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Lessons for Celestial Holography from AdS-CFT

with A. Chopping, L. Iacobacci, S. Malherbe, F. Pacifico, M. Pannier, P. Pergola and M. Taronna  



AdS-CFT

Anti-de Sitter 

tim
e

space

``Quantum Gravity in a box”

Boundary system is a Minkowski CFT 

Constrained non-perturbatively by axioms:

Conformal symmetry

Unitarity

Associative OPE 




Holograms in the Sky?

Minkowskide Sitter

Outgoing radiation. What are the axioms governing the boundary CFT in these cases?
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From dS to Euclidean AdS

<latexit sha1_base64="PvpB7xwFluBIx43WCHBBt86+0Bk=">AAACCnicbVDLSgNBEJz1bXytevSyGoQIEnZFosegoB4VzUOyMcxOepMhsw9mesWw7NmLv+LFgyJe/QJv/o2TmINGCxqKqm66u7xYcIW2/WlMTE5Nz8zOzecWFpeWV8zVtaqKEsmgwiIRybpHFQgeQgU5CqjHEmjgCah5veOBX7sFqXgUXmE/hmZAOyH3OaOopZa5eXqTugh3mLYvs6yVnmSuAB8L9d1rV/JOF3daZt4u2kNYf4kzInkywnnL/HDbEUsCCJEJqlTDsWNsplQiZwKynJsoiCnr0Q40NA1pAKqZDl/JrG2ttC0/krpCtIbqz4mUBkr1A093BhS7atwbiP95jQT9w2bKwzhBCNn3Ij8RFkbWIBerzSUwFH1NKJNc32qxLpWUoU4vp0Nwxl/+S6p7RadULF3s58tHozjmyAbZIgXikANSJmfknFQII/fkkTyTF+PBeDJejbfv1gljNLNOfsF4/wJq95q5</latexit>

GdS
F (X,Y )

Bunch-Davies vacuum 
<latexit sha1_base64="Jc9gVAfcWuZKQ9d+H9uOa9jvCqs=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFEMQyU6S6EYq6cFnBXqCdDpk004ZmLiRnhFIKbnwVNy4UcetLuPNtTNsRtPWHwMd/zuHk/F4suALL+jIyC4tLyyvZ1dza+sbmlrm9U1NRIimr0khEsuERxQQPWRU4CNaIJSOBJ1jd61+N6/V7JhWPwjsYxMwJSDfkPqcEtOWae0G7CO0ivsCtayaAuMc/cOKaeatgTYTnwU4hj1JVXPOz1YloErAQqCBKNW0rBmdIJHAq2CjXShSLCe2TLmtqDEnAlDOc3DDCh9rpYD+S+oWAJ+7viSEJlBoEnu4MCPTUbG1s/ldrJuCfO0MexgmwkE4X+YnAEOFxILjDJaMgBhoIlVz/FdMekYSCji2nQ7BnT56HWrFglwql29N8+TKNI4v20QE6QjY6Q2V0gyqoiih6QE/oBb0aj8az8Wa8T1szRjqzi/7I+PgGMLeV+g==</latexit>

m2t2 = !+!→

<latexit sha1_base64="GIt0yoGbuJ8J1PPFSMBUY7DhjIE="></latexit>

e�i⇡�+GAdS
�+

(X,Y ) + e�i⇡��GAdS
�� (X,Y )

Dirichlet b.c. Neumann b.c. 

[C.S. and M. Taronna '20 '21]

<latexit sha1_base64="dSgBfsVSXObC8eGpUlDBZPfZiYw=">AAAB/3icdVDJSgNBEO2Je9yighcvjUEQhKEnJlEDQtCLx4hmgWz0dDqxsWehu0YMYw7+ihcPinj1N7z5N3YWQUUfFDzeq6KqnhtKoYGQDysxNT0zOze/kFxcWl5ZTa2tV3QQKcbLLJCBqrlUcyl8XgYBktdCxannSl51r0+HfvWGKy0C/xL6IW96tOeLrmAUjNRObTaA30LcuRgUcKOAa63M8R60Mu1Umtgk6ziEYGLvZ5z9XNaQXD6XPyLYsckIaTRBqZ16b3QCFnncByap1nWHhNCMqQLBJB8kG5HmIWXXtMfrhvrU47oZj+4f4B2jdHA3UKZ8wCP1+0RMPa37nms6PQpX+rc3FP/y6hF0D5ux8MMIuM/Gi7qRxBDgYRi4IxRnIPuGUKaEuRWzK6ooAxNZ0oTw9Sn+n1QytpO38+fZdPFkEsc82kLbaBc56AAV0RkqoTJi6A49oCf0bN1bj9aL9TpuTViTmQ30A9bbJ0L5lP0=</latexit>

dS : X2 = +t2

<latexit sha1_base64="KWAZMjhyy2ldPm/4I1LhqndKrBY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEY0TwgWcPsZJIMmZ1dZnqFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnpVkANl0LxOgqUvBVrTsNA8mYwupn6zSeujYjUA45j7od0oERfMIpWum89nnWLJbfszkCWiZeREmSodYtfnV7EkpArZJIa0/bcGP2UahRM8kmhkxgeUzaiA962VNGQGz+dnTohJ1bpkX6kbSkkM/X3REpDY8ZhYDtDikOz6E3F/7x2gv0rPxUqTpArNl/UTyTBiEz/Jj2hOUM5toQyLeythA2ppgxtOgUbgrf48jJpnJe9Srlyd1GqXmdx5OEIjuEUPLiEKtxCDerAYADP8ApvjnRenHfnY96ac7KZQ/gD5/MH09aNhA==</latexit>

X+<latexit sha1_base64="zy+Ji93nt6v/aid3KCk+DgsW3Ko=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArEj0GvXiMaB6QrGF2MkmGzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3Uz95hPXRkTqAccx90M6UKIvGEUr3bcez7rFklt2ZyDLxMtICTLUusWvTi9iScgVMkmNaXtujH5KNQom+aTQSQyPKRvRAW9bqmjIjZ/OTp2QE6v0SD/SthSSmfp7IqWhMeMwsJ0hxaFZ9Kbif147wf6VnwoVJ8gVmy/qJ5JgRKZ/k57QnKEcW0KZFvZWwoZUU4Y2nYINwVt8eZk0zstepVy5uyhVr7M48nAEx3AKHlxCFW6hBnVgMIBneIU3RzovzrvzMW/NOdnMIfyB8/kD1t6Nhg==</latexit>

X�

<latexit sha1_base64="SsadIvAqngcQw/U311zCr3ssAv0=">AAAB8HicbVBNSwMxFHxbv2r9qnr0EiyCp7IrUj0WvXisYNuVdinZNNuGJtklyQpl6a/w4kERr/4cb/4b0+0etHUgMMy8R95MmHCmjet+O6W19Y3NrfJ2ZWd3b/+genjU0XGqCG2TmMfKD7GmnEnaNsxw6ieKYhFy2g0nt3O/+0SVZrF8MNOEBgKPJIsYwcZKjz7qmxgx5A+qNbfu5kCrxCtIDQq0BtWv/jAmqaDSEI617nluYoIMK8MIp7NKP9U0wWSCR7RnqcSC6iDLD56hM6sMURQr+6RBufp7I8NC66kI7aTAZqyXvbn4n9dLTXQdZEwmqaGSLD6KUo5syHl6NGSKEsOnlmCimL0VkTFWmBjbUcWW4C1HXiWdi7rXqDfuL2vNm6KOMpzAKZyDB1fQhDtoQRsICHiGV3hzlPPivDsfi9GSU+wcwx84nz+FiI+X</latexit>

X ! iX

<latexit sha1_base64="y2gCbrIY2halv3eLhgDTneT7Qek="></latexit>

EAdS : X2 = →t2

<latexit sha1_base64="KWAZMjhyy2ldPm/4I1LhqndKrBY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEY0TwgWcPsZJIMmZ1dZnqFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnpVkANl0LxOgqUvBVrTsNA8mYwupn6zSeujYjUA45j7od0oERfMIpWum89nnWLJbfszkCWiZeREmSodYtfnV7EkpArZJIa0/bcGP2UahRM8kmhkxgeUzaiA962VNGQGz+dnTohJ1bpkX6kbSkkM/X3REpDY8ZhYDtDikOz6E3F/7x2gv0rPxUqTpArNl/UTyTBiEz/Jj2hOUM5toQyLeythA2ppgxtOgUbgrf48jJpnJe9Srlyd1GqXmdx5OEIjuEUPLiEKtxCDerAYADP8ApvjnRenHfnY96ac7KZQ/gD5/MH09aNhA==</latexit>

X+<latexit sha1_base64="zy+Ji93nt6v/aid3KCk+DgsW3Ko=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArEj0GvXiMaB6QrGF2MkmGzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3Uz95hPXRkTqAccx90M6UKIvGEUr3bcez7rFklt2ZyDLxMtICTLUusWvTi9iScgVMkmNaXtujH5KNQom+aTQSQyPKRvRAW9bqmjIjZ/OTp2QE6v0SD/SthSSmfp7IqWhMeMwsJ0hxaFZ9Kbif147wf6VnwoVJ8gVmy/qJ5JgRKZ/k57QnKEcW0KZFvZWwoZUU4Y2nYINwVt8eZk0zstepVy5uyhVr7M48nAEx3AKHlxCFW6hBnVgMIBneIU3RzovzrvzMW/NOdnMIfyB8/kD1t6Nhg==</latexit>

X�

<latexit sha1_base64="ThGBblyQ3xY6W9d4XCRcOVdKzNI="></latexit>

KdS
! (X,Q) =

CdS
!

(→2X ·Q+ iω)!

<latexit sha1_base64="t1K7UnkbA8iKlEntlqVcLn86Ojc="></latexit>

KAdS
! (X,Q) =

CAdS
!

(→2X ·Q)!

<latexit sha1_base64="4SiMijopkBYbsImAJOt0G8szjTs="></latexit>

e→
iω
2 !KAdS

! (X,Q)
<latexit sha1_base64="UfJmbmrxscOu9Pz5aQfoaQcAN2s=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlSv2qVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3abjLs=</latexit>,

conformal bdry
<latexit sha1_base64="jXf6w1AVXz0XDLnOGNySWYaLyBI="></latexit>

Q2 = 0, Q ⌘ �Q

conformal bdry
<latexit sha1_base64="jXf6w1AVXz0XDLnOGNySWYaLyBI="></latexit>

Q2 = 0, Q ⌘ �Q



From dS to Euclidean AdS

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

=
X

•={Dirichlet
Neumann}

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

=
X

•={Dirichlet
Neumann}

C•

dS boundary correlators can be recast as EAdS boundary correlators (at least perturbatively)

Q: What are the EAdS axioms 

for dS boundary correlators?


dS boundary correlators have a similar analytic structure to AdS ones (in Euclidean regime). 


Can import results and techniques from AdS-CFT to boundary correlators in dS!


[C.S. and M. Taronna '20 '21]


Bogoliubov initial states: [A. Chopping, C.S. and M. Taronna '23]




Hyperbolic foliation of Minkowski space
Hyperbolic foliation of (d+2) dimensional Minkowski space:

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

X = tX̂

[de Boer and Solodukhin '03]Celestial holography from applying holography to each hyperbolic slice 

<latexit sha1_base64="KWAZMjhyy2ldPm/4I1LhqndKrBY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEY0TwgWcPsZJIMmZ1dZnqFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnpVkANl0LxOgqUvBVrTsNA8mYwupn6zSeujYjUA45j7od0oERfMIpWum89nnWLJbfszkCWiZeREmSodYtfnV7EkpArZJIa0/bcGP2UahRM8kmhkxgeUzaiA962VNGQGz+dnTohJ1bpkX6kbSkkM/X3REpDY8ZhYDtDikOz6E3F/7x2gv0rPxUqTpArNl/UTyTBiEz/Jj2hOUM5toQyLeythA2ppgxtOgUbgrf48jJpnJe9Srlyd1GqXmdx5OEIjuEUPLiEKtxCDerAYADP8ApvjnRenHfnY96ac7KZQ/gD5/MH09aNhA==</latexit>

X+<latexit sha1_base64="zy+Ji93nt6v/aid3KCk+DgsW3Ko=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArEj0GvXiMaB6QrGF2MkmGzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3Uz95hPXRkTqAccx90M6UKIvGEUr3bcez7rFklt2ZyDLxMtICTLUusWvTi9iScgVMkmNaXtujH5KNQom+aTQSQyPKRvRAW9bqmjIjZ/OTp2QE6v0SD/SthSSmfp7IqWhMeMwsJ0hxaFZ9Kbif147wf6VnwoVJ8gVmy/qJ5JgRKZ/k57QnKEcW0KZFvZWwoZUU4Y2nYINwVt8eZk0zstepVy5uyhVr7M48nAEx3AKHlxCFW6hBnVgMIBneIU3RzovzrvzMW/NOdnMIfyB8/kD1t6Nhg==</latexit>

X�

<latexit sha1_base64="iv1x1WIvaBJiZ95LxQeh/3rFkOo=">AAAB/nicdVDLSgMxFM3UV62vqrhyEyyCCx3Ssa3tQim6cVnB2oF2WjJppg3NPEwyQhkK/oobF4q49Tvc+TemD0FFD1w4nHMv997jRpxJhdCHkZqbX1hcSi9nVlbX1jeym1s3MowFoXUS8lDYLpaUs4DWFVOc2pGg2Hc5bbiDi7HfuKNCsjC4VsOIOj7uBcxjBCstdbI7dts6PVJt6xC2bmPchXYbnaFONodMVLKKpWOIzGLRKlYKmlQqlXLBgnkTTZADM9Q62fdWNySxTwNFOJaymUeRchIsFCOcjjKtWNIIkwHu0aamAfapdJLJ+SO4r5Uu9EKhK1Bwon6fSLAv5dB3daePVV/+9sbiX14zVl7ZSVgQxYoGZLrIizlUIRxnAbtMUKL4UBNMBNO3QtLHAhOlE8voEL4+hf+TG8vMl8zSVSFXPZ/FkQa7YA8cgDw4AVVwCWqgDghIwAN4As/GvfFovBiv09aUMZvZBj9gvH0CmGuUAg==</latexit>

X2 = �t2, X0 > 0

<latexit sha1_base64="PnY/4EgjTWiPXJV4RQSiAItg8iQ="></latexit>

X2 = +t2

<latexit sha1_base64="RbRyibf7LHY2iYZH02xl4OmnvEc=">AAAB+HicdVDJSgNBEO2JW4xLoh69NAZBEIaebOot6MVjRLNAEkJPTydp0rPQXSPGIV/ixYMiXv0Ub/6NnUVQ0QcFj/eqqKrnRlJoIOTDSi0tr6yupdczG5tb29nczm5Dh7FivM5CGaqWSzWXIuB1ECB5K1Kc+q7kTXd0MfWbt1xpEQY3MI5416eDQPQFo2CkXi7bAX4HiXc96SXesTPp5fLEJiXHIQQTu1hwiuWSIeVKuXJGsGOTGfJogVov997xQhb7PAAmqdZth0TQTagCwSSfZDqx5hFlIzrgbUMD6nPdTWaHT/ChUTzcD5WpAPBM/T6RUF/rse+aTp/CUP/2puJfXjuG/mk3EUEUAw/YfFE/lhhCPE0Be0JxBnJsCGVKmFsxG1JFGZisMiaEr0/x/6RRsJ2KXbkq5avnizjSaB8doCPkoBNURZeohuqIoRg9oCf0bN1bj9aL9TpvTVmLmT30A9bbJx3Uk2o=</latexit>

dSd+1

<latexit sha1_base64="tJfGbsoPeNJHy6zyZTepDLBKjNY=">AAAB+nicdVDJSgNBEO2JW4xbokcvjUEQhGEmJjG5RUXwGNEskITQ09NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9KqrqOaHgCizrw0gsLC4tryRXU2vrG5tb6cx2XQWRpKxGAxHIpkMUE9xnNeAgWDOUjHiOYA1neDbxGzdMKh741zAKWccjfZ/3OCWgpW460wZ2B/H5iXs17sbuoT3uprOWaRVzheIRtsxCIVco5zUpl8ulfA7bpjVFFs1R7abf225AI4/5QAVRqmVbIXRiIoFTwcapdqRYSOiQ9FlLU594THXi6eljvK8VF/cCqcsHPFW/T8TEU2rkObrTIzBQv72J+JfXiqBX6sTcDyNgPp0t6kUCQ4AnOWCXS0ZBjDQhVHJ9K6YDIgkFnVZKh/D1Kf6f1HOmXTSLl/ls5XQeRxLtoj10gGx0jCroAlVRDVF0ix7QE3o27o1H48V4nbUmjPnMDvoB4+0TdKmUKg==</latexit>

EAdSd+1

Celestial sphere:
<latexit sha1_base64="jXf6w1AVXz0XDLnOGNySWYaLyBI="></latexit>

Q2 = 0, Q ⌘ �Q



Taking a leaf from AdS-CFT

<latexit sha1_base64="KWAZMjhyy2ldPm/4I1LhqndKrBY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMevEY0TwgWcPsZJIMmZ1dZnqFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glgKg6777eRWVtfWN/Kbha3tnd294v5Bw0SJZrzOIhnpVkANl0LxOgqUvBVrTsNA8mYwupn6zSeujYjUA45j7od0oERfMIpWum89nnWLJbfszkCWiZeREmSodYtfnV7EkpArZJIa0/bcGP2UahRM8kmhkxgeUzaiA962VNGQGz+dnTohJ1bpkX6kbSkkM/X3REpDY8ZhYDtDikOz6E3F/7x2gv0rPxUqTpArNl/UTyTBiEz/Jj2hOUM5toQyLeythA2ppgxtOgUbgrf48jJpnJe9Srlyd1GqXmdx5OEIjuEUPLiEKtxCDerAYADP8ApvjnRenHfnY96ac7KZQ/gD5/MH09aNhA==</latexit>

X+<latexit sha1_base64="zy+Ji93nt6v/aid3KCk+DgsW3Ko=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArEj0GvXiMaB6QrGF2MkmGzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3Uz95hPXRkTqAccx90M6UKIvGEUr3bcez7rFklt2ZyDLxMtICTLUusWvTi9iScgVMkmNaXtujH5KNQom+aTQSQyPKRvRAW9bqmjIjZ/OTp2QE6v0SD/SthSSmfp7IqWhMeMwsJ0hxaFZ9Kbif147wf6VnwoVJ8gVmy/qJ5JgRKZ/k57QnKEcW0KZFvZWwoZUU4Y2nYINwVt8eZk0zstepVy5uyhVr7M48nAEx3AKHlxCFW6hBnVgMIBneIU3RzovzrvzMW/NOdnMIfyB8/kD1t6Nhg==</latexit>

X�

<latexit sha1_base64="iv1x1WIvaBJiZ95LxQeh/3rFkOo=">AAAB/nicdVDLSgMxFM3UV62vqrhyEyyCCx3Ssa3tQim6cVnB2oF2WjJppg3NPEwyQhkK/oobF4q49Tvc+TemD0FFD1w4nHMv997jRpxJhdCHkZqbX1hcSi9nVlbX1jeym1s3MowFoXUS8lDYLpaUs4DWFVOc2pGg2Hc5bbiDi7HfuKNCsjC4VsOIOj7uBcxjBCstdbI7dts6PVJt6xC2bmPchXYbnaFONodMVLKKpWOIzGLRKlYKmlQqlXLBgnkTTZADM9Q62fdWNySxTwNFOJaymUeRchIsFCOcjjKtWNIIkwHu0aamAfapdJLJ+SO4r5Uu9EKhK1Bwon6fSLAv5dB3daePVV/+9sbiX14zVl7ZSVgQxYoGZLrIizlUIRxnAbtMUKL4UBNMBNO3QtLHAhOlE8voEL4+hf+TG8vMl8zSVSFXPZ/FkQa7YA8cgDw4AVVwCWqgDghIwAN4As/GvfFovBiv09aUMZvZBj9gvH0CmGuUAg==</latexit>

X2 = �t2, X0 > 0

Celestial sphere:
<latexit sha1_base64="jXf6w1AVXz0XDLnOGNySWYaLyBI="></latexit>

Q2 = 0, Q ⌘ �Q

<latexit sha1_base64="PnY/4EgjTWiPXJV4RQSiAItg8iQ="></latexit>

X2 = +t2

<latexit sha1_base64="RbRyibf7LHY2iYZH02xl4OmnvEc=">AAAB+HicdVDJSgNBEO2JW4xLoh69NAZBEIaebOot6MVjRLNAEkJPTydp0rPQXSPGIV/ixYMiXv0Ub/6NnUVQ0QcFj/eqqKrnRlJoIOTDSi0tr6yupdczG5tb29nczm5Dh7FivM5CGaqWSzWXIuB1ECB5K1Kc+q7kTXd0MfWbt1xpEQY3MI5416eDQPQFo2CkXi7bAX4HiXc96SXesTPp5fLEJiXHIQQTu1hwiuWSIeVKuXJGsGOTGfJogVov997xQhb7PAAmqdZth0TQTagCwSSfZDqx5hFlIzrgbUMD6nPdTWaHT/ChUTzcD5WpAPBM/T6RUF/rse+aTp/CUP/2puJfXjuG/mk3EUEUAw/YfFE/lhhCPE0Be0JxBnJsCGVKmFsxG1JFGZisMiaEr0/x/6RRsJ2KXbkq5avnizjSaB8doCPkoBNURZeohuqIoRg9oCf0bN1bj9aL9TpvTVmLmT30A9bbJx3Uk2o=</latexit>

dSd+1

<latexit sha1_base64="tJfGbsoPeNJHy6zyZTepDLBKjNY=">AAAB+nicdVDJSgNBEO2JW4xbokcvjUEQhGEmJjG5RUXwGNEskITQ09NJmvQsdNeoYcynePGgiFe/xJt/Y2cRVPRBweO9KqrqOaHgCizrw0gsLC4tryRXU2vrG5tb6cx2XQWRpKxGAxHIpkMUE9xnNeAgWDOUjHiOYA1neDbxGzdMKh741zAKWccjfZ/3OCWgpW460wZ2B/H5iXs17sbuoT3uprOWaRVzheIRtsxCIVco5zUpl8ulfA7bpjVFFs1R7abf225AI4/5QAVRqmVbIXRiIoFTwcapdqRYSOiQ9FlLU594THXi6eljvK8VF/cCqcsHPFW/T8TEU2rkObrTIzBQv72J+JfXiqBX6sTcDyNgPp0t6kUCQ4AnOWCXS0ZBjDQhVHJ9K6YDIgkFnVZKh/D1Kf6f1HOmXTSLl/ls5XQeRxLtoj10gGx0jCroAlVRDVF0ix7QE3o27o1H48V4nbUmjPnMDvoB4+0TdKmUKg==</latexit>

EAdSd+1 Recall extrapolate holographic correlators in (A)dS:

<latexit sha1_base64="lvpGvwmac4r77cGQy6RXt6bvPCw="></latexit>
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… suggests an off-shell extrapolate prescription for correlators 
on the celestial sphere: 
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Fourier transform on the light cone!

[C.S. and M. Taronna ’23]


Hyperbolic foliation of (d+2) dimensional Minkowski space:
<latexit sha1_base64="gh8d0HfTJmnbptkWU5lHGWOQ1cc=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHCCZZSNYwO5lNhsw+mOlVwpL/8OJBEa/+izf/xkmyB00saCiquunu8hMpNNr2t1VYWV1b3yhulra2d3b3yvsHLR2nivEmi2WsXJ9qLkXEmyhQcjdRnIa+5G1/dDP1249caRFH9zhOuBfSQSQCwSga6cElVwRJ1h1SJO6kV67YVXsGskycnFQgR6NX/ur2Y5aGPEImqdYdx07Qy6hCwSSflLqp5gllIzrgHUMjGnLtZbOrJ+TEKH0SxMpUhGSm/p7IaKj1OPRNZ0hxqBe9qfif10kxuPQyESUp8ojNFwWpJBiTaQSkLxRnKMeGUKaEuZWwIVWUoQmqZEJwFl9eJq2zqlOr1u7OK/XrPI4iHMExnIIDF1CHW2hAExgoeIZXeLOerBfr3fqYtxasfOYQ/sD6/AHrS5GD</latexit>

X = tX̂



Celestial Correlators  
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[C.S. and M. Taronna ’23]


Define ``Celestial Correlators" as:

Fourier transform on the light cone

[Fields with spin - to appear: S. Malherbe, M. Pannier, Paolo Pergola, C.S. and M. Taronna]

Feynman rules:

Bulk-to-bulk propagator (Feynman): 
<latexit sha1_base64="spUV7UodUJVF/LnvNbCEGBCbqck=">AAAB/3icdVDLSgNBEJz1GeMrKnjxMhgEBQmzGmMuQlBQjxGMRrJLmJ3MJkNmH8z0CmHNwV/x4kERr/6GN//GWY2gogUNRVU33V1eLIUGQt6ssfGJyanp3Ex+dm5+YbGwtHyho0Qx3mCRjFTTo5pLEfIGCJC8GStOA0/yS69/lPmX11xpEYXnMIi5G9BuKHzBKBipXVg9aafHQ0dyHzab21eOEt0ebB20C0VSImS3sktwRsrlSjkjNqnuEWwbJUMRjVBvF16dTsSSgIfAJNW6ZZMY3JQqEEzyYd5JNI8p69Mubxka0oBrN/24f4g3jNLBfqRMhYA/1O8TKQ20HgSe6Qwo9PRvLxP/8loJ+FU3FWGcAA/Z5yI/kRginIWBO0JxBnJgCGVKmFsx61FFGZjI8iaEr0/x/+Rip2RXSntn5WLtcBRHDq2hdbSJbLSPaugU1VEDMXSD7tADerRurXvryXr+bB2zRjMr6Aesl3cgl5WN</latexit>

GF (X,Y ) =

Bulk-to-boundary propagator: 
<latexit sha1_base64="VWe7UdEF2TeJwNm2a7zv4RYO7q0="></latexit>

Gflat
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<latexit sha1_base64="8q2+RFgHCgj4/z2kMj5gRAMLKRI=">AAACA3icbVDJSgNBEO2JW4zbqDe9DAYhgoQZkegxqAfBSwJmgUwIPZ2apEnPQneNEIaAF3/FiwdFvPoT3vwbO8tBEx8UPN6roqqeFwuu0La/jczS8srqWnY9t7G5tb1j7u7VVZRIBjUWiUg2PapA8BBqyFFAM5ZAA09Awxtcj/3GA0jFo/AehzG0A9oLuc8ZRS11zIO7TuregEA6cgX4WGieVl3Je3086Zh5u2hPYC0SZ0byZIZKx/xyuxFLAgiRCapUy7FjbKdUImcCRjk3URBTNqA9aGka0gBUO538MLKOtdK1/EjqCtGaqL8nUhooNQw83RlQ7Kt5byz+57US9C/bKQ/jBCFk00V+IiyMrHEgVpdLYCiGmlAmub7VYn0qKUMdW06H4My/vEjqZ0WnVCxVz/Plq1kcWXJIjkiBOOSClMktqZAaYeSRPJNX8mY8GS/Gu/Exbc0Ys5l98gfG5w9BbpdJ</latexit>

K! (X,Q)

Celestial Amplitudes ~ LSZ [ Celestial Correlators ] 



Celestial Correlators  

<latexit sha1_base64="UpVEzm0BpAWmbYJaNHDaDd9S1aM="></latexit>
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[C.S. and M. Taronna ’23]


Define ``Celestial Correlators" as:

For Celestial Amplitudes, one extrapolates instead the Wightman function

- gives rise to the Conformal Primary Wavefunction.

Fourier transform on the light cone

Feynman rules:

Bulk-to-bulk propagator (Feynman): 
<latexit sha1_base64="spUV7UodUJVF/LnvNbCEGBCbqck=">AAAB/3icdVDLSgNBEJz1GeMrKnjxMhgEBQmzGmMuQlBQjxGMRrJLmJ3MJkNmH8z0CmHNwV/x4kERr/6GN//GWY2gogUNRVU33V1eLIUGQt6ssfGJyanp3Ex+dm5+YbGwtHyho0Qx3mCRjFTTo5pLEfIGCJC8GStOA0/yS69/lPmX11xpEYXnMIi5G9BuKHzBKBipXVg9aafHQ0dyHzab21eOEt0ebB20C0VSImS3sktwRsrlSjkjNqnuEWwbJUMRjVBvF16dTsSSgIfAJNW6ZZMY3JQqEEzyYd5JNI8p69Mubxka0oBrN/24f4g3jNLBfqRMhYA/1O8TKQ20HgSe6Qwo9PRvLxP/8loJ+FU3FWGcAA/Z5yI/kRginIWBO0JxBnJgCGVKmFsx61FFGZjI8iaEr0/x/+Rip2RXSntn5WLtcBRHDq2hdbSJbLSPaugU1VEDMXSD7tADerRurXvryXr+bB2zRjMr6Aesl3cgl5WN</latexit>

GF (X,Y ) =

Bulk-to-boundary propagator: 
<latexit sha1_base64="VWe7UdEF2TeJwNm2a7zv4RYO7q0="></latexit>

Gflat
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<latexit sha1_base64="8q2+RFgHCgj4/z2kMj5gRAMLKRI=">AAACA3icbVDJSgNBEO2JW4zbqDe9DAYhgoQZkegxqAfBSwJmgUwIPZ2apEnPQneNEIaAF3/FiwdFvPoT3vwbO8tBEx8UPN6roqqeFwuu0La/jczS8srqWnY9t7G5tb1j7u7VVZRIBjUWiUg2PapA8BBqyFFAM5ZAA09Awxtcj/3GA0jFo/AehzG0A9oLuc8ZRS11zIO7TuregEA6cgX4WGieVl3Je3086Zh5u2hPYC0SZ0byZIZKx/xyuxFLAgiRCapUy7FjbKdUImcCRjk3URBTNqA9aGka0gBUO538MLKOtdK1/EjqCtGaqL8nUhooNQw83RlQ7Kt5byz+57US9C/bKQ/jBCFk00V+IiyMrHEgVpdLYCiGmlAmub7VYn0qKUMdW06H4My/vEjqZ0WnVCxVz/Plq1kcWXJIjkiBOOSClMktqZAaYeSRPJNX8mY8GS/Gu/Exbc0Ys5l98gfG5w9BbpdJ</latexit>

K! (X,Q)

Celestial Amplitudes ~ LSZ [ Celestial Correlators ] 
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<latexit sha1_base64="UpVEzm0BpAWmbYJaNHDaDd9S1aM="></latexit>
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[C.S. and M. Taronna ’23]


Define ``Celestial Correlators" as:

Fourier transform on the light cone

Feynman rules:

Bulk-to-bulk propagator (Feynman): 
<latexit sha1_base64="spUV7UodUJVF/LnvNbCEGBCbqck=">AAAB/3icdVDLSgNBEJz1GeMrKnjxMhgEBQmzGmMuQlBQjxGMRrJLmJ3MJkNmH8z0CmHNwV/x4kERr/6GN//GWY2gogUNRVU33V1eLIUGQt6ssfGJyanp3Ex+dm5+YbGwtHyho0Qx3mCRjFTTo5pLEfIGCJC8GStOA0/yS69/lPmX11xpEYXnMIi5G9BuKHzBKBipXVg9aafHQ0dyHzab21eOEt0ebB20C0VSImS3sktwRsrlSjkjNqnuEWwbJUMRjVBvF16dTsSSgIfAJNW6ZZMY3JQqEEzyYd5JNI8p69Mubxka0oBrN/24f4g3jNLBfqRMhYA/1O8TKQ20HgSe6Qwo9PRvLxP/8loJ+FU3FWGcAA/Z5yI/kRginIWBO0JxBnJgCGVKmFsx61FFGZjI8iaEr0/x/+Rip2RXSntn5WLtcBRHDq2hdbSJbLSPaugU1VEDMXSD7tADerRurXvryXr+bB2zRjMr6Aesl3cgl5WN</latexit>

GF (X,Y ) =
<latexit sha1_base64="7T9G0kQqVhxf3J4rXV9fjc0gDew="></latexit>

= K(m)
!

(√
X2 + iω

) (→
X2 + iω

)!

(↑2X ·Q+ iω)!

<latexit sha1_base64="7T9G0kQqVhxf3J4rXV9fjc0gDew="></latexit>

= K(m)
!

(√
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)!

(↑2X ·Q+ iω)!
Bulk-to-boundary propagator: 

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

Gflat
� (X,Q) = lim
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=

<latexit sha1_base64="8q2+RFgHCgj4/z2kMj5gRAMLKRI=">AAACA3icbVDJSgNBEO2JW4zbqDe9DAYhgoQZkegxqAfBSwJmgUwIPZ2apEnPQneNEIaAF3/FiwdFvPoT3vwbO8tBEx8UPN6roqqeFwuu0La/jczS8srqWnY9t7G5tb1j7u7VVZRIBjUWiUg2PapA8BBqyFFAM5ZAA09Awxtcj/3GA0jFo/AehzG0A9oLuc8ZRS11zIO7TuregEA6cgX4WGieVl3Je3086Zh5u2hPYC0SZ0byZIZKx/xyuxFLAgiRCapUy7FjbKdUImcCRjk3URBTNqA9aGka0gBUO538MLKOtdK1/EjqCtGaqL8nUhooNQw83RlQ7Kt5byz+57US9C/bKQ/jBCFk00V+IiyMrHEgVpdLYCiGmlAmub7VYn0qKUMdW06H4My/vEjqZ0WnVCxVz/Plq1kcWXJIjkiBOOSClMktqZAaYeSRPJNX8mY8GS/Gu/Exbc0Ys5l98gfG5w9BbpdJ</latexit>

K! (X,Q)

Celestial Amplitudes ~ LSZ [ Celestial Correlators ] 

<latexit sha1_base64="8+sLxpNEPigg6+RehkOI80hI1ew="></latexit>

K(m)
! (R) =

(m
2

)d
2→! 2R→ d

2

!(d2 →”)
K

!→d
2
(mR) ↑ R!→dMassless limit is smooth! as 

<latexit sha1_base64="GqgV8JS16pEOmh3ZktYalf5+2Cc=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae0Q8mkmTY0yQzJHaGUfoQbF4q49Xvc+Tem7Sy0eiBwOOdecs+JUiks+v6XV1hb39jcKm6Xdnb39g/Kh0ctm2SG8SZLZGI6EbVcCs2bKFDyTmo4VZHk7Wh8O/fbj9xYkegHnKQ8VHSoRSwYRSe1FelhQvx+ueJX/QXIXxLkpAI5Gv3yZ2+QsExxjUxSa7uBn2I4pQYFk3xW6mWWp5SN6ZB3HdVUcRtOF+fOyJlTBiROjHsayUL9uTGlytqJitykojiyq95c/M/rZhhfh1Oh0wy5ZsuP4kwSF3GenQyE4QzlxBHKjHC3EjaihjJ0DZVcCcFq5L+kdVENatXa/WWlfpPXUYQTOIVzCOAK6nAHDWgCgzE8wQu8eqn37L1578vRgpfvHMMveB/fSwWO5w==</latexit>

m → 0

Bessel K
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Feynman rules:

Celestial Correlators as EAdS Witten diagrams

Bulk-to-boundary propagator: 

Kernel of radial reduction


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

Gflat
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<latexit sha1_base64="8q2+RFgHCgj4/z2kMj5gRAMLKRI=">AAACA3icbVDJSgNBEO2JW4zbqDe9DAYhgoQZkegxqAfBSwJmgUwIPZ2apEnPQneNEIaAF3/FiwdFvPoT3vwbO8tBEx8UPN6roqqeFwuu0La/jczS8srqWnY9t7G5tb1j7u7VVZRIBjUWiUg2PapA8BBqyFFAM5ZAA09Awxtcj/3GA0jFo/AehzG0A9oLuc8ZRS11zIO7TuregEA6cgX4WGieVl3Je3086Zh5u2hPYC0SZ0byZIZKx/xyuxFLAgiRCapUy7FjbKdUImcCRjk3URBTNqA9aGka0gBUO538MLKOtdK1/EjqCtGaqL8nUhooNQw83RlQ7Kt5byz+57US9C/bKQ/jBCFk00V+IiyMrHEgVpdLYCiGmlAmub7VYn0qKUMdW06H4My/vEjqZ0WnVCxVz/Plq1kcWXJIjkiBOOSClMktqZAaYeSRPJNX8mY8GS/Gu/Exbc0Ys5l98gfG5w9BbpdJ</latexit>

K! (X,Q)

<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>
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⌘

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

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

X̂✏

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

Ŷ✏

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

GF (X,Y ) =

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

GF (X,Y ) =
1

2

Z d
2+i1

d
2�i1

d�

2⇡i
K(m)

�

⇣p
X2 + i✏

⌘
K(m)

d��

⇣p
Y 2 + i✏

⌘

Principal series of SO(d+1,1)

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


Use to perturbatively recast Celestial Correlators in terms of EAdS Witten diagrams at all orders!

<latexit sha1_base64="rmsVo2sPqr9wI0PHZJsEs6JmsFM="></latexit>

→O!1(Q1) . . . O!n(Qn)↑ =
∏

i

lim
X̂i→Qi

∫ ↑

0

dti
ti

t
!i
i

〈
ω1(t1X̂1) . . .ωn(tnX̂n)

〉



<latexit sha1_base64="z0qPo7IcYsaFof17dWxqEAq5Fbs=">AAACMXicbZDLSgMxFIYz3q23qks3wSLopswUUZeiLtxpwbZCpwyZ9EwbzGSG5IxQhr6SG99E3LhQxK0vYdoO3g8Efv7vnCTnD1MpDLrukzM1PTM7N7+wWFpaXlldK69vNE2SaQ4NnshEX4fMgBQKGihQwnWqgcWhhFZ4czrirVvQRiTqCgcpdGLWUyISnKG1gvK5L5nqSaAXQe6fgUQWeENfQoS79cDztej1ce+L1T5ZrWDU1+MLgnLFrbrjon+FV4gKKeoyKD/43YRnMSjkkhnT9twUOznTKLiEYcnPDKSM37AetK1ULAbTyccbD+mOdbo0SrQ9CunY/T6Rs9iYQRzazphh3/xmI/M/1s4wOurkQqUZguKTh6JMUkzoKD7aFRo4yoEVjGth/0p5n2nG0YZcsiF4v1f+K5q1qndQPajvV45PijgWyBbZJrvEI4fkmJyTS9IgnNyRR/JMXpx758l5dd4mrVNOMbNJfpTz/gF7JKnK</latexit>

→O!1 (Q1)O!2 (Q2)↑
<latexit sha1_base64="REpOCH1St13qhrqknFI2YwES6vU="></latexit>

lim
X̂→Q2

∫ ↑

0

dt

t
t!2 K!1( tX̂,Q1 )

Free theory two point function on the celestial sphere: 

<latexit sha1_base64="kMM+Z0mmjfO4iyKDSJ22Mh8BMz4="></latexit>

hO�1 (Q1)O�2 (Q2)i = lim
X̂!Q2

Z 1

0

dt

t
t�2Gflat

�1
(tX̂,Q1)

=
⇣m
2

⌘d�2�1 Cflat
�1

(�2Q1 ·Q2 + i✏)�1
(2⇡)�(i(�1 ��2))

<latexit sha1_base64="IbBuGyKC2qQUZ8YiCa8LtqgMeMk=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgacnWuu2x6MVjC9YW2qVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLYVVPTBwOO9GWbmhQln2iD04RTW1jc2t4rbpZ3dvf2D8uHRnY5TRWiHxDxWvRBrypmkHcMMp71EUSxCTrvh9Dr3u/dUaRbLWzNLaCDwWLKIEWxyqT1kcFiuILfq1TwfQUt8VEN1S+qNi8tGA3ouWqACVmgNy++DUUxSQaUhHGvd91Biggwrwwin89Ig1TTBZIrHtG+pxILqIFvcOodnVhnBKFa2pIEL9ftEhoXWMxHaToHNRP/2cvEvr5+aqBFkTCapoZIsF0UphyaG+eNwxBQlhs8swUQxeyskE6wwMTaekg3h61P4P7mrup7v+u1apXm1iqMITsApOAceqIMmuAEt0AEETMADeALPjnAenRfnddlacFYzx+AHnLdP5oKOLg==</latexit>

Qi can be null separated

Standard 2pt conformal structure

Boundary 2pt function

<latexit sha1_base64="jVxX0k5wHOFozVccfrOy0a6BDKU="></latexit>

=
C(m)

!1

(→2Q1 ·Q2 + iω)!1
(2εi)ϑ(!1 →!2)

<latexit sha1_base64="9bAwuTkyGFxy7QITzy1JbceUsMM="></latexit>

C(m)
! =

(m
2

)d→2! 1

4ω
d+2
2

!(”)!(”→ d
2 )

[C.S. and M. Taronna  ’23]



Free theory two point function on the celestial sphere: 
[C.S. and M. Taronna  ’23]

Boundary 2pt function

<latexit sha1_base64="9bAwuTkyGFxy7QITzy1JbceUsMM="></latexit>

C(m)
! =

(m
2

)d→2! 1

4ω
d+2
2

!(”)!(”→ d
2 )

<latexit sha1_base64="E5GSzLBLHWD9aM3i+yqv7MpEYMk="></latexit>

! (”)

4ω
d+2
2

(2ωi)ε
(
”→ d

2

)
<latexit sha1_base64="GqgV8JS16pEOmh3ZktYalf5+2Cc=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2Ae0Q8mkmTY0yQzJHaGUfoQbF4q49Xvc+Tem7Sy0eiBwOOdecs+JUiks+v6XV1hb39jcKm6Xdnb39g/Kh0ctm2SG8SZLZGI6EbVcCs2bKFDyTmo4VZHk7Wh8O/fbj9xYkegHnKQ8VHSoRSwYRSe1FelhQvx+ueJX/QXIXxLkpAI5Gv3yZ2+QsExxjUxSa7uBn2I4pQYFk3xW6mWWp5SN6ZB3HdVUcRtOF+fOyJlTBiROjHsayUL9uTGlytqJitykojiyq95c/M/rZhhfh1Oh0wy5ZsuP4kwSF3GenQyE4QzlxBHKjHC3EjaihjJ0DZVcCcFq5L+kdVENatXa/WWlfpPXUYQTOIVzCOAK6nAHDWgCgzE8wQu8eqn37L1578vRgpfvHMMveB/fSwWO5w==</latexit>

m → 0

<latexit sha1_base64="z0qPo7IcYsaFof17dWxqEAq5Fbs=">AAACMXicbZDLSgMxFIYz3q23qks3wSLopswUUZeiLtxpwbZCpwyZ9EwbzGSG5IxQhr6SG99E3LhQxK0vYdoO3g8Efv7vnCTnD1MpDLrukzM1PTM7N7+wWFpaXlldK69vNE2SaQ4NnshEX4fMgBQKGihQwnWqgcWhhFZ4czrirVvQRiTqCgcpdGLWUyISnKG1gvK5L5nqSaAXQe6fgUQWeENfQoS79cDztej1ce+L1T5ZrWDU1+MLgnLFrbrjon+FV4gKKeoyKD/43YRnMSjkkhnT9twUOznTKLiEYcnPDKSM37AetK1ULAbTyccbD+mOdbo0SrQ9CunY/T6Rs9iYQRzazphh3/xmI/M/1s4wOurkQqUZguKTh6JMUkzoKD7aFRo4yoEVjGth/0p5n2nG0YZcsiF4v1f+K5q1qndQPajvV45PijgWyBbZJrvEI4fkmJyTS9IgnNyRR/JMXpx758l5dd4mrVNOMbNJfpTz/gF7JKnK</latexit>

→O!1 (Q1)O!2 (Q2)↑
<latexit sha1_base64="REpOCH1St13qhrqknFI2YwES6vU="></latexit>

lim
X̂→Q2

∫ ↑

0

dt

t
t!2 K!1( tX̂,Q1 )

<latexit sha1_base64="kMM+Z0mmjfO4iyKDSJ22Mh8BMz4="></latexit>

hO�1 (Q1)O�2 (Q2)i = lim
X̂!Q2

Z 1

0

dt

t
t�2Gflat

�1
(tX̂,Q1)

=
⇣m
2

⌘d�2�1 Cflat
�1

(�2Q1 ·Q2 + i✏)�1
(2⇡)�(i(�1 ��2))

<latexit sha1_base64="IbBuGyKC2qQUZ8YiCa8LtqgMeMk=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgacnWuu2x6MVjC9YW2qVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLYVVPTBwOO9GWbmhQln2iD04RTW1jc2t4rbpZ3dvf2D8uHRnY5TRWiHxDxWvRBrypmkHcMMp71EUSxCTrvh9Dr3u/dUaRbLWzNLaCDwWLKIEWxyqT1kcFiuILfq1TwfQUt8VEN1S+qNi8tGA3ouWqACVmgNy++DUUxSQaUhHGvd91Biggwrwwin89Ig1TTBZIrHtG+pxILqIFvcOodnVhnBKFa2pIEL9ftEhoXWMxHaToHNRP/2cvEvr5+aqBFkTCapoZIsF0UphyaG+eNwxBQlhs8swUQxeyskE6wwMTaekg3h61P4P7mrup7v+u1apXm1iqMITsApOAceqIMmuAEt0AEETMADeALPjnAenRfnddlacFYzx+AHnLdP5oKOLg==</latexit>

Qi can be null separated

Standard 2pt conformal structure

<latexit sha1_base64="jVxX0k5wHOFozVccfrOy0a6BDKU="></latexit>

=
C(m)

!1

(→2Q1 ·Q2 + iω)!1
(2εi)ϑ(!1 →!2)



<latexit sha1_base64="f9paGD2IWYEW09FrE0pXsLV/yHg="></latexit>

→O!1 (Q1) . . . O!n (Qn)↑

Examples: Contact diagrams

Consider 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)

<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

Contribution from radial integral. 

Encodes all mass dependence.


<latexit sha1_base64="j8NgAkG82ebLvOHQ04bAtRSdRNU="></latexit>

= →ig

∫
dd+2XK!1 (X,Q1) . . .K!n (X,Qn)

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

= sin

0

@�d

2
+

nX

j=1

�j

1

A⇡

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

sin

 
�d

2
+

1

2

nX

i=1

�i

!
⇡

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

= sin
�
⇡
2 (�1 + . . .+�n � d)

�
R�1...�n (m1, . . . ,mn)

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

⇥ K(m)

i( d
2��)

⇣p
X2 + i✏

⌘

Non-derivative contact Witten diagram


Combines contributions from 

dS and EAdS regions of Minkowski space.

<latexit sha1_base64="LFqYCfcoQPA+BZ6w56eMkKEMv2c="></latexit>

=

Z 1

0
dRRd+1

nY

i=1

K(mi)
�i

(R)

Recall bulk-boundary propagator :

Celestial Correlators as EAdS Witten diagrams

Contact diagrams can be expressed as contact Witten diagrams in EAdS!

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

Gflat
� (X,Q) = lim

Ŷ!Q

Z 1

0

dt

t
t� GF

⇣
X, tŶ

⌘
=

<latexit sha1_base64="8q2+RFgHCgj4/z2kMj5gRAMLKRI=">AAACA3icbVDJSgNBEO2JW4zbqDe9DAYhgoQZkegxqAfBSwJmgUwIPZ2apEnPQneNEIaAF3/FiwdFvPoT3vwbO8tBEx8UPN6roqqeFwuu0La/jczS8srqWnY9t7G5tb1j7u7VVZRIBjUWiUg2PapA8BBqyFFAM5ZAA09Awxtcj/3GA0jFo/AehzG0A9oLuc8ZRS11zIO7TuregEA6cgX4WGieVl3Je3086Zh5u2hPYC0SZ0byZIZKx/xyuxFLAgiRCapUy7FjbKdUImcCRjk3URBTNqA9aGka0gBUO538MLKOtdK1/EjqCtGaqL8nUhooNQw83RlQ7Kt5byz+57US9C/bKQ/jBCFk00V+IiyMrHEgVpdLYCiGmlAmub7VYn0qKUMdW06H4My/vEjqZ0WnVCxVz/Plq1kcWXJIjkiBOOSClMktqZAaYeSRPJNX8mY8GS/Gu/Exbc0Ys5l98gfG5w9BbpdJ</latexit>

K! (X,Q)

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

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

�±

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

X̂✏

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

⇥ K(m)

i( d
2��)

⇣p
X2 + i✏

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

K(m)
�

⇣p
X2 + i✏

⌘
<latexit sha1_base64="xLVByhua1ohzKmof4TAJcQySxKQ="></latexit>

D!1...!n (Q1, . . . , Qn)

<latexit sha1_base64="/cnNHyuOblrrB8RlY5m8/AsC0TE="></latexit>

Qi ·Qj → Qi ·Qj ↑ iω

[C.S. and M. Taronna  ’23]



Examples: Exchange diagram

E.g. Four-point tree level direct channel exchange of mass m scalar between scalar fields of mass mi

Celestial Correlators as EAdS Witten diagrams
[L. Iacobacci, C.S. and M. Taronna ’24]


<latexit sha1_base64="xasj3STN+HyPT0vwd6H0Biw5dnA="></latexit>

→O!1 (Q1)O!2 (Q2)O!3 (Q3)O!4 (Q4)↑

<latexit sha1_base64="7D9fs0EoHaRX6PzapFLlBme2/LY="></latexit>

= (→ig12) (→ig34)

∫
dd+2Xdd+2Y K!1 (X,Q1)K!2 (X,Q2)GF (X,Y )K!3 (Y,Q3)K!4 (Y,Q4)

<latexit sha1_base64="TdpFA7MFdbDKkmH/hbJf6SxUM2I="></latexit>

=

∫ d
2+i→

d
2↑i→

d!

2ωi

cflat-AdS
!1!2!

(m1,m2,m) cflat-AdS
!!3!4

(m,m3,m4)

cflat-AdS
! (m)

<latexit sha1_base64="SGxT9y14VIwdZbDDHFFdZJbVF5E=">AAAB73icbVBNS8NAEN34WetX1aOXxSIIQklE1GNRDx4r2A9oQ9lsJ+3SzSbuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O0vLK6tr64WN4ubW9s5uaW+/YeJUc6jzWMa6FTADUiioo0AJrUQDiwIJzWB4M/GbT6CNiNUDjhLwI9ZXIhScoZVanVuQyLqn3VLZrbhT0EXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwLnZSAwnjQ9aHtqWKRWD8bHrvmB5bpUfDWNtSSKfq74mMRcaMosB2RgwHZt6biP957RTDKz8TKkkRFJ8tClNJMaaT52lPaOAoR5YwroW9lfIB04yjjahoQ/DmX14kjbOKd1Hx7s/L1es8jgI5JEfkhHjkklTJHamROuFEkmfySt6cR+fFeXc+Zq1LTj5zQP7A+fwBgoSPoA==</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="oYmRnax2Kf2FRMQSWB2HET0vjZ4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNRDx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1Fip3b1FYWjvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfja7d0JOrNInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMn2e9LlCZsTYEsoUt7cSNqSKMmMjKtkQvMWXl0nzrOpdVL3780rtOo+jCEdwDKfgwSXU4A7q0AAGAp7hFd6cR+fFeXc+5q0FJ585hD9wPn8AkCiPqQ==</latexit>

�4

Principal series 

of SO(d+1,1)

Change in 3 and 2 point coefficients

from AdS to Minkowski

<latexit sha1_base64="BD/ESzYlANQDTdrZi5UB807JItY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48tWltoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUcepYthisYhVJ6AaBZfYMtwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLHSfbPv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKnm8qHq1aq15Wanf5HEU4QRO4Rw8uII63EEDWsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfTyY2E</latexit>

Q1

<latexit sha1_base64="UccvRBzXsLVJTa+YbRapGP4CeWo=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hyiOBDZkdGpgwO7uZmTUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSQfzTRGP6QjyYecUWOlh0a/0i+W3LK7AFknXkZKkKHeL371BhFLQpSGCap113Nj46dUGc4Ezgq9RGNM2YSOsGuppCFqP12cOiMXVhmQYaRsSUMW6u+JlIZaT8PAdobUjPWqNxf/87qJGd74KZdxYlCy5aJhIoiJyPxvMuAKmRFTSyhT3N5K2JgqyoxNp2BD8FZfXietStmrlquNq1LtNosjD2dwDpfgwTXU4B7q0AQGI3iGV3hzhPPivDsfy9ack82cwh84nz/VTY2F</latexit>

Q2

<latexit sha1_base64="s8JM601ybKp/RbEVy5bub5bRt9Y=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHbVoEeiF48Q5ZHAhswOvTBhdnYzM2tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJaPZpygH9GB5CFn1Fjpod677BVLbtmdg6wSLyMlyFDrFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE974Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNi7JXKVfqV6XqbRZHHk7gFM7Bg2uowj3UoAEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8A1tGNhg==</latexit>

Q3

<latexit sha1_base64="YX7t+hISnWTdo5pG/W+WGXactS8=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY9ELx4hyiOBDZkdGpgwO7uZmTUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeTu7nffkKleSQfzTRGP6QjyYecUWOlh0a/0i+W3LK7AFknXkZKkKHeL371BhFLQpSGCap113Nj46dUGc4Ezgq9RGNM2YSOsGuppCFqP12cOiMXVhmQYaRsSUMW6u+JlIZaT8PAdobUjPWqNxf/87qJGd74KZdxYlCy5aJhIoiJyPxvMuAKmRFTSyhT3N5K2JgqyoxNp2BD8FZfXietq7JXLVcblVLtNosjD2dwDpfgwTXU4B7q0AQGI3iGV3hzhPPivDsfy9ack82cwh84nz/YVY2H</latexit>

Q4
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<latexit sha1_base64="z/kQ7R/OZXE9Z0Hmc3HDmxaP1Nk=">AAAB+XicbVBNSwMxFHxbv2r9WvXoJVgET2VXpHosevEkFawttEvJptk2NMkuSbZQlv4TLx4U8eo/8ea/MdvuQVsHHgwz75HJhAln2njet1NaW9/Y3CpvV3Z29/YP3MOjJx2nitAWiXmsOiHWlDNJW4YZTjuJoliEnLbD8W3utydUaRbLRzNNaCDwULKIEWys1HddiXrMjsBmFIbZ/azvVr2aNwdaJX5BqlCg2Xe/eoOYpIJKQzjWuut7iQkyrAwjnM4qvVTTBJMxHtKupRILqoNsnnyGzqwyQFGs7EiD5urviwwLracitJt5Qr3s5eJ/Xjc10XWQMZmkhkqyeChKOTIxymtAA6YoMXxqCSaK2ayIjLDCxNiyKrYEf/nLq+TpoubXa/WHy2rjpqijDCdwCufgwxU04A6a0AICE3iGV3hzMufFeXc+Fqslp7g5hj9wPn8AAaaTRw==</latexit>

n → N

<latexit sha1_base64="5ffY4OgObOHqhm8vzuCohdE7V6M="></latexit>

hO�1 (Q1) . . . O�n (Qn)i =
Z i1

�i1

d�ij
2⇡i

M (�ij)
Y

i<j

� (�ij) (�2Qi ·Qj)
��ij

Mellin amplitude                for a conformal correlator [Mack '09]

Conformal symmetry imposes:
<latexit sha1_base64="G9vuXJdmCJa+wPzBSsal1lG03w0="></latexit>

�ij = �ji, �ii = ��i,
nX

j=1

�ij = 0

<latexit sha1_base64="stSxHidka4UguZAMaMn6j09aDi0="></latexit>

�ij =
�i +�j � (�k + 2n)

2
, n � 0

Mellin Amplitudes  
<latexit sha1_base64="zn8dnITSa6JzbmWbjVUobkvO8KQ=">AAACAnicbVDJSgNBEO2JW4xb1JN4GQxCvIQZkegx6MWLEMEskBmGnk5N0qZnobtGCEPw4q948aCIV7/Cm39jZzlo4oOCx3tVVNXzE8EVWta3kVtaXlldy68XNja3tneKu3tNFaeSQYPFIpZtnyoQPIIGchTQTiTQ0BfQ8gdXY7/1AFLxOLrDYQJuSHsRDzijqCWveHDjCAiw7HRBIPUyfj9yJO/18cQrlqyKNYG5SOwZKZEZ6l7xy+nGLA0hQiaoUh3bStDNqETOBIwKTqogoWxAe9DRNKIhKDebvDAyj7XSNYNY6orQnKi/JzIaKjUMfd0ZUuyreW8s/ud1Ugwu3IxHSYoQsemiIBUmxuY4D7PLJTAUQ00ok1zfarI+lZShTq2gQ7DnX14kzdOKXa1Ub89KtctZHHlySI5ImdjknNTINamTBmHkkTyTV/JmPBkvxrvxMW3NGbOZffIHxucPRZWXXw==</latexit>

M (ωij)

<latexit sha1_base64="dbFxvTgP9tuDxAFocfA8QTJSfE8=">AAACGXicbZBNS8MwGMdTX+d8q3r0EhyCp9GKTPE01IM3J7gXWEtJs3SLS9qSpMIo/Rpe/CpePCjiUU9+G9OtMN18IOTH//88JM/fjxmVyrK+jYXFpeWV1dJaeX1jc2vb3NltySgRmDRxxCLR8ZEkjIakqahipBMLgrjPSNsfXuZ++4EISaPwTo1i4nLUD2lAMVJa8kzrxkudK8IU8mg25fsMOufQkZTn91QfZp5ZsarWuOA82AVUQFENz/x0ehFOOAkVZkjKrm3Fyk2RUBQzkpWdRJIY4SHqk67GEHEi3XS8WQYPtdKDQST0CRUcq78nUsSlHHFfd3KkBnLWy8X/vG6igjM3pWGcKBLiyUNBwqCKYB4T7FFBsGIjDQgLqv8K8QAJhJUOs6xDsGdXnofWcdWuVWu3J5X6RRFHCeyDA3AEbHAK6uAaNEATYPAInsEreDOejBfj3fiYtC4Yxcwe+FPG1w+MVqAG</latexit>

O�iO�j ⇠ O�k

<latexit sha1_base64="vXhOQPHvHB68+SA/Upy38+s8Qbw=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRZBUMquSPVY9OKxgv2Q7lKy2bQNTTZLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2rjut1NYWV1b3yhulra2d3b3yvsHLS1TRWiTSC5VJ8SachbTpmGG006iKBYhp+1wdDv1209UaSbjBzNOaCDwIGZ9RrCx0uOZf+7zSBrdK1fcqjsDWiZeTiqQo9Erf/mRJKmgsSEca9313MQEGVaGEU4nJT/VNMFkhAe0a2mMBdVBNjt4gk6sEqG+VLZig2bq74kMC63HIrSdApuhXvSm4n9eNzX96yBjcZIaGpP5on7KkZFo+j2KmKLE8LElmChmb0VkiBUmxmZUsiF4iy8vk9ZF1atVa/eXlfpNHkcRjuAYTsGDK6jDHTSgCQQEPMMrvDnKeXHenY95a8HJZw7hD5zPH0LPkBQ=</latexit>

+ . . .Contributions to the OPE are encoded in poles in        at:
<latexit sha1_base64="1U2KZgF0t+qZJvVCUYssm0zttiM=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseiF48V7AekoWw2m3btZjfsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBXcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMSrTlLWpEkr3QmKY4JK1gYNgvVQzkoSCdcPx7czvPjFtuJIPMElZkJCh5DGnBKzk9yMmgAxy/jgdVGtu3Z0DrxKvIDVUoDWofvUjRbOESaCCGON7bgpBTjRwKti00s8MSwkdkyHzLZUkYSbI5ydP8ZlVIhwrbUsCnqu/J3KSGDNJQtuZEBiZZW8m/uf5GcTXQc5lmgGTdLEozgQGhWf/44hrRkFMLCFUc3srpiOiCQWbUsWG4C2/vEo6F3WvUW/cX9aaN0UcZXSCTtE58tAVaqI71EJtRJFCz+gVvTngvDjvzseiteQUM8foD5zPH6XjkYM=</latexit>

ωij

(             are descendant contributions )
<latexit sha1_base64="4RVyCIfEoMvnZhSwxV2fXn9wFOg=">AAAB7HicdVBNSwMxEJ31s9avqkcvwSJ4WrJiW71I0YvHCm5baJeSTbNtaDa7JFmhlP4GLx4U8eoP8ua/MW1XUNEHA4/3ZpiZF6aCa4Pxh7O0vLK6tl7YKG5ube/slvb2mzrJFGU+TUSi2iHRTHDJfMONYO1UMRKHgrXC0fXMb90zpXki78w4ZUFMBpJHnBJjJV+iS4R7pTJ2KxcWNYTdKsbYq+QEV5Dn4jnKkKPRK713+wnNYiYNFUTrjodTE0yIMpwKNi12M81SQkdkwDqWShIzHUzmx07RsVX6KEqULWnQXP0+MSGx1uM4tJ0xMUP925uJf3mdzETnwYTLNDNM0sWiKBPIJGj2OepzxagRY0sIVdzeiuiQKEKNzadoQ/j6FP1PmqeuV3Wrt2fl+lUeRwEO4QhOwIMa1OEGGuADBQ4P8ATPjnQenRfnddG65OQzB/ADztsn4NaOGg==</latexit>

n > 0



Mellin Amplitudes for AdS Witten diagrams  

[Penedones '10]

Tree-level exchange Witten diagrams

 e.g.
<latexit sha1_base64="T9ifdm2H5Xb8oJX+VAh5FLd7C7I=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgqSQi1WNRDx4r2A9sQtlsJ+3S3U3YnQil9F948aCIV/+NN/+N2zYHrT4YeLw3w8y8KBXcoOd9OYWV1bX1jeJmaWt7Z3evvH/QMkmmGTRZIhLdiagBwRU0kaOATqqBykhAOxpdz/z2I2jDE3WP4xRCSQeKx5xRtNJDcAMCaS9IZa9c8areHO5f4uekQnI0euXPoJ+wTIJCJqgxXd9LMZxQjZwJmJaCzEBK2YgOoGupohJMOJlfPHVPrNJ340TbUujO1Z8TEyqNGcvIdkqKQ7PszcT/vG6G8WU44SrNEBRbLIoz4WLizt53+1wDQzG2hDLN7a0uG1JNGdqQSjYEf/nlv6R1VvVr1drdeaV+lcdRJEfkmJwSn1yQOrklDdIkjCjyRF7Iq2OcZ+fNeV+0Fpx85pD8gvPxDW3MkMc=</latexit>

�±

<latexit sha1_base64="gfDDG5HdC2uj59mXU+2xx3lABwE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqeP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfi+MwA==</latexit>

1

<latexit sha1_base64="2fvfthwg1mRLBhwA3jth0GTm+tU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJQY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1XG1el2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH+zjME=</latexit>

2

<latexit sha1_base64="zAYiae0AiBpVJ1FsFEw+B7zCIFA=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbVoEeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftkrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1K9K1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AIE3jMI=</latexit>

3

<latexit sha1_base64="j7wS8F7tKFAwj8Nbw54mK7S7CAI=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBKR6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva369Vq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxg5i5k=</latexit>

4

Mellin amplitude                for a conformal correlator at large N [Mack '09]
<latexit sha1_base64="zn8dnITSa6JzbmWbjVUobkvO8KQ=">AAACAnicbVDJSgNBEO2JW4xb1JN4GQxCvIQZkegx6MWLEMEskBmGnk5N0qZnobtGCEPw4q948aCIV7/Cm39jZzlo4oOCx3tVVNXzE8EVWta3kVtaXlldy68XNja3tneKu3tNFaeSQYPFIpZtnyoQPIIGchTQTiTQ0BfQ8gdXY7/1AFLxOLrDYQJuSHsRDzijqCWveHDjCAiw7HRBIPUyfj9yJO/18cQrlqyKNYG5SOwZKZEZ6l7xy+nGLA0hQiaoUh3bStDNqETOBIwKTqogoWxAe9DRNKIhKDebvDAyj7XSNYNY6orQnKi/JzIaKjUMfd0ZUuyreW8s/ud1Ugwu3IxHSYoQsemiIBUmxuY4D7PLJTAUQ00ok1zfarI+lZShTq2gQ7DnX14kzdOKXa1Ub89KtctZHHlySI5ImdjknNTINamTBmHkkTyTV/JmPBkvxrvxMW3NGbOZffIHxucPRZWXXw==</latexit>

M (ωij)

<latexit sha1_base64="5ffY4OgObOHqhm8vzuCohdE7V6M="></latexit>

hO�1 (Q1) . . . O�n (Qn)i =
Z i1

�i1

d�ij
2⇡i

M (�ij)
Y

i<j

� (�ij) (�2Qi ·Qj)
��ij

multi-trace operator contributions

``single trace” operator <latexit sha1_base64="iyddlTztgGvqtxf4/SouuwaI0KE=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI9BPXgzgnlAdl1mJ73JkJnZZWZWCUv+w4sHRbz6L978GyePg0YLGoqqbrq7opQzbVz3yyksLa+srhXXSxubW9s75d29lk4yRaFJE56oTkQ0cCahaZjh0EkVEBFxaEfDy4nffgClWSLvzCiFQJC+ZDGjxFjp/ibM/SvghoR+KsZhueJW3SnwX+LNSQXN0QjLn34voZkAaSgnWnc9NzVBTpRhlMO45GcaUkKHpA9dSyURoIN8evUYH1mlh+NE2ZIGT9WfEzkRWo9EZDsFMQO96E3E/7xuZuLzIGcyzQxIOlsUZxybBE8iwD2mgBo+soRQxeytmA6IItTYoEo2BG/x5b+kdVL1atXa7WmlfjGPo4gO0CE6Rh46Q3V0jRqoiShS6Am9oFfn0Xl23pz3WWvBmc/so19wPr4BkxOSlQ==</latexit>

O�±

<latexit sha1_base64="ov7IyyQnBez6Lhuom5L+pSXNvJQ=">AAACBHicbZDNSgMxFIUz9a/Wv1GX3QSLIEjLTJHqRijqwmUV2wrtdMikaRuaZIYkI5ShCze+ihsXirj1Idz5NqbtLLT1QODj3Hu5uSeIGFXacb6tzNLyyupadj23sbm1vWPv7jVUGEtM6jhkobwPkCKMClLXVDNyH0mCeMBIMxheTurNByIVDcWdHkXE46gvaI9ipI3l23neKd92yvAcFttXhGnkH8MUir5dcErOVHAR3BQKIFXNt7/a3RDHnAiNGVKq5TqR9hIkNcWMjHPtWJEI4SHqk5ZBgThRXjI9YgwPjdOFvVCaJzScur8nEsSVGvHAdHKkB2q+NjH/q7Vi3TvzEiqiWBOBZ4t6MYM6hJNEYJdKgjUbGUBYUvNXiAdIIqxNbjkTgjt/8iI0yiW3UqrcnBSqF2kcWZAHB+AIuOAUVME1qIE6wOARPINX8GY9WS/Wu/Uxa81Y6cw++CPr8wdpBZYP</latexit>

m2R2 = →!+!→

<latexit sha1_base64="qaRIK68Mg4EZTb0+T1WE1OPp9s8="></latexit>

�12 =
�1 +�2 � (�± + 2n)

2
, �34 =

�3 +�4 � (�± + 2m)

2
, n, m � 0

Simple poles 

Witten diagrams in AdS space Mellin amplitude

Contact Witten diagrams Polynomial in
<latexit sha1_base64="1U2KZgF0t+qZJvVCUYssm0zttiM=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseiF48V7AekoWw2m3btZjfsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBXcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMSrTlLWpEkr3QmKY4JK1gYNgvVQzkoSCdcPx7czvPjFtuJIPMElZkJCh5DGnBKzk9yMmgAxy/jgdVGtu3Z0DrxKvIDVUoDWofvUjRbOESaCCGON7bgpBTjRwKti00s8MSwkdkyHzLZUkYSbI5ydP8ZlVIhwrbUsCnqu/J3KSGDNJQtuZEBiZZW8m/uf5GcTXQc5lmgGTdLEozgQGhWf/44hrRkFMLCFUc3srpiOiCQWbUsWG4C2/vEo6F3WvUW/cX9aaN0UcZXSCTtE58tAVaqI71EJtRJFCz+gVvTngvDjvzseiteQUM8foD5zPH6XjkYM=</latexit>

ωij

  at
<latexit sha1_base64="z/kQ7R/OZXE9Z0Hmc3HDmxaP1Nk=">AAAB+XicbVBNSwMxFHxbv2r9WvXoJVgET2VXpHosevEkFawttEvJptk2NMkuSbZQlv4TLx4U8eo/8ea/MdvuQVsHHgwz75HJhAln2njet1NaW9/Y3CpvV3Z29/YP3MOjJx2nitAWiXmsOiHWlDNJW4YZTjuJoliEnLbD8W3utydUaRbLRzNNaCDwULKIEWys1HddiXrMjsBmFIbZ/azvVr2aNwdaJX5BqlCg2Xe/eoOYpIJKQzjWuut7iQkyrAwjnM4qvVTTBJMxHtKupRILqoNsnnyGzqwyQFGs7EiD5urviwwLracitJt5Qr3s5eJ/Xjc10XWQMZmkhkqyeChKOTIxymtAA6YoMXxqCSaK2ayIjLDCxNiyKrYEf/nLq+TpoubXa/WHy2rjpqijDCdwCufgwxU04A6a0AICE3iGV3hzMufFeXc+Fqslp7g5hj9wPn8AAaaTRw==</latexit>

n → N



<latexit sha1_base64="VKDUBqevLD3gRtIO7299qLHvdlc="></latexit>

ωij = ωji, ωii = →!i,
n∑

j=1

ωij = 0

Mellin amplitude                for celestial correlators 
<latexit sha1_base64="zn8dnITSa6JzbmWbjVUobkvO8KQ=">AAACAnicbVDJSgNBEO2JW4xb1JN4GQxCvIQZkegx6MWLEMEskBmGnk5N0qZnobtGCEPw4q948aCIV7/Cm39jZzlo4oOCx3tVVNXzE8EVWta3kVtaXlldy68XNja3tneKu3tNFaeSQYPFIpZtnyoQPIIGchTQTiTQ0BfQ8gdXY7/1AFLxOLrDYQJuSHsRDzijqCWveHDjCAiw7HRBIPUyfj9yJO/18cQrlqyKNYG5SOwZKZEZ6l7xy+nGLA0hQiaoUh3bStDNqETOBIwKTqogoWxAe9DRNKIhKDebvDAyj7XSNYNY6orQnKi/JzIaKjUMfd0ZUuyreW8s/ud1Ugwu3IxHSYoQsemiIBUmxuY4D7PLJTAUQ00ok1zfarI+lZShTq2gQ7DnX14kzdOKXa1Ub89KtctZHHlySI5ImdjknNTINamTBmHkkTyTV/JmPBkvxrvxMW3NGbOZffIHxucPRZWXXw==</latexit>

M (ωij)

Celestial Mellin Amplitudes 

<latexit sha1_base64="5ffY4OgObOHqhm8vzuCohdE7V6M="></latexit>

hO�1 (Q1) . . . O�n (Qn)i =
Z i1

�i1

d�ij
2⇡i

M (�ij)
Y

i<j

� (�ij) (�2Qi ·Qj)
��ij

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

=
Y

i
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X̂i!Qi

Z 1

0

dti
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t�i
i

D
�1(t1X̂1) . . .�n(tnX̂n)

E

<latexit sha1_base64="5ffY4OgObOHqhm8vzuCohdE7V6M="></latexit>

hO�1 (Q1) . . . O�n (Qn)i =
Z i1

�i1

d�ij
2⇡i

M (�ij)
Y

i<j

� (�ij) (�2Qi ·Qj)
��ij

<latexit sha1_base64="UDWJTlMr96xMI0tWMvFS+nNUe5M="></latexit>

Qi ·Qj → Qi ·Qj ↑ iω

[F. Pacifico, P. Pergola and C.S. ’24]


Celestial Mellin amplitudes are straightforwardly computed perturbatively using Schwinger param etc.

We already know that: 

Polynomial Celestial Mellin amplitudes Contact diagrams



Celestial Mellin Amplitudes 
4pt tree-level exchange of a scalar particle of mass m between massless scalars:

[F. Pacifico, P. Pergola and C.S. ’24]


<latexit sha1_base64="68RbGPtn/QK21l6Lpl4da4ZfQmc=">AAACD3icbZDLSgMxFIYz9VbrrerSTbAolWKZKVJdFnXhzgr2Am0dMulpG5rJDElGKEPfwI2v4saFIm7duvNtTNtZaPWHwMd/zuHk/F7ImdK2/WWlFhaXllfSq5m19Y3Nrez2Tl0FkaRQowEPZNMjCjgTUNNMc2iGEojvcWh4w4tJvXEPUrFA3OpRCB2f9AXrMUq0sdzs4bUbty+Ba+I6hQRKhXzpuHtUKIm7diiZD2PsZnN20Z4K/wUngRxKVHWzn+1uQCMfhKacKNVy7FB3YiI1oxzGmXakICR0SPrQMiiID6oTT+8Z4wPjdHEvkOYJjafuz4mY+EqNfM90+kQP1HxtYv5Xa0W6d9aJmQgjDYLOFvUijnWAJ+HgLpNANR8ZIFQy81dMB0QSqk2EGROCM3/yX6iXik65WL45yVXOkzjSaA/tozxy0CmqoCtURTVE0QN6Qi/o1Xq0nq03633WmrKSmV30S9bHN+SYmrE=</latexit>

O!1+!2+(2→d)+2n→
<latexit sha1_base64="izfbkBLUcI+2yhyYVolrKAXDyIs=">AAACD3icbZDNSgMxFIUz/tb6V3XpJliUSrHM1FJdFnXhTgVrhbYOmcydGkxmhiQjlKFv4MZXceNCEbdu3fk2pnUW2nog8HHuvdzc48WcKW3bX9bU9Mzs3HxuIb+4tLyyWlhbv1JRIik0acQjee0RBZyF0NRMc7iOJRDhcWh5d8fDeusepGJReKn7MXQF6YUsYJRoY7mFnTM37ZwA18TdL2dQK5eqe/5uuSpuOrFkAgbYLRTtij0SngQngyLKdO4WPjt+RBMBoaacKNV27Fh3UyI1oxwG+U6iICb0jvSgbTAkAlQ3Hd0zwNvG8XEQSfNCjUfu74mUCKX6wjOdguhbNV4bmv/V2okODrspC+NEQ0h/FgUJxzrCw3CwzyRQzfsGCJXM/BXTWyIJ1SbCvAnBGT95Eq6qFadeqV/Uio2jLI4c2kRbqIQcdIAa6BSdoyai6AE9oRf0aj1az9ab9f7TOmVlMxvoj6yPb+l1mrQ=</latexit>

O!3+!4+(2→d)+2m→and + their descendants

Exchanged single particle state is encoded by two infinite families of operators:                                             

<latexit sha1_base64="Us5HWuq6L7OZLA5QyikW5Ln21nw="></latexit>
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<latexit sha1_base64="EkmHKVW7Efwtu8KxbmbDo+V4k8U="></latexit>
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<latexit sha1_base64="EkmHKVW7Efwtu8KxbmbDo+V4k8U="></latexit>
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2 (d+ 2 +

∑
i ”i) , ω34 +

1
2 (d+ 2 +

∑
i ”i)

; 1

)

<latexit sha1_base64="6QwjLXFfgIQKwaiTmolZFEVFv6U=">AAAB6nicbVBNSwMxEJ2tX7V+rXr0EiyCp7JbpHosevFY0X5Au5Zsmm1Dk+ySZIWy9Cd48aCIV3+RN/+NabsHbX0w8Hhvhpl5YcKZNp737RTW1jc2t4rbpZ3dvf0D9/CopeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vpn57SeqNIvlg5kkNBB4KFnECDZWuheP1b5b9ireHGiV+DkpQ45G3/3qDWKSCioN4Vjrru8lJsiwMoxwOi31Uk0TTMZ4SLuWSiyoDrL5qVN0ZpUBimJlSxo0V39PZFhoPRGh7RTYjPSyNxP/87qpia6CjMkkNVSSxaIo5cjEaPY3GjBFieETSzBRzN6KyAgrTIxNp2RD8JdfXiWtasWvVWp3F+X6dR5HEU7gFM7Bh0uowy00oAkEhvAMr/DmcOfFeXc+Fq0FJ585hj9wPn8A/nCNoA==</latexit>

m2

<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0

<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0

<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0

<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0

Poles in
<latexit sha1_base64="w5EY4ohZjQMmjPzKCDmwicjNIfQ="></latexit>

ω12 =
!1 +!2 → (!+ 2n)

2
, n ↑ 0, Two infinite families:.

<latexit sha1_base64="z/kQ7R/OZXE9Z0Hmc3HDmxaP1Nk=">AAAB+XicbVBNSwMxFHxbv2r9WvXoJVgET2VXpHosevEkFawttEvJptk2NMkuSbZQlv4TLx4U8eo/8ea/MdvuQVsHHgwz75HJhAln2njet1NaW9/Y3CpvV3Z29/YP3MOjJx2nitAWiXmsOiHWlDNJW4YZTjuJoliEnLbD8W3utydUaRbLRzNNaCDwULKIEWys1HddiXrMjsBmFIbZ/azvVr2aNwdaJX5BqlCg2Xe/eoOYpIJKQzjWuut7iQkyrAwjnM4qvVTTBJMxHtKupRILqoNsnnyGzqwyQFGs7EiD5urviwwLracitJt5Qr3s5eJ/Xjc10XWQMZmkhkqyeChKOTIxymtAA6YoMXxqCSaK2ayIjLDCxNiyKrYEf/nLq+TpoubXa/WHy2rjpqijDCdwCufgwxU04A6a0AICE3iGV3hzMufFeXc+Fqslp7g5hj9wPn8AAaaTRw==</latexit>

n → N,
<latexit sha1_base64="/oNMc8gRxVOVdRx9Sew7tdyyfDg="></latexit>

! = !3 +!4 + (2→ d) + 2m→, m→ ↑ N

<latexit sha1_base64="uX4UZPlkHZ57kYCmrGv98KXEEOk="></latexit>

! = !1 +!2 + (2→ d) + 2n→, n→ ↑ N



Exchanged single particle state is encoded by two shadow families of operators:                                             

<latexit sha1_base64="N/M8EC8iFEK/LU8C46lFuDRIPk8=">AAACFHicbZBPSwJBGMZn7Z/Zv62OXYYkMETZNbEugVSHjgZpgi7L7OysDs7OLjOzgYgfoktfpUuHIrp26Na3adSFSnth4MfzvC/vvI8XMyqVZX0ZmaXlldW17HpuY3Nre8fc3WvJKBGYNHHEItH2kCSMctJUVDHSjgVBocfInTe4nPh390RIGvFbNYyJE6IepwHFSGnJNYvdK8IUgudwBm7pB09S060WC5WSf+yaeatsTQsugp1CHqTVcM3Prh/hJCRcYYak7NhWrJwREopiRsa5biJJjPAA9UhHI0chkc5oetQYHmnFh0Ek9OMKTtXfEyMUSjkMPd0ZItWX895E/M/rJCo4c0aUx4kiHM8WBQmDKoKThKBPBcGKDTUgLKj+K8R9JBBWOsecDsGeP3kRWpWyXSvXbqr5+kUaRxYcgENQADY4BXVwDRqgCTB4AE/gBbwaj8az8Wa8z1ozRjqzD/6U8fEN3DCbkQ==</latexit>

! = !→ = !3 +!4 + (2→ d)

<latexit sha1_base64="HdPw3u1SdEiFgULVIFODmEyyVUo=">AAACFHicbZDLSsNAFIYn9VbrLerSzWARKsWSFKluhKIuXFawF2hDmEwm7dDJJMxMhBL6EG58FTcuFHHrwp1v47QNqK0HBj7+/xzOnN+LGZXKsr6M3NLyyupafr2wsbm1vWPu7rVklAhMmjhikeh4SBJGOWkqqhjpxIKg0GOk7Q2vJn77nghJI36nRjFxQtTnNKAYKS25Zrl3TZhC8ALOwC3/oJ2ZbrVcqp74x65ZtCrWtOAi2BkUQVYN1/zs+RFOQsIVZkjKrm3FykmRUBQzMi70EklihIeoT7oaOQqJdNLpUWN4pBUfBpHQjys4VX9PpCiUchR6ujNEaiDnvYn4n9dNVHDupJTHiSIczxYFCYMqgpOEoE8FwYqNNCAsqP4rxAMkEFY6x4IOwZ4/eRFa1Ypdq9RuT4v1yyyOPDgAh6AEbHAG6uAGNEATYPAAnsALeDUejWfjzXifteaMbGYf/Cnj4xvSupuL</latexit>

! = !+ = !1 +!2 + (2→ d)

Celestial Mellin Amplitudes 
[F. Pacifico, P. Pergola and C.S. ’24]


<latexit sha1_base64="6QwjLXFfgIQKwaiTmolZFEVFv6U=">AAAB6nicbVBNSwMxEJ2tX7V+rXr0EiyCp7JbpHosevFY0X5Au5Zsmm1Dk+ySZIWy9Cd48aCIV3+RN/+NabsHbX0w8Hhvhpl5YcKZNp737RTW1jc2t4rbpZ3dvf0D9/CopeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vpn57SeqNIvlg5kkNBB4KFnECDZWuheP1b5b9ireHGiV+DkpQ45G3/3qDWKSCioN4Vjrru8lJsiwMoxwOi31Uk0TTMZ4SLuWSiyoDrL5qVN0ZpUBimJlSxo0V39PZFhoPRGh7RTYjPSyNxP/87qpia6CjMkkNVSSxaIo5cjEaPY3GjBFieETSzBRzN6KyAgrTIxNp2RD8JdfXiWtasWvVWp3F+X6dR5HEU7gFM7Bh0uowy00oAkEhvAMr/DmcOfFeXc+Fq0FJ585hj9wPn8A/nCNoA==</latexit>

m2

<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0

<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0

<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0

<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0

Poles in
<latexit sha1_base64="w5EY4ohZjQMmjPzKCDmwicjNIfQ="></latexit>

ω12 =
!1 +!2 → (!+ 2n)

2
, n ↑ 0, Two shadow families:.

<latexit sha1_base64="z/kQ7R/OZXE9Z0Hmc3HDmxaP1Nk=">AAAB+XicbVBNSwMxFHxbv2r9WvXoJVgET2VXpHosevEkFawttEvJptk2NMkuSbZQlv4TLx4U8eo/8ea/MdvuQVsHHgwz75HJhAln2njet1NaW9/Y3CpvV3Z29/YP3MOjJx2nitAWiXmsOiHWlDNJW4YZTjuJoliEnLbD8W3utydUaRbLRzNNaCDwULKIEWys1HddiXrMjsBmFIbZ/azvVr2aNwdaJX5BqlCg2Xe/eoOYpIJKQzjWuut7iQkyrAwjnM4qvVTTBJMxHtKupRILqoNsnnyGzqwyQFGs7EiD5urviwwLracitJt5Qr3s5eJ/Xjc10XWQMZmkhkqyeChKOTIxymtAA6YoMXxqCSaK2ayIjLDCxNiyKrYEf/nLq+TpoubXa/WHy2rjpqijDCdwCufgwxU04A6a0AICE3iGV3hzMufFeXc+Fqslp7g5hj9wPn8AAaaTRw==</latexit>

n → N,

4pt tree-level exchange of a massless scalar particle between massless scalars:

<latexit sha1_base64="e8FNvZD4paBQPn6fJozLR7xvA1A=">AAACAHicdVDLSsNAFJ34rPUVdeHCzWARhGJIam2ThVDUhcsK9gFtCJPptB06eTAzEUrpxl9x40IRt36GO//GSRtBRQ9cOJxzL/fe48eMCmmaH9rC4tLyympuLb++sbm1re/sNkWUcEwaOGIRb/tIEEZD0pBUMtKOOUGBz0jLH12mfuuOcEGj8FaOY+IGaBDSPsVIKsnT97tXhEnkFWERZvQEnsOepxdMw7Ed0z6DplFyyk7VSknZOnVsaBnmDAWQoe7p791ehJOAhBIzJETHMmPpThCXFDMyzXcTQWKER2hAOoqGKCDCncwemMIjpfRgP+KqQgln6veJCQqEGAe+6gyQHIrfXir+5XUS2bfdCQ3jRJIQzxf1EwZlBNM0YI9ygiUbK4Iwp+pWiIeIIyxVZnkVwten8H/SLBlWxajclAu1iyyOHDgAh+AYWKAKauAa1EEDYDAFD+AJPGv32qP2or3OWxe0bGYP/ID29gk6N5Ts</latexit>

!+ +!→ = d

                                            and + their descendants
<latexit sha1_base64="hXkG6wwhDqYpoo9lXCOBWS1B+Uk=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoM6sGbEcwDsssyO+kkQ2YfzMwKYclvePGgiFd/xpt/4yTZgyYWNBRV3XR3BYngStv2t1VYWV1b3yhulra2d3b3yvsHLRWnkmGTxSKWnYAqFDzCpuZaYCeRSMNAYDsY3Uz99hNKxePoUY8T9EI6iHifM6qN5N77mXuLQlP/bOKXK3bVnoEsEycnFcjR8Mtfbi9maYiRZoIq1XXsRHsZlZozgZOSmypMKBvRAXYNjWiIystmN0/IiVF6pB9LU5EmM/X3REZDpcZhYDpDqodq0ZuK/3ndVPevvIxHSaoxYvNF/VQQHZNpAKTHJTItxoZQJrm5lbAhlZRpE1PJhOAsvrxMWudVp1atPVxU6td5HEU4gmM4BQcuoQ530IAmMEjgGV7hzUqtF+vd+pi3Fqx85hD+wPr8AaX1kXM=</latexit>

O!+

<latexit sha1_base64="tVLYoes6SQal7VWi0EDE/7ZrfXQ=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgxbArEj0G9eDNCOYB2WWZnXSSIbMPZmaFsOQ3vHhQxKs/482/cZLsQRMLGoqqbrq7gkRwpW372yqsrK6tbxQ3S1vbO7t75f2DlopTybDJYhHLTkAVCh5hU3MtsJNIpGEgsB2MbqZ++wml4nH0qMcJeiEdRLzPGdVGcu/9zL1Foal/NvHLFbtqz0CWiZOTCuRo+OUvtxezNMRIM0GV6jp2or2MSs2ZwEnJTRUmlI3oALuGRjRE5WWzmyfkxCg90o+lqUiTmfp7IqOhUuMwMJ0h1UO16E3F/7xuqvtXXsajJNUYsfmifiqIjsk0ANLjEpkWY0Mok9zcStiQSsq0ialkQnAWX14mrfOqU6vWHi4q9es8jiIcwTGcggOXUIc7aEATGCTwDK/wZqXWi/VufcxbC1Y+cwh/YH3+AKj/kXU=</latexit>

O!→

<latexit sha1_base64="Us5HWuq6L7OZLA5QyikW5Ln21nw="></latexit>

→ 3F2

(
ω12 + 1↑ d

2 , ω34 + 1↑ d
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d
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∑
i !i
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d
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∑
i !i, ω34 +
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2

∑
i !i

; 1

)

<latexit sha1_base64="64JlxkrKhGAXY2ZGM5AbFNk8cF0="></latexit>

2ωi ε

(
→3d+ 4 +

∑
i !i

2

)<latexit sha1_base64="EkmHKVW7Efwtu8KxbmbDo+V4k8U="></latexit>
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)

<latexit sha1_base64="EkmHKVW7Efwtu8KxbmbDo+V4k8U="></latexit>

M(ωij) →
(m
2

)3d→4→
∑

i !i

!

(
↑3d+ 4 +

∑
i ”i

2

)

↓
!
(
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2

)
!
(
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2
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(
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∑
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)
!
(
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∑
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)

↓ 3F2

(
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2 , ω34 + 1↑ d
2 ,

1
2 (d+ 2↑

∑
i ”i)

ω12 +
1
2 (d+ 2 +

∑
i ”i) , ω34 +

1
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∑
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; 1

)



Exchanged single particle state is encoded by two shadow families of operators:                                             

<latexit sha1_base64="N/M8EC8iFEK/LU8C46lFuDRIPk8=">AAACFHicbZBPSwJBGMZn7Z/Zv62OXYYkMETZNbEugVSHjgZpgi7L7OysDs7OLjOzgYgfoktfpUuHIrp26Na3adSFSnth4MfzvC/vvI8XMyqVZX0ZmaXlldW17HpuY3Nre8fc3WvJKBGYNHHEItH2kCSMctJUVDHSjgVBocfInTe4nPh390RIGvFbNYyJE6IepwHFSGnJNYvdK8IUgudwBm7pB09S060WC5WSf+yaeatsTQsugp1CHqTVcM3Prh/hJCRcYYak7NhWrJwREopiRsa5biJJjPAA9UhHI0chkc5oetQYHmnFh0Ek9OMKTtXfEyMUSjkMPd0ZItWX895E/M/rJCo4c0aUx4kiHM8WBQmDKoKThKBPBcGKDTUgLKj+K8R9JBBWOsecDsGeP3kRWpWyXSvXbqr5+kUaRxYcgENQADY4BXVwDRqgCTB4AE/gBbwaj8az8Wa8z1ozRjqzD/6U8fEN3DCbkQ==</latexit>

! = !→ = !3 +!4 + (2→ d)

<latexit sha1_base64="HdPw3u1SdEiFgULVIFODmEyyVUo=">AAACFHicbZDLSsNAFIYn9VbrLerSzWARKsWSFKluhKIuXFawF2hDmEwm7dDJJMxMhBL6EG58FTcuFHHrwp1v47QNqK0HBj7+/xzOnN+LGZXKsr6M3NLyyupafr2wsbm1vWPu7rVklAhMmjhikeh4SBJGOWkqqhjpxIKg0GOk7Q2vJn77nghJI36nRjFxQtTnNKAYKS25Zrl3TZhC8ALOwC3/oJ2ZbrVcqp74x65ZtCrWtOAi2BkUQVYN1/zs+RFOQsIVZkjKrm3FykmRUBQzMi70EklihIeoT7oaOQqJdNLpUWN4pBUfBpHQjys4VX9PpCiUchR6ujNEaiDnvYn4n9dNVHDupJTHiSIczxYFCYMqgpOEoE8FwYqNNCAsqP4rxAMkEFY6x4IOwZ4/eRFa1Ypdq9RuT4v1yyyOPDgAh6AEbHAG6uAGNEATYPAAnsALeDUejWfjzXifteaMbGYf/Cnj4xvSupuL</latexit>

! = !+ = !1 +!2 + (2→ d)

Celestial Mellin Amplitudes 
[F. Pacifico, P. Pergola and C.S. ’24]


<latexit sha1_base64="6QwjLXFfgIQKwaiTmolZFEVFv6U=">AAAB6nicbVBNSwMxEJ2tX7V+rXr0EiyCp7JbpHosevFY0X5Au5Zsmm1Dk+ySZIWy9Cd48aCIV3+RN/+NabsHbX0w8Hhvhpl5YcKZNp737RTW1jc2t4rbpZ3dvf0D9/CopeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vpn57SeqNIvlg5kkNBB4KFnECDZWuheP1b5b9ireHGiV+DkpQ45G3/3qDWKSCioN4Vjrru8lJsiwMoxwOi31Uk0TTMZ4SLuWSiyoDrL5qVN0ZpUBimJlSxo0V39PZFhoPRGh7RTYjPSyNxP/87qpia6CjMkkNVSSxaIo5cjEaPY3GjBFieETSzBRzN6KyAgrTIxNp2RD8JdfXiWtasWvVWp3F+X6dR5HEU7gFM7Bh0uowy00oAkEhvAMr/DmcOfFeXc+Fq0FJ585hj9wPn8A/nCNoA==</latexit>

m2

<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0

<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0

<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0

<latexit sha1_base64="+7Y+mbaigftZyW4HrIlyB8Q4C84=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZquP1S2a24c5BV4uWkDDnq/dJXbxCzNEJpmKBadz03MX5GleFM4LTYSzUmlI3pELuWShqh9rP5oVNybpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxWvWqk2rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBfKuMvw==</latexit>

0

Poles in
<latexit sha1_base64="w5EY4ohZjQMmjPzKCDmwicjNIfQ="></latexit>

ω12 =
!1 +!2 → (!+ 2n)

2
, n ↑ 0, Two shadow families:.

<latexit sha1_base64="z/kQ7R/OZXE9Z0Hmc3HDmxaP1Nk=">AAAB+XicbVBNSwMxFHxbv2r9WvXoJVgET2VXpHosevEkFawttEvJptk2NMkuSbZQlv4TLx4U8eo/8ea/MdvuQVsHHgwz75HJhAln2njet1NaW9/Y3CpvV3Z29/YP3MOjJx2nitAWiXmsOiHWlDNJW4YZTjuJoliEnLbD8W3utydUaRbLRzNNaCDwULKIEWys1HddiXrMjsBmFIbZ/azvVr2aNwdaJX5BqlCg2Xe/eoOYpIJKQzjWuut7iQkyrAwjnM4qvVTTBJMxHtKupRILqoNsnnyGzqwyQFGs7EiD5urviwwLracitJt5Qr3s5eJ/Xjc10XWQMZmkhkqyeChKOTIxymtAA6YoMXxqCSaK2ayIjLDCxNiyKrYEf/nLq+TpoubXa/WHy2rjpqijDCdwCufgwxU04A6a0AICE3iGV3hzMufFeXc+Fqslp7g5hj9wPn8AAaaTRw==</latexit>

n → N,

4pt tree-level exchange of a massless scalar particle between massless scalars:

<latexit sha1_base64="e8FNvZD4paBQPn6fJozLR7xvA1A=">AAACAHicdVDLSsNAFJ34rPUVdeHCzWARhGJIam2ThVDUhcsK9gFtCJPptB06eTAzEUrpxl9x40IRt36GO//GSRtBRQ9cOJxzL/fe48eMCmmaH9rC4tLyympuLb++sbm1re/sNkWUcEwaOGIRb/tIEEZD0pBUMtKOOUGBz0jLH12mfuuOcEGj8FaOY+IGaBDSPsVIKsnT97tXhEnkFWERZvQEnsOepxdMw7Ed0z6DplFyyk7VSknZOnVsaBnmDAWQoe7p791ehJOAhBIzJETHMmPpThCXFDMyzXcTQWKER2hAOoqGKCDCncwemMIjpfRgP+KqQgln6veJCQqEGAe+6gyQHIrfXir+5XUS2bfdCQ3jRJIQzxf1EwZlBNM0YI9ygiUbK4Iwp+pWiIeIIyxVZnkVwten8H/SLBlWxajclAu1iyyOHDgAh+AYWKAKauAa1EEDYDAFD+AJPGv32qP2or3OWxe0bGYP/ID29gk6N5Ts</latexit>

!+ +!→ = d

                                            and + their descendants
<latexit sha1_base64="hXkG6wwhDqYpoo9lXCOBWS1B+Uk=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoM6sGbEcwDsssyO+kkQ2YfzMwKYclvePGgiFd/xpt/4yTZgyYWNBRV3XR3BYngStv2t1VYWV1b3yhulra2d3b3yvsHLRWnkmGTxSKWnYAqFDzCpuZaYCeRSMNAYDsY3Uz99hNKxePoUY8T9EI6iHifM6qN5N77mXuLQlP/bOKXK3bVnoEsEycnFcjR8Mtfbi9maYiRZoIq1XXsRHsZlZozgZOSmypMKBvRAXYNjWiIystmN0/IiVF6pB9LU5EmM/X3REZDpcZhYDpDqodq0ZuK/3ndVPevvIxHSaoxYvNF/VQQHZNpAKTHJTItxoZQJrm5lbAhlZRpE1PJhOAsvrxMWudVp1atPVxU6td5HEU4gmM4BQcuoQ530IAmMEjgGV7hzUqtF+vd+pi3Fqx85hD+wPr8AaX1kXM=</latexit>

O!+

<latexit sha1_base64="tVLYoes6SQal7VWi0EDE/7ZrfXQ=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgxbArEj0G9eDNCOYB2WWZnXSSIbMPZmaFsOQ3vHhQxKs/482/cZLsQRMLGoqqbrq7gkRwpW372yqsrK6tbxQ3S1vbO7t75f2DlopTybDJYhHLTkAVCh5hU3MtsJNIpGEgsB2MbqZ++wml4nH0qMcJeiEdRLzPGdVGcu/9zL1Foal/NvHLFbtqz0CWiZOTCuRo+OUvtxezNMRIM0GV6jp2or2MSs2ZwEnJTRUmlI3oALuGRjRE5WWzmyfkxCg90o+lqUiTmfp7IqOhUuMwMJ0h1UO16E3F/7xuqvtXXsajJNUYsfmifiqIjsk0ANLjEpkWY0Mok9zcStiQSsq0ialkQnAWX14mrfOqU6vWHi4q9es8jiIcwTGcggOXUIc7aEATGCTwDK/wZqXWi/VufcxbC1Y+cwh/YH3+AKj/kXU=</latexit>

O!→

<latexit sha1_base64="EkmHKVW7Efwtu8KxbmbDo+V4k8U="></latexit>
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<latexit sha1_base64="FX9I5yySm8eH83c6t8ieWAiti6s="></latexit>

F!+,0 (ωij)∏
i<j

! (ωij)

Mellin amplitude for 

<latexit sha1_base64="xUQ2H5bpUlHxKbZlZdCY6LF5S7A=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1gEQQlJbGKzKyrisoJ9QFvCZDpth04ezEyEEgr+ihsXirj1O9z5N04fgooeuHA4517uvSdIGBXSND+03MLi0vJKfrWwtr6xuaVv79RFnHJMajhmMW8GSBBGI1KTVDLSTDhBYcBIIxheTPzGHeGCxtGtHCWkE6J+RHsUI6kkX9/L2hgxeDX2s/YlYRL5xyfm2NeLpmG6tuOeQtNwHNvxSop4nlcu2dAyzCmKYI6qr7+3uzFOQxJJzJAQLctMZCdDXFLMyLjQTgVJEB6iPmkpGqGQiE42PX8MD5XShb2Yq4oknKrfJzIUCjEKA9UZIjkQv72J+JfXSmWv3MlolKSSRHi2qJcyKGM4yQJ2KSdYspEiCHOqboV4gDjCUiVWUCF8fQr/J3XbsFzDvSkVK+fzOPJgHxyAI2CBM1AB16AKagCDDDyAJ/Cs3WuP2ov2OmvNafOZXfAD2tsnpU+VUg==</latexit>F!+,0conformal partial wave

<latexit sha1_base64="64JlxkrKhGAXY2ZGM5AbFNk8cF0="></latexit>
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)<latexit sha1_base64="EkmHKVW7Efwtu8KxbmbDo+V4k8U="></latexit>
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Other tools for Celestial Correlators
Conformal Partial Wave expansion

<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

<latexit sha1_base64="fRwX7vZeB5nZ6oICbvQMhqJ1GsU=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFSYx1XRX1IXLCrYW2lAm00k7djIJMxOhhP6DGxeKuPV/3Pk3Th+Cih64cDjnXu69J0w5UxqhD6uwtLyyulZcL21sbm3vlHf3WirJJKFNkvBEtkOsKGeCNjXTnLZTSXEccnobji6m/u09lYol4kaPUxrEeCBYxAjWRmp1LynXuFeuILtWQ57nQ2RXket6VUPQiev7DnRsNEMFLNDold+7/YRkMRWacKxUx0GpDnIsNSOcTkrdTNEUkxEe0I6hAsdUBfns2gk8MkofRok0JTScqd8nchwrNY5D0xljPVS/van4l9fJdOQHORNppqkg80VRxqFO4PR12GeSEs3HhmAimbkVkiGWmGgTUMmE8PUp/J+0XNs5tZ1rr1I/X8RRBAfgEBwDB5yBOrgCDdAEBNyBB/AEnq3EerRerNd5a8FazOyDH7DePgHN/o9M</latexit>

�

Celestial correlators also admit a conformal partial wave decomposition (at least perturbatively)

Harmonic analysis in AdS can be extended to celestial correlators via hyperbolic foliation of Minkowski
2502.03087 F. Pacifico, C.S. and M. Taronna

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

⇢J (�) � 0

Källén-Lehmann spectral decomposition

<latexit sha1_base64="XUnVLOTyyAHzOsNsgx+OLQVMXo0="></latexit>

M [ω] (!) =

∫ →

0

dz

z
ω (z) z!

<latexit sha1_base64="YiGO0Ua1Q/zXxRAwjIOp4s/bII8="></latexit>∫ →

0
dµ2 ω(µ2 ) . . . → M [ω] (!) . . . ,

2412.11992 F. Pacifico, P. Pergola and C.S.
2401.16591 L. Iacobacci, C.S. and M. Taronna 



Thank you.


