUvXisaD+gDWWzmbRLN5uwuxFK6U/w4kERr/4ib/4bt20O2vpg4PHeDDPzglRwbVz321lZXVvf2CxsFbd3dvf2SweHTZ1kimGDJSJR7YBqFFxiw3AjsJ0qpHEgsBUMb6d+6wmV5ol8NKMU/Zj2JY84o8ZKD+F1tVcquxV3BrJMvJyUIUe9V/rqhgnLYpSGCap1x3NT44+pMpwJnBS7mcaUsiHtY8dSSWPU/nh26oScWiUkUaJsSUNm6u+JMY21HsWB7YypGehFbyr+53UyE135Yy7TzKBk80VRJohJyPRvEnKFzIiRJZQpbm8lbEAVZcamU7QheIsvL5PmecWrVi7uq+XaTR5HAY7hBM7Ag0uowR3UoQEM+vAMr/DmCOfFeXc+5q0rTj5zBH/gfP4AwKONdQ==</latexit>

, which have <latexit sha1_base64="QbSpt2C679ae/3CCi+ZnoEkFmzc=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqBeh6MVjBdMW2lA2m027dLOJu5tCCf0dXjwo4tUf481/4zbNQVsfDPN4b4adfX7CmdK2/W2V1tY3NrfK25Wd3b39g+rhUVvFqSTUJTGPZdfHinImqKuZ5rSbSIojn9OOP76b+50JlYrF4lFPE+pFeChYyAjWRvLwIGsEsxuSt0G1ZtftHGiVOAWpQYHWoPrVD2KSRlRowrFSPcdOtJdhqRnhdFbpp4ommIzxkPYMFTiiysvyo2fozCgBCmNpSmiUq783MhwpNY18MxlhPVLL3lz8z+ulOrz2MiaSVFNBFg+FKUc6RvMEUMAkJZpPDcFEMnMrIiMsMdEmp4oJwVn+8ippX9Sdy3rjoVFr3hZxlOEETuEcHLiCJtxDC1wg8ATP8Apv1sR6sd6tj8VoySp2juEPrM8fbeKR5A==</latexit>a4d = c4d

Henningson + Skenderis hep-th/9806087,9812032



• Review: Trace Anomalies

• Review: Boundaries and Defects

• 1d Boundary or Defect

• 2d Boundary or Defect

• 3d Boundary or Defect

• 4d Boundary or Defect

• Summary and Outlook

Outline:



<latexit sha1_base64="lTlGZCQbePC3twimvS8pqKHp1hs=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUSKeix68VjBfkAbymYzadduduPuRiil/8GLB0W8+n+8+W/ctjlo64OBx3szzMwLU8608bxvZ2V1bX1js7BV3N7Z3dsvHRw2tcwUxQaVXKp2SDRyJrBhmOHYThWSJOTYCoc3U7/1hEozKe7NKMUgIX3BYkaJsVIz6vbxsdorlb2KN4O7TPyclCFHvVf66kaSZgkKQznRuuN7qQnGRBlGOU6K3UxjSuiQ9LFjqSAJ6mA8u3binlolcmOpbAnjztTfE2OSaD1KQtuZEDPQi95U/M/rZCa+CsZMpJlBQeeL4oy7RrrT192IKaSGjywhVDF7q0sHRBFqbEBFG4K/+PIyaZ5X/ItK9a5arl3ncRTgGE7gDHy4hBrcQh0aQOEBnuEV3hzpvDjvzse8dcXJZ47gD5zPH0QjjvA=</latexit>

d � 4
<latexit sha1_base64="8GVp4r8ICqvx5m0ivbRaPbbd1dQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqUC9C0IvHiOYByRJmJ5NkyOzsMtMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0e3Ubz5xbUSkHnEccz+kAyX6glG00kN8fd4tltyyOwNZJl5GSpCh1i1+dXoRS0KukElqTNtzY/RTqlEwySeFTmJ4TNmIDnjbUkVDbvx0duqEnFilR/qRtqWQzNTfEykNjRmHge0MKQ7NojcV//PaCfav/FSoOEGu2HxRP5EEIzL9m/SE5gzl2BLKtLC3EjakmjK06RRsCN7iy8ukcVb2LsqV+0qpepPFkYcjOIZT8OASqnAHNagDgwE8wyu8OdJ5cd6dj3lrzslmDuEPnM8f0b2NgQ==</latexit>

p = 3

<latexit sha1_base64="faSDe30Buzhglii0DZrlbqMyyzI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9SIUvXisaD+gDWWzmbRLN5uwuxFK6U/w4kERr/4ib/4bt20O2vpg4PHeDDPzglRwbVz321lZXVvf2CxsFbd3dvf2SweHTZ1kimGDJSJR7YBqFFxiw3AjsJ0qpHEgsBUMb6d+6wmV5ol8NKMU/Zj2JY84o8ZKD+F1tVcquxV3BrJMvJyUIUe9V/rqhgnLYpSGCap1x3NT44+pMpwJnBS7mcaUsiHtY8dSSWPU/nh26oScWiUkUaJsSUNm6u+JMY21HsWB7YypGehFbyr+53UyE135Yy7TzKBk80VRJohJyPRvEnKFzIiRJZQpbm8lbEAVZcamU7QheIsvL5PmecW7qFTvq+XaTR5HAY7hBM7Ag0uowR3UoQEM+vAMr/DmCOfFeXc+5q0rTj5zBH/gfP4AwPmNdg==</latexit>

d = 4

<latexit sha1_base64="I/0JH/oxeQMmABIPu5uM4wIt7zU=">AAACDnicbVDLSsNAFJ34rPVVdelmsBRclUSLuhGKblxW6AuaGCbTSTt08mDmRigh/oAbf8WNC0Xcunbn3zhts9DWA5d7OOdeZu7xYsEVmOa3sbS8srq2Xtgobm5t7+yW9vbbKkokZS0aiUh2PaKY4CFrAQfBurFkJPAE63ij64nfuWdS8ShswjhmTkAGIfc5JaAlt1SxBfMB93DTTe0gye7Sh0nDtuSDIWDHTePL08wtlc2qOQVeJFZOyihHwy192f2IJgELgQqiVM8yY3BSIoFTwbKinSgWEzoiA9bTNCQBU046PSfDFa30sR9JXSHgqfp7IyWBUuPA05MBgaGa9ybif14vAf/CSXkYJ8BCOnvITwSGCE+ywX0uGQUx1oRQyfVfMR0SSSjoBIs6BGv+5EXSPqlaZ9Xaba1cv8rjKKBDdISOkYXOUR3doAZqIYoe0TN6RW/Gk/FivBsfs9ElI985QH9gfP4A9uScEQ==</latexit>⇥
T µ
µ

⇤
p=3

3d Boundary or Defect

What is the general form of ?

Herzog, Huang, Jensen 1510.00021, 1709.07431

CFT Boundary/Defect

Non-zero only when

(codimension
<latexit sha1_base64="JrsdCVpeFHvrTGlk8Z9EJNYV2FY=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1ItQ9OKxgmkLbSibzaZdutksuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL5ScaeO6387K6tr6xmZpq7y9s7u3Xzk4bOk0U4T6JOWp6oRYU84E9Q0znHakojgJOW2Ho7up336iSrNUPJqxpEGCB4LFjGBjJT86lzdev1J1a+4MaJl4BalCgWa/8tWLUpIlVBjCsdZdz5UmyLEyjHA6KfcyTSUmIzygXUsFTqgO8tmxE3RqlQjFqbIlDJqpvydynGg9TkLbmWAz1IveVPzP62Ymvg5yJmRmqCDzRXHGkUnR9HMUMUWJ4WNLMFHM3orIECtMjM2nbEPwFl9eJq2LmndZqz/Uq43bIo4SHMMJnIEHV9CAe2iCDwQYPMMrvDnCeXHenY9564pTzBzBHzifP/ZxjiQ=</latexit>

d� p = 1 )



<latexit sha1_base64="vAqeSzARK0qArTfYxPH/zxu98fA="></latexit>⇥
T µ
µ

⇤
p=3

=
1

(4⇡)2

⇣
a4d E4|@ � d1 I̊I

3
� d2 I̊I

ab
W c

acb

⌘
3d Boundary

Herzog, Huang, Jensen 1510.00021, 1709.07431

Fursaev 1510.01427 Solodukhin 1510.04566



<latexit sha1_base64="vAqeSzARK0qArTfYxPH/zxu98fA="></latexit>⇥
T µ
µ

⇤
p=3

=
1

(4⇡)2

⇣
a4d E4|@ � d1 I̊I

3
� d2 I̊I

ab
W c

acb

⌘
3d Boundary

Boundary contribution to Euler density
<latexit sha1_base64="nafrrenOLELq132+IAW/FMfc5dg=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9VgUwWNF+wFtKJvtpl262YTdiVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94jjhfkQHSoSCUbTSw22v2iuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26oScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadog3BW3x5mTTPK95FpXpfLdeu8zgKcAwncAYeXEIN7qAODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wfFaY15</latexit>

E4

No new central charge

Herzog, Huang, Jensen 1510.00021, 1709.07431

Fursaev 1510.01427 Solodukhin 1510.04566



<latexit sha1_base64="vAqeSzARK0qArTfYxPH/zxu98fA="></latexit>⇥
T µ
µ

⇤
p=3

=
1

(4⇡)2

⇣
a4d E4|@ � d1 I̊I

3
� d2 I̊I

ab
W c

acb

⌘
3d Boundary

d1
<latexit sha1_base64="Pn+YB/+LofogiYtJ0zSW2txUQyo=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNZtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AKro3rfjultfWNza3ydmVnd2//oHp41NZJphi2WCIS1Q2oRsEltgw3ArupQhoHAjvB+HZW7zyh0jyRj2aSoh/ToeQRZ9RY6yEceINqza27c5FV8AqoQaHmoPrVDxOWxSgNE1Trnuemxs+pMpwJnFb6mcaUsjEdYs+ipDFqP5+vOiVn1glJlCj7pCFz9/dETmOtJ3FgO2NqRnq5NjP/q/UyE137OZdpZlCyxUdRJohJyOxuEnKFzIiJBcoUt7sSNqKKMmPTqdgQvOWTV6F9Ufcs31/WGjdFHGU4gVM4Bw+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Ae0rjYw=</latexit><latexit sha1_base64="Pn+YB/+LofogiYtJ0zSW2txUQyo=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNZtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AKro3rfjultfWNza3ydmVnd2//oHp41NZJphi2WCIS1Q2oRsEltgw3ArupQhoHAjvB+HZW7zyh0jyRj2aSoh/ToeQRZ9RY6yEceINqza27c5FV8AqoQaHmoPrVDxOWxSgNE1Trnuemxs+pMpwJnFb6mcaUsjEdYs+ipDFqP5+vOiVn1glJlCj7pCFz9/dETmOtJ3FgO2NqRnq5NjP/q/UyE137OZdpZlCyxUdRJohJyOxuEnKFzIiJBcoUt7sSNqKKMmPTqdgQvOWTV6F9Ufcs31/WGjdFHGU4gVM4Bw+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Ae0rjYw=</latexit><latexit sha1_base64="Pn+YB/+LofogiYtJ0zSW2txUQyo=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNZtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AKro3rfjultfWNza3ydmVnd2//oHp41NZJphi2WCIS1Q2oRsEltgw3ArupQhoHAjvB+HZW7zyh0jyRj2aSoh/ToeQRZ9RY6yEceINqza27c5FV8AqoQaHmoPrVDxOWxSgNE1Trnuemxs+pMpwJnFb6mcaUsjEdYs+ipDFqP5+vOiVn1glJlCj7pCFz9/dETmOtJ3FgO2NqRnq5NjP/q/UyE137OZdpZlCyxUdRJohJyOxuEnKFzIiJBcoUt7sSNqKKMmPTqdgQvOWTV6F9Ufcs31/WGjdFHGU4gVM4Bw+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Ae0rjYw=</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="R3V/QDgQmroLta8zdkJqXz5x1p8=">AAAB33icbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZ0T6gHUomc9uGZjJDckcoQ3+CGxeK+K/c+W9MHwttPRD4OCch954oU9KS7397pa3tnd298n7loHp4dFw7qbZtmhuBLZGq1HQjblFJjS2SpLCbGeRJpLATTe7meecZjZWpfqJphmHCR1oOpeDkrMd4EAxqdb/hL8Q2IVhBHVZqDmpf/TgVeYKahOLW9gI/o7DghqRQOKv0c4sZFxM+wp5DzRO0YbEYdcYunBOzYWrc0cQW7u8XBU+snSaRu5lwGtv1bG7+l/VyGt6EhdRZTqjF8qNhrhilbL43i6VBQWrqgAsj3axMjLnhglw7FVdCsL7yJrSvGoHjBx/KcAbncAkBXMMt3EMTWiBgBC/wBu+e8l69j2VdJW/V2yn8kff5A9KxjDc=</latexit><latexit sha1_base64="R3V/QDgQmroLta8zdkJqXz5x1p8=">AAAB33icbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZ0T6gHUomc9uGZjJDckcoQ3+CGxeK+K/c+W9MHwttPRD4OCch954oU9KS7397pa3tnd298n7loHp4dFw7qbZtmhuBLZGq1HQjblFJjS2SpLCbGeRJpLATTe7meecZjZWpfqJphmHCR1oOpeDkrMd4EAxqdb/hL8Q2IVhBHVZqDmpf/TgVeYKahOLW9gI/o7DghqRQOKv0c4sZFxM+wp5DzRO0YbEYdcYunBOzYWrc0cQW7u8XBU+snSaRu5lwGtv1bG7+l/VyGt6EhdRZTqjF8qNhrhilbL43i6VBQWrqgAsj3axMjLnhglw7FVdCsL7yJrSvGoHjBx/KcAbncAkBXMMt3EMTWiBgBC/wBu+e8l69j2VdJW/V2yn8kff5A9KxjDc=</latexit><latexit sha1_base64="8OeHyWeu2r6lOQxFFwUO5osBtlk=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSL/ZY9OKxov2ANpTNZtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5BKYdB1v53SxubW9k55t7K3f3B4VD0+6Zgk04y3WSIT3Quo4VIo3kaBkvdSzWkcSN4NJrfzeveJayMS9YjTlPsxHSkRCUbRWg/h0BtWa27dXYisg1dADQq1htWvQZiwLOYKmaTG9D03RT+nGgWTfFYZZIanlE3oiPctKhpz4+eLVWfkwjohiRJtn0KycH9P5DQ2ZhoHtjOmODartbn5X62fYdTwc6HSDLliy4+iTBJMyPxuEgrNGcqpBcq0sLsSNqaaMrTpVGwI3urJ69C5qnuW791a86aIowxncA6X4ME1NOEOWtAGBiN4hld4c6Tz4rw7H8vWklPMnMIfOZ8/6+uNiA==</latexit><latexit sha1_base64="Pn+YB/+LofogiYtJ0zSW2txUQyo=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNZtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AKro3rfjultfWNza3ydmVnd2//oHp41NZJphi2WCIS1Q2oRsEltgw3ArupQhoHAjvB+HZW7zyh0jyRj2aSoh/ToeQRZ9RY6yEceINqza27c5FV8AqoQaHmoPrVDxOWxSgNE1Trnuemxs+pMpwJnFb6mcaUsjEdYs+ipDFqP5+vOiVn1glJlCj7pCFz9/dETmOtJ3FgO2NqRnq5NjP/q/UyE137OZdpZlCyxUdRJohJyOxuEnKFzIiJBcoUt7sSNqKKMmPTqdgQvOWTV6F9Ufcs31/WGjdFHGU4gVM4Bw+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Ae0rjYw=</latexit><latexit sha1_base64="Pn+YB/+LofogiYtJ0zSW2txUQyo=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNZtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AKro3rfjultfWNza3ydmVnd2//oHp41NZJphi2WCIS1Q2oRsEltgw3ArupQhoHAjvB+HZW7zyh0jyRj2aSoh/ToeQRZ9RY6yEceINqza27c5FV8AqoQaHmoPrVDxOWxSgNE1Trnuemxs+pMpwJnFb6mcaUsjEdYs+ipDFqP5+vOiVn1glJlCj7pCFz9/dETmOtJ3FgO2NqRnq5NjP/q/UyE137OZdpZlCyxUdRJohJyOxuEnKFzIiJBcoUt7sSNqKKMmPTqdgQvOWTV6F9Ufcs31/WGjdFHGU4gVM4Bw+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Ae0rjYw=</latexit><latexit sha1_base64="Pn+YB/+LofogiYtJ0zSW2txUQyo=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNZtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AKro3rfjultfWNza3ydmVnd2//oHp41NZJphi2WCIS1Q2oRsEltgw3ArupQhoHAjvB+HZW7zyh0jyRj2aSoh/ToeQRZ9RY6yEceINqza27c5FV8AqoQaHmoPrVDxOWxSgNE1Trnuemxs+pMpwJnFb6mcaUsjEdYs+ipDFqP5+vOiVn1glJlCj7pCFz9/dETmOtJ3FgO2NqRnq5NjP/q/UyE137OZdpZlCyxUdRJohJyOxuEnKFzIiJBcoUt7sSNqKKMmPTqdgQvOWTV6F9Ufcs31/WGjdFHGU4gVM4Bw+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Ae0rjYw=</latexit><latexit sha1_base64="Pn+YB/+LofogiYtJ0zSW2txUQyo=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNZtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AKro3rfjultfWNza3ydmVnd2//oHp41NZJphi2WCIS1Q2oRsEltgw3ArupQhoHAjvB+HZW7zyh0jyRj2aSoh/ToeQRZ9RY6yEceINqza27c5FV8AqoQaHmoPrVDxOWxSgNE1Trnuemxs+pMpwJnFb6mcaUsjEdYs+ipDFqP5+vOiVn1glJlCj7pCFz9/dETmOtJ3FgO2NqRnq5NjP/q/UyE137OZdpZlCyxUdRJohJyOxuEnKFzIiJBcoUt7sSNqKKMmPTqdgQvOWTV6F9Ufcs31/WGjdFHGU4gVM4Bw+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Ae0rjYw=</latexit><latexit sha1_base64="Pn+YB/+LofogiYtJ0zSW2txUQyo=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNZtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AKro3rfjultfWNza3ydmVnd2//oHp41NZJphi2WCIS1Q2oRsEltgw3ArupQhoHAjvB+HZW7zyh0jyRj2aSoh/ToeQRZ9RY6yEceINqza27c5FV8AqoQaHmoPrVDxOWxSgNE1Trnuemxs+pMpwJnFb6mcaUsjEdYs+ipDFqP5+vOiVn1glJlCj7pCFz9/dETmOtJ3FgO2NqRnq5NjP/q/UyE137OZdpZlCyxUdRJohJyOxuEnKFzIiJBcoUt7sSNqKKMmPTqdgQvOWTV6F9Ufcs31/WGjdFHGU4gVM4Bw+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Ae0rjYw=</latexit><latexit sha1_base64="Pn+YB/+LofogiYtJ0zSW2txUQyo=">AAAB6nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxov2ANpTNZtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5AKro3rfjultfWNza3ydmVnd2//oHp41NZJphi2WCIS1Q2oRsEltgw3ArupQhoHAjvB+HZW7zyh0jyRj2aSoh/ToeQRZ9RY6yEceINqza27c5FV8AqoQaHmoPrVDxOWxSgNE1Trnuemxs+pMpwJnFb6mcaUsjEdYs+ipDFqP5+vOiVn1glJlCj7pCFz9/dETmOtJ3FgO2NqRnq5NjP/q/UyE137OZdpZlCyxUdRJohJyOxuEnKFzIiJBcoUt7sSNqKKMmPTqdgQvOWTV6F9Ufcs31/WGjdFHGU4gVM4Bw+uoAF30IQWMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Ae0rjYw=</latexit>

d2
<latexit sha1_base64="TU6rMnMbFxM06SuN5r32xIpDbCg=">AAAB6nicbZBNS8NAEIYnftb6VfXoZbEInkpSBD0WvXisaD+gDWWzmbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vrCwsM7M+zMG6SCa+O6387a+sbm1nZpp7y7t39wWDk6buskUwxbLBGJ6gZUo+ASW4Ybgd1UIY0DgZ1gfDurd55QaZ7IRzNJ0Y/pUPKIM2qs9RAO6oNK1a25c5FV8AqoQqHmoPLVDxOWxSgNE1Trnuemxs+pMpwJnJb7mcaUsjEdYs+ipDFqP5+vOiXn1glJlCj7pCFz9/dETmOtJ3FgO2NqRnq5NjP/q/UyE137OZdpZlCyxUdRJohJyOxuEnKFzIiJBcoUt7sSNqKKMmPTKdsQvOWTV6Fdr3mW7y+rjZsijhKcwhlcgAdX0IA7aEILGAzhGV7hzRHOi/PufCxa15xi5gT+yPn8Ae6vjY0=</latexit><latexit sha1_base64="TU6rMnMbFxM06SuN5r32xIpDbCg=">AAAB6nicbZBNS8NAEIYnftb6VfXoZbEInkpSBD0WvXisaD+gDWWzmbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vrCwsM7M+zMG6SCa+O6387a+sbm1nZpp7y7t39wWDk6buskUwxbLBGJ6gZUo+ASW4Ybgd1UIY0DgZ1gfDurd55QaZ7IRzNJ0Y/pUPKIM2qs9RAO6oNK1a25c5FV8AqoQqHmoPLVDxOWxSgNE1Trnuemxs+pMpwJnJb7mcaUsjEdYs+ipDFqP5+vOiXn1glJlCj7pCFz9/dETmOtJ3FgO2NqRnq5NjP/q/UyE137OZdpZlCyxUdRJohJyOxuEnKFzIiJBcoUt7sSNqKKMmPTKdsQvOWTV6Fdr3mW7y+rjZsijhKcwhlcgAdX0IA7aEILGAzhGV7hzRHOi/PufCxa15xi5gT+yPn8Ae6vjY0=</latexit><latexit sha1_base64="TU6rMnMbFxM06SuN5r32xIpDbCg=">AAAB6nicbZBNS8NAEIYnftb6VfXoZbEInkpSBD0WvXisaD+gDWWzmbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vrCwsM7M+zMG6SCa+O6387a+sbm1nZpp7y7t39wWDk6buskUwxbLBGJ6gZUo+ASW4Ybgd1UIY0DgZ1gfDurd55QaZ7IRzNJ0Y/pUPKIM2qs9RAO6oNK1a25c5FV8AqoQqHmoPLVDxOWxSgNE1Trnuemxs+pMpwJnJb7mcaUsjEdYs+ipDFqP5+vOiXn1glJlCj7pCFz9/dETmOtJ3FgO2NqRnq5NjP/q/UyE137OZdpZlCyxUdRJohJyOxuEnKFzIiJBcoUt7sSNqKKMmPTKdsQvOWTV6Fdr3mW7y+rjZsijhKcwhlcgAdX0IA7aEILGAzhGV7hzRHOi/PufCxa15xi5gT+yPn8Ae6vjY0=</latexit><latexit sha1_base64="TU6rMnMbFxM06SuN5r32xIpDbCg=">AAAB6nicbZBNS8NAEIYnftb6VfXoZbEInkpSBD0WvXisaD+gDWWzmbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vrCwsM7M+zMG6SCa+O6387a+sbm1nZpp7y7t39wWDk6buskUwxbLBGJ6gZUo+ASW4Ybgd1UIY0DgZ1gfDurd55QaZ7IRzNJ0Y/pUPKIM2qs9RAO6oNK1a25c5FV8AqoQqHmoPLVDxOWxSgNE1Trnuemxs+pMpwJnJb7mcaUsjEdYs+ipDFqP5+vOiXn1glJlCj7pCFz9/dETmOtJ3FgO2NqRnq5NjP/q/UyE137OZdpZlCyxUdRJohJyOxuEnKFzIiJBcoUt7sSNqKKMmPTKdsQvOWTV6Fdr3mW7y+rjZsijhKcwhlcgAdX0IA7aEILGAzhGV7hzRHOi/PufCxa15xi5gT+yPn8Ae6vjY0=</latexit>

boundary central charges

Type B

Herzog, Huang, Jensen 1510.00021, 1709.07431

Fursaev 1510.01427 Solodukhin 1510.04566



<latexit sha1_base64="vAqeSzARK0qArTfYxPH/zxu98fA="></latexit>⇥
T µ
µ

⇤
p=3
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ab
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acb

⌘

<latexit sha1_base64="zMWhcFDDU9p4Pm+IRyyS+BW/81g="></latexit>

hD(y1)D(y2)D(0)i / d1
|y1|4|y2|4|y1 � y2|4

3d Boundary

Displacement operator
<latexit sha1_base64="pDhc4Y/UWSKWKb+38j5EHazqsw8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BPXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVW+yOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A5pXjNE=</latexit>

D

Herzog, Huang, Jensen 1510.00021, 1709.07431

Fursaev 1510.01427 Solodukhin 1510.04566



<latexit sha1_base64="vAqeSzARK0qArTfYxPH/zxu98fA="></latexit>⇥
T µ
µ

⇤
p=3

=
1

(4⇡)2

⇣
a4d E4|@ � d1 I̊I

3
� d2 I̊I

ab
W c

acb

⌘

<latexit sha1_base64="PBdIeWs8pwn7k7mCPjhm/PMM4nU=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4xkUeEDZmdbWDC7Ow6M2tCCH/hxYPGePVvvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaHSPJb3ZpygH9GB5H3OqLHSQ9irkO4AH4nbK5bcsjsHWSVeRkqQod4rfnXDmKURSsME1brjuYnxJ1QZzgROC91UY0LZiA6wY6mkEWp/Mr94Ss6sEpJ+rGxJQ+bq74kJjbQeR4HtjKgZ6mVvJv7ndVLTv/InXCapQckWi/qpICYms/dJyBUyI8aWUKa4vZWwIVWUGRtSwYbgLb+8SpqVsndRrt5VS7XrLI48nMApnIMHl1CDW6hDAxhIeIZXeHO08+K8Ox+L1pyTzRzDHzifPxcYj+U=</latexit>

d2 � 0

<latexit sha1_base64="pUj/IDS+vt/sqPXqvAqa0TnKel0=">AAACH3icbVBLTwIxGOziC/G16tFLIzGBC9klBDkS9eARE3kkLJBu6UJDt7tpuyabhX/ixb/ixYPGGG/8GwvsQcEvaTqZmS/tjBsyKpVlzY3M1vbO7l52P3dweHR8Yp6etWQQCUyaOGCB6LhIEkY5aSqqGOmEgiDfZaTtTm4XevuJCEkD/qjikPR8NOLUoxgpTQ3MqsMQHzEC7wpxHxX1ZRUdsaKcUAShCqDjCYST4aA8S6baNO3XZgMzb5Ws5cBNYKcgD9JpDMxvZxjgyCdcYYak7NpWqHoJEopiRmY5J5IkRHiCRqSrIUc+kb1kmW8GrzQzhF4g9OEKLtnfGwnypYx9Vzt9pMZyXVuQ/2ndSHm1XkJ5GCnC8eohL2JQh16UBYdUEKxYrAHCguq/QjxGug2lK83pEuz1yJugVS7Z1VLloZKv36R1ZMEFuAQFYINrUAf3oAGaAINn8ArewYfxYrwZn8bXypox0p1z8GeM+Q+ZZaIp</latexit>

hD(ya)D(0)i / d2
|ya|8

3d Boundary

Reflection positivity (unitarity)

Displacement operator
<latexit sha1_base64="pDhc4Y/UWSKWKb+38j5EHazqsw8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BPXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVW+yOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A5pXjNE=</latexit>

D

Herzog, Huang, Jensen 1510.00021, 1709.07431

Fursaev 1510.01427 Solodukhin 1510.04566



<latexit sha1_base64="faSDe30Buzhglii0DZrlbqMyyzI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9SIUvXisaD+gDWWzmbRLN5uwuxFK6U/w4kERr/4ib/4bt20O2vpg4PHeDDPzglRwbVz321lZXVvf2CxsFbd3dvf2SweHTZ1kimGDJSJR7YBqFFxiw3AjsJ0qpHEgsBUMb6d+6wmV5ol8NKMU/Zj2JY84o8ZKD+F1tVcquxV3BrJMvJyUIUe9V/rqhgnLYpSGCap1x3NT44+pMpwJnBS7mcaUsiHtY8dSSWPU/nh26oScWiUkUaJsSUNm6u+JMY21HsWB7YypGehFbyr+53UyE135Yy7TzKBk80VRJohJyPRvEnKFzIiRJZQpbm8lbEAVZcamU7QheIsvL5PmecW7qFTvq+XaTR5HAY7hBM7Ag0uowR3UoQEM+vAMr/DmCOfFeXc+5q0rTj5zBH/gfP4AwPmNdg==</latexit>

d = 4

Examples
BCFTs

free massless real scalar, Dirac fermion, Maxwell field

Herzog, Huang, Jensen 1510.00021, 1709.07431

Fursaev 1510.01427 Solodukhin 1510.04566

<latexit sha1_base64="ZH+6qrVcAXt4QdpbzkgUa39YMfs=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBhZSkFO1GKLpxWcE+oA1hMpm0QycPZiZKif0UNy4UceuXuPNvnLZZaOuBC4dz7uXee7yEM6ks69sorK1vbG4Vt0s7u3v7B2b5sCPjVBDaJjGPRc/DknIW0bZiitNeIigOPU673vhm5ncfqJAsju7VJKFOiIcRCxjBSkuuWfbdGrpCDTQ4R8TN6v7UNStW1ZoDrRI7JxXI0XLNr4EfkzSkkSIcS9m3rUQ5GRaKEU6npUEqaYLJGA9pX9MIh1Q62fz0KTrVio+CWOiKFJqrvycyHEo5CT3dGWI1ksveTPzP66cqaDgZi5JU0YgsFgUpRypGsxyQzwQlik80wUQwfSsiIywwUTqtkg7BXn55lXRqVfuiWr+rV5rXeRxFOIYTOAMbLqEJt9CCNhB4hGd4hTfjyXgx3o2PRWvByGeO4A+Mzx9WRZIi</latexit>

d2 = 8 c4d (with interactions, no longer true)

<latexit sha1_base64="hpg9ygmrHWS7/H4LSla23WcS9vI="></latexit>

Theory a4d c4d BC d1 d2
Scalar 1/360 1/120 Dirichlet 2/35 1/15
Scalar 1/360 1/120 Neumann 2/45 1/15
Fermion 11/360 1/20 Mixed 2/7 2/5
Maxwell 31/180 1/10 Electric 16/35 4/5
Maxwell 31/180 1/10 Magnetic 16/35 4/5



• Review: Trace Anomalies

• Review: Boundaries and Defects

• 1d Boundary or Defect

• 2d Boundary or Defect

• 3d Boundary or Defect

• 4d Boundary or Defect

• Summary and Outlook

Outline:



<latexit sha1_base64="yNCmlovHP2ka3Dc+2PGXC0j9EjI=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiRS1I1QdOOyQl+QxDCZTtqhkwczN0IJ9Qfc+CtuXCji1rU7/8bpY6GtBy73cM69zNwTpIIrsKxvo7Cyura+UdwsbW3v7O6Z+wdtlWSSshZNRCK7AVFM8Ji1gINg3VQyEgWCdYLh9cTv3DOpeBI3YZQyLyL9mIecEtCSb1ZcwULADm76uRtl47v8YdKwK3l/ANjz8/SyNvbNslW1psDLxJ6TMpqj4Ztfbi+hWcRioIIo5dhWCl5OJHAq2LjkZoqlhA5JnzmaxiRiysun54xxRSs9HCZSVwx4qv7eyEmk1CgK9GREYKAWvYn4n+dkEF54OY/TDFhMZw+FmcCQ4Ek2uMcloyBGmhAquf4rpgMiCQWdYEmHYC+evEzap1X7rFq7rZXrV/M4iugIHaMTZKNzVEc3qIFaiKJH9Ixe0ZvxZLwY78bHbLRgzHcO0R8Ynz/4aZwS</latexit>⇥
T µ
µ

⇤
p=4

<latexit sha1_base64="IHRt7frqfcMjoJL+d972W7x4Asc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmZne5Mhs7PrzKwQQj7CiwdFvPo93vwbJ8keNLGgoajqprsrSAXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6iRTDBssEYlqB1Sj4BIbhhuB7VQhjQOBrWB4O/VbT6g0T+SDGaXox7QvecQZNVZqhd0+PpKLXrniVt0ZyDLxclKBHPVe+asbJiyLURomqNYdz02NP6bKcCZwUupmGlPKhrSPHUsljVH749m5E3JilZBEibIlDZmpvyfGNNZ6FAe2M6ZmoBe9qfif18lMdO2PuUwzg5LNF0WZICYh099JyBUyI0aWUKa4vZWwAVWUGZtQyYbgLb68TJpnVe+yen5/Xqnd5HEU4QiO4RQ8uIIa3EEdGsBgCM/wCm9O6rw4787HvLXg5DOH8AfO5w+dMo8b</latexit>

d � 5
<latexit sha1_base64="kgb5PGsWubQQ+uqXukyplA1Ywvg=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9SIUvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rF8NOME/YgOJA85o8ZKD8l1tVcquxV3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7dUJOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdoQvMWXl0nzvOJdVKr31XLtJo+jAMdwAmfgwSXU4A7q0AAGA3iGV3hzhPPivDsf89YVJ585gj9wPn8A00GNgg==</latexit>

p = 4

Astaneh + Solodukhin 2102.07661

4d Boundary or Defect

Chalabi, Herzog, O’Bannon, Robinson, Sisti 2111.14713

CFT Boundary/Defect

What is the general form of ?



4d Boundary or Defect

3.2 Defect Weyl anomaly for d � 6

Following the above algorithm for arbitrary q, in step 1 we find a 101-dimensional basis
of terms. We report this basis of terms in appendix A.1. Step 2, WZ consistency, selects
linear combinations of these terms with 61 unfixed coefficients. In step 3, we find that of
these 61 contributions, 29 are scheme independent, and thus make up the Weyl anomaly of
a p = 4 conformal defect.

These 29 terms comprise the expected A-type anomaly of the induced connection on
the defect, E4, as well as 28 B-type terms. The Weyl variation of E4 is a total derivative
that cannot be removed by a counterterm, whereas the Weyl variations of the B-type terms
are either exactly zero or a total derivative that can be removed by a counterterm7. Of
the 28 B-type terms, 22 are of even parity. The remaining 6 break parity along the defect
because they contain a defect Levi-Civita tensor "

abcd.
All of the terms mentioned above are admissible in any co-dimension q. The case q = 1,

however, is special as the symmetry properties of curvature tensors cause many terms to
vanish identically. Moreover, terms that are distinct for general q may reduce to the same
term when q = 1. The 22 parity-even terms in general q reduce to 8 different terms when
q = 1, and of the 6 parity-odd terms, only 3 are non-zero when q = 1.

In addition to the terms that exist for any co-dimension q � 2, for special values of q
certain additional terms may appear that contain the totally anti-symmetric tensor in the
normal bundle, nµ1...µq . As explained in sec. 2.1, we refer to these terms as being parity-odd
in the normal bundle. We find that for q = 2, there is 1 additional such term, and for q = 4

there are 8. For q = 3 and q � 5, the index structure is too restrictive, and effectively rules
out the existence of such terms.

We now present the full Weyl anomaly of a p = 4 defect. For clarity, and since we will
only be considering p = 4 defects and boundaries, from this point forward we will drop the
(4d) superscript label on all anomaly coefficients. After implementing the algorithm outlined
above, and using the same normalisation as in eq. (2.13), we arrive at
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We have checked this statement explicitly for the non-trivial conformal invariants I in eq. (3.10) and

J1 in eq. (3.1). However, we have not confirmed that this is true for J2.
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4d Boundary or Defect

3.2 Defect Weyl anomaly for d � 6

Following the above algorithm for arbitrary q, in step 1 we find a 101-dimensional basis
of terms. We report this basis of terms in appendix A.1. Step 2, WZ consistency, selects
linear combinations of these terms with 61 unfixed coefficients. In step 3, we find that of
these 61 contributions, 29 are scheme independent, and thus make up the Weyl anomaly of
a p = 4 conformal defect.

These 29 terms comprise the expected A-type anomaly of the induced connection on
the defect, E4, as well as 28 B-type terms. The Weyl variation of E4 is a total derivative
that cannot be removed by a counterterm, whereas the Weyl variations of the B-type terms
are either exactly zero or a total derivative that can be removed by a counterterm7. Of
the 28 B-type terms, 22 are of even parity. The remaining 6 break parity along the defect
because they contain a defect Levi-Civita tensor "

abcd.
All of the terms mentioned above are admissible in any co-dimension q. The case q = 1,

however, is special as the symmetry properties of curvature tensors cause many terms to
vanish identically. Moreover, terms that are distinct for general q may reduce to the same
term when q = 1. The 22 parity-even terms in general q reduce to 8 different terms when
q = 1, and of the 6 parity-odd terms, only 3 are non-zero when q = 1.

In addition to the terms that exist for any co-dimension q � 2, for special values of q
certain additional terms may appear that contain the totally anti-symmetric tensor in the
normal bundle, nµ1...µq . As explained in sec. 2.1, we refer to these terms as being parity-odd
in the normal bundle. We find that for q = 2, there is 1 additional such term, and for q = 4

there are 8. For q = 3 and q � 5, the index structure is too restrictive, and effectively rules
out the existence of such terms.

We now present the full Weyl anomaly of a p = 4 defect. For clarity, and since we will
only be considering p = 4 defects and boundaries, from this point forward we will drop the
(4d) superscript label on all anomaly coefficients. After implementing the algorithm outlined
above, and using the same normalisation as in eq. (2.13), we arrive at
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We have checked this statement explicitly for the non-trivial conformal invariants I in eq. (3.10) and

J1 in eq. (3.1). However, we have not confirmed that this is true for J2.
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d1, d2, . . . , d22



3.2 Defect Weyl anomaly for d � 6

Following the above algorithm for arbitrary q, in step 1 we find a 101-dimensional basis
of terms. We report this basis of terms in appendix A.1. Step 2, WZ consistency, selects
linear combinations of these terms with 61 unfixed coefficients. In step 3, we find that of
these 61 contributions, 29 are scheme independent, and thus make up the Weyl anomaly of
a p = 4 conformal defect.

These 29 terms comprise the expected A-type anomaly of the induced connection on
the defect, E4, as well as 28 B-type terms. The Weyl variation of E4 is a total derivative
that cannot be removed by a counterterm, whereas the Weyl variations of the B-type terms
are either exactly zero or a total derivative that can be removed by a counterterm7. Of
the 28 B-type terms, 22 are of even parity. The remaining 6 break parity along the defect
because they contain a defect Levi-Civita tensor "

abcd.
All of the terms mentioned above are admissible in any co-dimension q. The case q = 1,

however, is special as the symmetry properties of curvature tensors cause many terms to
vanish identically. Moreover, terms that are distinct for general q may reduce to the same
term when q = 1. The 22 parity-even terms in general q reduce to 8 different terms when
q = 1, and of the 6 parity-odd terms, only 3 are non-zero when q = 1.

In addition to the terms that exist for any co-dimension q � 2, for special values of q
certain additional terms may appear that contain the totally anti-symmetric tensor in the
normal bundle, nµ1...µq . As explained in sec. 2.1, we refer to these terms as being parity-odd
in the normal bundle. We find that for q = 2, there is 1 additional such term, and for q = 4

there are 8. For q = 3 and q � 5, the index structure is too restrictive, and effectively rules
out the existence of such terms.

We now present the full Weyl anomaly of a p = 4 defect. For clarity, and since we will
only be considering p = 4 defects and boundaries, from this point forward we will drop the
(4d) superscript label on all anomaly coefficients. After implementing the algorithm outlined
above, and using the same normalisation as in eq. (2.13), we arrive at
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7
We have checked this statement explicitly for the non-trivial conformal invariants I in eq. (3.10) and

J1 in eq. (3.1). However, we have not confirmed that this is true for J2.
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4d Boundary or Defect
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T µ
µ

⇤
p=4

The only A-type term is the first term, involving the intrinsic Euler density, whose
coefficient defines a⌃. The next 22 terms, with coefficients (d1, . . . , d22), are B-type and
parity even. The final 6 terms, with coefficients (d̃1, . . . , d̃6), are B-type and parity odd
along the defect.

In what follows, for B-type central charges, d or d̃ with subscripts denote defect central
charges, as in eq. (3.1) above, and b or b̃ with subscripts denote boundary central charges,
as in eq. (3.10) below. A handy mnemonic device is then “d for defect and b for boundary”.

As we noted above, solving WZ consistency can sometimes relate the coefficients of the
linearly independent terms in our basis to one another, which leads to non-trivial conformal
invariants built out of a linear combination of basis elements. For a p = 4 defect, there are
indeed two such WZ consistent non-trivial conformal invariants, J1 and J2, which appear
in the first line of eq. (3.1), with coefficients d1 and d2, and take the form
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where for example D
i
DiWab

ab = N
µ⌫
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Also as noted above, even though our basis elements for the defect Weyl anomaly are
linearly independent, the basis is not unique. To illustrate this, consider the square of the
intrinsic Weyl tensor W abcdW

abcd. The Gauss eq. (C.4a) and its index contractions imply
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(3.4)

Thus, in eq. (3.1), replacing any of the terms that appear on the right-hand side in eq. (3.4)
with W abcdW

abcd yields an equally admissible basis. One could also consider replacing
the intrinsic Euler density E4 with the scheme-independent part of the defect’s intrinsic
four-dimensional Q-curvature [123], which can be written as8

Z
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�! , (3.5)

8
The full form of Branson’s Q-curvature in d = 4 contains a total derivative,

Q =
1
6
(R2 � 3Rµ⌫R

µ⌫ �⇤R) .
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4d Boundary or Defect

3.2 Defect Weyl anomaly for d � 6

Following the above algorithm for arbitrary q, in step 1 we find a 101-dimensional basis
of terms. We report this basis of terms in appendix A.1. Step 2, WZ consistency, selects
linear combinations of these terms with 61 unfixed coefficients. In step 3, we find that of
these 61 contributions, 29 are scheme independent, and thus make up the Weyl anomaly of
a p = 4 conformal defect.

These 29 terms comprise the expected A-type anomaly of the induced connection on
the defect, E4, as well as 28 B-type terms. The Weyl variation of E4 is a total derivative
that cannot be removed by a counterterm, whereas the Weyl variations of the B-type terms
are either exactly zero or a total derivative that can be removed by a counterterm7. Of
the 28 B-type terms, 22 are of even parity. The remaining 6 break parity along the defect
because they contain a defect Levi-Civita tensor "

abcd.
All of the terms mentioned above are admissible in any co-dimension q. The case q = 1,

however, is special as the symmetry properties of curvature tensors cause many terms to
vanish identically. Moreover, terms that are distinct for general q may reduce to the same
term when q = 1. The 22 parity-even terms in general q reduce to 8 different terms when
q = 1, and of the 6 parity-odd terms, only 3 are non-zero when q = 1.

In addition to the terms that exist for any co-dimension q � 2, for special values of q
certain additional terms may appear that contain the totally anti-symmetric tensor in the
normal bundle, nµ1...µq . As explained in sec. 2.1, we refer to these terms as being parity-odd
in the normal bundle. We find that for q = 2, there is 1 additional such term, and for q = 4

there are 8. For q = 3 and q � 5, the index structure is too restrictive, and effectively rules
out the existence of such terms.

We now present the full Weyl anomaly of a p = 4 defect. For clarity, and since we will
only be considering p = 4 defects and boundaries, from this point forward we will drop the
(4d) superscript label on all anomaly coefficients. After implementing the algorithm outlined
above, and using the same normalisation as in eq. (2.13), we arrive at

T
µ
µ|⌃4

=
1

(4⇡)2

⇣
� a⌃E4 + d1J1 + d2J2 + d3WabcdW

abcd + d4(Wab
ab)2

+ d5WaibjW
aibj + d6W

b
iabWc

iac + d7WijklW
ijkl + d8WaijkW

aijk

+ d9WabjkW
abjk + d10WiabcW

iabc + d11W
c
acbWd

adb + d12W
a
iajW

ibj
b

+ d13Wab
abI̊I

i
cdI̊I

cd
i + d14W

a
bij I̊I

i
acI̊I

jbc
+ d15W

a
ibj I̊I

i
acI̊I

jbc

+ d16W
abcdI̊I

i
acI̊Iibd + d17Wa

bacI̊I
i
bdI̊Iic

d + d18W
c
icj I̊I

i
abI̊I

jab

+ d19Tr I̊I
i
I̊IiI̊I

j
I̊Ij + d20Tr I̊I

i
I̊I
j
I̊IiI̊Ij + d21(Tr I̊I

i
I̊Ii)

2 + d22(Tr I̊I
i
I̊I
j
)(Tr I̊IiI̊Ij)

+ d̃1WabcdW
ab

ef"
cdef + d̃2WijabW

ij
cd"

abcd + d̃3DaI̊I
i
bfDcI̊Iid

f
"
abcd

+ d̃4WabcdI̊I
ia
eI̊I

b
if"

cdef + d̃5WijabI̊I
ie
c I̊I

j
de"

abcd + d̃6I̊I
i
a
eI̊I

j
beI̊Iic

f I̊Ijdf"
abcd

⌘
.

(3.1)

7
We have checked this statement explicitly for the non-trivial conformal invariants I in eq. (3.10) and

J1 in eq. (3.1). However, we have not confirmed that this is true for J2.
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RG flow on the boundary/defect
bUV � bIR
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Counts the number of degrees of freedom
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UV

IR

Free, massless, real scalar
UV BCFT

IR BCFT

Boundary RG Flow
Z

SUV
BCFT ! SUV

BCFT+

Free, massless, real scalar
Dirichlet B.C.

Neumann B.C.
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4d Boundary or Defect

3.2 Defect Weyl anomaly for d � 6

Following the above algorithm for arbitrary q, in step 1 we find a 101-dimensional basis
of terms. We report this basis of terms in appendix A.1. Step 2, WZ consistency, selects
linear combinations of these terms with 61 unfixed coefficients. In step 3, we find that of
these 61 contributions, 29 are scheme independent, and thus make up the Weyl anomaly of
a p = 4 conformal defect.

These 29 terms comprise the expected A-type anomaly of the induced connection on
the defect, E4, as well as 28 B-type terms. The Weyl variation of E4 is a total derivative
that cannot be removed by a counterterm, whereas the Weyl variations of the B-type terms
are either exactly zero or a total derivative that can be removed by a counterterm7. Of
the 28 B-type terms, 22 are of even parity. The remaining 6 break parity along the defect
because they contain a defect Levi-Civita tensor "

abcd.
All of the terms mentioned above are admissible in any co-dimension q. The case q = 1,

however, is special as the symmetry properties of curvature tensors cause many terms to
vanish identically. Moreover, terms that are distinct for general q may reduce to the same
term when q = 1. The 22 parity-even terms in general q reduce to 8 different terms when
q = 1, and of the 6 parity-odd terms, only 3 are non-zero when q = 1.

In addition to the terms that exist for any co-dimension q � 2, for special values of q
certain additional terms may appear that contain the totally anti-symmetric tensor in the
normal bundle, nµ1...µq . As explained in sec. 2.1, we refer to these terms as being parity-odd
in the normal bundle. We find that for q = 2, there is 1 additional such term, and for q = 4

there are 8. For q = 3 and q � 5, the index structure is too restrictive, and effectively rules
out the existence of such terms.

We now present the full Weyl anomaly of a p = 4 defect. For clarity, and since we will
only be considering p = 4 defects and boundaries, from this point forward we will drop the
(4d) superscript label on all anomaly coefficients. After implementing the algorithm outlined
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J1 in eq. (3.1). However, we have not confirmed that this is true for J2.
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3.2 Defect Weyl anomaly for d � 6

Following the above algorithm for arbitrary q, in step 1 we find a 101-dimensional basis
of terms. We report this basis of terms in appendix A.1. Step 2, WZ consistency, selects
linear combinations of these terms with 61 unfixed coefficients. In step 3, we find that of
these 61 contributions, 29 are scheme independent, and thus make up the Weyl anomaly of
a p = 4 conformal defect.

These 29 terms comprise the expected A-type anomaly of the induced connection on
the defect, E4, as well as 28 B-type terms. The Weyl variation of E4 is a total derivative
that cannot be removed by a counterterm, whereas the Weyl variations of the B-type terms
are either exactly zero or a total derivative that can be removed by a counterterm7. Of
the 28 B-type terms, 22 are of even parity. The remaining 6 break parity along the defect
because they contain a defect Levi-Civita tensor "

abcd.
All of the terms mentioned above are admissible in any co-dimension q. The case q = 1,

however, is special as the symmetry properties of curvature tensors cause many terms to
vanish identically. Moreover, terms that are distinct for general q may reduce to the same
term when q = 1. The 22 parity-even terms in general q reduce to 8 different terms when
q = 1, and of the 6 parity-odd terms, only 3 are non-zero when q = 1.

In addition to the terms that exist for any co-dimension q � 2, for special values of q
certain additional terms may appear that contain the totally anti-symmetric tensor in the
normal bundle, nµ1...µq . As explained in sec. 2.1, we refer to these terms as being parity-odd
in the normal bundle. We find that for q = 2, there is 1 additional such term, and for q = 4

there are 8. For q = 3 and q � 5, the index structure is too restrictive, and effectively rules
out the existence of such terms.

We now present the full Weyl anomaly of a p = 4 defect. For clarity, and since we will
only be considering p = 4 defects and boundaries, from this point forward we will drop the
(4d) superscript label on all anomaly coefficients. After implementing the algorithm outlined
above, and using the same normalisation as in eq. (2.13), we arrive at
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We have checked this statement explicitly for the non-trivial conformal invariants I in eq. (3.10) and

J1 in eq. (3.1). However, we have not confirmed that this is true for J2.
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3.2 Defect Weyl anomaly for d � 6

Following the above algorithm for arbitrary q, in step 1 we find a 101-dimensional basis
of terms. We report this basis of terms in appendix A.1. Step 2, WZ consistency, selects
linear combinations of these terms with 61 unfixed coefficients. In step 3, we find that of
these 61 contributions, 29 are scheme independent, and thus make up the Weyl anomaly of
a p = 4 conformal defect.

These 29 terms comprise the expected A-type anomaly of the induced connection on
the defect, E4, as well as 28 B-type terms. The Weyl variation of E4 is a total derivative
that cannot be removed by a counterterm, whereas the Weyl variations of the B-type terms
are either exactly zero or a total derivative that can be removed by a counterterm7. Of
the 28 B-type terms, 22 are of even parity. The remaining 6 break parity along the defect
because they contain a defect Levi-Civita tensor "

abcd.
All of the terms mentioned above are admissible in any co-dimension q. The case q = 1,

however, is special as the symmetry properties of curvature tensors cause many terms to
vanish identically. Moreover, terms that are distinct for general q may reduce to the same
term when q = 1. The 22 parity-even terms in general q reduce to 8 different terms when
q = 1, and of the 6 parity-odd terms, only 3 are non-zero when q = 1.

In addition to the terms that exist for any co-dimension q � 2, for special values of q
certain additional terms may appear that contain the totally anti-symmetric tensor in the
normal bundle, nµ1...µq . As explained in sec. 2.1, we refer to these terms as being parity-odd
in the normal bundle. We find that for q = 2, there is 1 additional such term, and for q = 4

there are 8. For q = 3 and q � 5, the index structure is too restrictive, and effectively rules
out the existence of such terms.

We now present the full Weyl anomaly of a p = 4 defect. For clarity, and since we will
only be considering p = 4 defects and boundaries, from this point forward we will drop the
(4d) superscript label on all anomaly coefficients. After implementing the algorithm outlined
above, and using the same normalisation as in eq. (2.13), we arrive at
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T µ
µ

⇤
p=4

<latexit sha1_base64="wlURrn4QxqHDJ8gyCGMyih8USQM="></latexit>

h =
�
⇣

d�p
2 + 1

⌘

⇡
d�p
2 +2 (d� p+ 3)

d2

<latexit sha1_base64="PBdIeWs8pwn7k7mCPjhm/PMM4nU=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4xkUeEDZmdbWDC7Ow6M2tCCH/hxYPGePVvvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaHSPJb3ZpygH9GB5H3OqLHSQ9irkO4AH4nbK5bcsjsHWSVeRkqQod4rfnXDmKURSsME1brjuYnxJ1QZzgROC91UY0LZiA6wY6mkEWp/Mr94Ss6sEpJ+rGxJQ+bq74kJjbQeR4HtjKgZ6mVvJv7ndVLTv/InXCapQckWi/qpICYms/dJyBUyI8aWUKa4vZWwIVWUGRtSwYbgLb+8SpqVsndRrt5VS7XrLI48nMApnIMHl1CDW6hDAxhIeIZXeHO08+K8Ox+L1pyTzRzDHzifPxcYj+U=</latexit>

d2 � 0

Average Null Energy Condition (ANEC)
<latexit sha1_base64="oy0VKMUSSe+XLEN2H1OhQ6bWobI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2k3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUHvWG+EjcfrniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzcKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7Hcy4AqZERNLKFPc3krYiCrKjE2oZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AGbxo8a</latexit>

h � 0
<latexit sha1_base64="Hixo8HSyHyFdnDxjE5iKL5SELL0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmFldW19o7hZ2tre2d0r7x80jco0ZQ2qhNLtiBgmuGQN5ChYO9WMJJFgrWh4M/Vbj0wbruQDjlIWJqQvecwpQSsFnXveHyDRWj11yxWv6s3gLhM/JxXIUe+Wvzo9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cU+s0nNjpW1JdGfq74kxSYwZJZHtTAgOzKI3Ff/zggzjq3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZeXSfOs6l9Uz+/OK7XrPI4iHMExnIIPl1CDW6hDAygoeIZXeHPQeXHenY95a8HJZw7hD5zPH5QJkXY=</latexit>)
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4d Boundary or Defect

3.2 Defect Weyl anomaly for d � 6

Following the above algorithm for arbitrary q, in step 1 we find a 101-dimensional basis
of terms. We report this basis of terms in appendix A.1. Step 2, WZ consistency, selects
linear combinations of these terms with 61 unfixed coefficients. In step 3, we find that of
these 61 contributions, 29 are scheme independent, and thus make up the Weyl anomaly of
a p = 4 conformal defect.

These 29 terms comprise the expected A-type anomaly of the induced connection on
the defect, E4, as well as 28 B-type terms. The Weyl variation of E4 is a total derivative
that cannot be removed by a counterterm, whereas the Weyl variations of the B-type terms
are either exactly zero or a total derivative that can be removed by a counterterm7. Of
the 28 B-type terms, 22 are of even parity. The remaining 6 break parity along the defect
because they contain a defect Levi-Civita tensor "

abcd.
All of the terms mentioned above are admissible in any co-dimension q. The case q = 1,

however, is special as the symmetry properties of curvature tensors cause many terms to
vanish identically. Moreover, terms that are distinct for general q may reduce to the same
term when q = 1. The 22 parity-even terms in general q reduce to 8 different terms when
q = 1, and of the 6 parity-odd terms, only 3 are non-zero when q = 1.

In addition to the terms that exist for any co-dimension q � 2, for special values of q
certain additional terms may appear that contain the totally anti-symmetric tensor in the
normal bundle, nµ1...µq . As explained in sec. 2.1, we refer to these terms as being parity-odd
in the normal bundle. We find that for q = 2, there is 1 additional such term, and for q = 4

there are 8. For q = 3 and q � 5, the index structure is too restrictive, and effectively rules
out the existence of such terms.

We now present the full Weyl anomaly of a p = 4 defect. For clarity, and since we will
only be considering p = 4 defects and boundaries, from this point forward we will drop the
(4d) superscript label on all anomaly coefficients. After implementing the algorithm outlined
above, and using the same normalisation as in eq. (2.13), we arrive at

T
µ
µ|⌃4

=
1

(4⇡)2

⇣
� a⌃E4 + d1J1 + d2J2 + d3WabcdW

abcd + d4(Wab
ab)2

+ d5WaibjW
aibj + d6W

b
iabWc

iac + d7WijklW
ijkl + d8WaijkW

aijk

+ d9WabjkW
abjk + d10WiabcW

iabc + d11W
c
acbWd

adb + d12W
a
iajW

ibj
b

+ d13Wab
abI̊I

i
cdI̊I

cd
i + d14W

a
bij I̊I

i
acI̊I

jbc
+ d15W

a
ibj I̊I

i
acI̊I

jbc

+ d16W
abcdI̊I

i
acI̊Iibd + d17Wa

bacI̊I
i
bdI̊Iic

d + d18W
c
icj I̊I

i
abI̊I

jab

+ d19Tr I̊I
i
I̊IiI̊I

j
I̊Ij + d20Tr I̊I

i
I̊I
j
I̊IiI̊Ij + d21(Tr I̊I

i
I̊Ii)

2 + d22(Tr I̊I
i
I̊I
j
)(Tr I̊IiI̊Ij)

+ d̃1WabcdW
ab

ef"
cdef + d̃2WijabW

ij
cd"

abcd + d̃3DaI̊I
i
bfDcI̊Iid

f
"
abcd

+ d̃4WabcdI̊I
ia
eI̊I

b
if"

cdef + d̃5WijabI̊I
ie
c I̊I

j
de"

abcd + d̃6I̊I
i
a
eI̊I

j
beI̊Iic

f I̊Ijdf"
abcd

⌘
.

(3.1)

7
We have checked this statement explicitly for the non-trivial conformal invariants I in eq. (3.10) and

J1 in eq. (3.1). However, we have not confirmed that this is true for J2.
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<latexit sha1_base64="XjwRkN17SAJ1QoVOBXXW0zNIB90=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4kJJIUY9FETxWsB/QhLLZbtulm03cnRRK6O/w4kERr/4Yb/4bkzYHbX0w8Hhvhpl5fiSFQdv+tlZW19Y3Ngtbxe2d3b390sFh04SxZrzBQhnqtk8Nl0LxBgqUvB1pTgNf8pY/us381phrI0L1iJOIewEdKNEXjGIqeb577g4pJnfTbrXYLZXtij0DWSZOTsqQo94tfbm9kMUBV8gkNabj2BF6CdUomOTTohsbHlE2ogPeSamiATdeMjt6Sk5TpUf6oU5LIZmpvycSGhgzCfy0M6A4NIteJv7ndWLsX3uJUFGMXLH5on4sCYYkS4D0hOYM5SQllGmR3krYkGrKMM0pC8FZfHmZNC8qzmWl+lAt127yOApwDCdwBg5cQQ3uoQ4NYPAEz/AKb9bYerHerY9564qVzxzBH1ifP6fqkWI=</latexit>

b Ê4

<latexit sha1_base64="ilcIrGAjJIzfcDNV0H+F2Y3A6Ec=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwVRIp6kYounFZoS9IYphMJ+3QyYOZG6GE+AFu/BU3LhRx696df2PSdqGtBy73cM69zNzjxYIrMIxvrbS0vLK6Vl6vbGxube/ou3sdFSWSsjaNRCR7HlFM8JC1gYNgvVgyEniCdb3RdeF375lUPApbMI6ZE5BByH1OCeSSqx/ZgvmALdxyUztIsrv0oWi25IMhOG4aX9aziqtXjZoxAV4k5oxU0QxNV/+y+xFNAhYCFUQpyzRicFIigVPBsoqdKBYTOiIDZuU0JAFTTjq5JsPHudLHfiTzCgFP1N8bKQmUGgdePhkQGKp5rxD/86wE/Asn5WGcAAvp9CE/ERgiXESD+1wyCmKcE0Ilz/+K6ZBIQiEPsAjBnD95kXROa+ZZrX5brzauZnGU0QE6RCfIROeogW5QE7URRY/oGb2iN+1Je9HetY/paEmb7eyjP9A+fwB4oJvS</latexit>⇥
T µ
µ

⇤
p=4

<latexit sha1_base64="ilcIrGAjJIzfcDNV0H+F2Y3A6Ec=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwVRIp6kYounFZoS9IYphMJ+3QyYOZG6GE+AFu/BU3LhRx696df2PSdqGtBy73cM69zNzjxYIrMIxvrbS0vLK6Vl6vbGxube/ou3sdFSWSsjaNRCR7HlFM8JC1gYNgvVgyEniCdb3RdeF375lUPApbMI6ZE5BByH1OCeSSqx/ZgvmALdxyUztIsrv0oWi25IMhOG4aX9aziqtXjZoxAV4k5oxU0QxNV/+y+xFNAhYCFUQpyzRicFIigVPBsoqdKBYTOiIDZuU0JAFTTjq5JsPHudLHfiTzCgFP1N8bKQmUGgdePhkQGKp5rxD/86wE/Asn5WGcAAvp9CE/ERgiXESD+1wyCmKcE0Ilz/+K6ZBIQiEPsAjBnD95kXROa+ZZrX5brzauZnGU0QE6RCfIROeogW5QE7URRY/oGb2iN+1Je9HetY/paEmb7eyjP9A+fwB4oJvS</latexit>⇥
T µ
µ

⇤
p=4

Entanglement Entropy (EE)

<latexit sha1_base64="lUAMJOf5XRxw4EBiB4n/XZm4LjY="></latexit>

Sp=4
EE = . . .+

✓
4 b� (d� 5)(d� 4)

d� 1
d2

◆
ln(`/") + . . .

<latexit sha1_base64="bjut4T+FUQMu757r5AgV6WB5Oqs=">AAACL3icbVDLSgMxFM34rPU16tJNsAiCUGakVDeFYmlxWbEvaGvJpGkbmnmQ3BHLMH/kxl/pRkQRt/6F6QPR1gMXTs65l9x7nEBwBZb1aqysrq1vbCa2kts7u3v75sFhTfmhpKxKfeHLhkMUE9xjVeAgWCOQjLiOYHVnWJj49QcmFfe9CowC1nZJ3+M9TgloqWOW7jpRC9gjSDcqFuMY5/CCcv/zKpQqcXy+ZAe5TNwxU1bamgIvE3tOUmiOcscct7o+DV3mARVEqaZtBdCOiAROBYuTrVCxgNAh6bOmph5xmWpH03tjfKqVLu75UpcHeKr+noiIq9TIdXSnS2CgFr2J+J/XDKF31Y64F4TAPDr7qBcKDD6ehIe7XDIKYqQJoZLrXTEdEEko6IiTOgR78eRlUrtI29l09jaTyl/P40igY3SCzpCNLlEe3aAyqiKKntAYvaF349l4MT6Mz1nrijGfOUJ/YHx9Ay/BqwA=</latexit>

SEE = SCFT
EE + Sp=4

EE
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<latexit sha1_base64="NhjmZgehMxKvJjuHMcIAUvhn/Pg="></latexit>

Sbrane = T
Z

d5⇠
p

detP [GMN ]

<latexit sha1_base64="jR9iUVx8Zy1fp51/tPU35C3vNC4=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkfhyrXjxWNG2hDWWz2bRLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzgpQzpR3n2yqtrK6tb5Q3K1vbO7t79v5BSyWZJNQjCU9kJ8CKciaop5nmtJNKiuOA03Ywup367ScqFUvEox6n1I/xQLCIEayN5F2HD/3zvl11as4MaJm4BalCgWbf/uqFCcliKjThWKmu66Taz7HUjHA6qfQyRVNMRnhAu4YKHFPl57NjJ+jEKCGKEmlKaDRTf0/kOFZqHAemM8Z6qBa9qfif1810dOXnTKSZpoLMF0UZRzpB089RyCQlmo8NwUQycysiQywx0SafignBXXx5mbTOau5FrX5frzZuijjKcATHcAouXEID7qAJHhBg8Ayv8GYJ68V6tz7mrSWrmDmEP7A+fwAidY5B</latexit>

AdS5

Example

probe brane

L
<latexit sha1_base64="QE9oDXOSeRcavWmZZHNQHB2S4vk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioGXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndRrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCk14zU</latexit>

AdSd+1
<latexit sha1_base64="bgP+r07Pz3P7nrYGVHg3SFGVaGY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRZBEMpuFfRY9eKxom2VdinZbLYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBQln2rjut1NYWl5ZXSuulzY2t7Z3yrt7LR2nitAmiXmsHgKsKWeSNg0znD4kimIRcNoOhtcTv/1ElWaxvDejhPoC9yWLGMHGSo+X4V0vC0+8ca9ccavuFGiReDmpQI5Gr/zVDWOSCioN4Vjrjucmxs+wMoxwOi51U00TTIa4TzuWSiyo9rPpwWN0ZJUQRbGyJQ2aqr8nMiy0HonAdgpsBnrem4j/eZ3URBd+xmSSGirJbFGUcmRiNPkehUxRYvjIEkwUs7ciMsAKE2MzKtkQvPmXF0mrVvVOq7Xbs0r9Ko+jCAdwCMfgwTnU4QYa0AQCAp7hFd4c5bw4787HrLXg5DP78AfO5w8IRY/n</latexit>

radius of curvature

<latexit sha1_base64="3iJh1tj6Q0jcrySVtqnx189sa28="></latexit>

b d1 d2 d3 d4 d5 d6 d7 d8 d9 d10 d11
1
4 �1 � 1

d�4
1
4

1
4

2
3(d�4) � (3d+2)

9(d�4) 0 0 � 2
3(d�4) � (d�2)

6(d�4) � (3d�10)
3(d�4)

<latexit sha1_base64="aVEme2ZLSTtbtKvayh2jnHOgNYY=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrkpS6mNZdOPCRYU+hCYtk+mkHTp5MDMRSij4K25cKOLW73Dn3zhps9DWAwOHc+7lnjlezJlUlvVtFFZW19Y3ipulre2d3T1z/6Ato0QQ2iIRj8SDhyXlLKQtxRSnD7GgOPA47Xjjm8zvPFIhWRQ21SSmboCHIfMZwUpLffPIiVmviu5658gJsBoRzNPmtG+WrYo1A1omdk7KkKPRN7+cQUSSgIaKcCxl17Zi5aZYKEY4nZacRNIYkzEe0q6mIQ6odNNZ/Ck61coA+ZHQL1Ropv7eSHEg5STw9GQWUS56mfif102Uf+WmLIwTRUMyP+QnHKkIZV2gAROUKD7RBBPBdFZERlhgonRjJV2CvfjlZdKuVuyLSu2+Vq5f53UU4RhO4AxsuIQ63EIDWkAghWd4hTfjyXgx3o2P+WjByHcO4Q+Mzx8Ld5Ts</latexit>

⇡2L5Tin units of

<latexit sha1_base64="wQ2IyHZZzDVgj05jjP9Js0Tojy0="></latexit>

d12 d13 d14 d15 d16 d17 d18 d19 d20 d21 d22
� 2

3(d�4) � 1
2

6�d
3(d�4)

2d
3(d�4)

2(2d�7)
3(d�4)

(7d�22)
3(d�4) � (d+2)

3(d�4) �1 � 1
2

1
4

1
2
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Outline:



Can we define boundary and defect 
central charges?

Summary

Do these appear in physical observables?

Do they obey constraints? c-theorems?Do they obey constraints? c-theorems?

How do they appear in physical observables?
(work in progress)

(work in progress)

How do boundaries and defects 
contribute to the trace anomaly?

(work in progress)



Outlook

stress-energy tensor correlators?

c-theorems? bounds? constraints?

applications?

examples?

thermal entropy?

entanglement entropy?


