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O4CFTd on the

 boundary

Unitarity

Conformal symmetry
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MdCFT in 

Constrained non-perturbatively by

the Conformal Bootstrap:

Associative OPE 




Can we extend this understanding to our own universe?

CFTd on the

 boundary

AdS-CFT



Holography for all Λs? 

de Sitter
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The maximally symmetric cousins of AdS

Minkowski
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Cosmological scales

Primordial inflation

intermediate scales
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de Sitter
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The maximally symmetric cousins of AdS
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Cosmological Bootstrap Celestial holography
[Arkani-Hamed and Maldacena ’15]

[Arkani-Hamed, Baumann, Lee and Pimentel ’18]
[Sleight and Taronna ’19] [Pajer et al ’20] […]

[Arkani-Hamed and Benincasa ’17] [Strominger ’17] [Pasterski, Shao, Strominger ’17]

[Pasterski, Shao ’17] […]

[de Boer and Solodukhin '03]
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Holography for all Λs in Euclidean AdS? 



Holography for all Λs in Euclidean AdS? 

Based on work with: A. Chopping, L. Iacobacci, M. Taronna 

<latexit sha1_base64="KvopmlFg60ipqyZqX7NULcGSABA=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgxbArEr0IQRE8RjAPSNYwO5lNhsw+mOlVwpL/8OJBEa/+izf/xkmyB00saCiquunu8mIpNNr2t5VbWl5ZXcuvFzY2t7Z3irt7DR0livE6i2SkWh7VXIqQ11Gg5K1YcRp4kje94fXEbz5ypUUU3uMo5m5A+6HwBaNopAckl+REdJAm3fRm3C2W7LI9BVkkTkZKkKHWLX51ehFLAh4ik1TrtmPH6KZUoWCSjwudRPOYsiHt87ahIQ24dtPp1WNyZJQe8SNlKkQyVX9PpDTQehR4pjOgONDz3kT8z2sn6F+4qQjjBHnIZov8RBKMyCQC0hOKM5QjQyhTwtxK2IAqytAEVTAhOPMvL5LGadmplCt3Z6XqVRZHHg7gEI7BgXOowi3UoA4MFDzDK7xZT9aL9W59zFpzVjazD39gff4AcLOR2g==</latexit>

t = �i⌧E

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

=
X

•={Dirichlet
Neumann}

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

=
X

•={Dirichlet
Neumann}

C•

<latexit sha1_base64="m4xR+gkdo/kJMZJj1l1wNQb1h3Q=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv2ANpTNdtOu3WzC7kQoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWDzhOuB/RgRKhYBSt1LwmXaGwV664VXcGsky8nFQgR71X/ur2Y5ZGXCGT1JiO5yboZ1SjYJJPSt3U8ISyER3wjqWKRtz42ezaCTmxSp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimGV34mVJIiV2y+KEwlwZhMXyd9oTlDObaEMi3srYQNqaYMbUAlG4K3+PIyaZ5VvYuqd39eqd3kcRThCI7hFDy4hBrcQR0awOARnuEV3pzYeXHenY95a8HJZw7hD5zPH/0bjsA=</latexit>

=

Z

<latexit sha1_base64="njxhFc7A89LzzW1s77RR63VG+R0=">AAACGXicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6kaoiuCyon1AE8pkOm2HTh7M3Igl5Dfc+CtuXCjiUlf+jZM2C209cOFwzr3ce48XCa7Asr6NwsLi0vJKcbW0tr6xuWVu7zRVGEvKGjQUoWx7RDHBA9YADoK1I8mI7wnW8kaXmd+6Z1LxMLiDccRcnwwC3ueUgJa6ppU4QwK4nXYTB9gDJL3bNMVnmGM861ydZ17XLFsVawI8T+yclFGOetf8dHohjX0WABVEqY5tReAmRAKngqUlJ1YsInREBqyjaUB8ptxk8lmKD7TSw/1Q6goAT9TfEwnxlRr7nu70CQzVrJeJ/3mdGPqnbsKDKAYW0OmifiwwhDiLCfe4ZBTEWBNCJde3YjokklDQYZZ0CPbsy/OkeVSxq5XqzXG5dpHHUUR7aB8dIhudoBq6RnXUQBQ9omf0it6MJ+PFeDc+pq0FI5/ZRX9gfP0AgYKgog==</latexit>

X̂dS = iX̂EAdS

<latexit sha1_base64="gh8d0HfTJmnbptkWU5lHGWOQ1cc=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHCCZZSNYwO5lNhsw+mOlVwpL/8OJBEa/+izf/xkmyB00saCiquunu8hMpNNr2t1VYWV1b3yhulra2d3b3yvsHLR2nivEmi2WsXJ9qLkXEmyhQcjdRnIa+5G1/dDP1249caRFH9zhOuBfSQSQCwSga6cElVwRJ1h1SJO6kV67YVXsGskycnFQgR6NX/ur2Y5aGPEImqdYdx07Qy6hCwSSflLqp5gllIzrgHUMjGnLtZbOrJ+TEKH0SxMpUhGSm/p7IaKj1OPRNZ0hxqBe9qfif10kxuPQyESUp8ojNFwWpJBiTaQSkLxRnKMeGUKaEuZWwIVWUoQmqZEJwFl9eJq2zqlOr1u7OK/XrPI4iHMExnIIDF1CHW2hAExgoeIZXeLOerBfr3fqYtxasfOYQ/sD6/AHrS5GD</latexit>

X = tX̂

[2007.09993 CS MT, 2109.02725 CS MT,

 2407.16652 AC CS MT][2301.01810 CS MT, 2401.16591 LI CS MT]



Outline

I.
<latexit sha1_base64="seIujT49N95OQDYgmahtxUijZPk=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6sJF0Y0LFxXsA6ZDyWQybWgmGZI7Qhn6GW5cKOLWr3Hn35i2s9DWA4HDOeeSe0+YCm7Adb+d0srq2vpGebOytb2zu1fdP2gblWnKWlQJpbshMUxwyVrAQbBuqhlJQsE64eh26neemDZcyUcYpyxIyEDymFMCVvJ79zYaEXyN3X615tbdGfAy8QpSQwWa/epXL1I0S5gEKogxvuemEOREA6eCTSq9zLCU0BEZMN9SSRJmgny28gSfWCXCsdL2ScAz9fdEThJjxklokwmBoVn0puJ/np9BfBXkXKYZMEnnH8WZwKDw9H4ccc0oiLElhGpud8V0SDShYFuq2BK8xZOXSfus7l3UvYfzWuOmqKOMjtAxOkUeukQNdIeaqIUoUugZvaI3B5wX5935mEdLTjFziP7A+fwBsZSQNw==</latexit>

⇤ < 0

II.
<latexit sha1_base64="WqzUkMqZR6WqQqJ0AN2qSt85FCU=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6kqKbly4qGAfMB1KJpNpQzPJkNwRytDPcONCEbd+jTv/xrSdhbYeCBzOOZfce8JUcAOu++2UVlbX1jfKm5Wt7Z3dver+QduoTFPWokoo3Q2JYYJL1gIOgnVTzUgSCtYJR7dTv/PEtOFKPsI4ZUFCBpLHnBKwkt+7t9GI4Gvs9qs1t+7OgJeJV5AaKtDsV796kaJZwiRQQYzxPTeFICcaOBVsUullhqWEjsiA+ZZKkjAT5LOVJ/jEKhGOlbZPAp6pvydykhgzTkKbTAgMzaI3Ff/z/AziqyDnMs2ASTr/KM4EBoWn9+OIa0ZBjC0hVHO7K6ZDogkF21LFluAtnrxM2md176LuPZzXGjdFHWV0hI7RKfLQJWqgO9RELUSRQs/oFb054Lw4787HPFpyiplD9AfO5w+0oJA5</latexit>

⇤ > 0

III.
<latexit sha1_base64="47nMZKtYXfk+mjde+OX9twtrvBE=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6kYounHhooJ9wHQomUymDc0kQ3JHKEM/w40LRdz6Ne78G9N2Ftp6IHA451xy7wlTwQ247rdTWlldW98ob1a2tnd296r7B22jMk1ZiyqhdDckhgkuWQs4CNZNNSNJKFgnHN1O/c4T04Yr+QjjlAUJGUgec0rASn7v3kYjgq+x26/W3Lo7A14mXkFqqECzX/3qRYpmCZNABTHG99wUgpxo4FSwSaWXGZYSOiID5lsqScJMkM9WnuATq0Q4Vto+CXim/p7ISWLMOAltMiEwNIveVPzP8zOIr4KcyzQDJun8ozgTGBSe3o8jrhkFMbaEUM3trpgOiSYUbEsVW4K3ePIyaZ/VvYu693Bea9wUdZTRETpGp8hDl6iB7lATtRBFCj2jV/TmgPPivDsf82jJKWYO0R84nz+zGpA4</latexit>

⇤ = 0



<latexit sha1_base64="seIujT49N95OQDYgmahtxUijZPk=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6sJF0Y0LFxXsA6ZDyWQybWgmGZI7Qhn6GW5cKOLWr3Hn35i2s9DWA4HDOeeSe0+YCm7Adb+d0srq2vpGebOytb2zu1fdP2gblWnKWlQJpbshMUxwyVrAQbBuqhlJQsE64eh26neemDZcyUcYpyxIyEDymFMCVvJ79zYaEXyN3X615tbdGfAy8QpSQwWa/epXL1I0S5gEKogxvuemEOREA6eCTSq9zLCU0BEZMN9SSRJmgny28gSfWCXCsdL2ScAz9fdEThJjxklokwmBoVn0puJ/np9BfBXkXKYZMEnnH8WZwKDw9H4ccc0oiLElhGpud8V0SDShYFuq2BK8xZOXSfus7l3UvYfzWuOmqKOMjtAxOkUeukQNdIeaqIUoUugZvaI3B5wX5935mEdLTjFziP7A+fwBsZSQNw==</latexit>

⇤ < 0



<latexit sha1_base64="DRri6lvbrrzZyEJN63wr8QpRkmc="></latexit>

�
�
X0

�2 �
�
Xd+1

�2
+

dX

i=1

�
Xi

�2
= �R2

AdS

Anti-de Sitter space-time 
<latexit sha1_base64="nV/NUGgk065Z2Mj0sAjdW+ZzssQ=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiTSh90V3bisaB/QxjKZTtqhk0mYmQgl9BPcuFDErV/kzr9x2kZQ0QMXDufcy733+DFnSjvOh5VbWV1b38hvFra2d3b3ivsHbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k8u537mnUrFI3OppTL0QjwQLGMHaSDfdO2dQLDl2xXHrlTpaklo5I9UKcm1ngRJkaA6K7/1hRJKQCk04VqrnOrH2Uiw1I5zOCv1E0RiTCR7RnqECh1R56eLUGToxyhAFkTQlNFqo3ydSHCo1DX3TGWI9Vr+9ufiX10t0cO6lTMSJpoIsFwUJRzpC87/RkElKNJ8agolk5lZExlhiok06BRPC16fof9I+s92q7V6XS42LLI48HMExnIILNWjAFTShBQRG8ABP8Gxx69F6sV6XrTkrmzmEH7DePgFPBo3V</latexit>

X0

<latexit sha1_base64="alFJJq5MLpzAjyAmQBzlcUBM0tw=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiTSh90V3bisaB/QxjKZTtqhk0mYmQgl9BPcuFDErV/kzr9x2kZQ0QMXDufcy733+DFnSjvOh5VbWV1b38hvFra2d3b3ivsHbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k8u537mnUrFI3OppTL0QjwQLGMHaSDfdO3dQLDl2xXHrlTpaklo5I9UKcm1ngRJkaA6K7/1hRJKQCk04VqrnOrH2Uiw1I5zOCv1E0RiTCR7RnqECh1R56eLUGToxyhAFkTQlNFqo3ydSHCo1DX3TGWI9Vr+9ufiX10t0cO6lTMSJpoIsFwUJRzpC87/RkElKNJ8agolk5lZExlhiok06BRPC16fof9I+s92q7V6XS42LLI48HMExnIILNWjAFTShBQRG8ABP8Gxx69F6sV6XrTkrmzmEH7DePgFQio3W</latexit>

X1

<latexit sha1_base64="wdUkXuF/yOFr3H6NZcYz6CW1KuA=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchaT0YXdFNy4r2ge0sUymk3boZBJmJkIJ/QQ3LhRx6xe582+cthFU9MCFwzn3cu89fsyZ0o7zYa2srq1vbOa28ts7u3v7hYPDtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8yeXc79xTqVgkbvU0pl6IR4IFjGBtpJvuXWlQKDp2xXHrlTpaklo5I9UKcm1ngSJkaA4K7/1hRJKQCk04VqrnOrH2Uiw1I5zO8v1E0RiTCR7RnqECh1R56eLUGTo1yhAFkTQlNFqo3ydSHCo1DX3TGWI9Vr+9ufiX10t0cO6lTMSJpoIsFwUJRzpC87/RkElKNJ8agolk5lZExlhiok06eRPC16fof9Iu2W7Vdq/LxcZFFkcOjuEEzsCFGjTgCprQAgIjeIAneLa49Wi9WK/L1hUrmzmCH7DePgFSDo3X</latexit>

X2

Isometry group:
<latexit sha1_base64="SXUaklTPihV0rJG537FQ7TCvjYg=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRahgpSkiHosevFmRfsBTSibzaZdutmE3YlYQv+KFw+KePWPePPfuG1z0NYHA4/3ZpiZ5yecKbDtb6Owsrq2vlHcLG1t7+zumfvltopTSWiLxDyWXR8rypmgLWDAaTeRFEc+px1/dD31O49UKhaLBxgn1IvwQLCQEQxa6pvl+1uX0xCqwWndlWwwhJO+WbFr9gzWMnFyUkE5mn3zyw1ikkZUAOFYqZ5jJ+BlWAIjnE5KbqpogskID2hPU4EjqrxsdvvEOtZKYIWx1CXAmqm/JzIcKTWOfN0ZYRiqRW8q/uf1UggvvYyJJAUqyHxRmHILYmsahBUwSQnwsSaYSKZvtcgQS0xAx1XSITiLLy+Tdr3mnNecu7NK4yqPo4gO0RGqIgddoAa6QU3UQgQ9oWf0it6MifFivBsf89aCkc8coD8wPn8AvhiTmw==</latexit>

SO (d, 2) =  conformal group in 
<latexit sha1_base64="HbSi7ljI8gZTQIQsPLpjqfU6Rgo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxo1QwT6giWUymbRDJ5MwMxFKyG+4caGIW3/GnX/jpM1CWw8MHM65l3vm+AlnStv2t1VZWV1b36hu1ra2d3b36vsHXRWnktAOiXks+z5WlDNBO5ppTvuJpDjyOe35k5vC7z1RqVgsHvQ0oV6ER4KFjGBtJNeNsB77fnaXPwbDesNu2jOgZeKUpAEl2sP6lxvEJI2o0IRjpQaOnWgvw1Izwmlec1NFE0wmeEQHhgocUeVls8w5OjFKgMJYmic0mqm/NzIcKTWNfDNZZFSLXiH+5w1SHV55GRNJqqkg80NhypGOUVEACpikRPOpIZhIZrIiMsYSE21qqpkSnMUvL5PuWdO5aDr3543WdVlHFY7gGE7BgUtowS20oQMEEniGV3izUuvFerc+5qMVq9w5hD+wPn8AME6RyQ==</latexit>

Md

Poincaré coordinates:

<latexit sha1_base64="HbSi7ljI8gZTQIQsPLpjqfU6Rgo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxo1QwT6giWUymbRDJ5MwMxFKyG+4caGIW3/GnX/jpM1CWw8MHM65l3vm+AlnStv2t1VZWV1b36hu1ra2d3b36vsHXRWnktAOiXks+z5WlDNBO5ppTvuJpDjyOe35k5vC7z1RqVgsHvQ0oV6ER4KFjGBtJNeNsB77fnaXPwbDesNu2jOgZeKUpAEl2sP6lxvEJI2o0IRjpQaOnWgvw1Izwmlec1NFE0wmeEQHhgocUeVls8w5OjFKgMJYmic0mqm/NzIcKTWNfDNZZFSLXiH+5w1SHV55GRNJqqkg80NhypGOUVEACpikRPOpIZhIZrIiMsYSE21qqpkSnMUvL5PuWdO5aDr3543WdVlHFY7gGE7BgUtowS20oQMEEniGV3izUuvFerc+5qMVq9w5hD+wPn8AME6RyQ==</latexit>

Md

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

z = 0<latexit sha1_base64="sfkEejrRoVVV0LjXA2K81HPQY3U=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjxWsB/QhrLZbtqlm03cnQg19E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJn4zUeujYjVPY4S7ke0r0QoGEUrtZ6uOkKFOOqWym7FnYIsEi8nZchR65a+Or2YpRFXyCQ1pu25CfoZ1SiY5ONiJzU8oWxI+7xtqaIRN342vXdMjq3SI2GsbSkkU/X3REYjY0ZRYDsjigMz703E/7x2iuGlnwmVpMgVmy0KU0kwJpPnSU9ozlCOLKFMC3srYQOqKUMbUdGG4M2/vEgapxXvvOLdnZWr13kcBTiEIzgBDy6gCrdQgzowkPAMr/DmPDgvzrvzMWtdcvKZA/gD5/MHKEOQDQ==</latexit>z = 1

<latexit sha1_base64="p6OYI5fZjuBGrXM0OHYXGP+wzRk=">AAACEnicbVDJSgNBEO1xjXGLevTSGARFCTMi6jHqxWNcokJmDD09FdPYs9BdI4ZhvsGLv+LFgyJePXnzb+wkc3B7UPB4r4qqen4ihUbb/rRGRsfGJyZLU+Xpmdm5+crC4rmOU8WhyWMZq0ufaZAigiYKlHCZKGChL+HCvzns+xe3oLSIozPsJeCF7DoSHcEZGqldWXcR7jDbD07zdhZsODl1deprQOqGDLu+n53kV1mwuZW3K1W7Zg9A/xKnIFVSoNGufLhBzNMQIuSSad1y7AS9jCkUXEJedlMNCeM37BpahkYsBO1lg5dyumqUgHZiZSpCOlC/T2Qs1LoX+qazf6f+7fXF/7xWip09LxNRkiJEfLiok0qKMe3nQwOhgKPsGcK4EuZWyrtMMY4mxbIJwfn98l9yvlVzdmrO8Xa1flDEUSLLZIWsEYfskjo5Ig3SJJzck0fyTF6sB+vJerXehq0jVjGzRH7Aev8COcGd0Q==</latexit>

AdSd+1 ⇢ Rd,2

<latexit sha1_base64="p6OYI5fZjuBGrXM0OHYXGP+wzRk=">AAACEnicbVDJSgNBEO1xjXGLevTSGARFCTMi6jHqxWNcokJmDD09FdPYs9BdI4ZhvsGLv+LFgyJePXnzb+wkc3B7UPB4r4qqen4ihUbb/rRGRsfGJyZLU+Xpmdm5+crC4rmOU8WhyWMZq0ufaZAigiYKlHCZKGChL+HCvzns+xe3oLSIozPsJeCF7DoSHcEZGqldWXcR7jDbD07zdhZsODl1deprQOqGDLu+n53kV1mwuZW3K1W7Zg9A/xKnIFVSoNGufLhBzNMQIuSSad1y7AS9jCkUXEJedlMNCeM37BpahkYsBO1lg5dyumqUgHZiZSpCOlC/T2Qs1LoX+qazf6f+7fXF/7xWip09LxNRkiJEfLiok0qKMe3nQwOhgKPsGcK4EuZWyrtMMY4mxbIJwfn98l9yvlVzdmrO8Xa1flDEUSLLZIWsEYfskjo5Ig3SJJzck0fyTF6sB+vJerXehq0jVjGzRH7Aev8COcGd0Q==</latexit>

AdSd+1 ⇢ Rd,2 :

<latexit sha1_base64="O6GKMbI9maoL/B1Rb2dOoNc3Flg="></latexit>

ds2 = R2
AdS

dz2 + ⌘µ⌫dxµdx⌫

z2



unitary irreducible representations of 
<latexit sha1_base64="SXUaklTPihV0rJG537FQ7TCvjYg=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRahgpSkiHosevFmRfsBTSibzaZdutmE3YlYQv+KFw+KePWPePPfuG1z0NYHA4/3ZpiZ5yecKbDtb6Owsrq2vlHcLG1t7+zumfvltopTSWiLxDyWXR8rypmgLWDAaTeRFEc+px1/dD31O49UKhaLBxgn1IvwQLCQEQxa6pvl+1uX0xCqwWndlWwwhJO+WbFr9gzWMnFyUkE5mn3zyw1ikkZUAOFYqZ5jJ+BlWAIjnE5KbqpogskID2hPU4EjqrxsdvvEOtZKYIWx1CXAmqm/JzIcKTWOfN0ZYRiqRW8q/uf1UggvvYyJJAUqyHxRmHILYmsahBUwSQnwsSaYSKZvtcgQS0xAx1XSITiLLy+Tdr3mnNecu7NK4yqPo4gO0RGqIgddoAa6QU3UQgQ9oWf0it6MifFivBsf89aCkc8coD8wPn8AvhiTmw==</latexit>

SO (d, 2)Particles in AdSd+1

Labelled by a scaling dimension and spin J. Unitarity constrains 
<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="/ti/j2lZuJGz5rm5EeXDosdnhzs=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rGoB48V7Ae0oWy2m3btZjfsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLRzdRvPTFtuJIPOE5YEJOB5BGnBK3U7N4ygaRXrnhVbwZ3mfg5qUCOeq/81e0rmsZMIhXEmI7vJRhkRCOngk1K3dSwhNARGbCOpZLEzATZ7NqJe2KVvhspbUuiO1N/T2QkNmYch7YzJjg0i95U/M/rpBhdBRmXSYpM0vmiKBUuKnf6utvnmlEUY0sI1dze6tIh0YSiDahkQ/AXX14mzbOqf1H1788rtes8jiIcwTGcgg+XUIM7qEMDKDzCM7zCm6OcF+fd+Zi3Fpx85hD+wPn8AWKEjwI=</latexit>

� :

<latexit sha1_base64="4QGlr160nXUoS8TLORli0S4bCCE=">AAACBXicbVA9SwNBEN2LXzF+nVpqcRgEq3AnopZBLSyjmA/IHWFvM5cs2ftgd04MRxob/4qNhSK2/gc7/42b5ApNfDDweG+GmXl+IrhC2/42CguLS8srxdXS2vrG5pa5vdNQcSoZ1FksYtnyqQLBI6gjRwGtRAINfQFNf3A59pv3IBWPozscJuCFtBfxgDOKWuqY+y7CA2a3MHIFBNh2r0AgdSXv9dHrmGW7Yk9gzRMnJ2WSo9Yxv9xuzNIQImSCKtV27AS9jErkTMCo5KYKEsoGtAdtTSMagvKyyRcj61ArXSuIpa4IrYn6eyKjoVLD0NedIcW+mvXG4n9eO8Xg3Mt4lKQIEZsuClJhYWyNI7G6XAJDMdSEMsn1rRbrU0kZ6uBKOgRn9uV50jiuOKcV5+akXL3I4yiSPXJAjohDzkiVXJMaqRNGHskzeSVvxpPxYrwbH9PWgpHP7JI/MD5/AFGKmRg=</latexit>

Re [�]

<latexit sha1_base64="paS2sz+/ELmgttOCz8JJMq5ofEw=">AAACBXicbVA9SwNBEN2LXzF+nVpqcRgEq3AnopZBLbSLYD4gd4S9zVyyZO+D3TkxHGls/Cs2ForY+h/s/Ddukis08cHA470ZZub5ieAKbfvbKCwsLi2vFFdLa+sbm1vm9k5DxalkUGexiGXLpwoEj6COHAW0Egk09AU0/cHl2G/eg1Q8ju5wmIAX0l7EA84oaqlj7rsID5jdhCNXQIBt9woEUlfyXh+9jlm2K/YE1jxxclImOWod88vtxiwNIUImqFJtx07Qy6hEzgSMSm6qIKFsQHvQ1jSiISgvm3wxsg610rWCWOqK0JqovycyGio1DH3dGVLsq1lvLP7ntVMMzr2MR0mKELHpoiAVFsbWOBKryyUwFENNKJNc32qxPpWUoQ6upENwZl+eJ43jinNacW5PytWLPI4i2SMH5Ig45IxUyTWpkTph5JE8k1fyZjwZL8a78TFtLRj5zC75A+PzB0/pmRc=</latexit>

Im [�]

<latexit sha1_base64="Fy9v8j+VGOcXkKW/FnOCK68UYiQ=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpoh6LXjxWsB/QhrLZbNqlm03c3RRKyO/w4kERr/4Yb/4bt2kO2vpg4PHeDDPzvJgzpW372yqtrW9sbpW3Kzu7e/sH1cOjjooSSWibRDySPQ8rypmgbc00p71YUhx6nHa9yd3c706pVCwSj3oWUzfEI8ECRrA2kjsIJCapn6WN7MIZVmt23c6BVolTkBoUaA2rXwM/IklIhSYcK9V37Fi7KZaaEU6zyiBRNMZkgke0b6jAIVVumh+doTOj+CiIpCmhUa7+nkhxqNQs9ExniPVYLXtz8T+vn+jgxk2ZiBNNBVksChKOdITmCSCfSUo0nxmCiWTmVkTG2OSgTU4VE4Kz/PIq6TTqzlXdebisNW+LOMpwAqdwDg5cQxPuoQVtIPAEz/AKb9bUerHerY9Fa8kqZo7hD6zPH2rykd4=</latexit>

d

2
� 1

Bounded from below

<latexit sha1_base64="bU0jSJDoMvBq6M0GEblHsNiyp38=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyURUZdFXbisYh/QhDKZTtqhk0mYmQglduGvuHGhiFt/w51/46TNQlsPDBzOuZd75gQJZ0o7zre1sLi0vLJaWiuvb2xubds7u00Vp5LQBol5LNsBVpQzQRuaaU7biaQ4CjhtBcOr3G89UKlYLO71KKF+hPuChYxgbaSuve9dU64xQh4TyIuwHgRBdjfu2hWn6kyA5olbkAoUqHftL68XkzSiQhOOleq4TqL9DEvNCKfjspcqmmAyxH3aMVTgiCo/m+QfoyOj9FAYS/OERhP190aGI6VGUWAm84Rq1svF/7xOqsMLP2MiSTUVZHooTDnSMcrLQD0mKdF8ZAgmkpmsiAywxESbysqmBHf2y/OkeVJ1z6ru7WmldlnUUYIDOIRjcOEcanADdWgAgUd4hld4s56sF+vd+piOLljFzh78gfX5AwZFlXo=</latexit>

� 2 R

Notes:

E.g. Spin J=0 representations

<latexit sha1_base64="8SfPZ/CyJY84SUh81Oqw6dNZ3a8=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUUZdFXbisYB/QhDKZ3LRDJw9nJkIJwY2/4saFIm79Cnf+jdM2C209cOFwzr3ce4+XcCaVZX0bC4tLyyurpbXy+sbm1ra5s9uScSooNGnMY9HxiATOImgqpjh0EgEk9Di0veHV2G8/gJAsju7UKAE3JP2IBYwSpaWeue9cA1cEO324x04gCM38PKvlJ3bPrFhVawI8T+yCVFCBRs/8cvyYpiFEinIiZde2EuVmRChGOeRlJ5WQEDokfehqGpEQpJtNXsjxkVZ8HMRCV6TwRP09kZFQylHo6c6QqIGc9cbif143VcGFm7EoSRVEdLooSDlWMR7ngX0mgCo+0oRQwfStmA6IzkHp1Mo6BHv25XnSqlXts6p9e1qpXxZxlNABOkTHyEbnqI5uUAM1EUWP6Bm9ojfjyXgx3o2PaeuCUczsoT8wPn8ALMKWpg==</latexit>

� � d

2
� 1

Particles in AdS



Particles in AdS

unitary irreducible representations of 
<latexit sha1_base64="SXUaklTPihV0rJG537FQ7TCvjYg=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRahgpSkiHosevFmRfsBTSibzaZdutmE3YlYQv+KFw+KePWPePPfuG1z0NYHA4/3ZpiZ5yecKbDtb6Owsrq2vlHcLG1t7+zumfvltopTSWiLxDyWXR8rypmgLWDAaTeRFEc+px1/dD31O49UKhaLBxgn1IvwQLCQEQxa6pvl+1uX0xCqwWndlWwwhJO+WbFr9gzWMnFyUkE5mn3zyw1ikkZUAOFYqZ5jJ+BlWAIjnE5KbqpogskID2hPU4EjqrxsdvvEOtZKYIWx1CXAmqm/JzIcKTWOfN0ZYRiqRW8q/uf1UggvvYyJJAUqyHxRmHILYmsahBUwSQnwsSaYSKZvtcgQS0xAx1XSITiLLy+Tdr3mnNecu7NK4yqPo4gO0RGqIgddoAa6QU3UQgQ9oWf0it6MifFivBsf89aCkc8coD8wPn8AvhiTmw==</latexit>

SO (d, 2)Particles in AdSd+1

Labelled by a scaling dimension and spin J. Can be realised by fields in AdSd+1 :
<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="4QGlr160nXUoS8TLORli0S4bCCE=">AAACBXicbVA9SwNBEN2LXzF+nVpqcRgEq3AnopZBLSyjmA/IHWFvM5cs2ftgd04MRxob/4qNhSK2/gc7/42b5ApNfDDweG+GmXl+IrhC2/42CguLS8srxdXS2vrG5pa5vdNQcSoZ1FksYtnyqQLBI6gjRwGtRAINfQFNf3A59pv3IBWPozscJuCFtBfxgDOKWuqY+y7CA2a3MHIFBNh2r0AgdSXv9dHrmGW7Yk9gzRMnJ2WSo9Yxv9xuzNIQImSCKtV27AS9jErkTMCo5KYKEsoGtAdtTSMagvKyyRcj61ArXSuIpa4IrYn6eyKjoVLD0NedIcW+mvXG4n9eO8Xg3Mt4lKQIEZsuClJhYWyNI7G6XAJDMdSEMsn1rRbrU0kZ6uBKOgRn9uV50jiuOKcV5+akXL3I4yiSPXJAjohDzkiVXJMaqRNGHskzeSVvxpPxYrwbH9PWgpHP7JI/MD5/AFGKmRg=</latexit>

Re [�]

<latexit sha1_base64="paS2sz+/ELmgttOCz8JJMq5ofEw=">AAACBXicbVA9SwNBEN2LXzF+nVpqcRgEq3AnopZBLbSLYD4gd4S9zVyyZO+D3TkxHGls/Cs2ForY+h/s/Ddukis08cHA470ZZub5ieAKbfvbKCwsLi2vFFdLa+sbm1vm9k5DxalkUGexiGXLpwoEj6COHAW0Egk09AU0/cHl2G/eg1Q8ju5wmIAX0l7EA84oaqlj7rsID5jdhCNXQIBt9woEUlfyXh+9jlm2K/YE1jxxclImOWod88vtxiwNIUImqFJtx07Qy6hEzgSMSm6qIKFsQHvQ1jSiISgvm3wxsg610rWCWOqK0JqovycyGio1DH3dGVLsq1lvLP7ntVMMzr2MR0mKELHpoiAVFsbWOBKryyUwFENNKJNc32qxPpWUoQ6upENwZl+eJ43jinNacW5PytWLPI4i2SMH5Ig45IxUyTWpkTph5JE8k1fyZjwZL8a78TFtLRj5zC75A+PzB0/pmRc=</latexit>

Im [�]

<latexit sha1_base64="Fy9v8j+VGOcXkKW/FnOCK68UYiQ=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpoh6LXjxWsB/QhrLZbNqlm03c3RRKyO/w4kERr/4Yb/4bt2kO2vpg4PHeDDPzvJgzpW372yqtrW9sbpW3Kzu7e/sH1cOjjooSSWibRDySPQ8rypmgbc00p71YUhx6nHa9yd3c706pVCwSj3oWUzfEI8ECRrA2kjsIJCapn6WN7MIZVmt23c6BVolTkBoUaA2rXwM/IklIhSYcK9V37Fi7KZaaEU6zyiBRNMZkgke0b6jAIVVumh+doTOj+CiIpCmhUa7+nkhxqNQs9ExniPVYLXtz8T+vn+jgxk2ZiBNNBVksChKOdITmCSCfSUo0nxmCiWTmVkTG2OSgTU4VE4Kz/PIq6TTqzlXdebisNW+LOMpwAqdwDg5cQxPuoQVtIPAEz/AKb9bUerHerY9Fa8kqZo7hD6zPH2rykd4=</latexit>

d

2
� 1

transform as primary fields with scaling dimension 
<latexit sha1_base64="JEvb0hhLMAdaSvbxgQUZeO1dEng=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rGoB48V7Ac2oWy223bp7ibsToQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8KBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNHGqKWvQWMS6HRHDBFesgRwFayeaERkJ1opGN1O/9cS04bF6wHHCQkkGivc5JWilx+CWCSTdIJHdcsWrejO4y8TPSQVy1Lvlr6AX01QyhVQQYzq+l2CYEY2cCjYpBalhCaEjMmAdSxWRzITZ7OKJe2KVntuPtS2F7kz9PZERacxYRrZTEhyaRW8q/ud1UuxfhRlXSYpM0fmifipcjN3p+26Pa0ZRjC0hVHN7q0uHRBOKNqSSDcFffHmZNM+q/kXVvz+v1K7zOIpwBMdwCj5cQg3uoA4NoKDgGV7hzTHOi/PufMxbC04+cwh/4Hz+AGwykMI=</latexit>

�± in Minkowski CFTd

<latexit sha1_base64="rKWZ9OobVRidzzwy5/NLVWhhr48="></latexit>

lim
z!0

' (z, x) = O�+ (x) z�+ +O�� (x) z��

Dirichlet 

boundary condition

Neuman 

boundary condition

<latexit sha1_base64="yus89V//kuplDicFMPyDrW4iOz0="></latexit>

m2R2
AdS = � (�� d)

= ��+��

<latexit sha1_base64="0fBj8bruKSEVNlAZBtbNo+rJsuQ=">AAACDXicbVA9SwNBEN3z2/h1ammzGIVYGO6CqI0QtLGMYFTIXcLcZi9Zsrd37M4FQvAP2PhXbCwUsbW389+4iSn8ejDweG+GmXlRJoVBz/twpqZnZufmFxYLS8srq2vu+saVSXPNeJ2lMtU3ERguheJ1FCj5TaY5JJHk11HvbORf97k2IlWXOMh4mEBHiVgwQCu13J1A8hhLgYJIQrOynzQrgRadLu4FfdBZV9AT6rXcolf2xqB/iT8hRTJBreW+B+2U5QlXyCQY0/C9DMMhaBRM8ttCkBueAetBhzcsVZBwEw7H39zSXau0aZxqWwrpWP0+MYTEmEES2c4EsGt+eyPxP6+RY3wcDoXKcuSKfS2Kc0kxpaNoaFtozlAOLAGmhb2Vsi5oYGgDLNgQ/N8v/yVXlbJ/WPYvDorV00kcC2SLbJMS8ckRqZJzUiN1wsgdeSBP5Nm5dx6dF+f1q3XKmcxskh9w3j4BiQ2akg==</latexit>�
r2 �m2

�
' = 0

<latexit sha1_base64="y8UWv0SIWfUOdmifQWDXhXrtOhQ=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE1GPRi8cK9gPaUDbbTbt0kw27E6WW/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvTKUw6Hnfzsrq2vrGZmGruL2zu1dy9w8aRmWa8TpTUulWSA2XIuF1FCh5K9WcxqHkzXB4M/WbD1wboZJ7HKU8iGk/EZFgFK3UdUsdySPUoj9AqrV67Lplr+LNQJaJn5My5Kh13a9OT7Es5gkySY1p+16KwZhqFEzySbGTGZ5SNqR93rY0oTE3wXh2+IScWKVHIqVtJUhm6u+JMY2NGcWh7YwpDsyiNxX/89oZRlfBWCRphjxh80VRJgkqMk2B9ITmDOXIEsq0sLcSNqCaMrRZFW0I/uLLy6RxVvEvKv7debl6ncdRgCM4hlPw4RKqcAs1qAODDJ7hFd6cJ+fFeXc+5q0rTj5zCH/gfP4AbE6Tlw==</latexit>$ <latexit sha1_base64="9qCGZnOTMz9bgqvyVG0vUHMNMvk="></latexit>

(C2 � hC2i)' = 0

Quadric Casimir equation
<latexit sha1_base64="1OoLQlh1hDg1nGnlPvHXHeR7HIY="></latexit>

hC2i = � (�� d)

<latexit sha1_base64="33nhXtkhfqx3FZ+xuxIWXxCCAio=">AAACBXicbVA9SwNBEN2LXzF+RS21OAxCbMKdiFoGtbAzgvmAXDj2NnPJkr0PdufEcKSx8a/YWChi63+w89+4Sa7QxAcDj/dmmJnnxYIrtKxvI7ewuLS8kl8trK1vbG4Vt3caKkokgzqLRCRbHlUgeAh15CigFUuggSeg6Q0ux37zHqTiUXiHwxg6Ae2F3OeMopbc4v6NmzpXIJC6ThyMHAE+lh8cyXt9PHKLJatiTWDOEzsjJZKh5ha/nG7EkgBCZIIq1batGDsplciZgFHBSRTElA1oD9qahjQA1UknX4zMQ610TT+SukI0J+rviZQGSg0DT3cGFPtq1huL/3ntBP3zTsrDOEEI2XSRnwgTI3McidnlEhiKoSaUSa5vNVmfSspQB1fQIdizL8+TxnHFPq3Ytyel6kUWR57skQNSJjY5I1VyTWqkThh5JM/klbwZT8aL8W58TFtzRjazS/7A+PwBhoqYlw==</latexit>

O�± (x)

E.g. Spin J=0 representations

):Boundary behaviour (
<latexit sha1_base64="oFOqJ9+dhGCpC+x5OWc/BtrV4Cg=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARBGlJRNSNUNSFywr2AW0Ik8lNO3TyYGYilNiFv+LGhSJu/Q13/o3TNgttPXDhzDn3MvceL+FMKsv6NgoLi0vLK8XV0tr6xuaWub3TlHEqKDRozGPR9ogEziJoKKY4tBMBJPQ4tLzB9dhvPYCQLI7u1TABJyS9iAWMEqUl19zr3gBXxK3gSx9XcP46ds2yVbUmwPPEzkkZ5ai75lfXj2kaQqQoJ1J2bCtRTkaEYpTDqNRNJSSEDkgPOppGJATpZJP9R/hQKz4OYqErUnii/p7ISCjlMPR0Z0hUX856Y/E/r5Oq4MLJWJSkCiI6/ShIOVYxHoeBfSaAKj7UhFDB9K6Y9okgVOnISjoEe/bkedI8qdpnVfvutFy7yuMoon10gI6Qjc5RDd2iOmogih7RM3pFb8aT8WK8Gx/T1oKRz+yiPzA+fwBP5pRd</latexit>

�� = d��+

<latexit sha1_base64="ZlsAFpzWEUCaKAUPR8IO6g38s+I=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KkkR9Vj04rGC/YA0lM1m0y7d7IbdiVBCfoYXD4p49dd489+4bXPQ1gcDj/dmmJkXpoIbcN1vZ219Y3Nru7JT3d3bPzisHR13jco0ZR2qhNL9kBgmuGQd4CBYP9WMJKFgvXByN/N7T0wbruQjTFMWJGQkecwpASv5g1gTmkdF3iyGtbrbcOfAq8QrSR2VaA9rX4NI0SxhEqggxviem0KQEw2cClZUB5lhKaETMmK+pZIkzAT5/OQCn1slwrHStiTgufp7IieJMdMktJ0JgbFZ9mbif56fQXwT5FymGTBJF4viTGBQePY/jrhmFMTUEkI1t7diOiY2BbApVW0I3vLLq6TbbHhXDe/hst66LeOooFN0hi6Qh65RC92jNuogihR6Rq/ozQHnxXl3Phata045c4L+wPn8AYlQkWw=</latexit>

d

2

<latexit sha1_base64="SGxT9y14VIwdZbDDHFFdZJbVF5E=">AAAB73icbVBNS8NAEN34WetX1aOXxSIIQklE1GNRDx4r2A9oQ9lsJ+3SzSbuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O0vLK6tr64WN4ubW9s5uaW+/YeJUc6jzWMa6FTADUiioo0AJrUQDiwIJzWB4M/GbT6CNiNUDjhLwI9ZXIhScoZVanVuQyLqn3VLZrbhT0EXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwLnZSAwnjQ9aHtqWKRWD8bHrvmB5bpUfDWNtSSKfq74mMRcaMosB2RgwHZt6biP957RTDKz8TKkkRFJ8tClNJMaaT52lPaOAoR5YwroW9lfIB04yjjahoQ/DmX14kjbOKd1Hx7s/L1es8jgI5JEfkhHjkklTJHamROuFEkmfySt6cR+fFeXc+Zq1LTj5zQP7A+fwBgoSPoA==</latexit>

�+
<latexit sha1_base64="lcpSRuHsWsuIMwLN8C3xyZ893bA=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4sSQi6rGoB48V7Ae0oWy2k3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/naXlldW19cJGcXNre2e3tLffMHGqOdR5LGPdCpgBKRTUUaCEVqKBRYGEZjC8mfjNJ9BGxOoBRwn4EesrEQrO0Eqtzi1IZN3TbqnsVtwp6CLxclImOWrd0lenF/M0AoVcMmPanpugnzGNgksYFzupgYTxIetD21LFIjB+Nr13TI+t0qNhrG0ppFP190TGImNGUWA7I4YDM+9NxP+8dorhlZ8JlaQIis8WhamkGNPJ87QnNHCUI0sY18LeSvmAacbRRlS0IXjzLy+SxlnFu6h49+fl6nUeR4EckiNyQjxySarkjtRInXAiyTN5JW/Oo/PivDsfs9YlJ585IH/gfP4AhYyPog==</latexit>

��

N.B.          may be ruled out by unitarity 
<latexit sha1_base64="lcpSRuHsWsuIMwLN8C3xyZ893bA=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4sSQi6rGoB48V7Ae0oWy2k3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/naXlldW19cJGcXNre2e3tLffMHGqOdR5LGPdCpgBKRTUUaCEVqKBRYGEZjC8mfjNJ9BGxOoBRwn4EesrEQrO0Eqtzi1IZN3TbqnsVtwp6CLxclImOWrd0lenF/M0AoVcMmPanpugnzGNgksYFzupgYTxIetD21LFIjB+Nr13TI+t0qNhrG0ppFP190TGImNGUWA7I4YDM+9NxP+8dorhlZ8JlaQIis8WhamkGNPJ87QnNHCUI0sY18LeSvmAacbRRlS0IXjzLy+SxlnFu6h49+fl6nUeR4EckiNyQjxySarkjtRInXAiyTN5JW/Oo/PivDsfs9YlJ585IH/gfP4AhYyPog==</latexit>

��



AdS boundary correlators
<latexit sha1_base64="d1685tcbjX4wDSmTYsSn/JXTWkE=">AAAB9XicbVBNSwMxEJ2tX7V+VT16iRbBU9kVUS9C0YvHCvYD2rVk02wbmk2WJKuUZf+HFw+KePW/ePPfmG170NYHA4/3ZpiZF8ScaeO6305haXllda24XtrY3NreKe/uNbVMFKENIrlU7QBrypmgDcMMp+1YURwFnLaC0U3utx6p0kyKezOOqR/hgWAhI9hY6aErc5Oa9DBLr7JeueJW3QnQIvFmpAIz1Hvlr25fkiSiwhCOte54bmz8FCvDCKdZqZtoGmMywgPasVTgiGo/nVydoWOr9FEolS1h0ET9PZHiSOtxFNjOCJuhnvdy8T+vk5jw0k+ZiBNDBZkuChOOjER5BKjPFCWGjy3BRDF7KyJDrDAxNouSDcGbf3mRNE+r3nnVuzur1K5ncRThAI7gBDy4gBrcQh0aQEDBM7zCm/PkvDjvzse0teDMZvbhD5zPH9ptkr4=</latexit>

!
=

<latexit sha1_base64="1Gd+hlv6fusTmNEZtL1GJs3cfbM="></latexit>

hO�1 (x1) . . .O�n (xn)i
<latexit sha1_base64="pWAkiIKF19VdSdNxIRyxPHZAopk="></latexit>

lim
z!0

z�(�1+...+�n)h'1 (x1, z) . . .'n (xn, z)i

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>

�±

<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:

Feynman rules:

<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>

�±

 Dirichlet / Neumann b.c.
<latexit sha1_base64="yR5Ahpzia1xLbmYam6E6GMRmR8s=">AAAB83icdVDLSgNBEJyNrxhfUY9eBoMgiOtuEpN4C+rBYwTzgOwSZiedZMjsg5lZISz5DS8eFPHqz3jzb5wkK6hoQUNR1U13lxdxJpVlfRiZpeWV1bXsem5jc2t7J7+715JhLCg0achD0fGIBM4CaCqmOHQiAcT3OLS98dXMb9+DkCwM7tQkAtcnw4ANGCVKS45zDVyRXnJydjrt5QuWWb6oWaUqXpDzYkrKJWyb1hwFlKLRy787/ZDGPgSKciJl17Yi5SZEKEY5THNOLCEidEyG0NU0ID5IN5nfPMVHWunjQSh0BQrP1e8TCfGlnPie7vSJGsnf3kz8y+vGalBzExZEsYKALhYNYo5ViGcB4D4TQBWfaEKoYPpWTEdEEKp0TDkdwten+H/SKpp2xazclgv1yzSOLDpAh+gY2aiK6ugGNVATURShB/SEno3YeDRejNdFa8ZIZ/bRDxhvn6cikXg=</latexit>

�+/�



<latexit sha1_base64="WqzUkMqZR6WqQqJ0AN2qSt85FCU=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi6kqKbly4qGAfMB1KJpNpQzPJkNwRytDPcONCEbd+jTv/xrSdhbYeCBzOOZfce8JUcAOu++2UVlbX1jfKm5Wt7Z3dver+QduoTFPWokoo3Q2JYYJL1gIOgnVTzUgSCtYJR7dTv/PEtOFKPsI4ZUFCBpLHnBKwkt+7t9GI4Gvs9qs1t+7OgJeJV5AaKtDsV796kaJZwiRQQYzxPTeFICcaOBVsUullhqWEjsiA+ZZKkjAT5LOVJ/jEKhGOlbZPAp6pvydykhgzTkKbTAgMzaI3Ff/z/AziqyDnMs2ASTr/KM4EBoWn9+OIa0ZBjC0hVHO7K6ZDogkF21LFluAtnrxM2md176LuPZzXGjdFHWV0hI7RKfLQJWqgO9RELUSRQs/oFb054Lw4787HPFpyiplD9AfO5w+0oJA5</latexit>

⇤ > 0



tim
e

<latexit sha1_base64="uHI70TZA3nO5xGDHDLH2OZiec28=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgxbArol6EoBePEcwDsmuYnfQmQ2Znl5leJYT8hxcPinj1X7z5N04eB00saCiquunuClMpDLrut5NbWl5ZXcuvFzY2t7Z3irt7dZNkmkONJzLRzZAZkEJBDQVKaKYaWBxKaIT9m7HfeARtRKLucZBCELOuEpHgDK304AMyekVPfKEiHLSLJbfsTkAXiTcjJTJDtV388jsJz2JQyCUzpuW5KQZDplFwCaOCnxlIGe+zLrQsVSwGEwwnV4/okVU6NEq0LYV0ov6eGLLYmEEc2s6YYc/Me2PxP6+VYXQZDIVKMwTFp4uiTFJM6DgC2hEaOMqBJYxrYW+lvMc042iDKtgQvPmXF0n9tOydl727s1LlehZHnhyQQ3JMPHJBKuSWVEmNcKLJM3klb86T8+K8Ox/T1pwzm9knf+B8/gBsPpHS</latexit>⌘ = �1

<latexit sha1_base64="+zYOfWdns/UBKmapqp/Zjb54tcs="></latexit>

�
�
X0

�2
+

d+1X

i=1

�
Xi

�2
= R2

dS

<latexit sha1_base64="zpGEYsBLzF9+l4Wa92ur3Qoee/o=">AAACEXicbVA9SwNBEN3zM8avqKXNYhACQrgTUcugjY2gaBIhdx57e5Nkce+D3TkxHPcXbPwrNhaK2NrZ+W/cxBQafTDweG+GmXlBKoVG2/60pqZnZufmSwvlxaXlldXK2npLJ5ni0OSJTNRVwDRIEUMTBUq4ShWwKJDQDm6Oh377FpQWSXyJgxS8iPVi0RWcoZH8Ss1FuMM8vCj8PNxxCurqLNCA1I0Y9oMgPy2ujbFb+JWqXbdHoH+JMyZVMsaZX/lww4RnEcTIJdO649gpejlTKLiEouxmGlLGb1gPOobGLALt5aOPCrptlJB2E2UqRjpSf07kLNJ6EAWmc3innvSG4n9eJ8PuoZeLOM0QYv69qJtJigkdxkNDoYCjHBjCuBLmVsr7TDGOJsSyCcGZfPkvae3Wnf26c75XbRyN4yiRTbJFasQhB6RBTsgZaRJO7skjeSYv1oP1ZL1ab9+tU9Z4ZoP8gvX+BZ1inYA=</latexit>

dSd+1 ⇢ Md+2

de Sitter space-time 
<latexit sha1_base64="nV/NUGgk065Z2Mj0sAjdW+ZzssQ=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiTSh90V3bisaB/QxjKZTtqhk0mYmQgl9BPcuFDErV/kzr9x2kZQ0QMXDufcy733+DFnSjvOh5VbWV1b38hvFra2d3b3ivsHbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k8u537mnUrFI3OppTL0QjwQLGMHaSDfdO2dQLDl2xXHrlTpaklo5I9UKcm1ngRJkaA6K7/1hRJKQCk04VqrnOrH2Uiw1I5zOCv1E0RiTCR7RnqECh1R56eLUGToxyhAFkTQlNFqo3ydSHCo1DX3TGWI9Vr+9ufiX10t0cO6lTMSJpoIsFwUJRzpC87/RkElKNJ8agolk5lZExlhiok06BRPC16fof9I+s92q7V6XS42LLI48HMExnIILNWjAFTShBQRG8ABP8Gxx69F6sV6XrTkrmzmEH7DePgFPBo3V</latexit>

X0

<latexit sha1_base64="alFJJq5MLpzAjyAmQBzlcUBM0tw=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiTSh90V3bisaB/QxjKZTtqhk0mYmQgl9BPcuFDErV/kzr9x2kZQ0QMXDufcy733+DFnSjvOh5VbWV1b38hvFra2d3b3ivsHbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k8u537mnUrFI3OppTL0QjwQLGMHaSDfdO3dQLDl2xXHrlTpaklo5I9UKcm1ngRJkaA6K7/1hRJKQCk04VqrnOrH2Uiw1I5zOCv1E0RiTCR7RnqECh1R56eLUGToxyhAFkTQlNFqo3ydSHCo1DX3TGWI9Vr+9ufiX10t0cO6lTMSJpoIsFwUJRzpC87/RkElKNJ8agolk5lZExlhiok06BRPC16fof9I+s92q7V6XS42LLI48HMExnIILNWjAFTShBQRG8ABP8Gxx69F6sV6XrTkrmzmEH7DePgFQio3W</latexit>

X1

<latexit sha1_base64="wdUkXuF/yOFr3H6NZcYz6CW1KuA=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchaT0YXdFNy4r2ge0sUymk3boZBJmJkIJ/QQ3LhRx6xe582+cthFU9MCFwzn3cu89fsyZ0o7zYa2srq1vbOa28ts7u3v7hYPDtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8yeXc79xTqVgkbvU0pl6IR4IFjGBtpJvuXWlQKDp2xXHrlTpaklo5I9UKcm1ngSJkaA4K7/1hRJKQCk04VqrnOrH2Uiw1I5zO8v1E0RiTCR7RnqECh1R56eLUGTo1yhAFkTQlNFqo3ydSHCo1DX3TGWI9Vr+9ufiX10t0cO6lTMSJpoIsFwUJRzpC87/RkElKNJ8agolk5lZExlhiok06eRPC16fof9Iu2W7Vdq/LxcZFFkcOjuEEzsCFGjTgCprQAgIjeIAneLa49Wi9WK/L1hUrmzmCH7DePgFSDo3X</latexit>

X2

<latexit sha1_base64="WLH2axjf2yi2imbZEbiJ0TY1hTA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUV+4Amlslk0g6dTMLMRCghv+HGhSJu/Rl3/o2TNgttPTBwOOde7pnjJ5wpbdvfVmVldW19o7pZ29re2d2r7x90VZxKQjsk5rHs+1hRzgTtaKY57SeS4sjntOdPbgq/90SlYrF40NOEehEeCRYygrWRXDfCeuz72X3+GAzrDbtpz4CWiVOSBpRoD+tfbhCTNKJCE46VGjh2or0MS80Ip3nNTRVNMJngER0YKnBElZfNMufoxCgBCmNpntBopv7eyHCk1DTyzWSRUS16hfifN0h1eOVlTCSppoLMD4UpRzpGRQEoYJISzaeGYCKZyYrIGEtMtKmpZkpwFr+8TLpnTeei6dydN1rXZR1VOIJjOAUHLqEFt9CGDhBI4Ble4c1KrRfr3fqYj1ascucQ/sD6/AE38ZHO</latexit>

Rd<latexit sha1_base64="WG8jsASkYtTNGQju4wIt7dMHOwo=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSJUlJIRUZdFN+6saB/QhDKZTNqhkwczN0INxV9x40IRt/6HO//GaZuFth64cDjnXu69x0sEV2Db38bc/MLi0nJhpbi6tr6xaW5tN1ScSsrqNBaxbHlEMcEjVgcOgrUSyUjoCdb0+lcjv/nApOJxdA+DhLkh6UY84JSAljrm7t2NI1gAZf8IH2NH8m4PDjtmya7YY1izBOekhHLUOuaX48c0DVkEVBCl2thOwM2IBE4FGxadVLGE0D7psramEQmZcrPx9UPrQCu+FcRSVwTWWP09kZFQqUHo6c6QQE9NeyPxP6+dQnDhZjxKUmARnSwKUmFBbI2isHwuGQUx0IRQyfWtFu0RSSjowIo6BDz98ixpnFTwWQXfnpaql3kcBbSH9lEZYXSOquga1VAdUfSIntErejOejBfj3fiYtM4Z+cwO+gPj8wecKZQK</latexit>

SO (d+ 1, 1) =  conformal group in Isometry group:

Poincaré coordinates:

:

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

ds2 = R2
dS

�d⌘2 + dx2

⌘2

<latexit sha1_base64="FMfem1AmIvB1ICdjpot151Zy2l0=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBiyFpa1tvRS8eK9paaGPZbDft0s0m7G6EEvoTvHhQxKu/yJv/xu2HoKIPBh7vzTAzz485U9pxPqzM0vLK6lp2PbexubW9k9/da6kokYQ2ScQj2faxopwJ2tRMc9qOJcWhz+mtP7qY+rf3VCoWiRs9jqkX4oFgASNYG+m6fXfSyxccu3xWc0pVNCenxQUpl5BrOzMUYIFGL//e7UckCanQhGOlOq4Tay/FUjPC6STXTRSNMRnhAe0YKnBIlZfOTp2gI6P0URBJU0Kjmfp9IsWhUuPQN50h1kP125uKf3mdRAc1L2UiTjQVZL4oSDjSEZr+jfpMUqL52BBMJDO3IjLEEhNt0smZEL4+Rf+TVtF2K3blqlyony/iyMIBHMIxuFCFOlxCA5pAYAAP8ATPFrcerRfrdd6asRYz+/AD1tsnVRSN3Q==</latexit>

X� <latexit sha1_base64="VFB91eaZSE9rXWJUp7LhXdMu6jo=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBZBEELS1rbeil48VrS10May2W7apZtN2N0IJfQnePGgiFd/kTf/jdsPQUUfDDzem2Fmnh9zprTjfFiZpeWV1bXsem5jc2t7J7+711JRIgltkohHsu1jRTkTtKmZ5rQdS4pDn9Nbf3Qx9W/vqVQsEjd6HFMvxAPBAkawNtJ1++6kly84dvms5pSqaE5OiwtSLiHXdmYowAKNXv69249IElKhCcdKdVwn1l6KpWaE00mumygaYzLCA9oxVOCQKi+dnTpBR0bpoyCSpoRGM/X7RIpDpcahbzpDrIfqtzcV//I6iQ5qXspEnGgqyHxRkHCkIzT9G/WZpETzsSGYSGZuRWSIJSbapJMzIXx9iv4nraLtVuzKVblQP1/EkYUDOIRjcKEKdbiEBjSBwAAe4AmeLW49Wi/W67w1Yy1m9uEHrLdPUgyN2w==</latexit>

X+

<latexit sha1_base64="p6OYI5fZjuBGrXM0OHYXGP+wzRk=">AAACEnicbVDJSgNBEO1xjXGLevTSGARFCTMi6jHqxWNcokJmDD09FdPYs9BdI4ZhvsGLv+LFgyJePXnzb+wkc3B7UPB4r4qqen4ihUbb/rRGRsfGJyZLU+Xpmdm5+crC4rmOU8WhyWMZq0ufaZAigiYKlHCZKGChL+HCvzns+xe3oLSIozPsJeCF7DoSHcEZGqldWXcR7jDbD07zdhZsODl1deprQOqGDLu+n53kV1mwuZW3K1W7Zg9A/xKnIFVSoNGufLhBzNMQIuSSad1y7AS9jCkUXEJedlMNCeM37BpahkYsBO1lg5dyumqUgHZiZSpCOlC/T2Qs1LoX+qazf6f+7fXF/7xWip09LxNRkiJEfLiok0qKMe3nQwOhgKPsGcK4EuZWyrtMMY4mxbIJwfn98l9yvlVzdmrO8Xa1flDEUSLLZIWsEYfskjo5Ig3SJJzck0fyTF6sB+vJerXehq0jVjGzRH7Aev8COcGd0Q==</latexit>

AdSd+1 ⇢ Rd,2

<latexit sha1_base64="WLH2axjf2yi2imbZEbiJ0TY1hTA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUV+4Amlslk0g6dTMLMRCghv+HGhSJu/Rl3/o2TNgttPTBwOOde7pnjJ5wpbdvfVmVldW19o7pZ29re2d2r7x90VZxKQjsk5rHs+1hRzgTtaKY57SeS4sjntOdPbgq/90SlYrF40NOEehEeCRYygrWRXDfCeuz72X3+GAzrDbtpz4CWiVOSBpRoD+tfbhCTNKJCE46VGjh2or0MS80Ip3nNTRVNMJngER0YKnBElZfNMufoxCgBCmNpntBopv7eyHCk1DTyzWSRUS16hfifN0h1eOVlTCSppoLMD4UpRzpGRQEoYJISzaeGYCKZyYrIGEtMtKmpZkpwFr+8TLpnTeei6dydN1rXZR1VOIJjOAUHLqEFt9CGDhBI4Ble4c1KrRfr3fqYj1ascucQ/sD6/AE38ZHO</latexit>

Rd

Boundary at future infinity

Expanding patch

<latexit sha1_base64="oEP8q7W+wCt40XRHmqehUY8yzuA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5YMYJ+hEdSB5yRo2V2l00lFwTt1euuFV3BrJMvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfja7d0JOrNInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMn2e9LlCZsTYEsoUt7cSNqSKMmMjKtkQvMWXl0nzrOpdVL3780rtJo+jCEdwDKfgwSXU4A7q0AAGAp7hFd6cR+fFeXc+5q0FJ585hD9wPn8ArCOPEw==</latexit>

⌘ = 0

<latexit sha1_base64="sNdTWTTXxGaw1KZeF7QjFCIwIEE=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAiCEJLaxGZXdOOygn1Am5bJZNIOnTycmRRK6J+4caGIW//EnX/j9CGo6IELh3Pu5d57/JRRIU3zQ1tZXVvf2CxsFbd3dvf29YPDpkgyjkkDJyzhbR8JwmhMGpJKRtopJyjyGWn5o+uZ3xoTLmgS38lJSrwIDWIaUoykkvq63u6ZsDsg97Ddy4Nza9rXS6ZhOmXbuYCmYdtl260o4rputVKGlmHOUQJL1Pv6ezdIcBaRWGKGhOhYZiq9HHFJMSPTYjcTJEV4hAako2iMIiK8fH75FJ4qJYBhwlXFEs7V7xM5ioSYRL7qjJAcit/eTPzL62QyrHo5jdNMkhgvFoUZgzKBsxhgQDnBkk0UQZhTdSvEQ8QRliqsogrh61P4P2mWDcsxnNtKqXa1jKMAjsEJOAMWuAQ1cAPqoAEwGIMH8ASetVx71F6010XriracOQI/oL19AlpvkuA=</latexit>

X0 � Xd+1



<latexit sha1_base64="+zYOfWdns/UBKmapqp/Zjb54tcs="></latexit>

�
�
X0

�2
+

d+1X

i=1

�
Xi

�2
= R2

dS

<latexit sha1_base64="zpGEYsBLzF9+l4Wa92ur3Qoee/o=">AAACEXicbVA9SwNBEN3zM8avqKXNYhACQrgTUcugjY2gaBIhdx57e5Nkce+D3TkxHPcXbPwrNhaK2NrZ+W/cxBQafTDweG+GmXlBKoVG2/60pqZnZufmSwvlxaXlldXK2npLJ5ni0OSJTNRVwDRIEUMTBUq4ShWwKJDQDm6Oh377FpQWSXyJgxS8iPVi0RWcoZH8Ss1FuMM8vCj8PNxxCurqLNCA1I0Y9oMgPy2ujbFb+JWqXbdHoH+JMyZVMsaZX/lww4RnEcTIJdO649gpejlTKLiEouxmGlLGb1gPOobGLALt5aOPCrptlJB2E2UqRjpSf07kLNJ6EAWmc3innvSG4n9eJ8PuoZeLOM0QYv69qJtJigkdxkNDoYCjHBjCuBLmVsr7TDGOJsSyCcGZfPkvae3Wnf26c75XbRyN4yiRTbJFasQhB6RBTsgZaRJO7skjeSYv1oP1ZL1ab9+tU9Z4ZoP8gvX+BZ1inYA=</latexit>

dSd+1 ⇢ Md+2

de Sitter space-time 
<latexit sha1_base64="nV/NUGgk065Z2Mj0sAjdW+ZzssQ=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiTSh90V3bisaB/QxjKZTtqhk0mYmQgl9BPcuFDErV/kzr9x2kZQ0QMXDufcy733+DFnSjvOh5VbWV1b38hvFra2d3b3ivsHbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k8u537mnUrFI3OppTL0QjwQLGMHaSDfdO2dQLDl2xXHrlTpaklo5I9UKcm1ngRJkaA6K7/1hRJKQCk04VqrnOrH2Uiw1I5zOCv1E0RiTCR7RnqECh1R56eLUGToxyhAFkTQlNFqo3ydSHCo1DX3TGWI9Vr+9ufiX10t0cO6lTMSJpoIsFwUJRzpC87/RkElKNJ8agolk5lZExlhiok06BRPC16fof9I+s92q7V6XS42LLI48HMExnIILNWjAFTShBQRG8ABP8Gxx69F6sV6XrTkrmzmEH7DePgFPBo3V</latexit>

X0

<latexit sha1_base64="alFJJq5MLpzAjyAmQBzlcUBM0tw=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiTSh90V3bisaB/QxjKZTtqhk0mYmQgl9BPcuFDErV/kzr9x2kZQ0QMXDufcy733+DFnSjvOh5VbWV1b38hvFra2d3b3ivsHbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k8u537mnUrFI3OppTL0QjwQLGMHaSDfdO3dQLDl2xXHrlTpaklo5I9UKcm1ngRJkaA6K7/1hRJKQCk04VqrnOrH2Uiw1I5zOCv1E0RiTCR7RnqECh1R56eLUGToxyhAFkTQlNFqo3ydSHCo1DX3TGWI9Vr+9ufiX10t0cO6lTMSJpoIsFwUJRzpC87/RkElKNJ8agolk5lZExlhiok06BRPC16fof9I+s92q7V6XS42LLI48HMExnIILNWjAFTShBQRG8ABP8Gxx69F6sV6XrTkrmzmEH7DePgFQio3W</latexit>

X1

<latexit sha1_base64="wdUkXuF/yOFr3H6NZcYz6CW1KuA=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchaT0YXdFNy4r2ge0sUymk3boZBJmJkIJ/QQ3LhRx6xe582+cthFU9MCFwzn3cu89fsyZ0o7zYa2srq1vbOa28ts7u3v7hYPDtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8yeXc79xTqVgkbvU0pl6IR4IFjGBtpJvuXWlQKDp2xXHrlTpaklo5I9UKcm1ngSJkaA4K7/1hRJKQCk04VqrnOrH2Uiw1I5zO8v1E0RiTCR7RnqECh1R56eLUGTo1yhAFkTQlNFqo3ydSHCo1DX3TGWI9Vr+9ufiX10t0cO6lTMSJpoIsFwUJRzpC87/RkElKNJ8agolk5lZExlhiok06eRPC16fof9Iu2W7Vdq/LxcZFFkcOjuEEzsCFGjTgCprQAgIjeIAneLa49Wi9WK/L1hUrmzmCH7DePgFSDo3X</latexit>

X2

<latexit sha1_base64="WLH2axjf2yi2imbZEbiJ0TY1hTA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUV+4Amlslk0g6dTMLMRCghv+HGhSJu/Rl3/o2TNgttPTBwOOde7pnjJ5wpbdvfVmVldW19o7pZ29re2d2r7x90VZxKQjsk5rHs+1hRzgTtaKY57SeS4sjntOdPbgq/90SlYrF40NOEehEeCRYygrWRXDfCeuz72X3+GAzrDbtpz4CWiVOSBpRoD+tfbhCTNKJCE46VGjh2or0MS80Ip3nNTRVNMJngER0YKnBElZfNMufoxCgBCmNpntBopv7eyHCk1DTyzWSRUS16hfifN0h1eOVlTCSppoLMD4UpRzpGRQEoYJISzaeGYCKZyYrIGEtMtKmpZkpwFr+8TLpnTeei6dydN1rXZR1VOIJjOAUHLqEFt9CGDhBI4Ble4c1KrRfr3fqYj1ascucQ/sD6/AE38ZHO</latexit>

Rd<latexit sha1_base64="WG8jsASkYtTNGQju4wIt7dMHOwo=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSJUlJIRUZdFN+6saB/QhDKZTNqhkwczN0INxV9x40IRt/6HO//GaZuFth64cDjnXu69x0sEV2Db38bc/MLi0nJhpbi6tr6xaW5tN1ScSsrqNBaxbHlEMcEjVgcOgrUSyUjoCdb0+lcjv/nApOJxdA+DhLkh6UY84JSAljrm7t2NI1gAZf8IH2NH8m4PDjtmya7YY1izBOekhHLUOuaX48c0DVkEVBCl2thOwM2IBE4FGxadVLGE0D7psramEQmZcrPx9UPrQCu+FcRSVwTWWP09kZFQqUHo6c6QQE9NeyPxP6+dQnDhZjxKUmARnSwKUmFBbI2isHwuGQUx0IRQyfWtFu0RSSjowIo6BDz98ixpnFTwWQXfnpaql3kcBbSH9lEZYXSOquga1VAdUfSIntErejOejBfj3fiYtM4Z+cwO+gPj8wecKZQK</latexit>

SO (d+ 1, 1) =  conformal group in Isometry group:

Poincaré coordinates:

:

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

ds2 = R2
dS

�d⌘2 + dx2

⌘2

<latexit sha1_base64="FMfem1AmIvB1ICdjpot151Zy2l0=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBiyFpa1tvRS8eK9paaGPZbDft0s0m7G6EEvoTvHhQxKu/yJv/xu2HoKIPBh7vzTAzz485U9pxPqzM0vLK6lp2PbexubW9k9/da6kokYQ2ScQj2faxopwJ2tRMc9qOJcWhz+mtP7qY+rf3VCoWiRs9jqkX4oFgASNYG+m6fXfSyxccu3xWc0pVNCenxQUpl5BrOzMUYIFGL//e7UckCanQhGOlOq4Tay/FUjPC6STXTRSNMRnhAe0YKnBIlZfOTp2gI6P0URBJU0Kjmfp9IsWhUuPQN50h1kP125uKf3mdRAc1L2UiTjQVZL4oSDjSEZr+jfpMUqL52BBMJDO3IjLEEhNt0smZEL4+Rf+TVtF2K3blqlyony/iyMIBHMIxuFCFOlxCA5pAYAAP8ATPFrcerRfrdd6asRYz+/AD1tsnVRSN3Q==</latexit>

X� <latexit sha1_base64="VFB91eaZSE9rXWJUp7LhXdMu6jo=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBZBEELS1rbeil48VrS10May2W7apZtN2N0IJfQnePGgiFd/kTf/jdsPQUUfDDzem2Fmnh9zprTjfFiZpeWV1bXsem5jc2t7J7+711JRIgltkohHsu1jRTkTtKmZ5rQdS4pDn9Nbf3Qx9W/vqVQsEjd6HFMvxAPBAkawNtJ1++6kly84dvms5pSqaE5OiwtSLiHXdmYowAKNXv69249IElKhCcdKdVwn1l6KpWaE00mumygaYzLCA9oxVOCQKi+dnTpBR0bpoyCSpoRGM/X7RIpDpcahbzpDrIfqtzcV//I6iQ5qXspEnGgqyHxRkHCkIzT9G/WZpETzsSGYSGZuRWSIJSbapJMzIXx9iv4nraLtVuzKVblQP1/EkYUDOIRjcKEKdbiEBjSBwAAe4AmeLW49Wi/W67w1Yy1m9uEHrLdPUgyN2w==</latexit>

X+

<latexit sha1_base64="p6OYI5fZjuBGrXM0OHYXGP+wzRk=">AAACEnicbVDJSgNBEO1xjXGLevTSGARFCTMi6jHqxWNcokJmDD09FdPYs9BdI4ZhvsGLv+LFgyJePXnzb+wkc3B7UPB4r4qqen4ihUbb/rRGRsfGJyZLU+Xpmdm5+crC4rmOU8WhyWMZq0ufaZAigiYKlHCZKGChL+HCvzns+xe3oLSIozPsJeCF7DoSHcEZGqldWXcR7jDbD07zdhZsODl1deprQOqGDLu+n53kV1mwuZW3K1W7Zg9A/xKnIFVSoNGufLhBzNMQIuSSad1y7AS9jCkUXEJedlMNCeM37BpahkYsBO1lg5dyumqUgHZiZSpCOlC/T2Qs1LoX+qazf6f+7fXF/7xWip09LxNRkiJEfLiok0qKMe3nQwOhgKPsGcK4EuZWyrtMMY4mxbIJwfn98l9yvlVzdmrO8Xa1flDEUSLLZIWsEYfskjo5Ig3SJJzck0fyTF6sB+vJerXehq0jVjGzRH7Aev8COcGd0Q==</latexit>

AdSd+1 ⇢ Rd,2

<latexit sha1_base64="WLH2axjf2yi2imbZEbiJ0TY1hTA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUV+4Amlslk0g6dTMLMRCghv+HGhSJu/Rl3/o2TNgttPTBwOOde7pnjJ5wpbdvfVmVldW19o7pZ29re2d2r7x90VZxKQjsk5rHs+1hRzgTtaKY57SeS4sjntOdPbgq/90SlYrF40NOEehEeCRYygrWRXDfCeuz72X3+GAzrDbtpz4CWiVOSBpRoD+tfbhCTNKJCE46VGjh2or0MS80Ip3nNTRVNMJngER0YKnBElZfNMufoxCgBCmNpntBopv7eyHCk1DTyzWSRUS16hfifN0h1eOVlTCSppoLMD4UpRzpGRQEoYJISzaeGYCKZyYrIGEtMtKmpZkpwFr+8TLpnTeei6dydN1rXZR1VOIJjOAUHLqEFt9CGDhBI4Ble4c1KrRfr3fqYj1ascucQ/sD6/AE38ZHO</latexit>

Rd

contracting patch

Boundary at past infinity

tim
e

<latexit sha1_base64="oEP8q7W+wCt40XRHmqehUY8yzuA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv2ANpTNdtIu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5YMYJ+hEdSB5yRo2V2l00lFwTt1euuFV3BrJMvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfja7d0JOrNInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMn2e9LlCZsTYEsoUt7cSNqSKMmMjKtkQvMWXl0nzrOpdVL3780rtJo+jCEdwDKfgwSXU4A7q0AAGAp7hFd6cR+fFeXc+5q0FJ585hD9wPn8ArCOPEw==</latexit>

⌘ = 0

<latexit sha1_base64="uHI70TZA3nO5xGDHDLH2OZiec28=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgxbArol6EoBePEcwDsmuYnfQmQ2Znl5leJYT8hxcPinj1X7z5N04eB00saCiquunuClMpDLrut5NbWl5ZXcuvFzY2t7Z3irt7dZNkmkONJzLRzZAZkEJBDQVKaKYaWBxKaIT9m7HfeARtRKLucZBCELOuEpHgDK304AMyekVPfKEiHLSLJbfsTkAXiTcjJTJDtV388jsJz2JQyCUzpuW5KQZDplFwCaOCnxlIGe+zLrQsVSwGEwwnV4/okVU6NEq0LYV0ov6eGLLYmEEc2s6YYc/Me2PxP6+VYXQZDIVKMwTFp4uiTFJM6DgC2hEaOMqBJYxrYW+lvMc042iDKtgQvPmXF0n9tOydl727s1LlehZHnhyQQ3JMPHJBKuSWVEmNcKLJM3klb86T8+K8Ox/T1pwzm9knf+B8/gBsPpHS</latexit>⌘ = �1<latexit sha1_base64="uHI70TZA3nO5xGDHDLH2OZiec28=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgxbArol6EoBePEcwDsmuYnfQmQ2Znl5leJYT8hxcPinj1X7z5N04eB00saCiquunuClMpDLrut5NbWl5ZXcuvFzY2t7Z3irt7dZNkmkONJzLRzZAZkEJBDQVKaKYaWBxKaIT9m7HfeARtRKLucZBCELOuEpHgDK304AMyekVPfKEiHLSLJbfsTkAXiTcjJTJDtV388jsJz2JQyCUzpuW5KQZDplFwCaOCnxlIGe+zLrQsVSwGEwwnV4/okVU6NEq0LYV0ov6eGLLYmEEc2s6YYc/Me2PxP6+VYXQZDIVKMwTFp4uiTFJM6DgC2hEaOMqBJYxrYW+lvMc042iDKtgQvPmXF0n9tOydl727s1LlehZHnhyQQ3JMPHJBKuSWVEmNcKLJM3klb86T8+K8Ox/T1pwzm9knf+B8/gBsPpHS</latexit>⌘ = �1
<latexit sha1_base64="BB7u/P+Tl6xIt+vCvQ/oYnFAg80=">AAAB+XicdVDLSsNAFJ34rPUVdelmsAiCEJLaxGZXdOOygn1Am5bJZNIOnTycmRRK6J+4caGIW//EnX/j9CGo6IELh3Pu5d57/JRRIU3zQ1tZXVvf2CxsFbd3dvf29YPDpkgyjkkDJyzhbR8JwmhMGpJKRtopJyjyGWn5o+uZ3xoTLmgS38lJSrwIDWIaUoykkvq63u6ZsMvIPWz38uDcmvb1kmmYTtl2LqBp2HbZdiuKuK5brZShZZhzlMAS9b7+3g0SnEUklpghITqWmUovR1xSzMi02M0ESREeoQHpKBqjiAgvn18+hadKCWCYcFWxhHP1+0SOIiEmka86IySH4rc3E//yOpkMq15O4zSTJMaLRWHGoEzgLAYYUE6wZBNFEOZU3QrxEHGEpQqrqEL4+hT+T5plw3IM57ZSql0t4yiAY3ACzoAFLkEN3IA6aAAMxuABPIFnLdcetRftddG6oi1njsAPaG+fYjWS5Q==</latexit>

X0  Xd+1



Labelled by a scaling dimension and spin J. Unitarity constrains 
<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="/ti/j2lZuJGz5rm5EeXDosdnhzs=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rGoB48V7Ae0oWy2m3btZjfsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNCrVlDWoEkq3Q2KY4JI1kKNg7UQzEoeCtcLRzdRvPTFtuJIPOE5YEJOB5BGnBK3U7N4ygaRXrnhVbwZ3mfg5qUCOeq/81e0rmsZMIhXEmI7vJRhkRCOngk1K3dSwhNARGbCOpZLEzATZ7NqJe2KVvhspbUuiO1N/T2QkNmYch7YzJjg0i95U/M/rpBhdBRmXSYpM0vmiKBUuKnf6utvnmlEUY0sI1dze6tIh0YSiDahkQ/AXX14mzbOqf1H1788rtes8jiIcwTGcgg+XUIM7qEMDKDzCM7zCm6OcF+fd+Zi3Fpx85hD+wPn8AWKEjwI=</latexit>

� :

Particles in dS

<latexit sha1_base64="4QGlr160nXUoS8TLORli0S4bCCE=">AAACBXicbVA9SwNBEN2LXzF+nVpqcRgEq3AnopZBLSyjmA/IHWFvM5cs2ftgd04MRxob/4qNhSK2/gc7/42b5ApNfDDweG+GmXl+IrhC2/42CguLS8srxdXS2vrG5pa5vdNQcSoZ1FksYtnyqQLBI6gjRwGtRAINfQFNf3A59pv3IBWPozscJuCFtBfxgDOKWuqY+y7CA2a3MHIFBNh2r0AgdSXv9dHrmGW7Yk9gzRMnJ2WSo9Yxv9xuzNIQImSCKtV27AS9jErkTMCo5KYKEsoGtAdtTSMagvKyyRcj61ArXSuIpa4IrYn6eyKjoVLD0NedIcW+mvXG4n9eO8Xg3Mt4lKQIEZsuClJhYWyNI7G6XAJDMdSEMsn1rRbrU0kZ6uBKOgRn9uV50jiuOKcV5+akXL3I4yiSPXJAjohDzkiVXJMaqRNGHskzeSVvxpPxYrwbH9PWgpHP7JI/MD5/AFGKmRg=</latexit>

Re [�]

<latexit sha1_base64="paS2sz+/ELmgttOCz8JJMq5ofEw=">AAACBXicbVA9SwNBEN2LXzF+nVpqcRgEq3AnopZBLbSLYD4gd4S9zVyyZO+D3TkxHGls/Cs2ForY+h/s/Ddukis08cHA470ZZub5ieAKbfvbKCwsLi2vFFdLa+sbm1vm9k5DxalkUGexiGXLpwoEj6COHAW0Egk09AU0/cHl2G/eg1Q8ju5wmIAX0l7EA84oaqlj7rsID5jdhCNXQIBt9woEUlfyXh+9jlm2K/YE1jxxclImOWod88vtxiwNIUImqFJtx07Qy6hEzgSMSm6qIKFsQHvQ1jSiISgvm3wxsg610rWCWOqK0JqovycyGio1DH3dGVLsq1lvLP7ntVMMzr2MR0mKELHpoiAVFsbWOBKryyUwFENNKJNc32qxPpWUoQ6upENwZl+eJ43jinNacW5PytWLPI4i2SMH5Ig45IxUyTWpkTph5JE8k1fyZjwZL8a78TFtLRj5zC75A+PzB0/pmRc=</latexit>

Im [�]

<latexit sha1_base64="E9umi277jnQKwt9nPZK/PVLDbmk="></latexit>

Re [�] =
d

2

<latexit sha1_base64="eA6cC+Yke2w6+xndKmHxhmczT1M=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWw2k3btZhN2N0Ip/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hobua3n1BpnsgHM07Rj+lA8ogzaqzUCPvlilt15yCrxMtJBXLU++WvXpiwLEZpmKBadz03Nf6EKsOZwGmpl2lMKRvRAXYtlTRG7U/mh07JmVVCEiXKljRkrv6emNBY63Ec2M6YmqFe9mbif143M9GNP+EyzQxKtlgUZYKYhMy+JiFXyIwYW0KZ4vZWwoZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyeGM7g==</latexit>

d

<latexit sha1_base64="WG8jsASkYtTNGQju4wIt7dMHOwo=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSJUlJIRUZdFN+6saB/QhDKZTNqhkwczN0INxV9x40IRt/6HO//GaZuFth64cDjnXu69x0sEV2Db38bc/MLi0nJhpbi6tr6xaW5tN1ScSsrqNBaxbHlEMcEjVgcOgrUSyUjoCdb0+lcjv/nApOJxdA+DhLkh6UY84JSAljrm7t2NI1gAZf8IH2NH8m4PDjtmya7YY1izBOekhHLUOuaX48c0DVkEVBCl2thOwM2IBE4FGxadVLGE0D7psramEQmZcrPx9UPrQCu+FcRSVwTWWP09kZFQqUHo6c6QQE9NeyPxP6+dQnDhZjxKUmARnSwKUmFBbI2isHwuGQUx0IRQyfWtFu0RSSjowIo6BDz98ixpnFTwWQXfnpaql3kcBbSH9lEZYXSOquga1VAdUfSIntErejOejBfj3fiYtM4Z+cwO+gPj8wecKZQK</latexit>

SO (d+ 1, 1)unitary irreducible representations of Particles in dSd+1

Principal Series

Complementary Series

E.g. Spin J=0 representations

<latexit sha1_base64="SGxT9y14VIwdZbDDHFFdZJbVF5E=">AAAB73icbVBNS8NAEN34WetX1aOXxSIIQklE1GNRDx4r2A9oQ9lsJ+3SzSbuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O0vLK6tr64WN4ubW9s5uaW+/YeJUc6jzWMa6FTADUiioo0AJrUQDiwIJzWB4M/GbT6CNiNUDjhLwI9ZXIhScoZVanVuQyLqn3VLZrbhT0EXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwLnZSAwnjQ9aHtqWKRWD8bHrvmB5bpUfDWNtSSKfq74mMRcaMosB2RgwHZt6biP957RTDKz8TKkkRFJ8tClNJMaaT52lPaOAoR5YwroW9lfIB04yjjahoQ/DmX14kjbOKd1Hx7s/L1es8jgI5JEfkhHjkklTJHamROuFEkmfySt6cR+fFeXc+Zq1LTj5zQP7A+fwBgoSPoA==</latexit>

�+
<latexit sha1_base64="lcpSRuHsWsuIMwLN8C3xyZ893bA=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4sSQi6rGoB48V7Ae0oWy2k3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/naXlldW19cJGcXNre2e3tLffMHGqOdR5LGPdCpgBKRTUUaCEVqKBRYGEZjC8mfjNJ9BGxOoBRwn4EesrEQrO0Eqtzi1IZN3TbqnsVtwp6CLxclImOWrd0lenF/M0AoVcMmPanpugnzGNgksYFzupgYTxIetD21LFIjB+Nr13TI+t0qNhrG0ppFP190TGImNGUWA7I4YDM+9NxP+8dorhlZ8JlaQIis8WhamkGNPJ87QnNHCUI0sY18LeSvmAacbRRlS0IXjzLy+SxlnFu6h49+fl6nUeR4EckiNyQjxySarkjtRInXAiyTN5JW/Oo/PivDsfs9YlJ585IH/gfP4AhYyPog==</latexit>

��

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

� can be complex - Principal Series 

Notes:

Both  and are unitary 
<latexit sha1_base64="SGxT9y14VIwdZbDDHFFdZJbVF5E=">AAAB73icbVBNS8NAEN34WetX1aOXxSIIQklE1GNRDx4r2A9oQ9lsJ+3SzSbuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O0vLK6tr64WN4ubW9s5uaW+/YeJUc6jzWMa6FTADUiioo0AJrUQDiwIJzWB4M/GbT6CNiNUDjhLwI9ZXIhScoZVanVuQyLqn3VLZrbhT0EXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwLnZSAwnjQ9aHtqWKRWD8bHrvmB5bpUfDWNtSSKfq74mMRcaMosB2RgwHZt6biP957RTDKz8TKkkRFJ8tClNJMaaT52lPaOAoR5YwroW9lfIB04yjjahoQ/DmX14kjbOKd1Hx7s/L1es8jgI5JEfkhHjkklTJHamROuFEkmfySt6cR+fFeXc+Zq1LTj5zQP7A+fwBgoSPoA==</latexit>

�+
<latexit sha1_base64="lcpSRuHsWsuIMwLN8C3xyZ893bA=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4sSQi6rGoB48V7Ae0oWy2k3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/naXlldW19cJGcXNre2e3tLffMHGqOdR5LGPdCpgBKRTUUaCEVqKBRYGEZjC8mfjNJ9BGxOoBRwn4EesrEQrO0Eqtzi1IZN3TbqnsVtwp6CLxclImOWrd0lenF/M0AoVcMmPanpugnzGNgksYFzupgYTxIetD21LFIjB+Nr13TI+t0qNhrG0ppFP190TGImNGUWA7I4YDM+9NxP+8dorhlZ8JlaQIis8WhamkGNPJ87QnNHCUI0sY18LeSvmAacbRRlS0IXjzLy+SxlnFu6h49+fl6nUeR4EckiNyQjxySarkjtRInXAiyTN5JW/Oo/PivDsfs9YlJ585IH/gfP4AhYyPog==</latexit>

��



<latexit sha1_base64="WG8jsASkYtTNGQju4wIt7dMHOwo=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSJUlJIRUZdFN+6saB/QhDKZTNqhkwczN0INxV9x40IRt/6HO//GaZuFth64cDjnXu69x0sEV2Db38bc/MLi0nJhpbi6tr6xaW5tN1ScSsrqNBaxbHlEMcEjVgcOgrUSyUjoCdb0+lcjv/nApOJxdA+DhLkh6UY84JSAljrm7t2NI1gAZf8IH2NH8m4PDjtmya7YY1izBOekhHLUOuaX48c0DVkEVBCl2thOwM2IBE4FGxadVLGE0D7psramEQmZcrPx9UPrQCu+FcRSVwTWWP09kZFQqUHo6c6QQE9NeyPxP6+dQnDhZjxKUmARnSwKUmFBbI2isHwuGQUx0IRQyfWtFu0RSSjowIo6BDz98ixpnFTwWQXfnpaql3kcBbSH9lEZYXSOquga1VAdUfSIntErejOejBfj3fiYtM4Z+cwO+gPj8wecKZQK</latexit>

SO (d+ 1, 1)unitary irreducible representations of Particles in dSd+1

Particles in dS

Labelled by a scaling dimension and spin J. Can be realised by fields in dSd+1.
<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="UySWojh/+BT3SmTuHZ8nIV359R0="></latexit>

lim
⌘!0

' (⌘, x) = O�+ (x) ⌘�+ +O�� (x) ⌘��

<latexit sha1_base64="5j/YqwBISxObVwWMdU6XmC5VCPk="></latexit>

hC2i = � (d��)

<latexit sha1_base64="26uxwU1r5Ly4cwEyH/AslMWfiLI="></latexit>

m2R2
dS = � (d��)

= �+��

<latexit sha1_base64="0fBj8bruKSEVNlAZBtbNo+rJsuQ=">AAACDXicbVA9SwNBEN3z2/h1ammzGIVYGO6CqI0QtLGMYFTIXcLcZi9Zsrd37M4FQvAP2PhXbCwUsbW389+4iSn8ejDweG+GmXlRJoVBz/twpqZnZufmFxYLS8srq2vu+saVSXPNeJ2lMtU3ERguheJ1FCj5TaY5JJHk11HvbORf97k2IlWXOMh4mEBHiVgwQCu13J1A8hhLgYJIQrOynzQrgRadLu4FfdBZV9AT6rXcolf2xqB/iT8hRTJBreW+B+2U5QlXyCQY0/C9DMMhaBRM8ttCkBueAetBhzcsVZBwEw7H39zSXau0aZxqWwrpWP0+MYTEmEES2c4EsGt+eyPxP6+RY3wcDoXKcuSKfS2Kc0kxpaNoaFtozlAOLAGmhb2Vsi5oYGgDLNgQ/N8v/yVXlbJ/WPYvDorV00kcC2SLbJMS8ckRqZJzUiN1wsgdeSBP5Nm5dx6dF+f1q3XKmcxskh9w3j4BiQ2akg==</latexit>�
r2 �m2

�
' = 0

<latexit sha1_base64="y8UWv0SIWfUOdmifQWDXhXrtOhQ=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE1GPRi8cK9gPaUDbbTbt0kw27E6WW/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvTKUw6Hnfzsrq2vrGZmGruL2zu1dy9w8aRmWa8TpTUulWSA2XIuF1FCh5K9WcxqHkzXB4M/WbD1wboZJ7HKU8iGk/EZFgFK3UdUsdySPUoj9AqrV67Lplr+LNQJaJn5My5Kh13a9OT7Es5gkySY1p+16KwZhqFEzySbGTGZ5SNqR93rY0oTE3wXh2+IScWKVHIqVtJUhm6u+JMY2NGcWh7YwpDsyiNxX/89oZRlfBWCRphjxh80VRJgkqMk2B9ITmDOXIEsq0sLcSNqCaMrRZFW0I/uLLy6RxVvEvKv7debl6ncdRgCM4hlPw4RKqcAs1qAODDJ7hFd6cJ+fFeXc+5q0rTj5zCH/gfP4AbE6Tlw==</latexit>$ <latexit sha1_base64="9qCGZnOTMz9bgqvyVG0vUHMNMvk="></latexit>

(C2 � hC2i)' = 0

Quadric Casimir equation

transform as primary fields with scaling dimension 
<latexit sha1_base64="JEvb0hhLMAdaSvbxgQUZeO1dEng=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rGoB48V7Ac2oWy223bp7ibsToQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8KBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNHGqKWvQWMS6HRHDBFesgRwFayeaERkJ1opGN1O/9cS04bF6wHHCQkkGivc5JWilx+CWCSTdIJHdcsWrejO4y8TPSQVy1Lvlr6AX01QyhVQQYzq+l2CYEY2cCjYpBalhCaEjMmAdSxWRzITZ7OKJe2KVntuPtS2F7kz9PZERacxYRrZTEhyaRW8q/ud1UuxfhRlXSYpM0fmifipcjN3p+26Pa0ZRjC0hVHN7q0uHRBOKNqSSDcFffHmZNM+q/kXVvz+v1K7zOIpwBMdwCj5cQg3uoA4NoKDgGV7hzTHOi/PufMxbC04+cwh/4Hz+AGwykMI=</latexit>

�± in Euclidean CFTd
<latexit sha1_base64="5Z4h8Ek2IOFIq4TZOPShB/CoDe4=">AAACC3icbVA9SwNBEN2LXzF+nVraLAYhNuFORC2DWtgZwUQhF469zVyyZO+D3TkxHOlt/Cs2ForY+gfs/DduPgo1Phh4vDfDzLwglUKj43xZhbn5hcWl4nJpZXVtfcPe3GrqJFMcGjyRiboNmAYpYmigQAm3qQIWBRJugv7ZyL+5A6VFEl/jIIV2xLqxCAVnaCTf3r30c+8cJDLfS6OhJyHESu4FIb0fekp0e7jv22Wn6oxBZ4k7JWUyRd23P71OwrMIYuSSad1ynRTbOVMouIRhycs0pIz3WRdahsYsAt3Ox78M6Z5ROjRMlKkY6Vj9OZGzSOtBFJjOiGFP//VG4n9eK8PwpJ2LOM0QYj5ZFGaSYkJHwdCOUMBRDgxhXAlzK+U9phhHE1/JhOD+fXmWNA+q7lHVvTos106ncRTJDtklFeKSY1IjF6ROGoSTB/JEXsir9Wg9W2/W+6S1YE1ntskvWB/fDy+bDw==</latexit>

O�± (x)

Boundary behaviour:

Determined by

the initial state

E.g. Spin J=0 representations

<latexit sha1_base64="4QGlr160nXUoS8TLORli0S4bCCE=">AAACBXicbVA9SwNBEN2LXzF+nVpqcRgEq3AnopZBLSyjmA/IHWFvM5cs2ftgd04MRxob/4qNhSK2/gc7/42b5ApNfDDweG+GmXl+IrhC2/42CguLS8srxdXS2vrG5pa5vdNQcSoZ1FksYtnyqQLBI6gjRwGtRAINfQFNf3A59pv3IBWPozscJuCFtBfxgDOKWuqY+y7CA2a3MHIFBNh2r0AgdSXv9dHrmGW7Yk9gzRMnJ2WSo9Yxv9xuzNIQImSCKtV27AS9jErkTMCo5KYKEsoGtAdtTSMagvKyyRcj61ArXSuIpa4IrYn6eyKjoVLD0NedIcW+mvXG4n9eO8Xg3Mt4lKQIEZsuClJhYWyNI7G6XAJDMdSEMsn1rRbrU0kZ6uBKOgRn9uV50jiuOKcV5+akXL3I4yiSPXJAjohDzkiVXJMaqRNGHskzeSVvxpPxYrwbH9PWgpHP7JI/MD5/AFGKmRg=</latexit>

Re [�]

<latexit sha1_base64="paS2sz+/ELmgttOCz8JJMq5ofEw=">AAACBXicbVA9SwNBEN2LXzF+nVpqcRgEq3AnopZBLbSLYD4gd4S9zVyyZO+D3TkxHGls/Cs2ForY+h/s/Ddukis08cHA470ZZub5ieAKbfvbKCwsLi2vFFdLa+sbm1vm9k5DxalkUGexiGXLpwoEj6COHAW0Egk09AU0/cHl2G/eg1Q8ju5wmIAX0l7EA84oaqlj7rsID5jdhCNXQIBt9woEUlfyXh+9jlm2K/YE1jxxclImOWod88vtxiwNIUImqFJtx07Qy6hEzgSMSm6qIKFsQHvQ1jSiISgvm3wxsg610rWCWOqK0JqovycyGio1DH3dGVLsq1lvLP7ntVMMzr2MR0mKELHpoiAVFsbWOBKryyUwFENNKJNc32qxPpWUoQ6upENwZl+eJ43jinNacW5PytWLPI4i2SMH5Ig45IxUyTWpkTph5JE8k1fyZjwZL8a78TFtLRj5zC75A+PzB0/pmRc=</latexit>

Im [�]

<latexit sha1_base64="E9umi277jnQKwt9nPZK/PVLDbmk="></latexit>

Re [�] =
d

2

<latexit sha1_base64="eA6cC+Yke2w6+xndKmHxhmczT1M=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWw2k3btZhN2N0Ip/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hobua3n1BpnsgHM07Rj+lA8ogzaqzUCPvlilt15yCrxMtJBXLU++WvXpiwLEZpmKBadz03Nf6EKsOZwGmpl2lMKRvRAXYtlTRG7U/mh07JmVVCEiXKljRkrv6emNBY63Ec2M6YmqFe9mbif143M9GNP+EyzQxKtlgUZYKYhMy+JiFXyIwYW0KZ4vZWwoZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyeGM7g==</latexit>

d

Principal Series

Complementary Series

<latexit sha1_base64="SGxT9y14VIwdZbDDHFFdZJbVF5E=">AAAB73icbVBNS8NAEN34WetX1aOXxSIIQklE1GNRDx4r2A9oQ9lsJ+3SzSbuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O0vLK6tr64WN4ubW9s5uaW+/YeJUc6jzWMa6FTADUiioo0AJrUQDiwIJzWB4M/GbT6CNiNUDjhLwI9ZXIhScoZVanVuQyLqn3VLZrbhT0EXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwLnZSAwnjQ9aHtqWKRWD8bHrvmB5bpUfDWNtSSKfq74mMRcaMosB2RgwHZt6biP957RTDKz8TKkkRFJ8tClNJMaaT52lPaOAoR5YwroW9lfIB04yjjahoQ/DmX14kjbOKd1Hx7s/L1es8jgI5JEfkhHjkklTJHamROuFEkmfySt6cR+fFeXc+Zq1LTj5zQP7A+fwBgoSPoA==</latexit>

�+
<latexit sha1_base64="lcpSRuHsWsuIMwLN8C3xyZ893bA=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4sSQi6rGoB48V7Ae0oWy2k3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/naXlldW19cJGcXNre2e3tLffMHGqOdR5LGPdCpgBKRTUUaCEVqKBRYGEZjC8mfjNJ9BGxOoBRwn4EesrEQrO0Eqtzi1IZN3TbqnsVtwp6CLxclImOWrd0lenF/M0AoVcMmPanpugnzGNgksYFzupgYTxIetD21LFIjB+Nr13TI+t0qNhrG0ppFP190TGImNGUWA7I4YDM+9NxP+8dorhlZ8JlaQIis8WhamkGNPJ87QnNHCUI0sY18LeSvmAacbRRlS0IXjzLy+SxlnFu6h49+fl6nUeR4EckiNyQjxySarkjtRInXAiyTN5JW/Oo/PivDsfs9YlJ585IH/gfP4AhYyPog==</latexit>

��



<latexit sha1_base64="NLFOl5rmdzeaUGZ0nkSX0Vn2QsM="></latexit>

lim
⌧!1

h⌦|'1 (x1, ⌧) . . .'n (xn, ⌧) |⌦i

dS Boundary Correlators
[in-in formalism for late-time correlators]

[Maldacena ’02, Weinberg '05]

Take        to be the free theory vacuum
<latexit sha1_base64="Mx9U9HLIj0zLPCaOruCKWAWBAQo=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthbSUDbbSbt0swm7G6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYnqhFSj4BJbhhuBnVQhjUOBD+HoZuo/PKLSPJH3ZpxiENOB5BFn1FjJfyIu6SoqBwJ71Zpbd2cgy8QrSA0KNHvVr24/YVmM0jBBtfY9NzVBTpXhTOCk0s00ppSN6AB9SyWNUQf57OQJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/zMxNdBTmXaWZQsvmiKBPEJGT6P+lzhcyIsSWUKW5vJWxIFWXGplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBJ4hld4c4zz4rw7H/PWklPMHMIfOJ8/ZUKQrw==</latexit>

|0i

tim
e

+ branch

[time-ordered]

— branch

[anti-time-ordered]

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


at future infinity
<latexit sha1_base64="E6sm+Wvk9v6pD3V7tEdSKWW2LHo=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsICURqS6LblxWsA9oSphMJ+3QySTM3BRL6Ce48VfcuFDErUt3/o3Tx0KrBy4czrmXe+8JEsE1OM6XlVtaXlldy68XNja3tnfs3b2GjlNFWZ3GIlatgGgmuGR14CBYK1GMRIFgzWBwPfGbQ6Y0j+UdjBLWiUhP8pBTAkby7WNvSFTS577rCRZCKfOCEN+PfffU4zKEkad4rw8n2LeLTtmZAv8l7pwU0Rw13/70ujFNIyaBCqJ123US6GREAaeCjQteqllC6ID0WNtQSSKmO9n0oTE+MkoXh7EyJQFP1Z8TGYm0HkWB6YwI9PWiNxH/89ophJedjMskBSbpbFGYCgwxnqSDu1wxCmJkCKGKm1sx7RNFKJgMCyYEd/Hlv6RxVnYr5crtebF6NY8jjw7QISohF12gKrpBNVRHFD2gJ/SCXq1H69l6s95nrTlrPrOPfsH6+AYNipya</latexit>

'1 (x1,1)

<latexit sha1_base64="squEbwlSaGjPabkyjBXWeL8+fm0=">AAACEHicbVDLSgNBEJyNrxhfUY9eBoMYQcJukOgx6MVjBPOAbFhmJ7PJkNnZZaY3GJZ8ghd/xYsHRbx69ObfOHkcNLGgoajqprvLjwXXYNvfVmZldW19I7uZ29re2d3L7x80dJQoyuo0EpFq+UQzwSWrAwfBWrFiJPQFa/qDm4nfHDKleSTvYRSzTkh6kgecEjCSlz91h0TFfe6VXcECKKauH+CHsVc+d7kMYOQq3uvDGfbyBbtkT4GXiTMnBTRHzct/ud2IJiGTQAXRuu3YMXRSooBTwcY5N9EsJnRAeqxtqCQh0510+tAYnxili4NImZKAp+rviZSEWo9C33SGBPp60ZuI/3ntBIKrTsplnACTdLYoSASGCE/SwV2uGAUxMoRQxc2tmPaJIhRMhjkTgrP48jJplEtOpVS5uyhUr+dxZNEROkZF5KBLVEW3qIbqiKJH9Ixe0Zv1ZL1Y79bHrDVjzWcO0R9Ynz8Qv5yc</latexit>

'2 (x2,1)
<latexit sha1_base64="Nub5CucNMz61Litym1OTmPv04Oo=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsICURqS6LblxWsA9oSphMJ+3QySTM3BRL6Ce48VfcuFDErUt3/o3Tx0KrBy4czrmXe+8JEsE1OM6XlVtaXlldy68XNja3tnfs3b2GjlNFWZ3GIlatgGgmuGR14CBYK1GMRIFgzWBwPfGbQ6Y0j+UdjBLWiUhP8pBTAkby7WNvSFTS5770BAuhlHlBiO/Hvjz1uAxh5Cne68MJ9u2iU3amwH+JOydFNEfNtz+9bkzTiEmggmjddp0EOhlRwKlg44KXapYQOiA91jZUkojpTjZ9aIyPjNLFYaxMScBT9edERiKtR1FgOiMCfb3oTcT/vHYK4WUn4zJJgUk6WxSmAkOMJ+ngLleMghgZQqji5lZM+0QRCibDggnBXXz5L2mcld1KuXJ7XqxezePIowN0iErIRReoim5QDdURRQ/oCb2gV+vRerberPdZa86az+yjX7A+vgHRK50U</latexit>

'n (xn,1)

<latexit sha1_base64="Mx9U9HLIj0zLPCaOruCKWAWBAQo=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthbSUDbbSbt0swm7G6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYnqhFSj4BJbhhuBnVQhjUOBD+HoZuo/PKLSPJH3ZpxiENOB5BFn1FjJfyIu6SoqBwJ71Zpbd2cgy8QrSA0KNHvVr24/YVmM0jBBtfY9NzVBTpXhTOCk0s00ppSN6AB9SyWNUQf57OQJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/zMxNdBTmXaWZQsvmiKBPEJGT6P+lzhcyIsSWUKW5vJWxIFWXGplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBJ4hld4c4zz4rw7H/PWklPMHMIfOJ8/ZUKQrw==</latexit>

|0i
<latexit sha1_base64="86+ZIppvuiLp6kHQ/y2Zwik3Csk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN2J0KJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbF6wEnC/YgOlQgFo2ilbk9SNZScuOSpX664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzkKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM/icDoTlDObGEMi3srYSNqKYMbUolG4K3/PIqaV1UvVq1dn9Zqd/kcRThBE7hHDy4gjrcQQOawCCGZ3iFNwedF+fd+Vi0Fpx85hj+wPn8AWFqkK4=</latexit>

h0|

<latexit sha1_base64="1Lym2pIKMt9vtZz8fhSf8X6lEpk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt0dxN2J0IJ/QtePCji1T/kzX/jps1Bqw8GHu/NMDMvTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51TJxqyto0FrHuhcQwwRVrI0fBeolmRIaCdcPpbe53H5k2PFYPOEtYIMlY8YhTgrk0QJIOqzWv7i3g/iV+QWpQoDWsfg5GMU0lU0gFMabvewkGGdHIqWDzyiA1LCF0Ssasb6kikpkgW9w6d8+sMnKjWNtS6C7UnxMZkcbMZGg7JcGJWfVy8T+vn2J0HWRcJSkyRZeLolS4GLv54+6Ia0ZRzCwhVHN7q0snRBOKNp6KDcFfffkv6VzU/Ua9cX9Za94UcZThBE7hHHy4gibcQQvaQGECT/ACr450np03533ZWnKKmWP4BefjGyS/jlM=</latexit> ⌧



Feynman rules:

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

Sum contributions from each branch (±) of the time (in-in) contour!

bulk-to-boundary propagator:  

<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="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>

�

dS Boundary Correlators

Boundary 

at future infinity

Boundary 

at future infinity

<latexit sha1_base64="NLFOl5rmdzeaUGZ0nkSX0Vn2QsM="></latexit>

lim
⌧!1

h⌦|'1 (x1, ⌧) . . .'n (xn, ⌧) |⌦i

[in-in formalism for late-time correlators]
[Maldacena ’02, Weinberg '05]



From dS to Euclidean AdS
Euclidean AdS 

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

z = 0<latexit sha1_base64="sfkEejrRoVVV0LjXA2K81HPQY3U=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjxWsB/QhrLZbtqlm03cnQg19E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJn4zUeujYjVPY4S7ke0r0QoGEUrtZ6uOkKFOOqWym7FnYIsEi8nZchR65a+Or2YpRFXyCQ1pu25CfoZ1SiY5ONiJzU8oWxI+7xtqaIRN342vXdMjq3SI2GsbSkkU/X3REYjY0ZRYDsjigMz703E/7x2iuGlnwmVpMgVmy0KU0kwJpPnSU9ozlCOLKFMC3srYQOqKUMbUdGG4M2/vEgapxXvvOLdnZWr13kcBTiEIzgBDy6gCrdQgzowkPAMr/DmPDgvzrvzMWtdcvKZA/gD5/MHKEOQDQ==</latexit>z = 1

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

ds2 = R2
dS

�d⌘2 + dx2

⌘2

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

ds2 = R2
AdS

dz2 + dx2

z2

<latexit sha1_base64="WLH2axjf2yi2imbZEbiJ0TY1hTA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUV+4Amlslk0g6dTMLMRCghv+HGhSJu/Rl3/o2TNgttPTBwOOde7pnjJ5wpbdvfVmVldW19o7pZ29re2d2r7x90VZxKQjsk5rHs+1hRzgTtaKY57SeS4sjntOdPbgq/90SlYrF40NOEehEeCRYygrWRXDfCeuz72X3+GAzrDbtpz4CWiVOSBpRoD+tfbhCTNKJCE46VGjh2or0MS80Ip3nNTRVNMJngER0YKnBElZfNMufoxCgBCmNpntBopv7eyHCk1DTyzWSRUS16hfifN0h1eOVlTCSppoLMD4UpRzpGRQEoYJISzaeGYCKZyYrIGEtMtKmpZkpwFr+8TLpnTeei6dydN1rXZR1VOIJjOAUHLqEFt9CGDhBI4Ble4c1KrRfr3fqYj1ascucQ/sD6/AE38ZHO</latexit>

Rd

dS 

<latexit sha1_base64="WLH2axjf2yi2imbZEbiJ0TY1hTA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUV+4Amlslk0g6dTMLMRCghv+HGhSJu/Rl3/o2TNgttPTBwOOde7pnjJ5wpbdvfVmVldW19o7pZ29re2d2r7x90VZxKQjsk5rHs+1hRzgTtaKY57SeS4sjntOdPbgq/90SlYrF40NOEehEeCRYygrWRXDfCeuz72X3+GAzrDbtpz4CWiVOSBpRoD+tfbhCTNKJCE46VGjh2or0MS80Ip3nNTRVNMJngER0YKnBElZfNMufoxCgBCmNpntBopv7eyHCk1DTyzWSRUS16hfifN0h1eOVlTCSppoLMD4UpRzpGRQEoYJISzaeGYCKZyYrIGEtMtKmpZkpwFr+8TLpnTeei6dydN1rXZR1VOIJjOAUHLqEFt9CGDhBI4Ble4c1KrRfr3fqYj1ascucQ/sD6/AE38ZHO</latexit>

Rd

EAdS and dS are identified under:  
<latexit sha1_base64="yUWW7pUc3IzvC2cpNnznqkdzLjc=">AAACAnicbVDJSgNBEO2JW4zbqCfx0hiEeDDMiKgXIejFYwSzQCaEnk5N0qRnobtGiCF48Ve8eFDEq1/hzb+xsxw08UHB470qqur5iRQaHefbyiwsLi2vZFdza+sbm1v29k5Vx6niUOGxjFXdZxqkiKCCAiXUEwUs9CXU/N71yK/dg9Iiju6wn0AzZJ1IBIIzNFLL3nu49JKQCk9CgIVjD5B5SnS6eNSy807RGYPOE3dK8mSKcsv+8toxT0OIkEumdcN1EmwOmELBJQxzXqohYbzHOtAwNGIh6OZg/MKQHhqlTYNYmYqQjtXfEwMWat0PfdMZMuzqWW8k/uc1UgwumgMRJSlCxCeLglRSjOkoD9oWCjjKviGMK2FupbzLFONoUsuZENzZl+dJ9aTonhXd29N86WoaR5bskwNSIC45JyVyQ8qkQjh5JM/klbxZT9aL9W59TFoz1nRml/yB9fkDSUyWuQ==</latexit>

z = ±i (�⌘)
<latexit sha1_base64="MshqGmwrsh6U4kqMZMqno1NBKaM=">AAACCnicbZDLSsNAFIYnXmu9RV26GS2Cq5KIqBuh6sZlvfQCTSiT6aQdOrkwcyKWkLUbX8WNC0Xc+gTufBsnbRFt/WHg5zvncOb8Xiy4Asv6MmZm5+YXFgtLxeWV1bV1c2OzrqJEUlajkYhk0yOKCR6yGnAQrBlLRgJPsIbXv8jrjTsmFY/CWxjEzA1IN+Q+pwQ0aps71+3UAXYP6VnnJstOnTjA/IflqG2WrLI1FJ429tiU0FjVtvnpdCKaBCwEKohSLduKwU2JBE4Fy4pOolhMaJ90WUvbkARMuenwlAzvadLBfiT1CwEP6e+JlARKDQJPdwYEemqylsP/aq0E/BM35WGcAAvpaJGfCAwRznPBHS4ZBTHQhlDJ9V8x7RFJKOj0ijoEe/LkaVM/KNtHZfvqsFQ5H8dRQNtoF+0jGx2jCrpEVVRDFD2gJ/SCXo1H49l4M95HrTPGeGYL/ZHx8Q0drJst</latexit>

RAdS = ±iRdS

Boundary 

at future infinity

Boundary 

at spatial infinity



<latexit sha1_base64="lRZg+gY/h+rlqGCHhlO/5aUcGpc="></latexit>

G (�) = A 2F1
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From dS to Euclidean AdS
[Bunch-Davies vacuum]

at short distances 

Wightman function is defined as having the same light-cone singularities as in Minkowski space:

Propagators in the in-in formalism correspond to different   prescriptions: 
<latexit sha1_base64="yezUQFPEhOl3zafNmXpVVGrUMEI=">AAAB8HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI9BLx4jmIckS5id9CZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNoUkVV7oTEQOcSWhaZjl0Eg1ERBza0fh25refQBum5IOdJBAKMpQsZpRYJz2yHiSGcSX75Ypf9efAqyTISQXlaPTLX72BoqkAaSknxnQDP7FhRrRllMO01EsNJISOyRC6jkoiwITZ/OApPnPKAMdKu5IWz9XfExkRxkxE5DoFsSOz7M3E/7xuauPrMGMySS1IulgUpxxbhWff4wHTQC2fOEKoZu5WTEdEE2pdRiUXQrD88ippXVSDWrV2f1mp3+RxFNEJOkXnKEBXqI7uUAM1EUUCPaNX9OZp78V79z4WrQUvnzlGf+B9/gAX0JCe</latexit>

i✏

<latexit sha1_base64="RbH30qWexpZBOISslaaWzGReTuk="></latexit>

� (x, y) =
R2 +X (x) · Y (y)

2R2
, X2 = R2, Y 2 = R2.invariant distance:

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

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

m2

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

±
<latexit sha1_base64="PTbNbvPKiqAIWBLKk7yNTCJUqXU=">AAACEHicbVA9SwNBEN2LXzF+RS1tFoOoIOFOJNoIQQstFYwKuRD2NnPJkt29Y3dOCCE/wca/YmOhiK2lnf/GTUyh0QcDj/dmmJkXpVJY9P1PLzc1PTM7l58vLCwuLa8UV9eubZIZDjWeyMTcRsyCFBpqKFDCbWqAqUjCTdQ9Hfo3d2CsSPQV9lJoKNbWIhacoZOaxe3jcO8slBDjTmhFWzEaqpQKGkJqhUw0DY1od3C3WSz5ZX8E+pcEY1IiY1w0ix9hK+GZAo1cMmvrgZ9io88MCi5hUAgzCynjXdaGuqOaKbCN/uihAd1ySovGiXGlkY7UnxN9pqztqch1KoYdO+kNxf+8eobxUaMvdJohaP69KM4kxYQO06EtYYCj7DnCuBHuVso7zDCOLsOCCyGYfPkvud4vB5Vy5fKgVD0Zx5EnG2ST7JCAHJIqOScXpEY4uSeP5Jm8eA/ek/fqvX235rzxzDr5Be/9Cwosm/8=</latexit>

= G (� ⌥ i✏)
<latexit sha1_base64="yK48fXEJbAiKP2InP0AfI+MtCLU="></latexit>

= G (� ⌥ i✏ sgn (⌘⌥ � ⌘±))

<latexit sha1_base64="3WoOd3qcjO2Yy85T7zgqzB1yqbI=">AAACEXicbZBNS8NAEIY3flu/qh69LBahIpZEpHoRil48VrBVaErYbCft4mYTdidCCf4FL/4VLx4U8erNm//GbZuDXy8sPLwzw+y8YSqFQdf9dKamZ2bn5hcWS0vLK6tr5fWNtkkyzaHFE5no65AZkEJBCwVKuE41sDiUcBXenI3qV7egjUjUJQ5T6Masr0QkOENrBeWqD8iCPXpCC/AlRFj19oUPqREyUb4W/QHuBuWKW3PHon/BK6BCCjWD8offS3gWg0IumTEdz02xmzONgku4K/mZgZTxG9aHjkXFYjDdfHzRHd2xTo9GibZPIR273ydyFhszjEPbGTMcmN+1kflfrZNhdNzNhUozBMUni6JMUkzoKB7aExo4yqEFxrWwf6V8wDTjaEMs2RC83yf/hfZBzavX6heHlcZpEccC2SLbpEo8ckQa5Jw0SYtwck8eyTN5cR6cJ+fVeZu0TjnFzCb5Ief9Cz5lnBI=</latexit>

⌘+ = ⌘+ (1� i✏)
<latexit sha1_base64="6Fn/4rXq+LueLRgW8TAvhY8m5ho=">AAACEnicbZA9SwNBEIb3/Izx69TSZjEIETXciaiNELSxjGA0kAthbzOXLNnbO3bnhBD8DTb+FRsLRWyt7Pw3bpIr/Hph4eGdGWbnDVMpDHrepzM1PTM7N19YKC4uLa+sumvr1ybJNIc6T2SiGyEzIIWCOgqU0Eg1sDiUcBP2z0f1m1vQRiTqCgcptGLWVSISnKG12u5OAMja+/SU5hBIiLDs74oAUiNkogItuj3c2Wu7Ja/ijUX/gp9DieSqtd2PoJPwLAaFXDJjmr6XYmvINAou4a4YZAZSxvusC02LisVgWsPxSXd02zodGiXaPoV07H6fGLLYmEEc2s6YYc/8ro3M/2rNDKOT1lCoNENQfLIoyiTFhI7yoR2hgaMcWGBcC/tXyntMM442xaINwf998l+4Pqj4R5Wjy8NS9SyPo0A2yRYpE58ckyq5IDVSJ5zck0fyTF6cB+fJeXXeJq1TTj6zQX7Ief8Ct5KcSg==</latexit>

⌘� = ⌘� (1 + i✏) ,These are obtained from by replacing:
<latexit sha1_base64="e14UoGzH84BcZEMLGCMtB1R3vxo="></latexit>
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<latexit sha1_base64="cEOPVgcwD7X9MGkZauoacBIJQI0=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFZKSpnVXdOOyon1AG8pkOmmHzkzCzEQooZ/gxoUibv0id/6Nk7aCih64cDjnXu69J0wYVdpxPqzC2vrG5lZxu7Szu7d/UD486qg4lZi0ccxi2QuRIowK0tZUM9JLJEE8ZKQbTq9yv3tPpKKxuNOzhAQcjQWNKEbaSLeDhA/LFcd2qzXfaUDH9mveRbVuiON4Nc+HriE5KmCF1rD8PhjFOOVEaMyQUn3XSXSQIakpZmReGqSKJAhP0Zj0DRWIExVki1Pn8MwoIxjF0pTQcKF+n8gQV2rGQ9PJkZ6o314u/uX1Ux01goyKJNVE4OWiKGVQxzD/G46oJFizmSEIS2puhXiCJMLapFMyIXx9Cv8nnart+rZ741Wal6s4iuAEnIJz4II6aIJr0AJtgMEYPIAn8Gwx69F6sV6XrQVrNXMMfsB6+wTC1I4h</latexit>±

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

m2

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

<latexit sha1_base64="PTbNbvPKiqAIWBLKk7yNTCJUqXU=">AAACEHicbVA9SwNBEN2LXzF+RS1tFoOoIOFOJNoIQQstFYwKuRD2NnPJkt29Y3dOCCE/wca/YmOhiK2lnf/GTUyh0QcDj/dmmJkXpVJY9P1PLzc1PTM7l58vLCwuLa8UV9eubZIZDjWeyMTcRsyCFBpqKFDCbWqAqUjCTdQ9Hfo3d2CsSPQV9lJoKNbWIhacoZOaxe3jcO8slBDjTmhFWzEaqpQKGkJqhUw0DY1od3C3WSz5ZX8E+pcEY1IiY1w0ix9hK+GZAo1cMmvrgZ9io88MCi5hUAgzCynjXdaGuqOaKbCN/uihAd1ySovGiXGlkY7UnxN9pqztqch1KoYdO+kNxf+8eobxUaMvdJohaP69KM4kxYQO06EtYYCj7DnCuBHuVso7zDCOLsOCCyGYfPkvud4vB5Vy5fKgVD0Zx5EnG2ST7JCAHJIqOScXpEY4uSeP5Jm8eA/ek/fqvX235rzxzDr5Be/9Cwosm/8=</latexit>

= G (� ⌥ i✏)
<latexit sha1_base64="UfBChBb2VYMPbqE9sbf1EKvuP48=">AAACEXicbVA9SwNBEN3zM8avqKXNYhAihHAnEm2EoIWWEYwKuRD2NnPJkt29Y3dOCCF/wca/YmOhiK2dnf/GTUzh14OBx3szzMyLUiks+v6HNzM7N7+wmFvKL6+srq0XNjavbJIZDg2eyMTcRMyCFBoaKFDCTWqAqUjCddQ/HfvXt2CsSPQlDlJoKdbVIhacoZPahdJxWD4LJcRYCq3oKkZDlVJBQ0itkImmoRHdHu6V24WiX/EnoH9JMCVFMkW9XXgPOwnPFGjkklnbDPwUW0NmUHAJo3yYWUgZ77MuNB3VTIFtDScfjeiuUzo0TowrjXSifp8YMmXtQEWuUzHs2d/eWPzPa2YYH7WGQqcZguZfi+JMUkzoOB7aEQY4yoEjjBvhbqW8xwzj6ELMuxCC3y//JVf7laBaqV4cFGsn0zhyZJvskBIJyCGpkXNSJw3CyR15IE/k2bv3Hr0X7/WrdcabzmyRH/DePgF/7pw1</latexit>

= G (� ⌥ i✏) ,

flat space expression

[B. Allen ’86]




From dS to Euclidean AdS

+ (time-ordered) branch

— (anti-time-ordered) branch

<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+sDMnpM7/0duMm2fQkhbvqhZjzzE5Fne7lNJEbIWPlatDu4JfJmseSW3T7oX+INSYkMcdEsfvitmKcRKOSSGVP33AQbGdMouIS84KcGEsZvWRvqlioWgWlk/etyumGVFg1jbZ9C2ld/TmQsMqYbBTYZMeyYUa8n/ufVUwyPGplQSYqg+GBRmEqKMe1VRVtCA0fZtYRxLexfKe8w2wzaQgu2BG/05L/keq/sHZS9y/3SyemwjhmyRtbJJvHIITkh5+SCVAgnD+SJvJBX59F5dt6c90F0zBnOrJJfcD6/AQDboe4=</latexit>

�⌘ = z e+(
⇡
2 �✏)i

EAdS

dS

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

m2
<latexit sha1_base64="lcpSRuHsWsuIMwLN8C3xyZ893bA=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4sSQi6rGoB48V7Ae0oWy2k3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/naXlldW19cJGcXNre2e3tLffMHGqOdR5LGPdCpgBKRTUUaCEVqKBRYGEZjC8mfjNJ9BGxOoBRwn4EesrEQrO0Eqtzi1IZN3TbqnsVtwp6CLxclImOWrd0lenF/M0AoVcMmPanpugnzGNgksYFzupgYTxIetD21LFIjB+Nr13TI+t0qNhrG0ppFP190TGImNGUWA7I4YDM+9NxP+8dorhlZ8JlaQIis8WhamkGNPJ87QnNHCUI0sY18LeSvmAacbRRlS0IXjzLy+SxlnFu6h49+fl6nUeR4EckiNyQjxySarkjtRInXAiyTN5JW/Oo/PivDsfs9YlJ585IH/gfP4AhYyPog==</latexit>

��
<latexit sha1_base64="SGxT9y14VIwdZbDDHFFdZJbVF5E=">AAAB73icbVBNS8NAEN34WetX1aOXxSIIQklE1GNRDx4r2A9oQ9lsJ+3SzSbuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O0vLK6tr64WN4ubW9s5uaW+/YeJUc6jzWMa6FTADUiioo0AJrUQDiwIJzWB4M/GbT6CNiNUDjhLwI9ZXIhScoZVanVuQyLqn3VLZrbhT0EXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwLnZSAwnjQ9aHtqWKRWD8bHrvmB5bpUfDWNtSSKfq74mMRcaMosB2RgwHZt6biP957RTDKz8TKkkRFJ8tClNJMaaT52lPaOAoR5YwroW9lfIB04yjjahoQ/DmX14kjbOKd1Hx7s/L1es8jgI5JEfkhHjkklTJHamROuFEkmfySt6cR+fFeXc+Zq1LTj5zQP7A+fwBgoSPoA==</latexit>

�+
<latexit sha1_base64="TdN8IW4hBkHAvKE9rwyKnrd9dj4="></latexit>

= e⌥
i⇡
2 �+e⌥̂

i⇡
2 �+

<latexit sha1_base64="rkBu1ZpIaySVPICZTF+jMKDxhsw="></latexit>

+ e⌥
i⇡
2 ��e⌥̂

i⇡
2 ��

Dirichlet  
boundary condition  

Neumann  
boundary condition 

[Bunch-Davies vacuum]

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

<latexit sha1_base64="Iho19Pwvwl8H2oyUDPbRNohY+2k="></latexit>

= e±(d�1)⇡i
2

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

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

<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="6rlbkiEQZBElG9MK/zTAD3TW+xA="></latexit>

= e⌥
i⇡
2 �

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

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

propagator:

<latexit sha1_base64="QYS6c7fV1k2t7kA5kFnWLdwJCAA=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSIIYklEqseiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJaPZpygH9GB5CFn1FipddFFQ3vnvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9m5E3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeONnXCapQcnmi8JUEBOT6e+kzxUyI8aWUKa4vZWwIVWUGZtQ0YbgLb68TJqXFa9aqT5clWu3eRwFOIYTOAMPrqEG91CHBjAYwTO8wpuTOC/Ou/Mxb11x8pkj+APn8weVPI8Y</latexit>�⌘+
<latexit sha1_base64="QYS6c7fV1k2t7kA5kFnWLdwJCAA=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSIIYklEqseiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJaPZpygH9GB5CFn1FipddFFQ3vnvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9m5E3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeONnXCapQcnmi8JUEBOT6e+kzxUyI8aWUKa4vZWwIVWUGZtQ0YbgLb68TJqXFa9aqT5clWu3eRwFOIYTOAMPrqEG91CHBjAYwTO8wpuTOC/Ou/Mxb11x8pkj+APn8weVPI8Y</latexit>�⌘+

<latexit sha1_base64="d0aHk1U8/tJbJ3aNFL05qpZIpSY=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4aUlEqseiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3cxvP6HSPJaPZpKgH9Gh5CFn1FipXemhof1Kv1R2q+4cZJV4OSlDjka/9NUbxCyNUBomqNZdz02Mn1FlOBM4LfZSjQllYzrErqWSRqj9bH7ulJxbZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMT3vgZl0lqULLFojAVxMRk9jsZcIXMiIkllClubyVsRBVlxiZUtCF4yy+vktZl1atVaw9X5fptHkcBTuEMLsCDa6jDPTSgCQzG8Ayv8OYkzovz7nwsWtecfOYE/sD5/AGYRI8a</latexit>�⌘�
<latexit sha1_base64="d0aHk1U8/tJbJ3aNFL05qpZIpSY=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4aUlEqseiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx3cxvP6HSPJaPZpKgH9Gh5CFn1FipXemhof1Kv1R2q+4cZJV4OSlDjka/9NUbxCyNUBomqNZdz02Mn1FlOBM4LfZSjQllYzrErqWSRqj9bH7ulJxbZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMT3vgZl0lqULLFojAVxMRk9jsZcIXMiIkllClubyVsRBVlxiZUtCF4yy+vktZl1atVaw9X5fptHkcBTuEMLsCDa6jDPTSgCQzG8Ayv8OYkzovz7nwsWtecfOYE/sD5/AGYRI8a</latexit>�⌘�

[C.S. and M. Taronna ’19 ’20 ’21]




<latexit sha1_base64="TWdzMmhm18fhtF0db4IkEdr0MMw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+eKxMfAG1Zpbd3OgVeIVpAYFWoPqV38Yk1RQaQjHWvc8NzFBhpVhhNNZpZ9qmmAywSPas1RiQXWQ5cfO0JlVhiiKlS1pUK7+nsiw0HoqQtspsBnrZW8u/uf1UhNdBxmTSWqoJItFUcqRidH8czRkihLDp5Zgopi9FZExVpgYm0/FhuAtv7xK2o26d1n37i9qzZsijjKcwCmcgwdX0IQ7aIEPBBg8wyu8OdJ5cd6dj0VrySlmjuEPnM8fI1+OPw==</latexit>

m2
1

<latexit sha1_base64="ytSerjd9zU3l33CefYolW0g08eE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+eKxMZCDas2tuznQKvEKUoMCrUH1qz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI8mNn6MwqQxTFypY0KFd/T2RYaD0Voe0U2Iz1sjcX//N6qYmug4zJJDVUksWiKOXIxGj+ORoyRYnhU0swUczeisgYK0yMzadiQ/CWX14l7Ubdu6x79xe15k0RRxlO4BTOwYMraMIdtMAHAgye4RXeHOm8OO/Ox6K15BQzx/AHzucPf9OOfA==</latexit>

m2
n

<latexit sha1_base64="vbn1I6G3EOIAroUpPNtLrEs8cdA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJvNpl272Q27k0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGpVpyhpUCaXbITFMcMkayFGwdqoZSULBWuHwbua3RkwbruQjjlMWJKQvecwpQSs1u6NIoemVK17Vm8NdJX5OKpCj3it/dSNFs4RJpIIY0/G9FIMJ0cipYNNSNzMsJXRI+qxjqSQJM8Fkfu3UPbNK5MZK25LoztXfExOSGDNOQtuZEByYZW8m/ud1MoxvggmXaYZM0sWiOBMuKnf2uhtxzSiKsSWEam5vdemAaELRBlSyIfjLL6+S5kXVv6r6D5eV2m0eRxFO4BTOwYdrqME91KEBFJ7gGV7hzVHOi/PufCxaC04+cwx/4Hz+AM1nj0g=</latexit>...

<latexit sha1_base64="L2Nfz8Wrc3XiKM53cD/EigfuAS8=">AAACSHicjZBLSwMxFIUz9VXrq+rSTbAILkqZEVE3QlEXLhVsLTTDkElTDSaZIbkjlKE/z41Ld/4GNy4UcWc6reBr4YHA4Tv3kuTEqRQWfP/RK01Nz8zOlecrC4tLyyvV1bW2TTLDeIslMjGdmFouheYtECB5JzWcqljyy/jmeJRf3nJjRaIvYJDyUNErLfqCUXAoqkaHxGaKSKEE2CgnJ1wCjfIAk1QNiewlYEkdf2Jd4CGpH/93NKrW/IZfCP82wcTU0ERnUfWB9BKWKa6BSWptN/BTCHNqQDDJhxWSWZ5SdkOveNdZTRW3YV4UMcRbjvRwPzHuaMAF/bqRU2XtQMVuUlG4tj+zEfwr62bQPwhzodMMuGbji/qZxJDgUau4JwxnIAfOUGaEeytm19RQBq77iish+Pnl36a90wj2GsH5bq15NKmjjDbQJtpGAdpHTXSKzlALMXSHntALevXuvWfvzXsfj5a8yc46+qZS6QMrybMn</latexit>

=
X

�1±...�n±

C�1±...�n±

<latexit sha1_base64="Dkrn+DC2CyCRJ9Pa3w+Bibh/ymI=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KomIeizqwWMF+wFNLJvttF262YTdiVJC/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJlIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqDnUey1i3QmZACgV1FCihlWhgUSihGQ6vJ37zEbQRsbrHUQJBxPpK9ARnaKUH/wYksk7mUT+Jxp1S2a24U9BF4uWkTHLUOqUvvxvzNAKFXDJj2p6bYJAxjYJLGBf91EDC+JD1oW2pYhGYIJtePabHVunSXqxtKaRT9fdExiJjRlFoOyOGAzPvTcT/vHaKvcsgEypJERSfLeqlkmJMJxHQrtDAUY4sYVwLeyvlA6YZRxtU0Ybgzb+8SBqnFe+84t2dlatXeRwFckiOyAnxyAWpkltSI3XCiSbP5JW8OU/Oi/PufMxal5x85oD8gfP5AwMLkjM=</latexit>

�1±

<latexit sha1_base64="37s/loay49KuqKqCM2hLZyKZcAE=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4KomIeizqwWMF+wFNLJvttF262YTdiVJC/4cXD4p49b9489+4bXPQ1gcDj/dmmJkXJlIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqDnUey1i3QmZACgV1FCihlWhgUSihGQ6vJ37zEbQRsbrHUQJBxPpK9ARnaKUH/wYksk6mqJ9E406p7FbcKegi8XJSJjlqndKX3415GoFCLpkxbc9NMMiYRsEljIt+aiBhfMj60LZUsQhMkE2vHtNjq3RpL9a2FNKp+nsiY5Exoyi0nRHDgZn3JuJ/XjvF3mWQCZWkCIrPFvVSSTGmkwhoV2jgKEeWMK6FvZXyAdOMow2qaEPw5l9eJI3Tinde8e7OytWrPI4COSRH5IR45IJUyS2pkTrhRJNn8krenCfnxXl3PmatS04+c0D+wPn8AWCwknA=</latexit>

�n±

<latexit sha1_base64="vbn1I6G3EOIAroUpPNtLrEs8cdA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJvNpl272Q27k0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGpVpyhpUCaXbITFMcMkayFGwdqoZSULBWuHwbua3RkwbruQjjlMWJKQvecwpQSs1u6NIoemVK17Vm8NdJX5OKpCj3it/dSNFs4RJpIIY0/G9FIMJ0cipYNNSNzMsJXRI+qxjqSQJM8Fkfu3UPbNK5MZK25LoztXfExOSGDNOQtuZEByYZW8m/ud1MoxvggmXaYZM0sWiOBMuKnf2uhtxzSiKsSWEam5vdemAaELRBlSyIfjLL6+S5kXVv6r6D5eV2m0eRxFO4BTOwYdrqME91KEBFJ7gGV7hzVHOi/PufCxaC04+cwx/4Hz+AM1nj0g=</latexit>...

e.g. four-points 

AdSd+1:

dS boundary correlators are perturbatively recast as Witten diagrams in EAdS:

Sum over boundary conditions

 for exchanged particles

Combines contributions from 

each branch of the in-in contour

Notzs:

Contributions from both  
<latexit sha1_base64="JEvb0hhLMAdaSvbxgQUZeO1dEng=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rGoB48V7Ac2oWy223bp7ibsToQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8KBHcoOd9O4WV1bX1jeJmaWt7Z3evvH/QNHGqKWvQWMS6HRHDBFesgRwFayeaERkJ1opGN1O/9cS04bF6wHHCQkkGivc5JWilx+CWCSTdIJHdcsWrejO4y8TPSQVy1Lvlr6AX01QyhVQQYzq+l2CYEY2cCjYpBalhCaEjMmAdSxWRzITZ7OKJe2KVntuPtS2F7kz9PZERacxYRrZTEhyaRW8q/ud1UuxfhRlXSYpM0fmifipcjN3p+26Pa0ZRjC0hVHN7q0uHRBOKNqSSDcFffHmZNM+q/kXVvz+v1K7zOIpwBMdwCj5cQg3uoA4NoKDgGV7hzTHOi/PufMxbC04+cwh/4Hz+AGwykMI=</latexit>

�± modes, which is not always possible in AdS
<latexit sha1_base64="rfTmqbz6mGfRsL07sedsXtf1yko=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEIHqQkIuqxqAePFewHNCFstpt26WYTdjdCDf0lXjwo4tWf4s1/47bNQVsfDDzem2FmXphyprTjfFulldW19Y3yZmVre2e3au/tt1WSSUJbJOGJ7IZYUc4EbWmmOe2mkuI45LQTjm6mfueRSsUS8aDHKfVjPBAsYgRrIwV21bulXOMgZ96pl8aTwK45dWcGtEzcgtSgQDOwv7x+QrKYCk04VqrnOqn2cyw1I5xOKl6maIrJCA9oz1CBY6r8fHb4BB0bpY+iRJoSGs3U3xM5jpUax6HpjLEeqkVvKv7n9TIdXfk5E2mmqSDzRVHGkU7QNAXUZ5ISzceGYCKZuRWRIZaYaJNVxYTgLr68TNpndfei7t6f1xrXRRxlOIQjOAEXLqEBd9CEFhDI4Ble4c16sl6sd+tj3lqyipkD+APr8weY6pMO</latexit>

�i±  Unitary Irreducible Representation of dS isometry group<latexit sha1_base64="9uip4QfVUQb1nSxBbb8rpTW1gmo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh55Q/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6tWq3v1lpX6Tx1GEEziFc/DgCupwBw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH06mjdE=</latexit>2

[Bunch-Davies vacuum] [C.S. and M. Taronna ’20 ’21]


From dS to Euclidean AdS



<latexit sha1_base64="ZcoN8kcRdSOTAze6JuTHdjWHUyQ="></latexit>

G (�) = A 2F1

✓
�+,��

d+1
2

;�

◆
+B 2F1

✓
�+,��

d+1
2

; �̄

◆

<latexit sha1_base64="MYQfDMn1CfhCqeHYhGRqnoHaVGs=">AAACJnicbVDLSgMxFM34rPVVdekmWIQKUmZEqptC0Y3LCvYBnaFk0kwbmnmQ3JGWYb7Gjb/ixkVFxJ2fYtoOoq0HAodzzuXmHjcSXIFpfhorq2vrG5u5rfz2zu7efuHgsKnCWFLWoKEIZdsligkesAZwEKwdSUZ8V7CWO7yd+q1HJhUPgwcYR8zxST/gHqcEtNQtVBPbJRLbivd9ktqCeVAanY9tyfsDOMPVzJkb8+wo/fG7haJZNmfAy8TKSBFlqHcLE7sX0thnAVBBlOpYZgROQiRwKliat2PFIkKHpM86mgbEZ8pJZmem+FQrPeyFUr8A8Ez9PZEQX6mx7+qkT2CgFr2p+J/XicG7dhIeRDGwgM4XebHAEOJpZ7jHJaMgxpoQKrn+K6YDIgkF3Wxel2AtnrxMmhdlq1Ku3F8WazdZHTl0jE5QCVnoCtXQHaqjBqLoCb2gCXozno1X4934mEdXjGzmCP2B8fUNNKylnw==</latexit>

�̄ (x, y) = � (x̄, y)

From dS to Euclidean AdS

The Wightman function now has a singularity for antipodal points:

[Generic dS invariant vacuum]

where
<latexit sha1_base64="LoEB8gdbBsNZoWCW2mbai27APr8=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2g0FICsOuSLQRgjaWEcwDskuYncwmQ2YfzNyVhCXfYOOv2FgoYmtl5984SbbQxAMXDufcy733eLHgCizr28itrK6tb+Q3C1vbO7t75v5BU0WJpKxBIxHJtkcUEzxkDeAgWDuWjASeYC1veDP1Ww9MKh6F9zCOmRuQfsh9TgloqWuW245gPpRSxyMSjyaO5P0BlPEVPs2cUSZ1zaJVsWbAy8TOSBFlqHfNL6cX0SRgIVBBlOrYVgxuSiRwKtik4CSKxYQOSZ91NA1JwJSbzl6a4BOt9LAfSV0h4Jn6eyIlgVLjwNOdAYGBWvSm4n9eJwH/0k15GCfAQjpf5CcCQ4Sn+eAel4yCGGtCqOT6VkwHRBIKOsWCDsFefHmZNM8qdrVSvTsv1q6zOPLoCB2jErLRBaqhW1RHDUTRI3pGr+jNeDJejHfjY96aM7KZQ/QHxucPvtOc5w==</latexit>

X (x̄) = �X (x)with antipodal transformation

Upshot:

2pt functions are a combination of Bunch-Davies (BD) ones 

with points antipodally transformed to the contracting patch.

In turn, perturbative late time correlators are a combination 

of BD ones with boundary points antipodally transformed. 

I.e. to the past boundary.

Bunch-Davies solution Antipodal transform

<latexit sha1_base64="FMfem1AmIvB1ICdjpot151Zy2l0=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBiyFpa1tvRS8eK9paaGPZbDft0s0m7G6EEvoTvHhQxKu/yJv/xu2HoKIPBh7vzTAzz485U9pxPqzM0vLK6lp2PbexubW9k9/da6kokYQ2ScQj2faxopwJ2tRMc9qOJcWhz+mtP7qY+rf3VCoWiRs9jqkX4oFgASNYG+m6fXfSyxccu3xWc0pVNCenxQUpl5BrOzMUYIFGL//e7UckCanQhGOlOq4Tay/FUjPC6STXTRSNMRnhAe0YKnBIlZfOTp2gI6P0URBJU0Kjmfp9IsWhUuPQN50h1kP125uKf3mdRAc1L2UiTjQVZL4oSDjSEZr+jfpMUqL52BBMJDO3IjLEEhNt0smZEL4+Rf+TVtF2K3blqlyony/iyMIBHMIxuFCFOlxCA5pAYAAP8ATPFrcerRfrdd6asRYz+/AD1tsnVRSN3Q==</latexit>

X� <latexit sha1_base64="VFB91eaZSE9rXWJUp7LhXdMu6jo=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBZBEELS1rbeil48VrS10May2W7apZtN2N0IJfQnePGgiFd/kTf/jdsPQUUfDDzem2Fmnh9zprTjfFiZpeWV1bXsem5jc2t7J7+711JRIgltkohHsu1jRTkTtKmZ5rQdS4pDn9Nbf3Qx9W/vqVQsEjd6HFMvxAPBAkawNtJ1++6kly84dvms5pSqaE5OiwtSLiHXdmYowAKNXv69249IElKhCcdKdVwn1l6KpWaE00mumygaYzLCA9oxVOCQKi+dnTpBR0bpoyCSpoRGM/X7RIpDpcahbzpDrIfqtzcV//I6iQ5qXspEnGgqyHxRkHCkIzT9G/WZpETzsSGYSGZuRWSIJSbapJMzIXx9iv4nraLtVuzKVblQP1/EkYUDOIRjcKEKdbiEBjSBwAAe4AmeLW49Wi/W67w1Yy1m9uEHrLdPUgyN2w==</latexit>

X+

<latexit sha1_base64="fljabV8+5loj2el8H0f7AAsRSik="></latexit>

X (x)

<latexit sha1_base64="lgl0vjla5x17QGRe2l1u9LYbXyA="></latexit>

X (x̄)

[A. Chopping, C.S., M. Taronna ’24]


<latexit sha1_base64="CEd+SjcEQ3gGvdnfS/wLEBl4QMM="></latexit>

x = (⌘,x) , x̄ = (�⌘,x)In Poincaré coordinates:

[B. Allen ’86]




From dS to Euclidean AdS
[Generic dS invariant vacuum] [A. Chopping, C.S., M. Taronna ’24]


Perturbative late-time correlators are a 

combination of EAdS Witten diagrams, but with 


some points antipodally transformed to 

the boundary of the lower sheet of EAdS!

In momentum space the antipodal transformation 

corresponds to a sign change in the modulus: 

<latexit sha1_base64="l5mLNTPhZu992GT7gZHH5nRcq2M=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoQkoiUt0IRTcuK9gHNLFMJpN2yGQSZyZCSfMLbvwVNy4UcevOnX/j9LHQ1gMXDufcy733eAmjUlnWt1FYWl5ZXSuulzY2t7Z3zN29loxTgUkTxywWHQ9JwignTUUVI51EEBR5jLS98Grstx+IkDTmt2qYEDdCfU4DipHSUs+shNBRMSR3mZNE0EkopDkMj6FznyIfhhejzPECGOajnlm2qtYEcJHYM1IGMzR65pfjxziNCFeYISm7tpUoN0NCUcxIXnJSSRKEQ9QnXU05ioh0s8lHOTzSig+DWOjiCk7U3xMZiqQcRp7ujJAayHlvLP7ndVMVnLsZ5UmqCMfTRUHKoM5gHA/0qSBYsaEmCAuqb4V4gATCSodY0iHY8y8vktZJ1a5Vazen5frlLI4iOACHoAJscAbq4Bo0QBNg8AiewSt4M56MF+Pd+Ji2FozZzD74A+PzB5l4nEc=</latexit>

k ! e±⇡ik, k = |k|

Under analytic continuation
<latexit sha1_base64="ToHjm7YWWe++HpwSvHvuleC/6Ik=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lEqseiF48VbC00oWy2k3bp7ibsbgo19J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5UcqZNp737ZTW1jc2t8rblZ3dvf0D9/CorZNMUWjRhCeqExENnEloGWY4dFIFREQcHqPR7cx/HIPSLJEPZpJCKMhAsphRYqzUc90ADMGBSXCQCszwU8+tejVvDrxK/IJUUYFmz/0K+gnNBEhDOdG663upCXOiDKMcppUg05ASOiID6FoqiQAd5vPLp/jMKn0cJ8qWNHiu/p7IidB6IiLbKYgZ6mVvJv7ndTMTX4c5k2lmQNLFojjj2D46iwH3mQJq+MQSQhWzt2I6JIpQY8Oq2BD85ZdXSfui5tdr9fvLauOmiKOMTtApOkc+ukINdIeaqIUoGqNn9IrenNx5cd6dj0VrySlmjtEfOJ8/P/KSxw==</latexit>

⌘ ! ±iz to EAdS: 

<latexit sha1_base64="VFB91eaZSE9rXWJUp7LhXdMu6jo=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBZBEELS1rbeil48VrS10May2W7apZtN2N0IJfQnePGgiFd/kTf/jdsPQUUfDDzem2Fmnh9zprTjfFiZpeWV1bXsem5jc2t7J7+711JRIgltkohHsu1jRTkTtKmZ5rQdS4pDn9Nbf3Qx9W/vqVQsEjd6HFMvxAPBAkawNtJ1++6kly84dvms5pSqaE5OiwtSLiHXdmYowAKNXv69249IElKhCcdKdVwn1l6KpWaE00mumygaYzLCA9oxVOCQKi+dnTpBR0bpoyCSpoRGM/X7RIpDpcahbzpDrIfqtzcV//I6iQ5qXspEnGgqyHxRkHCkIzT9G/WZpETzsSGYSGZuRWSIJSbapJMzIXx9iv4nraLtVuzKVblQP1/EkYUDOIRjcKEKdbiEBjSBwAAe4AmeLW49Wi/W67w1Yy1m9uEHrLdPUgyN2w==</latexit>

X+

<latexit sha1_base64="t31Bp68/58QUpia92keTI4uzlg0="></latexit>

XdS (x̄)

<latexit sha1_base64="ccr9HkuABTgxfE9KH8lVT2bWzfE="></latexit>

XdS (x)

<latexit sha1_base64="SiNwLD13t3cJMP/1clUVv/UcliY="></latexit>

XEAdS (x)

<latexit sha1_base64="0FpVwXOI05Oqeg5EytDnyxN16tE="></latexit>

XEAdS (x̄)

<latexit sha1_base64="FMfem1AmIvB1ICdjpot151Zy2l0=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBiyFpa1tvRS8eK9paaGPZbDft0s0m7G6EEvoTvHhQxKu/yJv/xu2HoKIPBh7vzTAzz485U9pxPqzM0vLK6lp2PbexubW9k9/da6kokYQ2ScQj2faxopwJ2tRMc9qOJcWhz+mtP7qY+rf3VCoWiRs9jqkX4oFgASNYG+m6fXfSyxccu3xWc0pVNCenxQUpl5BrOzMUYIFGL//e7UckCanQhGOlOq4Tay/FUjPC6STXTRSNMRnhAe0YKnBIlZfOTp2gI6P0URBJU0Kjmfp9IsWhUuPQN50h1kP125uKf3mdRAc1L2UiTjQVZL4oSDjSEZr+jfpMUqL52BBMJDO3IjLEEhNt0smZEL4+Rf+TVtF2K3blqlyony/iyMIBHMIxuFCFOlxCA5pAYAAP8ATPFrcerRfrdd6asRYz+/AD1tsnVRSN3Q==</latexit>

X�

<latexit sha1_base64="p+O8yo6sD2XKw6a+g5nT8AdgIVw="></latexit>

X2
EAdS = �L2, X0 < 0

<latexit sha1_base64="JP3q/rMx28ZHsFSfr5PW7q9UWNY="></latexit>

X2
EAdS = �L2, X0 > 0

<latexit sha1_base64="+iFALTjnoq5in5TkNq6ajUtWgLA="></latexit>

X2
EAdS = �L2

see e.g. mode function:
<latexit sha1_base64="Cg8Ql28vSIEWH5N4gBdZZxnuFKg="></latexit>

fk (⌘) = (�⌘)
d
2

p
⇡

2
e

⇡⌫
2 H

(2)
i⌫ (�k⌘)

<latexit sha1_base64="NNkCFALg7yZhdkKzfG7a9wvE47k=">AAACB3icdVBLSwMxGMzWV62vVY+CBIvQHrpkban1IBS9eKxgH9AtJZumbdjsgyQrlNKbF/+KFw+KePUvePPfmG1XUNGBwGTm+0hm3IgzqRD6MDJLyyura9n13Mbm1vaOubvXkmEsCG2SkIei42JJOQtoUzHFaScSFPsup23Xu0z89i0VkoXBjZpEtOfjUcCGjGClpb556DlUYeioEEKvUEouRXgOCyWvmPC+mUdW+UyjBpFVQQjZKCWoDG0LzZEHKRp9890ZhCT2aaAIx1J2bRSp3hQLxQins5wTSxph4uER7WoaYJ/K3nSeYwaPtTKAw1DoEyg4V79vTLEv5cR39aSP1Vj+9hLxL68bq2GtN2VBFCsakMVDw5hDnTopBQ6YoETxiSaYCKb/CskYC0yUri6nS/hKCv8nrRPLrlrV60q+fpHWkQUH4AgUgA1OQR1cgQZoAgLuwAN4As/GvfFovBivi9GMke7sgx8w3j4BjEWXOA==</latexit>

k⌘ ! k(�⌘) = (�k)⌘

Points in the expanding patch of dS continue to the upper sheet (             )
<latexit sha1_base64="074BtRojm0X5YG0fsANi3b0LAi8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9SRFLx4r2A9oY9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLFSq/3okmvi9kplt+LOQJaJl5My5Kj3Sl/dfszSCKVhgmrd8dzE+BlVhjOBk2I31ZhQNqID7FgqaYTaz2bnTsipVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpr+TPlfIjBhbQpni9lbChlRRZmxCRRuCt/jyMmmeV7xqpXp/Ua7d5HEU4BhO4Aw8uIQa3EEdGsBgBM/wCm9O4rw4787HvHXFyWeO4A+czx97gI5f</latexit>

X0 > 0 of EAdS.

Their antipodes in the contracting patch continue to the lower sheet (             )
<latexit sha1_base64="4wZqCrnYWVZn3QGgBnXjkhchokE=">AAAB7nicbVA9SwNBEJ3zM8avqKXNYhCswp1ItLAI2lhGMB+QnGFvM5cs2ds7dveEcORH2FgoYuvvsfPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDv1W0+oNI/lgxkn6Ed0IHnIGTVWarUfXXJN3F6p7FbcGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns3Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfR30ucKmRFjSyhT3N5K2JAqyoxNqGhD8BZfXibN84pXrVTvL8q1mzyOAhzDCZyBB5dQgzuoQwMYjOAZXuHNSZwX5935mLeuOPnMEfyB8/kDeHSOXQ==</latexit>

X0 < 0 of EAdS.



<latexit sha1_base64="18Nev58XKUk3oNe5b2457/WDzhY=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVDdC0Y0LFxXsQ9qhZDKZNjTJDElGKEO/wo0LRdz6Oe78G9N2Ftp6IHA451xy7wkSzrRx3W+nsLK6tr5R3Cxtbe/s7pX3D1o6ThWhTRLzWHUCrClnkjYNM5x2EkWxCDhtB6Obqd9+okqzWD6YcUJ9gQeSRYxgY6XH3p2NhvjK7ZcrbtWdAS0TLycVyNHol796YUxSQaUhHGvd9dzE+BlWhhFOJ6VeqmmCyQgPaNdSiQXVfjZbeIJOrBKiKFb2SYNm6u+JDAutxyKwSYHNUC96U/E/r5ua6NLPmExSQyWZfxSlHJkYTa9HIVOUGD62BBPF7K6IDLHCxNiOSrYEb/HkZdI6q3q1qnd/Xqlf53UU4QiO4RQ8uIA63EIDmkBAwDO8wpujnBfn3fmYRwtOPnMIf+B8/gACOY/k</latexit>

⇤ = 0



 (i.e. EAdSd+1, radius    ) 
<latexit sha1_base64="1zl72Czq56gGbnw0wzZF3NT/n8c=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2J0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzfz2E2gjYvWAkwT8iA2VCAVnaKUG9ssVt+rOQVeJl5MKyVHvl796g5inESjkkhnT9dwE/YxpFFzCtNRLDSSMj9kQupYqFoHxs/mhU3pmlQENY21LIZ2rvycyFhkziQLbGTEcmWVvJv7ndVMMb/xMqCRFUHyxKEwlxZjOvqYDoYGjnFjCuBb2VspHTDOONpuSDcFbfnmVtC6q3lXVa1xWard5HEVyQk7JOfHINamRe1InTcIJkGfySt6cR+fFeXc+Fq0FJ585Jn/gfP4A4iGM/g==</latexit>

t

<latexit sha1_base64="KxlZ6/1kXfmZK1xFDad/vpWniLA=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6UgWGoiom4KRTcuW7APaNIwmUzaoZOHMxOxhH6BG3/FjQtF3Lp25984bbPQ1gMXDufcy733uDGjQhrGt5ZbWl5ZXcuvFzY2t7Z39N29logSjkkTRyziHRcJwmhImpJKRjoxJyhwGWm7w+uJ374nXNAovJWjmNgB6ofUpxhJJTl6yXqgDoVV2OjRk0bPKEPrLkEepFWzbDEvkqLsHZuOXjQqxhRwkZgZKYIMdUf/srwIJwEJJWZIiK5pxNJOEZcUMzIuWIkgMcJD1CddRUMUEGGn03fGsKQUD/oRVxVKOFV/T6QoEGIUuKozQHIg5r2J+J/XTaR/aac0jBNJQjxb5CcMyghOsoEe5QRLNlIEYU7VrRAPEEdYqgQLKgRz/uVF0jqtmOcVs3FWrF1lceTBATgER8AEF6AGbkAdNAEGj+AZvII37Ul70d61j1lrTstm9sEfaJ8/NJSZrw==</latexit>

⇠i = Qi/Q0, i = 1, . . . , d+ 1

[de Boer and Solodukhin '03]

Hyperbolic slicing of Minkowski space

(d+2)-dimensional Minkowski space
<latexit sha1_base64="A+AbGzWvxOUgIXVs3Bz0W39wxV8=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBEEoSRF1GXRjRuhgn1AG8tkOmmHTiZhZlIoIX/ixoUibv0Td/6NkzYLbT0wcDjnXu6Z48ecKe0439bK6tr6xmZpq7y9s7u3bx8ctlSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj29zvz2hUrFIPOppTL0QDwULGMHaSH3b7oVYj3w/vc+e0sF5LevbFafqzICWiVuQChRo9O2v3iAiSUiFJhwr1XWdWHsplpoRTrNyL1E0xmSMh7RrqMAhVV46S56hU6MMUBBJ84RGM/X3RopDpaahbybznGrRy8X/vG6ig2svZSJONBVkfihIONIRymtAAyYp0XxqCCaSmayIjLDERJuyyqYEd/HLy6RVq7qXVffholK/KeoowTGcwBm4cAV1uIMGNIHABJ7hFd6s1Hqx3q2P+eiKVewcwR9Ynz9Wa5N3</latexit>

Md+2
<latexit sha1_base64="HiNyXuxswCW3RYkUISbWACAMxIg=">AAACCnicbVDLSgMxFM34rPU16tJNtAiCpcyIqBuh1Y3LCvYBnbFkMmkbmknGJCOUoWs3/oobF4q49Qvc+Tem7Sy09cCFk3PuJfeeIGZUacf5tubmFxaXlnMr+dW19Y1Ne2u7rkQiMalhwYRsBkgRRjmpaaoZacaSoChgpBH0r0Z+44FIRQW/1YOY+BHqctqhGGkjte097z5BIWzepZVhEU4elQun6LFQaAXDI7dtF5ySMwacJW5GCiBDtW1/eaHASUS4xgwp1XKdWPspkppiRoZ5L1EkRriPuqRlKEcRUX46PmUID4wSwo6QpriGY/X3RIoipQZRYDojpHtq2huJ/3mtRHfO/ZTyONGE48lHnYRBLeAoFxhSSbBmA0MQltTsCnEPSYS1SS9vQnCnT54l9eOSe1pyb04K5cssjhzYBfvgELjgDJTBNaiCGsDgETyDV/BmPVkv1rv1MWmds7KZHfAH1ucPVHiYwA==</latexit>

XA, A = 0, . . . d+ 1, coordinates
<latexit sha1_base64="4xj/NrPuoFKN0qimKnxCTDXHN7o=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSIIQklEVDxVvXisYD8gLWWz3bRLN9mwOxFK6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzgkQKg6777Swtr6yurRc2iptb2zu7pb39hlGpZrzOlFS6FVDDpYh5HQVK3ko0p1EgeTMY3k385hPXRqj4EUcJ70S0H4tQMIpW8rM2o5LcjLun191S2a24U5BF4uWkDDlq3dJXu6dYGvEYmaTG+J6bYCejGgWTfFxsp4YnlA1pn/uWxjTippNNTx6TY6v0SKi0rRjJVP09kdHImFEU2M6I4sDMexPxP89PMbzqZCJOUuQxmy0KU0lQkcn/pCc0ZyhHllCmhb2VsAHVlKFNqWhD8OZfXiSNs4p3UfEezsvV2zyOAhzCEZyAB5dQhXuoQR0YKHiGV3hz0Hlx3p2PWeuSk88cwB84nz9EdZCX</latexit>

A+ :

<latexit sha1_base64="6kKDX8PWA9p5P3yy9lKsxFD00s8=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4sSQiKp6qXjxWsB+QlrLZbtqlm2zYnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w6hUM15nSirdCqjhUsS8jgIlbyWa0yiQvBkM7yZ+84lrI1T8iKOEdyLaj0UoGEUr+VmbUUluxt3T626p7FbcKcgi8XJShhy1bumr3VMsjXiMTFJjfM9NsJNRjYJJPi62U8MTyoa0z31LYxpx08mmJ4/JsVV6JFTaVoxkqv6eyGhkzCgKbGdEcWDmvYn4n+enGF51MhEnKfKYzRaFqSSoyOR/0hOaM5QjSyjTwt5K2IBqytCmVLQhePMvL5LGWcW7qHgP5+XqbR5HAQ7hCE7Ag0uowj3UoA4MFDzDK7w56Lw4787HrHXJyWcO4A+czx9Hf5CZ</latexit>

A� :

<latexit sha1_base64="ZKnmgHfwH0ZA3OjpjywpS2CWVgE=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgq6sFjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPpg4PHeDDPzwkRwYz3vCxWWlldW14rrpY3Nre2d8u5e08SppqxBYxHrdkgME1yxhuVWsHaiGZGhYK1wdD31W49MGx6reztOWCDJQPGIU2Kd9JB1KRH4ZnLZK1e8qjcD/kv8nFQgR71X/uz2Y5pKp iwVxJiO7yU2yIi2nAo2KXVTwxJCR2TAOo4qIpkJstnBE3zklD6OYu1KWTxTf05kRBozlqHrlMQOzaI3Ff/zOqmNLoKMqyS1TNH5oigV2MZ4+j3uc82oFWNHCNXc3YrpkGhCrcuo5ELwF1/+S5onVf+s6t+dVmpXeRxFOIBDOAYfzqEGt1CHBlCQ8AQv8Io 0ekZv6H3eWkD5zD78Avr4Biczj/w=</latexit>D :

<latexit sha1_base64="HD7IHtoG+BPghUdYAUcnN3mrxrw=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktol6EohePLbhtoV1LNs22odlkSbJCWfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqKVlqgj1ieRSdUKsKWeC+oYZTjuJojgOOW2H47uZ336iSjMpHswkoUGMh4JFjGBjJb/5WLtx++WKW3XnQKvEy0kFcjT65a/eQJI0psIQjrXuem5iggwrwwin01Iv1TTBZIyHtGupwDHVQTY/dorOrDJAkVS2hEFz9fdEhmOtJ3FoO2NsRnrZm4n/ed3URNdBxkSSGirIYlGUcmQkmn2OBkxRYvjEEkwUs7ciMsIKE2PzKdkQvOWXV0mrVvUuq17zolK/zeMowgmcwjl4cAV1uIcG+ECAwTO8wpsjnBfn3flYtBacfOYY/sD5/AHDQo4A</latexit>

Q2 = 0

 (i.e. dSd+1, radius     ) <latexit sha1_base64="BG0hmqEYPi4+wZRv+Q+p9girVSw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diK/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LBjBP0IzqQPOSMGivV73ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDrpmM3A==</latexit>

R
<latexit sha1_base64="7gqs2NywM50iCbNdQewQ6TS0/UI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6kUIevEYxTwg2YTZyWwyZHZ2mekVQshHePGgiFe/x5t/4yTZgyYWNBRV3XR3BYkUBl3321lZXVvf2Mxt5bd3dvf2CweHdROnmvEai2WsmwE1XArFayhQ8maiOY0CyRvB8HbqN564NiJWjzhKuB/RvhKhYBSt1Gh2ytcPnXK3UHRL7gxkmXgZKUKGarfw1e7FLI24QiapMS3PTdAfU42CST7Jt1PDE8qGtM9blioaceOPZ+dOyKlVeiSMtS2FZKb+nhjTyJhRFNjOiOLALHpT8T+vlWJ45Y+FSlLkis0XhakkGJPp76QnNGcoR5ZQpoW9lbAB1ZShTShvQ/AWX14m9XLJuyh59+fFyk0WRw6O4QTOwINLqMAdVKEGDIbwDK/w5iTOi/PufMxbV5xs5gj+wPn8ASkGjs0=</latexit>

X2 = R2
<latexit sha1_base64="ZKnmgHfwH0ZA3OjpjywpS2CWVgE=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgq6sFjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPpg4PHeDDPzwkRwYz3vCxWWlldW14rrpY3Nre2d8u5e08SppqxBYxHrdkgME1yxhuVWsHaiGZGhYK1wdD31W49MGx6reztOWCDJQPGIU2Kd9JB1KRH4ZnLZK1e8qjcD/kv8nFQgR71X/uz2Y5pKpiwVxJiO7yU2yIi2nAo2KXVTwxJCR2TAOo4qIpkJstnBE3zklD6OYu1KWTxTf05kRBozlqHrlMQOzaI3Ff/zOqmNLoKMqyS1TNH5oigV2MZ4+j3uc82oFWNHCNXc3YrpkGhCrcuo5ELwF1/+S5onVf+s6t+dVmpXeRxFOIBDOAYfzqEGt1CHBlCQ8AQv8Io0ekZv6H3eWkD5zD78Avr4Biczj/w=</latexit>D :

<latexit sha1_base64="52hTgMoiKOjiN356pTVmVC33R/M=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUfFU9eKxgv2A7lKyabYNTbJrki2Upb/DiwdFvPpjvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFaENEvNYtUOsKWeSNgwznLYTRbEIOW2Fw7up3xpRpVksH804oYHAfckiRrCxUpD5BHN0M+n6ibjulitu1Z0BLRMvJxXIUe+Wv/xeTFJBpSEca93x3MQEGVaGEU4nJT/VNMFkiPu0Y6nEguogmx09QSdW6aEoVrakQTP190SGhdZjEdpOgc1AL3pT8T+vk5roKsiYTFJDJZkvilKOTIymCaAeU5QYPrYEE8XsrYgMsMLE2JxKNgRv8eVl0jyrehdV7+G8UrvN4yjCERzDKXhwCTW4hzo0gMATPMMrvDkj58V5dz7mrQUnnzmEP3A+fwAwe5G5</latexit>

A± :
<latexit sha1_base64="HjbboQG/e4pHc0Q7uuhrSl2C0ns=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjHxItklRr2YEL14xERgE1jI7DDAhNmHM70mZMNPePGgMV79HW/+jQPsQcFKOqlUdae7y4+l0Gjb31ZuZXVtfSO/Wdja3tndK+4fNHSUKMbrLJKRcn2quRQhr6NAyd1YcRr4kjf90e3Ubz5xpUUUPuA45l5AB6HoC0bRSK7bqVyfYafSLZbssj0DWSZORkqQodYtfrV7EUsCHiKTVOuWY8fopVShYJJPCu1E85iyER3wlqEhDbj20tm9E3JilB7pR8pUiGSm/p5IaaD1OPBNZ0BxqBe9qfif10qwf+WlIowT5CGbL+onkmBEps+TnlCcoRwbQpkS5lbChlRRhiaiggnBWXx5mTQqZeei7Nyfl6o3WRx5OIJjOAUHLqEKd1CDOjCQ8Ayv8GY9Wi/Wu/Uxb81Z2cwh/IH1+QPHoo8m</latexit>

X2 = �t2

<latexit sha1_base64="ndBOpb2fpPZcjfASLmMcdYK0j9E="></latexit>

Q2 = 0, Q ⌘ �Q, � 2 R+

Conformal boundary:

Introduce projective coordinates:

<latexit sha1_base64="WG8jsASkYtTNGQju4wIt7dMHOwo=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSJUlJIRUZdFN+6saB/QhDKZTNqhkwczN0INxV9x40IRt/6HO//GaZuFth64cDjnXu69x0sEV2Db38bc/MLi0nJhpbi6tr6xaW5tN1ScSsrqNBaxbHlEMcEjVgcOgrUSyUjoCdb0+lcjv/nApOJxdA+DhLkh6UY84JSAljrm7t2NI1gAZf8IH2NH8m4PDjtmya7YY1izBOekhHLUOuaX48c0DVkEVBCl2thOwM2IBE4FGxadVLGE0D7psramEQmZcrPx9UPrQCu+FcRSVwTWWP09kZFQqUHo6c6QQE9NeyPxP6+dQnDhZjxKUmARnSwKUmFBbI2isHwuGQUx0IRQyfWtFu0RSSjowIo6BDz98ixpnFTwWQXfnpaql3kcBbSH9lEZYXSOquga1VAdUfSIntErejOejBfj3fiYtM4Z+cwO+gPj8wecKZQK</latexit>

SO (d+ 1, 1) acts on the celestial sphere as the Euclidean conformal group! 

<latexit sha1_base64="rLWBu2LeSIfxZ27Gu1AOr/qnu1Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARhELJFFE3QtGNywr2Am0Mk8mkHTq5MDMRS+jWja/ixoUibn0Dd76NkzQLbf1h4OM/53Dm/G7MmVSW9W2UlpZXVtfK65WNza3tHXN3ryOjRBDaJhGPRM/FknIW0rZiitNeLCgOXE677vgqq3fvqZAsCm/VJKZ2gIch8xnBSluOCQcP7K7hIFiDA+5FSmaQW6lXQ9ML5JhVq27lgouACqiCQi3H/Bp4EUkCGirCsZR9ZMXKTrFQjHA6rQwSSWNMxnhI+xpDHFBpp/klU3ikHQ/6kdAvVDB3f0+kOJByEri6M8BqJOdrmflfrZ8o/9xOWRgnioZktshPOFQRzGKBHhOUKD7RgIlg+q+QjLDAROnwKjoENH/yInQadXRaRzcn1eZlEUcZHIBDcAwQOANNcA1aoA0IeATP4BW8GU/Gi/FufMxaS0Yxsw/+yPj8AfgXl/g=</latexit>

⇠21 + . . .+ ⇠2d+1 = 1 d-dimensional

Celestial sphere



Celestial correlators then arise in the boundary limit
<latexit sha1_base64="UXB82W8QG4axGZfgKQlwp6JcJEM=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIqMeiF48t2A9oQthsN+3SzSbsbpQS+1O8eFDEq7/Em//GbZuDtj4YeLw3w8y8MOVMacf5tkpr6xubW+Xtys7u3v6BXT3sqCSThLZJwhPZC7GinAna1kxz2kslxXHIaTcc38787gOViiXiXk9S6sd4KFjECNZGCuxq7o2wRr1pwDydoFbAArvm1J050CpxC1KDAs3A/vIGCcliKjThWKm+66Taz7HUjHA6rXiZoikmYzykfUMFjqny8/npU3RqlAGKEmlKaDRXf0/kOFZqEoemM8Z6pJa9mfif1890dO3nTKSZpoIsFkUZR+bJWQ5owCQlmk8MwUQycysiIywx0SatignBXX55lXTO6+5l3W1d1Bo3RRxlOIYTOAMXrqABd9CENhB4hGd4hTfryXqx3q2PRWvJKmaO4A+szx+0gpOk</latexit>

X̂i ! Qi !

Minkowski boundary correlators

Radial Mellin transform of Minkowski correlators implements a radial reduction

 onto the hyperbolic slicing:

[C.S. and M. Taronna  ’23]

<latexit sha1_base64="ri6jA3AgqS8aAjc1aBuJDdTzerc=">AAACDHicbVDLSsNAFJ3Ud31VXboZLIJuSlJEXRZ14U4LVoUmhMn0ph06eTBzI5SQD3Djr7hxoYhbP8Cdf+O0zcLXgYHDOedy554glUKjbX9alZnZufmFxaXq8srq2nptY/NaJ5ni0OGJTNRtwDRIEUMHBUq4TRWwKJBwEwxPx/7NHSgtkvgKRyl4EevHIhScoZH8Wj13OZP0ovBz9wwkMr9ZuBJC3Gv7TVeJ/gD3Tcpu2BPQv8QpSZ2UuPRrH24v4VkEMXLJtO46dopezhQKLqGoupmGlPEh60PX0JhFoL18ckxBd43So2GizIuRTtTvEzmLtB5FgUlGDAf6tzcW//O6GYbHXi7iNEOI+XRRmEmKCR03Q3tCAUc5MoRxJcxfKR8wxTia/qqmBOf3yX/JdbPhHDac9kG9dVLWsUi2yQ7ZIw45Ii1yTi5Jh3ByTx7JM3mxHqwn69V6m0YrVjmzRX7Aev8C6USa5A==</latexit>

O�2 (Q2)

<latexit sha1_base64="HBl9gJEq/WZBH2SzqEjLQ6j2CKs=">AAACDHicbVC7SgNBFJ31GeMramkzGITYhF0RtQxqYWcC5gHZsMxO7iZDZh/M3BXCkg+w8VdsLBSx9QPs/Bsnj0ITDwwczjmXO/f4iRQabfvbWlpeWV1bz23kN7e2d3YLe/sNHaeKQ53HMlYtn2mQIoI6CpTQShSw0JfQ9AfXY7/5AEqLOLrHYQKdkPUiEQjO0EheoZi5nEl6N/Iy9wYkMs8ZuRICLNU8x1Wi18cTk7LL9gR0kTgzUiQzVL3Cl9uNeRpChFwyrduOnWAnYwoFlzDKu6mGhPEB60Hb0IiFoDvZ5JgRPTZKlwaxMi9COlF/T2Qs1HoY+iYZMuzreW8s/ue1UwwuO5mIkhQh4tNFQSopxnTcDO0KBRzl0BDGlTB/pbzPFONo+subEpz5kxdJ47TsnJed2lmxcjWrI0cOyREpEYdckAq5JVVSJ5w8kmfySt6sJ+vFerc+ptElazZzQP7A+vwB5iSa4g==</latexit>

O�1 (Q1)

<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="zkaW8n3kydzLfUZDfaSUubzxQNc=">AAACDHicbVC7SgNBFJ31bXxFLW0Gg6BN2BVRS1ELOxMwMZANy+zkbjJkdnaZuSuEJR9g46/YWChi6wfY+TdOHoUmHhg4nHMud+4JUykMuu63Mze/sLi0vLJaWFvf2Nwqbu/UTZJpDjWeyEQ3QmZACgU1FCihkWpgcSjhPuxdDf37B9BGJOoO+ym0YtZRIhKcoZWCYin3OZP0dhDk/jVIZIEa+BIiPKwGytei08Ujm3LL7gh0lngTUiITVILil99OeBaDQi6ZMU3PTbGVM42CSxgU/MxAyniPdaBpqWIxmFY+OmZAD6zSplGi7VNIR+rviZzFxvTj0CZjhl0z7Q3F/7xmhtF5KxcqzRAUHy+KMkkxocNmaFto4Cj7ljCuhf0r5V2mGUfbX8GW4E2fPEvqx2XvtOxVT0oXl5M6Vsge2SeHxCNn5ILckAqpEU4eyTN5JW/Ok/PivDsf4+icM5nZJX/gfP4ApNObXA==</latexit>

O�n (Qn)

<latexit sha1_base64="UpVEzm0BpAWmbYJaNHDaDd9S1aM="></latexit>
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Mellin transform

Hyperbolic coordinate

radial coordinate

Note: Celestial correlators are not celestial amplitudes [Pasterski, Shao Strominger '17]

which are scattering amplitudes in a conformal basis. In particular:

celestial amplitudes ~ LSZ ( celestial correlators )



Minkowski boundary correlators

Bulk-to-bulk propagator: 

Bulk-to-boundary propagator: 

<latexit sha1_base64="VWe7UdEF2TeJwNm2a7zv4RYO7q0="></latexit>

Gflat
� (X,Q) = lim

Ŷ!Q

Z 1

0

dt

t
t� GF

⇣
X, tŶ

⌘
=

<latexit sha1_base64="spUV7UodUJVF/LnvNbCEGBCbqck=">AAAB/3icdVDLSgNBEJz1GeMrKnjxMhgEBQmzGmMuQlBQjxGMRrJLmJ3MJkNmH8z0CmHNwV/x4kERr/6GN//GWY2gogUNRVU33V1eLIUGQt6ssfGJyanp3Ex+dm5+YbGwtHyho0Qx3mCRjFTTo5pLEfIGCJC8GStOA0/yS69/lPmX11xpEYXnMIi5G9BuKHzBKBipXVg9aafHQ0dyHzab21eOEt0ebB20C0VSImS3sktwRsrlSjkjNqnuEWwbJUMRjVBvF16dTsSSgIfAJNW6ZZMY3JQqEEzyYd5JNI8p69Mubxka0oBrN/24f4g3jNLBfqRMhYA/1O8TKQ20HgSe6Qwo9PRvLxP/8loJ+FU3FWGcAA/Z5yI/kRginIWBO0JxBnJgCGVKmFsx61FFGZjI8iaEr0/x/+Rip2RXSntn5WLtcBRHDq2hdbSJbLSPaugU1VEDMXSD7tADerRurXvryXr+bB2zRjMr6Aesl3cgl5WN</latexit>

GF (X,Y ) =

<latexit sha1_base64="ri6jA3AgqS8aAjc1aBuJDdTzerc=">AAACDHicbVDLSsNAFJ3Ud31VXboZLIJuSlJEXRZ14U4LVoUmhMn0ph06eTBzI5SQD3Djr7hxoYhbP8Cdf+O0zcLXgYHDOedy554glUKjbX9alZnZufmFxaXq8srq2nptY/NaJ5ni0OGJTNRtwDRIEUMHBUq4TRWwKJBwEwxPx/7NHSgtkvgKRyl4EevHIhScoZH8Wj13OZP0ovBz9wwkMr9ZuBJC3Gv7TVeJ/gD3Tcpu2BPQv8QpSZ2UuPRrH24v4VkEMXLJtO46dopezhQKLqGoupmGlPEh60PX0JhFoL18ckxBd43So2GizIuRTtTvEzmLtB5FgUlGDAf6tzcW//O6GYbHXi7iNEOI+XRRmEmKCR03Q3tCAUc5MoRxJcxfKR8wxTia/qqmBOf3yX/JdbPhHDac9kG9dVLWsUi2yQ7ZIw45Ii1yTi5Jh3ByTx7JM3mxHqwn69V6m0YrVjmzRX7Aev8C6USa5A==</latexit>

O�2 (Q2)

<latexit sha1_base64="HBl9gJEq/WZBH2SzqEjLQ6j2CKs=">AAACDHicbVC7SgNBFJ31GeMramkzGITYhF0RtQxqYWcC5gHZsMxO7iZDZh/M3BXCkg+w8VdsLBSx9QPs/Bsnj0ITDwwczjmXO/f4iRQabfvbWlpeWV1bz23kN7e2d3YLe/sNHaeKQ53HMlYtn2mQIoI6CpTQShSw0JfQ9AfXY7/5AEqLOLrHYQKdkPUiEQjO0EheoZi5nEl6N/Iy9wYkMs8ZuRICLNU8x1Wi18cTk7LL9gR0kTgzUiQzVL3Cl9uNeRpChFwyrduOnWAnYwoFlzDKu6mGhPEB60Hb0IiFoDvZ5JgRPTZKlwaxMi9COlF/T2Qs1HoY+iYZMuzreW8s/ue1UwwuO5mIkhQh4tNFQSopxnTcDO0KBRzl0BDGlTB/pbzPFONo+subEpz5kxdJ47TsnJed2lmxcjWrI0cOyREpEYdckAq5JVVSJ5w8kmfySt6sJ+vFerc+ptElazZzQP7A+vwB5iSa4g==</latexit>

O�1 (Q1)

<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="zkaW8n3kydzLfUZDfaSUubzxQNc=">AAACDHicbVC7SgNBFJ31bXxFLW0Gg6BN2BVRS1ELOxMwMZANy+zkbjJkdnaZuSuEJR9g46/YWChi6wfY+TdOHoUmHhg4nHMud+4JUykMuu63Mze/sLi0vLJaWFvf2Nwqbu/UTZJpDjWeyEQ3QmZACgU1FCihkWpgcSjhPuxdDf37B9BGJOoO+ym0YtZRIhKcoZWCYin3OZP0dhDk/jVIZIEa+BIiPKwGytei08Ujm3LL7gh0lngTUiITVILil99OeBaDQi6ZMU3PTbGVM42CSxgU/MxAyniPdaBpqWIxmFY+OmZAD6zSplGi7VNIR+rviZzFxvTj0CZjhl0z7Q3F/7xmhtF5KxcqzRAUHy+KMkkxocNmaFto4Cj7ljCuhf0r5V2mGUfbX8GW4E2fPEvqx2XvtOxVT0oXl5M6Vsge2SeHxCNn5ILckAqpEU4eyTN5JW/Ok/PivDsf4+icM5nZJX/gfP4ApNObXA==</latexit>

O�n (Qn)

<latexit sha1_base64="UpVEzm0BpAWmbYJaNHDaDd9S1aM="></latexit>
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E<latexit sha1_base64="UpVEzm0BpAWmbYJaNHDaDd9S1aM="></latexit>
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Mellin transform

Hyperbolic coordinate

radial coordinate

<latexit sha1_base64="PQ7P/LFagWYjkxNAKAeUJ61S2dc=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgKcyaTcwx6MVjAuYByRJmJ73JmNkHM7NCWPIFXjwo4tVP8ubfOJtEUNGChqKqm+4uLxZcaUI+rNza+sbmVn67sLO7t39QPDzqqCiRDNosEpHseVSB4CG0NdcCerEEGngCut70OvO79yAVj8JbPYvBDeg45D5nVBup1RsWS6RMSKVWITgjjlNzMmKTepVg2ygZSmiF5rD4PhhFLAkg1ExQpfo2ibWbUqk5EzAvDBIFMWVTOoa+oSENQLnp4tA5PjPKCPuRNBVqvFC/T6Q0UGoWeKYzoHqifnuZ+JfXT7Rfd1MexomGkC0X+YnAOsLZ13jEJTAtZoZQJrm5FbMJlZRpk03BhPD1Kf6fdC7Kdq1cbTmlxtUqjjw6QafoHNnoEjXQDWqiNmII0AN6Qs/WnfVovVivy9actZo5Rj9gvX0C+HKNEg==</latexit>

X
<latexit sha1_base64="7mc7okbCLfUai4eJKzrs1KIBJS0=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8hVmziTkGvXhMwDwkWcLspDcZM/tgZlYIS77AiwdFvPpJ3vwbZ5MIKlrQUFR1093lxYIrTciHtbK6tr6xmdvKb+/s7u0XDg7bKkokgxaLRCS7HlUgeAgtzbWAbiyBBp6Ajje5yvzOPUjFo/BGT2NwAzoKuc8Z1UZq3g4KRVIipFwtE5wRx6k6GbFJrUKwbZQMRbREY1B47w8jlgQQaiaoUj2bxNpNqdScCZjl+4mCmLIJHUHP0JAGoNx0fugMnxpliP1Imgo1nqvfJ1IaKDUNPNMZUD1Wv71M/MvrJdqvuSkP40RDyBaL/ERgHeHsazzkEpgWU0Mok9zcitmYSsq0ySZvQvj6FP9P2uclu1qqNJ1i/XIZRw4doxN0hmx0geroGjVQCzEE6AE9oWfrznq0XqzXReuKtZw5Qj9gvX0C+faNEw==</latexit>

Y

[C.S. and M. Taronna  ’23; L. Iacobacci, C.S. and M. Taronna ’24]

Feynman rules:



Feynman rules in the hyperbolic slicing:

Minkowski boundary correlators

Bulk-to-bulk propagator: 

Bulk-to-boundary propagator: 

<latexit sha1_base64="VWe7UdEF2TeJwNm2a7zv4RYO7q0="></latexit>

Gflat
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⌘
=

<latexit sha1_base64="wcHHGyAeAwPZicrrEneyjqN6PVU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPTLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDrRWM2w==</latexit>

Q
<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>

�±

<latexit sha1_base64="mBDG+7I2oX4A0JFJAYTgZ08crv0=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIqMeiF48V7Ac0IWy2k3bpZhN2N0II9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5YcqZ0o7zbVXW1jc2t6rbtZ3dvf0D+/Coq5JMUujQhCeyHxIFnAnoaKY59FMJJA459MLJ7czvPYJULBEPOk/Bj8lIsIhRoo0U2PXCGxON+9Og8CBVjCdiGtgNp+nMgVeJW5IGKtEO7C9vmNAsBqEpJ0oNXCfVfkGkZpTDtOZlClJCJ2QEA0MFiUH5xfz4KT41yhBHiTQlNJ6rvycKEiuVx6HpjIkeq2VvJv7nDTIdXfsFE2mmQdDFoijjWCd4lgQeMglU89wQQiUzt2I6JpJQbfKqmRDc5ZdXSfe86V423fuLRuumjKOKjtEJOkMuukItdIfaqIMoytEzekVv1pP1Yr1bH4vWilXO1NEfWJ8/N5yVJQ==</latexit>

X̂✏

<latexit sha1_base64="CCbbeTnvudu8wej9zfc5dfnKzUA="></latexit>

⇥ K(m)

i( d
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X2 + i✏

⌘
<latexit sha1_base64="09nVIvazxxr0WD2CC0NGoza7vdA="></latexit>

K(m)
�

⇣p
X2 + i✏

⌘

<latexit sha1_base64="spUV7UodUJVF/LnvNbCEGBCbqck=">AAAB/3icdVDLSgNBEJz1GeMrKnjxMhgEBQmzGmMuQlBQjxGMRrJLmJ3MJkNmH8z0CmHNwV/x4kERr/6GN//GWY2gogUNRVU33V1eLIUGQt6ssfGJyanp3Ex+dm5+YbGwtHyho0Qx3mCRjFTTo5pLEfIGCJC8GStOA0/yS69/lPmX11xpEYXnMIi5G9BuKHzBKBipXVg9aafHQ0dyHzab21eOEt0ebB20C0VSImS3sktwRsrlSjkjNqnuEWwbJUMRjVBvF16dTsSSgIfAJNW6ZZMY3JQqEEzyYd5JNI8p69Mubxka0oBrN/24f4g3jNLBfqRMhYA/1O8TKQ20HgSe6Qwo9PRvLxP/8loJ+FU3FWGcAA/Z5yI/kRginIWBO0JxBnJgCGVKmFsx61FFGZjI8iaEr0/x/+Rip2RXSntn5WLtcBRHDq2hdbSJbLSPaugU1VEDMXSD7tADerRurXvryXr+bB2zRjMr6Aesl3cgl5WN</latexit>

GF (X,Y ) =

<latexit sha1_base64="ri6jA3AgqS8aAjc1aBuJDdTzerc=">AAACDHicbVDLSsNAFJ3Ud31VXboZLIJuSlJEXRZ14U4LVoUmhMn0ph06eTBzI5SQD3Djr7hxoYhbP8Cdf+O0zcLXgYHDOedy554glUKjbX9alZnZufmFxaXq8srq2nptY/NaJ5ni0OGJTNRtwDRIEUMHBUq4TRWwKJBwEwxPx/7NHSgtkvgKRyl4EevHIhScoZH8Wj13OZP0ovBz9wwkMr9ZuBJC3Gv7TVeJ/gD3Tcpu2BPQv8QpSZ2UuPRrH24v4VkEMXLJtO46dopezhQKLqGoupmGlPEh60PX0JhFoL18ckxBd43So2GizIuRTtTvEzmLtB5FgUlGDAf6tzcW//O6GYbHXi7iNEOI+XRRmEmKCR03Q3tCAUc5MoRxJcxfKR8wxTia/qqmBOf3yX/JdbPhHDac9kG9dVLWsUi2yQ7ZIw45Ii1yTi5Jh3ByTx7JM3mxHqwn69V6m0YrVjmzRX7Aev8C6USa5A==</latexit>

O�2 (Q2)

<latexit sha1_base64="HBl9gJEq/WZBH2SzqEjLQ6j2CKs=">AAACDHicbVC7SgNBFJ31GeMramkzGITYhF0RtQxqYWcC5gHZsMxO7iZDZh/M3BXCkg+w8VdsLBSx9QPs/Bsnj0ITDwwczjmXO/f4iRQabfvbWlpeWV1bz23kN7e2d3YLe/sNHaeKQ53HMlYtn2mQIoI6CpTQShSw0JfQ9AfXY7/5AEqLOLrHYQKdkPUiEQjO0EheoZi5nEl6N/Iy9wYkMs8ZuRICLNU8x1Wi18cTk7LL9gR0kTgzUiQzVL3Cl9uNeRpChFwyrduOnWAnYwoFlzDKu6mGhPEB60Hb0IiFoDvZ5JgRPTZKlwaxMi9COlF/T2Qs1HoY+iYZMuzreW8s/ue1UwwuO5mIkhQh4tNFQSopxnTcDO0KBRzl0BDGlTB/pbzPFONo+subEpz5kxdJ47TsnJed2lmxcjWrI0cOyREpEYdckAq5JVVSJ5w8kmfySt6sJ+vFerc+ptElazZzQP7A+vwB5iSa4g==</latexit>

O�1 (Q1)

<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="zkaW8n3kydzLfUZDfaSUubzxQNc=">AAACDHicbVC7SgNBFJ31bXxFLW0Gg6BN2BVRS1ELOxMwMZANy+zkbjJkdnaZuSuEJR9g46/YWChi6wfY+TdOHoUmHhg4nHMud+4JUykMuu63Mze/sLi0vLJaWFvf2Nwqbu/UTZJpDjWeyEQ3QmZACgU1FCihkWpgcSjhPuxdDf37B9BGJOoO+ym0YtZRIhKcoZWCYin3OZP0dhDk/jVIZIEa+BIiPKwGytei08Ujm3LL7gh0lngTUiITVILil99OeBaDQi6ZMU3PTbGVM42CSxgU/MxAyniPdaBpqWIxmFY+OmZAD6zSplGi7VNIR+rviZzFxvTj0CZjhl0z7Q3F/7xmhtF5KxcqzRAUHy+KMkkxocNmaFto4Cj7ljCuhf0r5V2mGUfbX8GW4E2fPEvqx2XvtOxVT0oXl5M6Vsge2SeHxCNn5ILckAqpEU4eyTN5JW/Ok/PivDsf4+icM5nZJX/gfP4ApNObXA==</latexit>

O�n (Qn)

<latexit sha1_base64="UpVEzm0BpAWmbYJaNHDaDd9S1aM="></latexit>

=
Y

i

lim
X̂i!Qi

Z 1

0

dti
ti

t�i
i

D
�1(t1X̂1) . . .�n(tnX̂n)

E<latexit sha1_base64="UpVEzm0BpAWmbYJaNHDaDd9S1aM="></latexit>

=
Y

i

lim
X̂i!Qi

Z 1

0

dti
ti

t�i
i

D
�1(t1X̂1) . . .�n(tnX̂n)

E

Mellin transform

Hyperbolic coordinate

radial coordinate

<latexit sha1_base64="PQ7P/LFagWYjkxNAKAeUJ61S2dc=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgKcyaTcwx6MVjAuYByRJmJ73JmNkHM7NCWPIFXjwo4tVP8ubfOJtEUNGChqKqm+4uLxZcaUI+rNza+sbmVn67sLO7t39QPDzqqCiRDNosEpHseVSB4CG0NdcCerEEGngCut70OvO79yAVj8JbPYvBDeg45D5nVBup1RsWS6RMSKVWITgjjlNzMmKTepVg2ygZSmiF5rD4PhhFLAkg1ExQpfo2ibWbUqk5EzAvDBIFMWVTOoa+oSENQLnp4tA5PjPKCPuRNBVqvFC/T6Q0UGoWeKYzoHqifnuZ+JfXT7Rfd1MexomGkC0X+YnAOsLZ13jEJTAtZoZQJrm5FbMJlZRpk03BhPD1Kf6fdC7Kdq1cbTmlxtUqjjw6QafoHNnoEjXQDWqiNmII0AN6Qs/WnfVovVivy9actZo5Rj9gvX0C+HKNEg==</latexit>

X
<latexit sha1_base64="7mc7okbCLfUai4eJKzrs1KIBJS0=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8hVmziTkGvXhMwDwkWcLspDcZM/tgZlYIS77AiwdFvPpJ3vwbZ5MIKlrQUFR1093lxYIrTciHtbK6tr6xmdvKb+/s7u0XDg7bKkokgxaLRCS7HlUgeAgtzbWAbiyBBp6Ajje5yvzOPUjFo/BGT2NwAzoKuc8Z1UZq3g4KRVIipFwtE5wRx6k6GbFJrUKwbZQMRbREY1B47w8jlgQQaiaoUj2bxNpNqdScCZjl+4mCmLIJHUHP0JAGoNx0fugMnxpliP1Imgo1nqvfJ1IaKDUNPNMZUD1Wv71M/MvrJdqvuSkP40RDyBaL/ERgHeHsazzkEpgWU0Mok9zcitmYSsq0ySZvQvj6FP9P2uclu1qqNJ1i/XIZRw4doxN0hmx0geroGjVQCzEE6AE9oWfrznq0XqzXReuKtZw5Qj9gvX0C+faNEw==</latexit>

Y

[C.S. and M. Taronna  ’23; L. Iacobacci, C.S. and M. Taronna ’24]

radial reduction onto 

extended unit hyperboloid



Feynman rules in the hyperbolic slicing:

Minkowski boundary correlators

Bulk-to-bulk propagator: 

Bulk-to-boundary propagator: 

<latexit sha1_base64="VWe7UdEF2TeJwNm2a7zv4RYO7q0="></latexit>

Gflat
� (X,Q) = lim

Ŷ!Q

Z 1

0

dt

t
t� GF

⇣
X, tŶ

⌘
=

<latexit sha1_base64="wcHHGyAeAwPZicrrEneyjqN6PVU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPTLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDrRWM2w==</latexit>

Q
<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>

�±

<latexit sha1_base64="mBDG+7I2oX4A0JFJAYTgZ08crv0=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIqMeiF48V7Ac0IWy2k3bpZhN2N0II9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5YcqZ0o7zbVXW1jc2t6rbtZ3dvf0D+/Coq5JMUujQhCeyHxIFnAnoaKY59FMJJA459MLJ7czvPYJULBEPOk/Bj8lIsIhRoo0U2PXCGxON+9Og8CBVjCdiGtgNp+nMgVeJW5IGKtEO7C9vmNAsBqEpJ0oNXCfVfkGkZpTDtOZlClJCJ2QEA0MFiUH5xfz4KT41yhBHiTQlNJ6rvycKEiuVx6HpjIkeq2VvJv7nDTIdXfsFE2mmQdDFoijjWCd4lgQeMglU89wQQiUzt2I6JpJQbfKqmRDc5ZdXSfe86V423fuLRuumjKOKjtEJOkMuukItdIfaqIMoytEzekVv1pP1Yr1bH4vWilXO1NEfWJ8/N5yVJQ==</latexit>

X̂✏

<latexit sha1_base64="CCbbeTnvudu8wej9zfc5dfnKzUA="></latexit>

⇥ K(m)

i( d
2��)

⇣p
X2 + i✏

⌘
<latexit sha1_base64="09nVIvazxxr0WD2CC0NGoza7vdA="></latexit>

K(m)
�

⇣p
X2 + i✏

⌘

<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>

�±
<latexit sha1_base64="MHWEboes80uUqs1uIvwRM9vhV3M=">AAAB/HicdVDLSgMxFM3UV62vapdugkVwVTJ2WrssunFZwT6gLUMmTdvQTDIkGaEM46+4caGIWz/EnX9jpq2gogcuHM65l3vvCSLOtEHow8mtrW9sbuW3Czu7e/sHxcOjjpaxIrRNJJeqF2BNORO0bZjhtBcpisOA024wu8r87h1Vmklxa+YRHYZ4ItiYEWys5BdLyWCKDeylfjKgkWZcitQvllEFoWq9imBGPK/uZcRFjRqCrlUylMEKLb/4PhhJEodUGMKx1n0XRWaYYGUY4TQtDGJNI0xmeEL7lgocUj1MFsen8NQqIziWypYwcKF+n0hwqPU8DGxniM1U//Yy8S+vH5txY5gwEcWGCrJcNI45NBJmScARU5QYPrcEE8XsrZBMscLE2LwKNoSvT+H/pHNeceuV2o1Xbl6u4siDY3ACzoALLkATXIMWaAMC5uABPIFn5955dF6c12VrzlnNlMAPOG+feF2VVQ==</latexit>

X̂✏

<latexit sha1_base64="wv9G5pEZdb2qWuJ3h69ie3BmsbQ=">AAAB/HicdVDLSsNAFJ3UV62vaJduBovgqkw0rV0W3bisYB/ShDKZTtuhk0mYmQgh1F9x40IRt36IO//GSVtBRQ9cOJxzL/feE8ScKY3Qh1VYWV1b3yhulra2d3b37P2DjooSSWibRDySvQArypmgbc00p71YUhwGnHaD6WXud++oVCwSNzqNqR/isWAjRrA20sAuZ94Ea3g7G2QejRXjkZgN7AqqInRWP0MwJ65bd3PioEYNQccoOSpgidbAfveGEUlCKjThWKm+g2LtZ1hqRjidlbxE0RiTKR7TvqECh1T52fz4GTw2yhCOImlKaDhXv09kOFQqDQPTGWI9Ub+9XPzL6yd61PAzJuJEU0EWi0YJhzqCeRJwyCQlmqeGYCKZuRWSCZaYaJNXyYTw9Sn8n3ROq069Wrt2K82LZRxFcAiOwAlwwDlogivQAm1AQAoewBN4tu6tR+vFel20FqzlTBn8gPX2CXntlVY=</latexit>

Ŷ✏

<latexit sha1_base64="vVW/rlF1ujR49v/3BLvIT18+MAc="></latexit>

GF (X,Y ) =
1

2

Z d
2+i1

d
2�i1

d�

2⇡i
K(m)

�

⇣p
X2 + i✏

⌘
K(m)

d��

⇣p
Y 2 + i✏

⌘
<latexit sha1_base64="spUV7UodUJVF/LnvNbCEGBCbqck=">AAAB/3icdVDLSgNBEJz1GeMrKnjxMhgEBQmzGmMuQlBQjxGMRrJLmJ3MJkNmH8z0CmHNwV/x4kERr/6GN//GWY2gogUNRVU33V1eLIUGQt6ssfGJyanp3Ex+dm5+YbGwtHyho0Qx3mCRjFTTo5pLEfIGCJC8GStOA0/yS69/lPmX11xpEYXnMIi5G9BuKHzBKBipXVg9aafHQ0dyHzab21eOEt0ebB20C0VSImS3sktwRsrlSjkjNqnuEWwbJUMRjVBvF16dTsSSgIfAJNW6ZZMY3JQqEEzyYd5JNI8p69Mubxka0oBrN/24f4g3jNLBfqRMhYA/1O8TKQ20HgSe6Qwo9PRvLxP/8loJ+FU3FWGcAA/Z5yI/kRginIWBO0JxBnJgCGVKmFsx61FFGZjI8iaEr0/x/+Rip2RXSntn5WLtcBRHDq2hdbSJbLSPaugU1VEDMXSD7tADerRurXvryXr+bB2zRjMr6Aesl3cgl5WN</latexit>

GF (X,Y ) =

<latexit sha1_base64="ri6jA3AgqS8aAjc1aBuJDdTzerc=">AAACDHicbVDLSsNAFJ3Ud31VXboZLIJuSlJEXRZ14U4LVoUmhMn0ph06eTBzI5SQD3Djr7hxoYhbP8Cdf+O0zcLXgYHDOedy554glUKjbX9alZnZufmFxaXq8srq2nptY/NaJ5ni0OGJTNRtwDRIEUMHBUq4TRWwKJBwEwxPx/7NHSgtkvgKRyl4EevHIhScoZH8Wj13OZP0ovBz9wwkMr9ZuBJC3Gv7TVeJ/gD3Tcpu2BPQv8QpSZ2UuPRrH24v4VkEMXLJtO46dopezhQKLqGoupmGlPEh60PX0JhFoL18ckxBd43So2GizIuRTtTvEzmLtB5FgUlGDAf6tzcW//O6GYbHXi7iNEOI+XRRmEmKCR03Q3tCAUc5MoRxJcxfKR8wxTia/qqmBOf3yX/JdbPhHDac9kG9dVLWsUi2yQ7ZIw45Ii1yTi5Jh3ByTx7JM3mxHqwn69V6m0YrVjmzRX7Aev8C6USa5A==</latexit>

O�2 (Q2)

<latexit sha1_base64="HBl9gJEq/WZBH2SzqEjLQ6j2CKs=">AAACDHicbVC7SgNBFJ31GeMramkzGITYhF0RtQxqYWcC5gHZsMxO7iZDZh/M3BXCkg+w8VdsLBSx9QPs/Bsnj0ITDwwczjmXO/f4iRQabfvbWlpeWV1bz23kN7e2d3YLe/sNHaeKQ53HMlYtn2mQIoI6CpTQShSw0JfQ9AfXY7/5AEqLOLrHYQKdkPUiEQjO0EheoZi5nEl6N/Iy9wYkMs8ZuRICLNU8x1Wi18cTk7LL9gR0kTgzUiQzVL3Cl9uNeRpChFwyrduOnWAnYwoFlzDKu6mGhPEB60Hb0IiFoDvZ5JgRPTZKlwaxMi9COlF/T2Qs1HoY+iYZMuzreW8s/ue1UwwuO5mIkhQh4tNFQSopxnTcDO0KBRzl0BDGlTB/pbzPFONo+subEpz5kxdJ47TsnJed2lmxcjWrI0cOyREpEYdckAq5JVVSJ5w8kmfySt6sJ+vFerc+ptElazZzQP7A+vwB5iSa4g==</latexit>

O�1 (Q1)

<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="zkaW8n3kydzLfUZDfaSUubzxQNc=">AAACDHicbVC7SgNBFJ31bXxFLW0Gg6BN2BVRS1ELOxMwMZANy+zkbjJkdnaZuSuEJR9g46/YWChi6wfY+TdOHoUmHhg4nHMud+4JUykMuu63Mze/sLi0vLJaWFvf2Nwqbu/UTZJpDjWeyEQ3QmZACgU1FCihkWpgcSjhPuxdDf37B9BGJOoO+ym0YtZRIhKcoZWCYin3OZP0dhDk/jVIZIEa+BIiPKwGytei08Ujm3LL7gh0lngTUiITVILil99OeBaDQi6ZMU3PTbGVM42CSxgU/MxAyniPdaBpqWIxmFY+OmZAD6zSplGi7VNIR+rviZzFxvTj0CZjhl0z7Q3F/7xmhtF5KxcqzRAUHy+KMkkxocNmaFto4Cj7ljCuhf0r5V2mGUfbX8GW4E2fPEvqx2XvtOxVT0oXl5M6Vsge2SeHxCNn5ILckAqpEU4eyTN5JW/Ok/PivDsf4+icM5nZJX/gfP4ApNObXA==</latexit>

O�n (Qn)

<latexit sha1_base64="UpVEzm0BpAWmbYJaNHDaDd9S1aM="></latexit>
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lim
X̂i!Qi
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E<latexit sha1_base64="UpVEzm0BpAWmbYJaNHDaDd9S1aM="></latexit>
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Mellin transform

Hyperbolic coordinate

radial coordinate

<latexit sha1_base64="PQ7P/LFagWYjkxNAKAeUJ61S2dc=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgKcyaTcwx6MVjAuYByRJmJ73JmNkHM7NCWPIFXjwo4tVP8ubfOJtEUNGChqKqm+4uLxZcaUI+rNza+sbmVn67sLO7t39QPDzqqCiRDNosEpHseVSB4CG0NdcCerEEGngCut70OvO79yAVj8JbPYvBDeg45D5nVBup1RsWS6RMSKVWITgjjlNzMmKTepVg2ygZSmiF5rD4PhhFLAkg1ExQpfo2ibWbUqk5EzAvDBIFMWVTOoa+oSENQLnp4tA5PjPKCPuRNBVqvFC/T6Q0UGoWeKYzoHqifnuZ+JfXT7Rfd1MexomGkC0X+YnAOsLZ13jEJTAtZoZQJrm5FbMJlZRpk03BhPD1Kf6fdC7Kdq1cbTmlxtUqjjw6QafoHNnoEjXQDWqiNmII0AN6Qs/WnfVovVivy9actZo5Rj9gvX0C+HKNEg==</latexit>

X
<latexit sha1_base64="7mc7okbCLfUai4eJKzrs1KIBJS0=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8hVmziTkGvXhMwDwkWcLspDcZM/tgZlYIS77AiwdFvPpJ3vwbZ5MIKlrQUFR1093lxYIrTciHtbK6tr6xmdvKb+/s7u0XDg7bKkokgxaLRCS7HlUgeAgtzbWAbiyBBp6Ajje5yvzOPUjFo/BGT2NwAzoKuc8Z1UZq3g4KRVIipFwtE5wRx6k6GbFJrUKwbZQMRbREY1B47w8jlgQQaiaoUj2bxNpNqdScCZjl+4mCmLIJHUHP0JAGoNx0fugMnxpliP1Imgo1nqvfJ1IaKDUNPNMZUD1Wv71M/MvrJdqvuSkP40RDyBaL/ERgHeHsazzkEpgWU0Mok9zcitmYSsq0ySZvQvj6FP9P2uclu1qqNJ1i/XIZRw4doxN0hmx0geroGjVQCzEE6AE9oWfrznq0XqzXReuKtZw5Qj9gvX0C+faNEw==</latexit>

Y

[C.S. and M. Taronna  ’23; L. Iacobacci, C.S. and M. Taronna ’24]

radial reduction onto 

extended unit hyperboloid



From the Celestial Sphere to EAdS

<latexit sha1_base64="vbn1I6G3EOIAroUpPNtLrEs8cdA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJvNpl272Q27k0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGpVpyhpUCaXbITFMcMkayFGwdqoZSULBWuHwbua3RkwbruQjjlMWJKQvecwpQSs1u6NIoemVK17Vm8NdJX5OKpCj3it/dSNFs4RJpIIY0/G9FIMJ0cipYNNSNzMsJXRI+qxjqSQJM8Fkfu3UPbNK5MZK25LoztXfExOSGDNOQtuZEByYZW8m/ud1MoxvggmXaYZM0sWiOBMuKnf2uhtxzSiKsSWEam5vdemAaELRBlSyIfjLL6+S5kXVv6r6D5eV2m0eRxFO4BTOwYdrqME91KEBFJ7gGV7hzVHOi/PufCxaC04+cwx/4Hz+AM1nj0g=</latexit>...

<latexit sha1_base64="B5x/4Obw1Sa24an3LhdRrqVj/KM=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBU9gVUY9BPXiMYB6QXZbZySQZMvtgpleIS77EiwdFvPop3vwbJ8keNLGgoajqprsrTKXQ6Djf1srq2vrGZmmrvL2zu1ex9w9aOskU402WyER1Qqq5FDFvokDJO6niNAolb4ejm6nffuRKiyR+wHHK/YgOYtEXjKKRAruSeyFVxLvlEukkcAO76tScGcgycQtShQKNwP7yegnLIh4jk1Trruuk6OdUoWCST8pepnlK2YgOeNfQmEZc+/ns8Ak5MUqP9BNlKkYyU39P5DTSehyFpjOiONSL3lT8z+tm2L/ycxGnGfKYzRf1M0kwIdMUSE8ozlCODaFMCXMrYUOqKEOTVdmE4C6+vExaZzX3ouben1fr10UcJTiCYzgFFy6hDnfQgCYwyOAZXuHNerJerHfrY966YhUzh/AH1ucPK5SSxg==</latexit>

�̄1

<latexit sha1_base64="PePIrKKhSnVizs9hhsRFg7Vh/sg=">AAAB+HicbVBNS8NAEJ34WetHqx69LBbBU0lE1GNRDx4r2A9oQtlst+3SzSbsToQa+ku8eFDEqz/Fm//GbZuDtj4YeLw3w8y8MJHCoOt+Oyura+sbm4Wt4vbO7l6pvH/QNHGqGW+wWMa6HVLDpVC8gQIlbyea0yiUvBWObqZ+65FrI2L1gOOEBxEdKNEXjKKVuuVS5odUE/+WS6STrlUqbtWdgSwTLycVyFHvlr/8XszSiCtkkhrT8dwEg4xqFEzySdFPDU8oG9EB71iqaMRNkM0On5ATq/RIP9a2FJKZ+nsio5Ex4yi0nRHFoVn0puJ/XifF/lWQCZWkyBWbL+qnkmBMpimQntCcoRxbQpkW9lbChlRThjarog3BW3x5mTTPqt5F1bs/r9Su8zgKcATHcAoeXEIN7qAODWCQwjO8wpvz5Lw4787HvHXFyWcO4Q+czx+ICJMD</latexit>

�̄n

<latexit sha1_base64="ri6jA3AgqS8aAjc1aBuJDdTzerc=">AAACDHicbVDLSsNAFJ3Ud31VXboZLIJuSlJEXRZ14U4LVoUmhMn0ph06eTBzI5SQD3Djr7hxoYhbP8Cdf+O0zcLXgYHDOedy554glUKjbX9alZnZufmFxaXq8srq2nptY/NaJ5ni0OGJTNRtwDRIEUMHBUq4TRWwKJBwEwxPx/7NHSgtkvgKRyl4EevHIhScoZH8Wj13OZP0ovBz9wwkMr9ZuBJC3Gv7TVeJ/gD3Tcpu2BPQv8QpSZ2UuPRrH24v4VkEMXLJtO46dopezhQKLqGoupmGlPEh60PX0JhFoL18ckxBd43So2GizIuRTtTvEzmLtB5FgUlGDAf6tzcW//O6GYbHXi7iNEOI+XRRmEmKCR03Q3tCAUc5MoRxJcxfKR8wxTia/qqmBOf3yX/JdbPhHDac9kG9dVLWsUi2yQ7ZIw45Ii1yTi5Jh3ByTx7JM3mxHqwn69V6m0YrVjmzRX7Aev8C6USa5A==</latexit>

O�2 (Q2)

<latexit sha1_base64="HqAHrwzCrON+xu/PQhWmIj+U0U0=">AAACDHicbVDLSsNAFJ34tr6qLt0MFqFuSmJFXYq6cGcLVoUmhMn0ph2cPJi5EUrIB7jxV9y4UMStH+DOv3Fas9DqgYHDOedy554glUKjbX9aU9Mzs3PzC4uVpeWV1bXq+saVTjLFocMTmaibgGmQIoYOCpRwkypgUSDhOrg9HfnXd6C0SOJLHKbgRawfi1Bwhkbyq7Xc5UzSi8LP3TOQyPxm4UoIsd72m64S/QHumpTdsMegf4lTkhop0fKrH24v4VkEMXLJtO46dopezhQKLqGouJmGlPFb1oeuoTGLQHv5+JiC7hilR8NEmRcjHas/J3IWaT2MApOMGA70pDcS//O6GYZHXi7iNEOI+feiMJMUEzpqhvaEAo5yaAjjSpi/Uj5ginE0/VVMCc7kyX/J1V7DOWg47f3a8UlZxwLZItukThxySI7JOWmRDuHknjySZ/JiPVhP1qv19h2dssqZTfIL1vsX7GSa5g==</latexit>

O�3 (Q3)

<latexit sha1_base64="RAe7vtLwL43VEQftTgHPZtZHIj0=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSDEJuxKUMugFnYmYFTIhmV2cjcZMvtg5q4Qlv0AG3/FxkIRWz/Azr9x8ijUeGDgcM653LnHT6TQaNtfVmFhcWl5pbhaWlvf2Nwqb+/c6DhVHNo8lrG685kGKSJoo0AJd4kCFvoSbv3h+di/vQelRRxd4yiBbsj6kQgEZ2gkr1zJXM4kvcq9zL0Aicyr566EAKstr+4q0R/goUnZNXsCOk+cGamQGZpe+dPtxTwNIUIumdYdx06wmzGFgkvIS26qIWF8yPrQMTRiIehuNjkmpwdG6dEgVuZFSCfqz4mMhVqPQt8kQ4YD/dcbi/95nRSD024moiRFiPh0UZBKijEdN0N7QgFHOTKEcSXMXykfMMU4mv5KpgTn78nz5Oao5hzXnFa90jib1VEke2SfVIlDTkiDXJImaRNOHsgTeSGv1qP1bL1Z79NowZrN7JJfsD6+Ae+Emug=</latexit>

O�4 (Q4)

<latexit sha1_base64="HBl9gJEq/WZBH2SzqEjLQ6j2CKs=">AAACDHicbVC7SgNBFJ31GeMramkzGITYhF0RtQxqYWcC5gHZsMxO7iZDZh/M3BXCkg+w8VdsLBSx9QPs/Bsnj0ITDwwczjmXO/f4iRQabfvbWlpeWV1bz23kN7e2d3YLe/sNHaeKQ53HMlYtn2mQIoI6CpTQShSw0JfQ9AfXY7/5AEqLOLrHYQKdkPUiEQjO0EheoZi5nEl6N/Iy9wYkMs8ZuRICLNU8x1Wi18cTk7LL9gR0kTgzUiQzVL3Cl9uNeRpChFwyrduOnWAnYwoFlzDKu6mGhPEB60Hb0IiFoDvZ5JgRPTZKlwaxMi9COlF/T2Qs1HoY+iYZMuzreW8s/ue1UwwuO5mIkhQh4tNFQSopxnTcDO0KBRzl0BDGlTB/pbzPFONo+subEpz5kxdJ47TsnJed2lmxcjWrI0cOyREpEYdckAq5JVVSJ5w8kmfySt6sJ+vFerc+ptElazZzQP7A+vwB5iSa4g==</latexit>

O�1 (Q1)

In general, for exchanges of particles of mass

<latexit sha1_base64="vVNrOvpxmeWGGDkC+XJKA8665z4="></latexit>

=

Z d
2+i1

d
2�i1

d�̄1

2⇡i
. . .

d�̄n

2⇡i
C�̄1...�̄n

(m1, . . . ,mn)

<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="oYmRnax2Kf2FRMQSWB2HET0vjZ4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNRDx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1Fip3b1FYWjvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfja7d0JOrNInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMn2e9LlCZsTYEsoUt7cSNqSKMmMjKtkQvMWXl0nzrOpdVL3780rtOo+jCEdwDKfgwSXU4A7q0AAGAp7hFd6cR+fFeXc+5q0FJ585hD9wPn8AkCiPqQ==</latexit>

�4

<latexit sha1_base64="fc2ledYF5uEkuhLjXgS92A2bw5k=">AAACAHicbVC7SgNBFJ2NrxhfUQsLm8EgWISwK6I2QtDGMoJ5QHYJs7OzyZB5rDOzQljS+Cs2ForY+hl2/o2TZAtNPHDhcM693HtPmDCqjet+O4Wl5ZXVteJ6aWNza3unvLvX0jJVmDSxZFJ1QqQJo4I0DTWMdBJFEA8ZaYfDm4nffiRKUynuzSghAUd9QWOKkbFSr3zAe7QK/YcURZBeeVWfRdLoqnUqbs2dAi4SLycVkKPRK3/5kcQpJ8JghrTuem5iggwpQzEj45KfapIgPER90rVUIE50kE0fGMNjq0QwlsqWMHCq/p7IENd6xEPbyZEZ6HlvIv7ndVMTXwYZFUlqiMCzRXHKoJFwkgaMqCLYsJElCCtqb4V4gBTCxmZWsiF48y8vktZpzTuveXdnlfp1HkcRHIIjcAI8cAHq4BY0QBNgMAbP4BW8OU/Oi/PufMxaC04+sw/+wPn8AfbTlV4=</latexit>

mi, i = 1, . . . , n

Minkowski exchanges are a continuum 

of EAdS exchanges

Makes manifest 

conformal symmetry

Unitary Principal Series

representations of SO(d+1,1) 

[C.S. and M. Taronna  ’23; L. Iacobacci, C.S. and M. Taronna ’24]



[C.S. and M. Taronna  ’23; L. Iacobacci, C.S. and M. Taronna ’24]

From the Celestial Sphere to EAdS

<latexit sha1_base64="vbn1I6G3EOIAroUpPNtLrEs8cdA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJvNpl272Q27k0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGpVpyhpUCaXbITFMcMkayFGwdqoZSULBWuHwbua3RkwbruQjjlMWJKQvecwpQSs1u6NIoemVK17Vm8NdJX5OKpCj3it/dSNFs4RJpIIY0/G9FIMJ0cipYNNSNzMsJXRI+qxjqSQJM8Fkfu3UPbNK5MZK25LoztXfExOSGDNOQtuZEByYZW8m/ud1MoxvggmXaYZM0sWiOBMuKnf2uhtxzSiKsSWEam5vdemAaELRBlSyIfjLL6+S5kXVv6r6D5eV2m0eRxFO4BTOwYdrqME91KEBFJ7gGV7hzVHOi/PufCxaC04+cwx/4Hz+AM1nj0g=</latexit>...

<latexit sha1_base64="B5x/4Obw1Sa24an3LhdRrqVj/KM=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBU9gVUY9BPXiMYB6QXZbZySQZMvtgpleIS77EiwdFvPop3vwbJ8keNLGgoajqprsrTKXQ6Djf1srq2vrGZmmrvL2zu1ex9w9aOskU402WyER1Qqq5FDFvokDJO6niNAolb4ejm6nffuRKiyR+wHHK/YgOYtEXjKKRAruSeyFVxLvlEukkcAO76tScGcgycQtShQKNwP7yegnLIh4jk1Trruuk6OdUoWCST8pepnlK2YgOeNfQmEZc+/ns8Ak5MUqP9BNlKkYyU39P5DTSehyFpjOiONSL3lT8z+tm2L/ycxGnGfKYzRf1M0kwIdMUSE8ozlCODaFMCXMrYUOqKEOTVdmE4C6+vExaZzX3ouben1fr10UcJTiCYzgFFy6hDnfQgCYwyOAZXuHNerJerHfrY966YhUzh/AH1ucPK5SSxg==</latexit>

�̄1

<latexit sha1_base64="PePIrKKhSnVizs9hhsRFg7Vh/sg=">AAAB+HicbVBNS8NAEJ34WetHqx69LBbBU0lE1GNRDx4r2A9oQtlst+3SzSbsToQa+ku8eFDEqz/Fm//GbZuDtj4YeLw3w8y8MJHCoOt+Oyura+sbm4Wt4vbO7l6pvH/QNHGqGW+wWMa6HVLDpVC8gQIlbyea0yiUvBWObqZ+65FrI2L1gOOEBxEdKNEXjKKVuuVS5odUE/+WS6STrlUqbtWdgSwTLycVyFHvlr/8XszSiCtkkhrT8dwEg4xqFEzySdFPDU8oG9EB71iqaMRNkM0On5ATq/RIP9a2FJKZ+nsio5Ex4yi0nRHFoVn0puJ/XifF/lWQCZWkyBWbL+qnkmBMpimQntCcoRxbQpkW9lbChlRThjarog3BW3x5mTTPqt5F1bs/r9Su8zgKcATHcAoeXEIN7qAODWCQwjO8wpvz5Lw4787HvHXFyWcO4Q+czx+ICJMD</latexit>

�̄n

<latexit sha1_base64="ri6jA3AgqS8aAjc1aBuJDdTzerc=">AAACDHicbVDLSsNAFJ3Ud31VXboZLIJuSlJEXRZ14U4LVoUmhMn0ph06eTBzI5SQD3Djr7hxoYhbP8Cdf+O0zcLXgYHDOedy554glUKjbX9alZnZufmFxaXq8srq2nptY/NaJ5ni0OGJTNRtwDRIEUMHBUq4TRWwKJBwEwxPx/7NHSgtkvgKRyl4EevHIhScoZH8Wj13OZP0ovBz9wwkMr9ZuBJC3Gv7TVeJ/gD3Tcpu2BPQv8QpSZ2UuPRrH24v4VkEMXLJtO46dopezhQKLqGoupmGlPEh60PX0JhFoL18ckxBd43So2GizIuRTtTvEzmLtB5FgUlGDAf6tzcW//O6GYbHXi7iNEOI+XRRmEmKCR03Q3tCAUc5MoRxJcxfKR8wxTia/qqmBOf3yX/JdbPhHDac9kG9dVLWsUi2yQ7ZIw45Ii1yTi5Jh3ByTx7JM3mxHqwn69V6m0YrVjmzRX7Aev8C6USa5A==</latexit>

O�2 (Q2)

<latexit sha1_base64="HqAHrwzCrON+xu/PQhWmIj+U0U0=">AAACDHicbVDLSsNAFJ34tr6qLt0MFqFuSmJFXYq6cGcLVoUmhMn0ph2cPJi5EUrIB7jxV9y4UMStH+DOv3Fas9DqgYHDOedy554glUKjbX9aU9Mzs3PzC4uVpeWV1bXq+saVTjLFocMTmaibgGmQIoYOCpRwkypgUSDhOrg9HfnXd6C0SOJLHKbgRawfi1Bwhkbyq7Xc5UzSi8LP3TOQyPxm4UoIsd72m64S/QHumpTdsMegf4lTkhop0fKrH24v4VkEMXLJtO46dopezhQKLqGouJmGlPFb1oeuoTGLQHv5+JiC7hilR8NEmRcjHas/J3IWaT2MApOMGA70pDcS//O6GYZHXi7iNEOI+feiMJMUEzpqhvaEAo5yaAjjSpi/Uj5ginE0/VVMCc7kyX/J1V7DOWg47f3a8UlZxwLZItukThxySI7JOWmRDuHknjySZ/JiPVhP1qv19h2dssqZTfIL1vsX7GSa5g==</latexit>

O�3 (Q3)

<latexit sha1_base64="RAe7vtLwL43VEQftTgHPZtZHIj0=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSDEJuxKUMugFnYmYFTIhmV2cjcZMvtg5q4Qlv0AG3/FxkIRWz/Azr9x8ijUeGDgcM653LnHT6TQaNtfVmFhcWl5pbhaWlvf2Nwqb+/c6DhVHNo8lrG685kGKSJoo0AJd4kCFvoSbv3h+di/vQelRRxd4yiBbsj6kQgEZ2gkr1zJXM4kvcq9zL0Aicyr566EAKstr+4q0R/goUnZNXsCOk+cGamQGZpe+dPtxTwNIUIumdYdx06wmzGFgkvIS26qIWF8yPrQMTRiIehuNjkmpwdG6dEgVuZFSCfqz4mMhVqPQt8kQ4YD/dcbi/95nRSD024moiRFiPh0UZBKijEdN0N7QgFHOTKEcSXMXykfMMU4mv5KpgTn78nz5Oao5hzXnFa90jib1VEke2SfVIlDTkiDXJImaRNOHsgTeSGv1qP1bL1Z79NowZrN7JJfsD6+Ae+Emug=</latexit>

O�4 (Q4)

<latexit sha1_base64="HBl9gJEq/WZBH2SzqEjLQ6j2CKs=">AAACDHicbVC7SgNBFJ31GeMramkzGITYhF0RtQxqYWcC5gHZsMxO7iZDZh/M3BXCkg+w8VdsLBSx9QPs/Bsnj0ITDwwczjmXO/f4iRQabfvbWlpeWV1bz23kN7e2d3YLe/sNHaeKQ53HMlYtn2mQIoI6CpTQShSw0JfQ9AfXY7/5AEqLOLrHYQKdkPUiEQjO0EheoZi5nEl6N/Iy9wYkMs8ZuRICLNU8x1Wi18cTk7LL9gR0kTgzUiQzVL3Cl9uNeRpChFwyrduOnWAnYwoFlzDKu6mGhPEB60Hb0IiFoDvZ5JgRPTZKlwaxMi9COlF/T2Qs1HoY+iYZMuzreW8s/ue1UwwuO5mIkhQh4tNFQSopxnTcDO0KBRzl0BDGlTB/pbzPFONo+subEpz5kxdJ47TsnJed2lmxcjWrI0cOyREpEYdckAq5JVVSJ5w8kmfySt6sJ+vFerc+ptElazZzQP7A+vwB5iSa4g==</latexit>

O�1 (Q1)

In general, for exchanges of particles of mass

<latexit sha1_base64="vVNrOvpxmeWGGDkC+XJKA8665z4="></latexit>

=

Z d
2+i1

d
2�i1

d�̄1

2⇡i
. . .

d�̄n

2⇡i
C�̄1...�̄n

(m1, . . . ,mn)

<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="oYmRnax2Kf2FRMQSWB2HET0vjZ4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNRDx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1Fip3b1FYWjvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfja7d0JOrNInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMn2e9LlCZsTYEsoUt7cSNqSKMmMjKtkQvMWXl0nzrOpdVL3780rtOo+jCEdwDKfgwSXU4A7q0AAGAp7hFd6cR+fFeXc+5q0FJ585hD9wPn8AkCiPqQ==</latexit>

�4

<latexit sha1_base64="fc2ledYF5uEkuhLjXgS92A2bw5k=">AAACAHicbVC7SgNBFJ2NrxhfUQsLm8EgWISwK6I2QtDGMoJ5QHYJs7OzyZB5rDOzQljS+Cs2ForY+hl2/o2TZAtNPHDhcM693HtPmDCqjet+O4Wl5ZXVteJ6aWNza3unvLvX0jJVmDSxZFJ1QqQJo4I0DTWMdBJFEA8ZaYfDm4nffiRKUynuzSghAUd9QWOKkbFSr3zAe7QK/YcURZBeeVWfRdLoqnUqbs2dAi4SLycVkKPRK3/5kcQpJ8JghrTuem5iggwpQzEj45KfapIgPER90rVUIE50kE0fGMNjq0QwlsqWMHCq/p7IENd6xEPbyZEZ6HlvIv7ndVMTXwYZFUlqiMCzRXHKoJFwkgaMqCLYsJElCCtqb4V4gBTCxmZWsiF48y8vktZpzTuveXdnlfp1HkcRHIIjcAI8cAHq4BY0QBNgMAbP4BW8OU/Oi/PufMxaC04+sw/+wPn8AfbTlV4=</latexit>

mi, i = 1, . . . , n

Compare with de Sitter:

Minkowski exchanges are a continuum 

of EAdS exchanges

<latexit sha1_base64="I+scsV5Hh6VIWBzT08G8VWNfq7s=">AAACZHicnVFNSwMxFMyuH9VadbV4EiRYBA9SdkXUi1CsB48KVoWmLNk01dAkuyRvhbLsn/Tm0Yu/w/TjoK0nBwLDzBteMkkyKSyE4YfnLy2vrFbW1qsbtc2t7WBn99GmuWG8w1KZmueEWi6F5h0QIPlzZjhVieRPybA99p/euLEi1Q8wynhP0RctBoJRcFIcFFfE5opIoQTYuChIQg0mN1wCLeMiwiRTJZH9FCw5wXOunrglOWn/LxgHjbAZToAXSTQjDTTDXRy8k37KcsU1MEmt7UZhBr2CGhBM8rJKcsszyob0hXcd1VRx2ysmJZX4yCl9PEiNOxrwRP2ZKKiydqQSN6kovNp5byz+5XVzGFz2CqGzHLhm00WDXGJI8bhx3BeGM5AjRygzwt0Vs1dqKAP3L1VXQjT/5EXyeNqMzpvR/VmjdT2rYw3to0N0jCJ0gVroFt2hDmLo06t4gbfjffk1v+7vTUd9b5apo1/wD74BB++46Q==</latexit>

=
X

�̄1±... �̄n±

C�̄1±... �̄n±

<latexit sha1_base64="TWdzMmhm18fhtF0db4IkEdr0MMw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+eKxMfAG1Zpbd3OgVeIVpAYFWoPqV38Yk1RQaQjHWvc8NzFBhpVhhNNZpZ9qmmAywSPas1RiQXWQ5cfO0JlVhiiKlS1pUK7+nsiw0HoqQtspsBnrZW8u/uf1UhNdBxmTSWqoJItFUcqRidH8czRkihLDp5Zgopi9FZExVpgYm0/FhuAtv7xK2o26d1n37i9qzZsijjKcwCmcgwdX0IQ7aIEPBBg8wyu8OdJ5cd6dj0VrySlmjuEPnM8fI1+OPw==</latexit>

m2
1

<latexit sha1_base64="ytSerjd9zU3l33CefYolW0g08eE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+eKxMZCDas2tuznQKvEKUoMCrUH1qz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI8mNn6MwqQxTFypY0KFd/T2RYaD0Voe0U2Iz1sjcX//N6qYmug4zJJDVUksWiKOXIxGj+ORoyRYnhU0swUczeisgYK0yMzadiQ/CWX14l7Ubdu6x79xe15k0RRxlO4BTOwYMraMIdtMAHAgye4RXeHOm8OO/Ox6K15BQzx/AHzucPf9OOfA==</latexit>

m2
n

<latexit sha1_base64="vbn1I6G3EOIAroUpPNtLrEs8cdA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJvNpl272Q27k0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGpVpyhpUCaXbITFMcMkayFGwdqoZSULBWuHwbua3RkwbruQjjlMWJKQvecwpQSs1u6NIoemVK17Vm8NdJX5OKpCj3it/dSNFs4RJpIIY0/G9FIMJ0cipYNNSNzMsJXRI+qxjqSQJM8Fkfu3UPbNK5MZK25LoztXfExOSGDNOQtuZEByYZW8m/ud1MoxvggmXaYZM0sWiOBMuKnf2uhtxzSiKsSWEam5vdemAaELRBlSyIfjLL6+S5kXVv6r6D5eV2m0eRxFO4BTOwYdrqME91KEBFJ7gGV7hzVHOi/PufCxaC04+cwx/4Hz+AM1nj0g=</latexit>...

<latexit sha1_base64="vbn1I6G3EOIAroUpPNtLrEs8cdA=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMF+wFtKJvNpl272Q27k0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGpVpyhpUCaXbITFMcMkayFGwdqoZSULBWuHwbua3RkwbruQjjlMWJKQvecwpQSs1u6NIoemVK17Vm8NdJX5OKpCj3it/dSNFs4RJpIIY0/G9FIMJ0cipYNNSNzMsJXRI+qxjqSQJM8Fkfu3UPbNK5MZK25LoztXfExOSGDNOQtuZEByYZW8m/ud1MoxvggmXaYZM0sWiOBMuKnf2uhtxzSiKsSWEam5vdemAaELRBlSyIfjLL6+S5kXVv6r6D5eV2m0eRxFO4BTOwYdrqME91KEBFJ7gGV7hzVHOi/PufCxaC04+cwx/4Hz+AM1nj0g=</latexit>...

dS exchanges are a discrete sum 

of EAdS exchanges

<latexit sha1_base64="OSLvede8ZeN2Oe7/S+gXIFErMtQ=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVERD0W9eCxgrWFJoTNdtMu3WzC7kQoIeBf8eJBEa/+Dm/+G7dtDtr6YODx3gwz88JUcA2O821VlpZXVteq67WNza3tHXt370EnmaKsTRORqG5INBNcsjZwEKybKkbiULBOOLqe+J1HpjRP5D2MU+bHZCB5xCkBIwX2Qe6FRGHvhgkgRZC72EvjIrDrTsOZAi8StyR1VKIV2F9eP6FZzCRQQbTuuU4Kfk4UcCpYUfMyzVJCR2TAeoZKEjPt59PzC3xslD6OEmVKAp6qvydyEms9jkPTGRMY6nlvIv7n9TKILv2cyzQDJulsUZQJDAmeZIH7XDEKYmwIoYqbWzEdEkUomMRqJgR3/uVF8nDacM8b7t1ZvXlVxlFFh+gInSAXXaAmukUt1EYU5egZvaI368l6sd6tj1lrxSpn9tEfWJ8/s/iVUw==</latexit>

�̄1±

<latexit sha1_base64="u5bCpQGE/HjTM8oOKJQv+pkxbwA=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVERD0W9eCxgrWFJoTNdtMu3WzC7kQoIeBf8eJBEa/+Dm/+G7dtDtr6YODx3gwz88JUcA2O821VlpZXVteq67WNza3tHXt370EnmaKsTRORqG5INBNcsjZwEKybKkbiULBOOLqe+J1HpjRP5D2MU+bHZCB5xCkBIwX2Qe6FRGHvhgkgRZBL7KVxEdh1p+FMgReJW5I6KtEK7C+vn9AsZhKoIFr3XCcFPycKOBWsqHmZZimhIzJgPUMliZn28+n5BT42Sh9HiTIlAU/V3xM5ibUex6HpjAkM9bw3Ef/zehlEl37OZZoBk3S2KMoEhgRPssB9rhgFMTaEUMXNrZgOiSIUTGI1E4I7//IieThtuOcN9+6s3rwq46iiQ3SETpCLLlAT3aIWaiOKcvSMXtGb9WS9WO/Wx6y1YpUz++gPrM8fEayVkA==</latexit>

�̄n±

<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="oYmRnax2Kf2FRMQSWB2HET0vjZ4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNRDx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1Fip3b1FYWjvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfja7d0JOrNInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMn2e9LlCZsTYEsoUt7cSNqSKMmMjKtkQvMWXl0nzrOpdVL3780rtOo+jCEdwDKfgwSXU4A7q0AAGAp7hFd6cR+fFeXc+5q0FJ585hD9wPn8AkCiPqQ==</latexit>

�4

<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="oYmRnax2Kf2FRMQSWB2HET0vjZ4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNRDx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1Fip3b1FYWjvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfja7d0JOrNInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMn2e9LlCZsTYEsoUt7cSNqSKMmMjKtkQvMWXl0nzrOpdVL3780rtOo+jCEdwDKfgwSXU4A7q0AAGAp7hFd6cR+fFeXc+5q0FJ585hD9wPn8AkCiPqQ==</latexit>

�4

Makes manifest 

conformal symmetry

Unitary Principal Series

representations of SO(d+1,1) 



Outlook
Perturbative dS and celestial correlators have a similar analytic structure to AdS.


Conformal partial wave expansion:


[dS: Hogervorst, Penedones, Vaziri ’21, di Pietro, Komatsu, Gorbenko ’21]

Non-perturbative Bootstrap of Euclidean CFTs dual to physics in dS/Minkowski space?

<latexit sha1_base64="+4MLSE2LkrzwdXDIv533NgAVVp4="></latexit>

hO (x1)O (x2)O (x3)O (x4)i =
1X

J=0

Z d
2+i1

d
2�i1

d�

2⇡i
⇢J (�) F�,J (x1,x2,x3,x4)

Spectral density

Conformal Partial Wave

[Celestial: Iacobacci, Sleight, Taronna  ’22, Pacifico, Sleight, Taronna ’25]

[dS: Sleight, Taronna ’20; Celestial: Pacifico, Sleight, Taronna ’25]


Unitarity:

<latexit sha1_base64="qwRMgVaJlcJp4dMN1UDRAoQokjk=">AAACC3icbVDJSgNBEO2JW4xb1KOXJkGIlzAjoh6DehBPEcwCmRB6OjVJk57F7hohDLl78Ve8eFDEqz/gzb+xsxw08UHB470qqup5sRQabfvbyiwtr6yuZddzG5tb2zv53b26jhLFocYjGammxzRIEUINBUpoxgpY4EloeIPLsd94AKVFFN7hMIZ2wHqh8AVnaKROvuCqftRJb0auBB9L7hVIZK4SvT4eUbcH99Tu5It22Z6ALhJnRopkhmon/+V2I54EECKXTOuWY8fYTplCwSWMcm6iIWZ8wHrQMjRkAeh2OvllRA+N0qV+pEyFSCfq74mUBVoPA890Bgz7et4bi/95rQT983YqwjhBCPl0kZ9IihEdB0O7QgFHOTSEcSXMrZT3mWIcTXw5E4Iz//IiqR+XndOyc3tSrFzM4siSA1IgJeKQM1Ih16RKaoSTR/JMXsmb9WS9WO/Wx7Q1Y81m9skfWJ8/F+aabA==</latexit>

⇢J (�) � 0
<latexit sha1_base64="WG8jsASkYtTNGQju4wIt7dMHOwo=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSJUlJIRUZdFN+6saB/QhDKZTNqhkwczN0INxV9x40IRt/6HO//GaZuFth64cDjnXu69x0sEV2Db38bc/MLi0nJhpbi6tr6xaW5tN1ScSsrqNBaxbHlEMcEjVgcOgrUSyUjoCdb0+lcjv/nApOJxdA+DhLkh6UY84JSAljrm7t2NI1gAZf8IH2NH8m4PDjtmya7YY1izBOekhHLUOuaX48c0DVkEVBCl2thOwM2IBE4FGxadVLGE0D7psramEQmZcrPx9UPrQCu+FcRSVwTWWP09kZFQqUHo6c6QQE9NeyPxP6+dQnDhZjxKUmARnSwKUmFBbI2isHwuGQUx0IRQyfWtFu0RSSjowIo6BDz98ixpnFTwWQXfnpaql3kcBbSH9lEZYXSOquga1VAdUfSIntErejOejBfj3fiYtM4Z+cwO+gPj8wecKZQK</latexit>

SO (d+ 1, 1)

Probe non-perturbative structure with integrable models?




Thank you.


