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Scattering Amplitudes

… are the bridge between theory and experiment.



Scattering Amplitudes

General Relativity
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<latexit sha1_base64="KtLsgS0Vibc7KCeCszX6ATIi6Kg="></latexit>

hµ⌫

<latexit sha1_base64="zC8IjOOsqT+lD2mPnh95Kp4HW60=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzAN2lzA7mSRDZmaXeQhhyWd48aCIV7/Gm3/jJNmDJhY0FFXddHclGWfa+P63V1pb39jcKm9Xdnb39g+qh0dtnVpFaIukPFXdBGvKmaQtwwyn3UxRLBJOO8n4buZ3nqjSLJWPZpLRWOChZANGsHFSOOrlkbAoknbaq9b8uj8HWiVBQWpQoNmrfkX9lFhBpSEcax0GfmbiHCvDCKfTSmQ1zTAZ4yENHZVYUB3n85On6MwpfTRIlStp0Fz9PZFjofVEJK5TYDPSy95M/M8LrRncxDmTmTVUksWigeXIpGj2P+ozRYnhE0cwUczdisgIK0yMS6niQgiWX14l7Yt6cFm/erisNW6LOMpwAqdwDgFcQwPuoQktIJDCM7zCm2e8F+/d+1i0lrxi5hj+wPv8AVWakUw=</latexit>

hµ⌫

<latexit sha1_base64="zC8IjOOsqT+lD2mPnh95Kp4HW60=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzAN2lzA7mSRDZmaXeQhhyWd48aCIV7/Gm3/jJNmDJhY0FFXddHclGWfa+P63V1pb39jcKm9Xdnb39g+qh0dtnVpFaIukPFXdBGvKmaQtwwyn3UxRLBJOO8n4buZ3nqjSLJWPZpLRWOChZANGsHFSOOrlkbAoknbaq9b8uj8HWiVBQWpQoNmrfkX9lFhBpSEcax0GfmbiHCvDCKfTSmQ1zTAZ4yENHZVYUB3n85On6MwpfTRIlStp0Fz9PZFjofVEJK5TYDPSy95M/M8LrRncxDmTmTVUksWigeXIpGj2P+ozRYnhE0cwUczdisgIK0yMS6niQgiWX14l7Yt6cFm/erisNW6LOMpwAqdwDgFcQwPuoQktIJDCM7zCm2e8F+/d+1i0lrxi5hj+wPv8AVWakUw=</latexit>

hµ⌫

<latexit sha1_base64="zC8IjOOsqT+lD2mPnh95Kp4HW60=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzAN2lzA7mSRDZmaXeQhhyWd48aCIV7/Gm3/jJNmDJhY0FFXddHclGWfa+P63V1pb39jcKm9Xdnb39g+qh0dtnVpFaIukPFXdBGvKmaQtwwyn3UxRLBJOO8n4buZ3nqjSLJWPZpLRWOChZANGsHFSOOrlkbAoknbaq9b8uj8HWiVBQWpQoNmrfkX9lFhBpSEcax0GfmbiHCvDCKfTSmQ1zTAZ4yENHZVYUB3n85On6MwpfTRIlStp0Fz9PZFjofVEJK5TYDPSy95M/M8LrRncxDmTmTVUksWigeXIpGj2P+ozRYnhE0cwUczdisgIK0yMS6niQgiWX14l7Yt6cFm/erisNW6LOMpwAqdwDgFcQwPuoQktIJDCM7zCm2e8F+/d+1i0lrxi5hj+wPv8AVWakUw=</latexit>

hµ⌫

<latexit sha1_base64="zC8IjOOsqT+lD2mPnh95Kp4HW60=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzAN2lzA7mSRDZmaXeQhhyWd48aCIV7/Gm3/jJNmDJhY0FFXddHclGWfa+P63V1pb39jcKm9Xdnb39g+qh0dtnVpFaIukPFXdBGvKmaQtwwyn3UxRLBJOO8n4buZ3nqjSLJWPZpLRWOChZANGsHFSOOrlkbAoknbaq9b8uj8HWiVBQWpQoNmrfkX9lFhBpSEcax0GfmbiHCvDCKfTSmQ1zTAZ4yENHZVYUB3n85On6MwpfTRIlStp0Fz9PZFjofVEJK5TYDPSy95M/M8LrRncxDmTmTVUksWigeXIpGj2P+ozRYnhE0cwUczdisgIK0yMS6niQgiWX14l7Yt6cFm/erisNW6LOMpwAqdwDgFcQwPuoQktIJDCM7zCm2e8F+/d+1i0lrxi5hj+wPv8AVWakUw=</latexit>

+ . . .

<latexit sha1_base64="vwVXqiTf62GMQcSJcoUbTCMa2Gs=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIsgKGVXKnosevFYwX5IdynZbNqGJpslmRXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhYngBlz32ymsrK6tbxQ3S1vbO7t75f2DllGppqxJlVC6ExLDBI9ZEzgI1kk0IzIUrB2Obqd++4lpw1X8AOOEBZIMYt7nlICVHs/8c19ECkyvXHGr7gx4mXg5qaAcjV75y48UTSWLgQpiTNdzEwgyooFTwSYlPzUsIXREBqxraUwkM0E2O3iCT6wS4b7StmLAM/X3REakMWMZ2k5JYGgWvan4n9dNoX8dZDxOUmAxnS/qpwKDwtPvccQ1oyDGlhCqub0V0yHRhILNqGRD8BZfXiati6pXq17e1yr1mzyOIjpCx+gUeegK1dEdaqAmokiiZ/SK3hztvDjvzse8teDkM4foD5zPH0HVkBE=</latexit>

=

<latexit sha1_base64="NULZghUWQqgwnPkqe2W3Rk9z3bU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUL+uVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP49ljMk=</latexit>

+

<latexit sha1_base64="3DnS3vImeIO9jz1IyYjxDR65oEU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXInoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5XyVb1Sqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3QdjLc=</latexit>
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hµ⌫

<latexit sha1_base64="zC8IjOOsqT+lD2mPnh95Kp4HW60=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzAN2lzA7mSRDZmaXeQhhyWd48aCIV7/Gm3/jJNmDJhY0FFXddHclGWfa+P63V1pb39jcKm9Xdnb39g+qh0dtnVpFaIukPFXdBGvKmaQtwwyn3UxRLBJOO8n4buZ3nqjSLJWPZpLRWOChZANGsHFSOOrlkbAoknbaq9b8uj8HWiVBQWpQoNmrfkX9lFhBpSEcax0GfmbiHCvDCKfTSmQ1zTAZ4yENHZVYUB3n85On6MwpfTRIlStp0Fz9PZFjofVEJK5TYDPSy95M/M8LrRncxDmTmTVUksWigeXIpGj2P+ozRYnhE0cwUczdisgIK0yMS6niQgiWX14l7Yt6cFm/erisNW6LOMpwAqdwDgFcQwPuoQktIJDCM7zCm2e8F+/d+1i0lrxi5hj+wPv8AVWakUw=</latexit>

hµ⌫

<latexit sha1_base64="zC8IjOOsqT+lD2mPnh95Kp4HW60=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzAN2lzA7mSRDZmaXeQhhyWd48aCIV7/Gm3/jJNmDJhY0FFXddHclGWfa+P63V1pb39jcKm9Xdnb39g+qh0dtnVpFaIukPFXdBGvKmaQtwwyn3UxRLBJOO8n4buZ3nqjSLJWPZpLRWOChZANGsHFSOOrlkbAoknbaq9b8uj8HWiVBQWpQoNmrfkX9lFhBpSEcax0GfmbiHCvDCKfTSmQ1zTAZ4yENHZVYUB3n85On6MwpfTRIlStp0Fz9PZFjofVEJK5TYDPSy95M/M8LrRncxDmTmTVUksWigeXIpGj2P+ozRYnhE0cwUczdisgIK0yMS6niQgiWX14l7Yt6cFm/erisNW6LOMpwAqdwDgFcQwPuoQktIJDCM7zCm2e8F+/d+1i0lrxi5hj+wPv8AVWakUw=</latexit>

hµ⌫

<latexit sha1_base64="zC8IjOOsqT+lD2mPnh95Kp4HW60=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzAN2lzA7mSRDZmaXeQhhyWd48aCIV7/Gm3/jJNmDJhY0FFXddHclGWfa+P63V1pb39jcKm9Xdnb39g+qh0dtnVpFaIukPFXdBGvKmaQtwwyn3UxRLBJOO8n4buZ3nqjSLJWPZpLRWOChZANGsHFSOOrlkbAoknbaq9b8uj8HWiVBQWpQoNmrfkX9lFhBpSEcax0GfmbiHCvDCKfTSmQ1zTAZ4yENHZVYUB3n85On6MwpfTRIlStp0Fz9PZFjofVEJK5TYDPSy95M/M8LrRncxDmTmTVUksWigeXIpGj2P+ozRYnhE0cwUczdisgIK0yMS6niQgiWX14l7Yt6cFm/erisNW6LOMpwAqdwDgFcQwPuoQktIJDCM7zCm2e8F+/d+1i0lrxi5hj+wPv8AVWakUw=</latexit>

hµ⌫

<latexit sha1_base64="zC8IjOOsqT+lD2mPnh95Kp4HW60=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzAN2lzA7mSRDZmaXeQhhyWd48aCIV7/Gm3/jJNmDJhY0FFXddHclGWfa+P63V1pb39jcKm9Xdnb39g+qh0dtnVpFaIukPFXdBGvKmaQtwwyn3UxRLBJOO8n4buZ3nqjSLJWPZpLRWOChZANGsHFSOOrlkbAoknbaq9b8uj8HWiVBQWpQoNmrfkX9lFhBpSEcax0GfmbiHCvDCKfTSmQ1zTAZ4yENHZVYUB3n85On6MwpfTRIlStp0Fz9PZFjofVEJK5TYDPSy95M/M8LrRncxDmTmTVUksWigeXIpGj2P+ozRYnhE0cwUczdisgIK0yMS6niQgiWX14l7Yt6cFm/erisNW6LOMpwAqdwDgFcQwPuoQktIJDCM7zCm2e8F+/d+1i0lrxi5hj+wPv8AVWakUw=</latexit>
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<latexit sha1_base64="3DnS3vImeIO9jz1IyYjxDR65oEU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXInoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5XyVb1Sqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3QdjLc=</latexit>

hµ⌫

<latexit sha1_base64="zC8IjOOsqT+lD2mPnh95Kp4HW60=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzAN2lzA7mSRDZmaXeQhhyWd48aCIV7/Gm3/jJNmDJhY0FFXddHclGWfa+P63V1pb39jcKm9Xdnb39g+qh0dtnVpFaIukPFXdBGvKmaQtwwyn3UxRLBJOO8n4buZ3nqjSLJWPZpLRWOChZANGsHFSOOrlkbAoknbaq9b8uj8HWiVBQWpQoNmrfkX9lFhBpSEcax0GfmbiHCvDCKfTSmQ1zTAZ4yENHZVYUB3n85On6MwpfTRIlStp0Fz9PZFjofVEJK5TYDPSy95M/M8LrRncxDmTmTVUksWigeXIpGj2P+ozRYnhE0cwUczdisgIK0yMS6niQgiWX14l7Yt6cFm/erisNW6LOMpwAqdwDgFcQwPuoQktIJDCM7zCm2e8F+/d+1i0lrxi5hj+wPv8AVWakUw=</latexit>

hµ⌫

<latexit sha1_base64="zC8IjOOsqT+lD2mPnh95Kp4HW60=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzAN2lzA7mSRDZmaXeQhhyWd48aCIV7/Gm3/jJNmDJhY0FFXddHclGWfa+P63V1pb39jcKm9Xdnb39g+qh0dtnVpFaIukPFXdBGvKmaQtwwyn3UxRLBJOO8n4buZ3nqjSLJWPZpLRWOChZANGsHFSOOrlkbAoknbaq9b8uj8HWiVBQWpQoNmrfkX9lFhBpSEcax0GfmbiHCvDCKfTSmQ1zTAZ4yENHZVYUB3n85On6MwpfTRIlStp0Fz9PZFjofVEJK5TYDPSy95M/M8LrRncxDmTmTVUksWigeXIpGj2P+ozRYnhE0cwUczdisgIK0yMS6niQgiWX14l7Yt6cFm/erisNW6LOMpwAqdwDgFcQwPuoQktIJDCM7zCm2e8F+/d+1i0lrxi5hj+wPv8AVWakUw=</latexit>

hµ⌫

<latexit sha1_base64="zC8IjOOsqT+lD2mPnh95Kp4HW60=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzAN2lzA7mSRDZmaXeQhhyWd48aCIV7/Gm3/jJNmDJhY0FFXddHclGWfa+P63V1pb39jcKm9Xdnb39g+qh0dtnVpFaIukPFXdBGvKmaQtwwyn3UxRLBJOO8n4buZ3nqjSLJWPZpLRWOChZANGsHFSOOrlkbAoknbaq9b8uj8HWiVBQWpQoNmrfkX9lFhBpSEcax0GfmbiHCvDCKfTSmQ1zTAZ4yENHZVYUB3n85On6MwpfTRIlStp0Fz9PZFjofVEJK5TYDPSy95M/M8LrRncxDmTmTVUksWigeXIpGj2P+ozRYnhE0cwUczdisgIK0yMS6niQgiWX14l7Yt6cFm/erisNW6LOMpwAqdwDgFcQwPuoQktIJDCM7zCm2e8F+/d+1i0lrxi5hj+wPv8AVWakUw=</latexit>

hµ⌫

<latexit sha1_base64="zC8IjOOsqT+lD2mPnh95Kp4HW60=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzAN2lzA7mSRDZmaXeQhhyWd48aCIV7/Gm3/jJNmDJhY0FFXddHclGWfa+P63V1pb39jcKm9Xdnb39g+qh0dtnVpFaIukPFXdBGvKmaQtwwyn3UxRLBJOO8n4buZ3nqjSLJWPZpLRWOChZANGsHFSOOrlkbAoknbaq9b8uj8HWiVBQWpQoNmrfkX9lFhBpSEcax0GfmbiHCvDCKfTSmQ1zTAZ4yENHZVYUB3n85On6MwpfTRIlStp0Fz9PZFjofVEJK5TYDPSy95M/M8LrRncxDmTmTVUksWigeXIpGj2P+ozRYnhE0cwUczdisgIK0yMS6niQgiWX14l7Yt6cFm/erisNW6LOMpwAqdwDgFcQwPuoQktIJDCM7zCm2e8F+/d+1i0lrxi5hj+wPv8AVWakUw=</latexit>

hµ⌫

<latexit sha1_base64="zC8IjOOsqT+lD2mPnh95Kp4HW60=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzAN2lzA7mSRDZmaXeQhhyWd48aCIV7/Gm3/jJNmDJhY0FFXddHclGWfa+P63V1pb39jcKm9Xdnb39g+qh0dtnVpFaIukPFXdBGvKmaQtwwyn3UxRLBJOO8n4buZ3nqjSLJWPZpLRWOChZANGsHFSOOrlkbAoknbaq9b8uj8HWiVBQWpQoNmrfkX9lFhBpSEcax0GfmbiHCvDCKfTSmQ1zTAZ4yENHZVYUB3n85On6MwpfTRIlStp0Fz9PZFjofVEJK5TYDPSy95M/M8LrRncxDmTmTVUksWigeXIpGj2P+ozRYnhE0cwUczdisgIK0yMS6niQgiWX14l7Yt6cFm/erisNW6LOMpwAqdwDgFcQwPuoQktIJDCM7zCm2e8F+/d+1i0lrxi5hj+wPv8AVWakUw=</latexit>

hµ⌫
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hµ⌫

<latexit sha1_base64="zC8IjOOsqT+lD2mPnh95Kp4HW60=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzAN2lzA7mSRDZmaXeQhhyWd48aCIV7/Gm3/jJNmDJhY0FFXddHclGWfa+P63V1pb39jcKm9Xdnb39g+qh0dtnVpFaIukPFXdBGvKmaQtwwyn3UxRLBJOO8n4buZ3nqjSLJWPZpLRWOChZANGsHFSOOrlkbAoknbaq9b8uj8HWiVBQWpQoNmrfkX9lFhBpSEcax0GfmbiHCvDCKfTSmQ1zTAZ4yENHZVYUB3n85On6MwpfTRIlStp0Fz9PZFjofVEJK5TYDPSy95M/M8LrRncxDmTmTVUksWigeXIpGj2P+ozRYnhE0cwUczdisgIK0yMS6niQgiWX14l7Yt6cFm/erisNW6LOMpwAqdwDgFcQwPuoQktIJDCM7zCm2e8F+/d+1i0lrxi5hj+wPv8AVWakUw=</latexit>

1-loop 2-loop

UV divergent!

…provide a theoretical laboratory to test our theories.

Scattering of gravitons, gµ⌫ = ⌘µ⌫ +
p
8⇡GNhµ⌫

<latexit sha1_base64="aRjNQmI970iPV4aQBzlq1ESAnAM=">AAACH3icbVDLSgMxFM3UV62vqks3wSIIQpmRqt0IRRe6kgr2AZ0yZNK0Dc1kxuSOUIb+iRt/xY0LRcRd/8b0AdXWAxdOzrmX3Hv8SHANtj20UkvLK6tr6fXMxubW9k52d6+qw1hRVqGhCFXdJ5oJLlkFOAhWjxQjgS9Yze9dj/zaE1Oah/IB+hFrBqQjeZtTAkbysucdL3GDGLsyHly6DMjseeLqRwVJ0Y04vvHuBrg787xszs7bY+BF4kxJDk1R9rLfbiukccAkUEG0bjh2BM2EKOBUsEHGjTWLCO2RDmsYKknAdDMZ3zfAR0Zp4XaoTEnAY/X3REICrfuBbzoDAl09743E/7xGDO1iM+EyioFJOvmoHQsMIR6FhVtcMQqibwihiptdMe0SRSiYSDMmBGf+5EVSPc07hfzZfSFXuprGkUYH6BAdIwddoBK6RWVUQRQ9o1f0jj6sF+vN+rS+Jq0pazqzj/7AGv4Abu2jNw==</latexit>

:



Scattering Amplitudes

Access to theoretical and experimental laboratories is limited: 

Computing scattering amplitudes is hard.

At high energies we lack experimental data.

Challenge: Quest for physics beyond the SM and GR 



Scattering Amplitudes: Bootstrap Approach
“Nature is as it is because this is the only possible Nature consistent with itself ” G. Chew

Idea: Use consistency to SOLVE quantum theories



Scattering Amplitudes: Bootstrap Approach

Basic physical criteria:

Lorentz invariance

Unitarity SS† = 1
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“Nature is as it is because this is the only possible Nature consistent with itself ” G. Chew

Idea: Use consistency to constrain scattering amplitudes



Scattering Amplitudes: Bootstrap Approach

Basic physical criteria:

Lorentz invariance

Unitarity SS† = 1
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Locality 1
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??

“Nature is as it is because this is the only possible Nature consistent with itself ” G. Chew

Idea: Use consistency to constrain scattering amplitudes

we do not yet know all the rules of the game!



The AdS-CFT Correspondence

Quantum Gravity in 

(d+1)-dim. anti-de Sitter 


space-time

[Maldacena 1997]

QG in AdSd+1 time
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The AdS-CFT Correspondence

=
Quantum Gravity in 


(d+1)-dim. anti-de Sitter 

space-time

Conformal Field Theory 

in d-dim. Minkowski space 


(non-gravitational) 

QG in AdSd+1 time

CFTd on the

 boundary

<latexit sha1_base64="NFaoIpc9a7zgAD3e7HGcGh9Qn1A=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVBcuim5cuKhgH9IOJZPJtKFJZkgyQhn6FW5cKOLWz3Hn35i2s9DWA4HDOeeSe0+QcKaN6347hZXVtfWN4mZpa3tnd6+8f9DScaoIbZKYx6oTYE05k7RpmOG0kyiKRcBpOxjdTP32E1WaxfLBjBPqCzyQLGIEGys99u5sNMRXbr9ccavuDGiZeDmpQI5Gv/zVC2OSCioN4Vjrrucmxs+wMoxwOin1Uk0TTEZ4QLuWSiyo9rPZwhN0YpUQRbGyTxo0U39PZFhoPRaBTQpshnrRm4r/ed3URJd+xmSSGirJ/KMo5cjEaHo9CpmixPCxJZgoZndFZIgVJsZ2VLIleIsnL5PWWdWrVb3780r9Oq+jCEdwDKfgwQXU4RYa0AQCAp7hFd4c5bw4787HPFpw8plD+APn8wcAtI/j</latexit>

⇤ < 0

[Maldacena 1997]



The AdS-CFT Correspondence

=
Quantum Gravity in 


(d+1)-dim. anti-de Sitter 

space-time

Conformal Field Theory 

in d-dim. Minkowski space 


(non-gravitational) 

QG in AdSd+1 time

CFTd on the

 boundary
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Unitarity

Associative operator algebra: 


Conformal symmetry
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(O1O2)O3 = O1 (O2O3)

defined non-perturbatively by:

[Belavin, Polyakov, Zamolodchikov 1984;

 Rattazzi, Rychkov, Tonni, Vichi 2008]

[Maldacena 1997]



The AdS-CFT Correspondence

Observables ?! Correlation functions
defined non-perturbatively by:

=
Quantum Gravity in 


(d+1)-dim. anti-de Sitter 

space-time

Conformal Field Theory 

in d-dim. Minkowski space 


(non-gravitational) 

time

<latexit sha1_base64="/qRsL04NqtoLl6rfyh5D594Fygo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRizcr2A9sQ9lsJ+3SzSbsboQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpMesyKsjdpOf1yhW36s5AlomXkwrkqPfKX91+zNIIpWGCat3x3MT4GVWGM4GTUjfVmFA2ogPsWCpphNrPZhdPyIlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhlZ9xmaQGJZsvClNBTEym75M+V8iMGFtCmeL2VsKGVFFmbEglG4K3+PIyaZ5VvYuqd39eqV3ncRThCI7hFDy4hBrcQh0awEDCM7zCm6OdF+fd+Zi3Fpx85hD+wPn8AeKTkGc=</latexit>

O1
<latexit sha1_base64="0f656Jstb+1CKcUm+AQCBTFJhgQ=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04s0K9gPbUDbbSbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHssHM07Qj+hA8pAzaqz0mHUZFeRu0qv2SmW34s5AlomXkzLkqPdKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZhdPyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhlZ9xmaQGJZsvClNBTEym75M+V8iMGFtCmeL2VsKGVFFmbEhFG4K3+PIyaVYr3kXFuz8v167zOApwDCdwBh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxbV5x85gj+wPn8AeQXkGg=</latexit>

O2

<latexit sha1_base64="O54j3+OtZ1gfNqqpxxyvm+HPOPQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRizcr2A9sQ9lsJ+3SzSbsboQS+i+8eFDEq//Gm//GbZuDVh8MPN6bYWZekAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlFpHst7M07Qj+hA8pAzaqz0kHUZFeR20jvtlStu1Z2B/CVeTiqQo94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m108IUdW6ZMwVrakITP150RGI63HUWA7I2qGetGbiv95ndSEl37GZZIalGy+KEwFMTGZvk/6XCEzYmwJZYrbWwkbUkWZsSGVbAje4st/SfOk6p1XvbuzSu0qj6MIB3AIx+DBBdTgBurQAAYSnuAFXh3tPDtvzvu8teDkM/vwC87HN+WbkGk=</latexit>

O3
<latexit sha1_base64="zuJ35AU3bToxFNVkD0JjQy5UYBY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRizcr2A9sQ9lsJ+3SzSbsboQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpMesyKsjdpHfeK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m108ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk/6XCEzYmwJZYrbWwkbUkWZsSGVbAje4svLpHlW9S6q3v15pXadx1GEIziGU/DgEmpwC3VoAAMJz/AKb452Xpx352PeWnDymUP4A+fzB+cfkGo=</latexit>

O4

CFTd on the

 boundary

Unitarity

Associative operator algebra: 


Conformal symmetry
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(O1O2)O3 = O1 (O2O3)

[Belavin, Polyakov, Zamolodchikov 1984;

 Rattazzi, Rychkov, Tonni, Vichi 2008]

[Maldacena 1997]



Scattering in anti-de Sitter

…in AdS we have a pretty good understanding.

Can we extend this understanding (and the techniques that led to it) 
beyond the relative security of AdS?

Conformal boundary 
at spatial infinity
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Cosmic Inflation
[Starobinksy; A. Guth; A. Linde; Albrecht and Steinhardt] 
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<latexit sha1_base64="dpIBLtjU270nlGuC/uXy8E/Bkec=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4KkmVPnZFNy4r9AXtUDKZTBuayYxJRihDf8KNC0Xc+jvu/BszbQUVPXDhcM693HuPFwuuDUIfTm5tfWNzK79d2Nnd2z8oHh51dZQoyjo0EpHqe0QzwSXrGG4E68eKkdATrOdNrzO/d8+U5pFsm1nM3JCMJQ84JcZK/aHPhCGwPSqWUBkhhDGGGcG1KrKk0ahXcB3izLIogRVao+L70I9oEjJpqCBaDzCKjZsSZTgVbF4YJprFhE7JmA0slSRk2k0X987hmVV8GETKljRwoX6fSEmo9Sz0bGdIzET/9jLxL2+QmKDuplzGiWGSLhcFiYAmgtnz0OeKUSNmlhCquL0V0glRhBobUcGG8PUp/J90K2VcLV/cXpaaV6s48uAEnIJzgEENNMENaIEOoECAB/AEnp0759F5cV6XrTlnNXMMfsB5+wTfx4/i</latexit>

�T

<latexit sha1_base64="qdK8pNntBNPFw+yJPWFiWoTSin8=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFZLWtnZXdOOygn1AWspkMmmHTjJh5kYooZ/hxoUibv0ad/6N04egogcuHM65l3vv8RPBNTjOh5VbW9/Y3MpvF3Z29/YPiodHHS1TRVmbSiFVzyeaCR6zNnAQrJcoRiJfsK4/uZ773XumNJfxHUwTNojIKOYhpwSM5PUDJoDgvhrLYbHk2I1K1S1XsSH1WrnuLkmj4mDXdhYooRVaw+J7P5A0jVgMVBCtPddJYJARBZwKNiv0U80SQidkxDxDYxIxPcgWJ8/wmVECHEplKga8UL9PZCTSehr5pjMiMNa/vbn4l+elEF4OMh4nKbCYLheFqcAg8fx/HHDFKIipIYQqbm7FdEwUoWBSKpgQvj7F/5NO2XZrduX2otS8WsWRRyfoFJ0jF9VRE92gFmojiiR6QE/o2QLr0XqxXpetOWs1c4x+wHr7BI4xkXY=</latexit>

�⇢

<latexit sha1_base64="qdK8pNntBNPFw+yJPWFiWoTSin8=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFZLWtnZXdOOygn1AWspkMmmHTjJh5kYooZ/hxoUibv0ad/6N04egogcuHM65l3vv8RPBNTjOh5VbW9/Y3MpvF3Z29/YPiodHHS1TRVmbSiFVzyeaCR6zNnAQrJcoRiJfsK4/uZ773XumNJfxHUwTNojIKOYhpwSM5PUDJoDgvhrLYbHk2I1K1S1XsSH1WrnuLkmj4mDXdhYooRVaw+J7P5A0jVgMVBCtPddJYJARBZwKNiv0U80SQidkxDxDYxIxPcgWJ8/wmVECHEplKga8UL9PZCTSehr5pjMiMNa/vbn4l+elEF4OMh4nKbCYLheFqcAg8fx/HHDFKIipIYQqbm7FdEwUoWBSKpgQvj7F/5NO2XZrduX2otS8WsWRRyfoFJ0jF9VRE92gFmojiiR6QE/o2QLr0XqxXpetOWs1c4x+wHr7BI4xkXY=</latexit>

�⇢ <latexit sha1_base64="Ft0SSB7BWMFpZmFbxM5ahInKJoM=">AAACE3icdVDLSgMxFM3UV62vqks3wSKISMlUW9td0Y3LCvYBnVIy6W0bmskMSUYopf/gxl9x40IRt27c+TemD6GKHkg4Ofdcbu7xI8G1IeTTSSwtr6yuJddTG5tb2zvp3b2aDmPFoMpCEaqGTzUILqFquBHQiBTQwBdQ9wdXk3r9DpTmobw1wwhaAe1J3uWMGiu10yeeoLInAHsdEIZiT/VD73TxZa+Zo53OkGwuT0pFgkmWTGFJnrilgovduZJBc1Ta6Q+vE7I4AGmYoFo3XRKZ1ogqw5mAccqLNUSUDWgPmpZKGoBujaY7jfGRVTq4Gyp7pMFTdbFjRAOth4FvnQE1ff27NhH/qjVj0y22RlxGsQHJZoO6scAmxJOAcIcrYEYMLaFMcftXzPpUUWZsjCkbwvem+H9Sy2XdQvbs5jxTvpzHkUQH6BAdIxddoDK6RhVURQzdo0f0jF6cB+fJeXXeZtaEM+/ZRz/gvH8B2Cmdhw==</latexit>

h�⇢ �⇢i
Density perturbations

<latexit sha1_base64="iKekGvv6BTWIsCm/Q6zyd41j5uE=">AAACDXicdZDLSgMxFIYz9VbrrerSTbAKLqRMVGy7K7pxWaE36JSSSU/b0ExmSDJCKX0BN76KGxeKuHXvzrcx01ZR0QOBj/8/h5Pz+5Hg2rjuu5NaWFxaXkmvZtbWNza3sts7dR3GikGNhSJUTZ9qEFxCzXAjoBkpoIEvoOEPLxO/cQNK81BWzSiCdkD7kvc4o8ZKneyBJ6jsC8BeF4ShuOodfyH21MzrZHNu3nVdQghOgBTOXQulUvGEFDFJLFs5NK9KJ/vmdUMWByANE1TrFnEj0x5TZTgTMMl4sYaIsiHtQ8uipAHo9nh6zQQfWqWLe6GyTxo8Vb9PjGmg9SjwbWdAzUD/9hLxL68Vm16xPeYyig1INlvUiwU2IU6iwV2ugBkxskCZ4vavmA2ooszYADM2hM9L8f9QP8mT8/zp9VmufDGPI4320D46QgQVUBldoQqqIYZu0T16RE/OnfPgPDsvs9aUM5/ZRT/Kef0AqraasQ==</latexit>

h�T �T i
Temperature fluctuations

(approx.) Scale Invariance 
<latexit sha1_base64="sivUKDq08MGFanj5+jSIClEgVzo=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBbBVUmsqMuiG5cV7AOaWCbTSTt0MgkzE6GE7tz4K25cKOLWX3Dn3zhts9DWA/dyOOdeZu4JEs6Udpxvq7C0vLK6VlwvbWxube/Yu3tNFaeS0AaJeSzbAVaUM0EbmmlO24mkOAo4bQXD64nfeqBSsVjc6VFC/Qj3BQsZwdpIXfvQ41j0OUVeMmB5kzNleF9FXbvsVJwp0CJxc1KGHPWu/eX1YpJGVGjCsVId10m0n2GpGeF0XPJSRRNMhrhPO4YKHFHlZ9M7xujYKD0UxtKU0Giq/t7IcKTUKArMZIT1QM17E/E/r5Pq8NLPmEhSTQWZPRSmHOkYTUJBPSYp0XxkCCaSmb8iMsASE22iK5kQ3PmTF0nztOKeV6q3Z+XaVR5HEQ7gCE7AhQuowQ3UoQEEHuEZXuHNerJerHfrYzZasPKdffgD6/MHXuGYWQ==</latexit>

h��ik3

<latexit sha1_base64="JmsXqpd/lgdAhBerFa9Qstr6an8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVR71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJRvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1SGM9w==</latexit>

k

Exponential Expansion

<latexit sha1_base64="f5NrmU0LCNgBXKtmZNV78UH5SLc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDZOIjeoNt+kWQKvEK0kDSrRH9a/hOCapoNIQjrUeeG5i/Awrwwin89ow1TTBZIondGCpxIJqPytunaMzq4xRGCtb0qBC/T2RYaH1TAS2U2AT6WUvF//zBqkJb/yMySQ1VJLFojDlyMQofxyNmaLE8JklmChmb0UkwgoTY+Op2RC85ZdXSfei6V01vYfLRuu2jKMKJ3AK5+DBNbTgHtrQAQIRPMMrvDnCeXHenY9Fa8UpZ47hD5zPHxWAjkU=</latexit>

�

<latexit sha1_base64="f5NrmU0LCNgBXKtmZNV78UH5SLc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDZOIjeoNt+kWQKvEK0kDSrRH9a/hOCapoNIQjrUeeG5i/Awrwwin89ow1TTBZIondGCpxIJqPytunaMzq4xRGCtb0qBC/T2RYaH1TAS2U2AT6WUvF//zBqkJb/yMySQ1VJLFojDlyMQofxyNmaLE8JklmChmb0UkwgoTY+Op2RC85ZdXSfei6V01vYfLRuu2jKMKJ3AK5+DBNbTgHtrQAQIRPMMrvDnCeXHenY9Fa8UpZ47hD5zPHxWAjkU=</latexit>

�

Cosmic Inflation
[Starobinksy; A. Guth; A. Linde; Albrecht and Steinhardt] 
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<latexit sha1_base64="dpIBLtjU270nlGuC/uXy8E/Bkec=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4KkmVPnZFNy4r9AXtUDKZTBuayYxJRihDf8KNC0Xc+jvu/BszbQUVPXDhcM693HuPFwuuDUIfTm5tfWNzK79d2Nnd2z8oHh51dZQoyjo0EpHqe0QzwSXrGG4E68eKkdATrOdNrzO/d8+U5pFsm1nM3JCMJQ84JcZK/aHPhCGwPSqWUBkhhDGGGcG1KrKk0ahXcB3izLIogRVao+L70I9oEjJpqCBaDzCKjZsSZTgVbF4YJprFhE7JmA0slSRk2k0X987hmVV8GETKljRwoX6fSEmo9Sz0bGdIzET/9jLxL2+QmKDuplzGiWGSLhcFiYAmgtnz0OeKUSNmlhCquL0V0glRhBobUcGG8PUp/J90K2VcLV/cXpaaV6s48uAEnIJzgEENNMENaIEOoECAB/AEnp0759F5cV6XrTlnNXMMfsB5+wTfx4/i</latexit>

�T
<latexit sha1_base64="dpIBLtjU270nlGuC/uXy8E/Bkec=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4KkmVPnZFNy4r9AXtUDKZTBuayYxJRihDf8KNC0Xc+jvu/BszbQUVPXDhcM693HuPFwuuDUIfTm5tfWNzK79d2Nnd2z8oHh51dZQoyjo0EpHqe0QzwSXrGG4E68eKkdATrOdNrzO/d8+U5pFsm1nM3JCMJQ84JcZK/aHPhCGwPSqWUBkhhDGGGcG1KrKk0ahXcB3izLIogRVao+L70I9oEjJpqCBaDzCKjZsSZTgVbF4YJprFhE7JmA0slSRk2k0X987hmVV8GETKljRwoX6fSEmo9Sz0bGdIzET/9jLxL2+QmKDuplzGiWGSLhcFiYAmgtnz0OeKUSNmlhCquL0V0glRhBobUcGG8PUp/J90K2VcLV/cXpaaV6s48uAEnIJzgEENNMENaIEOoECAB/AEnp0759F5cV6XrTlnNXMMfsB5+wTfx4/i</latexit>

�T

<latexit sha1_base64="qdK8pNntBNPFw+yJPWFiWoTSin8=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFZLWtnZXdOOygn1AWspkMmmHTjJh5kYooZ/hxoUibv0ad/6N04egogcuHM65l3vv8RPBNTjOh5VbW9/Y3MpvF3Z29/YPiodHHS1TRVmbSiFVzyeaCR6zNnAQrJcoRiJfsK4/uZ773XumNJfxHUwTNojIKOYhpwSM5PUDJoDgvhrLYbHk2I1K1S1XsSH1WrnuLkmj4mDXdhYooRVaw+J7P5A0jVgMVBCtPddJYJARBZwKNiv0U80SQidkxDxDYxIxPcgWJ8/wmVECHEplKga8UL9PZCTSehr5pjMiMNa/vbn4l+elEF4OMh4nKbCYLheFqcAg8fx/HHDFKIipIYQqbm7FdEwUoWBSKpgQvj7F/5NO2XZrduX2otS8WsWRRyfoFJ0jF9VRE92gFmojiiR6QE/o2QLr0XqxXpetOWs1c4x+wHr7BI4xkXY=</latexit>

�⇢

<latexit sha1_base64="qdK8pNntBNPFw+yJPWFiWoTSin8=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFZLWtnZXdOOygn1AWspkMmmHTjJh5kYooZ/hxoUibv0ad/6N04egogcuHM65l3vv8RPBNTjOh5VbW9/Y3MpvF3Z29/YPiodHHS1TRVmbSiFVzyeaCR6zNnAQrJcoRiJfsK4/uZ773XumNJfxHUwTNojIKOYhpwSM5PUDJoDgvhrLYbHk2I1K1S1XsSH1WrnuLkmj4mDXdhYooRVaw+J7P5A0jVgMVBCtPddJYJARBZwKNiv0U80SQidkxDxDYxIxPcgWJ8/wmVECHEplKga8UL9PZCTSehr5pjMiMNa/vbn4l+elEF4OMh4nKbCYLheFqcAg8fx/HHDFKIipIYQqbm7FdEwUoWBSKpgQvj7F/5NO2XZrduX2otS8WsWRRyfoFJ0jF9VRE92gFmojiiR6QE/o2QLr0XqxXpetOWs1c4x+wHr7BI4xkXY=</latexit>

�⇢ <latexit sha1_base64="Ft0SSB7BWMFpZmFbxM5ahInKJoM=">AAACE3icdVDLSgMxFM3UV62vqks3wSKISMlUW9td0Y3LCvYBnVIy6W0bmskMSUYopf/gxl9x40IRt27c+TemD6GKHkg4Ofdcbu7xI8G1IeTTSSwtr6yuJddTG5tb2zvp3b2aDmPFoMpCEaqGTzUILqFquBHQiBTQwBdQ9wdXk3r9DpTmobw1wwhaAe1J3uWMGiu10yeeoLInAHsdEIZiT/VD73TxZa+Zo53OkGwuT0pFgkmWTGFJnrilgovduZJBc1Ta6Q+vE7I4AGmYoFo3XRKZ1ogqw5mAccqLNUSUDWgPmpZKGoBujaY7jfGRVTq4Gyp7pMFTdbFjRAOth4FvnQE1ff27NhH/qjVj0y22RlxGsQHJZoO6scAmxJOAcIcrYEYMLaFMcftXzPpUUWZsjCkbwvem+H9Sy2XdQvbs5jxTvpzHkUQH6BAdIxddoDK6RhVURQzdo0f0jF6cB+fJeXXeZtaEM+/ZRz/gvH8B2Cmdhw==</latexit>

h�⇢ �⇢i
Density perturbations

<latexit sha1_base64="iKekGvv6BTWIsCm/Q6zyd41j5uE=">AAACDXicdZDLSgMxFIYz9VbrrerSTbAKLqRMVGy7K7pxWaE36JSSSU/b0ExmSDJCKX0BN76KGxeKuHXvzrcx01ZR0QOBj/8/h5Pz+5Hg2rjuu5NaWFxaXkmvZtbWNza3sts7dR3GikGNhSJUTZ9qEFxCzXAjoBkpoIEvoOEPLxO/cQNK81BWzSiCdkD7kvc4o8ZKneyBJ6jsC8BeF4ShuOodfyH21MzrZHNu3nVdQghOgBTOXQulUvGEFDFJLFs5NK9KJ/vmdUMWByANE1TrFnEj0x5TZTgTMMl4sYaIsiHtQ8uipAHo9nh6zQQfWqWLe6GyTxo8Vb9PjGmg9SjwbWdAzUD/9hLxL68Vm16xPeYyig1INlvUiwU2IU6iwV2ugBkxskCZ4vavmA2ooszYADM2hM9L8f9QP8mT8/zp9VmufDGPI4320D46QgQVUBldoQqqIYZu0T16RE/OnfPgPDsvs9aUM5/ZRT/Kef0AqraasQ==</latexit>

h�T �T i
Temperature fluctuations

(approx.) Scale Invariance 
<latexit sha1_base64="sivUKDq08MGFanj5+jSIClEgVzo=">AAACB3icbVDLSsNAFL2pr1pfUZeCDBbBVUmsqMuiG5cV7AOaWCbTSTt0MgkzE6GE7tz4K25cKOLWX3Dn3zhts9DWA/dyOOdeZu4JEs6Udpxvq7C0vLK6VlwvbWxube/Yu3tNFaeS0AaJeSzbAVaUM0EbmmlO24mkOAo4bQXD64nfeqBSsVjc6VFC/Qj3BQsZwdpIXfvQ41j0OUVeMmB5kzNleF9FXbvsVJwp0CJxc1KGHPWu/eX1YpJGVGjCsVId10m0n2GpGeF0XPJSRRNMhrhPO4YKHFHlZ9M7xujYKD0UxtKU0Giq/t7IcKTUKArMZIT1QM17E/E/r5Pq8NLPmEhSTQWZPRSmHOkYTUJBPSYp0XxkCCaSmb8iMsASE22iK5kQ3PmTF0nztOKeV6q3Z+XaVR5HEQ7gCE7AhQuowQ3UoQEEHuEZXuHNerJerHfrYzZasPKdffgD6/MHXuGYWQ==</latexit>

h��ik3

<latexit sha1_base64="JmsXqpd/lgdAhBerFa9Qstr6an8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVR71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJRvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH1SGM9w==</latexit>

k

Particle  
production

Exponential Expansion

<latexit sha1_base64="f5NrmU0LCNgBXKtmZNV78UH5SLc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDZOIjeoNt+kWQKvEK0kDSrRH9a/hOCapoNIQjrUeeG5i/Awrwwin89ow1TTBZIondGCpxIJqPytunaMzq4xRGCtb0qBC/T2RYaH1TAS2U2AT6WUvF//zBqkJb/yMySQ1VJLFojDlyMQofxyNmaLE8JklmChmb0UkwgoTY+Op2RC85ZdXSfei6V01vYfLRuu2jKMKJ3AK5+DBNbTgHtrQAQIRPMMrvDnCeXHenY9Fa8UpZ47hD5zPHxWAjkU=</latexit>

�

<latexit sha1_base64="f5NrmU0LCNgBXKtmZNV78UH5SLc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDZOIjeoNt+kWQKvEK0kDSrRH9a/hOCapoNIQjrUeeG5i/Awrwwin89ow1TTBZIondGCpxIJqPytunaMzq4xRGCtb0qBC/T2RYaH1TAS2U2AT6WUvF//zBqkJb/yMySQ1VJLFojDlyMQofxyNmaLE8JklmChmb0UkwgoTY+Op2RC85ZdXSfei6V01vYfLRuu2jKMKJ3AK5+DBNbTgHtrQAQIRPMMrvDnCeXHenY9Fa8UpZ47hD5zPHxWAjkU=</latexit>

�

Cosmic Inflation
[Starobinksy; A. Guth; A. Linde; Albrecht and Steinhardt] 



? ?

Boundary of (quasi-)dS

380,000  
years 

10 billion 
 years 

time

End  
of Inflation 
(re-heating)

Large Scale Structure

CMB

Density perturbations

Temperature fluctuations

(approx.) Scale Invariance 

Interactions? Field content?

Inflation is Nature’s own particle collider!

<latexit sha1_base64="XeSXFplUq0O4EaqqPqlTNuculbY="></latexit>

⇠ 1013 GeV

Cosmological Collider Physics
[Chen and Wang 2009, Baumann and Green 2011, Noumi, Yamaguchi and Yokoyama 2013, Arkani-Hamed and Maldacena 2015, …]
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Interactions? Field content?

The Cosmological Bootstrap

<latexit sha1_base64="XeSXFplUq0O4EaqqPqlTNuculbY="></latexit>

⇠ 1013 GeV

Cosmological Collider Physics
[Chen and Wang 2009, Baumann and Green 2011, Noumi, Yamaguchi and Yokoyama 2013, Arkani-Hamed and Maldacena 2015, …]

[Baumann et al; Benincasa et al; C.S. and Taronna; Pajer et al; Lipstein et al; Penedones et al; Gorbenko et al]



Cosmological Colliders

Like in LHC new particles 
produced during inflation leave 
a clear imprint on the density 

fluctuations TODAY! 
Inflationary Spectroscopy

Can we bootstrap such imprints?

Fluctuations during inflation gave rise to the universe we 
see today!

Arkani-Hamed & Maldacena 
Baumann et al. 

Sleight & M.T.

<latexit sha1_base64="p/E8o4caRMXNZUyWWjN7eBsPEUg="></latexit>⌧
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YES!

<latexit sha1_base64="0Hj4bp1dxeVuCejaswDihDMQ9RM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2A9oQ9hsN+2S3U3Y3Qgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZQ2Nre2d8q7lb39g8Oj6vFJVyeZIrRDEp6ofog15UzSjmGG036qKBYhp70wvpv7vSeqNEvko5mm1Bd4LFnECDZWGsSBN9RMoDhoBNWaW3cXQOvEK0gNCrSD6tdwlJBMUGkIx1oPPDc1fo6VYYTTWWWYaZpiEuMxHVgqsaDazxcnz9CFVUYoSpQtadBC/T2RY6H1VIS2U2Az0aveXPzPG2QmuvFzJtPMUEmWi6KMI5Og+f9oxBQlhk8twUQxeysiE6wwMTalig3BW315nXQbde+q3nxo1lq3RRxlOINzuAQPrqEF99CGDhBI4Ble4c0xzovz7nwsW0tOMXMKf+B8/gBhe5Ct</latexit>

k1 ⇠ k2



AdSd+1 vs dSd+1

Boundary theory is a Lorentzian CFT 
where we know the rules of the game!

tim
eAdSd+1 boundary 


at spatial infinity:
Lorentzian CFTd 

Boundary and interior share time
unitarity and causality 


shared with boundary theory 

Isometry group SO(d,2)
act as conformal transformations on boundary 

<latexit sha1_base64="ltMHs3WzZJb6W8Plbjvi0SP76Ic=">AAACEXicbVDLSsNAFJ34rPUVdelmsAhdaEmKqAhC0Y3LWuwDmrRMJpN26OThzEQoIb/gxl9x40IRt+7c+TdO2iy09cAwh3Pu5d57nIhRIQ3jW1tYXFpeWS2sFdc3Nre29Z3dlghjjkkThyzkHQcJwmhAmpJKRjoRJ8h3GGk7o+vMbz8QLmgY3MlxRGwfDQLqUYykkvp62fKRHDpO0kh7iXtUTS+gdR8jF3aghd1Qqv8SHjd61b5eMirGBHCemDkpgRz1vv5luSGOfRJIzJAQXdOIpJ0gLilmJC1asSARwiM0IF1FA+QTYSeTi1J4qBQXeiFXL5Bwov7uSJAvxNh3VGW2v5j1MvE/rxtL79xOaBDFkgR4OsiLGZQhzOKBLuUESzZWBGFO1a4QDxFHWKoQiyoEc/bkedKqVszTinl7Uqpd5XEUwD44AGVggjNQAzegDpoAg0fwDF7Bm/akvWjv2se0dEHLe/bAH2ifP2dAm3A=</latexit>

Rd,2 : X ·X = �R2
<latexit sha1_base64="03ygwFYX1rWk9sk8L6oSaZuyEiQ=">AAACEnicbVBLSwMxGMzWV62vVY9egkVQlLJbREUQil481mIf0N2WbDbbhmYfJlmhLPsbvPhXvHhQxKsnb/4bs+0etDoQMsx8H8mMEzEqpGF8aYW5+YXFpeJyaWV1bX1D39xqiTDmmDRxyELecZAgjAakKalkpBNxgnyHkbYzusr89j3hgobBrRxHxPbRIKAexUgqqa8fWD6SQ8dJGmkvcQ/NIzM9h9ZdjFzYgRZ2Q6nuC9joVft62agYE8C/xMxJGeSo9/VPyw1x7JNAYoaE6JpGJO0EcUkxI2nJigWJEB6hAekqGiCfCDuZRErhnlJc6IVcnUDCifpzI0G+EGPfUZNZADHrZeJ/XjeW3pmd0CCKJQnw9CEvZlCGMOsHupQTLNlYEYQ5VX+FeIg4wlK1WFIlmLOR/5JWtWKeVMyb43LtMq+jCHbALtgHJjgFNXAN6qAJMHgAT+AFvGqP2rP2pr1PRwtavrMNfkH7+AbZr5uo</latexit>

Rd+1,1 : X ·X = R2

Boundary is spatial
How are unitarity and causality


 imprinted on the boundary?

Boundary theory is ??
what are the rules of the game?

dSd+1
AdSd+1

dSd+1 boundary 

Euclidean CFTd 
at past/future infinity:

Isometry group SO(d+1,1)



Isometry group SO(d+1,1) Isometry group SO(d+1,1)

EAdSd+1 vs dSd+1

boundary theory is a 
Lorentzian CFTd 

analytically continued
to Euclidean signature 

AdSd+1 Wick rotated to EAdSd+1 dSd+1

dSd+1 boundary 

Euclidean CFTd 
at past/future infinity:

act as conformal transformations on boundary 

Boundary theory is Lorentzian CFT 

unitarity and causality 

ensured by Osterwalder-Schrader axioms 

<latexit sha1_base64="ltMHs3WzZJb6W8Plbjvi0SP76Ic=">AAACEXicbVDLSsNAFJ34rPUVdelmsAhdaEmKqAhC0Y3LWuwDmrRMJpN26OThzEQoIb/gxl9x40IRt+7c+TdO2iy09cAwh3Pu5d57nIhRIQ3jW1tYXFpeWS2sFdc3Nre29Z3dlghjjkkThyzkHQcJwmhAmpJKRjoRJ8h3GGk7o+vMbz8QLmgY3MlxRGwfDQLqUYykkvp62fKRHDpO0kh7iXtUTS+gdR8jF3aghd1Qqv8SHjd61b5eMirGBHCemDkpgRz1vv5luSGOfRJIzJAQXdOIpJ0gLilmJC1asSARwiM0IF1FA+QTYSeTi1J4qBQXeiFXL5Bwov7uSJAvxNh3VGW2v5j1MvE/rxtL79xOaBDFkgR4OsiLGZQhzOKBLuUESzZWBGFO1a4QDxFHWKoQiyoEc/bkedKqVszTinl7Uqpd5XEUwD44AGVggjNQAzegDpoAg0fwDF7Bm/akvWjv2se0dEHLe/bAH2ifP2dAm3A=</latexit>

Rd,2 : X ·X = �R2
<latexit sha1_base64="03ygwFYX1rWk9sk8L6oSaZuyEiQ=">AAACEnicbVBLSwMxGMzWV62vVY9egkVQlLJbREUQil481mIf0N2WbDbbhmYfJlmhLPsbvPhXvHhQxKsnb/4bs+0etDoQMsx8H8mMEzEqpGF8aYW5+YXFpeJyaWV1bX1D39xqiTDmmDRxyELecZAgjAakKalkpBNxgnyHkbYzusr89j3hgobBrRxHxPbRIKAexUgqqa8fWD6SQ8dJGmkvcQ/NIzM9h9ZdjFzYgRZ2Q6nuC9joVft62agYE8C/xMxJGeSo9/VPyw1x7JNAYoaE6JpGJO0EcUkxI2nJigWJEB6hAekqGiCfCDuZRErhnlJc6IVcnUDCifpzI0G+EGPfUZNZADHrZeJ/XjeW3pmd0CCKJQnw9CEvZlCGMOsHupQTLNlYEYQ5VX+FeIg4wlK1WFIlmLOR/5JWtWKeVMyb43LtMq+jCHbALtgHJjgFNXAN6qAJMHgAT+AFvGqP2rP2pr1PRwtavrMNfkH7+AbZr5uo</latexit>

Rd+1,1 : X ·X = R2

Boundary is spatialBoundary is spatial

(analytically continued to Euclidean signature)

<latexit sha1_base64="03ygwFYX1rWk9sk8L6oSaZuyEiQ=">AAACEnicbVBLSwMxGMzWV62vVY9egkVQlLJbREUQil481mIf0N2WbDbbhmYfJlmhLPsbvPhXvHhQxKsnb/4bs+0etDoQMsx8H8mMEzEqpGF8aYW5+YXFpeJyaWV1bX1D39xqiTDmmDRxyELecZAgjAakKalkpBNxgnyHkbYzusr89j3hgobBrRxHxPbRIKAexUgqqa8fWD6SQ8dJGmkvcQ/NIzM9h9ZdjFzYgRZ2Q6nuC9joVft62agYE8C/xMxJGeSo9/VPyw1x7JNAYoaE6JpGJO0EcUkxI2nJigWJEB6hAekqGiCfCDuZRErhnlJc6IVcnUDCifpzI0G+EGPfUZNZADHrZeJ/XjeW3pmd0CCKJQnw9CEvZlCGMOsHupQTLNlYEYQ5VX+FeIg4wlK1WFIlmLOR/5JWtWKeVMyb43LtMq+jCHbALtgHJjgFNXAN6qAJMHgAT+AFvGqP2rP2pr1PRwtavrMNfkH7+AbZr5uo</latexit>

Rd+1,1 : X ·X = R2

Boundary theory is ??
what are the rules of the game?

How are unitarity and causality

 imprinted on the boundary?



The AdS-CFT Dictionary

Quantum Gravity 

in anti-de Sitter space

Maldacena 1997

AdS - CFT

Gubser, 
Klebanov,  
Polyakov,  
Witten

Conformal Field Theory 

<latexit sha1_base64="Q7+PT+meFlBKB8c+M3P32MJl7Kw=">AAACEnicbVA9SwNBEN2LXzF+RS1tFoOQNOFORC2DWtgZwaiQC8feZi5ZsvfB7pwYjvsNNv4VGwtFbK3s/DduYgpNfDDweG+GmXl+IoVG2/6yCnPzC4tLxeXSyura+kZ5c+tax6ni0OKxjNWtzzRIEUELBUq4TRSw0Jdw4w9OR/7NHSgt4ugKhwl0QtaLRCA4QyN55VrmcibpRe5l7hlIZJ6bhLkrIcBq5voBvc9dJXp9rHnlil23x6CzxJmQCpmg6ZU/3W7M0xAi5JJp3XbsBDsZUyi4hLzkphoSxgesB21DIxaC7mTjl3K6Z5QuDWJlKkI6Vn9PZCzUehj6pjNk2NfT3kj8z2unGBx3MhElKULEfxYFqaQY01E+tCsUcJRDQxhXwtxKeZ8pxtGkWDIhONMvz5Lr/bpzWHcuDyqNk0kcRbJDdkmVOOSINMg5aZIW4eSBPJEX8mo9Ws/Wm/X+01qwJjPb5A+sj293Bp35</latexit>

O�± (x)

<latexit sha1_base64="L4qMy8apLPCkNdJvIZS65MpZAec="></latexit>Z
ddx '̄ (x)O�± (x)

' (x)

<latexit sha1_base64="I2zBk5Marjehv/7CBG1Y08kAHnU=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IR6qUkUtBj0YvHCvYDmlA22027dLMJu5NiCQX/ihcPinj1d3jz37htc9DWBwOP92aYmRckgmtwnG+rsLa+sblV3C7t7O7tH9iHRy0dp4qyJo1FrDoB0UxwyZrAQbBOohiJAsHaweh25rfHTGkeyweYJMyPyEDykFMCRurZJ96YqGTIPcFCqDx6ig+GcNGzy07VmQOvEjcnZZSj0bO/vH5M04hJoIJo3XWdBPyMKOBUsGnJSzVLCB2RAesaKknEtJ/Nz5/ic6P0cRgrUxLwXP09kZFI60kUmM6IwFAvezPxP6+bQnjtZ1wmKTBJF4vCVGCI8SwL3OeKURATQwhV3NyK6ZAoQsEkVjIhuMsvr5LWZdWtVWv3tXL9Jo+jiE7RGaogF12hOrpDDdREFGXoGb2iN+vJerHerY9Fa8HKZ47RH1ifP0xglbQ=</latexit>

ZQG AdS [' ! '̄]

<latexit sha1_base64="6Kkd02BMNAKS9ul87/oK8P9wjN0=">AAACIXicbVDLSsNAFJ34rPVVdelmsAiuSiIFu/Sx0GVFW4tNKJPpTTs4eTBzI5aQX3Hjr7hxoYg78Wectlmo9cDA4Zx7uXOOn0ih0bY/rbn5hcWl5dJKeXVtfWOzsrXd1nGqOLR4LGPV8ZkGKSJooUAJnUQBC30JN/7d2di/uQelRRxd4ygBL2SDSASCMzRSr9K47WUuwgNml+f0pH+V566EALvuPVPJUFAXY5q5PlO0UHJXicEQvV6latfsCegscQpSJQWavcqH2495GkKEXDKtu46doJcxhYJLyMtuqiFh/I4NoGtoxELQXjZJmNN9o/RpECvzIqQT9edGxkKtR6FvJkOGQ/3XG4v/ed0Ug4aXiShJESI+PRSkkprY47poXyjgKEeGMK6E+SvlQ6YYR1Nq2ZTg/I08S9qHNadeq1/Wq8enRR0lskv2yAFxyBE5JhekSVqEk0fyTF7Jm/VkvVjv1sd0dM4qdnbIL1hf38o0pIk=</latexit>

boundary value

ZCFT ['̄]

<latexit sha1_base64="d+T6bD6AwSFeiBK25+/CsWQIpYo=">AAACEnicbVBNS8NAEN34WetX1aOXxSLopSRS0KMoiMcKbRWbEDbbSbu4+WB3Uiwhv8GLf8WLB0W8evLmv3Fbc/DrwcDjvRlm5gWpFBpt+8OamZ2bX1isLFWXV1bX1msbm12dZIpDhycyUVcB0yBFDB0UKOEqVcCiQMJlcHM68S9HoLRI4jaOU/AiNohFKDhDI/m1/Ws/dxFuMT89axeFKyHEXu4GTFF3xFQ6FIWrxGCInl+r2w17CvqXOCWpkxItv/bu9hOeRRAjl0zrnmOn6OVMoeASiqqbaUgZv2ED6Bkaswi0l09fKuiuUfo0TJSpGOlU/T6Rs0jrcRSYzojhUP/2JuJ/Xi/D8MjLRZxmCDH/WhRmkmJCJ/nQvlDAUY4NYVwJcyvlQ6YYR5Ni1YTg/H75L+keNJxmo3nRrB+flHFUyDbZIXvEIYfkmJyTFukQTu7IA3kiz9a99Wi9WK9frTNWObNFfsB6+wSo5J67</latexit>

source

Scaling dimension

<latexit sha1_base64="rH75gs9iJYE21Ln4PcsW99eAGUQ=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEwVoTEXVZ1IXLCvYBTQiT6aQdOnkwcyOUUPBX3LhQxK3f4c6/cdpmoa0HLpw5517m3uMngiuwrG+jsLC4tLxSXC2trW9sbpnbO00Vp5KyBo1FLNs+UUzwiDWAg2DtRDIS+oK1/MHN2G89Mql4HD3AMGFuSHoRDzgloCXP3HNumQDiHTuVU6eSP048s2xVrQnwPLFzUkY56p755XRjmoYsAiqIUh3bSsDNiAROBRuVnFSxhNAB6bGOphEJmXKzyfojfKiVLg5iqSsCPFF/T2QkVGoY+rozJNBXs95Y/M/rpBBcuRmPkhRYRKcfBanAEONxFrjLJaMghpoQKrneFdM+kYSCTqykQ7BnT54nzbOqfVG178/Ltes8jiLaRwfoCNnoEtXQHaqjBqIoQ8/oFb0ZT8aL8W58TFsLRj6zi/7A+PwBQZyUZA==</latexit>

�+ /��

<latexit sha1_base64="St/nb1P4jeGjkJn/ld7HCYusMls="></latexit>

O�± (�x) = ���± O�± (x)

Local operator
<latexit sha1_base64="GuDEDABWIclq/0d+qDjzJbYi9Zg=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURUZdFXbizgn1AE8JketMOnUzCzEQoIeCvuHGhiFu/w51/4/Sx0NYDFw7n3Mu994QpZ0o7zrdVWlpeWV0rr1c2Nre2d+zdvZZKMkmhSROeyE5IFHAmoKmZ5tBJJZA45NAOh9djv/0IUrFEPOhRCn5M+oJFjBJtpMA+yD1KOL4rgty7Aa5J4KVxEdhVp+ZMgBeJOyNVNEMjsL+8XkKzGISmnCjVdZ1U+zmRmlEORcXLFKSEDkkfuoYKEoPy88n5BT42Sg9HiTQlNJ6ovydyEis1ikPTGRM9UPPeWPzP62Y6uvRzJtJMg6DTRVHGsU7wOAvcYxKo5iNDCJXM3IrpgEhCtUmsYkJw519eJK3Tmntec+/PqvWrWRxldIiO0Aly0QWqo1vUQE1EUY6e0St6s56sF+vd+pi2lqzZzD76A+vzBzsNlas=</latexit>

O�±

Spin J

Dirichlet / Neumann b.c. 

Mass
<latexit sha1_base64="qqJQAsoVwXPayEeAQFZFhOdUkRU="></latexit>

m2R2
AdS = � (�+�� + J)

'

<latexit sha1_base64="faMMba1p2pjnVRBlOr5tknDxVNc=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0J6DHoxWME84BkCbOTTjJkdnaYmQ2EJR/hxYMiXv0eb/6Nk2QPmljQUFR1090VKcGN9f1vb2Nza3tnt7BX3D84PDounZw2TZJqhg2WiES3I2pQcIkNy63AttJI40hgKxrfz/3WBLXhiXyyU4VhTIeSDzij1kmt7oRqNeK9Utmv+AuQdRLkpAw56r3SV7efsDRGaZmgxnQCX9kwo9pyJnBW7KYGFWVjOsSOo5LGaMJsce6MXDqlTwaJdiUtWai/JzIaGzONI9cZUzsyq95c/M/rpHZwG2ZcqtSiZMtFg1QQm5D576TPNTIrpo5Qprm7lbAR1ZRZl1DRhRCsvrxOmteVoFqpPlbLtbs8jgKcwwVcQQA3UIMHqEMDGIzhGV7hzVPei/fufSxbN7x85gz+wPv8AX2Qj60=</latexit>

Elementary field

Spin J

<latexit sha1_base64="x/w9tFihqqrZ6devxQyKHjdfjTI=">AAACGHicdVDLSgMxFM3UV62vUZdugkUQauuMSBVBKOrCZQX7gM5QMultG5p5mGSEUvoZbvwVNy4Ucdudf2PaTsHngZCTc+7l5h4v4kwqy/owUnPzC4tL6eXMyura+oa5uVWVYSwoVGjIQ1H3iATOAqgopjjUIwHE9zjUvN7l2K/dg5AsDG5VPwLXJ52AtRklSktN89C5Aq5IM5dLSB6ftw6wc4ZnBnY6cDd75Ztm1ioUrTHwb2IXJreVRQnKTXPktEIa+xAoyomUDduKlDsgQjHKYZhxYgkRoT3SgYamAfFBuoPJYkO8p5UWbodCn0Dhifq1Y0B8Kfu+pyt9orrypzcW//IasWqfugMWRLGCgE4HtWOOVYjHKeEWE0AV72tCqGD6r5h2iSBU6SwzOoTZpvh/Uj0q2MWCfXOcLV0kcaTRDtpF+8hGJ6iErlEZVRBFD+gJvaBX49F4Nt6M92lpykh6ttE3GKNPmQ+dpA==</latexit>

�+ +�� = d, �+ � ��



EAdS Feynman rules
Bulk-to-bulk propagator,  

<latexit sha1_base64="9EAj/Xv8O2s2uJgTW3sJerJISBU=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKqMeiHjxWsLbQXUo2nW1Dk2xIskJZ+je8eFDEq3/Gm//GtN2Dtj4YeLw3w8y8WHFmrO9/e6WV1bX1jfJmZWt7Z3evun/waNJMU2jRlKe6ExMDnEloWWY5dJQGImIO7Xh0M/XbT6ANS+WDHSuIBBlIljBKrJPC8Ba4Jb08VGLSq9b8uj8DXiZBQWqoQLNX/Qr7Kc0ESEs5MaYb+MpGOdGWUQ6TSpgZUISOyAC6jkoiwET57OYJPnFKHyepdiUtnqm/J3IijBmL2HUKYodm0ZuK/3ndzCZXUc6kyixIOl+UZBzbFE8DwH2mgVo+doRQzdytmA6JJtS6mCouhGDx5WXyeFYPLurB/XmtcV3EUUZH6BidogBdoga6Q03UQhQp9Ixe0ZuXeS/eu/cxby15xcwh+gPv8wc2jZHO</latexit>

�±

Integrate over bulk points:

<latexit sha1_base64="9EAj/Xv8O2s2uJgTW3sJerJISBU=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKqMeiHjxWsLbQXUo2nW1Dk2xIskJZ+je8eFDEq3/Gm//GtN2Dtj4YeLw3w8y8WHFmrO9/e6WV1bX1jfJmZWt7Z3evun/waNJMU2jRlKe6ExMDnEloWWY5dJQGImIO7Xh0M/XbT6ANS+WDHSuIBBlIljBKrJPC8Ba4Jb08VGLSq9b8uj8DXiZBQWqoQLNX/Qr7Kc0ESEs5MaYb+MpGOdGWUQ6TSpgZUISOyAC6jkoiwET57OYJPnFKHyepdiUtnqm/J3IijBmL2HUKYodm0ZuK/3ndzCZXUc6kyixIOl+UZBzbFE8DwH2mgVo+doRQzdytmA6JJtS6mCouhGDx5WXyeFYPLurB/XmtcV3EUUZH6BidogBdoga6Q03UQhQp9Ixe0ZuXeS/eu/cxby15xcwh+gPv8wc2jZHO</latexit>
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�1

<latexit sha1_base64="DmoeS8CoBY7JfhjcltX7GslaxKA=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB6DevAYwTwgWcLspDcZMju7zswKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YRK81g+mHGCfkQHkoecUWOldvcWhaG9Sq9YcsvuHGSVeBkpQYZ6r/jV7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5vVNyZpU+CWNlSxoyV39PTGik9TgKbGdEzVAvezPxP6+TmvDKn3CZpAYlWywKU0FMTGbPkz5XyIwYW0KZ4vZWwoZUUWZsRAUbgrf88ippVsreRbl6Xy3VrrM48nACp3AOHlxCDe6gDg1gIOAZXuHNeXRenHfnY9Gac7KZY/gD5/MHjhaPqg==</latexit>

�2

<latexit sha1_base64="nuNn0An3Nvup0OgQAiHV0bdbgQs=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexqUI9BPXiMYB6QLGF20kmGzM6uM7NCWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAajm6nffEKleSQfzDhGP6QDyfucUWOlVucWhaHd826x5JbdGcgy8TJSggy1bvGr04tYEqI0TFCt254bGz+lynAmcFLoJBpjykZ0gG1LJQ1R++ns3gk5sUqP9CNlSxoyU39PpDTUehwGtjOkZqgXvan4n9dOTP/KT7mME4OSzRf1E0FMRKbPkx5XyIwYW0KZ4vZWwoZUUWZsRAUbgrf48jJpnJW9i3LlvlKqXmdx5OEIjuEUPLiEKtxBDerAQMAzvMKb8+i8OO/Ox7w152Qzh/AHzucPj5qPqw==</latexit>

�3

<latexit sha1_base64="mhUvAV4VnAOaNl3Ksi8vHNN7IbU=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GNRDx4r2A9oQ9lsJ+3SzSbuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqOTR4LGPdDpgBKRQ0UKCEdqKBRYGEVjC6mfqtJ9BGxOoBxwn4ERsoEQrO0Ert7i1IZD3VK1fcqjsDXSZeTiokR71X/ur2Y55GoJBLZkzHcxP0M6ZRcAmTUjc1kDA+YgPoWKpYBMbPZvdO6IlV+jSMtS2FdKb+nshYZMw4CmxnxHBoFr2p+J/XSTG88jOhkhRB8fmiMJUUYzp9nvaFBo5ybAnjWthbKR8yzTjaiEo2BG/x5WXSPKt6F9Xz+/NK7TqPo0iOyDE5JR65JDVyR+qkQTiR5Jm8kjfn0Xlx3p2PeWvByWcOyR84nz/pBo/m</latexit>

�n

<latexit sha1_base64="ydve4pX8kEbmSVX9u64wcZUgugU=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjLVmdpd0Y3LFuwD2qFk0kwbm8kMSUYsQ7/AjQtF3PpJ7vwb04egogcuHM65l3vvCRLOlEbow8qtrK6tb+Q3C1vbO7t7xf2DlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99RqVgsbvQkoX6Eh4KFjGBtpMZ9v1hCNvLKrutBZLtu2TtDhlSr1QpC0LHRHCWwRL1ffO8NYpJGVGjCsVJdByXaz7DUjHA6LfRSRRNMxnhIu4YKHFHlZ/NDp/DEKAMYxtKU0HCufp/IcKTUJApMZ4T1SP32ZuJfXjfV4YWfMZGkmgqyWBSmHOoYzr6GAyYp0XxiCCaSmVshGWGJiTbZFEwIX5/C/0mrbDue7TTOS7XLZRx5cASOwSlwQAXUwDWogyYggIIH8ASerVvr0XqxXhetOWs5cwh+wHr7BFpfjVE=</latexit>x
<latexit sha1_base64="ydve4pX8kEbmSVX9u64wcZUgugU=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjLVmdpd0Y3LFuwD2qFk0kwbm8kMSUYsQ7/AjQtF3PpJ7vwb04egogcuHM65l3vvCRLOlEbow8qtrK6tb+Q3C1vbO7t7xf2DlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99RqVgsbvQkoX6Eh4KFjGBtpMZ9v1hCNvLKrutBZLtu2TtDhlSr1QpC0LHRHCWwRL1ffO8NYpJGVGjCsVJdByXaz7DUjHA6LfRSRRNMxnhIu4YKHFHlZ/NDp/DEKAMYxtKU0HCufp/IcKTUJApMZ4T1SP32ZuJfXjfV4YWfMZGkmgqyWBSmHOoYzr6GAyYp0XxiCCaSmVshGWGJiTbZFEwIX5/C/0mrbDue7TTOS7XLZRx5cASOwSlwQAXUwDWogyYggIIH8ASerVvr0XqxXhetOWs5cwh+wHr7BFpfjVE=</latexit>x

<latexit sha1_base64="9EAj/Xv8O2s2uJgTW3sJerJISBU=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKqMeiHjxWsLbQXUo2nW1Dk2xIskJZ+je8eFDEq3/Gm//GtN2Dtj4YeLw3w8y8WHFmrO9/e6WV1bX1jfJmZWt7Z3evun/waNJMU2jRlKe6ExMDnEloWWY5dJQGImIO7Xh0M/XbT6ANS+WDHSuIBBlIljBKrJPC8Ba4Jb08VGLSq9b8uj8DXiZBQWqoQLNX/Qr7Kc0ESEs5MaYb+MpGOdGWUQ6TSpgZUISOyAC6jkoiwET57OYJPnFKHyepdiUtnqm/J3IijBmL2HUKYodm0ZuK/3ndzCZXUc6kyixIOl+UZBzbFE8DwH2mgVo+doRQzdytmA6JJtS6mCouhGDx5WXyeFYPLurB/XmtcV3EUUZH6BidogBdoga6Q03UQhQp9Ixe0ZuXeS/eu/cxby15xcwh+gPv8wc2jZHO</latexit>

�± boundary condition:

Bulk-to-boundary propagator,  <latexit sha1_base64="9EAj/Xv8O2s2uJgTW3sJerJISBU=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKqMeiHjxWsLbQXUo2nW1Dk2xIskJZ+je8eFDEq3/Gm//GtN2Dtj4YeLw3w8y8WHFmrO9/e6WV1bX1jfJmZWt7Z3evun/waNJMU2jRlKe6ExMDnEloWWY5dJQGImIO7Xh0M/XbT6ANS+WDHSuIBBlIljBKrJPC8Ba4Jb08VGLSq9b8uj8DXiZBQWqoQLNX/Qr7Kc0ESEs5MaYb+MpGOdGWUQ6TSpgZUISOyAC6jkoiwET57OYJPnFKHyepdiUtnqm/J3IijBmL2HUKYodm0ZuK/3ndzCZXUc6kyixIOl+UZBzbFE8DwH2mgVo+doRQzdytmA6JJtS6mCouhGDx5WXyeFYPLurB/XmtcV3EUUZH6BidogBdoga6Q03UQhQp9Ixe0ZuXeS/eu/cxby15xcwh+gPv8wc2jZHO</latexit>

�± boundary condition:



Correlators in de Sitter
<latexit sha1_base64="5uD/vEC/Tb5mxB+0tQ9NNaj3p3c=">AAACJHicbVC7SgNBFJ31bXxFLW0GgxCbsCuigo1oY2nARCEbwuzkbjJkdnaZuSuGdT/Gxl+xsfCBhY3f4uRRaOKBgcM593LnnCCRwqDrfjkzs3PzC4tLy4WV1bX1jeLmVt3EqeZQ47GM9W3ADEihoIYCJdwmGlgUSLgJehcD/+YOtBGxusZ+As2IdZQIBWdopVbx1JdMdSRQH+EeszjFnD5kfpchrea+hBDL6GvR6eL+w2hEqNzXw51WseRW3CHoNPHGpETGuGoV3/12zNMIFHLJjGl4boLNjGkUXEJe8FMDCeM91oGGpYpFYJrZMGRO96zSpmGs7VNIh+rvjYxFxvSjwE5GDLtm0huI/3mNFMOTpo2VpAiKjw6FqaQY00FjtC00cJR9SxjXwv6V8i7TjKPttWBL8CYjT5P6QcU7qnjVw9LZ+biOJbJDdkmZeOSYnJFLckVqhJNH8kxeyZvz5Lw4H87naHTGGe9skz9wvn8AYi2mhA==</latexit>

hout|Q̂ (t) |ini

<latexit sha1_base64="hdGLXaL73NKDT7c+nl1S4meHn2c=">AAAB/XicbVDLSgNBEJz1GeNrfdy8DAbBU9gVUY9BLx4jmAckIcxOOsmQ2dllpleMa/BXvHhQxKv/4c2/cZLsQRMLGoqqbrq7glgKg5737SwsLi2vrObW8usbm1vb7s5u1USJ5lDhkYx0PWAGpFBQQYES6rEGFgYSasHgauzX7kAbEalbHMbQCllPia7gDK3UdvcfaRPhHtMowRFtaqZ6EtpuwSt6E9B54mekQDKU2+5XsxPxJASFXDJjGr4XYytlGgWXMMo3EwMx4wPWg4alioVgWunk+hE9skqHdiNtSyGdqL8nUhYaMwwD2xky7JtZbyz+5zUS7F60UqHiBEHx6aJuIilGdBwF7QgNHOXQEsa1sLdS3meacbSB5W0I/uzL86R6UvTPiv7NaaF0mcWRIwfkkBwTn5yTErkmZVIhnDyQZ/JK3pwn58V5dz6mrQtONrNH/sD5/AHYXJV7</latexit>

|outi

<latexit sha1_base64="gtPMgSsxWUFtar6ErAK0XAIaXE4=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9DAbBU9gVUY9BLx4jmAckS5iddJIhs7PLTK+4xPgrXjwo4tUP8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEc6jzSEa6FTADUiioo0AJrVgDCwMJzWB0PfWb96CNiNQdpjH4IRso0RecoZW6xdIj7SA84FioCe1opgYSusWyW3FnoMvEy0iZZKh1i1+dXsSTEBRyyYxpe26M/phpFFzCpNBJDMSMj9gA2pYqFoLxx7PjJ/TYKj3aj7QthXSm/p4Ys9CYNAxsZ8hwaBa9qfif106wf+nbv+IEQfH5on4iKUZ0mgTtCQ0cZWoJ41rYWykfMs042rwKNgRv8eVl0jiteOcV7/asXL3K4siTQ3JETohHLkiV3JAaqRNOUvJMXsmb8+S8OO/Ox7w152QzJfIHzucP5veU8A==</latexit>

|ini

time translation symmetry
(stable vacuum)

<latexit sha1_base64="pY4GJAkDLg00SFVb80qzbRCp/5c=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tFqJeSiKjHohePLdgPaELZbDft0s0m7E6EEnvwr3jxoIhX/4Y3/43bNgdtfTDweG+GmXlBIrgGx/m2Ciura+sbxc3S1vbO7p69f9DScaooa9JYxKoTEM0El6wJHATrJIqRKBCsHYxup377gSnNY3kP44T5ERlIHnJKwEg9+yjzhgRwY+IJFkIFPMUHQzjr2WWn6syAl4mbkzLKUe/ZX14/pmnEJFBBtO66TgJ+RhRwKtik5KWaJYSOyIB1DZUkYtrPZvdP8KlR+jiMlSkJeKb+nshIpPU4CkxnRGCoF72p+J/XTSG89jMukxSYpPNFYSowxHgaBu5zxSiIsSGEKm5uxXRIFKFgIiuZENzFl5dJ67zqXlbdxkW5dpPHUUTH6ARVkIuuUA3doTpqIooe0TN6RW/Wk/VivVsf89aClc8coj+wPn8AmW+V1Q==</latexit>

Q̂ (t)

<latexit sha1_base64="gtPMgSsxWUFtar6ErAK0XAIaXE4=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9DAbBU9gVUY9BLx4jmAckS5iddJIhs7PLTK+4xPgrXjwo4tUP8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEc6jzSEa6FTADUiioo0AJrVgDCwMJzWB0PfWb96CNiNQdpjH4IRso0RecoZW6xdIj7SA84FioCe1opgYSusWyW3FnoMvEy0iZZKh1i1+dXsSTEBRyyYxpe26M/phpFFzCpNBJDMSMj9gA2pYqFoLxx7PjJ/TYKj3aj7QthXSm/p4Ys9CYNAxsZ8hwaBa9qfif106wf+nbv+IEQfH5on4iKUZ0mgTtCQ0cZWoJ41rYWykfMs042rwKNgRv8eVl0jiteOcV7/asXL3K4siTQ3JETohHLkiV3JAaqRNOUvJMXsmb8+S8OO/Ox7w152QzJfIHzucP5veU8A==</latexit>

|ini

<latexit sha1_base64="kc50HMEZ9JjofymQvAeF8lynnpg=">AAACCnicbVA9SwNBEN2L3/ErammzGgQLCXciahfRxlLBqJA7wt5mLlmyt3fszonhTG3jX7GxUMTWX2Dnv3ETr9Dog4HHezPMzAtTKQy67qdTmpicmp6ZnSvPLywuLVdWVi9NkmkODZ7IRF+HzIAUChooUMJ1qoHFoYSrsHcy9K9uQBuRqAvspxDErKNEJDhDK7UqG3fUR7jFPMlwQH3NVEcC9XcKtV4ftCpVt+aOQP8SryBVUuCsVfnw2wnPYlDIJTOm6bkpBjnTKLiEQdnPDKSM91gHmpYqFoMJ8tErA7pllTaNEm1LIR2pPydyFhvTj0PbGTPsmnFvKP7nNTOMDoNcqDRDUPx7UZRJigkd5kLbQgNH2beEcS3srZR3mWYcbXplG4I3/vJfcrlb8/Zr3vle9ei4iGOWrJNNsk08ckCOyCk5Iw3CyT15JM/kxXlwnpxX5+27teQUM2vkF5z3L9u2mlw=</latexit>

|outi ??

No time translation symmetry
(unstable vacuum)

<latexit sha1_base64="pY4GJAkDLg00SFVb80qzbRCp/5c=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tFqJeSiKjHohePLdgPaELZbDft0s0m7E6EEnvwr3jxoIhX/4Y3/43bNgdtfTDweG+GmXlBIrgGx/m2Ciura+sbxc3S1vbO7p69f9DScaooa9JYxKoTEM0El6wJHATrJIqRKBCsHYxup377gSnNY3kP44T5ERlIHnJKwEg9+yjzhgRwY+IJFkIFPMUHQzjr2WWn6syAl4mbkzLKUe/ZX14/pmnEJFBBtO66TgJ+RhRwKtik5KWaJYSOyIB1DZUkYtrPZvdP8KlR+jiMlSkJeKb+nshIpPU4CkxnRGCoF72p+J/XTSG89jMukxSYpPNFYSowxHgaBu5zxSiIsSGEKm5uxXRIFKFgIiuZENzFl5dJ67zqXlbdxkW5dpPHUUTH6ARVkIuuUA3doTpqIooe0TN6RW/Wk/VivVsf89aClc8coj+wPn8AmW+V1Q==</latexit>

Q̂ (t)tim
e

<latexit sha1_base64="hdGLXaL73NKDT7c+nl1S4meHn2c=">AAAB/XicbVDLSgNBEJz1GeNrfdy8DAbBU9gVUY9BLx4jmAckIcxOOsmQ2dllpleMa/BXvHhQxKv/4c2/cZLsQRMLGoqqbrq7glgKg5737SwsLi2vrObW8usbm1vb7s5u1USJ5lDhkYx0PWAGpFBQQYES6rEGFgYSasHgauzX7kAbEalbHMbQCllPia7gDK3UdvcfaRPhHtMowRFtaqZ6EtpuwSt6E9B54mekQDKU2+5XsxPxJASFXDJjGr4XYytlGgWXMMo3EwMx4wPWg4alioVgWunk+hE9skqHdiNtSyGdqL8nUhYaMwwD2xky7JtZbyz+5zUS7F60UqHiBEHx6aJuIilGdBwF7QgNHOXQEsa1sLdS3meacbSB5W0I/uzL86R6UvTPiv7NaaF0mcWRIwfkkBwTn5yTErkmZVIhnDyQZ/JK3pwn58V5dz6mrQtONrNH/sD5/AHYXJV7</latexit>

|outi

Minkowski de Sitter



Correlators in de Sitter

— branch

tim
e

<latexit sha1_base64="gtPMgSsxWUFtar6ErAK0XAIaXE4=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9DAbBU9gVUY9BLx4jmAckS5iddJIhs7PLTK+4xPgrXjwo4tUP8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEc6jzSEa6FTADUiioo0AJrVgDCwMJzWB0PfWb96CNiNQdpjH4IRso0RecoZW6xdIj7SA84FioCe1opgYSusWyW3FnoMvEy0iZZKh1i1+dXsSTEBRyyYxpe26M/phpFFzCpNBJDMSMj9gA2pYqFoLxx7PjJ/TYKj3aj7QthXSm/p4Ys9CYNAxsZ8hwaBa9qfif106wf+nbv+IEQfH5on4iKUZ0mgTtCQ0cZWoJ41rYWykfMs042rwKNgRv8eVl0jiteOcV7/asXL3K4siTQ3JETohHLkiV3JAaqRNOUvJMXsmb8+S8OO/Ox7w152QzJfIHzucP5veU8A==</latexit>

|ini
<latexit sha1_base64="O7f0uOVUnGiIoR0BPPRTxNdYxU4=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9DAbBU9gVUY9BLx4jmAckS5iddJIhs7PLTK+4xPgrXjwo4tUP8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEc6jzSEa6FTADUiioo0AJrVgDCwMJzWB0PfWb96CNiNQdpjH4IRso0RecoZW6xVJHMjWQQDsIDzgWakIfu8WyW3FnoMvEy0iZZKh1i1+dXsSTEBRyyYxpe26M/phpFFzCpNBJDMSMj9gA2pYqFoLxx7PjJ/TYKj3aj7QthXSm/p4Ys9CYNAxsZ8hwaBa9qfif106wf+nbj+IEQfH5on4iKUZ0mgTtCQ0cZWoJ41rYWykfMs042rwKNgRv8eVl0jiteOcV7/asXL3K4siTQ3JETohHLkiV3JAaqRNOUvJMXsmb8+S8OO/Ox7w152QzJfIHzucP3Z2U6g==</latexit>

hin|

<latexit sha1_base64="pY4GJAkDLg00SFVb80qzbRCp/5c=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tFqJeSiKjHohePLdgPaELZbDft0s0m7E6EEnvwr3jxoIhX/4Y3/43bNgdtfTDweG+GmXlBIrgGx/m2Ciura+sbxc3S1vbO7p69f9DScaooa9JYxKoTEM0El6wJHATrJIqRKBCsHYxup377gSnNY3kP44T5ERlIHnJKwEg9+yjzhgRwY+IJFkIFPMUHQzjr2WWn6syAl4mbkzLKUe/ZX14/pmnEJFBBtO66TgJ+RhRwKtik5KWaJYSOyIB1DZUkYtrPZvdP8KlR+jiMlSkJeKb+nshIpPU4CkxnRGCoF72p+J/XTSG89jMukxSYpPNFYSowxHgaBu5zxSiIsSGEKm5uxXRIFKFgIiuZENzFl5dJ67zqXlbdxkW5dpPHUUTH6ARVkIuuUA3doTpqIooe0TN6RW/Wk/VivVsf89aClc8coj+wPn8AmW+V1Q==</latexit>

Q̂ (t)

+ branch

At early times we take          to be the vacuum which reduces to that of Minkowski space. 

This is the Bunch Davies vacuum

<latexit sha1_base64="gtPMgSsxWUFtar6ErAK0XAIaXE4=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9DAbBU9gVUY9BLx4jmAckS5iddJIhs7PLTK+4xPgrXjwo4tUP8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEc6jzSEa6FTADUiioo0AJrVgDCwMJzWB0PfWb96CNiNQdpjH4IRso0RecoZW6xdIj7SA84FioCe1opgYSusWyW3FnoMvEy0iZZKh1i1+dXsSTEBRyyYxpe26M/phpFFzCpNBJDMSMj9gA2pYqFoLxx7PjJ/TYKj3aj7QthXSm/p4Ys9CYNAxsZ8hwaBa9qfif106wf+nbv+IEQfH5on4iKUZ0mgTtCQ0cZWoJ41rYWykfMs042rwKNgRv8eVl0jiteOcV7/asXL3K4siTQ3JETohHLkiV3JAaqRNOUvJMXsmb8+S8OO/Ox7w152QzJfIHzucP5veU8A==</latexit>

|ini

in-in formalism

<latexit sha1_base64="EpKK46MLWbfHuvaRXIOIAsg80NE=">AAACI3icbVBNSwMxFMz6bf2qevQSLEK9lF0RFU+iF48VbCt0S8mmb9tgNrskb8Wy7X/x4l/x4kEpXjz4X0zXIlodCAwz7/EyEyRSGHTdd2dmdm5+YXFpubCyura+Udzcqps41RxqPJaxvgmYASkU1FCghJtEA4sCCY3g9mLsN+5AGxGra+wn0IpYV4lQcIZWahdPfclUVwL1Ee4xE2pIB5nfY0ivhr6EEMvoa9Ht4f7ge8LX+Uq7WHIrbg76l3gTUiITVNvFkd+JeRqBQi6ZMU3PTbCVMY2CSxgW/NRAwvgt60LTUsUiMK0szzike1bp0DDW9imkufpzI2ORMf0osJMRw56Z9sbif14zxfCkZWMlKYLiX4fCVFKM6bgw2hEaOMq+JYxrYf9KeY9pxtHWWrAleNOR/5L6QcU7qnhXh6Wz80kdS2SH7JIy8cgxOSOXpEpqhJMH8kReyKvz6Dw7I+fta3TGmexsk19wPj4BXYal+Q==</latexit>

hin|Q̂ (t) |ini



<latexit sha1_base64="+NpFZgA54gW3UplH+S1vBTEKepg="></latexit>

hin|Ô1 (x1,1) . . . Ôn (xn,1) |ini

Boundary Correlators in de Sitter

<latexit sha1_base64="+wszBp26mHn7s5ScPNBsI3HJc9Q=">AAACF3icbVDLSgMxFM3UV62vqks3wSJUkDJTRF0W3bizgn1Ap5RMmmlDM5khuSMOw/yFG3/FjQtF3OrOvzF9LLT1wIWTc+4l9x4vElyDbX9buaXlldW1/HphY3Nre6e4u9fUYawoa9BQhKrtEc0El6wBHARrR4qRwBOs5Y2uxn7rninNQ3kHScS6ARlI7nNKwEi9YiV1hwRw6lIi8E2W9aquYD6UU9fz8YN5nrhc+pC4ig+GcNwrluyKPQFeJM6MlNAM9V7xy+2HNA6YBCqI1h3HjqCbEgWcCpYV3FiziNARGbCOoZIETHfTyV0ZPjJKH/uhMiUBT9TfEykJtE4Cz3QGBIZ63huL/3mdGPyLbsplFAOTdPqRHwsMIR6HhPtcMQoiMYRQxc2umA6JIhRMlAUTgjN/8iJpVivOWcW5PS3VLmdx5NEBOkRl5KBzVEPXqI4aiKJH9Ixe0Zv1ZL1Y79bHtDVnzWb20R9Ynz9yPJ97</latexit>

Ô2 (x2,1)

tim
e

<latexit sha1_base64="K9ooje2nim169Wrduadd6OBXeYw=">AAACF3icbVDLSsNAFJ34rPUVdelmsAgVpCQi6rLoxp0V7AOaUCbTSTt0MgkzN2II/Qs3/oobF4q41Z1/4/Sx0NYDF86ccy9z7wkSwTU4zre1sLi0vLJaWCuub2xubds7uw0dp4qyOo1FrFoB0UxwyerAQbBWohiJAsGaweBq5DfvmdI8lneQJcyPSE/ykFMCRurYldzrE8C5R4nAN8Nhx/UEC6Gce0GIH8zz2OMyhMxTvNeHo45dcirOGHieuFNSQlPUOvaX141pGjEJVBCt266TgJ8TBZwKNix6qWYJoQPSY21DJYmY9vPxXUN8aJQuDmNlSgIeq78nchJpnUWB6YwI9PWsNxL/89ophBd+zmWSApN08lGYCgwxHoWEu1wxCiIzhFDFza6Y9okiFEyURROCO3vyPGmcVNyzint7WqpeTuMooH10gMrIReeoiq5RDdURRY/oGb2iN+vJerHerY9J64I1ndlDf2B9/gBvCZ95</latexit>

Ô1 (x1,1)
<latexit sha1_base64="d9wBXFkeueKbfocDY9UrAaFvZbY=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUREPRa9eKxgP6ANZbPZtGs3u2F3IpTQ/+DFgyJe/T/e/Ddu2xy09cHA470ZZuaFqeAGPe/bWVldW9/YLG2Vt3d29/YrB4ctozJNWZMqoXQnJIYJLlkTOQrWSTUjSShYOxzdTv32E9OGK/mA45QFCRlIHnNK0EqtnogUmn6l6tW8Gdxl4hekCgUa/cpXL1I0S5hEKogxXd9LMciJRk4Fm5R7mWEpoSMyYF1LJUmYCfLZtRP31CqRGyttS6I7U39P5CQxZpyEtjMhODSL3lT8z+tmGF8HOZdphkzS+aI4Ey4qd/q6G3HNKIqxJYRqbm916ZBoQtEGVLYh+IsvL5PWec2/rPn3F9X6TRFHCY7hBM7Ahyuowx00oAkUHuEZXuHNUc6L8+58zFtXnGLmCP7A+fwBvhePPg==</latexit>. . .

<latexit sha1_base64="PYVJnSZ2ygl2iDKAB+xGeLYHOmM=">AAACF3icbVDLSsNAFJ34rPUVdelmsAgVpCQi6rLoxp0V7AOaUCbTSTt0MgkzN2II/Qs3/oobF4q41Z1/4/Sx0NYDF86ccy9z7wkSwTU4zre1sLi0vLJaWCuub2xubds7uw0dp4qyOo1FrFoB0UxwyerAQbBWohiJAsGaweBq5DfvmdI8lneQJcyPSE/ykFMCRurYldzrE8C5R4nAN8NhR3qChVDOvSDED+Z57HEZQuYp3uvDUccuORVnDDxP3CkpoSlqHfvL68Y0jZgEKojWbddJwM+JAk4FGxa9VLOE0AHpsbahkkRM+/n4riE+NEoXh7EyJQGP1d8TOYm0zqLAdEYE+nrWG4n/ee0Uwgs/5zJJgUk6+ShMBYYYj0LCXa4YBZEZQqjiZldM+0QRCibKognBnT15njROKu5Zxb09LVUvp3EU0D46QGXkonNURdeohuqIokf0jF7Rm/VkvVjv1sekdcGazuyhP7A+fwAyP5/z</latexit>

Ôn (xn,1) Conformal boundary 
 at future infinity

<latexit sha1_base64="gtPMgSsxWUFtar6ErAK0XAIaXE4=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9DAbBU9gVUY9BLx4jmAckS5iddJIhs7PLTK+4xPgrXjwo4tUP8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEc6jzSEa6FTADUiioo0AJrVgDCwMJzWB0PfWb96CNiNQdpjH4IRso0RecoZW6xdIj7SA84FioCe1opgYSusWyW3FnoMvEy0iZZKh1i1+dXsSTEBRyyYxpe26M/phpFFzCpNBJDMSMj9gA2pYqFoLxx7PjJ/TYKj3aj7QthXSm/p4Ys9CYNAxsZ8hwaBa9qfif106wf+nbv+IEQfH5on4iKUZ0mgTtCQ0cZWoJ41rYWykfMs042rwKNgRv8eVl0jiteOcV7/asXL3K4siTQ3JETohHLkiV3JAaqRNOUvJMXsmb8+S8OO/Ox7w152QzJfIHzucP5veU8A==</latexit>

|ini
<latexit sha1_base64="O7f0uOVUnGiIoR0BPPRTxNdYxU4=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9DAbBU9gVUY9BLx4jmAckS5iddJIhs7PLTK+4xPgrXjwo4tUP8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEc6jzSEa6FTADUiioo0AJrVgDCwMJzWB0PfWb96CNiNQdpjH4IRso0RecoZW6xVJHMjWQQDsIDzgWakIfu8WyW3FnoMvEy0iZZKh1i1+dXsSTEBRyyYxpe26M/phpFFzCpNBJDMSMj9gA2pYqFoLxx7PjJ/TYKj3aj7QthXSm/p4Ys9CYNAxsZ8hwaBa9qfif106wf+nbj+IEQfH5on4iKUZ0mgTtCQ0cZWoJ41rYWykfMs042rwKNgRv8eVl0jiteOcV7/asXL3K4siTQ3JETohHLkiV3JAaqRNOUvJMXsmb8+S8OO/Ox7w152QzJfIHzucP3Z2U6g==</latexit>

hin|
+ branch— branch

in-in formalism

At early times we take          to be the vacuum which reduces to that of Minkowski space. 

This is the Bunch Davies vacuum

<latexit sha1_base64="gtPMgSsxWUFtar6ErAK0XAIaXE4=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9DAbBU9gVUY9BLx4jmAckS5iddJIhs7PLTK+4xPgrXjwo4tUP8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEc6jzSEa6FTADUiioo0AJrVgDCwMJzWB0PfWb96CNiNQdpjH4IRso0RecoZW6xdIj7SA84FioCe1opgYSusWyW3FnoMvEy0iZZKh1i1+dXsSTEBRyyYxpe26M/phpFFzCpNBJDMSMj9gA2pYqFoLxx7PjJ/TYKj3aj7QthXSm/p4Ys9CYNAxsZ8hwaBa9qfif106wf+nbv+IEQfH5on4iKUZ0mgTtCQ0cZWoJ41rYWykfMs042rwKNgRv8eVl0jiteOcV7/asXL3K4siTQ3JETohHLkiV3JAaqRNOUvJMXsmb8+S8OO/Ox7w152QzJfIHzucP5veU8A==</latexit>

|ini



<latexit sha1_base64="cEOPVgcwD7X9MGkZauoacBIJQI0=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFZKSpnVXdOOyon1AG8pkOmmHzkzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0wYVdpxPqzC2vrG5lZxu7Szu7d/UD486qg4lZi0ccxi2QuRIowK0tZUM9JLJEE8ZKQbTq9yv3tPpKKxuNOzhAQcjQWNKEbaSLeDhA/LFcd2qzXfaUDH9mveRbVuiON4Nc+HriE5KmCF1rD8PhjFOOVEaMyQUn3XSXSQIakpZmReGqSKJAhP0Zj0DRWIExVki1Pn8MwoIxjF0pTQcKF+n8gQV2rGQ9PJkZ6o314u/uX1Ux01goyKJNVE4OWiKGVQxzD/G46oJFizmSEIS2puhXiCJMLapFMyIXx9Cv8nnart+rZ741Wal6s4iuAEnIJz4II6aIJr0AJtgMEYPIAn8Gwx69F6sV6XrQVrNXMMfsB6+wTC1I4h</latexit>±

dS Feynman rules

bulk-to-boundary propagator:  

Integrate over bulk points:

<latexit sha1_base64="iscIWd7w2S3VfiSgDCRXjeQwbzA=">AAACG3icbVDLSgMxFM34rPU16tJNsAiCWmaKqMuiG5cV7AM6tWQyaRuayYzJHbEM8x9u/BU3LhRxJbjwb0wfC209EDiccw+59/ix4Boc59uam19YXFrOreRX19Y3Nu2t7ZqOEkVZlUYiUg2faCa4ZFXgIFgjVoyEvmB1v3859Ov3TGkeyRsYxKwVkq7kHU4JGKltl7w49I449oTJBKSduoYGEWgsM49LwMFtGhy62QP29J2C9Libte2CU3RGwLPEnZACmqDStj+9IKJJyCRQQbRuuk4MrZQo4FSwLO8lmsWE9kmXNQ2VJGS6lY5uy/C+UQLciZR5Zp2R+juRklDrQeibyZBAT097Q/E/r5lA57yVchknwCQdf9RJBIYID4vCAVeMghgYQqjiZldMe0QRCqbOvCnBnT55ltRKRfe06F6fFMoXkzpyaBftoQPkojNURleogqqIokf0jF7Rm/VkvVjv1sd4dM6aZHbQH1hfPzm8oO8=</latexit>

± i�1...n

Z
dd+1x

p
�g

Sum contributions from each branch of the time contour!

<latexit sha1_base64="cEOPVgcwD7X9MGkZauoacBIJQI0=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFZKSpnVXdOOyon1AG8pkOmmHzkzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0wYVdpxPqzC2vrG5lZxu7Szu7d/UD486qg4lZi0ccxi2QuRIowK0tZUM9JLJEE8ZKQbTq9yv3tPpKKxuNOzhAQcjQWNKEbaSLeDhA/LFcd2qzXfaUDH9mveRbVuiON4Nc+HriE5KmCF1rD8PhjFOOVEaMyQUn3XSXSQIakpZmReGqSKJAhP0Zj0DRWIExVki1Pn8MwoIxjF0pTQcKF+n8gQV2rGQ9PJkZ6o314u/uX1Ux01goyKJNVE4OWiKGVQxzD/G46oJFizmSEIS2puhXiCJMLapFMyIXx9Cv8nnart+rZ741Wal6s4iuAEnIJz4II6aIJr0AJtgMEYPIAn8Gwx69F6sV6XrQVrNXMMfsB6+wTC1I4h</latexit>±

<latexit sha1_base64="w7v5FngYQM/jEVHNfCXPrzJVdo0=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFZLSpnVXdOOygn1gE8pkOmmHzkzCzEQooX/hxoUibv0bd/6Nk7aCih64cDjnXu69J0wYVdpxPqzC2vrG5lZxu7Szu7d/UD486qo4lZh0cMxi2Q+RIowK0tFUM9JPJEE8ZKQXTq9yv3dPpKKxuNWzhAQcjQWNKEbaSHeZP0Ea+gmfD8sVx3ardc9pQsf26rWLasMQx6nVax50DclRASu0h+V3fxTjlBOhMUNKDVwn0UGGpKaYkXnJTxVJEJ6iMRkYKhAnKsgWF8/hmVFGMIqlKaHhQv0+kSGu1IyHppMjPVG/vVz8yxukOmoGGRVJqonAy0VRyqCOYf4+HFFJsGYzQxCW1NwK8QRJhLUJqWRC+PoU/k+6Vdv1bPemVmldruIoghNwCs6BCxqgBa5BG3QABgI8gCfwbCnr0XqxXpetBWs1cwx+wHr7BOozkRg=</latexit>

±̂
<latexit sha1_base64="cEOPVgcwD7X9MGkZauoacBIJQI0=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFZKSpnVXdOOyon1AG8pkOmmHzkzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0wYVdpxPqzC2vrG5lZxu7Szu7d/UD486qg4lZi0ccxi2QuRIowK0tZUM9JLJEE8ZKQbTq9yv3tPpKKxuNOzhAQcjQWNKEbaSLeDhA/LFcd2qzXfaUDH9mveRbVuiON4Nc+HriE5KmCF1rD8PhjFOOVEaMyQUn3XSXSQIakpZmReGqSKJAhP0Zj0DRWIExVki1Pn8MwoIxjF0pTQcKF+n8gQV2rGQ9PJkZ6o314u/uX1Ux01goyKJNVE4OWiKGVQxzD/G46oJFizmSEIS2puhXiCJMLapFMyIXx9Cv8nnart+rZ741Wal6s4iuAEnIJz4II6aIJr0AJtgMEYPIAn8Gwx69F6sV6XrQVrNXMMfsB6+wTC1I4h</latexit>±

bulk-to-    bulk propagator:  
<latexit sha1_base64="w7v5FngYQM/jEVHNfCXPrzJVdo0=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFZLSpnVXdOOygn1gE8pkOmmHzkzCzEQooX/hxoUibv0bd/6Nk7aCih64cDjnXu69J0wYVdpxPqzC2vrG5lZxu7Szu7d/UD486qo4lZh0cMxi2Q+RIowK0tFUM9JPJEE8ZKQXTq9yv3dPpKKxuNWzhAQcjQWNKEbaSHeZP0Ea+gmfD8sVx3ardc9pQsf26rWLasMQx6nVax50DclRASu0h+V3fxTjlBOhMUNKDVwn0UGGpKaYkXnJTxVJEJ6iMRkYKhAnKsgWF8/hmVFGMIqlKaHhQv0+kSGu1IyHppMjPVG/vVz8yxukOmoGGRVJqonAy0VRyqCOYf4+HFFJsGYzQxCW1NwK8QRJhLUJqWRC+PoU/k+6Vdv1bPemVmldruIoghNwCs6BCxqgBa5BG3QABgI8gCfwbCnr0XqxXpetBWs1cwx+wHr7BOozkRg=</latexit>

±̂

<latexit sha1_base64="cEOPVgcwD7X9MGkZauoacBIJQI0=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFZKSpnVXdOOyon1AG8pkOmmHzkzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0wYVdpxPqzC2vrG5lZxu7Szu7d/UD486qg4lZi0ccxi2QuRIowK0tZUM9JLJEE8ZKQbTq9yv3tPpKKxuNOzhAQcjQWNKEbaSLeDhA/LFcd2qzXfaUDH9mveRbVuiON4Nc+HriE5KmCF1rD8PhjFOOVEaMyQUn3XSXSQIakpZmReGqSKJAhP0Zj0DRWIExVki1Pn8MwoIxjF0pTQcKF+n8gQV2rGQ9PJkZ6o314u/uX1Ux01goyKJNVE4OWiKGVQxzD/G46oJFizmSEIS2puhXiCJMLapFMyIXx9Cv8nnart+rZ741Wal6s4iuAEnIJz4II6aIJr0AJtgMEYPIAn8Gwx69F6sV6XrQVrNXMMfsB6+wTC1I4h</latexit>±

<latexit sha1_base64="cEOPVgcwD7X9MGkZauoacBIJQI0=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFZKSpnVXdOOyon1AG8pkOmmHzkzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0wYVdpxPqzC2vrG5lZxu7Szu7d/UD486qg4lZi0ccxi2QuRIowK0tZUM9JLJEE8ZKQbTq9yv3tPpKKxuNOzhAQcjQWNKEbaSLeDhA/LFcd2qzXfaUDH9mveRbVuiON4Nc+HriE5KmCF1rD8PhjFOOVEaMyQUn3XSXSQIakpZmReGqSKJAhP0Zj0DRWIExVki1Pn8MwoIxjF0pTQcKF+n8gQV2rGQ9PJkZ6o314u/uX1Ux01goyKJNVE4OWiKGVQxzD/G46oJFizmSEIS2puhXiCJMLapFMyIXx9Cv8nnart+rZ741Wal6s4iuAEnIJz4II6aIJr0AJtgMEYPIAn8Gwx69F6sV6XrQVrNXMMfsB6+wTC1I4h</latexit>±
<latexit sha1_base64="cEOPVgcwD7X9MGkZauoacBIJQI0=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFZKSpnVXdOOyon1AG8pkOmmHzkzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0wYVdpxPqzC2vrG5lZxu7Szu7d/UD486qg4lZi0ccxi2QuRIowK0tZUM9JLJEE8ZKQbTq9yv3tPpKKxuNOzhAQcjQWNKEbaSLeDhA/LFcd2qzXfaUDH9mveRbVuiON4Nc+HriE5KmCF1rD8PhjFOOVEaMyQUn3XSXSQIakpZmReGqSKJAhP0Zj0DRWIExVki1Pn8MwoIxjF0pTQcKF+n8gQV2rGQ9PJkZ6o314u/uX1Ux01goyKJNVE4OWiKGVQxzD/G46oJFizmSEIS2puhXiCJMLapFMyIXx9Cv8nnart+rZ741Wal6s4iuAEnIJz4II6aIJr0AJtgMEYPIAn8Gwx69F6sV6XrQVrNXMMfsB6+wTC1I4h</latexit>± <latexit sha1_base64="ydve4pX8kEbmSVX9u64wcZUgugU=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjLVmdpd0Y3LFuwD2qFk0kwbm8kMSUYsQ7/AjQtF3PpJ7vwb04egogcuHM65l3vvCRLOlEbow8qtrK6tb+Q3C1vbO7t7xf2DlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD8dXMb99RqVgsbvQkoX6Eh4KFjGBtpMZ9v1hCNvLKrutBZLtu2TtDhlSr1QpC0LHRHCWwRL1ffO8NYpJGVGjCsVJdByXaz7DUjHA6LfRSRRNMxnhIu4YKHFHlZ/NDp/DEKAMYxtKU0HCufp/IcKTUJApMZ4T1SP32ZuJfXjfV4YWfMZGkmgqyWBSmHOoYzr6GAyYp0XxiCCaSmVshGWGJiTbZFEwIX5/C/0mrbDue7TTOS7XLZRx5cASOwSlwQAXUwDWogyYggIIH8ASerVvr0XqxXhetOWs5cwh+wHr7BFpfjVE=</latexit>x

<latexit sha1_base64="uvcNHcLIjQRnQVvqe52ALIrsJrY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNRDx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1Fip3b1FYWjP65UrbtWdgSwTLycVyFHvlb+6/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n83unZATq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTJ8nfa6QGTG2hDLF7a2EDamizNiISjYEb/HlZdI8q3oX1fP780rtOo+jCEdwDKfgwSXU4A7q0AAGAp7hFd6cR+fFeXc+5q0FJ585hD9wPn8AjJKPqQ==</latexit>

�1

<latexit sha1_base64="DmoeS8CoBY7JfhjcltX7GslaxKA=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB6DevAYwTwgWcLspDcZMju7zswKIeQnvHhQxKu/482/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YRK81g+mHGCfkQHkoecUWOldvcWhaG9Sq9YcsvuHGSVeBkpQYZ6r/jV7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5vVNyZpU+CWNlSxoyV39PTGik9TgKbGdEzVAvezPxP6+TmvDKn3CZpAYlWywKU0FMTGbPkz5XyIwYW0KZ4vZWwoZUUWZsRAUbgrf88ippVsreRbl6Xy3VrrM48nACp3AOHlxCDe6gDg1gIOAZXuHNeXRenHfnY9Gac7KZY/gD5/MHjhaPqg==</latexit>

�2

<latexit sha1_base64="nuNn0An3Nvup0OgQAiHV0bdbgQs=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexqUI9BPXiMYB6QLGF20kmGzM6uM7NCWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUK6AaBZdYN9wIbMUKaRgIbAajm6nffEKleSQfzDhGP6QDyfucUWOlVucWhaHd826x5JbdGcgy8TJSggy1bvGr04tYEqI0TFCt254bGz+lynAmcFLoJBpjykZ0gG1LJQ1R++ns3gk5sUqP9CNlSxoyU39PpDTUehwGtjOkZqgXvan4n9dOTP/KT7mME4OSzRf1E0FMRKbPkx5XyIwYW0KZ4vZWwoZUUWZsRAUbgrf48jJpnJW9i3LlvlKqXmdx5OEIjuEUPLiEKtxBDerAQMAzvMKb8+i8OO/Ox7w152Qzh/AHzucPj5qPqw==</latexit>

�3

<latexit sha1_base64="mhUvAV4VnAOaNl3Ksi8vHNN7IbU=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GNRDx4r2A9oQ9lsJ+3SzSbuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqOTR4LGPdDpgBKRQ0UKCEdqKBRYGEVjC6mfqtJ9BGxOoBxwn4ERsoEQrO0Ert7i1IZD3VK1fcqjsDXSZeTiokR71X/ur2Y55GoJBLZkzHcxP0M6ZRcAmTUjc1kDA+YgPoWKpYBMbPZvdO6IlV+jSMtS2FdKb+nshYZMw4CmxnxHBoFr2p+J/XSTG88jOhkhRB8fmiMJUUYzp9nvaFBo5ybAnjWthbKR8yzTjaiEo2BG/x5WXSPKt6F9Xz+/NK7TqPo0iOyDE5JR65JDVyR+qkQTiR5Jm8kjfn0Xlx3p2PeWvByWcOyR84nz/pBo/m</latexit>

�n

<latexit sha1_base64="xt3/qyzxpnsCdV6xjnhSXp6puvs=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHoxWNE84BkDbOT2WTIPJaZWSEs+QQvHhTx6hd582+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1upn7riWrDlHyw44SGAg8kixnB1kn34rHaK5X9ij8DWiZBTsqQo94rfXX7iqSCSks4NqYT+IkNM6wtI5xOit3U0ASTER7QjqMSC2rCbHbqBJ06pY9ipV1Ji2bq74kMC2PGInKdAtuhWfSm4n9eJ7XxVZgxmaSWSjJfFKccWYWmf6M+05RYPnYEE83crYgMscbEunSKLoRg8eVl0qxWgotKcHderl3ncRTgGE7gDAK4hBrcQh0aQGAAz/AKbx73Xrx372PeuuLlM0fwB97nD/zWjZs=</latexit>

m2

<latexit sha1_base64="/ti/j2lZuJGz5rm5EeXDosdnhzs=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rGoB48V7Ae0oWy2m3btZjfsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLRzdRvPTFtuJIPOE5YEJOB5BGnBK3U7N4ygaRXrnhVbwZ3mfg5qUCOeq/81e0rmsZMIhXEmI7vJRhkRCOngk1K3dSwhNARGbCOpZLEzATZ7NqJe2KVvhspbUuiO1N/T2QkNmYch7YzJjg0i95U/M/rpBhdBRmXSYpM0vmiKBUuKnf6utvnmlEUY0sI1dze6tIh0YSiDahkQ/AXX14mzbOqf1H1788rtes8jiIcwTGcgg+XUIM7qEMDKDzCM7zCm6OcF+fd+Zi3Fpx85hD+wPn8AWKEjwI=</latexit>

�



<latexit sha1_base64="l7OA0mnBpzMuEf+lJe72VNoQRks="></latexit>

ds2 = R2
AdS

dz2 + dx2

z2

<latexit sha1_base64="WnAK9rSRPstIYN3E7PUArXRlPXU="></latexit>

ds2 = R2
dS

�d⌘2 + dx2

⌘2

“double Wick rotation”  

<latexit sha1_base64="sfkEejrRoVVV0LjXA2K81HPQY3U=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjxWsB/QhrLZbtqlm03cnQg19E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJn4zUeujYjVPY4S7ke0r0QoGEUrtZ6uOkKFOOqWym7FnYIsEi8nZchR65a+Or2YpRFXyCQ1pu25CfoZ1SiY5ONiJzU8oWxI+7xtqaIRN342vXdMjq3SI2GsbSkkU/X3REYjY0ZRYDsjigMz703E/7x2iuGlnwmVpMgVmy0KU0kwJpPnSU9ozlCOLKFMC3srYQOqKUMbUdGG4M2/vEgapxXvvOLdnZWr13kcBTiEIzgBDy6gCrdQgzowkPAMr/DmPDgvzrvzMWtdcvKZA/gD5/MHKEOQDQ==</latexit>z = 1

<latexit sha1_base64="LQulLQ2h1DVTh9NwRxzWpScJmc8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxov2ANpTNdtIu3WzC7kaooT/BiwdFvPqLvPlv3LY5aPXBwOO9GWbmBYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMrqd+6wGV5rG8N+ME/YgOJA85o8ZKd4+Xbq9ccavuDOQv8XJSgRz1Xvmz249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9ns1Ak5skqfhLGyJQ2ZqT8nMhppPY4C2xlRM9SL3lT8z+ukJrzwMy6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2RD8BZf/kuaJ1XvrOrdnlZqV3kcRTiAQzgGD86hBjdQhwYwGMATvMCrI5xn5815n7cWnHxmH37B+fgG23eNhQ==</latexit>

z = 0
<latexit sha1_base64="igit23AVl2DMWIwh3B89jSh4Uzg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6kUoevFYwX5AG8pmu2nXbnbD7kQoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxPBDXret1NYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5ZAzkK1k40I3EoWCsc3U791hPThiv5gOOEBTEZSB5xStBKzS5Dcu31yhWv6s3gLhM/JxXIUe+Vv7p9RdOYSaSCGNPxvQSDjGjkVLBJqZsalhA6IgPWsVSSmJkgm107cU+s0ncjpW1JdGfq74mMxMaM49B2xgSHZtGbiv95nRSjqyDjMkmRSTpfFKXCReVOX3f7XDOKYmwJoZrbW106JJpQtAGVbAj+4svLpHlW9S+q/v15pXaTx1GEIziGU/DhEmpwB3VoAIVHeIZXeHOU8+K8Ox/z1oKTzxzCHzifP/1Njr8=</latexit>

⌘ = 0

<latexit sha1_base64="d6R4TJkPtEIO0VC1uzsp4SrZZq8=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgxZKIqBeh6MVjBfsBTSib7aRdutmE3YkQQv+GFw+KePXPePPfuG1z0NYHA4/3ZpiZFySCa3Scb6u0srq2vlHerGxt7+zuVfcP2jpOFYMWi0WsugHVILiEFnIU0E0U0CgQ0AnGd1O/8wRK81g+YpaAH9Gh5CFnFI3keYD05szjMsSsX605dWcGe5m4BamRAs1+9csbxCyNQCITVOue6yTo51QhZwImFS/VkFA2pkPoGSppBNrPZzdP7BOjDOwwVqYk2jP190ROI62zKDCdEcWRXvSm4n9eL8Xw2s+5TFIEyeaLwlTYGNvTAOwBV8BQZIZQpri51WYjqihDE1PFhOAuvrxM2ud197LuPlzUGrdFHGVyRI7JKXHJFWmQe9IkLcJIQp7JK3mzUuvFerc+5q0lq5g5JH9gff4Au9CRfg==</latexit>⌘ = �1

tim
e

<latexit sha1_base64="cHfQqp0viQWRvO01u2zYevPlkkE=">AAACDnicdVDLSgNBEJz1GeMr6tHLYAjEQ8KuSPQiBL14jGBUyMYwO+lNhsw+mOkVw5Iv8OKvePGgiFfP3vwbZ2MEnwVNF1XdzHR5sRQabfvNmpqemZ2bzy3kF5eWV1YLa+tnOkoUhyaPZKQuPKZBihCaKFDCRayABZ6Ec29wlPnnV6C0iMJTHMbQDlgvFL7gDI3UKZRcCT6WXUBGD2gFLtOKi3CNKYoARiNXiV4ftzuFol2t2Rnob+JUx90ukgkancKr2414EkCIXDKtW44dYztlCgWXMMq7iYaY8QHrQcvQkAWg2+n4nBEtGaVL/UiZCpGO1a8bKQu0HgaemQwY9vVPLxP/8loJ+vvtVIRxghDyj4f8RFKMaJYN7QoFHOXQEMaVMH+lvM8U42gSzJsQPi+l/5OznapTqzonu8X64SSOHNkkW6RMHLJH6uSYNEiTcHJD7sgDebRurXvryXr+GJ2yJjsb5Busl3fFiZv3</latexit>�
⌘ = �e�time

�

From dS to EAdS, and back: Geometry

<latexit sha1_base64="TJwp/2eJd7WuhsVUJB8SrJcdmeg=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AI9WBJRNSLUPTisYL9gCaUzXbSLt18sDsRaij4V7x4UMSrv8Ob/8Ztm4NWHww83pthZp6fCK7Qtr+MwsLi0vJKcbW0tr6xuWVu7zRVnEoGDRaLWLZ9qkDwCBrIUUA7kUBDX0DLH15P/NY9SMXj6A5HCXgh7Uc84Iyilrrm3sMldwUEWDl2AakreX+AR12zbFftKay/xMlJmeSod81PtxezNIQImaBKdRw7QS+jEjkTMC65qYKEsiHtQ0fTiIagvGx6/tg61ErPCmKpK0Jrqv6cyGio1Cj0dWdIcaDmvYn4n9dJMbjwMh4lKULEZouCVFgYW5MsrB6XwFCMNKFMcn2rxQZUUoY6sZIOwZl/+S9pnlSds6pze1quXeVxFMk+OSAV4pBzUiM3pE4ahJGMPJEX8mo8Gs/Gm/E+ay0Y+cwu+QXj4xuKq5U4</latexit>

z = i (�⌘)

<latexit sha1_base64="QYmJkrQWmGpwElzznhRB0ldBIH4=">AAACBnicbVDLSsNAFJ34rPUVdSlCsAiuSiKiboSqG5f10Qe0IUwmk3bo5MHMjVhCVm78FTcuFHHrN7jzb5y0QbT1wMC559zLnXvcmDMJpvmlzczOzS8slpbKyyura+v6xmZTRokgtEEiHom2iyXlLKQNYMBpOxYUBy6nLXdwkfutOyoki8JbGMbUDnAvZD4jGJTk6DvXTtoFeg/pmXeTZafsp85LR6+YVXMEY5pYBamgAnVH/+x6EUkCGgLhWMqOZcZgp1gAI5xm5W4iaYzJAPdoR9EQB1Ta6eiMzNhTimf4kVAvBGOk/p5IcSDlMHBVZ4ChLye9XPzP6yTgn9gpC+MEaEjGi/yEGxAZeSaGxwQlwIeKYCKY+qtB+lhgAiq5sgrBmjx5mjQPqtZR1bo6rNTOizhKaBvton1koWNUQ5eojhqIoAf0hF7Qq/aoPWtv2vu4dUYrZrbQH2gf31CImaw=</latexit>

RAdS = iRdS

EAdS dS 

Poincaré coordinates



time in dS

+ branch

— branch

<latexit sha1_base64="XNXWJT90ht5GZRaOllfDLG+2twc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRqihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD6zmNBA==</latexit>z

<latexit sha1_base64="vgMuDzSRYTuGAdw7PzdxTwRWga4=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbBiyURUY9FLx4rGFtoQ9lsJ+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMc/B5IhPdDpkBKRT4KFBCO9XA4lBCKxzdTv3WE2gjEvWA4xSCmA2UiARnaCX/rAvIetWaW3dnoMvEK0iNFGj2ql/dfsKzGBRyyYzpeG6KQc40Ci5hUulmBlLGR2wAHUsVi8EE+ezYCT2xSp9GibalkM7U3xM5i40Zx6HtjBkOzaI3Ff/zOhlG10EuVJohKD5fFGWSYkKnn9O+0MBRji1hXAt7K+VDphlHm0/FhuAtvrxMHs/r3mXdu7+oNW6KOMrkiByTU+KRK9Igd6RJfMKJIM/klbw5ynlx3p2PeWvJKWYOyR84nz90rI51</latexit>�⌘

<latexit sha1_base64="vgMuDzSRYTuGAdw7PzdxTwRWga4=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbBiyURUY9FLx4rGFtoQ9lsJ+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMc/B5IhPdDpkBKRT4KFBCO9XA4lBCKxzdTv3WE2gjEvWA4xSCmA2UiARnaCX/rAvIetWaW3dnoMvEK0iNFGj2ql/dfsKzGBRyyYzpeG6KQc40Ci5hUulmBlLGR2wAHUsVi8EE+ezYCT2xSp9GibalkM7U3xM5i40Zx6HtjBkOzaI3Ff/zOhlG10EuVJohKD5fFGWSYkKnn9O+0MBRji1hXAt7K+VDphlHm0/FhuAtvrxMHs/r3mXdu7+oNW6KOMrkiByTU+KRK9Igd6RJfMKJIM/klbw5ynlx3p2PeWvJKWYOyR84nz90rI51</latexit>�⌘

<latexit sha1_base64="XNXWJT90ht5GZRaOllfDLG+2twc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRqihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD6zmNBA==</latexit>z

<latexit sha1_base64="Eotz4WAA6VO/Bk3HQUJm/T6RqwI=">AAACHXicbVDLSgMxFM34tr6qLt0Ei6CgZaYUdSOIblwq2Fro1JJJ77ShmcyQ3BHqMD/ixl9x40IRF27EvzGtXfg6EDiccy439wSJFAZd98OZmJyanpmdmy8sLC4trxRX1+omTjWHGo9lrBsBMyCFghoKlNBINLAokHAV9E+H/tUNaCNidYmDBFoR6yoRCs7QSu1idc8HZPSI3vq7cJ3t+RJC3PZDzXjmJyLPKrlNJEbIWPladHu4I/J2seSW3RHoX+KNSYmMcd4uvvmdmKcRKOSSGdP03ARbGdMouIS84KcGEsb7rAtNSxWLwLSy0XU53bJKh4axtk8hHanfJzIWGTOIApuMGPbMb28o/uc1UwwPW5lQSYqg+NeiMJUUYzqsinaEBo5yYAnjWti/Ut5jthm0hRZsCd7vk/+SeqXs7Ze9i2rp+GRcxxzZIJtkm3jkgByTM3JOaoSTO/JAnsizc+88Oi/O61d0whnPrJMfcN4/AQQtofA=</latexit>

�⌘ = z e�(
⇡
2 �✏)i

<latexit sha1_base64="zGEEw00oYl/OP+/fvq61r5dVvIk=">AAACHXicbVDLSgMxFM34tr6qLt0Ei6CoZUZE3QiiG5cK1hY6tWTSO20wkxmSO0Id5kfc+CtuXCjiwo34N6aPhVYPBA7nnMvNPUEihUHX/XLGxicmp6ZnZgtz8wuLS8XllWsTp5pDhccy1rWAGZBCQQUFSqglGlgUSKgGt2c9v3oH2ohYXWE3gUbE2kqEgjO0UrO4v+sDMnpM7/0duMm2 fQkhbvqhZjzzE5Fne7lNJEbIWPlatDu4JfJmseSW3T7oX+INSYkMcdEsfvitmKcRKOSSGVP33AQbGdMouIS84KcGEsZvWRvqlioWgWlk/etyumGVFg1jbZ9C2ld/TmQsMqYbBTYZMeyYUa8n/ufVUwyPGplQSYqg+GBRmEqKMe1VRVtCA0fZtYRxLexfKe8w2wzaQgu2BG/05L/keq/sHZS9y/3SyemwjhmyRtbJJvHIITkh5+SCVAgnD+SJvJBX59F5dt6c90F0zBnOrJJfcD6/AQDboe4=</latexit>

�⌘ = z e+(
⇡
2 �✏)i

time in dS 

Bulk coordinate

in EAdS

+ branch

— branch

<latexit sha1_base64="vgMuDzSRYTuGAdw7PzdxTwRWga4=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbBiyURUY9FLx4rGFtoQ9lsJ+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMc/B5IhPdDpkBKRT4KFBCO9XA4lBCKxzdTv3WE2gjEvWA4xSCmA2UiARnaCX/rAvIetWaW3dnoMvEK0iNFGj2ql/dfsKzGBRyyYzpeG6KQc40Ci5hUulmBlLGR2wAHUsVi8EE+ezYCT2xSp9GibalkM7U3xM5i40Zx6HtjBkOzaI3Ff/zOhlG10EuVJohKD5fFGWSYkKnn9O+0MBRji1hXAt7K+VDphlHm0/FhuAtvrxMHs/r3mXdu7+oNW6KOMrkiByTU+KRK9Igd6RJfMKJIM/klbw5ynlx3p2PeWvJKWYOyR84nz90rI51</latexit>�⌘

<latexit sha1_base64="vgMuDzSRYTuGAdw7PzdxTwRWga4=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbBiyURUY9FLx4rGFtoQ9lsJ+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/waJJMc/B5IhPdDpkBKRT4KFBCO9XA4lBCKxzdTv3WE2gjEvWA4xSCmA2UiARnaCX/rAvIetWaW3dnoMvEK0iNFGj2ql/dfsKzGBRyyYzpeG6KQc40Ci5hUulmBlLGR2wAHUsVi8EE+ezYCT2xSp9GibalkM7U3xM5i40Zx6HtjBkOzaI3Ff/zOhlG10EuVJohKD5fFGWSYkKnn9O+0MBRji1hXAt7K+VDphlHm0/FhuAtvrxMHs/r3mXdu7+oNW6KOMrkiByTU+KRK9Igd6RJfMKJIM/klbw5ynlx3p2PeWvJKWYOyR84nz90rI51</latexit>�⌘

<latexit sha1_base64="XNXWJT90ht5GZRaOllfDLG+2twc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRqihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD6zmNBA==</latexit>z

<latexit sha1_base64="XNXWJT90ht5GZRaOllfDLG+2twc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRqihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD6zmNBA==</latexit>z

<latexit sha1_base64="xP/+jm0e0OQPDOLXRSyCn+ezvs8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx4r2A9oQ9lsJ+3aTTbsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqWWqGDaYFFK1A6pR8BgbhhuB7UQhjQKBrWB0O/VbT6g0l/GDGSfoR3QQ85AzaqzUPOuioaRXrrhVdwayTLycVCBHvVf+6vYlSyOMDRNU647nJsbPqDKcCZyUuqnGhLIRHWDH0phGqP1sdu2EnFilT0KpbMWGzNTfExmNtB5Hge2MqBnqRW8q/ud1UhNe+xmPk9RgzOaLwlQQI8n0ddLnCpkRY0soU9zeStiQKsqMDahkQ/AWX14mzfOqd1n17i8qtZs8jiIcwTGcggdXUIM7qEMDGDzCM7zCmyOdF+fd+Zi3Fpx85hD+wPn8Acvbjp8=</latexit>�⌘

<latexit sha1_base64="N/zff+WIjsypDSbmEWQ7syHEa+w=">AAACJ3icbVDLSsNAFJ34tr6qLt0MFkERSyKibhTRjUsFq0JTy2R60w6dTMLMjVBD/saNv+JGUBFd+idO2yx8HRg4nHMud+4JEikMuu6HMzI6Nj4xOTVdmpmdm18oLy5dmjjVHGo8lrG+DpgBKRTUUKCE60QDiwIJV0H3pO9f3YI2IlYX2EugEbG2EqHgDK3ULB/eHfgSQlzf8gGZr0W7gxtwk20OVT/UjGd+IvJsO7eRxAgZqyImctosV9yqOwD9S7yCVEiBs2b52W/FPI1AIZfMmLrnJtjImEbBJeQlPzWQMN5lbahbqlgEppEN7szpmlVaNIy1fQrpQP0+kbHImF4U2GTEsGN+e33xP6+eYrjfyIRKUgTFh4vCVFKMab802hIaOMqeJYxrYf9KeYfZatBWW7IleL9P/ksut6vebtU736kcHRd1TJEVskrWiUf2yBE5JWekRji5J4/khbw6D86T8+a8D6MjTjGzTH7A+fwCuL2mfA==</latexit>

z = (�⌘) e+(
⇡
2 �✏)i

<latexit sha1_base64="+mBfP1ka8UGcq+ns9REjqWqLoYw=">AAACJ3icbVDLSsNAFJ34tr6qLt0MFkEXlkRE3SiiG5cVbBWaWibTm3ZwMgkzN0IN+Rs3/oobQUV06Z84bbPwdWDgcM653LknSKQw6Lofztj4xOTU9MxsaW5+YXGpvLzSMHGqOdR5LGN9FTADUiioo0AJV4kGFgUSLoOb04F/eQvaiFhdYD+BVsS6SoSCM7RSu3x0d+hLCHFz2wdkvhbdHm7BdbY9Uv1QM575icizndxGEiNkrIqYyGm7XHGr7hD0L/EKUiEFau3ys9+JeRqBQi6ZMU3PTbCVMY2CS8hLfmogYfyGdaFpqWIRmFY2vDOnG1bp0DDW9imkQ/X7RMYiY/pRYJMRw5757Q3E/7xmiuFBKxMqSREUHy0KU0kxpoPSaEdo4Cj7ljCuhf0r5T1mq0FbbcmW4P0++S9p7FS9vap3vls5PinqmCFrZJ1sEo/sk2NyRmqkTji5J4/khbw6D86T8+a8j6JjTjGzSn7A+fwCvBGmfg==</latexit>

z = (�⌘) e�(
⇡
2 �✏)i

Bulk coordinate

in EAdS

From dS in-in formalism to EAdS, and back

[C.S. 1906.12302]

[C.S. & M.T. 1907.01143]

[C.S. & M.T. 2007.09993]


https://arxiv.org/abs/1906.12302
https://arxiv.org/abs/1907.01143
https://arxiv.org/abs/2007.09993


In the Bunch-Davies vacuum there is potential to significantly close the gap

in understanding between boundary correlators in AdS and dS! 

Summary

For the future:

<latexit sha1_base64="bEJEFuSIO2PcGJsXP8gToA7P3nI=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQlKbtu6K3bisYB+QhjKZTtqhkwczN0IJ/Qw3LhRx69e482+ctBVU9MCFwzn3cu89fiK4Asv6MNbWNza3tgs7xd29/YPD0tFxV8WppKxDYxHLvk8UEzxiHeAgWD+RjIS+YD1/2sr93j2TisfRHcwS5oVkHPGAUwJaclvDbOCnQjCYD0tly7QrTr12iS2z5lSvLEcTy6o2bAfbmuQooxXaw9L7YBTTNGQRUEGUcm0rAS8jEjgVbF4cpIolhE7JmLmaRiRkyssWJ8/xuVZGOIilrgjwQv0+kZFQqVno686QwET99nLxL89NIWh4GY+SFFhEl4uCVGCIcf4/HnHJKIiZJoRKrm/FdEIkoaBTKuoQvj7F/5NuxbRrpn1bLTevV3EU0Ck6QxfIRnXURDeojTqIohg9oCf0bIDxaLwYr8vWNWM1c4J+wHj7BO7+kbM=</latexit>

C•
<latexit sha1_base64="+DqT3VOeZ9n3eIBo8oI455dz9qQ="></latexit>

=
X

•={Dirichlet
Neumann}

C•

encode de Sitter

unitary time evolution

boundary condition 

on exchanged particles  

What happens non-perturbatively? OPE?

Other space-times relevant to the real world?

Minkowski space/celestial amplitudes?

see also recent progress by [Penedones et al & Gorbenko et al ]

[C.S. & M.T. 2007.09993]

[C.S. & M.T. 2109.02725]

https://arxiv.org/abs/2007.09993
https://arxiv.org/abs/2109.02725


<latexit sha1_base64="wJzvkX0AqCl38MfZYduZiRGm4C0=">AAACDXicbVC7SgNBFJ2Nrxhfq5Y2g1GwMGE3iIooRG0sI5gHJJtldjJJhsw+nLkrhCU/YOOv2FgoYmtv5984eRSaeODCmXPuZe49XiS4Asv6NlJz8wuLS+nlzMrq2vqGublVUWEsKSvTUISy5hHFBA9YGTgIVoskI74nWNXrXQ/96gOTiofBHfQj5vikE/A2pwS05Jp7SYMSgS8Hbu4MN+5j0sK1ZuEiB83C4fgJ55ZrZq28NQKeJfaEZNEEJdf8arRCGvssACqIUnXbisBJiAROBRtkGrFiEaE90mF1TQPiM+Uko2sGeF8rLdwOpa4A8Ej9PZEQX6m+7+lOn0BXTXtD8T+vHkP71El4EMXAAjr+qB0LDCEeRoNbXDIKoq8JoZLrXTHtEkko6AAzOgR7+uRZUink7eO8fXuULV5N4kijHbSLDpCNTlAR3aASKiOKHtEzekVvxpPxYrwbH+PWlDGZ2UZ/YHz+APLymZQ=</latexit>

A� : X2 = �t2, t < 0

<latexit sha1_base64="Dkx2Ti8s71qtBsxOQHAjFwFb7h8=">AAACDXicbVDJSgNBEO2JW4xb1KOXxigIapgJoiIoUS8eI5gFsgw9PT1Jk57F7hohDPkBL/6KFw+KePXuzb+xsxw08UHB6/eq6KrnRIIrMM1vIzUzOze/kF7MLC2vrK5l1zcqKowlZWUailDWHKKY4AErAwfBapFkxHcEqzrd64FffWBS8TC4g17Emj5pB9zjlICW7OxO0qBE4Mu+vX+GG/cxcXGtVTg/hFbhYPSEC9PO5sy8OQSeJtaY5NAYJTv71XBDGvssACqIUnXLjKCZEAmcCtbPNGLFIkK7pM3qmgbEZ6qZDK/p412tuNgLpa4A8FD9PZEQX6me7+hOn0BHTXoD8T+vHoN32kx4EMXAAjr6yIsFhhAPosEul4yC6GlCqOR6V0w7RBIKOsCMDsGaPHmaVAp56zhv3R7lilfjONJoC22jPWShE1REN6iEyoiiR/SMXtGb8WS8GO/Gx6g1ZYxnNtEfGJ8/8sCZlA==</latexit>

A+ : X2 = �t2, t > 0

<latexit sha1_base64="m5NL9KNym49INa0R2PtEeDUjWi0=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokRVQEoagLl1XsA5q0TCaTduhkEmcmQgnZ+CtuXCji1s9w5984bbPQ1gMXDufcy733eDGjUlnWt1FYWFxaXimultbWNza3zO2dpowSgUkDRywSbQ9JwignDUUVI+1YEBR6jLS84dXYbz0SIWnE79UoJm6I+pwGFCOlpZ65lzoYMXidnUPnIUE+bHerF3fdas8sWxVrAjhP7JyUQY56z/xy/AgnIeEKMyRlx7Zi5aZIKIoZyUpOIkmM8BD1SUdTjkIi3XTyQAYPteLDIBK6uIIT9fdEikIpR6GnO0OkBnLWG4v/eZ1EBWduSnmcKMLxdFGQMKgiOE4D+lQQrNhIE4QF1bdCPEACYaUzK+kQ7NmX50mzWrFPKvbtcbl2mcdRBPvgABwBG5yCGrgBddAAGGTgGbyCN+PJeDHejY9pa8HIZ3bBHxifP3W2lQc=</latexit>

D : X2 = R2

<latexit sha1_base64="b9rPTgRK/72+qSV63dWwg8XAldY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8eK9gPaWDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/naXlldW19cJGcXNre2e3tLff0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8HwZuI3n1BpHssHM0rQj2hf8pAzaqx033o87ZbKbsWdgiwSLydlyFHrlr46vZilEUrDBNW67bmJ8TOqDGcCx8VOqjGhbEj72LZU0gi1n01PHZNjq/RIGCtb0pCp+nsio5HWoyiwnRE1Az3vTcT/vHZqwis/4zJJDUo2WxSmgpiYTP4mPa6QGTGyhDLF7a2EDaiizNh0ijYEb/7lRdI4q3gXFe/uvFy9zuMowCEcwQl4cAlVuIUa1IFBH57hFd4c4bw4787HrHXJyWcO4A+czx/SPI1/</latexit>

X+<latexit sha1_base64="NIXfM+CpDqmOcQaMZDtJqXEpnzU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWNF+wFtLJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVa6bz2edktlt+JOQRaJl5My5Kh1S1+dXszSCKVhgmrd9tzE+BlVhjOB42In1ZhQNqR9bFsqaYTaz6anjsmxVXokjJUtachU/T2R0UjrURTYzoiagZ73JuJ/Xjs14ZWfcZmkBiWbLQpTQUxMJn+THlfIjBhZQpni9lbCBlRRZmw6RRuCN//yImmcVbyLind3Xq5e53EU4BCO4AQ8uIQq3EIN6sCgD8/wCm+OcF6cd+dj1rrk5DMH8AfO5w/VRI2B</latexit>

X�



encode Minkowski

unitary time evolution

The Bunch-Davies picture in dS extends to Minkowski space and allows to 
derive key properties of Celestial CFTs! 

Outlook

For the future:

<latexit sha1_base64="bEJEFuSIO2PcGJsXP8gToA7P3nI=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQlKbtu6K3bisYB+QhjKZTtqhkwczN0IJ/Qw3LhRx69e482+ctBVU9MCFwzn3cu89fiK4Asv6MNbWNza3tgs7xd29/YPD0tFxV8WppKxDYxHLvk8UEzxiHeAgWD+RjIS+YD1/2sr93j2TisfRHcwS5oVkHPGAUwJaclvDbOCnQjCYD0tly7QrTr12iS2z5lSvLEcTy6o2bAfbmuQooxXaw9L7YBTTNGQRUEGUcm0rAS8jEjgVbF4cpIolhE7JmLmaRiRkyssWJ8/xuVZGOIilrgjwQv0+kZFQqVno686QwET99nLxL89NIWh4GY+SFFhEl4uCVGCIcf4/HnHJKIiZJoRKrm/FdEIkoaBTKuoQvj7F/5NuxbRrpn1bLTevV3EU0Ck6QxfIRnXURDeojTqIohg9oCf0bIDxaLwYr8vWNWM1c4J+wHj7BO7+kbM=</latexit>

C•

All principal series contribute as 
consequence of radial reduction

Use non-perturbative unitarity to develop 
numerical bootstrap

[L. Iacobacci, C.S. & M.T. to Appear]

<latexit sha1_base64="NrOQDXut8kiGAf95b8ElQ4+eN+o=">AAACBXicbVBNS8NAEJ3Ur1q/oh71sFgETyUpRb0IRT14rGBboQlls9m0Szcf7G6EEnLx4l/x4kERr/4Hb/4bt20O2vpg4PHeDDPzvIQzqSzr2ygtLa+srpXXKxubW9s75u5eR8apILRNYh6Lew9LyllE24opTu8TQXHocdr1RlcTv/tAhWRxdKfGCXVDPIhYwAhWWuqbhxcOixRyAoFJ5jvXlCucZ3UnYYjlfbNq1awp0CKxC1KFAq2++eX4MUlDGinCsZQ920qUm2GhGOE0rzippAkmIzygPU0jHFLpZtMvcnSsFR8FsdClT5qqvycyHEo5Dj3dGWI1lPPeRPzP66UqOHczFiWpohGZLQpSjlSMJpEgnwlKFB9rgolg+lZEhlgHonRwFR2CPf/yIunUa/ZprXHbqDYvizjKcABHcAI2nEETbqAFbSDwCM/wCm/Gk/FivBsfs9aSUczswx8Ynz8TyZhS</latexit>

=

Z
d�

2⇡i

Clarify the meaning of convergent OPE 
non-perturbatively

Can we truly define a holographic principle 
in these more complex cases?



EAdSd+1

MinkddSd+1

AdSd+1


