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Observables ?! Correlation functions 

=Quantum Gravity 

in AdSd+1

time
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O4CFTd on the

 boundary

Unitarity

Conformal symmetry

<latexit sha1_base64="3cPFygTdSYTMD3qDJffczialS24="></latexit>

(O1O2)O3 = O1 (O2O3)

[Belavin, Polyakov, Zamolodchikov 1984;

 Rattazzi, Rychkov, Tonni, Vichi 2008]
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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

tim
e

Cosmological scales

Primordial inflation

intermediate scales
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Celestial 
sphere



de Sitter
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The maximally symmetric cousins of AdS

Minkowski
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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]

<latexit sha1_base64="Riydq4yFRtHpV2pARlLSSMGvNPI=">AAAB8XicdVDLSgNBEOyNrxhfUY9eBoPgxWVX8jC3oBe9RTAPTNYwO5kkQ2Znl5lZISz5Cy8eFPHq33jzb5wkK6hoQUNR1U13lx9xprTjfFiZpeWV1bXsem5jc2t7J7+711RhLAltkJCHsu1jRTkTtKGZ5rQdSYoDn9OWP76Y+a17KhULxY2eRNQL8FCwASNYG+k26RLM0dX07qSXLzh2yXGrpSpakEoxJeUScm1njgKkqPfy791+SOKACk04VqrjOpH2Eiw1I5xOc91Y0QiTMR7SjqECB1R5yfziKToySh8NQmlKaDRXv08kOFBqEvimM8B6pH57M/EvrxPrwZmXMBHFmgqyWDSIOdIhmr2P+kxSovnEEEwkM7ciMsISE21CypkQvj5F/5Pmqe2Wbfe6WKidp3Fk4QAO4RhcqEANLqEODSAg4AGe4NlS1qP1Yr0uWjNWOrMPP2C9fQJHCpCt</latexit>I�

<latexit sha1_base64="ojuA1yul0qfdgPDREjGepfGhdPM=">AAAB8XicdVDLSgNBEOyNrxhfUY9eBoPgxWVX8jC3oBfxFME8MFnD7GSSDJmdXWZmhbDkL7x4UMSrf+PNv3GSrKCiBQ1FVTfdXX7EmdKO82FllpZXVtey67mNza3tnfzuXlOFsSS0QUIeyraPFeVM0IZmmtN2JCkOfE5b/vhi5rfuqVQsFDd6ElEvwEPBBoxgbaTbpEswR1fTu5NevuDYJcetlqpoQSrFlJRLyLWdOQqQot7Lv3f7IYkDKjThWKmO60TaS7DUjHA6zXVjRSNMxnhIO4YKHFDlJfOLp+jIKH00CKUpodFc/T6R4ECpSeCbzgDrkfrtzcS/vE6sB2dewkQUayrIYtEg5kiHaPY+6jNJieYTQzCRzNyKyAhLTLQJKWdC+PoU/U+ap7Zbtt3rYqF2nsaRhQM4hGNwoQI1uIQ6NICAgAd4gmdLWY/Wi/W6aM1Y6cw+/ID19glIkZCu</latexit>J�

<latexit sha1_base64="bEAjb0jxTAjK9dwrMLv7JxS4qe8=">AAAB8XicdVDLSgNBEOyNrxhfUY9eBoMgCMuu5GFuQS/iKYJ5YLKG2ckkGTI7u8zMCmHJX3jxoIhX/8abf+MkWUFFCxqKqm66u/yIM6Ud58PKLC2vrK5l13Mbm1vbO/ndvaYKY0log4Q8lG0fK8qZoA3NNKftSFIc+Jy2/PHFzG/dU6lYKG70JKJegIeCDRjB2ki3SZdgjq6mdye9fMGxS45bLVXRglSKKSmXkGs7cxQgRb2Xf+/2QxIHVGjCsVId14m0l2CpGeF0muvGikaYjPGQdgwVOKDKS+YXT9GRUfpoEEpTQqO5+n0iwYFSk8A3nQHWI/Xbm4l/eZ1YD868hIko1lSQxaJBzJEO0ex91GeSEs0nhmAimbkVkRGWmGgTUs6E8PUp+p80T223bLvXxULtPI0jCwdwCMfgQgVqcAl1aAABAQ/wBM+Wsh6tF+t10Zqx0pl9+AHr7RNFiZCs</latexit>

J +

Celestial 
sphere

Holography for all Λs? 



Boundary correlators in AdS, dS and on the celestial sphere can be reformulated as

boundary correlators in Euclidean AdS:   

Holography for all Λs? 

Wick rotation
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dS and Celestial correlators therefore have a similar analytic structure to their EAdS counterparts!

On a practical level, can use such identities to import techniques and understanding from AdS. 

[C.S. & Taronna ’19, ’20, '21]
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=

Z

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

⇤ = 0 [Iacobacci, C.S. & Taronna ’22]

[C.S. & Taronna ’23]

Perturbatively:



Outline

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

⇤ > 0

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

⇤ = 0

III. Some Applications.



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

⇤ > 0



<latexit sha1_base64="GrH4Vdh8YTAk0+9ZY+RwcbB0iGM=">AAACGXicbVDLSgMxFM34rPU16tJNsAgVpMyIqMuiG5cV7AM6Q8mkmU5oJjMkd4pl6G+48VfcuFDEpa78G9PHQlsPJJyccy839wSp4Boc59taWl5ZXVsvbBQ3t7Z3du29/YZOMkVZnSYiUa2AaCa4ZHXgIFgrVYzEgWDNoH8z9psDpjRP5D0MU+bHpCd5yCkBI3VsB+deRMDcA6LSiI9GHekJFkI594IQP5jnqcdlCENP8V4EJx275FScCfAicWekhGaodexPr5vQLGYSqCBat10nBT8nCjgVbFT0Ms1SQvukx9qGShIz7eeTzUb42ChdHCbKHAl4ov7uyEms9TAOTGVMINLz3lj8z2tnEF75OZdpBkzS6aAwExgSPI4Jd7liFMTQEEIVN3/FNCKKUDBhFk0I7vzKi6RxVnEvKu7deal6PYujgA7RESojF12iKrpFNVRHFD2iZ/SK3qwn68V6tz6mpUvWrOcA/YH19QM7xKES</latexit>

'̂n (xn,1)
<latexit sha1_base64="7l9X0FMEssuVYgJqILsktz0ftF4=">AAACGXicbVDLSgMxFM3UV62vUZdugkWoIGWmiLosunFZwT6gU0omzXRCM5khuVMsQ3/Djb/ixoUiLnXl35g+Ftp6IOHknHu5ucdPBNfgON9WbmV1bX0jv1nY2t7Z3bP3Dxo6ThVldRqLWLV8opngktWBg2CtRDES+YI1/cHNxG8OmdI8lvcwSlgnIn3JA04JGKlrOzjzQgLmHhKVhHw87lY8wQIoZZ4f4AfzPPO4DGDkKd4P4bRrF52yMwVeJu6cFNEcta796fVimkZMAhVE67brJNDJiAJOBRsXvFSzhNAB6bO2oZJETHey6WZjfGKUHg5iZY4EPFV/d2Qk0noU+aYyIhDqRW8i/ue1UwiuOhmXSQpM0tmgIBUYYjyJCfe4YhTEyBBCFTd/xTQkilAwYRZMCO7iysukUSm7F2X37rxYvZ7HkUdH6BiVkIsuURXdohqqI4oe0TN6RW/Wk/VivVsfs9KcNe85RH9gff0Ae8Ggmg==</latexit>

'̂2 (x2,1)
<latexit sha1_base64="df56sDq1hBJfBYgrAB9hrr8mFa8=">AAACGXicbVDLSgMxFM34rPU16tJNsAgVpMyIqMuiG5cV7AM6Q8mkmU5oJjMkd4pl6G+48VfcuFDEpa78G9PHQlsPJJyccy839wSp4Boc59taWl5ZXVsvbBQ3t7Z3du29/YZOMkVZnSYiUa2AaCa4ZHXgIFgrVYzEgWDNoH8z9psDpjRP5D0MU+bHpCd5yCkBI3VsB+deRMDcA6LSiI9GHdcTLIRy7gUhfjDPU4/LEIae4r0ITjp2yak4E+BF4s5ICc1Q69ifXjehWcwkUEG0brtOCn5OFHAq2KjoZZqlhPZJj7UNlSRm2s8nm43wsVG6OEyUORLwRP3dkZNY62EcmMqYQKTnvbH4n9fOILzycy7TDJik00FhJjAkeBwT7nLFKIihIYQqbv6KaUQUoWDCLJoQ3PmVF0njrOJeVNy781L1ehZHAR2iI1RGLrpEVXSLaqiOKHpEz+gVvVlP1ov1bn1MS5esWc8B+gPr6wd4jqCY</latexit>

'̂1 (x1,1)

<latexit sha1_base64="Xes3caYC0BkadDNh5Zh+NPQe3PM="></latexit>

lim
⌧!1

h0|'̂1 (x1, ⌧) . . . '̂n (xn, ⌧) |0i

dS Boundary Correlators
in-in formalism

Take        to be the de Sitter vacuum which reduces to the Minkowski vacuum at early times. 

(Bunch Davies vacuum)

[Maldacena ’02, Weinberg '05]

<latexit sha1_base64="Ohu9GS+D1P+ndZ+2FDwQ7CjE/Ug=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKthbSUDbbSbt0swm7G6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYnqhFSj4BJbhhuBnVQhjUOBD+HoZuo/PKLSPJH3ZpxiENOB5BFn1FjJ7woqBwKJS5561Zpbd2cgy8QrSA0KNHvVr24/YVmM0jBBtfY9NzVBTpXhTOCk0s00ppSN6AB9SyWNUQf57OQJObFKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/zMxNdBTmXaWZQsvmiKBPEJGT6P+lzhcyIsSWUKW5vJWxIFWXGplSxIXiLLy+T9lndu6h7d+e1xnURRxmO4BhOwYNLaMAtNKEFDBJ4hld4c4zz4rw7H/PWklPMHMIfOJ8/X9CQqQ==</latexit>

h0|

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>. . .

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

|0i

Boundary 

at future infinity



[Maldacena ’02, Weinberg '05]

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
in-in formalism

<latexit sha1_base64="Xes3caYC0BkadDNh5Zh+NPQe3PM="></latexit>

lim
⌧!1

h0|'̂1 (x1, ⌧) . . . '̂n (xn, ⌧) |0i

Boundary 

at future infinity

Boundary 

at future infinity



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



From dS to Euclidean AdS
[C.S. and M. Taronna ’19, ’20, ’21]


+ branch

— branch

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

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

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

<latexit sha1_base64="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="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 ��

<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>

±̂

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

One can then write an EAdS Lagrangian for dS correlators [Gorbenko, Komatsu, di Pietro ’21]


<latexit sha1_base64="eHg4ynyJoluPONOWDhZQmAeAjKU="></latexit>

m2R2
dS = �+��

Dirichlet  
boundary condition  

Neumann  
boundary condition 



From dS to Euclidean AdS
Examples.

Non-derivative vertex of scalars fields <latexit sha1_base64="IzG/WoqhcwBkWrWEWH1cLdNhBHs=">AAACNHicbZDLSsNAFIYnXmu9RV26GSxC3ZRERN0IRTeCmwr2Ak0ok+mkHTqZhJkToYQ+lBsfxI0ILhRx6zM4bbOwrQcGfv7vHM6cP0gE1+A4b9bS8srq2npho7i5tb2za+/tN3ScKsrqNBaxagVEM8ElqwMHwVqJYiQKBGsGg5sxbz4ypXksH2CYMD8iPclDTgkYq2PfZR4lAjdGnmAhlFue4r0+nOAr3MNe0ucddw54ohuDnjI5yzp2yak4k8KLws1FCeVV69gvXjemacQkUEG0brtOAn5GFHAq2KjopZolhA5Ij7WNlCRi2s8mR4/wsXG6OIyVeRLwxP07kZFI62EUmM6IQF/Ps7H5H2unEF76GZdJCkzS6aIwFRhiPE4Qd7liFMTQCEIVN3/FtE8UoWByLpoQ3PmTF0XjtOKeV9z7s1L1Oo+jgA7RESojF12gKrpFNVRHFD2hV/SBPq1n6936sr6nrUtWPnOAZsr6+QX1+6p0</latexit>

V (X) = g�1 (X) . . .�n (X)

Contact diagram:

<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="XaSRtPIecMMAZkSJpj7/jn8eQRU=">AAAB6HicdVDLSgMxFM34rPVVdekmWARBGDK109Zd0Y3LFuwD2qFk0kwbm8kMSUYoQ7/AjQtF3PpJ7vwbM20FFT1w4XDOvdx7jx9zpjRCH9bK6tr6xmZuK7+9s7u3Xzg4bKsokYS2SMQj2fWxopwJ2tJMc9qNJcWhz2nHn1xnfueeSsUicaunMfVCPBIsYARrIzXPB4Uisp2SW61cQGRX3PIlcg1BqFxzXOgYkqEIlmgMCu/9YUSSkApNOFaq56BYeymWmhFOZ/l+omiMyQSPaM9QgUOqvHR+6AyeGmUIg0iaEhrO1e8TKQ6Vmoa+6QyxHqvfXib+5fUSHdS8lIk40VSQxaIg4VBHMPsaDpmkRPOpIZhIZm6FZIwlJtpkkzchfH0K/yftku1UbKdZLtavlnHkwDE4AWfAAVVQBzegAVqAAAoewBN4tu6sR+vFel20rljLmSPwA9bbJ9pgjPw=</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="GC+OTsZKMXP5h76iy9eOpsuX2v4="></latexit>

= e±
i⇡
2 (d�1)

nY

j=1

e⌥
i⇡
2 �j

<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="SYdsUX+Pg42ZHcgpzHb8yxgM3Ao=">AAAB6HicdVDLSgMxFM34rPVVdekmWAQ3Dpnaaeuu6MZlC/YB7VAyaaaNzWSGJCOUoV/gxoUibv0kd/6NmbaCih64cDjnXu69x485UxqhD2tldW19YzO3ld/e2d3bLxwctlWUSEJbJOKR7PpYUc4EbWmmOe3GkuLQ57TjT64zv3NPpWKRuNXTmHohHgkWMIK1kZrng0IR2U7JrVYuILIrbvkSuYYgVK45LnQMyVAESzQGhff+MCJJSIUmHCvVc1CsvRRLzQins3w/UTTGZIJHtGeowCFVXjo/dAZPjTKEQSRNCQ3n6veJFIdKTUPfdIZYj9VvLxP/8nqJDmpeykScaCrIYlGQcKgjmH0Nh0xSovnUEEwkM7dCMsYSE22yyZsQvj6F/5N2yXYqttMsF+tXyzhy4BicgDPggCqogxvQAC1AAAUP4Ak8W3fWo/VivS5aV6zlzBH4AevtE91ojP4=</latexit>�

<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+

Where

[C.S. and M. Taronna ’19]


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

<latexit sha1_base64="GC+OTsZKMXP5h76iy9eOpsuX2v4="></latexit>

= e±
i⇡
2 (d�1)

nY

j=1

e⌥
i⇡
2 �j

<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

Same contact diagram in EAdS




From dS to Euclidean AdS
Examples.

Non-derivative vertex of scalars fields <latexit sha1_base64="IzG/WoqhcwBkWrWEWH1cLdNhBHs=">AAACNHicbZDLSsNAFIYnXmu9RV26GSxC3ZRERN0IRTeCmwr2Ak0ok+mkHTqZhJkToYQ+lBsfxI0ILhRx6zM4bbOwrQcGfv7vHM6cP0gE1+A4b9bS8srq2npho7i5tb2za+/tN3ScKsrqNBaxagVEM8ElqwMHwVqJYiQKBGsGg5sxbz4ypXksH2CYMD8iPclDTgkYq2PfZR4lAjdGnmAhlFue4r0+nOAr3MNe0ucddw54ohuDnjI5yzp2yak4k8KLws1FCeVV69gvXjemacQkUEG0brtOAn5GFHAq2KjopZolhA5Ij7WNlCRi2s8mR4/wsXG6OIyVeRLwxP07kZFI62EUmM6IQF/Ps7H5H2unEF76GZdJCkzS6aIwFRhiPE4Qd7liFMTQCEIVN3/FtE8UoWByLpoQ3PmTF0XjtOKeV9z7s1L1Oo+jgA7RESojF12gKrpFNVRHFD2hV/SBPq1n6936sr6nrUtWPnOAZsr6+QX1+6p0</latexit>

V (X) = g�1 (X) . . .�n (X)

Contact diagram:

<latexit sha1_base64="XaSRtPIecMMAZkSJpj7/jn8eQRU=">AAAB6HicdVDLSgMxFM34rPVVdekmWARBGDK109Zd0Y3LFuwD2qFk0kwbm8kMSUYoQ7/AjQtF3PpJ7vwbM20FFT1w4XDOvdx7jx9zpjRCH9bK6tr6xmZuK7+9s7u3Xzg4bKsokYS2SMQj2fWxopwJ2tJMc9qNJcWhz2nHn1xnfueeSsUicaunMfVCPBIsYARrIzXPB4Uisp2SW61cQGRX3PIlcg1BqFxzXOgYkqEIlmgMCu/9YUSSkApNOFaq56BYeymWmhFOZ/l+omiMyQSPaM9QgUOqvHR+6AyeGmUIg0iaEhrO1e8TKQ6Vmoa+6QyxHqvfXib+5fUSHdS8lIk40VSQxaIg4VBHMPsaDpmkRPOpIZhIZm6FZIwlJtpkkzchfH0K/yftku1UbKdZLtavlnHkwDE4AWfAAVVQBzegAVqAAAoewBN4tu6sR+vFel20rljLmSPwA9bbJ9pgjPw=</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="GC+OTsZKMXP5h76iy9eOpsuX2v4="></latexit>

= e±
i⇡
2 (d�1)

nY

j=1

e⌥
i⇡
2 �j

<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="SYdsUX+Pg42ZHcgpzHb8yxgM3Ao=">AAAB6HicdVDLSgMxFM34rPVVdekmWAQ3Dpnaaeuu6MZlC/YB7VAyaaaNzWSGJCOUoV/gxoUibv0kd/6NmbaCih64cDjnXu69x485UxqhD2tldW19YzO3ld/e2d3bLxwctlWUSEJbJOKR7PpYUc4EbWmmOe3GkuLQ57TjT64zv3NPpWKRuNXTmHohHgkWMIK1kZrng0IR2U7JrVYuILIrbvkSuYYgVK45LnQMyVAESzQGhff+MCJJSIUmHCvVc1CsvRRLzQins3w/UTTGZIJHtGeowCFVXjo/dAZPjTKEQSRNCQ3n6veJFIdKTUPfdIZYj9VvLxP/8nqJDmpeykScaCrIYlGQcKgjmH0Nh0xSovnUEEwkM7dCMsYSE22yyZsQvj6F/5N2yXYqttMsF+tXyzhy4BicgDPggCqogxvQAC1AAAUP4Ak8W3fWo/VivS5aV6zlzBH4AevtE91ojP4=</latexit>�

<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+

[C.S. and M. Taronna ’19]


<latexit sha1_base64="6fpcGnOr6mcv6Rq9BG3BSXlh1wc="></latexit>

= sin

0

@�d

2
+

nX

j=1

�j

1

A⇡

<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

Encodes unitary time evolution

c.f.  “Cosmological Optical Theorem” [Goodhew et al, 2020]

<latexit sha1_base64="vE+bv/FUizyMmrwR6YENqSshtTM="></latexit>

sin
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Same contact diagram in EAdS




<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:

From dS to EAdS, and back
dS boundry 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

Notes:

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
<latexit sha1_base64="9uip4QfVUQb1nSxBbb8rpTW1gmo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh55Q/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6tWq3v1lpX6Tx1GEEziFc/DgCupwBw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH06mjdE=</latexit>2

Can use to import techniques and results from AdS to dS!

Process with M vertices

<latexit sha1_base64="zF/ZhjCzelrXr4fRNrxoqjy56AM="></latexit>

Ccontact
1 ⇥ . . . ⇥ Ccontact

M

factorises into:



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

⇤ = 0



<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

 (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  (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="ndBOpb2fpPZcjfASLmMcdYK0j9E="></latexit>

Q2 = 0, Q ⌘ �Q, � 2 R+

Conformal boundary:

Introduce projective coordinates:

<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

unit sphere



<latexit sha1_base64="7ffEbrCeSbSaUWiWF7zs2pn+Jl4="></latexit>Z 1

0

dt

t
t� (. . .)

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

=
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X̂i!Qi

Z 1

0
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D
�1(t1X̂1) . . .�n(tnX̂n)

E

Mellin transform Inverse Mellin transform
<latexit sha1_base64="HmGJB+NR7cSPZODmSpgrjxROgpQ="></latexit>Z d

2+i1

d
2�i1

d�

2⇡i
t�� (. . .)

Unitary Principal Series

representations of SO(d+1,1) 

Hyperbolic coordinate

radial coordinate



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

“Celestial” bulk-to-boundary propagator:

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 !

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

Gflat
� (X,Q) = lim

Ŷ!Q

Z 1

0

dt

t
t� GF

⇣
X, tŶ

⌘
=

Kernel of the radial reduction

(Bessel-K function) <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="CCbbeTnvudu8wej9zfc5dfnKzUA="></latexit>

⇥ K(m)

i( d
2��)

⇣p
X2 + i✏

⌘

bulk-to-boundary

propagator in EAdS

Hyperbolic coordinate

radial coordinate



<latexit sha1_base64="6fpcGnOr6mcv6Rq9BG3BSXlh1wc="></latexit>
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<latexit sha1_base64="vE+bv/FUizyMmrwR6YENqSshtTM="></latexit>

sin

 
�d

2
+

1

2

nX

i=1

�i

!
⇡

<latexit sha1_base64="EfvkZ5WAycF+3otS5Idn9+xNwS0="></latexit>

hO�1(Q1) . . .O�n(Qn)i = �ig

Z
dd+2X Gflat

�1
(X,Q1) · · ·G

flat
�n

(X,Qn) .

Examples.
Non-derivative vertex of scalars fields <latexit sha1_base64="IzG/WoqhcwBkWrWEWH1cLdNhBHs=">AAACNHicbZDLSsNAFIYnXmu9RV26GSxC3ZRERN0IRTeCmwr2Ak0ok+mkHTqZhJkToYQ+lBsfxI0ILhRx6zM4bbOwrQcGfv7vHM6cP0gE1+A4b9bS8srq2npho7i5tb2za+/tN3ScKsrqNBaxagVEM8ElqwMHwVqJYiQKBGsGg5sxbz4ypXksH2CYMD8iPclDTgkYq2PfZR4lAjdGnmAhlFue4r0+nOAr3MNe0ucddw54ohuDnjI5yzp2yak4k8KLws1FCeVV69gvXjemacQkUEG0brtOAn5GFHAq2KjopZolhA5Ij7WNlCRi2s8mR4/wsXG6OIyVeRLwxP07kZFI62EUmM6IQF/Ps7H5H2unEF76GZdJCkzS6aIwFRhiPE4Qd7liFMTQCEIVN3/FtE8UoWByLpoQ3PmTF0XjtOKeV9z7s1L1Oo+jgA7RESojF12gKrpFNVRHFD2hV/SBPq1n6936sr6nrUtWPnOAZsr6+QX1+6p0</latexit>

V (X) = g�1 (X) . . .�n (X)

Contact diagram:

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

Gflat
� (X,Q) = lim

Ŷ!Q

Z 1

0

dt

t
t� GF

⇣
X, tŶ

⌘
=

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

Gflat
� (X,Q) = lim

Ŷ!Q

Z 1

0

dt

t
t� GF

⇣
X, tŶ

⌘
=

From the Celestial Sphere to EAdS

<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="nFEtruJ285T8QXurDB+oal08sIg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilh0Zf9csVt+rOQVaJl5MK5Kj3y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MbPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqndV9RqXldptHkcRTuAUzsGDa6jBPdShCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAuso28</latexit>

Qn

<latexit sha1_base64="cxvfGv1rkbXKlVUyRYHznd7PLbo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz00Oh7/XLFrbpzkFXi5aQCOer98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeONnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+q6jUuK7XbPI4inMApnIMH11CDe6hDExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDSL41/</latexit>

Q1

<latexit sha1_base64="Pawhb1jBOVbZwnLvxegABwVxiuI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rFF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WjmSToR3QoecgZNVZ6aPSr/VLZrbhzkFXi5aQMOer90ldvELM0QmmYoFp3PTcxfkaV4UzgtNhLNSaUjekQu5ZKGqH2s/mpU3JulQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeONnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtO0YbgLb+8SlrVindV8RqX5dptHkcBTuEMLsCDa6jBPdShCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gDTs42A</latexit>

Q2

<latexit sha1_base64="VCNEmm+bQ95+Sx37bD/k3b9B2dg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cW7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuTaiFg94CThfkSHSoSCUbTSfaN/3i9X3Ko7B/lLvJxUIEe9X/7sDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5scqAhLG2pZDM1Z8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyX9I6q3qXVa9xUand5HEU4QiO4RQ8uIIa3EEdmsBgCE/wAq+OdJ6dN+d90Vpw8plD+AXn4xvVN42B</latexit>

Q3

<latexit sha1_base64="wTkniPzorO9exrDObU3J7twbsBE="></latexit>

= sin
�
⇡
2 (�1 + . . .+�n � d)

�
R�1...�n (m1, . . . ,mn)

Contribution from radial integral. 

Encodes all mass dependence.

(Generalised hypergeometric) 


Like in dS, Celestial contact diagrams are proportional to their EAdS counterparts

<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="CCbbeTnvudu8wej9zfc5dfnKzUA="></latexit>

⇥ K(m)

i( d
2��)

⇣p
X2 + i✏

⌘

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

⇥ K(m)

i( d
2��)

⇣p
X2 + i✏

⌘

(Analytically continued)

EAdS contact diagram


Same factor as for dS contact diagrams.

Comes from combining contributions


from regions inside and outside lightcone

[C.S. and M. Taronna  ’23]



[C.S. and M. Taronna  ’23]
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

Process with M vertices

Process with M vertices

<latexit sha1_base64="zF/ZhjCzelrXr4fRNrxoqjy56AM="></latexit>

Ccontact
1 ⇥ . . . ⇥ Ccontact

M

factorises into:

Unitary Principal Series

representations of SO(d+1,1) 



[C.S. and M. Taronna  ’23]
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

Comments:

Minkowski exchanges are a continuum 

of EAdS exchanges

Makes manifest 

conformal symmetry

Process with M vertices
<latexit sha1_base64="zF/ZhjCzelrXr4fRNrxoqjy56AM="></latexit>

Ccontact
1 ⇥ . . . ⇥ Ccontact

M

factorises into:

Relation to definition [Pasterski, Shao, Strominger ’17] of celestial correlators 

as scattering amplitudes in a conformal basis?  

[Pasterski, Shao, Strominger ’17]  = LSZ ([Sleight, Taronna ’23]) ?

Celestial correlators defined as an extrapolation of bulk Minkowski correlators

give a definition of celestial correlators for theories without an S-matrix. 


What lessons can we draw from Minkowski CFT? 

Unitary Principal Series

representations of SO(d+1,1) 



Some applications.



Perturbative OPE data 
Perturbative OPE data on the boundary of dS and Minkowski space from EAdS

[C.S. and M. Taronna  ’20]E.g. Composite operators on the boundary

induced by  an exchange diagram in dS:
<latexit sha1_base64="9GLdO/Yfvv2VRn43JfboLuiSc2I=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5RERD0WvXisYD+gCWGznbZLdzdhdyPU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmxSln2njet7Oyura+sVnaKm/v7O5V3P2Dlk4yRaFJE56oTkw0cCahaZjh0EkVEBFzaMej26nffgSlWSIfzDiFUJCBZH1GibFS5FaCARGCRLk8C4DzSeRWvZo3A14mfkGqqEAjcr+CXkIzAdJQTrTu+l5qwpwowyiHSTnINKSEjsgAupZKIkCH+ezwCT6xSg/3E2VLGjxTf0/kRGg9FrHtFMQM9aI3Ff/zupnpX4c5k2lmQNL5on7GsUnwNAXcYwqo4WNLCFXM3orpkChCjc2qbEPwF19eJq3zmn9Z8+8vqvWbIo4SOkLH6BT56ArV0R1qoCaiKEPP6BW9OU/Oi/PufMxbV5xi5hD9gfP5A83OkzA=</latexit>�n,`

induced by bulk         contact diagram in dS:
<latexit sha1_base64="/czQffuqOVkSfwsmgzB4FSsE9jM=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9o15JNs21sNglJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0M/VbT1QbJsW9HSsaJnggWMwItk5qdtWQPZz3yhW/6s+AlkmQkwrkqPfKX92+JGlChSUcG9MJfGXDDGvLCKeTUjc1VGEywgPacVTghJowm107QSdO6aNYalfCopn6eyLDiTHjJHKdCbZDs+hNxf+8TmrjqzBjQqWWCjJfFKccWYmmr6M+05RYPnYEE83crYgMscbEuoBKLoRg8eVl0jyrBhfV4O68UrvO4yjCERzDKQRwCTW4hTo0gMAjPMMrvHnSe/HevY95a8HLZw7hD7zPH0BFjus=</latexit>

�4<latexit sha1_base64="9GLdO/Yfvv2VRn43JfboLuiSc2I=">AAAB+HicbVBNS8NAEN34WetHox69LBbBg5RERD0WvXisYD+gCWGznbZLdzdhdyPU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmxSln2njet7Oyura+sVnaKm/v7O5V3P2Dlk4yRaFJE56oTkw0cCahaZjh0EkVEBFzaMej26nffgSlWSIfzDiFUJCBZH1GibFS5FaCARGCRLk8C4DzSeRWvZo3A14mfkGqqEAjcr+CXkIzAdJQTrTu+l5qwpwowyiHSTnINKSEjsgAupZKIkCH+ezwCT6xSg/3E2VLGjxTf0/kRGg9FrHtFMQM9aI3Ff/zupnpX4c5k2lmQNL5on7GsUnwNAXcYwqo4WNLCFXM3orpkChCjc2qbEPwF19eJq3zmn9Z8+8vqvWbIo4SOkLH6BT56ArV0R1qoCaiKEPP6BW9OU/Oi/PufMxbV5xi5hD9gfP5A83OkzA=</latexit>�n,`

<latexit sha1_base64="3jp0hu6/TGa8i+JdjRWEIpZMZ40=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclJJIUTdC0Y3LCvYBTRom02k7dGYSZiZCCVm48VfcuFDErR/hzr9x2mahrQcuHM65l3vvCWNGlXacb2tldW19Y7OwVdze2d3btw8OWypKJCZNHLFIdkKkCKOCNDXVjHRiSRAPGWmH45up334gUtFI3OtJTHyOhoIOKEbaSIFd8oaIc9RLvXhEe7UsSEXFI4xlXuUqsMtO1ZkBLhM3J2WQoxHYX14/wgknQmOGlOq6Tqz9FElNMSNZ0UsUiREeoyHpGioQJ8pPZ09k8MQofTiIpCmh4Uz9PZEirtSEh6aTIz1Si95U/M/rJnpw6adUxIkmAs8XDRIGdQSnicA+lQRrNjEEYUnNrRCPkERYm9yKJgR38eVl0jqruudV965Wrl/ncRRACRyDU+CCC1AHt6ABmgCDR/AMXsGb9WS9WO/Wx7x1xcpnjsAfWJ8/bReX8g==</latexit>

��4

n,` =

<latexit sha1_base64="0ao+mUQ1rjj6I2XmLxXFUOIELfY=">AAACEnicbVBNS8NAEN34WetX1aOXxSK0iCUpoh6LevCoYFVoQtlsJu3iZhN2J0IJ/Q1e/CtePCji1ZM3/43b2oNfDwYe780wMy/MpDDouh/O1PTM7Nx8aaG8uLS8slpZW780aa45tHkqU30dMgNSKGijQAnXmQaWhBKuwpvjkX91C9qIVF3gIIMgYT0lYsEZWqlbqftGKOpLiLG268ea8SIaFs3hTtM/AYnM16LXx7qfiW6l6jbcMehf4k1IlUxw1q28+1HK8wQUcsmM6XhuhkHBNAouYVj2cwMZ4zesBx1LFUvABMX4pSHdtkpE41TbUkjH6veJgiXGDJLQdiYM++a3NxL/8zo5xodBIVSWIyj+tSjOJcWUjvKhkdDAUQ4sYVwLeyvlfWZzQZti2Ybg/X75L7lsNrz9hne+V20dTeIokU2yRWrEIwekRU7JGWkTTu7IA3kiz8698+i8OK9frVPOZGaD/IDz9gmIwJ1m</latexit>

sin

✓
�d

2
+ 2�

◆
⇡

<latexit sha1_base64="6rSkApz6yG5mhWmJrOKGFLD4OhA="></latexit>

(EAdS)��4

n,` =
<latexit sha1_base64="CCbbeTnvudu8wej9zfc5dfnKzUA="></latexit>

⇥ K(m)

i( d
2��)

⇣p
X2 + i✏

⌘<latexit sha1_base64="krGb/6TxwxHD2I/+tu1MbjWjbVw=">AAACFXicbVDLSgNBEJz1GeMr6tHLYBAUNewGUS+CqAePCkaFTAizk95kyOzsMtMrhCU/4cVf8eJBEa+CN//GSczBV0FDUdVNd1eYKmnR9z+8sfGJyanpwkxxdm5+YbG0tHxlk8wIqIlEJeYm5BaU1FBDiQpuUgM8DhVch92TgX99C8bKRF9iL4VGzNtaRlJwdFKztH3ItpmVmjIFEW7ssMhwkbf6ebW/VWWnoJAzI9sd3GSpbJbKfsUfgv4lwYiUyQjnzdI7ayUii0GjUNzaeuCn2Mi5QSkU9Isss5By0eVtqDuqeQy2kQ+/6tN1p7RolBhXGulQ/T6R89jaXhy6zphjx/72BuJ/Xj3D6KCRS51mCFp8LYoyRTGhg4hoSxoQqHqOcGGku5WKDne5oAuy6EIIfr/8l1xVK8FeJbjYLR8dj+IokFWyRjZIQPbJETkj56RGBLkjD+SJPHv33qP34r1+tY55o5kV8gPe2ydD1J5J</latexit>

= sin

✓
�d

2
+ 2�

◆
⇡

<latexit sha1_base64="WWaPxjLc5buyAWtgjswK3uRNtkA="></latexit>

(EAdS)��3 exch�+

n,`

<latexit sha1_base64="gLuvCSGs803BLbj1R0HGgrF/DyU=">AAACEnicbVDLSgNBEJz1GeMr6tHLYBAUJOyqqAhC0ItHBaNCNobZSScZnJldZnrFsOw3ePFXvHhQxKsnb/6Nk5iDr4KGoqqb7q4okcKi7394I6Nj4xOThani9Mzs3HxpYfHcxqnhUOOxjM1lxCxIoaGGAiVcJgaYiiRcRNdHff/iBowVsT7DXgINxTpatAVn6KRmaT3sMKXYVRYmXXG1RcP9EOEWM7jl3TxvZnojBCnzcOOgWSr7FX8A+pcEQ1ImQ5w0S+9hK+apAo1cMmvrgZ9gI2MGBZeQF8PUQsL4NetA3VHNFNhGNngpp6tOadF2bFxppAP1+0TGlLU9FblOxbBrf3t98T+vnmJ7r5EJnaQImn8taqeSYkz7+dCWMMBR9hxh3Ah3K+VdZhhHl2LRhRD8fvkvOd+sBDuV4HS7XD0cxlEgy2SFrJGA7JIqOSYnpEY4uSMP5Ik8e/feo/fivX61jnjDmSXyA97bJ3CxnfQ=</latexit>

��3 exch
n,` =

<latexit sha1_base64="Om5+2/E/WZRqNRsqDs30S43ipgM=">AAACT3iclZFLSwMxFIUz9V1fVZdugkVQqmWmiLoUdeFSwarQlJJJ77TBTGZI7ghl6D90ozv/hhsXipjWWfjaeCDk49x7SXISpkpa9P0nrzQxOTU9MztXnl9YXFqurKxe2SQzApoiUYm5CbkFJTU0UaKCm9QAj0MF1+Htyah+fQfGykRf4iCFdsx7WkZScHRWpxIxKzVlCiLcYpHhIt/t1hrsFBTy2ufWqQ3zxpAZ2evjNksl2/n/TKdS9ev+WPQ3BAVUSaHzTuWRdRORxaBRKG5tK/BTbOfcoBQKhmWWWUi5uOU9aDnUPAbbzsd5DOmmc7o0SoxbGunY/TqR89jaQRy6zphj3/6sjcy/aq0Mo8N2LnWaIWjxeVCUKYoJHYVLu9KAQDVwwIWR7q5U9LlLCN0XlF0Iwc8n/4arRj3YrwcXe9Wj4yKOWbJONsgWCcgBOSJn5Jw0iSD35Jm8kjfvwXvx3ktFa8krYI18U2nuAyBPs2M=</latexit>

sin

✓
�d+ 2�+�+

2

◆
⇡ sin

✓
�d+ 2�+�+

2

◆
⇡

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

⇥ K(m)

i( d
2��)

⇣p
X2 + i✏

⌘
<latexit sha1_base64="3ovBdPkmodhS7toikmwKASIDn1U=">AAACEHicbVDLSgMxFM3UV62vqks3wSJW1DIjoi6LunBZwT6gU0omvdOGZh4kd4RS+glu/BU3LhRx69Kdf2PazkKtBwIn59xLco4XS6HRtr+szNz8wuJSdjm3srq2vpHf3KrpKFEcqjySkWp4TIMUIVRRoIRGrIAFnoS6178a+/V7UFpE4R0OYmgFrBsKX3CGRmrn9w+pe0RdCT4W3WuQyNpGwYiml2NXiW4PD9r5gl2yJ6CzxElJgaSotPOfbifiSQAhcsm0bjp2jK0hUyi4hFHOTTTEjPdZF5qGhiwA3RpOAo3onlE61I+UOSHSifpzY8gCrQeBZyYDhj391xuL/3nNBP2L1lCEcYIQ8ulDfiKpCTxuh3aEAo5yYAjjSpi/Ut5jinE0HeZMCc7fyLOkdlJyzkrO7WmhfJnWkSU7ZJcUiUPOSZnckAqpEk4eyBN5Ia/Wo/VsvVnv09GMle5sk1+wPr4BogSbHQ==</latexit>

+ (�+ ! ��)
<latexit sha1_base64="3ovBdPkmodhS7toikmwKASIDn1U=">AAACEHicbVDLSgMxFM3UV62vqks3wSJW1DIjoi6LunBZwT6gU0omvdOGZh4kd4RS+glu/BU3LhRx69Kdf2PazkKtBwIn59xLco4XS6HRtr+szNz8wuJSdjm3srq2vpHf3KrpKFEcqjySkWp4TIMUIVRRoIRGrIAFnoS6178a+/V7UFpE4R0OYmgFrBsKX3CGRmrn9w+pe0RdCT4W3WuQyNpGwYiml2NXiW4PD9r5gl2yJ6CzxElJgaSotPOfbifiSQAhcsm0bjp2jK0hUyi4hFHOTTTEjPdZF5qGhiwA3RpOAo3onlE61I+UOSHSifpzY8gCrQeBZyYDhj391xuL/3nNBP2L1lCEcYIQ8ulDfiKpCTxuh3aEAo5yYAjjSpi/Ut5jinE0HeZMCc7fyLOkdlJyzkrO7WmhfJnWkSU7ZJcUiUPOSZnckAqpEk4eyBN5Ia/Wo/VsvVnv09GMle5sk1+wPr4BogSbHQ==</latexit>

+ (�+ ! ��)

<latexit sha1_base64="eQ82tvq8DrJXfLikdIqxmoP8b4A="></latexit>

= sin

✓
�d+ 2�+�+

2

◆
⇡ sin

✓
�d+ 2�+�+

2

◆
⇡

<latexit sha1_base64="3ovBdPkmodhS7toikmwKASIDn1U=">AAACEHicbVDLSgMxFM3UV62vqks3wSJW1DIjoi6LunBZwT6gU0omvdOGZh4kd4RS+glu/BU3LhRx69Kdf2PazkKtBwIn59xLco4XS6HRtr+szNz8wuJSdjm3srq2vpHf3KrpKFEcqjySkWp4TIMUIVRRoIRGrIAFnoS6178a+/V7UFpE4R0OYmgFrBsKX3CGRmrn9w+pe0RdCT4W3WuQyNpGwYiml2NXiW4PD9r5gl2yJ6CzxElJgaSotPOfbifiSQAhcsm0bjp2jK0hUyi4hFHOTTTEjPdZF5qGhiwA3RpOAo3onlE61I+UOSHSifpzY8gCrQeBZyYDhj391xuL/3nNBP2L1lCEcYIQ8ulDfiKpCTxuh3aEAo5yYAjjSpi/Ut5jinE0HeZMCc7fyLOkdlJyzkrO7WmhfJnWkSU7ZJcUiUPOSZnckAqpEk4eyBN5Ia/Wo/VsvVnv09GMle5sk1+wPr4BogSbHQ==</latexit>

+ (�+ ! ��)
<latexit sha1_base64="3ovBdPkmodhS7toikmwKASIDn1U=">AAACEHicbVDLSgMxFM3UV62vqks3wSJW1DIjoi6LunBZwT6gU0omvdOGZh4kd4RS+glu/BU3LhRx69Kdf2PazkKtBwIn59xLco4XS6HRtr+szNz8wuJSdjm3srq2vpHf3KrpKFEcqjySkWp4TIMUIVRRoIRGrIAFnoS6178a+/V7UFpE4R0OYmgFrBsKX3CGRmrn9w+pe0RdCT4W3WuQyNpGwYiml2NXiW4PD9r5gl2yJ6CzxElJgaSotPOfbifiSQAhcsm0bjp2jK0hUyi4hFHOTTTEjPdZF5qGhiwA3RpOAo3onlE61I+UOSHSifpzY8gCrQeBZyYDhj391xuL/3nNBP2L1lCEcYIQ8ulDfiKpCTxuh3aEAo5yYAjjSpi/Ut5jinE0HeZMCc7fyLOkdlJyzkrO7WmhfJnWkSU7ZJcUiUPOSZnckAqpEk4eyBN5Ia/Wo/VsvVnv09GMle5sk1+wPr4BogSbHQ==</latexit>

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

�+

<latexit sha1_base64="Xxl+5ounr3uX7kQvkHUAXB950CU="></latexit>

[OO]n,` ⇠ O
�
@2

�n
@i1 . . . @i`O + . . . scaling dimension:

<latexit sha1_base64="V9lZdXNgJKSizUaTOH1gs0G5jf4=">AAACGnicbVDLSgMxFM34rPVVdekmWAShUmaKqBuhqAuXFewDOqVk0ts2NMkMSUYoQ7/Djb/ixoUi7sSNf2OmLaitBwKHc87l5p4g4kwb1/1yFhaXlldWM2vZ9Y3Nre3czm5Nh7GiUKUhD1UjIBo4k1A1zHBoRAqICDjUg8FV6tfvQWkWyjszjKAlSE+yLqPEWKmd8/xr4Ia0E3nsA+cjfIFLE6lQkoVUKvg9IsRPop3Lu0V3DDxPvCnJoykq7dyH3wlpLEAayonWTc+NTCshyjDKYZT1Yw0RoQPSg6alkgjQrWR82ggfWqWDu6GyTxo8Vn9PJERoPRSBTQpi+nrWS8X/vGZsuuethMkoNiDpZFE35tiEOO0Jd5gCavjQEkIVs3/FtE8Uoca2mbUleLMnz5NaqeidFr3bk3z5clpHBu2jA3SEPHSGyugGVVAVUfSAntALenUenWfnzXmfRBec6cwe+gPn8xuflKAD</latexit>

�n,` = 2�+ 2n+ `+ �n,`

Free theory anomalous

dimension



Perturbative OPE data 
Perturbative OPE data on the boundary of dS and Minkowski space from EAdS

E.g. Composite operators on the boundary

<latexit sha1_base64="Xxl+5ounr3uX7kQvkHUAXB950CU="></latexit>

[OO]n,` ⇠ O
�
@2

�n
@i1 . . . @i`O + . . . scaling dimension:

<latexit sha1_base64="V9lZdXNgJKSizUaTOH1gs0G5jf4=">AAACGnicbVDLSgMxFM34rPVVdekmWAShUmaKqBuhqAuXFewDOqVk0ts2NMkMSUYoQ7/Djb/ixoUi7sSNf2OmLaitBwKHc87l5p4g4kwb1/1yFhaXlldWM2vZ9Y3Nre3czm5Nh7GiUKUhD1UjIBo4k1A1zHBoRAqICDjUg8FV6tfvQWkWyjszjKAlSE+yLqPEWKmd8/xr4Ia0E3nsA+cjfIFLE6lQkoVUKvg9IsRPop3Lu0V3DDxPvCnJoykq7dyH3wlpLEAayonWTc+NTCshyjDKYZT1Yw0RoQPSg6alkgjQrWR82ggfWqWDu6GyTxo8Vn9PJERoPRSBTQpi+nrWS8X/vGZsuuethMkoNiDpZFE35tiEOO0Jd5gCavjQEkIVs3/FtE8Uoca2mbUleLMnz5NaqeidFr3bk3z5clpHBu2jA3SEPHSGyugGVVAVUfSAntALenUenWfnzXmfRBec6cwe+gPn8xuflKAD</latexit>

�n,` = 2�+ 2n+ `+ �n,`

Free theory anomalous

dimension

[Bros et al ’06-’09, Marolf and Morrison ’10, Krotov and Polyakov ’10, Arkani-Hamed and Maldacena ’15]

dSAdS

vs.

<latexit sha1_base64="V9lZdXNgJKSizUaTOH1gs0G5jf4=">AAACGnicbVDLSgMxFM34rPVVdekmWAShUmaKqBuhqAuXFewDOqVk0ts2NMkMSUYoQ7/Djb/ixoUi7sSNf2OmLaitBwKHc87l5p4g4kwb1/1yFhaXlldWM2vZ9Y3Nre3czm5Nh7GiUKUhD1UjIBo4k1A1zHBoRAqICDjUg8FV6tfvQWkWyjszjKAlSE+yLqPEWKmd8/xr4Ia0E3nsA+cjfIFLE6lQkoVUKvg9IsRPop3Lu0V3DDxPvCnJoykq7dyH3wlpLEAayonWTc+NTCshyjDKYZT1Yw0RoQPSg6alkgjQrWR82ggfWqWDu6GyTxo8Vn9PJERoPRSBTQpi+nrWS8X/vGZsuuethMkoNiDpZFE35tiEOO0Jd5gCavjQEkIVs3/FtE8Uoca2mbUleLMnz5NaqeidFr3bk3z5clpHBu2jA3SEPHSGyugGVVAVUfSAntALenUenWfnzXmfRBec6cwe+gPn8xuflKAD</latexit>

�n,` = 2�+ 2n+ `+ �n,`is unitary
<latexit sha1_base64="V9lZdXNgJKSizUaTOH1gs0G5jf4=">AAACGnicbVDLSgMxFM34rPVVdekmWAShUmaKqBuhqAuXFewDOqVk0ts2NMkMSUYoQ7/Djb/ixoUi7sSNf2OmLaitBwKHc87l5p4g4kwb1/1yFhaXlldWM2vZ9Y3Nre3czm5Nh7GiUKUhD1UjIBo4k1A1zHBoRAqICDjUg8FV6tfvQWkWyjszjKAlSE+yLqPEWKmd8/xr4Ia0E3nsA+cjfIFLE6lQkoVUKvg9IsRPop3Lu0V3DDxPvCnJoykq7dyH3wlpLEAayonWTc+NTCshyjDKYZT1Yw0RoQPSg6alkgjQrWR82ggfWqWDu6GyTxo8Vn9PJERoPRSBTQpi+nrWS8X/vGZsuuethMkoNiDpZFE35tiEOO0Jd5gCavjQEkIVs3/FtE8Uoca2mbUleLMnz5NaqeidFr3bk3z5clpHBu2jA3SEPHSGyugGVVAVUfSAntALenUenWfnzXmfRBec6cwe+gPn8xuflKAD</latexit>

�n,` = 2�+ 2n+ `+ �n,`is (generally) non-unitary

stable particle (bound state) resonance



Conformal Partial Wave Expansion

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

<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, meromorphic in 

Conformal Partial Wave

Like in AdS they admit a conformal partial wave expansion
<latexit sha1_base64="fRwX7vZeB5nZ6oICbvQMhqJ1GsU=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFSYx1XRX1IXLCrYW2lAm00k7djIJMxOhhP6DGxeKuPV/3Pk3Th+Cih64cDjnXu69J0w5UxqhD6uwtLyyulZcL21sbm3vlHf3WirJJKFNkvBEtkOsKGeCNjXTnLZTSXEccnobji6m/u09lYol4kaPUxrEeCBYxAjWRmp1LynXuFeuILtWQ57nQ2RXket6VUPQiev7DnRsNEMFLNDold+7/YRkMRWacKxUx0GpDnIsNSOcTkrdTNEUkxEe0I6hAsdUBfns2gk8MkofRok0JTScqd8nchwrNY5D0xljPVS/van4l9fJdOQHORNppqkg80VRxqFO4PR12GeSEs3HhmAimbkVkiGWmGgTUMmE8PUp/J+0XNs5tZ1rr1I/X8RRBAfgEBwDB5yBOrgCDdAEBNyBB/AEnq3EerRerNd5a8FazOyDH7DePgHN/o9M</latexit>

�

This has been argued to hold non-perturbatively as well

Cf. Lorentzian CFT: 
<latexit sha1_base64="VeZ5PAKcFYSvvAMwyDZqiqnw12w="></latexit>

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

�,J

C2
�,J G�,J (x1,x2,x3,x4)

<latexit sha1_base64="/pCFcXllj3g+94lDqftTWD2w908=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4NB8CBhN4h6DMaDeIpgHpBdl9lJJxky+3BmVghrDv6KFw+KePU3vPk3TpI9aGJBQ1HVTXeXH3MmlWV9G7mFxaXllfxqYW19Y3PL3N5pyCgRFOo04pFo+UQCZyHUFVMcWrEAEvgcmv6gOvabDyAki8JbNYzBDUgvZF1GidKSZ+7h6l3ZS51L4Ioc4+uR04N7bHlm0SpZE+B5YmekiDLUPPPL6UQ0CSBUlBMp27YVKzclQjHKYVRwEgkxoQPSg7amIQlAuunk/hE+1EoHdyOhK1R4ov6eSEkg5TDwdWdAVF/OemPxP6+dqO65m7IwThSEdLqom3CsIjwOA3eYAKr4UBNCBdO3YtonglClIyvoEOzZl+dJo1yyT0v2zUmxcpHFkUf76AAdIRudoQq6QjVURxQ9omf0it6MJ+PFeDc+pq05I5vZRX9gfP4AsEqUnA==</latexit>

C2
�,J � 0Unitarity:
 + crossing
 Conformal Bootstrap


Unitarity:

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

⇢J (�) � 0 + crossing
 Bootstrap for Euclidean CFTs?


Conformal Block

[Sleight, Taronna ’20] [Hogervorst, Penedones, Vaziri ’21] [di Pietro, Komatsu, Gorbenko '21]

[Hogervorst, Penedones, Vaziri ’21, 

di Pietro, Komatsu, Gorbenko '21]



Thank you.


