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Central Charges
of Two-Dimensional

Boundaries and Defects



Boundary Conformal Field Theory (BCFT)

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

possibly + massless degrees of freedom at the boundary
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y
z

d = 3 BCFT



graphene with a boundary

M-theory: M2s ending on M5s

string theory: various branes ending on branes

holographic examples

critical Ising model in with a boundaryd = 3

Examples
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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

y
z

DCFTd � 3
<latexit sha1_base64="dLpwGtEWZt/IyuFM6zJUVTD5Bpg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2FZoQ9lsJu3SzSbuboRS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCTqIaAaBZfYMtwIfEgV0jgQ2AlGNzO/84RK80Tem3GKfkwHkkecUWOlTtgb4COp98sVt+rOQVaJl5MK5Gj2y1+9MGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqID7FoqaYzan8zPnZIzq4QkSpQtachc/T0xobHW4ziwnTE1Q73szcT/vG5moit/wmWaGZRssSjKBDEJmf1OQq6QGTG2hDLF7a2EDamizNiESjYEb/nlVdKuVb16tXZ3UWlc53EU4QRO4Rw8uIQG3EITWsBgBM/wCm9O6rw4787HorXg5DPH8AfO5w+Yio8U</latexit>



graphene with a line defect

critical Ising model in with a domain walld = 3

holographic examples

string theory: various branes intersecting branes

Examples

M-theory: M2s ending on M5s



Question

Can we define central charges

for conformal boundaries and defects?



Stress tensor 2-pt. function

Thermodynamic entropy

Central Charge

Entanglement Entropy

Trace Anomaly

Sthermo =
⇡

3
cLT + . . .

T µ
µ =

c

24⇡
R

Virasoro algebra )
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Central Charge

Virasoro algebra )
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<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>

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>

Counts the number of degrees of freedom

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

Reflection positivity (Unitarity)



Stress tensor 2-pt. function

Thermodynamic entropy

Central Charge

Entanglement Entropy

Trace Anomaly

Sthermo =
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24⇡
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Virasoro algebra )
<latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</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>

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>

SEE =
c

3
ln(`/") + . . .

<latexit sha1_base64="rPo/wuxB+Y2Tx5VdLHEEwF/nAZs="></latexit><latexit sha1_base64="rPo/wuxB+Y2Tx5VdLHEEwF/nAZs="></latexit><latexit sha1_base64="rPo/wuxB+Y2Tx5VdLHEEwF/nAZs="></latexit><latexit sha1_base64="rPo/wuxB+Y2Tx5VdLHEEwF/nAZs="></latexit>

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

z4
<latexit sha1_base64="WmXYWbdJhgJmBlIMoC19/5yxY+k=">AAACHHicbZDLSsNAFIYn9VbrLerSzWAR2k1N2oJuhKIblxV6g6aWyXTSDp1MwsxEaEMexI2v4saFIm5cCL6N0zYLbT0w8PH/53Dm/G7IqFSW9W1k1tY3Nrey27md3b39A/PwqCWDSGDSxAELRMdFkjDKSVNRxUgnFAT5LiNtd3wz89sPREga8IaahKTnoyGnHsVIaalvVhyG+JAR2OjH02lSmBZTsIqOWDhX0PEEwjE+Lyfx9L6a9M28VbLmBVfBTiEP0qr3zU9nEODIJ1xhhqTs2laoejESimJGkpwTSRIiPEZD0tXIkU9kL54fl8AzrQygFwj9uIJz9fdEjHwpJ76rO32kRnLZm4n/ed1IeZe9mPIwUoTjxSIvYlAFcJYUHFBBsGITDQgLqv8K8QjpJJTOM6dDsJdPXoVWuWRXStZdNV+7TuPIghNwCgrABhegBm5BHTQBBo/gGbyCN+PJeDHejY9Fa8ZIZ47BnzK+fgDPwaEu</latexit>



Central Charge

Virasoro algebra )
<latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</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>

??????

??????

??????

??????

Stress tensor 2-pt. function

Thermodynamic entropy

Entanglement Entropy

Trace Anomaly

d = 2
<latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit>

boundary or defect in d � 3
<latexit sha1_base64="dLpwGtEWZt/IyuFM6zJUVTD5Bpg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2FZoQ9lsJu3SzSbuboRS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCTqIaAaBZfYMtwIfEgV0jgQ2AlGNzO/84RK80Tem3GKfkwHkkecUWOlTtgb4COp98sVt+rOQVaJl5MK5Gj2y1+9MGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqID7FoqaYzan8zPnZIzq4QkSpQtachc/T0xobHW4ziwnTE1Q73szcT/vG5moit/wmWaGZRssSjKBDEJmf1OQq6QGTG2hDLF7a2EDamizNiESjYEb/nlVdKuVb16tXZ3UWlc53EU4QRO4Rw8uIQG3EITWsBgBM/wCm9O6rw4787HorXg5DPH8AfO5w+Yio8U</latexit>

BCFT or DCFT
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Quantum Field Theory

Macroscopic/Low-energy scales

Microscopic/High-energy scales

Renormalisation Group (RG) flow
from the UV to IR

UV

IR



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>

Tµ⌫ = T⌫µ

Stress-Energy Tensor

Tµ⌫ ⌘ � 2
p
g

�

�gµ⌫
lnZ[gµ⌫ ]

<latexit sha1_base64="HlcExd4zYtRhpcmaAXeqoIMb4Dg="></latexit>



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



RG fixed points

UV

IR

Conformal Field Theories 
(CFTs)

UV CFT

IR CFT



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
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T µ
µ =

1
p
g

�

�⌦
lnZ

gµ⌫(x) ! e2⌦(x)gµ⌫(x)

Conformal invariance

T µ
µ = 0

Conformal Field Theory



Dilatations

Special Conformal

xµ ! ⇤µ
⌫ x

⌫Rotations

Translations xµ ! xµ + cµ

xµ ! �xµ

d > 2

SO(d+ 1, 1)

gµ⌫(x) ! �µ⌫

xµ ! xµ + bµx2

1 + 2x⌫b⌫ + b2x2

Conformal Field Theory



complex coordinates z, z̄

gµ⌫(x) ! �µ⌫

d = 2

Conformal Field Theory

Conformal Transformation

z ! w(z) z̄ ! w̄(z̄)



[Tµ⌫ ] =

✓
Tzz Tzz̄

Tz̄z Tz̄z̄

◆

Tzz̄ = Tz̄z

T µ
µ = Tzz̄ = Tz̄z

gµ⌫(x) ! �µ⌫

d = 2

Conformal Field Theory

Holomorphic and anti-holomorphic sectors DECOUPLE



@µTµ⌫ = 0

Holomorphic and anti-holomorphic sectors DECOUPLE

gµ⌫(x) ! �µ⌫

d = 2

Conformal Field Theory

@zTz̄z̄ + @z̄Tzz̄ = 0

@z̄Tzz = 0 @zTz̄z̄ = 0

T µ
µ = Tzz̄ = Tz̄z = 0



Virasoro algebra

Tzz(z) =
1X

n=�1

Ln

zn+2
Tz̄z̄(z̄) =

1X

n=�1

L̄n

z̄n+2

[Lm, Ln] = (m� n)Ln+m +
c

12
m(m2 � 1)�m+n,0

[Lm, L̄n] = 0

An infinite number of symmetry generators! 

Conformal Field Theory

m,n 2 Z
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Virasoro algebra

Tzz(z) =
1X

n=�1

Ln

zn+2
Tz̄z̄(z̄) =

1X

n=�1

L̄n

z̄n+2

[Lm, Ln] = (m� n)Ln+m +
c

12
m(m2 � 1)�m+n,0

L±1 and L0

L̄±1 and L̄0

[Lm, L̄n] = 0

SO(d+ 1, 1) = SO(3, 1) subgroup

Conformal Field Theory



Virasoro algebra

Tzz(z) =
1X

n=�1

Ln

zn+2
Tz̄z̄(z̄) =

1X

n=�1

L̄n

z̄n+2

[Lm, Ln] = (m� n)Ln+m +
c

12
m(m2 � 1)�m+n,0

L±1 and L0

L̄±1 and L̄0

[Lm, L̄n] = 0

SO(d+ 1, 1) = SO(3, 1) subgroup

Conformal Field Theory



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
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Counts the number of degrees of freedom

Central Charge

The c-theorem

RG flow from UV CFT to IR CFT
cUV � cIR
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Stress tensor 2-pt. function

Thermodynamic entropy

Central Charge

Entanglement Entropy

Trace Anomaly

Sthermo =
⇡

3
cLT + . . .

T µ
µ =

c

24⇡
R

Virasoro algebra )
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central charge c
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d = 2 CFT
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SEE =
c

3
ln(`/") + . . .

<latexit sha1_base64="rPo/wuxB+Y2Tx5VdLHEEwF/nAZs="></latexit><latexit sha1_base64="rPo/wuxB+Y2Tx5VdLHEEwF/nAZs="></latexit><latexit sha1_base64="rPo/wuxB+Y2Tx5VdLHEEwF/nAZs="></latexit><latexit sha1_base64="rPo/wuxB+Y2Tx5VdLHEEwF/nAZs="></latexit>

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

z4
<latexit sha1_base64="WmXYWbdJhgJmBlIMoC19/5yxY+k=">AAACHHicbZDLSsNAFIYn9VbrLerSzWAR2k1N2oJuhKIblxV6g6aWyXTSDp1MwsxEaEMexI2v4saFIm5cCL6N0zYLbT0w8PH/53Dm/G7IqFSW9W1k1tY3Nrey27md3b39A/PwqCWDSGDSxAELRMdFkjDKSVNRxUgnFAT5LiNtd3wz89sPREga8IaahKTnoyGnHsVIaalvVhyG+JAR2OjH02lSmBZTsIqOWDhX0PEEwjE+Lyfx9L6a9M28VbLmBVfBTiEP0qr3zU9nEODIJ1xhhqTs2laoejESimJGkpwTSRIiPEZD0tXIkU9kL54fl8AzrQygFwj9uIJz9fdEjHwpJ76rO32kRnLZm4n/ed1IeZe9mPIwUoTjxSIvYlAFcJYUHFBBsGITDQgLqv8K8QjpJJTOM6dDsJdPXoVWuWRXStZdNV+7TuPIghNwCgrABhegBm5BHTQBBo/gGbyCN+PJeDHejY9Fa8ZIZ47BnzK+fgDPwaEu</latexit>



Counts the number of degrees of freedom

Central Charge

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

Stress tensor 2-pt. function

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

z4
<latexit sha1_base64="WmXYWbdJhgJmBlIMoC19/5yxY+k=">AAACHHicbZDLSsNAFIYn9VbrLerSzWAR2k1N2oJuhKIblxV6g6aWyXTSDp1MwsxEaEMexI2v4saFIm5cCL6N0zYLbT0w8PH/53Dm/G7IqFSW9W1k1tY3Nrey27md3b39A/PwqCWDSGDSxAELRMdFkjDKSVNRxUgnFAT5LiNtd3wz89sPREga8IaahKTnoyGnHsVIaalvVhyG+JAR2OjH02lSmBZTsIqOWDhX0PEEwjE+Lyfx9L6a9M28VbLmBVfBTiEP0qr3zU9nEODIJ1xhhqTs2laoejESimJGkpwTSRIiPEZD0tXIkU9kL54fl8AzrQygFwj9uIJz9fdEjHwpJ76rO32kRnLZm4n/ed1IeZe9mPIwUoTjxSIvYlAFcJYUHFBBsGITDQgLqv8K8QjpJJTOM6dDsJdPXoVWuWRXStZdNV+7TuPIghNwCgrABhegBm5BHTQBBo/gGbyCN+PJeDHejY9Fa8ZIZ47BnzK+fgDPwaEu</latexit>



Counts the number of degrees of freedom

Central Charge

Thermodynamic entropy

Cardy NPB 270 (186) 1986

T � 1/L

Sthermo =
⇡

3
cLT + . . .

TemperatureSystem size L T



Counts the number of degrees of freedom

Central Charge

Trace Anomaly

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>



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>

Counts the number of degrees of freedom

Central Charge

Trace Anomaly

Conformal invarianceQuantum Effects
Break Conformal Invariance



Counts the number of degrees of freedom

Central Charge

Trace Anomaly

CFT in any

d odd

d even

d = 2

T µ
µ 6= 0

T µ
µ = 0

T µ
µ =

c

24⇡
R

d



Counts the number of degrees of freedom

Central Charge

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>

x
<latexit sha1_base64="IArQpDG4Gw7Ax+5Wri9CZWKD4Bo=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1YQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5juM/A==</latexit><latexit sha1_base64="IArQpDG4Gw7Ax+5Wri9CZWKD4Bo=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1YQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5juM/A==</latexit><latexit sha1_base64="IArQpDG4Gw7Ax+5Wri9CZWKD4Bo=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1YQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5juM/A==</latexit><latexit sha1_base64="IArQpDG4Gw7Ax+5Wri9CZWKD4Bo=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxBfsBbSib7aRdu9mE3Y1YQn+BFw+KePUnefPfuG1z0NYXFh7emWFn3iARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e2s3n5EpXks780kQT+iQ8lDzqixVuOpX664VXcusgpeDhXIVe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtShphNrP5otOyZl1BiSMlX3SkLn7eyKjkdaTKLCdETUjvVybmf/VuqkJr/2MyyQ1KNniozAVxMRkdjUZcIXMiIkFyhS3uxI2oooyY7Mp2RC85ZNXoXVR9Sw3Liu1mzyOIpzAKZyDB1dQgzuoQxMYIDzDK7w5D86L8+58LFoLTj5zDH/kfP4A5juM/A==</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>

Entanglement Entropy (EE)



Central Charge

short-distance cutoff

Holzhey, Larsen, Wilczek hep-th/9403108 Calabrese + Cardy hep-th/0405152

"
<latexit sha1_base64="q2hPMkGNOCosIhJBGAMU+F+r6Rw=">AAAB8nicbZBNS8NAEIY39avWr6pHL8EieCqJCHosevFYwX5AGspmO2mXbnbD7qRQQn+GFw+KePXXePPfuG1z0NYXFh7emWFn3igV3KDnfTuljc2t7Z3ybmVv/+DwqHp80jYq0wxaTAmluxE1ILiEFnIU0E010CQS0InG9/N6ZwLacCWfcJpCmNCh5DFnFK0V9CZUQ2q4ULJfrXl1byF3HfwCaqRQs1/96g0UyxKQyAQ1JvC9FMOcauRMwKzSywyklI3pEAKLkiZgwnyx8sy9sM7AjZW2T6K7cH9P5DQxZppEtjOhODKrtbn5Xy3IML4Ncy7TDEGy5UdxJlxU7vx+d8A1MBRTC5Rpbnd12YhqytCmVLEh+Ksnr0P7qu5bfryuNe6KOMrkjJyTS+KTG9IgD6RJWoQRRZ7JK3lz0Hlx3p2PZWvJKWZOyR85nz+50ZGH</latexit><latexit sha1_base64="q2hPMkGNOCosIhJBGAMU+F+r6Rw=">AAAB8nicbZBNS8NAEIY39avWr6pHL8EieCqJCHosevFYwX5AGspmO2mXbnbD7qRQQn+GFw+KePXXePPfuG1z0NYXFh7emWFn3igV3KDnfTuljc2t7Z3ybmVv/+DwqHp80jYq0wxaTAmluxE1ILiEFnIU0E010CQS0InG9/N6ZwLacCWfcJpCmNCh5DFnFK0V9CZUQ2q4ULJfrXl1byF3HfwCaqRQs1/96g0UyxKQyAQ1JvC9FMOcauRMwKzSywyklI3pEAKLkiZgwnyx8sy9sM7AjZW2T6K7cH9P5DQxZppEtjOhODKrtbn5Xy3IML4Ncy7TDEGy5UdxJlxU7vx+d8A1MBRTC5Rpbnd12YhqytCmVLEh+Ksnr0P7qu5bfryuNe6KOMrkjJyTS+KTG9IgD6RJWoQRRZ7JK3lz0Hlx3p2PZWvJKWZOyR85nz+50ZGH</latexit><latexit sha1_base64="q2hPMkGNOCosIhJBGAMU+F+r6Rw=">AAAB8nicbZBNS8NAEIY39avWr6pHL8EieCqJCHosevFYwX5AGspmO2mXbnbD7qRQQn+GFw+KePXXePPfuG1z0NYXFh7emWFn3igV3KDnfTuljc2t7Z3ybmVv/+DwqHp80jYq0wxaTAmluxE1ILiEFnIU0E010CQS0InG9/N6ZwLacCWfcJpCmNCh5DFnFK0V9CZUQ2q4ULJfrXl1byF3HfwCaqRQs1/96g0UyxKQyAQ1JvC9FMOcauRMwKzSywyklI3pEAKLkiZgwnyx8sy9sM7AjZW2T6K7cH9P5DQxZppEtjOhODKrtbn5Xy3IML4Ncy7TDEGy5UdxJlxU7vx+d8A1MBRTC5Rpbnd12YhqytCmVLEh+Ksnr0P7qu5bfryuNe6KOMrkjJyTS+KTG9IgD6RJWoQRRZ7JK3lz0Hlx3p2PZWvJKWZOyR85nz+50ZGH</latexit><latexit sha1_base64="q2hPMkGNOCosIhJBGAMU+F+r6Rw=">AAAB8nicbZBNS8NAEIY39avWr6pHL8EieCqJCHosevFYwX5AGspmO2mXbnbD7qRQQn+GFw+KePXXePPfuG1z0NYXFh7emWFn3igV3KDnfTuljc2t7Z3ybmVv/+DwqHp80jYq0wxaTAmluxE1ILiEFnIU0E010CQS0InG9/N6ZwLacCWfcJpCmNCh5DFnFK0V9CZUQ2q4ULJfrXl1byF3HfwCaqRQs1/96g0UyxKQyAQ1JvC9FMOcauRMwKzSywyklI3pEAKLkiZgwnyx8sy9sM7AjZW2T6K7cH9P5DQxZppEtjOhODKrtbn5Xy3IML4Ncy7TDEGy5UdxJlxU7vx+d8A1MBRTC5Rpbnd12YhqytCmVLEh+Ksnr0P7qu5bfryuNe6KOMrkjJyTS+KTG9IgD6RJWoQRRZ7JK3lz0Hlx3p2PZWvJKWZOyR85nz+50ZGH</latexit>

3 `
d

d`
SEE = c

<latexit sha1_base64="gwJDTxxveAeCLaR8a/QmbfUUgH4=">AAACFnicbVBNS8NAEN34bf2qevSyWAQPWhIV9CKIUvBY0dpCU8pmM9Glmw92J2IJ+RVe/CtePCjiVbz5b9y0PWj1wTCP92bYneclUmi07S9rYnJqemZ2br60sLi0vFJeXbvWcao4NHgsY9XymAYpImigQAmtRAELPQlNr3dW+M07UFrE0RX2E+iE7CYSgeAMjdQt7+5Td8cFKYsWKMYzP8/8Qsgvu5mLcI8qzGq1PKfHlHfLFbtqD0D/EmdEKmSEerf86foxT0OIkEumdduxE+xkTKHgEvKSm2pIGO+xG2gbGrEQdCcbnJXTLaP4NIiVqQjpQP25kbFQ637omcmQ4a0e9wrxP6+dYnDUyUSUpAgRHz4UpJJiTIuMqC8UcJR9QxhXwvyV8ltmwkGTZMmE4Iyf/Jdc71Wd/erexUHl5HQUxxzZIJtkmzjkkJyQc1InDcLJA3kiL+TVerSerTfrfTg6YY121skvWB/fWEie4g==</latexit>

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>

interval of length
<̀latexit sha1_base64="3GQWqpO7cQAS3xPKV+Ids7+Coq4=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120i7d3YTdjVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYsGNdd1vZ219Y3Nru7RT3t3bPzisHB23TZRohi0WiUh3A2pQcIUty63AbqyRykBgJ5jc5X7nCbXhkXq00xh9SUeKh5xRm0t9FGJQqbo1dw6ySryCVKFAc1D56g8jlkhUlglqTM9zY+unVFvOBM7K/cRgTNmEjrCXUUUlGj+d3zoj55kyJGGks1KWzNXfEymVxkxlkHVKasdm2cvF/7xeYsMbP+UqTiwqtlgUJoLYiOSPkyHXyKyYZoQyzbNbCRtTTZnN4ilnIXjLL6+Sdr3mXdbqD1fVxm0RRwlO4QwuwINraMA9NKEFDMbwDK/w5kjnxXl3Phata04xcwJ/4Hz+AA60jj8=</latexit>

SEE =
c

3
ln
`

"
+ . . .

<latexit sha1_base64="c7/GfKr9KPHRA14bqk5Smptk0mc="></latexit>

Counts the number of degrees of freedom
Entanglement Entropy (EE)



Stress tensor 2-pt. function

Thermodynamic entropy

Central Charge

Entanglement Entropy

Trace Anomaly

Sthermo =
⇡

3
cLT + . . .

T µ
µ =

c

24⇡
R

Virasoro algebra )
<latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</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>

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>

SEE =
c

3
ln(`/") + . . .

<latexit sha1_base64="rPo/wuxB+Y2Tx5VdLHEEwF/nAZs="></latexit><latexit sha1_base64="rPo/wuxB+Y2Tx5VdLHEEwF/nAZs="></latexit><latexit sha1_base64="rPo/wuxB+Y2Tx5VdLHEEwF/nAZs="></latexit><latexit sha1_base64="rPo/wuxB+Y2Tx5VdLHEEwF/nAZs="></latexit>

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

z4
<latexit sha1_base64="WmXYWbdJhgJmBlIMoC19/5yxY+k=">AAACHHicbZDLSsNAFIYn9VbrLerSzWAR2k1N2oJuhKIblxV6g6aWyXTSDp1MwsxEaEMexI2v4saFIm5cCL6N0zYLbT0w8PH/53Dm/G7IqFSW9W1k1tY3Nrey27md3b39A/PwqCWDSGDSxAELRMdFkjDKSVNRxUgnFAT5LiNtd3wz89sPREga8IaahKTnoyGnHsVIaalvVhyG+JAR2OjH02lSmBZTsIqOWDhX0PEEwjE+Lyfx9L6a9M28VbLmBVfBTiEP0qr3zU9nEODIJ1xhhqTs2laoejESimJGkpwTSRIiPEZD0tXIkU9kL54fl8AzrQygFwj9uIJz9fdEjHwpJ76rO32kRnLZm4n/ed1IeZe9mPIwUoTjxSIvYlAFcJYUHFBBsGITDQgLqv8K8QjpJJTOM6dDsJdPXoVWuWRXStZdNV+7TuPIghNwCgrABhegBm5BHTQBBo/gGbyCN+PJeDHejY9Fa8ZIZ47BnzK+fgDPwaEu</latexit>



Central Charge

Virasoro algebra )
<latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</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>

??????

??????

??????

??????

Stress tensor 2-pt. function

Thermodynamic entropy

Entanglement Entropy

Trace Anomaly

d = 2
<latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit>

boundary or defect in d � 3
<latexit sha1_base64="dLpwGtEWZt/IyuFM6zJUVTD5Bpg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2FZoQ9lsJu3SzSbuboRS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCTqIaAaBZfYMtwIfEgV0jgQ2AlGNzO/84RK80Tem3GKfkwHkkecUWOlTtgb4COp98sVt+rOQVaJl5MK5Gj2y1+9MGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqID7FoqaYzan8zPnZIzq4QkSpQtachc/T0xobHW4ziwnTE1Q73szcT/vG5moit/wmWaGZRssSjKBDEJmf1OQq6QGTG2hDLF7a2EDamizNiESjYEb/nlVdKuVb16tXZ3UWlc53EU4QRO4Rw8uIQG3EITWsBgBM/wCm9O6rw4787HorXg5DPH8AfO5w+Yio8U</latexit>

BCFT or DCFT
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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

d � 3
<latexit sha1_base64="dLpwGtEWZt/IyuFM6zJUVTD5Bpg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2FZoQ9lsJu3SzSbuboRS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCTqIaAaBZfYMtwIfEgV0jgQ2AlGNzO/84RK80Tem3GKfkwHkkecUWOlTtgb4COp98sVt+rOQVaJl5MK5Gj2y1+9MGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqID7FoqaYzan8zPnZIzq4QkSpQtachc/T0xobHW4ziwnTE1Q73szcT/vG5moit/wmWaGZRssSjKBDEJmf1OQq6QGTG2hDLF7a2EDamizNiESjYEb/nlVdKuVb16tXZ3UWlc53EU4QRO4Rw8uIQG3EITWsBgBM/wCm9O6rw4787HorXg5DPH8AfO5w+Yio8U</latexit>

flat space



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 and DCFT

Broken to subgroup
that preserves the boundary or defect

d = 2
<latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit>

boundary or defect in d � 3
<latexit sha1_base64="dLpwGtEWZt/IyuFM6zJUVTD5Bpg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2FZoQ9lsJu3SzSbuboRS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCTqIaAaBZfYMtwIfEgV0jgQ2AlGNzO/84RK80Tem3GKfkwHkkecUWOlTtgb4COp98sVt+rOQVaJl5MK5Gj2y1+9MGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqID7FoqaYzan8zPnZIzq4QkSpQtachc/T0xobHW4ziwnTE1Q73szcT/vG5moit/wmWaGZRssSjKBDEJmf1OQq6QGTG2hDLF7a2EDamizNiESjYEb/nlVdKuVb16tXZ3UWlc53EU4QRO4Rw8uIQG3EITWsBgBM/wCm9O6rw4787HorXg5DPH8AfO5w+Yio8U</latexit>

flat space



~x
<latexit sha1_base64="iIlRI2742kT2IzMktRiG1pLHXqc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120i7dbMLuplhCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0N/NbY1Sax/LRTBL0IzqQPOSMGiu1umNk2dO0Vyq7FXcOskq8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFrupxoSyER1gx1JJI9R+Nj93Ss6t0idhrGxJQ+bq74mMRlpPosB2RtQM9bI3E//zOqkJb/yMyyQ1KNliUZgKYmIy+530uUJmxMQSyhS3txI2pIoyYxMq2hC85ZdXSbNa8S4r1Yercu02j6MAp3AGF+DBNdTgHurQAAYjeIZXeHMS58V5dz4WrWtOPnMCf+B8/gCzMY/O</latexit>

xµ ! ⇤µ
⌫ x

⌫Rotations

BCFT and DCFT

Broken to rotations in (y, z)

y
z

+ rotations in transverse directions

d = 2
<latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit>

boundary or defect in d � 3
<latexit sha1_base64="dLpwGtEWZt/IyuFM6zJUVTD5Bpg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2FZoQ9lsJu3SzSbuboRS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCTqIaAaBZfYMtwIfEgV0jgQ2AlGNzO/84RK80Tem3GKfkwHkkecUWOlTtgb4COp98sVt+rOQVaJl5MK5Gj2y1+9MGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqID7FoqaYzan8zPnZIzq4QkSpQtachc/T0xobHW4ziwnTE1Q73szcT/vG5moit/wmWaGZRssSjKBDEJmf1OQq6QGTG2hDLF7a2EDamizNiESjYEb/nlVdKuVb16tXZ3UWlc53EU4QRO4Rw8uIQG3EITWsBgBM/wCm9O6rw4787HorXg5DPH8AfO5w+Yio8U</latexit>

flat space



BCFT and DCFT

y
z

Translations

Broken to translations along (y, z)

xµ ! xµ + cµ

~x
<latexit sha1_base64="iIlRI2742kT2IzMktRiG1pLHXqc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120i7dbMLuplhCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0N/NbY1Sax/LRTBL0IzqQPOSMGiu1umNk2dO0Vyq7FXcOskq8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFrupxoSyER1gx1JJI9R+Nj93Ss6t0idhrGxJQ+bq74mMRlpPosB2RtQM9bI3E//zOqkJb/yMyyQ1KNliUZgKYmIy+530uUJmxMQSyhS3txI2pIoyYxMq2hC85ZdXSbNa8S4r1Yercu02j6MAp3AGF+DBNdTgHurQAAYjeIZXeHMS58V5dz4WrWtOPnMCf+B8/gCzMY/O</latexit>

d = 2
<latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit>

boundary or defect in d � 3
<latexit sha1_base64="dLpwGtEWZt/IyuFM6zJUVTD5Bpg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2FZoQ9lsJu3SzSbuboRS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCTqIaAaBZfYMtwIfEgV0jgQ2AlGNzO/84RK80Tem3GKfkwHkkecUWOlTtgb4COp98sVt+rOQVaJl5MK5Gj2y1+9MGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqID7FoqaYzan8zPnZIzq4QkSpQtachc/T0xobHW4ziwnTE1Q73szcT/vG5moit/wmWaGZRssSjKBDEJmf1OQq6QGTG2hDLF7a2EDamizNiESjYEb/nlVdKuVb16tXZ3UWlc53EU4QRO4Rw8uIQG3EITWsBgBM/wCm9O6rw4787HorXg5DPH8AfO5w+Yio8U</latexit>

flat space



BCFT and DCFT

y
z

Dilatations xµ ! �xµ

Unbroken

~x
<latexit sha1_base64="iIlRI2742kT2IzMktRiG1pLHXqc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120i7dbMLuplhCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0N/NbY1Sax/LRTBL0IzqQPOSMGiu1umNk2dO0Vyq7FXcOskq8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFrupxoSyER1gx1JJI9R+Nj93Ss6t0idhrGxJQ+bq74mMRlpPosB2RtQM9bI3E//zOqkJb/yMyyQ1KNliUZgKYmIy+530uUJmxMQSyhS3txI2pIoyYxMq2hC85ZdXSbNa8S4r1Yercu02j6MAp3AGF+DBNdTgHurQAAYjeIZXeHMS58V5dz4WrWtOPnMCf+B8/gCzMY/O</latexit>

d = 2
<latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit>

boundary or defect in d � 3
<latexit sha1_base64="dLpwGtEWZt/IyuFM6zJUVTD5Bpg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2FZoQ9lsJu3SzSbuboRS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCTqIaAaBZfYMtwIfEgV0jgQ2AlGNzO/84RK80Tem3GKfkwHkkecUWOlTtgb4COp98sVt+rOQVaJl5MK5Gj2y1+9MGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqID7FoqaYzan8zPnZIzq4QkSpQtachc/T0xobHW4ziwnTE1Q73szcT/vG5moit/wmWaGZRssSjKBDEJmf1OQq6QGTG2hDLF7a2EDamizNiESjYEb/nlVdKuVb16tXZ3UWlc53EU4QRO4Rw8uIQG3EITWsBgBM/wCm9O6rw4787HorXg5DPH8AfO5w+Yio8U</latexit>

flat space



Special Conformal

BCFT and DCFT

y
z

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>

~x
<latexit sha1_base64="iIlRI2742kT2IzMktRiG1pLHXqc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120i7dbMLuplhCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0N/NbY1Sax/LRTBL0IzqQPOSMGiu1umNk2dO0Vyq7FXcOskq8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFrupxoSyER1gx1JJI9R+Nj93Ss6t0idhrGxJQ+bq74mMRlpPosB2RtQM9bI3E//zOqkJb/yMyyQ1KNliUZgKYmIy+530uUJmxMQSyhS3txI2pIoyYxMq2hC85ZdXSbNa8S4r1Yercu02j6MAp3AGF+DBNdTgHurQAAYjeIZXeHMS58V5dz4WrWtOPnMCf+B8/gCzMY/O</latexit>

d = 2
<latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit>

boundary or defect in d � 3
<latexit sha1_base64="dLpwGtEWZt/IyuFM6zJUVTD5Bpg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2FZoQ9lsJu3SzSbuboRS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCTqIaAaBZfYMtwIfEgV0jgQ2AlGNzO/84RK80Tem3GKfkwHkkecUWOlTtgb4COp98sVt+rOQVaJl5MK5Gj2y1+9MGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqID7FoqaYzan8zPnZIzq4QkSpQtachc/T0xobHW4ziwnTE1Q73szcT/vG5moit/wmWaGZRssSjKBDEJmf1OQq6QGTG2hDLF7a2EDamizNiESjYEb/nlVdKuVb16tXZ3UWlc53EU4QRO4Rw8uIQG3EITWsBgBM/wCm9O6rw4787HorXg5DPH8AfO5w+Yio8U</latexit>

flat space



BCFT and DCFT

y
z

SO(d+ 1, 1) ! SO(3, 1)⇥ SO(d� 2)

conformal transformations 
preserving the boundary/defect

rotations around 
the defect

~x
<latexit sha1_base64="iIlRI2742kT2IzMktRiG1pLHXqc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120i7dbMLuplhCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0N/NbY1Sax/LRTBL0IzqQPOSMGiu1umNk2dO0Vyq7FXcOskq8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFrupxoSyER1gx1JJI9R+Nj93Ss6t0idhrGxJQ+bq74mMRlpPosB2RtQM9bI3E//zOqkJb/yMyyQ1KNliUZgKYmIy+530uUJmxMQSyhS3txI2pIoyYxMq2hC85ZdXSbNa8S4r1Yercu02j6MAp3AGF+DBNdTgHurQAAYjeIZXeHMS58V5dz4WrWtOPnMCf+B8/gCzMY/O</latexit>

d = 2
<latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit>

boundary or defect in d � 3
<latexit sha1_base64="dLpwGtEWZt/IyuFM6zJUVTD5Bpg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2FZoQ9lsJu3SzSbuboRS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCTqIaAaBZfYMtwIfEgV0jgQ2AlGNzO/84RK80Tem3GKfkwHkkecUWOlTtgb4COp98sVt+rOQVaJl5MK5Gj2y1+9MGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqID7FoqaYzan8zPnZIzq4QkSpQtachc/T0xobHW4ziwnTE1Q73szcT/vG5moit/wmWaGZRssSjKBDEJmf1OQq6QGTG2hDLF7a2EDamizNiESjYEb/nlVdKuVb16tXZ3UWlc53EU4QRO4Rw8uIQG3EITWsBgBM/wCm9O6rw4787HorXg5DPH8AfO5w+Yio8U</latexit>

flat space



BCFT and DCFT

SO(d+ 1, 1) ! SO(3, 1)⇥ SO(d� 2)

conformal transformations 
preserving the boundary/defect

rotations around 
the defect

Generically NOT Virasoro!

A FINITE number of symmetry generators!

d = 2
<latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit>

boundary or defect in d � 3
<latexit sha1_base64="dLpwGtEWZt/IyuFM6zJUVTD5Bpg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2FZoQ9lsJu3SzSbuboRS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCTqIaAaBZfYMtwIfEgV0jgQ2AlGNzO/84RK80Tem3GKfkwHkkecUWOlTtgb4COp98sVt+rOQVaJl5MK5Gj2y1+9MGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqID7FoqaYzan8zPnZIzq4QkSpQtachc/T0xobHW4ziwnTE1Q73szcT/vG5moit/wmWaGZRssSjKBDEJmf1OQq6QGTG2hDLF7a2EDamizNiESjYEb/nlVdKuVb16tXZ3UWlc53EU4QRO4Rw8uIQG3EITWsBgBM/wCm9O6rw4787HorXg5DPH8AfO5w+Yio8U</latexit>

flat space



BCFT and DCFT

SO(d+ 1, 1) ! SO(3, 1)⇥ SO(d� 2)

conformal transformations 
preserving the boundary/defect

rotations around 
the defect

[Lm, Ln] = (m� n)Ln+m +
c

12
m(m2 � 1)�m+n,0

SO(3, 1)
<latexit sha1_base64="FBPi9xKbnWFlAnPFjN2JrJYkckU=">AAAB7nicbZDLSgMxFIbPeK31VnXpJliEClJmVNBl0Y07K9oLtEPJpGfa0ExmSDJCGfoQblwo4tbncefbmF4W2vpD4OM/55Bz/iARXBvX/XaWlldW19ZzG/nNre2d3cLefl3HqWJYY7GIVTOgGgWXWDPcCGwmCmkUCGwEg5txvfGESvNYPpphgn5Ee5KHnFFjrcbDXen81DvpFIpu2Z2ILII3gyLMVO0UvtrdmKURSsME1brluYnxM6oMZwJH+XaqMaFsQHvYsihphNrPJuuOyLF1uiSMlX3SkIn7eyKjkdbDKLCdETV9PV8bm//VWqkJr/yMyyQ1KNn0ozAVxMRkfDvpcoXMiKEFyhS3uxLWp4oyYxPK2xC8+ZMXoX5W9izfXxQr17M4cnAIR1ACDy6hArdQhRowGMAzvMKbkzgvzrvzMW1dcmYzB/BHzucPXcmOQw==</latexit><latexit sha1_base64="FBPi9xKbnWFlAnPFjN2JrJYkckU=">AAAB7nicbZDLSgMxFIbPeK31VnXpJliEClJmVNBl0Y07K9oLtEPJpGfa0ExmSDJCGfoQblwo4tbncefbmF4W2vpD4OM/55Bz/iARXBvX/XaWlldW19ZzG/nNre2d3cLefl3HqWJYY7GIVTOgGgWXWDPcCGwmCmkUCGwEg5txvfGESvNYPpphgn5Ee5KHnFFjrcbDXen81DvpFIpu2Z2ILII3gyLMVO0UvtrdmKURSsME1brluYnxM6oMZwJH+XaqMaFsQHvYsihphNrPJuuOyLF1uiSMlX3SkIn7eyKjkdbDKLCdETV9PV8bm//VWqkJr/yMyyQ1KNn0ozAVxMRkfDvpcoXMiKEFyhS3uxLWp4oyYxPK2xC8+ZMXoX5W9izfXxQr17M4cnAIR1ACDy6hArdQhRowGMAzvMKbkzgvzrvzMW1dcmYzB/BHzucPXcmOQw==</latexit><latexit sha1_base64="FBPi9xKbnWFlAnPFjN2JrJYkckU=">AAAB7nicbZDLSgMxFIbPeK31VnXpJliEClJmVNBl0Y07K9oLtEPJpGfa0ExmSDJCGfoQblwo4tbncefbmF4W2vpD4OM/55Bz/iARXBvX/XaWlldW19ZzG/nNre2d3cLefl3HqWJYY7GIVTOgGgWXWDPcCGwmCmkUCGwEg5txvfGESvNYPpphgn5Ee5KHnFFjrcbDXen81DvpFIpu2Z2ILII3gyLMVO0UvtrdmKURSsME1brluYnxM6oMZwJH+XaqMaFsQHvYsihphNrPJuuOyLF1uiSMlX3SkIn7eyKjkdbDKLCdETV9PV8bm//VWqkJr/yMyyQ1KNn0ozAVxMRkfDvpcoXMiKEFyhS3uxLWp4oyYxPK2xC8+ZMXoX5W9izfXxQr17M4cnAIR1ACDy6hArdQhRowGMAzvMKbkzgvzrvzMW1dcmYzB/BHzucPXcmOQw==</latexit><latexit sha1_base64="FBPi9xKbnWFlAnPFjN2JrJYkckU=">AAAB7nicbZDLSgMxFIbPeK31VnXpJliEClJmVNBl0Y07K9oLtEPJpGfa0ExmSDJCGfoQblwo4tbncefbmF4W2vpD4OM/55Bz/iARXBvX/XaWlldW19ZzG/nNre2d3cLefl3HqWJYY7GIVTOgGgWXWDPcCGwmCmkUCGwEg5txvfGESvNYPpphgn5Ee5KHnFFjrcbDXen81DvpFIpu2Z2ILII3gyLMVO0UvtrdmKURSsME1brluYnxM6oMZwJH+XaqMaFsQHvYsihphNrPJuuOyLF1uiSMlX3SkIn7eyKjkdbDKLCdETV9PV8bm//VWqkJr/yMyyQ1KNn0ozAVxMRkfDvpcoXMiKEFyhS3uxLWp4oyYxPK2xC8+ZMXoX5W9izfXxQr17M4cnAIR1ACDy6hArdQhRowGMAzvMKbkzgvzrvzMW1dcmYzB/BHzucPXcmOQw==</latexit>

subgroup
L±1 and L0

L̄±1 and L̄0

d = 2
<latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit>

boundary or defect in d � 3
<latexit sha1_base64="dLpwGtEWZt/IyuFM6zJUVTD5Bpg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2FZoQ9lsJu3SzSbuboRS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCTqIaAaBZfYMtwIfEgV0jgQ2AlGNzO/84RK80Tem3GKfkwHkkecUWOlTtgb4COp98sVt+rOQVaJl5MK5Gj2y1+9MGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqID7FoqaYzan8zPnZIzq4QkSpQtachc/T0xobHW4ziwnTE1Q73szcT/vG5moit/wmWaGZRssSjKBDEJmf1OQq6QGTG2hDLF7a2EDamizNiESjYEb/nlVdKuVb16tXZ3UWlc53EU4QRO4Rw8uIQG3EITWsBgBM/wCm9O6rw4787HorXg5DPH8AfO5w+Yio8U</latexit>

flat space

[Lm, Ln] = (m� n)Lm+n +
c

12
m(m2 � 1)�m+n,0

<latexit sha1_base64="Wxb4hE9Ppck358cl+RWMURLJSEQ="></latexit>



BCFT and DCFT
d = 2

<latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit>

boundary or defect in d � 3
<latexit sha1_base64="dLpwGtEWZt/IyuFM6zJUVTD5Bpg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2FZoQ9lsJu3SzSbuboRS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCTqIaAaBZfYMtwIfEgV0jgQ2AlGNzO/84RK80Tem3GKfkwHkkecUWOlTtgb4COp98sVt+rOQVaJl5MK5Gj2y1+9MGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqID7FoqaYzan8zPnZIzq4QkSpQtachc/T0xobHW4ziwnTE1Q73szcT/vG5moit/wmWaGZRssSjKBDEJmf1OQq6QGTG2hDLF7a2EDamizNiESjYEb/nlVdKuVb16tXZ3UWlc53EU4QRO4Rw8uIQG3EITWsBgBM/wCm9O6rw4787HorXg5DPH8AfO5w+Yio8U</latexit>

flat space

xa
<latexit sha1_base64="ElaQM0OXZli74kCISVAt2tAedas=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix68VjRfkAby2Y7aZduNmF3I5bQn+DFgyJe/UXe/Ddu2xy09cHA470ZZuYFieDauO63s7S8srq2Xtgobm5t7+yW9vYbOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxheT/zmIyrNY3lvRgn6Ee1LHnJGjZXunh5ot1R2K+4UZJF4OSlDjlq39NXpxSyNUBomqNZtz02Mn1FlOBM4LnZSjQllQ9rHtqWSRqj9bHrqmBxbpUfCWNmShkzV3xMZjbQeRYHtjKgZ6HlvIv7ntVMTXvoZl0lqULLZojAVxMRk8jfpcYXMiJEllClubyVsQBVlxqZTtCF48y8vksZpxTuruLfn5epVHkcBDuEITsCDC6jCDdSgDgz68Ayv8OYI58V5dz5mrUtOPnMAf+B8/gBTlY3R</latexit>

a = 1, 2
<latexit sha1_base64="0xfunYIdyygxj2BjU9Rot0DgX2o=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4kJJUQS9C0YvHCqYttKFstpN26WYTdjdCKf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXpgKro3rfjsrq2vrG5uFreL2zu7efungsKGTTDH0WSIS1QqpRsEl+oYbga1UIY1Dgc1weDf1m0+oNE/koxmlGMS0L3nEGTVW8umNd17tlspuxZ2BLBMvJ2XIUe+Wvjq9hGUxSsME1brtuakJxlQZzgROip1MY0rZkPaxbamkMepgPDt2Qk6t0iNRomxJQ2bq74kxjbUexaHtjKkZ6EVvKv7ntTMTXQdjLtPMoGTzRVEmiEnI9HPS4wqZESNLKFPc3krYgCrKjM2naEPwFl9eJo1qxbuouA+X5dptHkcBjuEEzsCDK6jBPdTBBwYcnuEV3hzpvDjvzse8dcXJZ47gD5zPH4+6jds=</latexit>

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

i = 3, 4, . . . , d
<latexit sha1_base64="KpzPvL9bDn9HgAF6tNH1KI94Aw4=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4KGXXFvQiFL14rGA/oF1LNpttQ7PJkmSVUvo/vHhQxKv/xZv/xrTdg7Y+GHi8N8PMvCDhTBvX/XZWVtfWNzZzW/ntnd29/cLBYVPLVBHaIJJL1Q6wppwJ2jDMcNpOFMVxwGkrGN5M/dYjVZpJcW9GCfVj3BcsYgQbKz2wq0qpWuryUBpdCnuFolt2Z0DLxMtIETLUe4WvbihJGlNhCMdadzw3Mf4YK8MIp5N8N9U0wWSI+7RjqcAx1f54dvUEnVolRJFUtoRBM/X3xBjHWo/iwHbG2Az0ojcV//M6qYku/TETSWqoIPNFUcqRkWgaAQqZosTwkSWYKGZvRWSAFSbGBpW3IXiLLy+T5nnZq5Tdu2qxdp3FkYNjOIEz8OACanALdWgAAQXP8ApvzpPz4rw7H/PWFSebOYI/cD5/APB/kX8=</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>

Ward Identities



BCFT and DCFT
d = 2

<latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit>

boundary or defect in d � 3
<latexit sha1_base64="dLpwGtEWZt/IyuFM6zJUVTD5Bpg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2FZoQ9lsJu3SzSbuboRS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCTqIaAaBZfYMtwIfEgV0jgQ2AlGNzO/84RK80Tem3GKfkwHkkecUWOlTtgb4COp98sVt+rOQVaJl5MK5Gj2y1+9MGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqID7FoqaYzan8zPnZIzq4QkSpQtachc/T0xobHW4ziwnTE1Q73szcT/vG5moit/wmWaGZRssSjKBDEJmf1OQq6QGTG2hDLF7a2EDamizNiESjYEb/nlVdKuVb16tXZ3UWlc53EU4QRO4Rw8uIQG3EITWsBgBM/wCm9O6rw4787HorXg5DPH8AfO5w+Yio8U</latexit>

flat space

Displacement operator

@µT
µi = �d�2(xj)Di

<latexit sha1_base64="USuflgTPKRP7copubbrbB6QWlEs=">AAACGHicbVC7TsMwFHXKq5RXgJHFokIqAyWpimBBqoCBsUh9SU1SOY7bmjoP2Q6iivIZLPwKCwMIsXbjb3DaDlA4kuWjc+7Vvfe4EaNCGsaXlltaXlldy68XNja3tnf03b2WCGOOSROHLOQdFwnCaECakkpGOhEnyHcZabuj68xvPxAuaBg05Dgito8GAe1TjKSSevqpFSEuKWK9xPLjtOFkH6QpvISWR5hETuKdVNLSo3N/DG8c2tOLRtmYAv4l5pwUwRz1nj6xvBDHPgkkZkiIrmlE0k6yoZiRtGDFgkQIj9CAdBUNkE+EnUwPS+GRUjzYD7l6gYRT9WdHgnwhxr6rKn0kh2LRy8T/vG4s+xd2QoMoliTAs0H9mEEZwiwl6FFOsGRjRRDmVO0K8RBxhKXKsqBCMBdP/ktalbJZLZ/dVYu1q3kceXAADkEJmOAc1MAtqIMmwOAJvIA38K49a6/ah/Y5K81p85598Ava5BvG4p+Q</latexit>

Ward Identities

Tµ⌫ = [Tµ⌫ ]bulk + �d�2
⇥
T ab

⇤
2d

<latexit sha1_base64="IrDZlOC0tI3hqBHhFoOsCq1feNg="></latexit>

Di

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

Gaussian pillbox integration around boundary/defect

Boundary case:
@a

⇥
T ab

⇤
2d

/
⇥
T b?⇤@

bulk

<latexit sha1_base64="ogpcmpz+ghQbgeh96rXepkWZ0oI="></latexit>

D /
⇥
T??⇤@

bulk

<latexit sha1_base64="wFBjnItRqOutYi+BfYVdk94kFgw="></latexit>



BCFT and DCFT
d = 2

<latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit>

boundary or defect in d � 3
<latexit sha1_base64="dLpwGtEWZt/IyuFM6zJUVTD5Bpg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2FZoQ9lsJu3SzSbuboRS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCTqIaAaBZfYMtwIfEgV0jgQ2AlGNzO/84RK80Tem3GKfkwHkkecUWOlTtgb4COp98sVt+rOQVaJl5MK5Gj2y1+9MGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqID7FoqaYzan8zPnZIzq4QkSpQtachc/T0xobHW4ziwnTE1Q73szcT/vG5moit/wmWaGZRssSjKBDEJmf1OQq6QGTG2hDLF7a2EDamizNiESjYEb/nlVdKuVb16tXZ3UWlc53EU4QRO4Rw8uIQG3EITWsBgBM/wCm9O6rw4787HorXg5DPH8AfO5w+Yio8U</latexit>

flat space

@µT
µi = �d�2(xj)Di

<latexit sha1_base64="USuflgTPKRP7copubbrbB6QWlEs=">AAACGHicbVC7TsMwFHXKq5RXgJHFokIqAyWpimBBqoCBsUh9SU1SOY7bmjoP2Q6iivIZLPwKCwMIsXbjb3DaDlA4kuWjc+7Vvfe4EaNCGsaXlltaXlldy68XNja3tnf03b2WCGOOSROHLOQdFwnCaECakkpGOhEnyHcZabuj68xvPxAuaBg05Dgito8GAe1TjKSSevqpFSEuKWK9xPLjtOFkH6QpvISWR5hETuKdVNLSo3N/DG8c2tOLRtmYAv4l5pwUwRz1nj6xvBDHPgkkZkiIrmlE0k6yoZiRtGDFgkQIj9CAdBUNkE+EnUwPS+GRUjzYD7l6gYRT9WdHgnwhxr6rKn0kh2LRy8T/vG4s+xd2QoMoliTAs0H9mEEZwiwl6FFOsGRjRRDmVO0K8RBxhKXKsqBCMBdP/ktalbJZLZ/dVYu1q3kceXAADkEJmOAc1MAtqIMmwOAJvIA38K49a6/ah/Y5K81p85598Ava5BvG4p+Q</latexit>

Ward Identities

Conformal invariance

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>

Displacement operator

Tµ⌫ = [Tµ⌫ ]bulk + �d�2
⇥
T ab

⇤
2d

<latexit sha1_base64="IrDZlOC0tI3hqBHhFoOsCq1feNg="></latexit>

Di

<latexit sha1_base64="4sTG29sDiTi17hmBxpG/GBVMEMo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BPXiMaB6QrGF2MkmGzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMYXU/95hPXRkTqAccx90M6UKIvGEUr3d88im6x5JbdGcgy8TJSggy1bvGr04tYEnKFTFJj2p4bo59SjYJJPil0EsNjykZ0wNuWKhpy46ezUyfkxCo90o+0LYVkpv6eSGlozDgMbGdIcWgWvan4n9dOsH/pp0LFCXLF5ov6iSQYkenfpCc0ZyjHllCmhb2VsCHVlKFNp2BD8BZfXiaNs7JXKZ/fVUrVqyyOPBzBMZyCBxdQhVuoQR0YDOAZXuHNkc6L8+58zFtzTjZzCH/gfP4AEmuNqw==</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
<latexit sha1_base64="zVBGGD9dYU6qQ7Wyh3Dw8V7srXc=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4Kkkp6kYounFZoS9IY5hMJu3QyYOZG6GEunPjr7hxoYhbP8Gdf+P0sdDWAxcO59zLvff4qeAKLOvbWFpeWV1bL2wUN7e2d3bNvf2WSjJJWZMmIpEdnygmeMyawEGwTioZiXzB2v7geuy375lUPIkbMEyZG5FezENOCWjJM4+6goWAHdzwyF3+QEa4K3mvD66XV4LRpeWZJatsTYAXiT0jJTRD3TO/ukFCs4jFQAVRyrGtFNycSOBUsFGxmymWEjogPeZoGpOIKTefPDLCJ1oJcJhIXTHgifp7IieRUsPI150Rgb6a98bif56TQXjh5jxOM2AxnS4KM4EhweNUcMAloyCGmhAqub4V0z6RhILOrqhDsOdfXiStStk+K1dvq6Xa1SyOAjpEx+gU2egc1dANqqMmougRPaNX9GY8GS/Gu/ExbV0yZjMH6A+Mzx+0Spkm</latexit>

[T a
a ]2d = 0



BCFT and DCFT
d = 2

<latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit>

boundary or defect in d � 3
<latexit sha1_base64="dLpwGtEWZt/IyuFM6zJUVTD5Bpg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2FZoQ9lsJu3SzSbuboRS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCTqIaAaBZfYMtwIfEgV0jgQ2AlGNzO/84RK80Tem3GKfkwHkkecUWOlTtgb4COp98sVt+rOQVaJl5MK5Gj2y1+9MGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqID7FoqaYzan8zPnZIzq4QkSpQtachc/T0xobHW4ziwnTE1Q73szcT/vG5moit/wmWaGZRssSjKBDEJmf1OQq6QGTG2hDLF7a2EDamizNiESjYEb/nlVdKuVb16tXZ3UWlc53EU4QRO4Rw8uIQG3EITWsBgBM/wCm9O6rw4787HorXg5DPH8AfO5w+Yio8U</latexit>

flat space

@µT
µi = �d�2(xj)Di

<latexit sha1_base64="USuflgTPKRP7copubbrbB6QWlEs=">AAACGHicbVC7TsMwFHXKq5RXgJHFokIqAyWpimBBqoCBsUh9SU1SOY7bmjoP2Q6iivIZLPwKCwMIsXbjb3DaDlA4kuWjc+7Vvfe4EaNCGsaXlltaXlldy68XNja3tnf03b2WCGOOSROHLOQdFwnCaECakkpGOhEnyHcZabuj68xvPxAuaBg05Dgito8GAe1TjKSSevqpFSEuKWK9xPLjtOFkH6QpvISWR5hETuKdVNLSo3N/DG8c2tOLRtmYAv4l5pwUwRz1nj6xvBDHPgkkZkiIrmlE0k6yoZiRtGDFgkQIj9CAdBUNkE+EnUwPS+GRUjzYD7l6gYRT9WdHgnwhxr6rKn0kh2LRy8T/vG4s+xd2QoMoliTAs0H9mEEZwiwl6FFOsGRjRRDmVO0K8RBxhKXKsqBCMBdP/ktalbJZLZ/dVYu1q3kceXAADkEJmOAc1MAtqIMmwOAJvIA38K49a6/ah/Y5K81p85598Ava5BvG4p+Q</latexit>

Ward Identities

Conformal invariance

Displacement operator

Tµ⌫ = [Tµ⌫ ]bulk + �d�2
⇥
T ab

⇤
2d

<latexit sha1_base64="IrDZlOC0tI3hqBHhFoOsCq1feNg="></latexit>

Di

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

hDi(xa)Dj(0)i / �ij

|xa|4

<latexit sha1_base64="FrT71pgrRuPQoFJGmLisbrraV1w="></latexit>
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Stress tensor 2-pt. function

Thermodynamic entropy

Central Charge

Entanglement Entropy

Trace Anomaly

Sthermo =
⇡

3
cLT + . . .

T µ
µ =

c

24⇡
R

Virasoro algebra )
<latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</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>

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>

SEE =
c

3
ln(`/") + . . .

<latexit sha1_base64="rPo/wuxB+Y2Tx5VdLHEEwF/nAZs="></latexit><latexit sha1_base64="rPo/wuxB+Y2Tx5VdLHEEwF/nAZs="></latexit><latexit sha1_base64="rPo/wuxB+Y2Tx5VdLHEEwF/nAZs="></latexit><latexit sha1_base64="rPo/wuxB+Y2Tx5VdLHEEwF/nAZs="></latexit>

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

z4
<latexit sha1_base64="WmXYWbdJhgJmBlIMoC19/5yxY+k=">AAACHHicbZDLSsNAFIYn9VbrLerSzWAR2k1N2oJuhKIblxV6g6aWyXTSDp1MwsxEaEMexI2v4saFIm5cCL6N0zYLbT0w8PH/53Dm/G7IqFSW9W1k1tY3Nrey27md3b39A/PwqCWDSGDSxAELRMdFkjDKSVNRxUgnFAT5LiNtd3wz89sPREga8IaahKTnoyGnHsVIaalvVhyG+JAR2OjH02lSmBZTsIqOWDhX0PEEwjE+Lyfx9L6a9M28VbLmBVfBTiEP0qr3zU9nEODIJ1xhhqTs2laoejESimJGkpwTSRIiPEZD0tXIkU9kL54fl8AzrQygFwj9uIJz9fdEjHwpJ76rO32kRnLZm4n/ed1IeZe9mPIwUoTjxSIvYlAFcJYUHFBBsGITDQgLqv8K8QjpJJTOM6dDsJdPXoVWuWRXStZdNV+7TuPIghNwCgrABhegBm5BHTQBBo/gGbyCN+PJeDHejY9Fa8ZIZ47BnzK+fgDPwaEu</latexit>



Central Charge

Virasoro algebra )
<latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</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>

??????

??????

??????

??????

Stress tensor 2-pt. function

Thermodynamic entropy

Entanglement Entropy

Trace Anomaly

d = 2
<latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit>

boundary or defect in d � 3
<latexit sha1_base64="dLpwGtEWZt/IyuFM6zJUVTD5Bpg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2FZoQ9lsJu3SzSbuboRS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCTqIaAaBZfYMtwIfEgV0jgQ2AlGNzO/84RK80Tem3GKfkwHkkecUWOlTtgb4COp98sVt+rOQVaJl5MK5Gj2y1+9MGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqID7FoqaYzan8zPnZIzq4QkSpQtachc/T0xobHW4ziwnTE1Q73szcT/vG5moit/wmWaGZRssSjKBDEJmf1OQq6QGTG2hDLF7a2EDamizNiESjYEb/nlVdKuVb16tXZ3UWlc53EU4QRO4Rw8uIQG3EITWsBgBM/wCm9O6rw4787HorXg5DPH8AfO5w+Yio8U</latexit>

BCFT or DCFT



Virasoro algebra )
<latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</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>

d = 2
<latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit>

boundary or defect in d � 3
<latexit sha1_base64="dLpwGtEWZt/IyuFM6zJUVTD5Bpg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2FZoQ9lsJu3SzSbuboRS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCTqIaAaBZfYMtwIfEgV0jgQ2AlGNzO/84RK80Tem3GKfkwHkkecUWOlTtgb4COp98sVt+rOQVaJl5MK5Gj2y1+9MGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqID7FoqaYzan8zPnZIzq4QkSpQtachc/T0xobHW4ziwnTE1Q73szcT/vG5moit/wmWaGZRssSjKBDEJmf1OQq6QGTG2hDLF7a2EDamizNiESjYEb/nlVdKuVb16tXZ3UWlc53EU4QRO4Rw8uIQG3EITWsBgBM/wCm9O6rw4787HorXg5DPH8AfO5w+Yio8U</latexit>

BCFT or DCFT

Billo, Goncalves, Lauria, Meineri
1601.02883

??????

Stress tensor 2-pt. function

Thermodynamic entropy

??????

Central Charge

Prochazka
1804.01974

Herzog + Shrestha
2010.04995



Central Charge

Trace Anomaly

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>

Counts the number of degrees of freedom



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>

Central Charge

Trace Anomaly

Conformal invarianceQuantum Effects
Break Conformal Invariance

Counts the number of degrees of freedom



Central Charge

Trace Anomaly

CFT in any

d odd

d even

d = 2

T µ
µ 6= 0

T µ
µ = 0

T µ
µ =

c

24⇡
R

d

Counts the number of degrees of freedom



Central Charge

Trace Anomaly

What is ?

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

d = 2
<latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit>

boundary or defect in d � 3
<latexit sha1_base64="dLpwGtEWZt/IyuFM6zJUVTD5Bpg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2FZoQ9lsJu3SzSbuboRS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCTqIaAaBZfYMtwIfEgV0jgQ2AlGNzO/84RK80Tem3GKfkwHkkecUWOlTtgb4COp98sVt+rOQVaJl5MK5Gj2y1+9MGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqID7FoqaYzan8zPnZIzq4QkSpQtachc/T0xobHW4ziwnTE1Q73szcT/vG5moit/wmWaGZRssSjKBDEJmf1OQq6QGTG2hDLF7a2EDamizNiESjYEb/nlVdKuVb16tXZ3UWlc53EU4QRO4Rw8uIQG3EITWsBgBM/wCm9O6rw4787HorXg5DPH8AfO5w+Yio8U</latexit>

BCFT or DCFT

⇥
T µ
µ

⇤
2d

<latexit sha1_base64="XDDpgsxinp4ybSVMePss5Np6/VM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVZIq6LLoxmWFviCJYTKdtEMnD2ZuhBLq0o2/4saFIm79A3f+jdM2C209cLmHc+5l5p4gFVyBZX0bpZXVtfWN8mZla3tnd8/cP+ioJJOUtWkiEtkLiGKCx6wNHATrpZKRKBCsG4yup373nknFk7gF45R5ERnEPOSUgJZ8E7uCheC0/NyNssld/jBtruSDIXh+Xu9PfLNq1awZ8DKxC1JFBZq++eX2E5pFLAYqiFKObaXg5UQCp4JNKm6mWEroiAyYo2lMIqa8fHbJBJ9opY/DROqKAc/U3xs5iZQaR4GejAgM1aI3Ff/znAzCSy/ncZoBi+n8oTATGBI8jQX3uWQUxFgTQiXXf8V0SCShoMOr6BDsxZOXSades89q9dvzauOqiKOMjtAxOkU2ukANdIOaqI0oekTP6BW9GU/Gi/FufMxHS0axc4j+wPj8AdmlmxA=</latexit>

T µ
µ =

⇥
T µ
µ

⇤
bulk

+ �d�2
⇥
T µ
µ

⇤
2d

<latexit sha1_base64="kSW26O6J48cn8SPWOhq7Vxy9EWo="></latexit>



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

Trace Anomaly

T µ
µ = c1Rµ⌫⇢�R

µ⌫⇢� + c2Rµ⌫R
µ⌫ + c3R

2 + c4⇤R

CFT



What is the general form of ?T µ
µ

Step #2

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

Fixes some coefficients

Trace Anomaly

T µ
µ = c1Rµ⌫⇢�R

µ⌫⇢� + c2Rµ⌫R
µ⌫ + c3R

2 + c4⇤R



Fixes more coefficients

What is the general form of ?T µ
µ

Step #3

Add local counterterms
Determine how they enter T µ

µ

Trace Anomaly

T µ
µ = c1Rµ⌫⇢�R

µ⌫⇢� + c2Rµ⌫R
µ⌫ + c3R

2 + c4⇤R

0



CFT in any d

d odd

d even

d = 2

T µ
µ 6= 0

T µ
µ = 0

T µ
µ =

c

24⇡
R

Trace Anomaly



and

E = Rµ⌫⇢�R
µ⌫⇢� � 4Rµ⌫R

µ⌫ +R2

Euler density

Weyl tensor

Wµ⌫⇢�

T µ
µ = aE � cWµ⌫⇢�W

µ⌫⇢�

a c

Trace Anomaly

central charges

d = 4 CFT



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

T µ
µ = aE � cWµ⌫⇢�W

µ⌫⇢�

Trace Anomaly
Wess-Zumino Consistency



T µ
µ = aE � cWµ⌫⇢�W

µ⌫⇢�

Trace Anomaly
Wess-Zumino Consistency

d = 2 T µ
µ =

c

24⇡
R

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>

Type A central charges

Osborn NPB 363 (1991) 486

Independent of marginal couplings

Obey c-theorems
Jack and Osborn NPB 343 (1990) 647

Komargodski and Schwimmer JHEP 12 (2011) 099 

Cardy PLB 215 (1988) 749



Central Charge

Trace Anomaly

What is ?

d = 2
<latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit>

boundary or defect in d � 3
<latexit sha1_base64="dLpwGtEWZt/IyuFM6zJUVTD5Bpg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2FZoQ9lsJu3SzSbuboRS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCTqIaAaBZfYMtwIfEgV0jgQ2AlGNzO/84RK80Tem3GKfkwHkkecUWOlTtgb4COp98sVt+rOQVaJl5MK5Gj2y1+9MGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqID7FoqaYzan8zPnZIzq4QkSpQtachc/T0xobHW4ziwnTE1Q73szcT/vG5moit/wmWaGZRssSjKBDEJmf1OQq6QGTG2hDLF7a2EDamizNiESjYEb/nlVdKuVb16tXZ3UWlc53EU4QRO4Rw8uIQG3EITWsBgBM/wCm9O6rw4787HorXg5DPH8AfO5w+Yio8U</latexit>

BCFT or DCFT

⇥
T µ
µ

⇤
2d

<latexit sha1_base64="XDDpgsxinp4ybSVMePss5Np6/VM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVZIq6LLoxmWFviCJYTKdtEMnD2ZuhBLq0o2/4saFIm79A3f+jdM2C209cLmHc+5l5p4gFVyBZX0bpZXVtfWN8mZla3tnd8/cP+ioJJOUtWkiEtkLiGKCx6wNHATrpZKRKBCsG4yup373nknFk7gF45R5ERnEPOSUgJZ8E7uCheC0/NyNssld/jBtruSDIXh+Xu9PfLNq1awZ8DKxC1JFBZq++eX2E5pFLAYqiFKObaXg5UQCp4JNKm6mWEroiAyYo2lMIqa8fHbJBJ9opY/DROqKAc/U3xs5iZQaR4GejAgM1aI3Ff/znAzCSy/ncZoBi+n8oTATGBI8jQX3uWQUxFgTQiXXf8V0SCShoMOr6BDsxZOXSades89q9dvzauOqiKOMjtAxOkU2ukANdIOaqI0oekTP6BW9GU/Gi/FufMxHS0axc4j+wPj8AdmlmxA=</latexit>

T µ
µ =

⇥
T µ
µ

⇤
bulk

+ �d�2
⇥
T µ
µ

⇤
2d

<latexit sha1_base64="kSW26O6J48cn8SPWOhq7Vxy9EWo="></latexit>

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



Kµ ⌘ Kµ
ab ĝ

ab
<latexit sha1_base64="FZhsgcDM4MxF+Fa4wS+BeCxcefA=">AAACE3icbVDLSsNAFJ34rPUVdelmsBREpCRV0GXRjeCmgn1Ak4bJdNIOnUnizKRQQv/Bjb/ixoUibt2482+ctFlo64GBc8+Zy733+DGjUlnWt7G0vLK6tl7YKG5ube/smnv7TRklApMGjlgk2j6ShNGQNBRVjLRjQRD3GWn5w+vMb42IkDQK79U4Ji5H/ZAGFCOlJc88ue2mDk8m0CEPCR3BvPRS5Gvt1BkglfYn3az0zJJVsaaAi8TOSQnkqHvml9OLcMJJqDBDUnZsK1ZuioSimJFJ0UkkiREeoj7paBoiTqSbTm+awLJWejCIhH6hglP1d0eKuJRjrrcsc6QGct7LxP+8TqKCSzelYZwoEuLZoCBhUEUwCwj2qCBYsbEmCAuqd4V4gATCSsdY1CHY8ycvkma1Yp9VqnfnpdpVHkcBHIIjcAxscAFq4AbUQQNg8AiewSt4M56MF+Pd+Jh9XTLyngPwB8bnD6qznqo=</latexit>

embedding

“worldsheet” �1, �2

R̂abcd R̂ab R̂

Geometry of Submanifolds

“target space” xµ

ĝab = gµ⌫
@xµ

@�a

@x⌫

@�b

xµ(�a)

Kµ
ab

<latexit sha1_base64="Nle12y8NQaA+9VoYjpt0CJjb300=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj0IniJYB6QXcPsZJIMmZld5iGEZX/DiwdFvPoz3vwbJ8keNLGgoajqprsrTjnTxve/vZXVtfWNzdJWeXtnd2+/cnDY0olVhDZJwhPVibGmnEnaNMxw2kkVxSLmtB2Pb6Z++4kqzRL5YCYpjQQeSjZgBBsnhXePWShs3stwnPcqVb/mz4CWSVCQKhRo9CpfYT8hVlBpCMdadwM/NVGGlWGE07wcWk1TTMZ4SLuOSiyojrLZzTk6dUofDRLlSho0U39PZFhoPRGx6xTYjPSiNxX/87rWDK6ijMnUGirJfNHAcmQSNA0A9ZmixPCJI5go5m5FZIQVJsbFVHYhBIsvL5PWeS3wa8H9RbV+XcRRgmM4gTMI4BLqcAsNaAKBFJ7hFd486714797HvHXFK2aO4A+8zx9q0ZHr</latexit><latexit sha1_base64="Nle12y8NQaA+9VoYjpt0CJjb300=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj0IniJYB6QXcPsZJIMmZld5iGEZX/DiwdFvPoz3vwbJ8keNLGgoajqprsrTjnTxve/vZXVtfWNzdJWeXtnd2+/cnDY0olVhDZJwhPVibGmnEnaNMxw2kkVxSLmtB2Pb6Z++4kqzRL5YCYpjQQeSjZgBBsnhXePWShs3stwnPcqVb/mz4CWSVCQKhRo9CpfYT8hVlBpCMdadwM/NVGGlWGE07wcWk1TTMZ4SLuOSiyojrLZzTk6dUofDRLlSho0U39PZFhoPRGx6xTYjPSiNxX/87rWDK6ijMnUGirJfNHAcmQSNA0A9ZmixPCJI5go5m5FZIQVJsbFVHYhBIsvL5PWeS3wa8H9RbV+XcRRgmM4gTMI4BLqcAsNaAKBFJ7hFd486714797HvHXFK2aO4A+8zx9q0ZHr</latexit><latexit sha1_base64="Nle12y8NQaA+9VoYjpt0CJjb300=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj0IniJYB6QXcPsZJIMmZld5iGEZX/DiwdFvPoz3vwbJ8keNLGgoajqprsrTjnTxve/vZXVtfWNzdJWeXtnd2+/cnDY0olVhDZJwhPVibGmnEnaNMxw2kkVxSLmtB2Pb6Z++4kqzRL5YCYpjQQeSjZgBBsnhXePWShs3stwnPcqVb/mz4CWSVCQKhRo9CpfYT8hVlBpCMdadwM/NVGGlWGE07wcWk1TTMZ4SLuOSiyojrLZzTk6dUofDRLlSho0U39PZFhoPRGx6xTYjPSiNxX/87rWDK6ijMnUGirJfNHAcmQSNA0A9ZmixPCJI5go5m5FZIQVJsbFVHYhBIsvL5PWeS3wa8H9RbV+XcRRgmM4gTMI4BLqcAsNaAKBFJ7hFd486714797HvHXFK2aO4A+8zx9q0ZHr</latexit><latexit sha1_base64="Nle12y8NQaA+9VoYjpt0CJjb300=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj0IniJYB6QXcPsZJIMmZld5iGEZX/DiwdFvPoz3vwbJ8keNLGgoajqprsrTjnTxve/vZXVtfWNzdJWeXtnd2+/cnDY0olVhDZJwhPVibGmnEnaNMxw2kkVxSLmtB2Pb6Z++4kqzRL5YCYpjQQeSjZgBBsnhXePWShs3stwnPcqVb/mz4CWSVCQKhRo9CpfYT8hVlBpCMdadwM/NVGGlWGE07wcWk1TTMZ4SLuOSiyojrLZzTk6dUofDRLlSho0U39PZFhoPRGx6xTYjPSiNxX/87rWDK6ijMnUGirJfNHAcmQSNA0A9ZmixPCJI5go5m5FZIQVJsbFVHYhBIsvL5PWeS3wa8H9RbV+XcRRgmM4gTMI4BLqcAsNaAKBFJ7hFd486714797HvHXFK2aO4A+8zx9q0ZHr</latexit>

Extrinsic curvature Mean curvature

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



Central Charge

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>

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/defect central charges
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<latexit sha1_base64="4mRMHBjm23bBARUmO46GyPRyC6A="></latexit>



Central Charge

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>
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<latexit sha1_base64="rCCtvVjV07uy4LEdHT/to9md2Y0="></latexit>
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<latexit sha1_base64="4mRMHBjm23bBARUmO46GyPRyC6A="></latexit>



Central Charge

Wess-Zumino Consistency

⇥
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<latexit sha1_base64="4mRMHBjm23bBARUmO46GyPRyC6A="></latexit>

is independent of boundary/defect marginal couplingsb

<latexit sha1_base64="LXNic5eemCQDWuE/dnwXO3jTQUQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtAvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPx3mM7g==</latexit>

in general,    can depend on bulk marginal couplingsb

<latexit sha1_base64="LXNic5eemCQDWuE/dnwXO3jTQUQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtAvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPx3mM7g==</latexit>

is also independent of bulk marginal couplingsb

<latexit sha1_base64="LXNic5eemCQDWuE/dnwXO3jTQUQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtAvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1atXLZq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPx3mM7g==</latexit>

Herzog and Shamir 1906.11281, 1907.04952
Bianchi 1907.06193

N = (2, 0)

<latexit sha1_base64="eEQ22cfE6WVb3cfR5xJm8tK0c/w=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBItQQUpSKroRim5cSQX7gDaUyXTSDp1MwsxEKbGf4saFIm79Enf+jZM2C209MHA4517umeNFjEpl299GbmV1bX0jv1nY2t7Z3TOL+y0ZxgKTJg5ZKDoekoRRTpqKKkY6kSAo8Bhpe+Pr1G8/ECFpyO/VJCJugIac+hQjpaW+WewFSI0wYsnt9LJcPbVP+mbJrtgzWMvEyUgJMjT65ldvEOI4IFxhhqTsOnak3AQJRTEj00IvliRCeIyGpKspRwGRbjKLPrWOtTKw/FDox5U1U39vJCiQchJ4ejINKhe9VPzP68bKv3ATyqNYEY7nh/yYWSq00h6sARUEKzbRBGFBdVYLj5BAWOm2CroEZ/HLy6RVrTi1ytldrVS/yurIwyEcQRkcOIc63EADmoDhEZ7hFd6MJ+PFeDc+5qM5I9s5gD8wPn8AqPyS9Q==</latexit>

d = 2

<latexit sha1_base64="PHs3BUty6XilMO/BybWXM/f50tI=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktFb0IRS8eK9oPaJeSzWbb0GyyJFmhLP0JXjwo4tVf5M1/Y9ruQVsfDDzem2FmXpBwpo3rfjuFtfWNza3idmlnd2//oHx41NYyVYS2iORSdQOsKWeCtgwznHYTRXEccNoJxrczv/NElWZSPJpJQv0YDwWLGMHGSg/hdW1QrrhVdw60SrycVCBHc1D+6oeSpDEVhnCsdc9zE+NnWBlGOJ2W+qmmCSZjPKQ9SwWOqfaz+alTdGaVEEVS2RIGzdXfExmOtZ7Ege2MsRnpZW8m/uf1UhNd+RkTSWqoIItFUcqRkWj2NwqZosTwiSWYKGZvRWSEFSbGplOyIXjLL6+Sdq3q1asX9/VK4yaPowgncArn4MElNOAOmtACAkN4hld4c7jz4rw7H4vWgpPPHMMfOJ8/vZuNcw==</latexit>

supersymmetry



Central Charge

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

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>

Casini, Landea, Torroba 1812.08183

⇥
T µ
µ

⇤
2d

=
b

24⇡
R̂+

d1
24⇡

(Kµ
abK

ab
µ � 1

2
KµKµ)�

d2
24⇡

W ab
ab

<latexit sha1_base64="4mRMHBjm23bBARUmO46GyPRyC6A="></latexit>

Euclidean symmetry (Poincaré symmetry) along the boundary/defect
Locality

Reflection positivity (Unitarity)

Counts the number of degrees of freedom



Central Charge
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<latexit sha1_base64="4mRMHBjm23bBARUmO46GyPRyC6A="></latexit>

Wang 2012.06574

N = (2, 0)

<latexit sha1_base64="eEQ22cfE6WVb3cfR5xJm8tK0c/w=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBItQQUpSKroRim5cSQX7gDaUyXTSDp1MwsxEKbGf4saFIm79Enf+jZM2C209MHA4517umeNFjEpl299GbmV1bX0jv1nY2t7Z3TOL+y0ZxgKTJg5ZKDoekoRRTpqKKkY6kSAo8Bhpe+Pr1G8/ECFpyO/VJCJugIac+hQjpaW+WewFSI0wYsnt9LJcPbVP+mbJrtgzWMvEyUgJMjT65ldvEOI4IFxhhqTsOnak3AQJRTEj00IvliRCeIyGpKspRwGRbjKLPrWOtTKw/FDox5U1U39vJCiQchJ4ejINKhe9VPzP68bKv3ATyqNYEY7nh/yYWSq00h6sARUEKzbRBGFBdVYLj5BAWOm2CroEZ/HLy6RVrTi1ytldrVS/yurIwyEcQRkcOIc63EADmoDhEZ7hFd6MJ+PFeDc+5qM5I9s5gD8wPn8AqPyS9Q==</latexit>

d = 2

<latexit sha1_base64="PHs3BUty6XilMO/BybWXM/f50tI=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktFb0IRS8eK9oPaJeSzWbb0GyyJFmhLP0JXjwo4tVf5M1/Y9ruQVsfDDzem2FmXpBwpo3rfjuFtfWNza3idmlnd2//oHx41NYyVYS2iORSdQOsKWeCtgwznHYTRXEccNoJxrczv/NElWZSPJpJQv0YDwWLGMHGSg/hdW1QrrhVdw60SrycVCBHc1D+6oeSpDEVhnCsdc9zE+NnWBlGOJ2W+qmmCSZjPKQ9SwWOqfaz+alTdGaVEEVS2RIGzdXfExmOtZ7Ege2MsRnpZW8m/uf1UhNd+RkTSWqoIItFUcqRkWj2NwqZosTwiSWYKGZvRWSEFSbGplOyIXjLL6+Sdq3q1asX9/VK4yaPowgncArn4MElNOAOmtACAkN4hld4c7jz4rw7H4vWgpPPHMMfOJ8/vZuNcw==</latexit>

supersymmetry
<latexit sha1_base64="Gu8BLVrL1pTa5lW0XY+F7eBPh48=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrjHokevGIxgUS2JBu6UKl227argnZ8B+8eNAYr/4fb/4bC+xBwZdM8vLeTGbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHTS1TRahPJJeqHWJNORPUN8xw2k4UxXHIaSsc3Uz91hNVmknxYMYJDWI8ECxiBBsrNf2qd9q775Urbs2dAS0TLycVyNHolb+6fUnSmApDONa647mJCTKsDCOcTkrdVNMEkxEe0I6lAsdUB9ns2gk6sUofRVLZEgbN1N8TGY61Hseh7YyxGepFbyr+53VSE10FGRNJaqgg80VRypGRaPo66jNFieFjSzBRzN6KyBArTIwNqGRD8BZfXibNs5p3UfPuziv16zyOIhzBMVTBg0uowy00wAcCj/AMr/DmSOfFeXc+5q0FJ585hD9wPn8AQLOORA==</latexit>

U(1)R current

<latexit sha1_base64="w+gW6tgBNBBx0ltdMVAYBIUQqf8=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVRIp6kYoCiKuqtgHNDHcTCft0MmDmYlQQj7Ajb/ixoUibv0Ad/6Nk7YLbT0wcDjnXO7c48WcSWWa30ZhYXFpeaW4Wlpb39jcKm/vtGSUCEKbJOKR6HggKWchbSqmOO3EgkLgcdr2hhe5336gQrIovFOjmDoB9EPmMwJKS265YscgFAPuAr6+B/cWn2HbF0DSYZbW7Jhl+FKnzKo5Bp4n1pRU0BQNt/xl9yKSBDRUhIOUXcuMlZPmiwinWclOJI2BDKFPu5qGEFDppONjMnyglR72I6FfqPBY/T2RQiDlKPB0MgA1kLNeLv7ndRPlnzopC+NE0ZBMFvkJxyrCeTO4xwQlio80ASKY/ismA9BVKN1fSZdgzZ48T1pHVeu4at3UKvXzaR1FtIf20SGy0AmqoyvUQE1E0CN6Rq/ozXgyXox342MSLRjTmV30B8bnD2TJmpE=</latexit>

@aJ
a
R =

k

4⇡
F

<latexit sha1_base64="jQLil2bFuzdI7bPGFxyYUmih69o=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lU1ItQ9OKxgv2ANpTNdtMu3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyacaeN5305pZXVtfaO8Wdna3tndc/cPWjpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2H47vcbz9RpVksH80koYHAQ8kiRrDJpfDmfNx3q17NmwEtE78gVSjQ6LtfvUFMUkGlIRxr3fW9xAQZVoYRTqeVXqppgskYD2nXUokF1UE2u3WKTqwyQFGsbEmDZurviQwLrScitJ0Cm5Fe9HLxP6+bmug6yJhMUkMlmS+KUo5MjPLH0YApSgyfWIKJYvZWREZYYWJsPBUbgr/48jJpndX8y5r/cFGt3xZxlOEIjuEUfLiCOtxDA5pAYATP8ApvjnBenHfnY95acoqZQ/gD5/MHg2iN5Q==</latexit>

b = 3k

RG flow on the boundary/defect
<latexit sha1_base64="Aa4HdPgb2A7ewcoTJhByzSN1yRc=">AAACAXicbVBNS8NAEN3Ur1q/ql4EL8EieLEkIuqx6MVjBfsBbSib7aRdupuE3YlYQ734V7x4UMSr/8Kb/8ZN24O2Phjm8d4Mu/P8WHCNjvNt5RYWl5ZX8quFtfWNza3i9k5dR4liUGORiFTTpxoED6GGHAU0YwVU+gIa/uAq8xt3oDSPwlscxuBJ2gt5wBlFI3WKe34b4R6VTI+zBpI/jJ1Rp1hyys4Y9jxxp6REpqh2il/tbsQSCSEyQbVuuU6MXkoVciZgVGgnGmLKBrQHLUNDKkF76fiCkX1olK4dRMpUiPZY/b2RUqn1UPpmUlLs61kvE//zWgkGF17KwzhBCNnkoSARNkZ2Fofd5QoYiqEhlClu/mqzPlWUoQmtYEJwZ0+eJ/WTsntWdm9OS5XLaRx5sk8OyBFxyTmpkGtSJTXCyCN5Jq/kzXqyXqx362MymrOmO7vkD6zPH8Bwl7s=</latexit>

b-extremization

<latexit sha1_base64="78hqOF0/7tNIa9HryXhdMAQ0RW0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi3iqYtpCG8tku22XbjZhdyOU0N/gxYMiXv1B3vw3btsctPpg4PHeDDPzwkRwbVz3yyksLa+srhXXSxubW9s75d29ho5TRZlPYxGrVoiaCS6Zb7gRrJUohlEoWDMcXU395iNTmsfy3owTFkQ4kLzPKRor+Tfduwfslitu1Z2B/CVeTiqQo94tf3Z6MU0jJg0VqHXbcxMTZKgMp4JNSp1UswTpCAesbanEiOkgmx07IUdW6ZF+rGxJQ2bqz4kMI63HUWg7IzRDvehNxf+8dmr6F0HGZZIaJul8UT8VxMRk+jnpccWoEWNLkCpubyV0iAqpsfmUbAje4st/SeOk6p1VvdvTSu0yj6MIB3AIx+DBOdTgGurgAwUOT/ACr450np03533eWnDymX34BefjG2dJjmw=</latexit>

Ja
R

anomaly



Central Charge

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>

Displacement operator

hDi(xa)Dj(0)i / d1 �ij

|xa|4
<latexit sha1_base64="jriQ5NCw5oFfx7czNLOMADx35MA="></latexit>

rµT
µi = �d�2(xj)Di

<latexit sha1_base64="hixepyOgbd50x0odxujBh5aautQ=">AAACGnicbVBNSwMxEM3W7/pV9eglWIQKWnaroBdB1IPHCq0tdNsym03b2Gx2SbJiWfZ3ePGvePGgiDfx4r8xrT1o64NhHu/NkMzzIs6Utu0vKzMzOze/sLiUXV5ZXVvPbWzeqDCWhFZJyENZ90BRzgStaqY5rUeSQuBxWvP6F0O/dkelYqGo6EFEmwF0BeswAtpI7ZzjCvA4tBM3iFNcaQ07Zik+xa5PuYZW4h+U0sJ963YPu/v4ssXaubxdtEfA08QZkzwao9zOfbh+SOKACk04KNVw7Eg3E5CaEU7TrBsrGgHpQ5c2DBUQUNVMRqeleNcoPu6E0pTQeKT+3kggUGoQeGYyAN1Tk95Q/M9rxLpz0kyYiGJNBfl5qBNzrEM8zAn7TFKi+cAQIJKZv2LSAwlEmzSzJgRn8uRpclMqOofF0vVR/ux8HMci2kY7qIAcdIzO0BUqoyoi6AE9oRf0aj1az9ab9f4zmrHGO1voD6zPb+S8n3k=</latexit>
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<latexit sha1_base64="4mRMHBjm23bBARUmO46GyPRyC6A="></latexit>

Herzog, Huang, Jensen 1709.07431
Herzog + Huang 1707.06224

Bianchi, Meineri, Myers, Smolkin 1511.06713



Central Charge

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

defect co-dimension > 1
<latexit sha1_base64="jFaZbQ9fbkGeO1B19/6KMbSXV/4=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwY0mqoCspunFZwT6gLWUyuWmHTjJhZiKW0K0bf8WNC0Xc+gfu/BsnbRbaemDgcM69d+49XsyZ0o7zbRWWlldW14rrpY3Nre0de3evqUQiKTSo4EK2PaKAswgammkO7VgCCT0OLW90nfmte5CKiehOj2PohWQQsYBRoo3Ut3FXw4OWYepDAFRjKk58FkKUNUzwJXb7dtmpOFPgReLmpIxy1Pv2V9cXNDEzNOVEqY7rxLqXEqkZ5TApdRMFMaEjMoCOoREJQfXS6SUTfGQUHwdCmhdl2xj1d0dKQqXGoWcqQ6KHat7LxP+8TqKDi17KojjRENHZR0HCsRY4iwX7TJrz+dgQQiUzu2I6JJJQbcIrmRDc+ZMXSbNacU8r1duzcu0qj6OIDtAhOkYuOkc1dIPqqIEoekTP6BW9WU/Wi/VufcxKC1bes4/+wPr8ARERmeY=</latexit>

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

⇥
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<latexit sha1_base64="4mRMHBjm23bBARUmO46GyPRyC6A="></latexit>

)

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



Central Charge

hT abi = � h

2⇡

⌘ab

|xi|d
<latexit sha1_base64="6TlX3iUs80sPDSicyJ93qG7BKbo="></latexit>

hT aii = 0
<latexit sha1_base64="OZvM2fV5KmtDG/70GnI9U2/c63Q=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyVRQTdC0Y3LCn1BE8vNdNIOnUzCzEQoobjxV9y4UMStX+HOv3HaZqGtBy6cOede5t4TJJwp7TjfVmFpeWV1rbhe2tjc2t6xd/eaKk4loQ0S81i2A1CUM0EbmmlO24mkEAWctoLhzcRvPVCpWCzqepRQP4K+YCEjoI3UtQ88DqLPKa7fZ8DGnpy9rrDTtctOxZkCLxI3J2WUo9a1v7xeTNKICk04KNVxnUT7GUjNCKfjkpcqmgAZQp92DBUQUeVn0xPG+NgoPRzG0pTQeKr+nsggUmoUBaYzAj1Q895E/M/rpDq89DMmklRTQWYfhSnHOsaTPHCPSUo0HxkCRDKzKyYDkEC0Sa1kQnDnT14kzdOKe1Zx7s7L1es8jiI6REfoBLnoAlXRLaqhBiLoET2jV/RmPVkv1rv1MWstWPnMPvoD6/MHD/6WjA==</latexit>

hT iji = h

2⇡(d� 3)

3�ij |xk|2 � d xixj

|xl|d+2
<latexit sha1_base64="UaDmrTL4ZVmktFFhKKq1BiQxLMo="></latexit>

h ⌘ 1

3 vol(Sd�3)

d� 3

d� 1
d2

<latexit sha1_base64="wc8OMs5Ghw2i0vtXmCLzMMLyHoU="></latexit>

Jensen, O’Bannon, Robinson, Rodgers 1812.08745 
Bianchi, Meineri, Myers, Smolkin 1511.06713

⇥
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<latexit sha1_base64="4mRMHBjm23bBARUmO46GyPRyC6A="></latexit>

SO(3, 1)⇥ SO(d� 2)

<latexit sha1_base64="1bKeig/cct8WOL/QsQkb4luf02U=">AAAB/nicbVDLSgMxFM3UV62vUXHlJliEFrTM1Ioui27cWdE+oB1KJpO2oZkHyR2hDAV/xY0LRdz6He78G9N2Ftp6IHDuOfdyb44bCa7Asr6NzNLyyupadj23sbm1vWPu7jVUGEvK6jQUoWy5RDHBA1YHDoK1IsmI7wrWdIfXE7/5yKTiYfAAo4g5PukHvMcpAS11zYP728LZiV3sAPeZwrryTsvFrpm3StYUeJHYKcmjFLWu+dXxQhr7LAAqiFJt24rASYgETgUb5zqxYhGhQ9JnbU0Dopc5yfT8MT7Wiod7odQvADxVf08kxFdq5Lu60ycwUPPeRPzPa8fQu3QSHkQxsIDOFvVigSHEkyywxyWjIEaaECq5vhXTAZGEgk4sp0Ow57+8SBrlkl0pnd9V8tWrNI4sOkRHqIBsdIGq6AbVUB1RlKBn9IrejCfjxXg3PmatGSOd2Ud/YHz+AKRgk1w=</latexit>

symmetry allows for



Central Charge

Faulkner, Leigh, Parrikar, Wang 1605.08072

Hartman, Kundu, Tajdini 1610.05308

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 ray

⇥
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<latexit sha1_base64="4mRMHBjm23bBARUmO46GyPRyC6A="></latexit>

Average Null Energy Condition (ANEC)



Central Charge

⌃

R

 
t

x3

x2

d2 � 0
<latexit sha1_base64="Sdru6+uU7d67X4z8TSt9eGd09TA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/cA2lM1m0i7dbOLuRiil/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLUsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZIphg2WiES1A6pRcIkNw43AdqqQxoHAVjC8mfqtJ1SaJ/LejFL0Y9qXPOKMGis9hL0q6fbxkbi9UtmtuDOQZeLlpAw56r3SVzdMWBajNExQrTuemxp/TJXhTOCk2M00ppQNaR87lkoao/bHs4sn5NQqIYkSZUsaMlN/T4xprPUoDmxnTM1AL3pT8T+vk5noyh9zmWYGJZsvijJBTEKm75OQK2RGjCyhTHF7K2EDqigzNqSiDcFbfHmZNKsV77zi3l2Ua9d5HAU4hhM4Aw8uoQa3UIcGMJDwDK/w5mjnxXl3PuatK04+cwR/4Hz+ABTUj94=</latexit>

defect
null ray

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>

⇥
T µ
µ

⇤
2d

=
b

24⇡
R̂+

d1
24⇡

(Kµ
abK

ab
µ � 1

2
KµKµ)�

d2
24⇡

W ab
ab

<latexit sha1_base64="4mRMHBjm23bBARUmO46GyPRyC6A="></latexit>

Average Null Energy Condition (ANEC)



Central Charge
⇥
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<latexit sha1_base64="4mRMHBjm23bBARUmO46GyPRyC6A="></latexit>

d1 = d2

<latexit sha1_base64="SrtdC0z2f2iMsUbQZUv41Dous6A=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4Kkmp6EUoevFYwX5AG8Jms2mXbnbD7kYooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1POtHHdb2dtfWNza7u0U97d2z84rBwdd7TMFKFtIrlUvRBrypmgbcMMp71UUZyEnHbD8d3M7z5RpZkUj2aSUj/BQ8FiRrCxUjcKvJsoqAeVqltz50CrxCtIFQq0gsrXIJIkS6gwhGOt+56bGj/HyjDC6bQ8yDRNMRnjIe1bKnBCtZ/Pz52ic6tEKJbKljBorv6eyHGi9SQJbWeCzUgvezPxP6+fmfjaz5lIM0MFWSyKM46MRLPfUcQUJYZPLMFEMXsrIiOsMDE2obINwVt+eZV06jWvUbt8aFSbt0UcJTiFM7gAD66gCffQgjYQGMMzvMKbkzovzrvzsWhdc4qZE/gD5/MHWRCO7g==</latexit>

Bianchi and Lemos 1911.05082

N = (2, 0)

<latexit sha1_base64="eEQ22cfE6WVb3cfR5xJm8tK0c/w=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBItQQUpSKroRim5cSQX7gDaUyXTSDp1MwsxEKbGf4saFIm79Enf+jZM2C209MHA4517umeNFjEpl299GbmV1bX0jv1nY2t7Z3TOL+y0ZxgKTJg5ZKDoekoRRTpqKKkY6kSAo8Bhpe+Pr1G8/ECFpyO/VJCJugIac+hQjpaW+WewFSI0wYsnt9LJcPbVP+mbJrtgzWMvEyUgJMjT65ldvEOI4IFxhhqTsOnak3AQJRTEj00IvliRCeIyGpKspRwGRbjKLPrWOtTKw/FDox5U1U39vJCiQchJ4ejINKhe9VPzP68bKv3ATyqNYEY7nh/yYWSq00h6sARUEKzbRBGFBdVYLj5BAWOm2CroEZ/HLy6RVrTi1ytldrVS/yurIwyEcQRkcOIc63EADmoDhEZ7hFd6MJ+PFeDc+5qM5I9s5gD8wPn8AqPyS9Q==</latexit>

d = 2

<latexit sha1_base64="PHs3BUty6XilMO/BybWXM/f50tI=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktFb0IRS8eK9oPaJeSzWbb0GyyJFmhLP0JXjwo4tVf5M1/Y9ruQVsfDDzem2FmXpBwpo3rfjuFtfWNza3idmlnd2//oHx41NYyVYS2iORSdQOsKWeCtgwznHYTRXEccNoJxrczv/NElWZSPJpJQv0YDwWLGMHGSg/hdW1QrrhVdw60SrycVCBHc1D+6oeSpDEVhnCsdc9zE+NnWBlGOJ2W+qmmCSZjPKQ9SwWOqfaz+alTdGaVEEVS2RIGzdXfExmOtZ7Ege2MsRnpZW8m/uf1UhNd+RkTSWqoIItFUcqRkWj2NwqZosTwiSWYKGZvRWSEFSbGplOyIXjLL6+Sdq3q1asX9/VK4yaPowgncArn4MElNOAOmtACAkN4hld4c7jz4rw7H4vWgpPPHMMfOJ8/vZuNcw==</latexit>

supersymmetry

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>

d > 4

<latexit sha1_base64="5iTQiGfB1q6AJa46evQxwpyFlsI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KolU9CRFLx4r2g9oQ9lsJu3SzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhUyeZYthgiUhUO6AaBZfYMNwIbKcKaRwIbAXD26nfekKleSIfzShFP6Z9ySPOqLHSQ3hd7ZXKbsWdgSwTLydlyFHvlb66YcKyGKVhgmrd8dzU+GOqDGcCJ8VupjGlbEj72LFU0hi1P56dOiGnVglJlChb0pCZ+ntiTGOtR3FgO2NqBnrRm4r/eZ3MRFf+mMs0MyjZfFGUCWISMv2bhFwhM2JkCWWK21sJG1BFmbHpFG0I3uLLy6R5XvGqlYv7arl2k8dRgGM4gTPw4BJqcAd1aACDPjzDK7w5wnlx3p2PeeuKk88cwR84nz/CKI12</latexit>

conjectured for



Central Charge

Virasoro algebra )
<latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</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>

??????

??????

??????

??????

Stress tensor 2-pt. function

Thermodynamic entropy

Entanglement Entropy

Trace Anomaly

d = 2
<latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit>

boundary or defect in d � 3
<latexit sha1_base64="dLpwGtEWZt/IyuFM6zJUVTD5Bpg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2FZoQ9lsJu3SzSbuboRS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCTqIaAaBZfYMtwIfEgV0jgQ2AlGNzO/84RK80Tem3GKfkwHkkecUWOlTtgb4COp98sVt+rOQVaJl5MK5Gj2y1+9MGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqID7FoqaYzan8zPnZIzq4QkSpQtachc/T0xobHW4ziwnTE1Q73szcT/vG5moit/wmWaGZRssSjKBDEJmf1OQq6QGTG2hDLF7a2EDamizNiESjYEb/nlVdKuVb16tXZ3UWlc53EU4QRO4Rw8uIQG3EITWsBgBM/wCm9O6rw4787HorXg5DPH8AfO5w+Yio8U</latexit>

BCFT or DCFT



Central Charge

short-distance cutoff

Holzhey, Larsen, Wilczek hep-th/9403108 Calabrese + Cardy hep-th/0405152

"
<latexit sha1_base64="q2hPMkGNOCosIhJBGAMU+F+r6Rw=">AAAB8nicbZBNS8NAEIY39avWr6pHL8EieCqJCHosevFYwX5AGspmO2mXbnbD7qRQQn+GFw+KePXXePPfuG1z0NYXFh7emWFn3igV3KDnfTuljc2t7Z3ybmVv/+DwqHp80jYq0wxaTAmluxE1ILiEFnIU0E010CQS0InG9/N6ZwLacCWfcJpCmNCh5DFnFK0V9CZUQ2q4ULJfrXl1byF3HfwCaqRQs1/96g0UyxKQyAQ1JvC9FMOcauRMwKzSywyklI3pEAKLkiZgwnyx8sy9sM7AjZW2T6K7cH9P5DQxZppEtjOhODKrtbn5Xy3IML4Ncy7TDEGy5UdxJlxU7vx+d8A1MBRTC5Rpbnd12YhqytCmVLEh+Ksnr0P7qu5bfryuNe6KOMrkjJyTS+KTG9IgD6RJWoQRRZ7JK3lz0Hlx3p2PZWvJKWZOyR85nz+50ZGH</latexit><latexit sha1_base64="q2hPMkGNOCosIhJBGAMU+F+r6Rw=">AAAB8nicbZBNS8NAEIY39avWr6pHL8EieCqJCHosevFYwX5AGspmO2mXbnbD7qRQQn+GFw+KePXXePPfuG1z0NYXFh7emWFn3igV3KDnfTuljc2t7Z3ybmVv/+DwqHp80jYq0wxaTAmluxE1ILiEFnIU0E010CQS0InG9/N6ZwLacCWfcJpCmNCh5DFnFK0V9CZUQ2q4ULJfrXl1byF3HfwCaqRQs1/96g0UyxKQyAQ1JvC9FMOcauRMwKzSywyklI3pEAKLkiZgwnyx8sy9sM7AjZW2T6K7cH9P5DQxZppEtjOhODKrtbn5Xy3IML4Ncy7TDEGy5UdxJlxU7vx+d8A1MBRTC5Rpbnd12YhqytCmVLEh+Ksnr0P7qu5bfryuNe6KOMrkjJyTS+KTG9IgD6RJWoQRRZ7JK3lz0Hlx3p2PZWvJKWZOyR85nz+50ZGH</latexit><latexit sha1_base64="q2hPMkGNOCosIhJBGAMU+F+r6Rw=">AAAB8nicbZBNS8NAEIY39avWr6pHL8EieCqJCHosevFYwX5AGspmO2mXbnbD7qRQQn+GFw+KePXXePPfuG1z0NYXFh7emWFn3igV3KDnfTuljc2t7Z3ybmVv/+DwqHp80jYq0wxaTAmluxE1ILiEFnIU0E010CQS0InG9/N6ZwLacCWfcJpCmNCh5DFnFK0V9CZUQ2q4ULJfrXl1byF3HfwCaqRQs1/96g0UyxKQyAQ1JvC9FMOcauRMwKzSywyklI3pEAKLkiZgwnyx8sy9sM7AjZW2T6K7cH9P5DQxZppEtjOhODKrtbn5Xy3IML4Ncy7TDEGy5UdxJlxU7vx+d8A1MBRTC5Rpbnd12YhqytCmVLEh+Ksnr0P7qu5bfryuNe6KOMrkjJyTS+KTG9IgD6RJWoQRRZ7JK3lz0Hlx3p2PZWvJKWZOyR85nz+50ZGH</latexit><latexit sha1_base64="q2hPMkGNOCosIhJBGAMU+F+r6Rw=">AAAB8nicbZBNS8NAEIY39avWr6pHL8EieCqJCHosevFYwX5AGspmO2mXbnbD7qRQQn+GFw+KePXXePPfuG1z0NYXFh7emWFn3igV3KDnfTuljc2t7Z3ybmVv/+DwqHp80jYq0wxaTAmluxE1ILiEFnIU0E010CQS0InG9/N6ZwLacCWfcJpCmNCh5DFnFK0V9CZUQ2q4ULJfrXl1byF3HfwCaqRQs1/96g0UyxKQyAQ1JvC9FMOcauRMwKzSywyklI3pEAKLkiZgwnyx8sy9sM7AjZW2T6K7cH9P5DQxZppEtjOhODKrtbn5Xy3IML4Ncy7TDEGy5UdxJlxU7vx+d8A1MBRTC5Rpbnd12YhqytCmVLEh+Ksnr0P7qu5bfryuNe6KOMrkjJyTS+KTG9IgD6RJWoQRRZ7JK3lz0Hlx3p2PZWvJKWZOyR85nz+50ZGH</latexit>

3 `
d

d`
SEE = c

<latexit sha1_base64="gwJDTxxveAeCLaR8a/QmbfUUgH4=">AAACFnicbVBNS8NAEN34bf2qevSyWAQPWhIV9CKIUvBY0dpCU8pmM9Glmw92J2IJ+RVe/CtePCjiVbz5b9y0PWj1wTCP92bYneclUmi07S9rYnJqemZ2br60sLi0vFJeXbvWcao4NHgsY9XymAYpImigQAmtRAELPQlNr3dW+M07UFrE0RX2E+iE7CYSgeAMjdQt7+5Td8cFKYsWKMYzP8/8Qsgvu5mLcI8qzGq1PKfHlHfLFbtqD0D/EmdEKmSEerf86foxT0OIkEumdduxE+xkTKHgEvKSm2pIGO+xG2gbGrEQdCcbnJXTLaP4NIiVqQjpQP25kbFQ637omcmQ4a0e9wrxP6+dYnDUyUSUpAgRHz4UpJJiTIuMqC8UcJR9QxhXwvyV8ltmwkGTZMmE4Iyf/Jdc71Wd/erexUHl5HQUxxzZIJtkmzjkkJyQc1InDcLJA3kiL+TVerSerTfrfTg6YY121skvWB/fWEie4g==</latexit>

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>

Entanglement Entropy

interval of length
<̀latexit sha1_base64="3GQWqpO7cQAS3xPKV+Ids7+Coq4=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120i7d3YTdjVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYsGNdd1vZ219Y3Nru7RT3t3bPzisHB23TZRohi0WiUh3A2pQcIUty63AbqyRykBgJ5jc5X7nCbXhkXq00xh9SUeKh5xRm0t9FGJQqbo1dw6ySryCVKFAc1D56g8jlkhUlglqTM9zY+unVFvOBM7K/cRgTNmEjrCXUUUlGj+d3zoj55kyJGGks1KWzNXfEymVxkxlkHVKasdm2cvF/7xeYsMbP+UqTiwqtlgUJoLYiOSPkyHXyKyYZoQyzbNbCRtTTZnN4ilnIXjLL6+Sdr3mXdbqD1fVxm0RRwlO4QwuwINraMA9NKEFDMbwDK/w5kjnxXl3Phata04xcwJ/4Hz+AA60jj8=</latexit>

SEE =
c

3
ln
`

"
+ . . .

<latexit sha1_base64="c7/GfKr9KPHRA14bqk5Smptk0mc="></latexit>



Central Charge

semi-circle of radius
<̀latexit sha1_base64="NiCNFQINCFG5T4iOY+JPxVaf5XA=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOph0L0qzW/7s9BVklQkBoUaParX71BzFKJyjJBjekGfmLDjGrLmcBZpZcaTCib0BF2HVVUogmz+a0zcuaUARnG2pWyZK7+nsioNGYqI9cpqR2bZS8X//O6qR1ehxlXSWpRscWiYSqIjUn+OBlwjcyKqSOUae5uJWxMNWXWxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8edJ78d69j0VryStmjuEPvM8fDWaOOw==</latexit><latexit sha1_base64="NiCNFQINCFG5T4iOY+JPxVaf5XA=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOph0L0qzW/7s9BVklQkBoUaParX71BzFKJyjJBjekGfmLDjGrLmcBZpZcaTCib0BF2HVVUogmz+a0zcuaUARnG2pWyZK7+nsioNGYqI9cpqR2bZS8X//O6qR1ehxlXSWpRscWiYSqIjUn+OBlwjcyKqSOUae5uJWxMNWXWxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8edJ78d69j0VryStmjuEPvM8fDWaOOw==</latexit><latexit sha1_base64="NiCNFQINCFG5T4iOY+JPxVaf5XA=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOph0L0qzW/7s9BVklQkBoUaParX71BzFKJyjJBjekGfmLDjGrLmcBZpZcaTCib0BF2HVVUogmz+a0zcuaUARnG2pWyZK7+nsioNGYqI9cpqR2bZS8X//O6qR1ehxlXSWpRscWiYSqIjUn+OBlwjcyKqSOUae5uJWxMNWXWxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8edJ78d69j0VryStmjuEPvM8fDWaOOw==</latexit><latexit sha1_base64="NiCNFQINCFG5T4iOY+JPxVaf5XA=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOph0L0qzW/7s9BVklQkBoUaParX71BzFKJyjJBjekGfmLDjGrLmcBZpZcaTCib0BF2HVVUogmz+a0zcuaUARnG2pWyZK7+nsioNGYqI9cpqR2bZS8X//O6qR1ehxlXSWpRscWiYSqIjUn+OBlwjcyKqSOUae5uJWxMNWXWxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8edJ78d69j0VryStmjuEPvM8fDWaOOw==</latexit>

centered on the boundary

BCFT

R2
<latexit sha1_base64="4h2E96OStArrrtHkzihhVsnf8B0=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy6r2Ad0xpJJM21oJhOSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nN7nffaJKs0Q8mKmkQYxHgkWMYGMl34+xGYdhdj97bAyqNbfuzoFWiVeQGhRoDapf/jAhaUyFIRxr3fdcaYIMK8MIp7OKn2oqMZngEe1bKnBMdZDNM8/QmVWGKEqUfcKgufp7I8Ox1tM4tJN5Rr3s5eJ/Xj810VWQMSFTQwVZHIpSjkyC8gLQkClKDJ9agoliNisiY6wwMbamii3BW/7yKuk06p5b9+4uas3roo4ynMApnIMHl9CEW2hBGwhIeIZXeHNS58V5dz4WoyWn2DmGP3A+fwDqIpGW</latexit><latexit sha1_base64="4h2E96OStArrrtHkzihhVsnf8B0=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy6r2Ad0xpJJM21oJhOSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nN7nffaJKs0Q8mKmkQYxHgkWMYGMl34+xGYdhdj97bAyqNbfuzoFWiVeQGhRoDapf/jAhaUyFIRxr3fdcaYIMK8MIp7OKn2oqMZngEe1bKnBMdZDNM8/QmVWGKEqUfcKgufp7I8Ox1tM4tJN5Rr3s5eJ/Xj810VWQMSFTQwVZHIpSjkyC8gLQkClKDJ9agoliNisiY6wwMbamii3BW/7yKuk06p5b9+4uas3roo4ynMApnIMHl9CEW2hBGwhIeIZXeHNS58V5dz4WoyWn2DmGP3A+fwDqIpGW</latexit><latexit sha1_base64="4h2E96OStArrrtHkzihhVsnf8B0=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy6r2Ad0xpJJM21oJhOSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nN7nffaJKs0Q8mKmkQYxHgkWMYGMl34+xGYdhdj97bAyqNbfuzoFWiVeQGhRoDapf/jAhaUyFIRxr3fdcaYIMK8MIp7OKn2oqMZngEe1bKnBMdZDNM8/QmVWGKEqUfcKgufp7I8Ox1tM4tJN5Rr3s5eJ/Xj810VWQMSFTQwVZHIpSjkyC8gLQkClKDJ9agoliNisiY6wwMbamii3BW/7yKuk06p5b9+4uas3roo4ynMApnIMHl9CEW2hBGwhIeIZXeHNS58V5dz4WoyWn2DmGP3A+fwDqIpGW</latexit><latexit sha1_base64="4h2E96OStArrrtHkzihhVsnf8B0=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy6r2Ad0xpJJM21oJhOSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uScnlJxp47rfTmltfWNzq7xd2dnd2z+oHh51dJIqQtsk4YnqhVhTzgRtG2Y47UlFcRxy2g0nN7nffaJKs0Q8mKmkQYxHgkWMYGMl34+xGYdhdj97bAyqNbfuzoFWiVeQGhRoDapf/jAhaUyFIRxr3fdcaYIMK8MIp7OKn2oqMZngEe1bKnBMdZDNM8/QmVWGKEqUfcKgufp7I8Ox1tM4tJN5Rr3s5eJ/Xj810VWQMSFTQwVZHIpSjkyC8gLQkClKDJ9agoliNisiY6wwMbamii3BW/7yKuk06p5b9+4uas3roo4ynMApnIMHl9CEW2hBGwhIeIZXeHNS58V5dz4WoyWn2DmGP3A+fwDqIpGW</latexit>

<̀latexit sha1_base64="zPD4Tj9pWp1ZSn3ALp9QhR86SAg=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYW2qVk09k2NMkuSVYoS/+CFw+KePUPefPfmLZ70NYXAg/vzJCZN0oFN9b3v73S2vrG5lZ5u7Kzu7d/UD08apsk0wxbLBGJ7kTUoOAKW5ZbgZ1UI5WRwMdofDurPz6hNjxRD3aSYijpUPGYM2pnVg+F6Fdrft2fi6xCUEANCjX71a/eIGGZRGWZoMZ0Az+1YU615UzgtNLLDKaUjekQuw4VlWjCfL7rlJw5Z0DiRLunLJm7vydyKo2ZyMh1SmpHZrk2M/+rdTMbX4c5V2lmUbHFR3EmiE3I7HAy4BqZFRMHlGnudiVsRDVl1sVTcSEEyyevQvuiHji+v6w1boo4ynACp3AOAVxBA+6gCS1gMIJneIU3T3ov3rv3sWgtecXMMfyR9/kDDWiOOw==</latexit><latexit sha1_base64="zPD4Tj9pWp1ZSn3ALp9QhR86SAg=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYW2qVk09k2NMkuSVYoS/+CFw+KePUPefPfmLZ70NYXAg/vzJCZN0oFN9b3v73S2vrG5lZ5u7Kzu7d/UD08apsk0wxbLBGJ7kTUoOAKW5ZbgZ1UI5WRwMdofDurPz6hNjxRD3aSYijpUPGYM2pnVg+F6Fdrft2fi6xCUEANCjX71a/eIGGZRGWZoMZ0Az+1YU615UzgtNLLDKaUjekQuw4VlWjCfL7rlJw5Z0DiRLunLJm7vydyKo2ZyMh1SmpHZrk2M/+rdTMbX4c5V2lmUbHFR3EmiE3I7HAy4BqZFRMHlGnudiVsRDVl1sVTcSEEyyevQvuiHji+v6w1boo4ynACp3AOAVxBA+6gCS1gMIJneIU3T3ov3rv3sWgtecXMMfyR9/kDDWiOOw==</latexit><latexit sha1_base64="zPD4Tj9pWp1ZSn3ALp9QhR86SAg=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYW2qVk09k2NMkuSVYoS/+CFw+KePUPefPfmLZ70NYXAg/vzJCZN0oFN9b3v73S2vrG5lZ5u7Kzu7d/UD08apsk0wxbLBGJ7kTUoOAKW5ZbgZ1UI5WRwMdofDurPz6hNjxRD3aSYijpUPGYM2pnVg+F6Fdrft2fi6xCUEANCjX71a/eIGGZRGWZoMZ0Az+1YU615UzgtNLLDKaUjekQuw4VlWjCfL7rlJw5Z0DiRLunLJm7vydyKo2ZyMh1SmpHZrk2M/+rdTMbX4c5V2lmUbHFR3EmiE3I7HAy4BqZFRMHlGnudiVsRDVl1sVTcSEEyyevQvuiHji+v6w1boo4ynACp3AOAVxBA+6gCS1gMIJneIU3T3ov3rv3sWgtecXMMfyR9/kDDWiOOw==</latexit><latexit sha1_base64="zPD4Tj9pWp1ZSn3ALp9QhR86SAg=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYW2qVk09k2NMkuSVYoS/+CFw+KePUPefPfmLZ70NYXAg/vzJCZN0oFN9b3v73S2vrG5lZ5u7Kzu7d/UD08apsk0wxbLBGJ7kTUoOAKW5ZbgZ1UI5WRwMdofDurPz6hNjxRD3aSYijpUPGYM2pnVg+F6Fdrft2fi6xCUEANCjX71a/eIGGZRGWZoMZ0Az+1YU615UzgtNLLDKaUjekQuw4VlWjCfL7rlJw5Z0DiRLunLJm7vydyKo2ZyMh1SmpHZrk2M/+rdTMbX4c5V2lmUbHFR3EmiE3I7HAy4BqZFRMHlGnudiVsRDVl1sVTcSEEyyevQvuiHji+v6w1boo4ynACp3AOAVxBA+6gCS1gMIJneIU3T3ov3rv3sWgtecXMMfyR9/kDDWiOOw==</latexit>

d = 3
<latexit sha1_base64="e6r/jqKlgXm+1XdYy3gvVTYh71k=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9ltBb0IRS8eK9oPaJeSzWbb0GyyJFmhLP0JXjwo4tVf5M1/Y9ruQVsfDDzem2FmXpBwpo3rfjuFtfWNza3idmlnd2//oHx41NYyVYS2iORSdQOsKWeCtgwznHYTRXEccNoJxrczv/NElWZSPJpJQv0YDwWLGMHGSg/hdX1QrrhVdw60SrycVCBHc1D+6oeSpDEVhnCsdc9zE+NnWBlGOJ2W+qmmCSZjPKQ9SwWOqfaz+alTdGaVEEVS2RIGzdXfExmOtZ7Ege2MsRnpZW8m/uf1UhNd+RkTSWqoIItFUcqRkWj2NwqZosTwiSWYKGZvRWSEFSbGplOyIXjLL6+Sdq3q1au1+4tK4yaPowgncArn4MElNOAOmtACAkN4hld4c7jz4rw7H4vWgpPPHMMfOJ8/vdWNcA==</latexit>

Entanglement Entropy

y

x



Central Charge

Fursaev and Solodukhin 1305.2334, 1601.06418

S2d
EE =

b

3
ln (`/") + # + . . .

<latexit sha1_base64="Nqnpq3/+49ypjPkG1wyUAwB2HmA="></latexit>

SCFT
EE = #

Length

"
+#+ . . .

<latexit sha1_base64="0x7/7cMfPBehP/kKzC4a+4I+EP8="></latexit>

SEE =
1

2
SCFT
EE + S2d

EE
<latexit sha1_base64="VEQ75aKGT+Yd312J2UXtCV0uyYs=">AAACN3icbVDLSgMxFM3UV62vUZduBosgCGWmCroRiqXiSir2IbS1ZNJMG5p5kNwRy5C/cuNvuNONC0Xc+gemD0RbD1w4Oedecu9xI84k2PazkZqbX1hcSi9nVlbX1jfMza2aDGNBaJWEPBQ3LpaUs4BWgQGnN5Gg2Hc5rbv94tCv31EhWRhUYBDRlo+7AfMYwaCltnl53U6aQO9B+EmppNRp0xOYJI5K8mrKuv15Fc8rSh3M2PmOaptZO2ePYM0SZ0KyaIJy23xqdkIS+zQAwrGUDceOoJVgAYxwqjLNWNIIkz7u0oamAfapbCWju5W1p5WO5YVCVwDWSP09kWBfyoHv6k4fQ09Oe0PxP68Rg3fSSlgQxUADMv7Ii7kFoTUM0eowQQnwgSaYCKZ3tUgP6+BAR53RITjTJ8+SWj7nHObyV0fZwtkkjjTaQbtoHznoGBXQBSqjKiLoAb2gN/RuPBqvxofxOW5NGZOZbfQHxtc3C4+vCQ==</latexit>

3 `
d

d`


SEE � 1

2
SCFT
EE

�
= b

<latexit sha1_base64="OMYftyyK5I/I8UO+564aB/2+L58="></latexit>

BCFTd = 3
<latexit sha1_base64="e6r/jqKlgXm+1XdYy3gvVTYh71k=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9ltBb0IRS8eK9oPaJeSzWbb0GyyJFmhLP0JXjwo4tVf5M1/Y9ruQVsfDDzem2FmXpBwpo3rfjuFtfWNza3idmlnd2//oHx41NYyVYS2iORSdQOsKWeCtgwznHYTRXEccNoJxrczv/NElWZSPJpJQv0YDwWLGMHGSg/hdX1QrrhVdw60SrycVCBHc1D+6oeSpDEVhnCsdc9zE+NnWBlGOJ2W+qmmCSZjPKQ9SwWOqfaz+alTdGaVEEVS2RIGzdXfExmOtZ7Ege2MsRnpZW8m/uf1UhNd+RkTSWqoIItFUcqRkWj2NwqZosTwiSWYKGZvRWSEFSbGplOyIXjLL6+Sdq3q1au1+4tK4yaPowgncArn4MElNOAOmtACAkN4hld4c7jz4rw7H4vWgpPPHMMfOJ8/vdWNcA==</latexit>

Entanglement Entropy

Bethiere +  Solodukhin 1604.07571



Central Charge

DCFT

sphere of radius
<̀latexit sha1_base64="NiCNFQINCFG5T4iOY+JPxVaf5XA=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOph0L0qzW/7s9BVklQkBoUaParX71BzFKJyjJBjekGfmLDjGrLmcBZpZcaTCib0BF2HVVUogmz+a0zcuaUARnG2pWyZK7+nsioNGYqI9cpqR2bZS8X//O6qR1ehxlXSWpRscWiYSqIjUn+OBlwjcyKqSOUae5uJWxMNWXWxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8edJ78d69j0VryStmjuEPvM8fDWaOOw==</latexit><latexit sha1_base64="NiCNFQINCFG5T4iOY+JPxVaf5XA=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOph0L0qzW/7s9BVklQkBoUaParX71BzFKJyjJBjekGfmLDjGrLmcBZpZcaTCib0BF2HVVUogmz+a0zcuaUARnG2pWyZK7+nsioNGYqI9cpqR2bZS8X//O6qR1ehxlXSWpRscWiYSqIjUn+OBlwjcyKqSOUae5uJWxMNWXWxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8edJ78d69j0VryStmjuEPvM8fDWaOOw==</latexit><latexit sha1_base64="NiCNFQINCFG5T4iOY+JPxVaf5XA=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOph0L0qzW/7s9BVklQkBoUaParX71BzFKJyjJBjekGfmLDjGrLmcBZpZcaTCib0BF2HVVUogmz+a0zcuaUARnG2pWyZK7+nsioNGYqI9cpqR2bZS8X//O6qR1ehxlXSWpRscWiYSqIjUn+OBlwjcyKqSOUae5uJWxMNWXWxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8edJ78d69j0VryStmjuEPvM8fDWaOOw==</latexit><latexit sha1_base64="NiCNFQINCFG5T4iOY+JPxVaf5XA=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fs7gnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelAhurO9/e6W19Y3NrfJ2ZWd3b/+genjUNnGqGbZYLGLdiahBwRW2LLcCO4lGKiOBj9HkNvcfn1AbHqsHO00wlHSk+JAzanOph0L0qzW/7s9BVklQkBoUaParX71BzFKJyjJBjekGfmLDjGrLmcBZpZcaTCib0BF2HVVUogmz+a0zcuaUARnG2pWyZK7+nsioNGYqI9cpqR2bZS8X//O6qR1ehxlXSWpRscWiYSqIjUn+OBlwjcyKqSOUae5uJWxMNWXWxVNxIQTLL6+S9kU98OvB/WWtcVPEUYYTOIVzCOAKGnAHTWgBgzE8wyu8edJ78d69j0VryStmjuEPvM8fDWaOOw==</latexit>

centered on the defect

Rd�1
<latexit sha1_base64="rTB+wRcV3vdoqyOh+RTIZVC+Fqo=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBHcWJIq6LLoxmUV+4A2lsl00g6dTMLMpFBC/sSNC0Xc+ifu/BsnbRbaemDgcM693DPHjzlT2nG+rZXVtfWNzdJWeXtnd2/fPjhsqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsf3+Z+e0KlYpF41NOYeiEeChYwgrWR+rbdC7Ee+X76kD2lg3M369sVp+rMgJaJW5AKFGj07a/eICJJSIUmHCvVdZ1YeymWmhFOs3IvUTTGZIyHtGuowCFVXjpLnqFTowxQEEnzhEYz9fdGikOlpqFvJvOcatHLxf+8bqKDay9lIk40FWR+KEg40hHKa0ADJinRfGoIJpKZrIiMsMREm7LKpgR38cvLpFWruhfV2v1lpX5T1FGCYziBM3DhCupwBw1oAoEJPMMrvFmp9WK9Wx/z0RWr2DmCP7A+fwBe/5N7</latexit>

<̀latexit sha1_base64="zPD4Tj9pWp1ZSn3ALp9QhR86SAg=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYW2qVk09k2NMkuSVYoS/+CFw+KePUPefPfmLZ70NYXAg/vzJCZN0oFN9b3v73S2vrG5lZ5u7Kzu7d/UD08apsk0wxbLBGJ7kTUoOAKW5ZbgZ1UI5WRwMdofDurPz6hNjxRD3aSYijpUPGYM2pnVg+F6Fdrft2fi6xCUEANCjX71a/eIGGZRGWZoMZ0Az+1YU615UzgtNLLDKaUjekQuw4VlWjCfL7rlJw5Z0DiRLunLJm7vydyKo2ZyMh1SmpHZrk2M/+rdTMbX4c5V2lmUbHFR3EmiE3I7HAy4BqZFRMHlGnudiVsRDVl1sVTcSEEyyevQvuiHji+v6w1boo4ynACp3AOAVxBA+6gCS1gMIJneIU3T3ov3rv3sWgtecXMMfyR9/kDDWiOOw==</latexit><latexit sha1_base64="zPD4Tj9pWp1ZSn3ALp9QhR86SAg=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYW2qVk09k2NMkuSVYoS/+CFw+KePUPefPfmLZ70NYXAg/vzJCZN0oFN9b3v73S2vrG5lZ5u7Kzu7d/UD08apsk0wxbLBGJ7kTUoOAKW5ZbgZ1UI5WRwMdofDurPz6hNjxRD3aSYijpUPGYM2pnVg+F6Fdrft2fi6xCUEANCjX71a/eIGGZRGWZoMZ0Az+1YU615UzgtNLLDKaUjekQuw4VlWjCfL7rlJw5Z0DiRLunLJm7vydyKo2ZyMh1SmpHZrk2M/+rdTMbX4c5V2lmUbHFR3EmiE3I7HAy4BqZFRMHlGnudiVsRDVl1sVTcSEEyyevQvuiHji+v6w1boo4ynACp3AOAVxBA+6gCS1gMIJneIU3T3ov3rv3sWgtecXMMfyR9/kDDWiOOw==</latexit><latexit sha1_base64="zPD4Tj9pWp1ZSn3ALp9QhR86SAg=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYW2qVk09k2NMkuSVYoS/+CFw+KePUPefPfmLZ70NYXAg/vzJCZN0oFN9b3v73S2vrG5lZ5u7Kzu7d/UD08apsk0wxbLBGJ7kTUoOAKW5ZbgZ1UI5WRwMdofDurPz6hNjxRD3aSYijpUPGYM2pnVg+F6Fdrft2fi6xCUEANCjX71a/eIGGZRGWZoMZ0Az+1YU615UzgtNLLDKaUjekQuw4VlWjCfL7rlJw5Z0DiRLunLJm7vydyKo2ZyMh1SmpHZrk2M/+rdTMbX4c5V2lmUbHFR3EmiE3I7HAy4BqZFRMHlGnudiVsRDVl1sVTcSEEyyevQvuiHji+v6w1boo4ynACp3AOAVxBA+6gCS1gMIJneIU3T3ov3rv3sWgtecXMMfyR9/kDDWiOOw==</latexit><latexit sha1_base64="zPD4Tj9pWp1ZSn3ALp9QhR86SAg=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCrYW2qVk09k2NMkuSVYoS/+CFw+KePUPefPfmLZ70NYXAg/vzJCZN0oFN9b3v73S2vrG5lZ5u7Kzu7d/UD08apsk0wxbLBGJ7kTUoOAKW5ZbgZ1UI5WRwMdofDurPz6hNjxRD3aSYijpUPGYM2pnVg+F6Fdrft2fi6xCUEANCjX71a/eIGGZRGWZoMZ0Az+1YU615UzgtNLLDKaUjekQuw4VlWjCfL7rlJw5Z0DiRLunLJm7vydyKo2ZyMh1SmpHZrk2M/+rdTMbX4c5V2lmUbHFR3EmiE3I7HAy4BqZFRMHlGnudiVsRDVl1sVTcSEEyyevQvuiHji+v6w1boo4ynACp3AOAVxBA+6gCS1gMIJneIU3T3ov3rv3sWgtecXMMfyR9/kDDWiOOw==</latexit>

Entanglement Entropy

d > 3

<latexit sha1_base64="cfIZTdij/nct2rCcQHuUFqocvbU=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9nVip6k6MVjRfsB7VKy2WwbmmSXJCuUpT/BiwdFvPqLvPlvTNs9aOuDgcd7M8zMCxLOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFaFNEvNYdQKsKWeSNg0znHYSRbEIOG0Ho9up336iSrNYPppxQn2BB5JFjGBjpYfw+rxfrrhVdwa0TLycVCBHo1/+6oUxSQWVhnCsdddzE+NnWBlGOJ2UeqmmCSYjPKBdSyUWVPvZ7NQJOrFKiKJY2ZIGzdTfExkWWo9FYDsFNkO96E3F/7xuaqIrP2MySQ2VZL4oSjkyMZr+jUKmKDF8bAkmitlbERlihYmx6ZRsCN7iy8ukdVb1atWL+1qlfpPHUYQjOIZT8OAS6nAHDWgCgQE8wyu8Odx5cd6dj3lrwclnDuEPnM8fwKSNdQ==</latexit>

y

~x
<latexit sha1_base64="iIlRI2742kT2IzMktRiG1pLHXqc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lM120i7dbMLuplhCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0N/NbY1Sax/LRTBL0IzqQPOSMGiu1umNk2dO0Vyq7FXcOskq8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFrupxoSyER1gx1JJI9R+Nj93Ss6t0idhrGxJQ+bq74mMRlpPosB2RtQM9bI3E//zOqkJb/yMyyQ1KNliUZgKYmIy+530uUJmxMQSyhS3txI2pIoyYxMq2hC85ZdXSbNa8S4r1Yercu02j6MAp3AGF+DBNdTgHurQAAYjeIZXeHMS58V5dz4WrWtOPnMCf+B8/gCzMY/O</latexit>



Kobayashi, Nishioka, Sato, Watanabe 1810.06995

Central Charge

S2d
EE =

1

3

✓
b� d� 3

d� 1
d2

◆
ln (`/") + # + . . .

<latexit sha1_base64="tPNFvDs3JZJRdHxl6IxK13zLBzw="></latexit>

Jensen, O’Bannon, Robinson, Rodgers 1812.08745 

SCFT
EE = #

Area

"d�2
+

#

"d�4
+ . . .+#a ln (`/") + # + . . .

<latexit sha1_base64="cFTYJwaxEMXFF4YXwf6VAkMR+qs=">AAACkXicbVFdb9MwFHXC1ygwOvbIi0WENDRRklKJ8TBUmIaQeBli3SbVXeU4N601x4nsm4kq8v/h9/DGv8HtwjRWrnSt43PO9ce9aaWkxTj+HYR37t67/2DjYefR4yebT7tbz05sWRsBI1Gq0pyl3IKSGkYoUcFZZYAXqYLT9OJgqZ9egrGy1Me4qGBS8JmWuRQcPTXt/vw+bRjCDzRFc3jo3Pn17uDzsXN0n7KIstxwcS189Oc717BLbqCyUpX6vMle9715968zWpMHzu0ylZVol66IcsqU9gk57jBQ6s0NPzNyNsdXV0a/rMqm3Sjuxaug6yBpQUTaOJp2f7GsFHUBGoXi1o6TuMJJww1KocB1WG2h4uKCz2DsoeYF2Emz6qijLz2T0bw0PjXSFXuzouGFtYsi9c6C49ze1pbk/7RxjfnepJG6qhG0uLoorxXFki7HQzNpQKBaeMCFkf6tVMy5byr6IXZ8E5LbX14HJ /1e8rbX/zaIhp/admyQ5+QF2SEJeUeG5As5IiMigs1gEOwHH8Lt8H04DFtvGLQ12+SfCL/+AVSUx/Y=</latexit>

SEE = SCFT
EE + S2d

EE
<latexit sha1_base64="LFGkeEYWYYSODA1otvfDE0TwCNI=">AAACLHicbVDLSsNAFJ3UV62vqEs3wSIIQkmqoBuhWCouK/YFbSyT6aQdOnkwcyOWkA9y468I4sIibv0Op20QbT0wcO4593LnHifkTIJpjrXM0vLK6lp2PbexubW9o+/uNWQQCULrJOCBaDlYUs58WgcGnLZCQbHncNp0huWJ33ygQrLAr8EopLaH+z5zGcGgpK5evuvGHaCPILy4UkmSy7n6/qcqX9eS5GTBLvaSrp43C+YUxiKxUpJHKapd/bXTC0jkUR8Ix1K2LTMEO8YCGOE0yXUiSUNMhrhP24r62KPSjqfHJsaRUnqGGwj1fDCm6u+JGHtSjjxHdXoYBnLem4j/ee0I3As7Zn4YAfXJbJEbcQMCY5Kc0WOCEuAjRTARTP3VIAMsMAGVb06FYM2fvEgaxYJ1WijenuVLV2kcWXSADtExstA5KqEbVEV1RNATekHvaKw9a2/ah/Y5a81o6cw++gPt6xu1HapQ</latexit>

3 `
d

d`

⇥
SEE � SCFT

EE

⇤
= b� d� 3

d� 1
d2

<latexit sha1_base64="YI4c9+hfyetBAFZl4uuvXSsPh8c="></latexit>

DCFT

Entanglement Entropy

d > 3

<latexit sha1_base64="cfIZTdij/nct2rCcQHuUFqocvbU=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9nVip6k6MVjRfsB7VKy2WwbmmSXJCuUpT/BiwdFvPqLvPlvTNs9aOuDgcd7M8zMCxLOtHHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFaFNEvNYdQKsKWeSNg0znHYSRbEIOG0Ho9up336iSrNYPppxQn2BB5JFjGBjpYfw+rxfrrhVdwa0TLycVCBHo1/+6oUxSQWVhnCsdddzE+NnWBlGOJ2UeqmmCSYjPKBdSyUWVPvZ7NQJOrFKiKJY2ZIGzdTfExkWWo9FYDsFNkO96E3F/7xuaqIrP2MySQ2VZL4oSjkyMZr+jUKmKDF8bAkmitlbERlihYmx6ZRsCN7iy8ukdVb1atWL+1qlfpPHUYQjOIZT8OAS6nAHDWgCgQE8wyu8Odx5cd6dj3lrwclnDuEPnM8fwKSNdQ==</latexit>



Central Charge

Virasoro algebra )
<latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</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>

??????

??????

??????

??????

Stress tensor 2-pt. function

Thermodynamic entropy

Entanglement Entropy

Trace Anomaly

d = 2
<latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit>

boundary or defect in d � 3
<latexit sha1_base64="dLpwGtEWZt/IyuFM6zJUVTD5Bpg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2FZoQ9lsJu3SzSbuboRS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCTqIaAaBZfYMtwIfEgV0jgQ2AlGNzO/84RK80Tem3GKfkwHkkecUWOlTtgb4COp98sVt+rOQVaJl5MK5Gj2y1+9MGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqID7FoqaYzan8zPnZIzq4QkSpQtachc/T0xobHW4ziwnTE1Q73szcT/vG5moit/wmWaGZRssSjKBDEJmf1OQq6QGTG2hDLF7a2EDamizNiESjYEb/nlVdKuVb16tXZ3UWlc53EU4QRO4Rw8uIQG3EITWsBgBM/wCm9O6rw4787HorXg5DPH8AfO5w+Yio8U</latexit>

BCFT or DCFT
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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
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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

 ± ⌘ 1

2
(1± �x) 
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x

“mixed” 

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

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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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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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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RG flow on the boundary

bUV � bIR
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IR BCFT

Boundary RG Flow
Z

SUV
BCFT ! SUV

BCFT+

Free, massless, real scalar
Dirichlet B.C.

Neumann B.C.



UV

IR

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>

Dirichlet B.C.

Neumann B.C.

bUV =
1

16
<latexit sha1_base64="KJ73u72ae5Xl8WAO9n2BMIA50eQ=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclaSKuhGKblxWMG2hCWEynbRDJw9mbsQSsnPjr7hxoYhbf8Gdf+P0sdDWAxcO59zLvfcEqeAKLOvbWFhcWl5ZLa2V1zc2t7bNnd2mSjJJmUMTkch2QBQTPGYOcBCsnUpGokCwVjC4HvmteyYVT+I7GKbMi0gv5iGnBLTkmweBn7vAHkBGudMsCnyJ3VASmttFbp8VvlmxqtYYeJ7YU1JBUzR888vtJjSLWAxUEKU6tpWClxMJnApWlN1MsZTQAemxjqYxiZjy8vEfBT7SSheHidQVAx6rvydyEik1jALdGRHoq1lvJP7ndTIIL7ycx2kGLKaTRWEmMCR4FArucskoiKEmhEqub8W0T3QMoKMr6xDs2ZfnSbNWtU+qtdvTSv1qGkcJ7aNDdIxsdI7q6AY1kIMoekTP6BW9GU/Gi/FufExaF4zpzB76A+PzB7tkmTQ=</latexit>

bIR = � 1

16
<latexit sha1_base64="ESetiddIycqk36wqlRUMONGwYZg=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgbBxrAbRW2EoI12UcwDskuYncwmQ2YfzNwVw7Kljb9iY6GIrZ9g5984eRSaeODC4Zx7ufceLxZcgWV9G7m5+YXFpfxyYWV1bX3D3NyqqyiRlNVoJCLZ9IhigoesBhwEa8aSkcATrOH1L4d+455JxaPwDgYxcwPSDbnPKQEttc1dr506wB5ABun1bZbhc3zo+JLQ1M5S+yRrm0WrZI2AZ4k9IUU0QbVtfjmdiCYBC4EKolTLtmJwUyKBU8GygpMoFhPaJ13W0jQkAVNuOnokw/ta6WA/krpCwCP190RKAqUGgac7AwI9Ne0Nxf+8VgL+mZvyME6AhXS8yE8EhggPU8EdLhkFMdCEUMn1rZj2iI4BdHYFHYI9/fIsqZdL9lGpfHNcrFxM4sijHbSHDpCNTlEFXaEqqiGKHtEzekVvxpPxYrwbH+PWnDGZ2UZ/YHz+ABRtmVs=</latexit>



Examples
M2-branes ending on M5-branes

0 1 2 3 4 5 6 7 8 9 10
M5 • • • • • • – – – – –
M2 • • – – – – • – – – –

<latexit sha1_base64="sOOVQYpfcJoSKCAVs7JJokygXMI="></latexit><latexit sha1_base64="sOOVQYpfcJoSKCAVs7JJokygXMI="></latexit><latexit sha1_base64="sOOVQYpfcJoSKCAVs7JJokygXMI="></latexit><latexit sha1_base64="sOOVQYpfcJoSKCAVs7JJokygXMI="></latexit>

M5

<latexit sha1_base64="audgJ1nGj/PNkZCw7R6713AGtMs=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexKgh6DXrwIUcwDkiXMTmaTIbOzy0yvEEL+wIsHRbz6R978GyfJHjSxoKGo6qa7K0ikMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5uZ33ri2ohYPeI44X5EB0qEglG00sNdtVcsuWV3DrJKvIyUIEO9V/zq9mOWRlwhk9SYjucm6E+oRsEknxa6qeEJZSM64B1LFY248SfzS6fkzCp9EsbalkIyV39PTGhkzDgKbGdEcWiWvZn4n9dJMbzyJ0IlKXLFFovCVBKMyext0heaM5RjSyjTwt5K2JBqytCGU7AheMsvr5LmRdmrlKv3lVLtOosjDydwCufgwSXU4Bbq0AAGITzDK7w5I+fFeXc+Fq05J5s5hj9wPn8AHTmNGA==</latexit>

M2

<latexit sha1_base64="7ZjhQbuSZ7MU/pLdRvhoMd0GEvI=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyGiB6DXrwIUcwDkiXMTmaTIbOzy0yvEEL+wIsHRbz6R978GyfJHjSxoKGo6qa7K0ikMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5uZ33ri2ohYPeI44X5EB0qEglG00sNdpVcsuWV3DrJKvIyUIEO9V/zq9mOWRlwhk9SYjucm6E+oRsEknxa6qeEJZSM64B1LFY248SfzS6fkzCp9EsbalkIyV39PTGhkzDgKbGdEcWiWvZn4n9dJMbzyJ0IlKXLFFovCVBKMyext0heaM5RjSyjTwt5K2JBqytCGU7AheMsvr5JmpexVyxf31VLtOosjDydwCufgwSXU4Bbq0AAGITzDK7w5I+fFeXc+Fq05J5s5hj9wPn8AGK2NFQ==</latexit>

1 2 3 4 5 6 7 8 9 10 11

<latexit sha1_base64="q8NdbScAukNO+1W5zAc6zNI3hDM=">AAACUHicbZFLTwIxFIXv4AvHF+rSTSMxcUHIjILgjujGJSbySJgJ6ZQCDZ2HbceEEH6iG3b+DjcuNFpeGQVv0twv59ym7akXcSaVZb0ZqY3Nre2d9K65t39weJQ5PqnLMBaE1kjIQ9H0sKScBbSmmOK0GQmKfY/Thje4n/qNFyokC4MnNYyo6+NewLqMYKWldqZnO88x7iAn5+SuErxOsJBgcYk3iVZKsJzg7Rxta9HtdiZr5a1ZoXWwF5CFRVXbmYnTCUns00ARjqVs2Vak3BEWihFOx6YTSxphMsA92tIYYJ9KdzQLZIwutNJB3VDoFSg0U3/vGGFfyqHv6Ukfq75c9abif14rVt2yO2JBFCsakPlB3ZgjFaJpuqjDBCWKDzVgIpi+KyJ9LDBR+g9MHYK9+uR1qF/l7UK++FjIVu4WcaThDM7hEmwoQQUeoAo1IPAK7/AJX8bE+DC+U8Z8dNnhFP5UyvwBkeau2Q==</latexit>

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

x7



Examples
M2-branes ending on M5-branes

N coincident M5-branes’ worldvolume theory

Gauge algebra

supersymmetric CFTd = 6 N = (2, 0)
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M2-branes = “Wilson surface”
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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 $
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<latexit sha1_base64="ZRsN9VqjMSGZK88qFueE+9nAbCY=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaNEY9ELx4xyiOBlcwOA0yYnd3M9BrJhk/w4kFjvPpF3vwbB9iDgpV0UqnqTndXEEth0HW/ndzK6tr6Rn6zsLW9s7tX3D9omCjRjNdZJCPdCqjhUiheR4GSt2LNaRhI3gxG11O/+ci1EZG6x3HM/ZAOlOgLRtFKd08PlW6x5JbdGcgy8TJSggy1bvGr04tYEnKFTFJj2p4bo59SjYJJPil0EsNjykZ0wNuWKhpy46ezUyfkxCo90o+0LYVkpv6eSGlozDgMbGdIcWgWvan4n9dOsH/pp0LFCXLF5ov6iSQYkenfpCc0ZyjHllCmhb2VsCHVlKFNp2BD8BZfXiaNs7J3UfZuz0vVqyyOPBzBMZyCBxWowg3UoA4MBvAMr/DmSOfFeXc+5q05J5s5hD9wPn8AFTuNqw==</latexit>
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M2-branes ending on M5-branes

Examples

Calculated both using holography

However a SUSY index calculation
shows that this result for     is exact!d2

<latexit sha1_base64="rGUuyUxxcTbBmCFgXoQ+77UJ29A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKRY9FLx4r2lpoQ9lspu3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkg84o8ZK92G/1i9X3Ko7B1klXk4qkKPZL3/1wpilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzq4RkECtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qBld+xmWSGpRssWiQCmJiMvubhFwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6Rdq3r16sVdvdK4zuMowgmcwjl4cAkNuIUmtIDBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/xRY2V</latexit>

� ⌘ 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>

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

Chalabi, O’Bannon, Robinson, Sisti 2003.02857
Drukker, Probst, Trépanier 2003.12372, 2009.10732, 2012.11087

Drukker, Giombi, Tseytlin, Zhou 2004.04562



M2-branes ending on M5-branes

� ⌘ 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>

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>

Examples

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

Chalabi, O’Bannon, Robinson, Sisti 2003.02857
Drukker, Probst, Trépanier 2003.12372, 2009.10732, 2012.11087

Drukker, Giombi, Tseytlin, Zhou 2004.04562

b � 0 and d2 � 0
<latexit sha1_base64="5XbZwUQ8Xiogi5mZbmTJeT2ZiKo=">AAACEXicbVDLSgMxFM34rPVVdekmWIQupMxUQZdFNy4r2Ae0pWQyt21oJjMmd8Qy9Bfc+CtuXCji1p07/8b0sdDWEwKHc84lucePpTDout/O0vLK6tp6ZiO7ubW9s5vb26+ZKNEcqjySkW74zIAUCqooUEIj1sBCX0LdH1yN/fo9aCMidYvDGNoh6ynRFZyhlTq5gt/qwR11WyeTg/CAOkyZCkZTJeiUpoFOLu8W3QnoIvFmJE9mqHRyX60g4kkICrlkxjQ9N8Z2yjQKLmGUbSUGYsYHrAdNSxULwbTTyUYjemyVgHYjba9COlF/T6QsNGYY+jYZMuybeW8s/uc1E+xetFOh4gRB8elD3URSjOi4HhoIDRzl0BLGtbB/pbzPNONoS8zaErz5lRdJrVT0TovuzVm+fDmrI0MOyREpEI+ckzK5JhVSJZw8kmfySt6cJ+fFeXc+ptElZzZzQP7A+fwB2XabwQ==</latexit>

Both 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 a = c

<latexit sha1_base64="NkwDbDPlWK7LBLicVJShle7aSVY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YtQ9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9ECvWa9ccavuDGSZeDmpQI56r/zV7ccsjbhCJqkxHc9N0M+oRsEkn5S6qeEJZSM64B1LFY248bPZqRNyYpU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+53VSDK/8TKgkRa7YfFGYSoIxmf5N+kJzhnJsCWVa2FsJG1JNGdp0SjYEb/HlZdI8q3rn1Yv780rtJo+jCEdwDKfgwSXU4A7q0AAGA3iGV3hzpPPivDsf89aCk88cwh84nz8DXI2h</latexit>
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Question

Can we define a central charge 

d = 2
<latexit sha1_base64="s/X1mR4VZPaRMTIHvVon9bgiEyw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CIUvXisaD+gDWWzmbRLN5uwuxFK6U/w4kERr/4ib/4bt20O2vpg4PHeDDPzglRwbVz321lZXVvf2CxsFbd3dvf2SweHTZ1kimGDJSJR7YBqFFxiw3AjsJ0qpHEgsBUMb6d+6wmV5ol8NKMU/Zj2JY84o8ZKD+F1tVcquxV3BrJMvJyUIUe9V/rqhgnLYpSGCap1x3NT44+pMpwJnBS7mcaUsiHtY8dSSWPU/nh26oScWiUkUaJsSUNm6u+JMY21HsWB7YypGehFbyr+53UyE135Yy7TzKBk80VRJohJyPRvEnKFzIiRJZQpbm8lbEAVZcamU7QheIsvL5NmteKdV6r3F+XaTR5HAY7hBM7Ag0uowR3UoQEM+vAMr/DmCOfFeXc+5q0rTj5zBH/gfP4AvFGNbw==</latexit> boundaries and defects?for



Can we define a central charge 

d = 2
<latexit sha1_base64="s/X1mR4VZPaRMTIHvVon9bgiEyw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CIUvXisaD+gDWWzmbRLN5uwuxFK6U/w4kERr/4ib/4bt20O2vpg4PHeDDPzglRwbVz321lZXVvf2CxsFbd3dvf2SweHTZ1kimGDJSJR7YBqFFxiw3AjsJ0qpHEgsBUMb6d+6wmV5ol8NKMU/Zj2JY84o8ZKD+F1tVcquxV3BrJMvJyUIUe9V/rqhgnLYpSGCap1x3NT44+pMpwJnBS7mcaUsiHtY8dSSWPU/nh26oScWiUkUaJsSUNm6u+JMY21HsWB7YypGehFbyr+53UyE135Yy7TzKBk80VRJohJyPRvEnKFzIiRJZQpbm8lbEAVZcamU7QheIsvL5NmteKdV6r3F+XaTR5HAY7hBM7Ag0uowR3UoQEM+vAMr/DmCOfFeXc+5q0rTj5zBH/gfP4AvFGNbw==</latexit> boundaries and defects?for

YES!

Question



Virasoro algebra )
<latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</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>

??????

??????

??????

??????

Stress tensor 2-pt. function

Thermodynamic entropy

Entanglement Entropy

Trace Anomaly

d = 2
<latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit>

boundary or defect in d � 3
<latexit sha1_base64="dLpwGtEWZt/IyuFM6zJUVTD5Bpg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2FZoQ9lsJu3SzSbuboRS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCTqIaAaBZfYMtwIfEgV0jgQ2AlGNzO/84RK80Tem3GKfkwHkkecUWOlTtgb4COp98sVt+rOQVaJl5MK5Gj2y1+9MGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqID7FoqaYzan8zPnZIzq4QkSpQtachc/T0xobHW4ziwnTE1Q73szcT/vG5moit/wmWaGZRssSjKBDEJmf1OQq6QGTG2hDLF7a2EDamizNiESjYEb/nlVdKuVb16tXZ3UWlc53EU4QRO4Rw8uIQG3EITWsBgBM/wCm9O6rw4787HorXg5DPH8AfO5w+Yio8U</latexit>

BCFT or DCFT

Summary



Virasoro algebra )
<latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</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>

??????

??????

Stress tensor 2-pt. function

Thermodynamic entropy

Entanglement Entropy

Trace Anomaly

d = 2
<latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit><latexit sha1_base64="xkZ7WfYz8TWfcbFVn/uzJMv6YUk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoBeh6MVjRfsBbSibzaZdutmE3YlQSn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZF6RSGHTdb6ewtr6xuVXcLu3s7u0flA+PWibJNONNlshEdwJquBSKN1Gg5J1UcxoHkreD0e3Mbz9xbUSiHnGccj+mAyUiwSha6SG8rvXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yP3VKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmZ/k1BozlCOLaFMC3srYUOqKUObTsmG4C2/vEpatarnVr37i0r9Jo+jCCdwCufgwSXU4Q4a0AQGA3iGV3hzpPPivDsfi9aCk88cwx84nz+7A41r</latexit>

boundary or defect in d � 3
<latexit sha1_base64="dLpwGtEWZt/IyuFM6zJUVTD5Bpg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4r2FZoQ9lsJu3SzSbuboRS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCorZNMMWyxRCTqIaAaBZfYMtwIfEgV0jgQ2AlGNzO/84RK80Tem3GKfkwHkkecUWOlTtgb4COp98sVt+rOQVaJl5MK5Gj2y1+9MGFZjNIwQbXuem5q/AlVhjOB01Iv05hSNqID7FoqaYzan8zPnZIzq4QkSpQtachc/T0xobHW4ziwnTE1Q73szcT/vG5moit/wmWaGZRssSjKBDEJmf1OQq6QGTG2hDLF7a2EDamizNiESjYEb/nlVdKuVb16tXZ3UWlc53EU4QRO4Rw8uIQG3EITWsBgBM/wCm9O6rw4787HorXg5DPH8AfO5w+Yio8U</latexit>

BCFT or DCFT

Summary



Outlook

Stress-energy tensor and thermal entropy?

Constraints? Bounds? c-theorems?

Applications?

Boundaries and defects of other dimensions?

More examples?

<latexit sha1_base64="D1VrfP/OX1sFBNS10qh1qdr7zxs=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRa1GXRjcsKfUEaw2Q6aYdOHszcCCXEjRt/xY0LRdz6De78G6ePhbYeuHA4517uvcdPBFdgWd9GYWl5ZXWtuF7a2Nza3jF391oqTiVlTRqLWHZ8opjgEWsCB8E6iWQk9AVr+8Prsd++Z1LxOGrAKGFuSPoRDzgloCXPPOwKFgB2cMMjd9kDyXFX8v4AXC876+WeWbYq1gR4kdgzUkYz1D3zq9uLaRqyCKggSjm2lYCbEQmcCpaXuqliCaFD0meOphEJmXKzyRs5PtZKDwex1BUBnqi/JzISKjUKfd0ZEhioeW8s/uc5KQSXbsajJAUW0emiIBUYYjzOBPe4ZBTESBNCJde3YjogklDQyZV0CPb8y4ukdVqxzyvV22q5djWLo4gO0BE6QTa6QDV0g+qoiSh6RM/oFb0ZT8aL8W58TFsLxmxmH/2B8fkDsDqYpg==</latexit>

[T a
a ]3d
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