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๏Today’s talk: focus on the bulk proto-field    , i.e. a scalar field interacting with gravity�
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Bulk Proto-fields in AdS3/CFT2 at Finite c
<latexit sha1_base64="RwISc3C3pmgc5RuFMkYChplIyuI="></latexit>

�(y, z, z̄)
<latexit sha1_base64="XqJv5X+vV1WCx5JsXVC4I9ffxzE=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQxChBB2o6DHoBePEcwDskuYnUySIbMPZmaVzZpP8eJBEa9+iTf/xkmyB00saCiquunu8iLOpLKsbyO3tr6xuZXfLuzs7u0fmMXDlgxjQWiThDwUHQ9LyllAm4opTjuRoNj3OG1745uZ336gQrIwuFdJRF0fDwM2YAQrLfXMohONWDmpTCqOh0U6mZ71zJJVteZAq8TOSAkyNHrml9MPSezTQBGOpezaVqTcFAvFCKfTghNLGmEyxkPa1TTAPpVuOj99ik610keDUOgKFJqrvydS7EuZ+J7u9LEayWVvJv7ndWM1uHJTFkSxogFZLBrEHKkQzXJAfSYoUTzRBBPB9K2IjLDAROm0CjoEe/nlVdKqVe3zau3uolS/zuLIwzGcQBlsuIQ63EIDmkDgEZ7hFd6MJ+PFeDc+Fq05I5s5gj8wPn8AnZeTlQ==</latexit>

y
<latexit sha1_base64="mEcz1FLhuG1BpP6c5hi50qAIJ0g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6QuNAQ==</latexit>

(z, z̄)
<latexit sha1_base64="TWBNjfTQ+aewioRdF1yBXCszB9U=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQQcpuFfRY9OKxgv2A7VKyadqGZpMlmRXapT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMC2PBDbjut5NbW9/Y3MpvF3Z29/YPiodHTaMSTVmDKqF0OySGCS5ZAzgI1o41I1EoWCsc3c381hPThiv5COOYBREZSN7nlICV/PLkohMSnU6m591iya24c+BV4mWkhDLUu8WvTk/RJGISqCDG+J4bQ5ASDZwKNi10EsNiQkdkwHxLJYmYCdL5yVN8ZpUe7ittSwKeq78nUhIZM45C2xkRGJplbyb+5/kJ9G+ClMs4ASbpYlE/ERgUnv2Pe1wzCmJsCaGa21sxHRJNKNiUCjYEb/nlVdKsVrzLSvXhqlS7zeLIoxN0isrIQ9eohu5RHTUQRQo9o1f05oDz4rw7H4vWnJPNHKM/cD5/ALzTkOY=</latexit>

y : bulk direction
<latexit sha1_base64="0iQvfRAwYCSPGC/22I+JHJnv2fM=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJWkCoqrohuXFewD2lAm00k7dDIJMzdiCdn4K25cKOLWz3Dn3zhps9DWAwOHc+7lzjl+LLgGx/m2lpZXVtfWSxvlza3tnV17b7+lo0RR1qSRiFTHJ5oJLlkTOAjWiRUjoS9Y2x/f5H77gSnNI3kPk5h5IRlKHnBKwEh9+3By1QP2CKmfiDEecMVobmR9u+JUnSnwInELUkEFGn37qzeIaBIyCVQQrbuuE4OXEgWcCpaVe4lmMaFjMmRdQyUJmfbSaYAMnxhlgINImScBT9XfGykJtZ6EvpkMCYz0vJeL/3ndBIJLL+UyToBJOjsUJAJDhPM2isBiYgihipu/YjoiilAwnZVNCe585EXSqlXds2rt7rxSvy7qKKEjdIxOkYsuUB3dogZqIooy9Ixe0Zv1ZL1Y79bHbHTJKnYO0B9Ynz9r85bw</latexit>

boundary
<latexit sha1_base64="woCg5csMOTAE/R7H3mJtnhda4AY=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyWpgh6LXjxWsB/QhrLZbNqlm03YnRVj6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzgpQzBa77bZXW1jc2t8rblZ3dvf2qfXDYUYmWhLZJwhPZC7CinAnaBgac9lJJcRxw2g0mNzO/+0ClYom4hyylfoxHgkWMYDDS0K4OgD5CHiRahFhm06Fdc+vuHM4q8QpSQwVaQ/trECZEx1QA4Vipvuem4OdYAiOcTisDrWiKyQSPaN9QgWOq/Hx++NQ5NUroRIk0JcCZq78nchwrlcWB6YwxjNWyNxP/8/oaois/ZyLVQAVZLIo0dyBxZik4IZOUAM8MwUQyc6tDxlhiAiarignBW355lXQade+83ri7qDWvizjK6BidoDPkoUvURLeohdqIII2e0St6s56sF+vd+li0lqxi5gj9gfX5A7Fqk8I=</latexit>

�(y, 0, 0) = y2h
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!

<latexit sha1_base64="FPFoxMte7v1IWNmUrUuei/s9sig="></latexit>

A bulk scalar proto-field in AdS3 is fixed uniquely by Virasoro symmetry:
<latexit sha1_base64="RtJvbzoxFv/F7yRaevh64b8cx3M="></latexit>
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y
<latexit sha1_base64="mEcz1FLhuG1BpP6c5hi50qAIJ0g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6QuNAQ==</latexit>

(z, z̄)
<latexit sha1_base64="TWBNjfTQ+aewioRdF1yBXCszB9U=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQQcpuFfRY9OKxgv2A7VKyadqGZpMlmRXapT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMC2PBDbjut5NbW9/Y3MpvF3Z29/YPiodHTaMSTVmDKqF0OySGCS5ZAzgI1o41I1EoWCsc3c381hPThiv5COOYBREZSN7nlICV/PLkohMSnU6m591iya24c+BV4mWkhDLUu8WvTk/RJGISqCDG+J4bQ5ASDZwKNi10EsNiQkdkwHxLJYmYCdL5yVN8ZpUe7ittSwKeq78nUhIZM45C2xkRGJplbyb+5/kJ9G+ClMs4ASbpYlE/ERgUnv2Pe1wzCmJsCaGa21sxHRJNKNiUCjYEb/nlVdKsVrzLSvXhqlS7zeLIoxN0isrIQ9eohu5RHTUQRQo9o1f05oDz4rw7H4vWnJPNHKM/cD5/ALzTkOY=</latexit>

y : bulk direction
<latexit sha1_base64="0iQvfRAwYCSPGC/22I+JHJnv2fM=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJWkCoqrohuXFewD2lAm00k7dDIJMzdiCdn4K25cKOLWz3Dn3zhps9DWAwOHc+7lzjl+LLgGx/m2lpZXVtfWSxvlza3tnV17b7+lo0RR1qSRiFTHJ5oJLlkTOAjWiRUjoS9Y2x/f5H77gSnNI3kPk5h5IRlKHnBKwEh9+3By1QP2CKmfiDEecMVobmR9u+JUnSnwInELUkEFGn37qzeIaBIyCVQQrbuuE4OXEgWcCpaVe4lmMaFjMmRdQyUJmfbSaYAMnxhlgINImScBT9XfGykJtZ6EvpkMCYz0vJeL/3ndBIJLL+UyToBJOjsUJAJDhPM2isBiYgihipu/YjoiilAwnZVNCe585EXSqlXds2rt7rxSvy7qKKEjdIxOkYsuUB3dogZqIooy9Ixe0Zv1ZL1Y79bHbHTJKnYO0B9Ynz9r85bw</latexit>

boundary
<latexit sha1_base64="woCg5csMOTAE/R7H3mJtnhda4AY=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyWpgh6LXjxWsB/QhrLZbNqlm03YnRVj6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzgpQzBa77bZXW1jc2t8rblZ3dvf2qfXDYUYmWhLZJwhPZC7CinAnaBgac9lJJcRxw2g0mNzO/+0ClYom4hyylfoxHgkWMYDDS0K4OgD5CHiRahFhm06Fdc+vuHM4q8QpSQwVaQ/trECZEx1QA4Vipvuem4OdYAiOcTisDrWiKyQSPaN9QgWOq/Hx++NQ5NUroRIk0JcCZq78nchwrlcWB6YwxjNWyNxP/8/oaois/ZyLVQAVZLIo0dyBxZik4IZOUAM8MwUQyc6tDxlhiAiarignBW355lXQade+83ri7qDWvizjK6BidoDPkoUvURLeohdqIII2e0St6s56sF+vd+li0lqxi5gj9gfX5A7Fqk8I=</latexit>
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n=1
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A bulk scalar proto-field in AdS3 is fixed uniquely by Virasoro symmetry:
<latexit sha1_base64="RtJvbzoxFv/F7yRaevh64b8cx3M="></latexit>
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Bulk Proto-fields in AdS3/CFT2 at Finite c
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y
<latexit sha1_base64="mEcz1FLhuG1BpP6c5hi50qAIJ0g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6QuNAQ==</latexit>

(z, z̄)
<latexit sha1_base64="TWBNjfTQ+aewioRdF1yBXCszB9U=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQQcpuFfRY9OKxgv2A7VKyadqGZpMlmRXapT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMC2PBDbjut5NbW9/Y3MpvF3Z29/YPiodHTaMSTVmDKqF0OySGCS5ZAzgI1o41I1EoWCsc3c381hPThiv5COOYBREZSN7nlICV/PLkohMSnU6m591iya24c+BV4mWkhDLUu8WvTk/RJGISqCDG+J4bQ5ASDZwKNi10EsNiQkdkwHxLJYmYCdL5yVN8ZpUe7ittSwKeq78nUhIZM45C2xkRGJplbyb+5/kJ9G+ClMs4ASbpYlE/ERgUnv2Pe1wzCmJsCaGa21sxHRJNKNiUCjYEb/nlVdKsVrzLSvXhqlS7zeLIoxN0isrIQ9eohu5RHTUQRQo9o1f05oDz4rw7H4vWnJPNHKM/cD5/ALzTkOY=</latexit>

y : bulk direction
<latexit sha1_base64="0iQvfRAwYCSPGC/22I+JHJnv2fM=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJWkCoqrohuXFewD2lAm00k7dDIJMzdiCdn4K25cKOLWz3Dn3zhps9DWAwOHc+7lzjl+LLgGx/m2lpZXVtfWSxvlza3tnV17b7+lo0RR1qSRiFTHJ5oJLlkTOAjWiRUjoS9Y2x/f5H77gSnNI3kPk5h5IRlKHnBKwEh9+3By1QP2CKmfiDEecMVobmR9u+JUnSnwInELUkEFGn37qzeIaBIyCVQQrbuuE4OXEgWcCpaVe4lmMaFjMmRdQyUJmfbSaYAMnxhlgINImScBT9XfGykJtZ6EvpkMCYz0vJeL/3ndBIJLL+UyToBJOjsUJAJDhPM2isBiYgihipu/YjoiilAwnZVNCe585EXSqlXds2rt7rxSvy7qKKEjdIxOkYsuUB3dogZqIooy9Ixe0Zv1ZL1Y79bHbHTJKnYO0B9Ynz9r85bw</latexit>

boundary
<latexit sha1_base64="woCg5csMOTAE/R7H3mJtnhda4AY=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyWpgh6LXjxWsB/QhrLZbNqlm03YnRVj6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzgpQzBa77bZXW1jc2t8rblZ3dvf2qfXDYUYmWhLZJwhPZC7CinAnaBgac9lJJcRxw2g0mNzO/+0ClYom4hyylfoxHgkWMYDDS0K4OgD5CHiRahFhm06Fdc+vuHM4q8QpSQwVaQ/trECZEx1QA4Vipvuem4OdYAiOcTisDrWiKyQSPaN9QgWOq/Hx++NQ5NUroRIk0JcCZq78nchwrlcWB6YwxjNWyNxP/8/oaois/ZyLVQAVZLIo0dyBxZik4IZOUAM8MwUQyc6tDxlhiAiarignBW355lXQade+83ri7qDWvizjK6BidoDPkoUvURLeohdqIII2e0St6s56sF+vd+li0lqxi5gj9gfX5A7Fqk8I=</latexit>

�(y, 0, 0) = y2h
 
O(0, 0) +
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L�nL�nO(0, 0)

!

<latexit sha1_base64="FPFoxMte7v1IWNmUrUuei/s9sig="></latexit>

A bulk scalar proto-field in AdS3 is fixed uniquely by Virasoro symmetry:
<latexit sha1_base64="RtJvbzoxFv/F7yRaevh64b8cx3M="></latexit>

primary operator

Virasoro descendants
1708.04246 Anand, 
HC, Fitzpatrick, 
Kaplan, Li

L�n : polynomials of Virasoro

generators at level n
<latexit sha1_base64="cpnmC7wAFUg0WsadLQfBOT3gyVw="></latexit>



Bulk Proto-fields in AdS3/CFT2 at Finite c
<latexit sha1_base64="RwISc3C3pmgc5RuFMkYChplIyuI="></latexit>

�(y, z, z̄)
<latexit sha1_base64="XqJv5X+vV1WCx5JsXVC4I9ffxzE=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQxChBB2o6DHoBePEcwDskuYnUySIbMPZmaVzZpP8eJBEa9+iTf/xkmyB00saCiquunu8iLOpLKsbyO3tr6xuZXfLuzs7u0fmMXDlgxjQWiThDwUHQ9LyllAm4opTjuRoNj3OG1745uZ336gQrIwuFdJRF0fDwM2YAQrLfXMohONWDmpTCqOh0U6mZ71zJJVteZAq8TOSAkyNHrml9MPSezTQBGOpezaVqTcFAvFCKfTghNLGmEyxkPa1TTAPpVuOj99ik610keDUOgKFJqrvydS7EuZ+J7u9LEayWVvJv7ndWM1uHJTFkSxogFZLBrEHKkQzXJAfSYoUTzRBBPB9K2IjLDAROm0CjoEe/nlVdKqVe3zau3uolS/zuLIwzGcQBlsuIQ63EIDmkDgEZ7hFd6MJ+PFeDc+Fq05I5s5gj8wPn8AnZeTlQ==</latexit>

y
<latexit sha1_base64="mEcz1FLhuG1BpP6c5hi50qAIJ0g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6QuNAQ==</latexit>

(z, z̄)
<latexit sha1_base64="TWBNjfTQ+aewioRdF1yBXCszB9U=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQQcpuFfRY9OKxgv2A7VKyadqGZpMlmRXapT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMC2PBDbjut5NbW9/Y3MpvF3Z29/YPiodHTaMSTVmDKqF0OySGCS5ZAzgI1o41I1EoWCsc3c381hPThiv5COOYBREZSN7nlICV/PLkohMSnU6m591iya24c+BV4mWkhDLUu8WvTk/RJGISqCDG+J4bQ5ASDZwKNi10EsNiQkdkwHxLJYmYCdL5yVN8ZpUe7ittSwKeq78nUhIZM45C2xkRGJplbyb+5/kJ9G+ClMs4ASbpYlE/ERgUnv2Pe1wzCmJsCaGa21sxHRJNKNiUCjYEb/nlVdKsVrzLSvXhqlS7zeLIoxN0isrIQ9eohu5RHTUQRQo9o1f05oDz4rw7H4vWnJPNHKM/cD5/ALzTkOY=</latexit>

y : bulk direction
<latexit sha1_base64="0iQvfRAwYCSPGC/22I+JHJnv2fM=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJWkCoqrohuXFewD2lAm00k7dDIJMzdiCdn4K25cKOLWz3Dn3zhps9DWAwOHc+7lzjl+LLgGx/m2lpZXVtfWSxvlza3tnV17b7+lo0RR1qSRiFTHJ5oJLlkTOAjWiRUjoS9Y2x/f5H77gSnNI3kPk5h5IRlKHnBKwEh9+3By1QP2CKmfiDEecMVobmR9u+JUnSnwInELUkEFGn37qzeIaBIyCVQQrbuuE4OXEgWcCpaVe4lmMaFjMmRdQyUJmfbSaYAMnxhlgINImScBT9XfGykJtZ6EvpkMCYz0vJeL/3ndBIJLL+UyToBJOjsUJAJDhPM2isBiYgihipu/YjoiilAwnZVNCe585EXSqlXds2rt7rxSvy7qKKEjdIxOkYsuUB3dogZqIooy9Ixe0Zv1ZL1Y79bHbHTJKnYO0B9Ynz9r85bw</latexit>

boundary
<latexit sha1_base64="woCg5csMOTAE/R7H3mJtnhda4AY=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyWpgh6LXjxWsB/QhrLZbNqlm03YnRVj6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzgpQzBa77bZXW1jc2t8rblZ3dvf2qfXDYUYmWhLZJwhPZC7CinAnaBgac9lJJcRxw2g0mNzO/+0ClYom4hyylfoxHgkWMYDDS0K4OgD5CHiRahFhm06Fdc+vuHM4q8QpSQwVaQ/trECZEx1QA4Vipvuem4OdYAiOcTisDrWiKyQSPaN9QgWOq/Hx++NQ5NUroRIk0JcCZq78nchwrlcWB6YwxjNWyNxP/8/oaois/ZyLVQAVZLIo0dyBxZik4IZOUAM8MwUQyc6tDxlhiAiarignBW355lXQade+83ri7qDWvizjK6BidoDPkoUvURLeohdqIII2e0St6s56sF+vd+li0lqxi5gj9gfX5A7Fqk8I=</latexit>

�(y, 0, 0) = y2h
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!

<latexit sha1_base64="FPFoxMte7v1IWNmUrUuei/s9sig="></latexit>

A bulk scalar proto-field in AdS3 is fixed uniquely by Virasoro symmetry:
<latexit sha1_base64="RtJvbzoxFv/F7yRaevh64b8cx3M="></latexit>

primary operator

Virasoro descendants

uniquely determined by the
following two conditions at finite c

<latexit sha1_base64="0AnBC6SIH0V2eC0FKm+NJzPRj4w="></latexit>

h�(y, 0, 0)O(z, z̄)i =

✓
y

y2 + zz̄

◆2h

<latexit sha1_base64="+d9H+muiYsZMQJW+j0X2+8O//6c="></latexit>

Lm�(y, 0, 0) = L̄m�(y, 0, 0) = 0, for m � 2
<latexit sha1_base64="IJGpBBy5X/IAwIIGbv7bGyB5tAA="></latexit>

in vacuum

1708.04246 Anand, 
HC, Fitzpatrick, 
Kaplan, Li

L�n : polynomials of Virasoro

generators at level n
<latexit sha1_base64="cpnmC7wAFUg0WsadLQfBOT3gyVw="></latexit>



bulk primary conditions

Bulk Proto-fields in AdS3/CFT2 at Finite c
<latexit sha1_base64="RwISc3C3pmgc5RuFMkYChplIyuI="></latexit>

�(y, z, z̄)
<latexit sha1_base64="XqJv5X+vV1WCx5JsXVC4I9ffxzE=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQxChBB2o6DHoBePEcwDskuYnUySIbMPZmaVzZpP8eJBEa9+iTf/xkmyB00saCiquunu8iLOpLKsbyO3tr6xuZXfLuzs7u0fmMXDlgxjQWiThDwUHQ9LyllAm4opTjuRoNj3OG1745uZ336gQrIwuFdJRF0fDwM2YAQrLfXMohONWDmpTCqOh0U6mZ71zJJVteZAq8TOSAkyNHrml9MPSezTQBGOpezaVqTcFAvFCKfTghNLGmEyxkPa1TTAPpVuOj99ik610keDUOgKFJqrvydS7EuZ+J7u9LEayWVvJv7ndWM1uHJTFkSxogFZLBrEHKkQzXJAfSYoUTzRBBPB9K2IjLDAROm0CjoEe/nlVdKqVe3zau3uolS/zuLIwzGcQBlsuIQ63EIDmkDgEZ7hFd6MJ+PFeDc+Fq05I5s5gj8wPn8AnZeTlQ==</latexit>

y
<latexit sha1_base64="mEcz1FLhuG1BpP6c5hi50qAIJ0g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6QuNAQ==</latexit>

(z, z̄)
<latexit sha1_base64="TWBNjfTQ+aewioRdF1yBXCszB9U=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQQcpuFfRY9OKxgv2A7VKyadqGZpMlmRXapT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMC2PBDbjut5NbW9/Y3MpvF3Z29/YPiodHTaMSTVmDKqF0OySGCS5ZAzgI1o41I1EoWCsc3c381hPThiv5COOYBREZSN7nlICV/PLkohMSnU6m591iya24c+BV4mWkhDLUu8WvTk/RJGISqCDG+J4bQ5ASDZwKNi10EsNiQkdkwHxLJYmYCdL5yVN8ZpUe7ittSwKeq78nUhIZM45C2xkRGJplbyb+5/kJ9G+ClMs4ASbpYlE/ERgUnv2Pe1wzCmJsCaGa21sxHRJNKNiUCjYEb/nlVdKsVrzLSvXhqlS7zeLIoxN0isrIQ9eohu5RHTUQRQo9o1f05oDz4rw7H4vWnJPNHKM/cD5/ALzTkOY=</latexit>

y : bulk direction
<latexit sha1_base64="0iQvfRAwYCSPGC/22I+JHJnv2fM=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJWkCoqrohuXFewD2lAm00k7dDIJMzdiCdn4K25cKOLWz3Dn3zhps9DWAwOHc+7lzjl+LLgGx/m2lpZXVtfWSxvlza3tnV17b7+lo0RR1qSRiFTHJ5oJLlkTOAjWiRUjoS9Y2x/f5H77gSnNI3kPk5h5IRlKHnBKwEh9+3By1QP2CKmfiDEecMVobmR9u+JUnSnwInELUkEFGn37qzeIaBIyCVQQrbuuE4OXEgWcCpaVe4lmMaFjMmRdQyUJmfbSaYAMnxhlgINImScBT9XfGykJtZ6EvpkMCYz0vJeL/3ndBIJLL+UyToBJOjsUJAJDhPM2isBiYgihipu/YjoiilAwnZVNCe585EXSqlXds2rt7rxSvy7qKKEjdIxOkYsuUB3dogZqIooy9Ixe0Zv1ZL1Y79bHbHTJKnYO0B9Ynz9r85bw</latexit>

boundary
<latexit sha1_base64="woCg5csMOTAE/R7H3mJtnhda4AY=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyWpgh6LXjxWsB/QhrLZbNqlm03YnRVj6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzgpQzBa77bZXW1jc2t8rblZ3dvf2qfXDYUYmWhLZJwhPZC7CinAnaBgac9lJJcRxw2g0mNzO/+0ClYom4hyylfoxHgkWMYDDS0K4OgD5CHiRahFhm06Fdc+vuHM4q8QpSQwVaQ/trECZEx1QA4Vipvuem4OdYAiOcTisDrWiKyQSPaN9QgWOq/Hx++NQ5NUroRIk0JcCZq78nchwrlcWB6YwxjNWyNxP/8/oaois/ZyLVQAVZLIo0dyBxZik4IZOUAM8MwUQyc6tDxlhiAiarignBW355lXQade+83ri7qDWvizjK6BidoDPkoUvURLeohdqIII2e0St6s56sF+vd+li0lqxi5gj9gfX5A7Fqk8I=</latexit>

�(y, 0, 0) = y2h
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!

<latexit sha1_base64="FPFoxMte7v1IWNmUrUuei/s9sig="></latexit>

A bulk scalar proto-field in AdS3 is fixed uniquely by Virasoro symmetry:
<latexit sha1_base64="RtJvbzoxFv/F7yRaevh64b8cx3M="></latexit>

primary operator

Virasoro descendants

uniquely determined by the
following two conditions at finite c

<latexit sha1_base64="0AnBC6SIH0V2eC0FKm+NJzPRj4w="></latexit>

h�(y, 0, 0)O(z, z̄)i =

✓
y

y2 + zz̄

◆2h

<latexit sha1_base64="+d9H+muiYsZMQJW+j0X2+8O//6c="></latexit>

Lm�(y, 0, 0) = L̄m�(y, 0, 0) = 0, for m � 2
<latexit sha1_base64="IJGpBBy5X/IAwIIGbv7bGyB5tAA="></latexit>

in vacuum

1708.04246 Anand, 
HC, Fitzpatrick, 
Kaplan, Li

L�n : polynomials of Virasoro

generators at level n
<latexit sha1_base64="cpnmC7wAFUg0WsadLQfBOT3gyVw="></latexit>



bulk primary conditions

Bulk Proto-fields in AdS3/CFT2 at Finite c
<latexit sha1_base64="RwISc3C3pmgc5RuFMkYChplIyuI="></latexit>

�(y, z, z̄)
<latexit sha1_base64="XqJv5X+vV1WCx5JsXVC4I9ffxzE=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQxChBB2o6DHoBePEcwDskuYnUySIbMPZmaVzZpP8eJBEa9+iTf/xkmyB00saCiquunu8iLOpLKsbyO3tr6xuZXfLuzs7u0fmMXDlgxjQWiThDwUHQ9LyllAm4opTjuRoNj3OG1745uZ336gQrIwuFdJRF0fDwM2YAQrLfXMohONWDmpTCqOh0U6mZ71zJJVteZAq8TOSAkyNHrml9MPSezTQBGOpezaVqTcFAvFCKfTghNLGmEyxkPa1TTAPpVuOj99ik610keDUOgKFJqrvydS7EuZ+J7u9LEayWVvJv7ndWM1uHJTFkSxogFZLBrEHKkQzXJAfSYoUTzRBBPB9K2IjLDAROm0CjoEe/nlVdKqVe3zau3uolS/zuLIwzGcQBlsuIQ63EIDmkDgEZ7hFd6MJ+PFeDc+Fq05I5s5gj8wPn8AnZeTlQ==</latexit>

y
<latexit sha1_base64="mEcz1FLhuG1BpP6c5hi50qAIJ0g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6QuNAQ==</latexit>

(z, z̄)
<latexit sha1_base64="TWBNjfTQ+aewioRdF1yBXCszB9U=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQQcpuFfRY9OKxgv2A7VKyadqGZpMlmRXapT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMC2PBDbjut5NbW9/Y3MpvF3Z29/YPiodHTaMSTVmDKqF0OySGCS5ZAzgI1o41I1EoWCsc3c381hPThiv5COOYBREZSN7nlICV/PLkohMSnU6m591iya24c+BV4mWkhDLUu8WvTk/RJGISqCDG+J4bQ5ASDZwKNi10EsNiQkdkwHxLJYmYCdL5yVN8ZpUe7ittSwKeq78nUhIZM45C2xkRGJplbyb+5/kJ9G+ClMs4ASbpYlE/ERgUnv2Pe1wzCmJsCaGa21sxHRJNKNiUCjYEb/nlVdKsVrzLSvXhqlS7zeLIoxN0isrIQ9eohu5RHTUQRQo9o1f05oDz4rw7H4vWnJPNHKM/cD5/ALzTkOY=</latexit>

y : bulk direction
<latexit sha1_base64="0iQvfRAwYCSPGC/22I+JHJnv2fM=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJWkCoqrohuXFewD2lAm00k7dDIJMzdiCdn4K25cKOLWz3Dn3zhps9DWAwOHc+7lzjl+LLgGx/m2lpZXVtfWSxvlza3tnV17b7+lo0RR1qSRiFTHJ5oJLlkTOAjWiRUjoS9Y2x/f5H77gSnNI3kPk5h5IRlKHnBKwEh9+3By1QP2CKmfiDEecMVobmR9u+JUnSnwInELUkEFGn37qzeIaBIyCVQQrbuuE4OXEgWcCpaVe4lmMaFjMmRdQyUJmfbSaYAMnxhlgINImScBT9XfGykJtZ6EvpkMCYz0vJeL/3ndBIJLL+UyToBJOjsUJAJDhPM2isBiYgihipu/YjoiilAwnZVNCe585EXSqlXds2rt7rxSvy7qKKEjdIxOkYsuUB3dogZqIooy9Ixe0Zv1ZL1Y79bHbHTJKnYO0B9Ynz9r85bw</latexit>

boundary
<latexit sha1_base64="woCg5csMOTAE/R7H3mJtnhda4AY=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyWpgh6LXjxWsB/QhrLZbNqlm03YnRVj6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzgpQzBa77bZXW1jc2t8rblZ3dvf2qfXDYUYmWhLZJwhPZC7CinAnaBgac9lJJcRxw2g0mNzO/+0ClYom4hyylfoxHgkWMYDDS0K4OgD5CHiRahFhm06Fdc+vuHM4q8QpSQwVaQ/trECZEx1QA4Vipvuem4OdYAiOcTisDrWiKyQSPaN9QgWOq/Hx++NQ5NUroRIk0JcCZq78nchwrlcWB6YwxjNWyNxP/8/oaois/ZyLVQAVZLIo0dyBxZik4IZOUAM8MwUQyc6tDxlhiAiarignBW355lXQade+83ri7qDWvizjK6BidoDPkoUvURLeohdqIII2e0St6s56sF+vd+li0lqxi5gj9gfX5A7Fqk8I=</latexit>

�(y, 0, 0) = y2h
 
O(0, 0) +
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n=1
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L�nL�nO(0, 0)

!

<latexit sha1_base64="FPFoxMte7v1IWNmUrUuei/s9sig="></latexit>

A bulk scalar proto-field in AdS3 is fixed uniquely by Virasoro symmetry:
<latexit sha1_base64="RtJvbzoxFv/F7yRaevh64b8cx3M="></latexit>

primary operator

Virasoro descendants

uniquely determined by the
following two conditions at finite c

<latexit sha1_base64="0AnBC6SIH0V2eC0FKm+NJzPRj4w="></latexit>

h�(y, 0, 0)O(z, z̄)i =

✓
y

y2 + zz̄

◆2h

<latexit sha1_base64="+d9H+muiYsZMQJW+j0X2+8O//6c="></latexit>

Lm�(y, 0, 0) = L̄m�(y, 0, 0) = 0, for m � 2
<latexit sha1_base64="IJGpBBy5X/IAwIIGbv7bGyB5tAA="></latexit>

in vacuum

1708.04246 Anand, 
HC, Fitzpatrick, 
Kaplan, Li

normalization condition

L�n : polynomials of Virasoro

generators at level n
<latexit sha1_base64="cpnmC7wAFUg0WsadLQfBOT3gyVw="></latexit>



bulk primary conditions

Explicitly, L�1 = L�1, L�2 =
(2h+ 1)(c+ 8h)

(2h+ 1)c+ 2h(8h� 5)

✓
L2
�1 �

12h

c+ 8h
L�2

◆
, ...

<latexit sha1_base64="TFWKory/nPGEP+pUpev/nBow/ds="></latexit>

Bulk Proto-fields in AdS3/CFT2 at Finite c
<latexit sha1_base64="RwISc3C3pmgc5RuFMkYChplIyuI="></latexit>

�(y, z, z̄)
<latexit sha1_base64="XqJv5X+vV1WCx5JsXVC4I9ffxzE=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQxChBB2o6DHoBePEcwDskuYnUySIbMPZmaVzZpP8eJBEa9+iTf/xkmyB00saCiquunu8iLOpLKsbyO3tr6xuZXfLuzs7u0fmMXDlgxjQWiThDwUHQ9LyllAm4opTjuRoNj3OG1745uZ336gQrIwuFdJRF0fDwM2YAQrLfXMohONWDmpTCqOh0U6mZ71zJJVteZAq8TOSAkyNHrml9MPSezTQBGOpezaVqTcFAvFCKfTghNLGmEyxkPa1TTAPpVuOj99ik610keDUOgKFJqrvydS7EuZ+J7u9LEayWVvJv7ndWM1uHJTFkSxogFZLBrEHKkQzXJAfSYoUTzRBBPB9K2IjLDAROm0CjoEe/nlVdKqVe3zau3uolS/zuLIwzGcQBlsuIQ63EIDmkDgEZ7hFd6MJ+PFeDc+Fq05I5s5gj8wPn8AnZeTlQ==</latexit>

y
<latexit sha1_base64="mEcz1FLhuG1BpP6c5hi50qAIJ0g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6QuNAQ==</latexit>

(z, z̄)
<latexit sha1_base64="TWBNjfTQ+aewioRdF1yBXCszB9U=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQQcpuFfRY9OKxgv2A7VKyadqGZpMlmRXapT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMC2PBDbjut5NbW9/Y3MpvF3Z29/YPiodHTaMSTVmDKqF0OySGCS5ZAzgI1o41I1EoWCsc3c381hPThiv5COOYBREZSN7nlICV/PLkohMSnU6m591iya24c+BV4mWkhDLUu8WvTk/RJGISqCDG+J4bQ5ASDZwKNi10EsNiQkdkwHxLJYmYCdL5yVN8ZpUe7ittSwKeq78nUhIZM45C2xkRGJplbyb+5/kJ9G+ClMs4ASbpYlE/ERgUnv2Pe1wzCmJsCaGa21sxHRJNKNiUCjYEb/nlVdKsVrzLSvXhqlS7zeLIoxN0isrIQ9eohu5RHTUQRQo9o1f05oDz4rw7H4vWnJPNHKM/cD5/ALzTkOY=</latexit>

y : bulk direction
<latexit sha1_base64="0iQvfRAwYCSPGC/22I+JHJnv2fM=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJWkCoqrohuXFewD2lAm00k7dDIJMzdiCdn4K25cKOLWz3Dn3zhps9DWAwOHc+7lzjl+LLgGx/m2lpZXVtfWSxvlza3tnV17b7+lo0RR1qSRiFTHJ5oJLlkTOAjWiRUjoS9Y2x/f5H77gSnNI3kPk5h5IRlKHnBKwEh9+3By1QP2CKmfiDEecMVobmR9u+JUnSnwInELUkEFGn37qzeIaBIyCVQQrbuuE4OXEgWcCpaVe4lmMaFjMmRdQyUJmfbSaYAMnxhlgINImScBT9XfGykJtZ6EvpkMCYz0vJeL/3ndBIJLL+UyToBJOjsUJAJDhPM2isBiYgihipu/YjoiilAwnZVNCe585EXSqlXds2rt7rxSvy7qKKEjdIxOkYsuUB3dogZqIooy9Ixe0Zv1ZL1Y79bHbHTJKnYO0B9Ynz9r85bw</latexit>

boundary
<latexit sha1_base64="woCg5csMOTAE/R7H3mJtnhda4AY=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyWpgh6LXjxWsB/QhrLZbNqlm03YnRVj6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzgpQzBa77bZXW1jc2t8rblZ3dvf2qfXDYUYmWhLZJwhPZC7CinAnaBgac9lJJcRxw2g0mNzO/+0ClYom4hyylfoxHgkWMYDDS0K4OgD5CHiRahFhm06Fdc+vuHM4q8QpSQwVaQ/trECZEx1QA4Vipvuem4OdYAiOcTisDrWiKyQSPaN9QgWOq/Hx++NQ5NUroRIk0JcCZq78nchwrlcWB6YwxjNWyNxP/8/oaois/ZyLVQAVZLIo0dyBxZik4IZOUAM8MwUQyc6tDxlhiAiarignBW355lXQade+83ri7qDWvizjK6BidoDPkoUvURLeohdqIII2e0St6s56sF+vd+li0lqxi5gj9gfX5A7Fqk8I=</latexit>

�(y, 0, 0) = y2h
 
O(0, 0) +

1X

n=1

(�1)ny2n

n!(2h)n
L�nL�nO(0, 0)

!

<latexit sha1_base64="FPFoxMte7v1IWNmUrUuei/s9sig="></latexit>

A bulk scalar proto-field in AdS3 is fixed uniquely by Virasoro symmetry:
<latexit sha1_base64="RtJvbzoxFv/F7yRaevh64b8cx3M="></latexit>

primary operator

Virasoro descendants

uniquely determined by the
following two conditions at finite c

<latexit sha1_base64="0AnBC6SIH0V2eC0FKm+NJzPRj4w="></latexit>

h�(y, 0, 0)O(z, z̄)i =

✓
y

y2 + zz̄

◆2h

<latexit sha1_base64="+d9H+muiYsZMQJW+j0X2+8O//6c="></latexit>

Lm�(y, 0, 0) = L̄m�(y, 0, 0) = 0, for m � 2
<latexit sha1_base64="IJGpBBy5X/IAwIIGbv7bGyB5tAA="></latexit>

in vacuum

1708.04246 Anand, 
HC, Fitzpatrick, 
Kaplan, Li

normalization condition

L�n : polynomials of Virasoro

generators at level n
<latexit sha1_base64="cpnmC7wAFUg0WsadLQfBOT3gyVw="></latexit>



bulk primary conditions

Explicitly, L�1 = L�1, L�2 =
(2h+ 1)(c+ 8h)

(2h+ 1)c+ 2h(8h� 5)

✓
L2
�1 �

12h

c+ 8h
L�2

◆
, ...

<latexit sha1_base64="TFWKory/nPGEP+pUpev/nBow/ds="></latexit>

Bulk Proto-fields in AdS3/CFT2 at Finite c
<latexit sha1_base64="RwISc3C3pmgc5RuFMkYChplIyuI="></latexit>

�(y, z, z̄)
<latexit sha1_base64="XqJv5X+vV1WCx5JsXVC4I9ffxzE=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQxChBB2o6DHoBePEcwDskuYnUySIbMPZmaVzZpP8eJBEa9+iTf/xkmyB00saCiquunu8iLOpLKsbyO3tr6xuZXfLuzs7u0fmMXDlgxjQWiThDwUHQ9LyllAm4opTjuRoNj3OG1745uZ336gQrIwuFdJRF0fDwM2YAQrLfXMohONWDmpTCqOh0U6mZ71zJJVteZAq8TOSAkyNHrml9MPSezTQBGOpezaVqTcFAvFCKfTghNLGmEyxkPa1TTAPpVuOj99ik610keDUOgKFJqrvydS7EuZ+J7u9LEayWVvJv7ndWM1uHJTFkSxogFZLBrEHKkQzXJAfSYoUTzRBBPB9K2IjLDAROm0CjoEe/nlVdKqVe3zau3uolS/zuLIwzGcQBlsuIQ63EIDmkDgEZ7hFd6MJ+PFeDc+Fq05I5s5gj8wPn8AnZeTlQ==</latexit>

y
<latexit sha1_base64="mEcz1FLhuG1BpP6c5hi50qAIJ0g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6QuNAQ==</latexit>

(z, z̄)
<latexit sha1_base64="TWBNjfTQ+aewioRdF1yBXCszB9U=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQQcpuFfRY9OKxgv2A7VKyadqGZpMlmRXapT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMC2PBDbjut5NbW9/Y3MpvF3Z29/YPiodHTaMSTVmDKqF0OySGCS5ZAzgI1o41I1EoWCsc3c381hPThiv5COOYBREZSN7nlICV/PLkohMSnU6m591iya24c+BV4mWkhDLUu8WvTk/RJGISqCDG+J4bQ5ASDZwKNi10EsNiQkdkwHxLJYmYCdL5yVN8ZpUe7ittSwKeq78nUhIZM45C2xkRGJplbyb+5/kJ9G+ClMs4ASbpYlE/ERgUnv2Pe1wzCmJsCaGa21sxHRJNKNiUCjYEb/nlVdKsVrzLSvXhqlS7zeLIoxN0isrIQ9eohu5RHTUQRQo9o1f05oDz4rw7H4vWnJPNHKM/cD5/ALzTkOY=</latexit>

y : bulk direction
<latexit sha1_base64="0iQvfRAwYCSPGC/22I+JHJnv2fM=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJWkCoqrohuXFewD2lAm00k7dDIJMzdiCdn4K25cKOLWz3Dn3zhps9DWAwOHc+7lzjl+LLgGx/m2lpZXVtfWSxvlza3tnV17b7+lo0RR1qSRiFTHJ5oJLlkTOAjWiRUjoS9Y2x/f5H77gSnNI3kPk5h5IRlKHnBKwEh9+3By1QP2CKmfiDEecMVobmR9u+JUnSnwInELUkEFGn37qzeIaBIyCVQQrbuuE4OXEgWcCpaVe4lmMaFjMmRdQyUJmfbSaYAMnxhlgINImScBT9XfGykJtZ6EvpkMCYz0vJeL/3ndBIJLL+UyToBJOjsUJAJDhPM2isBiYgihipu/YjoiilAwnZVNCe585EXSqlXds2rt7rxSvy7qKKEjdIxOkYsuUB3dogZqIooy9Ixe0Zv1ZL1Y79bHbHTJKnYO0B9Ynz9r85bw</latexit>

boundary
<latexit sha1_base64="woCg5csMOTAE/R7H3mJtnhda4AY=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyWpgh6LXjxWsB/QhrLZbNqlm03YnRVj6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzgpQzBa77bZXW1jc2t8rblZ3dvf2qfXDYUYmWhLZJwhPZC7CinAnaBgac9lJJcRxw2g0mNzO/+0ClYom4hyylfoxHgkWMYDDS0K4OgD5CHiRahFhm06Fdc+vuHM4q8QpSQwVaQ/trECZEx1QA4Vipvuem4OdYAiOcTisDrWiKyQSPaN9QgWOq/Hx++NQ5NUroRIk0JcCZq78nchwrlcWB6YwxjNWyNxP/8/oaois/ZyLVQAVZLIo0dyBxZik4IZOUAM8MwUQyc6tDxlhiAiarignBW355lXQade+83ri7qDWvizjK6BidoDPkoUvURLeohdqIII2e0St6s56sF+vd+li0lqxi5gj9gfX5A7Fqk8I=</latexit>

�(y, 0, 0) = y2h
 
O(0, 0) +

1X

n=1

(�1)ny2n

n!(2h)n
L�nL�nO(0, 0)

!

<latexit sha1_base64="FPFoxMte7v1IWNmUrUuei/s9sig="></latexit>

A bulk scalar proto-field in AdS3 is fixed uniquely by Virasoro symmetry:
<latexit sha1_base64="RtJvbzoxFv/F7yRaevh64b8cx3M="></latexit>

primary operator

Virasoro descendants

uniquely determined by the
following two conditions at finite c

<latexit sha1_base64="0AnBC6SIH0V2eC0FKm+NJzPRj4w="></latexit>

h�(y, 0, 0)O(z, z̄)i =

✓
y

y2 + zz̄

◆2h

<latexit sha1_base64="+d9H+muiYsZMQJW+j0X2+8O//6c="></latexit>

Lm�(y, 0, 0) = L̄m�(y, 0, 0) = 0, for m � 2
<latexit sha1_base64="IJGpBBy5X/IAwIIGbv7bGyB5tAA="></latexit>

in vacuum

1708.04246 Anand, 
HC, Fitzpatrick, 
Kaplan, Li

normalization condition

Coe�cients are rational functions of c and h.
<latexit sha1_base64="NiaIfIm1jWyKQwzpSY/IsixgKhw="></latexit>

L�n : polynomials of Virasoro

generators at level n
<latexit sha1_base64="cpnmC7wAFUg0WsadLQfBOT3gyVw="></latexit>



bulk primary conditions

Explicitly, L�1 = L�1, L�2 =
(2h+ 1)(c+ 8h)

(2h+ 1)c+ 2h(8h� 5)

✓
L2
�1 �

12h

c+ 8h
L�2

◆
, ...

<latexit sha1_base64="TFWKory/nPGEP+pUpev/nBow/ds="></latexit>

Bulk Proto-fields in AdS3/CFT2 at Finite c
<latexit sha1_base64="RwISc3C3pmgc5RuFMkYChplIyuI="></latexit>

�(y, z, z̄)
<latexit sha1_base64="XqJv5X+vV1WCx5JsXVC4I9ffxzE=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQxChBB2o6DHoBePEcwDskuYnUySIbMPZmaVzZpP8eJBEa9+iTf/xkmyB00saCiquunu8iLOpLKsbyO3tr6xuZXfLuzs7u0fmMXDlgxjQWiThDwUHQ9LyllAm4opTjuRoNj3OG1745uZ336gQrIwuFdJRF0fDwM2YAQrLfXMohONWDmpTCqOh0U6mZ71zJJVteZAq8TOSAkyNHrml9MPSezTQBGOpezaVqTcFAvFCKfTghNLGmEyxkPa1TTAPpVuOj99ik610keDUOgKFJqrvydS7EuZ+J7u9LEayWVvJv7ndWM1uHJTFkSxogFZLBrEHKkQzXJAfSYoUTzRBBPB9K2IjLDAROm0CjoEe/nlVdKqVe3zau3uolS/zuLIwzGcQBlsuIQ63EIDmkDgEZ7hFd6MJ+PFeDc+Fq05I5s5gj8wPn8AnZeTlQ==</latexit>

y
<latexit sha1_base64="mEcz1FLhuG1BpP6c5hi50qAIJ0g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6QuNAQ==</latexit>

(z, z̄)
<latexit sha1_base64="TWBNjfTQ+aewioRdF1yBXCszB9U=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQQcpuFfRY9OKxgv2A7VKyadqGZpMlmRXapT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMC2PBDbjut5NbW9/Y3MpvF3Z29/YPiodHTaMSTVmDKqF0OySGCS5ZAzgI1o41I1EoWCsc3c381hPThiv5COOYBREZSN7nlICV/PLkohMSnU6m591iya24c+BV4mWkhDLUu8WvTk/RJGISqCDG+J4bQ5ASDZwKNi10EsNiQkdkwHxLJYmYCdL5yVN8ZpUe7ittSwKeq78nUhIZM45C2xkRGJplbyb+5/kJ9G+ClMs4ASbpYlE/ERgUnv2Pe1wzCmJsCaGa21sxHRJNKNiUCjYEb/nlVdKsVrzLSvXhqlS7zeLIoxN0isrIQ9eohu5RHTUQRQo9o1f05oDz4rw7H4vWnJPNHKM/cD5/ALzTkOY=</latexit>

y : bulk direction
<latexit sha1_base64="0iQvfRAwYCSPGC/22I+JHJnv2fM=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJWkCoqrohuXFewD2lAm00k7dDIJMzdiCdn4K25cKOLWz3Dn3zhps9DWAwOHc+7lzjl+LLgGx/m2lpZXVtfWSxvlza3tnV17b7+lo0RR1qSRiFTHJ5oJLlkTOAjWiRUjoS9Y2x/f5H77gSnNI3kPk5h5IRlKHnBKwEh9+3By1QP2CKmfiDEecMVobmR9u+JUnSnwInELUkEFGn37qzeIaBIyCVQQrbuuE4OXEgWcCpaVe4lmMaFjMmRdQyUJmfbSaYAMnxhlgINImScBT9XfGykJtZ6EvpkMCYz0vJeL/3ndBIJLL+UyToBJOjsUJAJDhPM2isBiYgihipu/YjoiilAwnZVNCe585EXSqlXds2rt7rxSvy7qKKEjdIxOkYsuUB3dogZqIooy9Ixe0Zv1ZL1Y79bHbHTJKnYO0B9Ynz9r85bw</latexit>

boundary
<latexit sha1_base64="woCg5csMOTAE/R7H3mJtnhda4AY=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyWpgh6LXjxWsB/QhrLZbNqlm03YnRVj6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzgpQzBa77bZXW1jc2t8rblZ3dvf2qfXDYUYmWhLZJwhPZC7CinAnaBgac9lJJcRxw2g0mNzO/+0ClYom4hyylfoxHgkWMYDDS0K4OgD5CHiRahFhm06Fdc+vuHM4q8QpSQwVaQ/trECZEx1QA4Vipvuem4OdYAiOcTisDrWiKyQSPaN9QgWOq/Hx++NQ5NUroRIk0JcCZq78nchwrlcWB6YwxjNWyNxP/8/oaois/ZyLVQAVZLIo0dyBxZik4IZOUAM8MwUQyc6tDxlhiAiarignBW355lXQade+83ri7qDWvizjK6BidoDPkoUvURLeohdqIII2e0St6s56sF+vd+li0lqxi5gj9gfX5A7Fqk8I=</latexit>

�(y, 0, 0) = y2h
 
O(0, 0) +

1X

n=1

(�1)ny2n

n!(2h)n
L�nL�nO(0, 0)

!

<latexit sha1_base64="FPFoxMte7v1IWNmUrUuei/s9sig="></latexit>

A bulk scalar proto-field in AdS3 is fixed uniquely by Virasoro symmetry:
<latexit sha1_base64="RtJvbzoxFv/F7yRaevh64b8cx3M="></latexit>

primary operator

Virasoro descendants

uniquely determined by the
following two conditions at finite c

<latexit sha1_base64="0AnBC6SIH0V2eC0FKm+NJzPRj4w="></latexit>

h�(y, 0, 0)O(z, z̄)i =

✓
y

y2 + zz̄

◆2h

<latexit sha1_base64="+d9H+muiYsZMQJW+j0X2+8O//6c="></latexit>

Lm�(y, 0, 0) = L̄m�(y, 0, 0) = 0, for m � 2
<latexit sha1_base64="IJGpBBy5X/IAwIIGbv7bGyB5tAA="></latexit>

in vacuum

See 1905.00015 for generalizations of our bulk reconstruction proposal!

1708.04246 Anand, 
HC, Fitzpatrick, 
Kaplan, Li

normalization condition

Coe�cients are rational functions of c and h.
<latexit sha1_base64="NiaIfIm1jWyKQwzpSY/IsixgKhw="></latexit>

L�n : polynomials of Virasoro

generators at level n
<latexit sha1_base64="cpnmC7wAFUg0WsadLQfBOT3gyVw="></latexit>



Consistency Checks with Bulk Perturbative Gravity

h�OT i h�OT · · ·T i h��i hOH |�LOL|OHi

๏Using the CFT definition of the  bulk proto-field, we can compute correlators like



Consistency Checks with Bulk Perturbative Gravity

h�OT i h�OT · · ·T i h��i hOH |�LOL|OHi

๏Using the CFT definition of the  bulk proto-field, we can compute correlators like

h�OT i :
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit> �

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

O
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

T
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

AdS
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

๏Agreement with bulk calculations:

h��i :
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit> �

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

�
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

AdS
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

graviton loop

X X
one-graviton-loop correction to the  bulk-boundary propagator in a BTZ 
black hole background X

1: 2:

3:
O(1/c) checks

<latexit sha1_base64="A0JQmRjTSDsGiQvYW9rU7jHKpPo=">AAACGXicbVDLTgIxFO3gC/GFunTTSExwgzNookuiG3diIo8ECOmUCzR0HmnvGMlkfsONv+LGhca41JV/YxlYKHiSJifnnNveHjeUQqNtf1uZpeWV1bXsem5jc2t7J7+7V9dBpDjUeCAD1XSZBil8qKFACc1QAfNcCQ13dDXxG/egtAj8OxyH0PHYwBd9wRkaqZu32wgPmN4TK+glcdtjOORMxjdJ0TnhxzQNxJQPgY90knTzBbtkp6CLxJmRApmh2s1/tnsBjzzwkUumdcuxQ+zETKHgEpJcO9IQMj5iA2gZ6jMPdCdON0rokVF6tB8oc3ykqfp7Imae1mPPNcnJ3nrem4j/ea0I+xedWPhhhODz6UP9SFIM6KQm2hMKOMqxIYwrYXY1DTDFOJoyc6YEZ/7Li6ReLjmnpfLtWaFyOasjSw7IISkSh5yTCrkmVVIjnDySZ/JK3qwn68V6tz6m0Yw1m9knf2B9/QC1/aFV</latexit>



Consistency Checks with Bulk Perturbative Gravity

h�OT i h�OT · · ·T i h��i hOH |�LOL|OHi

๏Using the CFT definition of the  bulk proto-field, we can compute correlators like

These provide non-trivial checks of our CFT definition of a bulk scalar field 
interacting with gravity!  

h�OT i :
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit> �

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

O
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

T
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

AdS
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

๏Agreement with bulk calculations:

h��i :
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit> �

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

�
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

AdS
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

graviton loop

X X
one-graviton-loop correction to the  bulk-boundary propagator in a BTZ 
black hole background X

1: 2:

3:
O(1/c) checks

<latexit sha1_base64="A0JQmRjTSDsGiQvYW9rU7jHKpPo=">AAACGXicbVDLTgIxFO3gC/GFunTTSExwgzNookuiG3diIo8ECOmUCzR0HmnvGMlkfsONv+LGhca41JV/YxlYKHiSJifnnNveHjeUQqNtf1uZpeWV1bXsem5jc2t7J7+7V9dBpDjUeCAD1XSZBil8qKFACc1QAfNcCQ13dDXxG/egtAj8OxyH0PHYwBd9wRkaqZu32wgPmN4TK+glcdtjOORMxjdJ0TnhxzQNxJQPgY90knTzBbtkp6CLxJmRApmh2s1/tnsBjzzwkUumdcuxQ+zETKHgEpJcO9IQMj5iA2gZ6jMPdCdON0rokVF6tB8oc3ykqfp7Imae1mPPNcnJ3nrem4j/ea0I+xedWPhhhODz6UP9SFIM6KQm2hMKOMqxIYwrYXY1DTDFOJoyc6YEZ/7Li6ReLjmnpfLtWaFyOasjSw7IISkSh5yTCrkmVVIjnDySZ/JK3qwn68V6tz6m0Yw1m9knf2B9/QC1/aFV</latexit>



Bulk Locality and Euclidean Black Hole Horizons



Bulk Locality and Euclidean Black Hole Horizons

(i.e., includes graviton loops to all order)
Bulk locality can be studied via computing h��i at finite c

<latexit sha1_base64="CJwEjj+YZbcKKeAIMCS01dsmvYQ="></latexit>

1712.02351 HC, 
Fitzpatrick, Kaplan, Li



Bulk Locality and Euclidean Black Hole Horizons

Result: locality breaks down at a new length scale `⇤ ⇠ 1

c1/4
<latexit sha1_base64="YiqTJZBM8/4vzJbm6P8KtZ4zAf4="></latexit>

(non-perturbative effect)

(i.e., includes graviton loops to all order)
Bulk locality can be studied via computing h��i at finite c

<latexit sha1_base64="CJwEjj+YZbcKKeAIMCS01dsmvYQ="></latexit>

1712.02351 HC, 
Fitzpatrick, Kaplan, Li



Bulk Locality and Euclidean Black Hole Horizons

Result: locality breaks down at a new length scale `⇤ ⇠ 1

c1/4
<latexit sha1_base64="YiqTJZBM8/4vzJbm6P8KtZ4zAf4="></latexit>

(non-perturbative effect)

(i.e., includes graviton loops to all order)
Bulk locality can be studied via computing h��i at finite c

<latexit sha1_base64="CJwEjj+YZbcKKeAIMCS01dsmvYQ="></latexit>

1712.02351 HC, 
Fitzpatrick, Kaplan, Li

`Pl < `⇤ < `AdS
<latexit sha1_base64="as3Azz/JLsnliIQf4hqbUbOwB4s=">AAACGHicbZDLSsNAFIYn9VbrLerSzWARxEVNqqALF1U3LivaCzQhTCaTdujkwsxEKCGP4cZXceNCEbfd+TZO2hS09cDAx/+fw5zzuzGjQhrGt1ZaWl5ZXSuvVzY2t7Z39N29togSjkkLRyziXRcJwmhIWpJKRroxJyhwGem4w9vc7zwRLmgUPspRTOwA9UPqU4ykkhz91CKMOakVIDngQdpkWXY1lU5mMPOuvYcsc/SqUTMmBRfBLKAKimo6+tjyIpwEJJSYISF6phFLO0VcUsxIVrESQWKEh6hPegpDFBBhp5PDMnikFA/6EVcvlHCi/p5IUSDEKHBVZ76kmPdy8T+vl0j/0k5pGCeShHj6kZ8wKCOYpwQ9ygmWbKQAYU7VrhAPEEdYqiwrKgRz/uRFaNdr5lmtfn9ebdwUcZTBATgEx8AEF6AB7kATtAAGz+AVvIMP7UV70z61r2lrSStm9sGf0sY/pfqhZQ==</latexit>

`⇤ : string length scale?
<latexit sha1_base64="HhJbVE9vaPpBU8kwSd1uZ5XoGdk=">AAACC3icbVA9SwNBEN2LXzF+RS1tlgRBLMJdFBQbgzaWEcwHJCHsbSbJkr29Y3dODEd6G/+KjYUitv4BO/+Nm49CEx8MPN6bYWaeH0lh0HW/ndTS8srqWno9s7G5tb2T3d2rmjDWHCo8lKGu+8yAFAoqKFBCPdLAAl9CzR9cj/3aPWgjQnWHwwhaAesp0RWcoZXa2VwTpGwfXzQRHjAxqIXqUQmqh31qOJNwOWpn827BnYAuEm9G8mSGcjv71eyEPA5AIZfMmIbnRthKmEbBJYwyzdhAxPiA9aBhqWIBmFYy+WVED63Sod1Q21JIJ+rviYQFxgwD33YGDPtm3huL/3mNGLvnrUSoKEZQfLqoG0uKIR0HQztCA0c5tIRxLeytlPeZZhxtfBkbgjf/8iKpFgveSaF4e5ovXc3iSJMDkiNHxCNnpERuSJlUCCeP5Jm8kjfnyXlx3p2PaWvKmc3skz9wPn8AHg+bGA==</latexit>



Bulk Locality and Euclidean Black Hole Horizons

Result: locality breaks down at a new length scale `⇤ ⇠ 1

c1/4
<latexit sha1_base64="YiqTJZBM8/4vzJbm6P8KtZ4zAf4="></latexit>

(non-perturbative effect)

(i.e., includes graviton loops to all order)
Bulk locality can be studied via computing h��i at finite c

<latexit sha1_base64="CJwEjj+YZbcKKeAIMCS01dsmvYQ="></latexit>

1712.02351 HC, 
Fitzpatrick, Kaplan, Li

`Pl < `⇤ < `AdS
<latexit sha1_base64="as3Azz/JLsnliIQf4hqbUbOwB4s=">AAACGHicbZDLSsNAFIYn9VbrLerSzWARxEVNqqALF1U3LivaCzQhTCaTdujkwsxEKCGP4cZXceNCEbfd+TZO2hS09cDAx/+fw5zzuzGjQhrGt1ZaWl5ZXSuvVzY2t7Z39N29togSjkkLRyziXRcJwmhIWpJKRroxJyhwGem4w9vc7zwRLmgUPspRTOwA9UPqU4ykkhz91CKMOakVIDngQdpkWXY1lU5mMPOuvYcsc/SqUTMmBRfBLKAKimo6+tjyIpwEJJSYISF6phFLO0VcUsxIVrESQWKEh6hPegpDFBBhp5PDMnikFA/6EVcvlHCi/p5IUSDEKHBVZ76kmPdy8T+vl0j/0k5pGCeShHj6kZ8wKCOYpwQ9ygmWbKQAYU7VrhAPEEdYqiwrKgRz/uRFaNdr5lmtfn9ebdwUcZTBATgEx8AEF6AB7kATtAAGz+AVvIMP7UV70z61r2lrSStm9sGf0sY/pfqhZQ==</latexit>

`⇤ : string length scale?
<latexit sha1_base64="HhJbVE9vaPpBU8kwSd1uZ5XoGdk=">AAACC3icbVA9SwNBEN2LXzF+RS1tlgRBLMJdFBQbgzaWEcwHJCHsbSbJkr29Y3dODEd6G/+KjYUitv4BO/+Nm49CEx8MPN6bYWaeH0lh0HW/ndTS8srqWno9s7G5tb2T3d2rmjDWHCo8lKGu+8yAFAoqKFBCPdLAAl9CzR9cj/3aPWgjQnWHwwhaAesp0RWcoZXa2VwTpGwfXzQRHjAxqIXqUQmqh31qOJNwOWpn827BnYAuEm9G8mSGcjv71eyEPA5AIZfMmIbnRthKmEbBJYwyzdhAxPiA9aBhqWIBmFYy+WVED63Sod1Q21JIJ+rviYQFxgwD33YGDPtm3huL/3mNGLvnrUSoKEZQfLqoG0uKIR0HQztCA0c5tIRxLeytlPeZZhxtfBkbgjf/8iKpFgveSaF4e5ovXc3iSJMDkiNHxCNnpERuSJlUCCeP5Jm8kjfnyXlx3p2PaWvKmc3skz9wPn8AHg+bGA==</latexit>

Black hole horizons can be studied by hOH |�LOL| OHi :
<latexit sha1_base64="D2hVSRCgVnt2ymuG8st2nIxSwyw="></latexit>

OH
<latexit sha1_base64="uaevYwhCYfX3tC92qySHQHuhQvo=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLopjsr2Ae0Q8mkmTY0k4xJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uScniDnTxnW/nbX1jc2t7cJOcXdv/+CwdHTc0jJRhDaJ5FJ1AqwpZ4I2DTOcdmJFcRRw2g7Gd5nfnlClmRSPZhpTP8JDwUJGsLGS34uwGRHM0/tZv94vld2KOwdaJV5OypCj0S999QaSJBEVhnCsdddzY+OnWBlGOJ0Ve4mmMSZjPKRdSwWOqPbTeegZOrfKAIVS2ScMmqu/N1IcaT2NAjuZhdTLXib+53UTE974KRNxYqggi0NhwpGRKGsADZiixPCpJZgoZrMiMsIKE2N7KtoSvOUvr5JWteJdVqoPV+XabV5HAU7hDC7Ag2uoQR0a0AQCT/AMr/DmTJwX5935WIyuOfnOCfyB8/kD11iSJA==</latexit>

OL
<latexit sha1_base64="BEG774QTO1UGT0hFyCdoQk/cP+M=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLoxoVgBfuAdiiZNNOGZpIxyRTK0O9w40IRt36MO//GTDsLbT0QOJxzL/fkBDFn2rjut7Oyura+sVnYKm7v7O7tlw4Om1omitAGkVyqdoA15UzQhmGG03asKI4CTlvB6CbzW2OqNJPi0Uxi6kd4IFjICDZW8rsRNkOCeXo/7d31SmW34s6AlomXkzLkqPdKX92+JElEhSEca93x3Nj4KVaGEU6nxW6iaYzJCA9ox1KBI6r9dBZ6ik6t0kehVPYJg2bq740UR1pPosBOZiH1opeJ/3mdxIRXfspEnBgqyPxQmHBkJMoaQH2mKDF8YgkmitmsiAyxwsTYnoq2BG/xy8ukWa1455Xqw0W5dp3XUYBjOIEz8OASanALdWgAgSd4hld4c8bOi/PufMxHV5x85wj+wPn8Ad1okig=</latexit>

�L
<latexit sha1_base64="1SrRFnMRedgi9J/nOQE1psBi0dg=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPRiwcPFewHtEvJptk2NpuEJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMixRnxvr+t7eyura+sVnYKm7v7O7tlw4Om0ammtAGkVzqdoQN5UzQhmWW07bSFCcRp61odDP1W09UGybFgx0rGiZ4IFjMCLZOanbVkPXueqWyX/FnQMskyEkZctR7pa9uX5I0ocISjo3pBL6yYYa1ZYTTSbGbGqowGeEB7TgqcEJNmM2unaBTp/RRLLUrYdFM/T2R4cSYcRK5zgTboVn0puJ/Xie18VWYMaFSSwWZL4pTjqxE09dRn2lKLB87golm7lZEhlhjYl1ARRdCsPjyMmlWK8F5pXp/Ua5d53EU4BhO4AwCuIQa3EIdGkDgEZ7hFd486b14797HvHXFy2eO4A+8zx9lgI8C</latexit>

OH
<latexit sha1_base64="uaevYwhCYfX3tC92qySHQHuhQvo=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLopjsr2Ae0Q8mkmTY0k4xJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uScniDnTxnW/nbX1jc2t7cJOcXdv/+CwdHTc0jJRhDaJ5FJ1AqwpZ4I2DTOcdmJFcRRw2g7Gd5nfnlClmRSPZhpTP8JDwUJGsLGS34uwGRHM0/tZv94vld2KOwdaJV5OypCj0S999QaSJBEVhnCsdddzY+OnWBlGOJ0Ve4mmMSZjPKRdSwWOqPbTeegZOrfKAIVS2ScMmqu/N1IcaT2NAjuZhdTLXib+53UTE974KRNxYqggi0NhwpGRKGsADZiixPCpJZgoZrMiMsIKE2N7KtoSvOUvr5JWteJdVqoPV+XabV5HAU7hDC7Ag2uoQR0a0AQCT/AMr/DmTJwX5935WIyuOfnOCfyB8/kD11iSJA==</latexit>

(finite c numerical calculation)
1810.02436 HC, 
Fitzpatrick, Kaplan, Li



Bulk Locality and Euclidean Black Hole Horizons

Euclidean horizon

Result: locality breaks down at a new length scale `⇤ ⇠ 1

c1/4
<latexit sha1_base64="YiqTJZBM8/4vzJbm6P8KtZ4zAf4="></latexit>

(non-perturbative effect)

(i.e., includes graviton loops to all order)
Bulk locality can be studied via computing h��i at finite c

<latexit sha1_base64="CJwEjj+YZbcKKeAIMCS01dsmvYQ="></latexit>

1712.02351 HC, 
Fitzpatrick, Kaplan, Li

`Pl < `⇤ < `AdS
<latexit sha1_base64="as3Azz/JLsnliIQf4hqbUbOwB4s=">AAACGHicbZDLSsNAFIYn9VbrLerSzWARxEVNqqALF1U3LivaCzQhTCaTdujkwsxEKCGP4cZXceNCEbfd+TZO2hS09cDAx/+fw5zzuzGjQhrGt1ZaWl5ZXSuvVzY2t7Z39N29togSjkkLRyziXRcJwmhIWpJKRroxJyhwGem4w9vc7zwRLmgUPspRTOwA9UPqU4ykkhz91CKMOakVIDngQdpkWXY1lU5mMPOuvYcsc/SqUTMmBRfBLKAKimo6+tjyIpwEJJSYISF6phFLO0VcUsxIVrESQWKEh6hPegpDFBBhp5PDMnikFA/6EVcvlHCi/p5IUSDEKHBVZ76kmPdy8T+vl0j/0k5pGCeShHj6kZ8wKCOYpwQ9ygmWbKQAYU7VrhAPEEdYqiwrKgRz/uRFaNdr5lmtfn9ebdwUcZTBATgEx8AEF6AB7kATtAAGz+AVvIMP7UV70z61r2lrSStm9sGf0sY/pfqhZQ==</latexit>

`⇤ : string length scale?
<latexit sha1_base64="HhJbVE9vaPpBU8kwSd1uZ5XoGdk=">AAACC3icbVA9SwNBEN2LXzF+RS1tlgRBLMJdFBQbgzaWEcwHJCHsbSbJkr29Y3dODEd6G/+KjYUitv4BO/+Nm49CEx8MPN6bYWaeH0lh0HW/ndTS8srqWno9s7G5tb2T3d2rmjDWHCo8lKGu+8yAFAoqKFBCPdLAAl9CzR9cj/3aPWgjQnWHwwhaAesp0RWcoZXa2VwTpGwfXzQRHjAxqIXqUQmqh31qOJNwOWpn827BnYAuEm9G8mSGcjv71eyEPA5AIZfMmIbnRthKmEbBJYwyzdhAxPiA9aBhqWIBmFYy+WVED63Sod1Q21JIJ+rviYQFxgwD33YGDPtm3huL/3mNGLvnrUSoKEZQfLqoG0uKIR0HQztCA0c5tIRxLeytlPeZZhxtfBkbgjf/8iKpFgveSaF4e5ovXc3iSJMDkiNHxCNnpERuSJlUCCeP5Jm8kjfnyXlx3p2PaWvKmc3skz9wPn8AHg+bGA==</latexit>

Black hole horizons can be studied by hOH |�LOL| OHi :
<latexit sha1_base64="D2hVSRCgVnt2ymuG8st2nIxSwyw="></latexit>

OH
<latexit sha1_base64="uaevYwhCYfX3tC92qySHQHuhQvo=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLopjsr2Ae0Q8mkmTY0k4xJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uScniDnTxnW/nbX1jc2t7cJOcXdv/+CwdHTc0jJRhDaJ5FJ1AqwpZ4I2DTOcdmJFcRRw2g7Gd5nfnlClmRSPZhpTP8JDwUJGsLGS34uwGRHM0/tZv94vld2KOwdaJV5OypCj0S999QaSJBEVhnCsdddzY+OnWBlGOJ0Ve4mmMSZjPKRdSwWOqPbTeegZOrfKAIVS2ScMmqu/N1IcaT2NAjuZhdTLXib+53UTE974KRNxYqggi0NhwpGRKGsADZiixPCpJZgoZrMiMsIKE2N7KtoSvOUvr5JWteJdVqoPV+XabV5HAU7hDC7Ag2uoQR0a0AQCT/AMr/DmTJwX5935WIyuOfnOCfyB8/kD11iSJA==</latexit>

OL
<latexit sha1_base64="BEG774QTO1UGT0hFyCdoQk/cP+M=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLoxoVgBfuAdiiZNNOGZpIxyRTK0O9w40IRt36MO//GTDsLbT0QOJxzL/fkBDFn2rjut7Oyura+sVnYKm7v7O7tlw4Om1omitAGkVyqdoA15UzQhmGG03asKI4CTlvB6CbzW2OqNJPi0Uxi6kd4IFjICDZW8rsRNkOCeXo/7d31SmW34s6AlomXkzLkqPdKX92+JElEhSEca93x3Nj4KVaGEU6nxW6iaYzJCA9ox1KBI6r9dBZ6ik6t0kehVPYJg2bq740UR1pPosBOZiH1opeJ/3mdxIRXfspEnBgqyPxQmHBkJMoaQH2mKDF8YgkmitmsiAyxwsTYnoq2BG/xy8ukWa1455Xqw0W5dp3XUYBjOIEz8OASanALdWgAgSd4hld4c8bOi/PufMxHV5x85wj+wPn8Ad1okig=</latexit>

�L
<latexit sha1_base64="1SrRFnMRedgi9J/nOQE1psBi0dg=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPRiwcPFewHtEvJptk2NpuEJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMixRnxvr+t7eyura+sVnYKm7v7O7tlw4Om0ammtAGkVzqdoQN5UzQhmWW07bSFCcRp61odDP1W09UGybFgx0rGiZ4IFjMCLZOanbVkPXueqWyX/FnQMskyEkZctR7pa9uX5I0ocISjo3pBL6yYYa1ZYTTSbGbGqowGeEB7TgqcEJNmM2unaBTp/RRLLUrYdFM/T2R4cSYcRK5zgTboVn0puJ/Xie18VWYMaFSSwWZL4pTjqxE09dRn2lKLB87golm7lZEhlhjYl1ARRdCsPjyMmlWK8F5pXp/Ua5d53EU4BhO4AwCuIQa3EIdGkDgEZ7hFd486b14797HvHXFy2eO4A+8zx9lgI8C</latexit>

OH
<latexit sha1_base64="uaevYwhCYfX3tC92qySHQHuhQvo=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLopjsr2Ae0Q8mkmTY0k4xJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uScniDnTxnW/nbX1jc2t7cJOcXdv/+CwdHTc0jJRhDaJ5FJ1AqwpZ4I2DTOcdmJFcRRw2g7Gd5nfnlClmRSPZhpTP8JDwUJGsLGS34uwGRHM0/tZv94vld2KOwdaJV5OypCj0S999QaSJBEVhnCsdddzY+OnWBlGOJ0Ve4mmMSZjPKRdSwWOqPbTeegZOrfKAIVS2ScMmqu/N1IcaT2NAjuZhdTLXib+53UTE974KRNxYqggi0NhwpGRKGsADZiixPCpJZgoZrMiMsIKE2N7KtoSvOUvr5JWteJdVqoPV+XabV5HAU7hDC7Ag2uoQR0a0AQCT/AMr/DmTJwX5935WIyuOfnOCfyB8/kD11iSJA==</latexit>

(finite c numerical calculation)
1810.02436 HC, 
Fitzpatrick, Kaplan, Li



Thank you!



More General Bulk Proto-fields

๏can be generalized to general boundary geometry, general gravitational dressings

๏ can be generalized to bulk operators in U(1) Chern-Simons theory with general Wilson lines

�(y, z, z̄)
<latexit sha1_base64="XqJv5X+vV1WCx5JsXVC4I9ffxzE=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQxChBB2o6DHoBePEcwDskuYnUySIbMPZmaVzZpP8eJBEa9+iTf/xkmyB00saCiquunu8iLOpLKsbyO3tr6xuZXfLuzs7u0fmMXDlgxjQWiThDwUHQ9LyllAm4opTjuRoNj3OG1745uZ336gQrIwuFdJRF0fDwM2YAQrLfXMohONWDmpTCqOh0U6mZ71zJJVteZAq8TOSAkyNHrml9MPSezTQBGOpezaVqTcFAvFCKfTghNLGmEyxkPa1TTAPpVuOj99ik610keDUOgKFJqrvydS7EuZ+J7u9LEayWVvJv7ndWM1uHJTFkSxogFZLBrEHKkQzXJAfSYoUTzRBBPB9K2IjLDAROm0CjoEe/nlVdKqVe3zau3uolS/zuLIwzGcQBlsuIQ63EIDmkDgEZ7hFd6MJ+PFeDc+Fq05I5s5gj8wPn8AnZeTlQ==</latexit>

y
<latexit sha1_base64="mEcz1FLhuG1BpP6c5hi50qAIJ0g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6QuNAQ==</latexit>

(z, z̄)
<latexit sha1_base64="TWBNjfTQ+aewioRdF1yBXCszB9U=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQQcpuFfRY9OKxgv2A7VKyadqGZpMlmRXapT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMC2PBDbjut5NbW9/Y3MpvF3Z29/YPiodHTaMSTVmDKqF0OySGCS5ZAzgI1o41I1EoWCsc3c381hPThiv5COOYBREZSN7nlICV/PLkohMSnU6m591iya24c+BV4mWkhDLUu8WvTk/RJGISqCDG+J4bQ5ASDZwKNi10EsNiQkdkwHxLJYmYCdL5yVN8ZpUe7ittSwKeq78nUhIZM45C2xkRGJplbyb+5/kJ9G+ClMs4ASbpYlE/ERgUnv2Pe1wzCmJsCaGa21sxHRJNKNiUCjYEb/nlVdKsVrzLSvXhqlS7zeLIoxN0isrIQ9eohu5RHTUQRQo9o1f05oDz4rw7H4vWnJPNHKM/cD5/ALzTkOY=</latexit>

y : bulk direction
<latexit sha1_base64="0iQvfRAwYCSPGC/22I+JHJnv2fM=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJWkCoqrohuXFewD2lAm00k7dDIJMzdiCdn4K25cKOLWz3Dn3zhps9DWAwOHc+7lzjl+LLgGx/m2lpZXVtfWSxvlza3tnV17b7+lo0RR1qSRiFTHJ5oJLlkTOAjWiRUjoS9Y2x/f5H77gSnNI3kPk5h5IRlKHnBKwEh9+3By1QP2CKmfiDEecMVobmR9u+JUnSnwInELUkEFGn37qzeIaBIyCVQQrbuuE4OXEgWcCpaVe4lmMaFjMmRdQyUJmfbSaYAMnxhlgINImScBT9XfGykJtZ6EvpkMCYz0vJeL/3ndBIJLL+UyToBJOjsUJAJDhPM2isBiYgihipu/YjoiilAwnZVNCe585EXSqlXds2rt7rxSvy7qKKEjdIxOkYsuUB3dogZqIooy9Ixe0Zv1ZL1Y79bHbHTJKnYO0B9Ynz9r85bw</latexit>

boundary
<latexit sha1_base64="woCg5csMOTAE/R7H3mJtnhda4AY=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyWpgh6LXjxWsB/QhrLZbNqlm03YnRVj6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzgpQzBa77bZXW1jc2t8rblZ3dvf2qfXDYUYmWhLZJwhPZC7CinAnaBgac9lJJcRxw2g0mNzO/+0ClYom4hyylfoxHgkWMYDDS0K4OgD5CHiRahFhm06Fdc+vuHM4q8QpSQwVaQ/trECZEx1QA4Vipvuem4OdYAiOcTisDrWiKyQSPaN9QgWOq/Hx++NQ5NUroRIk0JcCZq78nchwrlcWB6YwxjNWyNxP/8/oaois/ZyLVQAVZLIo0dyBxZik4IZOUAM8MwUQyc6tDxlhiAiarignBW355lXQade+83ri7qDWvizjK6BidoDPkoUvURLeohdqIII2e0St6s56sF+vd+li0lqxi5gj9gfX5A7Fqk8I=</latexit>

�(y, z, z̄)
<latexit sha1_base64="wqPtn0mbTbY0gD7f9WgQqp+7R3w=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahQimJCHosevFYwX5AE8pmu22XbjZhd1NIQ/+JFw+KePWfePPfuG1z0NYHA4/3ZpiZF8ScKe0431ZhY3Nre6e4W9rbPzg8so9PWipKJKFNEvFIdgKsKGeCNjXTnHZiSXEYcNoOxvdzvz2hUrFIPOk0pn6Ih4INGMHaSD3b9uIRq6TVadULsETTy55ddmrOAmiduDkpQ45Gz/7y+hFJQio04VipruvE2s+w1IxwOit5iaIxJmM8pF1DBQ6p8rPF5TN0YZQ+GkTSlNBoof6eyHCoVBoGpjPEeqRWvbn4n9dN9ODWz5iIE00FWS4aJBzpCM1jQH0mKdE8NQQTycytiIywxESbsEomBHf15XXSuqq5Ts19vC7X7/I4inAG51ABF26gDg/QgCYQmMAzvMKblVkv1rv1sWwtWPnMKfyB9fkDKPCSrw==</latexit><latexit sha1_base64="wqPtn0mbTbY0gD7f9WgQqp+7R3w=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahQimJCHosevFYwX5AE8pmu22XbjZhd1NIQ/+JFw+KePWfePPfuG1z0NYHA4/3ZpiZF8ScKe0431ZhY3Nre6e4W9rbPzg8so9PWipKJKFNEvFIdgKsKGeCNjXTnHZiSXEYcNoOxvdzvz2hUrFIPOk0pn6Ih4INGMHaSD3b9uIRq6TVadULsETTy55ddmrOAmiduDkpQ45Gz/7y+hFJQio04VipruvE2s+w1IxwOit5iaIxJmM8pF1DBQ6p8rPF5TN0YZQ+GkTSlNBoof6eyHCoVBoGpjPEeqRWvbn4n9dN9ODWz5iIE00FWS4aJBzpCM1jQH0mKdE8NQQTycytiIywxESbsEomBHf15XXSuqq5Ts19vC7X7/I4inAG51ABF26gDg/QgCYQmMAzvMKblVkv1rv1sWwtWPnMKfyB9fkDKPCSrw==</latexit><latexit sha1_base64="wqPtn0mbTbY0gD7f9WgQqp+7R3w=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahQimJCHosevFYwX5AE8pmu22XbjZhd1NIQ/+JFw+KePWfePPfuG1z0NYHA4/3ZpiZF8ScKe0431ZhY3Nre6e4W9rbPzg8so9PWipKJKFNEvFIdgKsKGeCNjXTnHZiSXEYcNoOxvdzvz2hUrFIPOk0pn6Ih4INGMHaSD3b9uIRq6TVadULsETTy55ddmrOAmiduDkpQ45Gz/7y+hFJQio04VipruvE2s+w1IxwOit5iaIxJmM8pF1DBQ6p8rPF5TN0YZQ+GkTSlNBoof6eyHCoVBoGpjPEeqRWvbn4n9dN9ODWz5iIE00FWS4aJBzpCM1jQH0mKdE8NQQTycytiIywxESbsEomBHf15XXSuqq5Ts19vC7X7/I4inAG51ABF26gDg/QgCYQmMAzvMKblVkv1rv1sWwtWPnMKfyB9fkDKPCSrw==</latexit><latexit sha1_base64="wqPtn0mbTbY0gD7f9WgQqp+7R3w=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahQimJCHosevFYwX5AE8pmu22XbjZhd1NIQ/+JFw+KePWfePPfuG1z0NYHA4/3ZpiZF8ScKe0431ZhY3Nre6e4W9rbPzg8so9PWipKJKFNEvFIdgKsKGeCNjXTnHZiSXEYcNoOxvdzvz2hUrFIPOk0pn6Ih4INGMHaSD3b9uIRq6TVadULsETTy55ddmrOAmiduDkpQ45Gz/7y+hFJQio04VipruvE2s+w1IxwOit5iaIxJmM8pF1DBQ6p8rPF5TN0YZQ+GkTSlNBoof6eyHCoVBoGpjPEeqRWvbn4n9dN9ODWz5iIE00FWS4aJBzpCM1jQH0mKdE8NQQTycytiIywxESbsEomBHf15XXSuqq5Ts19vC7X7/I4inAG51ABF26gDg/QgCYQmMAzvMKblVkv1rv1sWwtWPnMKfyB9fkDKPCSrw==</latexit>

bulk primary condition: Jm�(y, 0, 0) = 0, for m � 1
<latexit sha1_base64="Y4xlfWtRYP92vJZfBhBPj7M8JrY="></latexit>

1905.00015 HC, 
Kaplan, Sharma


