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Celestial Amplitudes
❖ The Lorentz group in 4-d Minkowski space acts on the celestial sphere at null
     infinity as 2-d conformal transformations. S-matrix elements can be expressed in a 
     basis which makes this manifest. 

❖ For massless particles this basis change is implemented by a Mellin transform. 

❖ By construction the L.H.S. transforms in the same fashion as a n-pt. function of 
    primary operators in a 2-d CFT. 
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: Spin (helicity)

❖ Provides a setup for understanding holography for quantum theories of gravity in 
    asymptotically flat spacetimes. 
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S-matrix

[S. Pasterski, S.H. Shao, A. Strominger; hep-th/1701.00049]

[see Stephan Stieberger's Talk @ RDST, ICTS, 2020]
[S. Pasterski, S.H. Shao; hep-th/1705.01027]
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Celestial OPE
❖ We would like to understand the properties of this putative dual celestial CFT.  

❖ A fundamental aspect of any CFT is the existence of an operator product 
    expansion (OPE). 

❖ The celestial OPE can be extracted from collinear limits of scattering amplitudes. In
     Feynman diagrams collinear limit (for massless particles) gives singularities of the form 
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[W. Fan, A. Fotopoulos, T. R. Taylor, hep-th/1903.01676]

[A. Fotopoulos, S. Stieberger, T. R. Taylor, B. Zhu; hep-th/1912.10973]

❖ Asymptotic symmetries impose powerful constraints on the OPE. Global symmetries 
associated to subleading soft gluon and sub-sub-leading soft graviton theorems, 

    together with global space-time translation symmetries were used to completely fix the      
    leading OPE coefficients of gluons and gravitons respectively in 

[M. Pate, A. M. Raclariu, A. Strominger, E. Y. Yuan; hep-th/1910.07424]
❖ Constraints from Poincare symmetries for massless as well massive particles have also 
     been explored in [Y. T. A. Law, M. Zlotnikov; hep-th/1910.04356, 2004.04309]



Celestial OPE

❖ What is the structure of higher order terms in the celestial OPE ?

❖ Usually in 2-d CFTs, the OPE can be organised into representations of the underlying 
    Virasoro symmetry algebra. 

❖ In this talk we will see that for tree level MHV graviton amplitudes, the OPE in 
    the dual celestial CFT can be organised into representations of an infinite dimensional
    local symmetry algebra. 

❖ This symmetry algebra will comprise of a current algebra, constructed using the 
     subleading soft graviton theorem, and supertranslations.



Outline

❖ Current algebra from subleading soft graviton theorem.  

❖ Celestial OPE of gravitons.

❖ OPE coefficients from extended symmetry algebra. 

❖ Extracting OPE from tree level MHV graviton amplitudes.



Conformal Soft theorems & 
Current Algebra



Conformal Soft Theorems in Gravity

❖ Tree level gravity amplitudes have been shown to exhibit soft factorisation

❖ In the conformal basis, analog of soft limit is  

❖ Soft theorems play an integral role in the study of scattering amplitudes in QFT. Here
    we will be interested in soft limits of gravitational amplitudes. 

An+1(p1, · · · , pn; q)
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Subleading Conformal Soft LimitSubleading Conformal Soft Limit
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❖ In the subleading conformal soft limit
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Subleading conformal soft limit
❖ Treat     and     as independent variables and expand the subleading soft factor in 
     powers of 

z
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<latexit sha1_base64="XU1T4ii3caq3MbqIFBPYrX0HFOo=">AAACCXicbVDLSsNAFL3xWeur6tLNYBFclUQEuyy4cVnBPqAtZTK5aYdOJmFmItSQL3DlVr/Cnbj1K/wI/8Fpm4W2HrhwOOdeOPf4ieDauO6Xs7a+sbm1Xdop7+7tHxxWjo7bOk4VwxaLRay6PtUouMSW4UZgN1FII19gx5/czPzOAyrNY3lvpgkOIjqSPOSMGit1+j5V2WM+rFTdmjsHWSVeQapQoDmsfPeDmKURSsME1brnuYkZZFQZzgTm5X6qMaFsQkfYs1TSCPUgm8fNyblVAhLGyo40ZK7+vshopPU08u1mRM1YL3sz8V9P2yhjDPJVq5easD7IuExSg5ItMoSpICYms1pIwBUyI6aWUKa4fYOwMVWUGVte2fbjLbexStqXNc+teXdX1Ua9aKoEp3AGF+DBNTTgFprQAgYTeIYXeHWenDfn3flYrK45xc0J/IHz+QMbOZr4</latexit><latexit sha1_base64="XU1T4ii3caq3MbqIFBPYrX0HFOo=">AAACCXicbVDLSsNAFL3xWeur6tLNYBFclUQEuyy4cVnBPqAtZTK5aYdOJmFmItSQL3DlVr/Cnbj1K/wI/8Fpm4W2HrhwOOdeOPf4ieDauO6Xs7a+sbm1Xdop7+7tHxxWjo7bOk4VwxaLRay6PtUouMSW4UZgN1FII19gx5/czPzOAyrNY3lvpgkOIjqSPOSMGit1+j5V2WM+rFTdmjsHWSVeQapQoDmsfPeDmKURSsME1brnuYkZZFQZzgTm5X6qMaFsQkfYs1TSCPUgm8fNyblVAhLGyo40ZK7+vshopPU08u1mRM1YL3sz8V9P2yhjDPJVq5easD7IuExSg5ItMoSpICYms1pIwBUyI6aWUKa4fYOwMVWUGVte2fbjLbexStqXNc+teXdX1Ua9aKoEp3AGF+DBNTTgFprQAgYTeIYXeHWenDfn3flYrK45xc0J/IHz+QMbOZr4</latexit><latexit sha1_base64="XU1T4ii3caq3MbqIFBPYrX0HFOo=">AAACCXicbVDLSsNAFL3xWeur6tLNYBFclUQEuyy4cVnBPqAtZTK5aYdOJmFmItSQL3DlVr/Cnbj1K/wI/8Fpm4W2HrhwOOdeOPf4ieDauO6Xs7a+sbm1Xdop7+7tHxxWjo7bOk4VwxaLRay6PtUouMSW4UZgN1FII19gx5/czPzOAyrNY3lvpgkOIjqSPOSMGit1+j5V2WM+rFTdmjsHWSVeQapQoDmsfPeDmKURSsME1brnuYkZZFQZzgTm5X6qMaFsQkfYs1TSCPUgm8fNyblVAhLGyo40ZK7+vshopPU08u1mRM1YL3sz8V9P2yhjDPJVq5easD7IuExSg5ItMoSpICYms1pIwBUyI6aWUKa4fYOwMVWUGVte2fbjLbexStqXNc+teXdX1Ua9aKoEp3AGF+DBNTTgFprQAgYTeIYXeHWenDfn3flYrK45xc0J/IHz+QMbOZr4</latexit><latexit sha1_base64="XU1T4ii3caq3MbqIFBPYrX0HFOo=">AAACCXicbVDLSsNAFL3xWeur6tLNYBFclUQEuyy4cVnBPqAtZTK5aYdOJmFmItSQL3DlVr/Cnbj1K/wI/8Fpm4W2HrhwOOdeOPf4ieDauO6Xs7a+sbm1Xdop7+7tHxxWjo7bOk4VwxaLRay6PtUouMSW4UZgN1FII19gx5/czPzOAyrNY3lvpgkOIjqSPOSMGit1+j5V2WM+rFTdmjsHWSVeQapQoDmsfPeDmKURSsME1brnuYkZZFQZzgTm5X6qMaFsQkfYs1TSCPUgm8fNyblVAhLGyo40ZK7+vshopPU08u1mRM1YL3sz8V9P2yhjDPJVq5easD7IuExSg5ItMoSpICYms1pIwBUyI6aWUKa4fYOwMVWUGVte2fbjLbexStqXNc+teXdX1Ua9aKoEp3AGF+DBNTTgFprQAgYTeIYXeHWenDfn3flYrK45xc0J/IHz+QMbOZr4</latexit>

z̄
<latexit sha1_base64="XU1T4ii3caq3MbqIFBPYrX0HFOo=">AAACCXicbVDLSsNAFL3xWeur6tLNYBFclUQEuyy4cVnBPqAtZTK5aYdOJmFmItSQL3DlVr/Cnbj1K/wI/8Fpm4W2HrhwOOdeOPf4ieDauO6Xs7a+sbm1Xdop7+7tHxxWjo7bOk4VwxaLRay6PtUouMSW4UZgN1FII19gx5/czPzOAyrNY3lvpgkOIjqSPOSMGit1+j5V2WM+rFTdmjsHWSVeQapQoDmsfPeDmKURSsME1brnuYkZZFQZzgTm5X6qMaFsQkfYs1TSCPUgm8fNyblVAhLGyo40ZK7+vshopPU08u1mRM1YL3sz8V9P2yhjDPJVq5easD7IuExSg5ItMoSpICYms1pIwBUyI6aWUKa4fYOwMVWUGVte2fbjLbexStqXNc+teXdX1Ua9aKoEp3AGF+DBNTTgFprQAgYTeIYXeHWenDfn3flYrK45xc0J/IHz+QMbOZr4</latexit><latexit sha1_base64="XU1T4ii3caq3MbqIFBPYrX0HFOo=">AAACCXicbVDLSsNAFL3xWeur6tLNYBFclUQEuyy4cVnBPqAtZTK5aYdOJmFmItSQL3DlVr/Cnbj1K/wI/8Fpm4W2HrhwOOdeOPf4ieDauO6Xs7a+sbm1Xdop7+7tHxxWjo7bOk4VwxaLRay6PtUouMSW4UZgN1FII19gx5/czPzOAyrNY3lvpgkOIjqSPOSMGit1+j5V2WM+rFTdmjsHWSVeQapQoDmsfPeDmKURSsME1brnuYkZZFQZzgTm5X6qMaFsQkfYs1TSCPUgm8fNyblVAhLGyo40ZK7+vshopPU08u1mRM1YL3sz8V9P2yhjDPJVq5easD7IuExSg5ItMoSpICYms1pIwBUyI6aWUKa4fYOwMVWUGVte2fbjLbexStqXNc+teXdX1Ua9aKoEp3AGF+DBNTTgFprQAgYTeIYXeHWenDfn3flYrK45xc0J/IHz+QMbOZr4</latexit><latexit sha1_base64="XU1T4ii3caq3MbqIFBPYrX0HFOo=">AAACCXicbVDLSsNAFL3xWeur6tLNYBFclUQEuyy4cVnBPqAtZTK5aYdOJmFmItSQL3DlVr/Cnbj1K/wI/8Fpm4W2HrhwOOdeOPf4ieDauO6Xs7a+sbm1Xdop7+7tHxxWjo7bOk4VwxaLRay6PtUouMSW4UZgN1FII19gx5/czPzOAyrNY3lvpgkOIjqSPOSMGit1+j5V2WM+rFTdmjsHWSVeQapQoDmsfPeDmKURSsME1brnuYkZZFQZzgTm5X6qMaFsQkfYs1TSCPUgm8fNyblVAhLGyo40ZK7+vshopPU08u1mRM1YL3sz8V9P2yhjDPJVq5easD7IuExSg5ItMoSpICYms1pIwBUyI6aWUKa4fYOwMVWUGVte2fbjLbexStqXNc+teXdX1Ua9aKoEp3AGF+DBNTTgFprQAgYTeIYXeHWenDfn3flYrK45xc0J/IHz+QMbOZr4</latexit><latexit sha1_base64="XU1T4ii3caq3MbqIFBPYrX0HFOo=">AAACCXicbVDLSsNAFL3xWeur6tLNYBFclUQEuyy4cVnBPqAtZTK5aYdOJmFmItSQL3DlVr/Cnbj1K/wI/8Fpm4W2HrhwOOdeOPf4ieDauO6Xs7a+sbm1Xdop7+7tHxxWjo7bOk4VwxaLRay6PtUouMSW4UZgN1FII19gx5/czPzOAyrNY3lvpgkOIjqSPOSMGit1+j5V2WM+rFTdmjsHWSVeQapQoDmsfPeDmKURSsME1brnuYkZZFQZzgTm5X6qMaFsQkfYs1TSCPUgm8fNyblVAhLGyo40ZK7+vshopPU08u1mRM1YL3sz8V9P2yhjDPJVq5easD7IuExSg5ItMoSpICYms1pIwBUyI6aWUKa4fYOwMVWUGVte2fbjLbexStqXNc+teXdX1Ua9aKoEp3AGF+DBNTTgFprQAgYTeIYXeHWenDfn3flYrK45xc0J/IHz+QMbOZr4</latexit>

S+
1 (z, z̄) = �J1(z) + 2 z̄ J0(z)� z̄2J�1(z)

<latexit sha1_base64="gWmoY1P4TWz7jiWHSP/nwBJTAAM="></latexit><latexit sha1_base64="gWmoY1P4TWz7jiWHSP/nwBJTAAM="></latexit><latexit sha1_base64="gWmoY1P4TWz7jiWHSP/nwBJTAAM="></latexit><latexit sha1_base64="gWmoY1P4TWz7jiWHSP/nwBJTAAM="></latexit>

*
J1(z)

nY

i=1

�hi,h̄i
(zi, z̄i)

+
=

nX

k=1

L̄1(k)

z � zk

*
nY

i=1

�hi,h̄i
(zi, z̄i)

+

<latexit sha1_base64="Is1plq22DHJAZf1ndlxV+LpMTYA="></latexit><latexit sha1_base64="Is1plq22DHJAZf1ndlxV+LpMTYA="></latexit><latexit sha1_base64="Is1plq22DHJAZf1ndlxV+LpMTYA="></latexit><latexit sha1_base64="Is1plq22DHJAZf1ndlxV+LpMTYA="></latexit>

*
J0(z)

nY

i=1

�hi,h̄i
(zi, z̄i)

+
=

nX

k=1

L̄0(k)

z � zk

*
nY

i=1

�hi,h̄i
(zi, z̄i)

+

<latexit sha1_base64="Zzfil7+dkO0pm8rUQ35+IIFQcK0="></latexit><latexit sha1_base64="Zzfil7+dkO0pm8rUQ35+IIFQcK0="></latexit><latexit sha1_base64="Zzfil7+dkO0pm8rUQ35+IIFQcK0="></latexit><latexit sha1_base64="Zzfil7+dkO0pm8rUQ35+IIFQcK0="></latexit>

*
J�1(z)

nY

i=1

�hi,h̄i
(zi, z̄i)

+
=

nX

k=1

L̄�1(k)

z � zk

*
nY

i=1

�hi,h̄i
(zi, z̄i)

+

<latexit sha1_base64="j2rB7FSAA6wTaC6L1BJpu9XUCPU="></latexit><latexit sha1_base64="j2rB7FSAA6wTaC6L1BJpu9XUCPU="></latexit><latexit sha1_base64="j2rB7FSAA6wTaC6L1BJpu9XUCPU="></latexit><latexit sha1_base64="j2rB7FSAA6wTaC6L1BJpu9XUCPU="></latexit>

L̄1(k) = z̄2k @z̄k + 2 h̄k z̄k
<latexit sha1_base64="0aH7Rjho8zOMf5gYCSIlPHkVig4="></latexit><latexit sha1_base64="0aH7Rjho8zOMf5gYCSIlPHkVig4="></latexit><latexit sha1_base64="0aH7Rjho8zOMf5gYCSIlPHkVig4="></latexit><latexit sha1_base64="0aH7Rjho8zOMf5gYCSIlPHkVig4="></latexit>

L̄0(k) = h̄k + z̄k @z̄k
<latexit sha1_base64="Mo2+onx5hl1C6DvMZty8/raJSgs="></latexit><latexit sha1_base64="Mo2+onx5hl1C6DvMZty8/raJSgs="></latexit><latexit sha1_base64="Mo2+onx5hl1C6DvMZty8/raJSgs="></latexit><latexit sha1_base64="Mo2+onx5hl1C6DvMZty8/raJSgs="></latexit>

L̄�1(k) = @z̄k
<latexit sha1_base64="MFLW72rmdRxpMpfynKgGGsv9/PM=">AAACL3icbVDLSsNAFJ3UV62vqEs3g0WoiCURUTdCwY0LFxXsA5oQJpNJO3TyYGYi1JCP8FNcudWvEDfi1oX/4CTNQlsPXDicc+/l3uPGjAppGO9aZWFxaXmlulpbW9/Y3NK3d7oiSjgmHRyxiPddJAijIelIKhnpx5ygwGWk546vcr93T7igUXgnJzGxAzQMqU8xkkpy9CPLRTy9yZz02Mwa40N4CRWsGHFJEXPSwn5Q9jjLHL1uNI0CcJ6YJamDEm1H/7a8CCcBCSVmSIiBacTSTvPdmJGsZiWCxAiP0ZAMFA1RQISdFk9l8EApHvQjriqUsFB/T6QoEGISuKozQHIkZr1c/NcT6pQR8bJ5a5BI/8JOaRgnkoR4eoOfMCgjmIcHPcoJlmyiCMKcqjcgHiGOsFQR11Q+5mwa86R70jSNpnl7Wm+dlUlVwR7YBw1ggnPQAtegDToAg0fwDF7Aq/akvWkf2ue0taKVM7vgD7SvH0kLqRQ=</latexit><latexit sha1_base64="MFLW72rmdRxpMpfynKgGGsv9/PM=">AAACL3icbVDLSsNAFJ3UV62vqEs3g0WoiCURUTdCwY0LFxXsA5oQJpNJO3TyYGYi1JCP8FNcudWvEDfi1oX/4CTNQlsPXDicc+/l3uPGjAppGO9aZWFxaXmlulpbW9/Y3NK3d7oiSjgmHRyxiPddJAijIelIKhnpx5ygwGWk546vcr93T7igUXgnJzGxAzQMqU8xkkpy9CPLRTy9yZz02Mwa40N4CRWsGHFJEXPSwn5Q9jjLHL1uNI0CcJ6YJamDEm1H/7a8CCcBCSVmSIiBacTSTvPdmJGsZiWCxAiP0ZAMFA1RQISdFk9l8EApHvQjriqUsFB/T6QoEGISuKozQHIkZr1c/NcT6pQR8bJ5a5BI/8JOaRgnkoR4eoOfMCgjmIcHPcoJlmyiCMKcqjcgHiGOsFQR11Q+5mwa86R70jSNpnl7Wm+dlUlVwR7YBw1ggnPQAtegDToAg0fwDF7Aq/akvWkf2ue0taKVM7vgD7SvH0kLqRQ=</latexit><latexit sha1_base64="MFLW72rmdRxpMpfynKgGGsv9/PM=">AAACL3icbVDLSsNAFJ3UV62vqEs3g0WoiCURUTdCwY0LFxXsA5oQJpNJO3TyYGYi1JCP8FNcudWvEDfi1oX/4CTNQlsPXDicc+/l3uPGjAppGO9aZWFxaXmlulpbW9/Y3NK3d7oiSjgmHRyxiPddJAijIelIKhnpx5ygwGWk546vcr93T7igUXgnJzGxAzQMqU8xkkpy9CPLRTy9yZz02Mwa40N4CRWsGHFJEXPSwn5Q9jjLHL1uNI0CcJ6YJamDEm1H/7a8CCcBCSVmSIiBacTSTvPdmJGsZiWCxAiP0ZAMFA1RQISdFk9l8EApHvQjriqUsFB/T6QoEGISuKozQHIkZr1c/NcT6pQR8bJ5a5BI/8JOaRgnkoR4eoOfMCgjmIcHPcoJlmyiCMKcqjcgHiGOsFQR11Q+5mwa86R70jSNpnl7Wm+dlUlVwR7YBw1ggnPQAtegDToAg0fwDF7Aq/akvWkf2ue0taKVM7vgD7SvH0kLqRQ=</latexit><latexit sha1_base64="MFLW72rmdRxpMpfynKgGGsv9/PM=">AAACL3icbVDLSsNAFJ3UV62vqEs3g0WoiCURUTdCwY0LFxXsA5oQJpNJO3TyYGYi1JCP8FNcudWvEDfi1oX/4CTNQlsPXDicc+/l3uPGjAppGO9aZWFxaXmlulpbW9/Y3NK3d7oiSjgmHRyxiPddJAijIelIKhnpx5ygwGWk546vcr93T7igUXgnJzGxAzQMqU8xkkpy9CPLRTy9yZz02Mwa40N4CRWsGHFJEXPSwn5Q9jjLHL1uNI0CcJ6YJamDEm1H/7a8CCcBCSVmSIiBacTSTvPdmJGsZiWCxAiP0ZAMFA1RQISdFk9l8EApHvQjriqUsFB/T6QoEGISuKozQHIkZr1c/NcT6pQR8bJ5a5BI/8JOaRgnkoR4eoOfMCgjmIcHPcoJlmyiCMKcqjcgHiGOsFQR11Q+5mwa86R70jSNpnl7Wm+dlUlVwR7YBw1ggnPQAtegDToAg0fwDF7Aq/akvWkf2ue0taKVM7vgD7SvH0kLqRQ=</latexit>

where



Current Algebra
❖ We can define modes of these currents. Their commutation relations are

[Ja
m, Jb

n] = (a� b)Ja+b
m+n, a, b = 0,±1, m, n 2 Z

<latexit sha1_base64="s+BAFvr3wRxNDi73Pml1Ei9qUK0="></latexit><latexit sha1_base64="s+BAFvr3wRxNDi73Pml1Ei9qUK0="></latexit><latexit sha1_base64="s+BAFvr3wRxNDi73Pml1Ei9qUK0="></latexit><latexit sha1_base64="s+BAFvr3wRxNDi73Pml1Ei9qUK0="></latexit>

❖ Commutators with primary field

Level zero                  current algebra. SL(2,C)
<latexit sha1_base64="6+BcpU09Tm/ZZfWHGxTq9Y59Cng=">AAACH3icdVDLSsNAFJ34rPUVddnNYBEqSEmKj7ordOPCRUX7gCaUyWTSDp08mJkIJWThp7hyq1/hTtz2I/wHJ22E+jpw4XDOvXDucSJGhTSMqba0vLK6tl7YKG5ube/s6nv7HRHGHJM2DlnIew4ShNGAtCWVjPQiTpDvMNJ1xs3M794TLmgY3MlJRGwfDQPqUYykkgZ6yQqVnV0nt9eV2onlIzlynKSZHqcDvWxUjRngAjkzzMtzE5q5UgY5WgP9w3JDHPskkJghIfqmEUk7QVxSzEhatGJBIoTHaEj6igbIJ8JOZk+k8EgpLvRCriaQcKYuXiTIF2LiO2ozyyh+epn4pydUlBFx099WP5Ze3U5oEMWSBHiewYsZlCHMyoIu5QRLNlEEYU7VGxCPEEdYqkqLqp+vEuD/pFOrmkbVvDktN+p5UwVQAoegAkxwARrgCrRAG2DwAJ7AM3jRHrVX7U17n68uafnNAfgGbfoJgwyjDw==</latexit><latexit sha1_base64="6+BcpU09Tm/ZZfWHGxTq9Y59Cng=">AAACH3icdVDLSsNAFJ34rPUVddnNYBEqSEmKj7ordOPCRUX7gCaUyWTSDp08mJkIJWThp7hyq1/hTtz2I/wHJ22E+jpw4XDOvXDucSJGhTSMqba0vLK6tl7YKG5ube/s6nv7HRHGHJM2DlnIew4ShNGAtCWVjPQiTpDvMNJ1xs3M794TLmgY3MlJRGwfDQPqUYykkgZ6yQqVnV0nt9eV2onlIzlynKSZHqcDvWxUjRngAjkzzMtzE5q5UgY5WgP9w3JDHPskkJghIfqmEUk7QVxSzEhatGJBIoTHaEj6igbIJ8JOZk+k8EgpLvRCriaQcKYuXiTIF2LiO2ozyyh+epn4pydUlBFx099WP5Ze3U5oEMWSBHiewYsZlCHMyoIu5QRLNlEEYU7VGxCPEEdYqkqLqp+vEuD/pFOrmkbVvDktN+p5UwVQAoegAkxwARrgCrRAG2DwAJ7AM3jRHrVX7U17n68uafnNAfgGbfoJgwyjDw==</latexit><latexit sha1_base64="6+BcpU09Tm/ZZfWHGxTq9Y59Cng=">AAACH3icdVDLSsNAFJ34rPUVddnNYBEqSEmKj7ordOPCRUX7gCaUyWTSDp08mJkIJWThp7hyq1/hTtz2I/wHJ22E+jpw4XDOvXDucSJGhTSMqba0vLK6tl7YKG5ube/s6nv7HRHGHJM2DlnIew4ShNGAtCWVjPQiTpDvMNJ1xs3M794TLmgY3MlJRGwfDQPqUYykkgZ6yQqVnV0nt9eV2onlIzlynKSZHqcDvWxUjRngAjkzzMtzE5q5UgY5WgP9w3JDHPskkJghIfqmEUk7QVxSzEhatGJBIoTHaEj6igbIJ8JOZk+k8EgpLvRCriaQcKYuXiTIF2LiO2ozyyh+epn4pydUlBFx099WP5Ze3U5oEMWSBHiewYsZlCHMyoIu5QRLNlEEYU7VGxCPEEdYqkqLqp+vEuD/pFOrmkbVvDktN+p5UwVQAoegAkxwARrgCrRAG2DwAJ7AM3jRHrVX7U17n68uafnNAfgGbfoJgwyjDw==</latexit><latexit sha1_base64="6+BcpU09Tm/ZZfWHGxTq9Y59Cng=">AAACH3icdVDLSsNAFJ34rPUVddnNYBEqSEmKj7ordOPCRUX7gCaUyWTSDp08mJkIJWThp7hyq1/hTtz2I/wHJ22E+jpw4XDOvXDucSJGhTSMqba0vLK6tl7YKG5ube/s6nv7HRHGHJM2DlnIew4ShNGAtCWVjPQiTpDvMNJ1xs3M794TLmgY3MlJRGwfDQPqUYykkgZ6yQqVnV0nt9eV2onlIzlynKSZHqcDvWxUjRngAjkzzMtzE5q5UgY5WgP9w3JDHPskkJghIfqmEUk7QVxSzEhatGJBIoTHaEj6igbIJ8JOZk+k8EgpLvRCriaQcKYuXiTIF2LiO2ozyyh+epn4pydUlBFx099WP5Ze3U5oEMWSBHiewYsZlCHMyoIu5QRLNlEEYU7VGxCPEEdYqkqLqp+vEuD/pFOrmkbVvDktN+p5UwVQAoegAkxwARrgCrRAG2DwAJ7AM3jRHrVX7U17n68uafnNAfgGbfoJgwyjDw==</latexit>

[J1
n,�h,h̄(z, z̄)] = zn

�
z̄2 @z̄ + 2 h̄ z̄

�
�h,h̄(z, z̄)

<latexit sha1_base64="wYeS46rw0bLm6elB3yJORQ8qEco="></latexit><latexit sha1_base64="wYeS46rw0bLm6elB3yJORQ8qEco="></latexit><latexit sha1_base64="wYeS46rw0bLm6elB3yJORQ8qEco="></latexit><latexit sha1_base64="wYeS46rw0bLm6elB3yJORQ8qEco="></latexit>

[J0
n,�h,h̄(z, z̄)] = zn

�
z̄@z̄ + h̄

�
�h,h̄(z, z̄)

<latexit sha1_base64="Kbe+cahM0TRRxZfo/Crxe3Qjhgw="></latexit><latexit sha1_base64="Kbe+cahM0TRRxZfo/Crxe3Qjhgw="></latexit><latexit sha1_base64="Kbe+cahM0TRRxZfo/Crxe3Qjhgw="></latexit><latexit sha1_base64="Kbe+cahM0TRRxZfo/Crxe3Qjhgw="></latexit>

[J�1
n ,�h,h̄(z, z̄)] = zn @z̄�h,h̄(z, z̄)

<latexit sha1_base64="w2R4yAB+CQj6E67Bxz0cronySe4="></latexit><latexit sha1_base64="w2R4yAB+CQj6E67Bxz0cronySe4="></latexit><latexit sha1_base64="w2R4yAB+CQj6E67Bxz0cronySe4="></latexit><latexit sha1_base64="w2R4yAB+CQj6E67Bxz0cronySe4="></latexit>

�
J1
0 , J

0
0 , J

�1
0

 
=
�
L̄1, L̄0, L̄�1

 
<latexit sha1_base64="/aJYWN1h4koSdWn4yYBg950Rllg="></latexit><latexit sha1_base64="/aJYWN1h4koSdWn4yYBg950Rllg="></latexit><latexit sha1_base64="/aJYWN1h4koSdWn4yYBg950Rllg="></latexit><latexit sha1_base64="/aJYWN1h4koSdWn4yYBg950Rllg="></latexit>

❖ The zero modes    SL(2,C)
<latexit sha1_base64="6+BcpU09Tm/ZZfWHGxTq9Y59Cng=">AAACH3icdVDLSsNAFJ34rPUVddnNYBEqSEmKj7ordOPCRUX7gCaUyWTSDp08mJkIJWThp7hyq1/hTtz2I/wHJ22E+jpw4XDOvXDucSJGhTSMqba0vLK6tl7YKG5ube/s6nv7HRHGHJM2DlnIew4ShNGAtCWVjPQiTpDvMNJ1xs3M794TLmgY3MlJRGwfDQPqUYykkgZ6yQqVnV0nt9eV2onlIzlynKSZHqcDvWxUjRngAjkzzMtzE5q5UgY5WgP9w3JDHPskkJghIfqmEUk7QVxSzEhatGJBIoTHaEj6igbIJ8JOZk+k8EgpLvRCriaQcKYuXiTIF2LiO2ozyyh+epn4pydUlBFx099WP5Ze3U5oEMWSBHiewYsZlCHMyoIu5QRLNlEEYU7VGxCPEEdYqkqLqp+vEuD/pFOrmkbVvDktN+p5UwVQAoegAkxwARrgCrRAG2DwAJ7AM3jRHrVX7U17n68uafnNAfgGbfoJgwyjDw==</latexit><latexit sha1_base64="6+BcpU09Tm/ZZfWHGxTq9Y59Cng=">AAACH3icdVDLSsNAFJ34rPUVddnNYBEqSEmKj7ordOPCRUX7gCaUyWTSDp08mJkIJWThp7hyq1/hTtz2I/wHJ22E+jpw4XDOvXDucSJGhTSMqba0vLK6tl7YKG5ube/s6nv7HRHGHJM2DlnIew4ShNGAtCWVjPQiTpDvMNJ1xs3M794TLmgY3MlJRGwfDQPqUYykkgZ6yQqVnV0nt9eV2onlIzlynKSZHqcDvWxUjRngAjkzzMtzE5q5UgY5WgP9w3JDHPskkJghIfqmEUk7QVxSzEhatGJBIoTHaEj6igbIJ8JOZk+k8EgpLvRCriaQcKYuXiTIF2LiO2ozyyh+epn4pydUlBFx099WP5Ze3U5oEMWSBHiewYsZlCHMyoIu5QRLNlEEYU7VGxCPEEdYqkqLqp+vEuD/pFOrmkbVvDktN+p5UwVQAoegAkxwARrgCrRAG2DwAJ7AM3jRHrVX7U17n68uafnNAfgGbfoJgwyjDw==</latexit><latexit sha1_base64="6+BcpU09Tm/ZZfWHGxTq9Y59Cng=">AAACH3icdVDLSsNAFJ34rPUVddnNYBEqSEmKj7ordOPCRUX7gCaUyWTSDp08mJkIJWThp7hyq1/hTtz2I/wHJ22E+jpw4XDOvXDucSJGhTSMqba0vLK6tl7YKG5ube/s6nv7HRHGHJM2DlnIew4ShNGAtCWVjPQiTpDvMNJ1xs3M794TLmgY3MlJRGwfDQPqUYykkgZ6yQqVnV0nt9eV2onlIzlynKSZHqcDvWxUjRngAjkzzMtzE5q5UgY5WgP9w3JDHPskkJghIfqmEUk7QVxSzEhatGJBIoTHaEj6igbIJ8JOZk+k8EgpLvRCriaQcKYuXiTIF2LiO2ozyyh+epn4pydUlBFx099WP5Ze3U5oEMWSBHiewYsZlCHMyoIu5QRLNlEEYU7VGxCPEEdYqkqLqp+vEuD/pFOrmkbVvDktN+p5UwVQAoegAkxwARrgCrRAG2DwAJ7AM3jRHrVX7U17n68uafnNAfgGbfoJgwyjDw==</latexit><latexit sha1_base64="6+BcpU09Tm/ZZfWHGxTq9Y59Cng=">AAACH3icdVDLSsNAFJ34rPUVddnNYBEqSEmKj7ordOPCRUX7gCaUyWTSDp08mJkIJWThp7hyq1/hTtz2I/wHJ22E+jpw4XDOvXDucSJGhTSMqba0vLK6tl7YKG5ube/s6nv7HRHGHJM2DlnIew4ShNGAtCWVjPQiTpDvMNJ1xs3M794TLmgY3MlJRGwfDQPqUYykkgZ6yQqVnV0nt9eV2onlIzlynKSZHqcDvWxUjRngAjkzzMtzE5q5UgY5WgP9w3JDHPskkJghIfqmEUk7QVxSzEhatGJBIoTHaEj6igbIJ8JOZk+k8EgpLvRCriaQcKYuXiTIF2LiO2ozyyh+epn4pydUlBFx099WP5Ze3U5oEMWSBHiewYsZlCHMyoIu5QRLNlEEYU7VGxCPEEdYqkqLqp+vEuD/pFOrmkbVvDktN+p5UwVQAoegAkxwARrgCrRAG2DwAJ7AM3jRHrVX7U17n68uafnNAfgGbfoJgwyjDw==</latexit>

: antiholomorphic Lorentz transformations.

are generators of 

❖ Commutators with                 generators SL(2,C)
<latexit sha1_base64="LwN4NnK4EkPQzOVCwI3CtIBCXJ0=">AAACFHicdVDLSsNAFJ3UV62vqEs3g0WoICUpWnVX6MaFi4r2AW0ok8mkHTqZhJlJoYT+hiu3+hXuxK17P8J/cNJGqK8DFw7n3AvnHjdiVCrLejdyS8srq2v59cLG5tb2jrm715JhLDBp4pCFouMiSRjlpKmoYqQTCYICl5G2O6qnfntMhKQhv1OTiDgBGnDqU4yUlvqmeXtdqpz0AqSGrpvUp8d9s2iVrRngAjmz7MuqDe1MKYIMjb750fNCHAeEK8yQlF3bipSTIKEoZmRa6MWSRAiP0IB0NeUoINJJZsmn8EgrHvRDoYcrOFMXLxIUSDkJXL2ZRpQ/vVT805M6ypB4099WN1b+hZNQHsWKcDzP4McMqhCmDUGPCoIVm2iCsKD6DYiHSCCsdI8F3c9XCfB/0qqUbats35wWa9WsqTw4AIegBGxwDmrgCjRAE2AwBg/gETwZ98az8WK8zldzRnazD77BePsE4aKd5w==</latexit><latexit sha1_base64="LwN4NnK4EkPQzOVCwI3CtIBCXJ0=">AAACFHicdVDLSsNAFJ3UV62vqEs3g0WoICUpWnVX6MaFi4r2AW0ok8mkHTqZhJlJoYT+hiu3+hXuxK17P8J/cNJGqK8DFw7n3AvnHjdiVCrLejdyS8srq2v59cLG5tb2jrm715JhLDBp4pCFouMiSRjlpKmoYqQTCYICl5G2O6qnfntMhKQhv1OTiDgBGnDqU4yUlvqmeXtdqpz0AqSGrpvUp8d9s2iVrRngAjmz7MuqDe1MKYIMjb750fNCHAeEK8yQlF3bipSTIKEoZmRa6MWSRAiP0IB0NeUoINJJZsmn8EgrHvRDoYcrOFMXLxIUSDkJXL2ZRpQ/vVT805M6ypB4099WN1b+hZNQHsWKcDzP4McMqhCmDUGPCoIVm2iCsKD6DYiHSCCsdI8F3c9XCfB/0qqUbats35wWa9WsqTw4AIegBGxwDmrgCjRAE2AwBg/gETwZ98az8WK8zldzRnazD77BePsE4aKd5w==</latexit><latexit sha1_base64="LwN4NnK4EkPQzOVCwI3CtIBCXJ0=">AAACFHicdVDLSsNAFJ3UV62vqEs3g0WoICUpWnVX6MaFi4r2AW0ok8mkHTqZhJlJoYT+hiu3+hXuxK17P8J/cNJGqK8DFw7n3AvnHjdiVCrLejdyS8srq2v59cLG5tb2jrm715JhLDBp4pCFouMiSRjlpKmoYqQTCYICl5G2O6qnfntMhKQhv1OTiDgBGnDqU4yUlvqmeXtdqpz0AqSGrpvUp8d9s2iVrRngAjmz7MuqDe1MKYIMjb750fNCHAeEK8yQlF3bipSTIKEoZmRa6MWSRAiP0IB0NeUoINJJZsmn8EgrHvRDoYcrOFMXLxIUSDkJXL2ZRpQ/vVT805M6ypB4099WN1b+hZNQHsWKcDzP4McMqhCmDUGPCoIVm2iCsKD6DYiHSCCsdI8F3c9XCfB/0qqUbats35wWa9WsqTw4AIegBGxwDmrgCjRAE2AwBg/gETwZ98az8WK8zldzRnazD77BePsE4aKd5w==</latexit><latexit sha1_base64="LwN4NnK4EkPQzOVCwI3CtIBCXJ0=">AAACFHicdVDLSsNAFJ3UV62vqEs3g0WoICUpWnVX6MaFi4r2AW0ok8mkHTqZhJlJoYT+hiu3+hXuxK17P8J/cNJGqK8DFw7n3AvnHjdiVCrLejdyS8srq2v59cLG5tb2jrm715JhLDBp4pCFouMiSRjlpKmoYqQTCYICl5G2O6qnfntMhKQhv1OTiDgBGnDqU4yUlvqmeXtdqpz0AqSGrpvUp8d9s2iVrRngAjmz7MuqDe1MKYIMjb750fNCHAeEK8yQlF3bipSTIKEoZmRa6MWSRAiP0IB0NeUoINJJZsmn8EgrHvRDoYcrOFMXLxIUSDkJXL2ZRpQ/vVT805M6ypB4099WN1b+hZNQHsWKcDzP4McMqhCmDUGPCoIVm2iCsKD6DYiHSCCsdI8F3c9XCfB/0qqUbats35wWa9WsqTw4AIegBGxwDmrgCjRAE2AwBg/gETwZ98az8WK8zldzRnazD77BePsE4aKd5w==</latexit>

[Lm, Ja
n ] = �nJa

m+n, a = 0,±1, m = 0,±1
<latexit sha1_base64="A1S5BLqEcJWGRXUPPa+h8ktetfM="></latexit><latexit sha1_base64="A1S5BLqEcJWGRXUPPa+h8ktetfM="></latexit><latexit sha1_base64="A1S5BLqEcJWGRXUPPa+h8ktetfM="></latexit><latexit sha1_base64="A1S5BLqEcJWGRXUPPa+h8ktetfM="></latexit>



Interpretation as diffeomorphism
❖ Consider infinitesimal diffeomorphisms of the form

z ! z, z̄ ! z̄ +A(z) +B(z)z̄ + C(z)z̄2
<latexit sha1_base64="0CwA1tWQxD9YKqO+SioCTPM2EUM="></latexit><latexit sha1_base64="0CwA1tWQxD9YKqO+SioCTPM2EUM="></latexit><latexit sha1_base64="0CwA1tWQxD9YKqO+SioCTPM2EUM="></latexit><latexit sha1_base64="0CwA1tWQxD9YKqO+SioCTPM2EUM="></latexit>

: analytic functionsA,B,C
<latexit sha1_base64="jblUTAg/I91Nj82H25lQb7yMpQ8=">AAACCXicbVDLSgNBEOz1GeMr6tHLYBA8hLAroh6juXiMYB6QLGF2tjcZMvtgZlYIS77Ak1f9Cm/i1a/wI/wHJ8keNLGgoajqhuryEsGVtu0va2V1bX1js7BV3N7Z3dsvHRy2VJxKhk0Wi1h2PKpQ8AibmmuBnUQiDT2BbW9Un/rtR5SKx9GDHifohnQQ8YAzqo3UvqmQ2wqp90tlu2rPQJaJk5My5Gj0S989P2ZpiJFmgirVdexEuxmVmjOBk2IvVZhQNqID7Boa0RCVm83iTsipUXwSxNJMpMlM/X2R0VCpceiZzZDqoVr0puK/njJRhuhPlq1uqoNrN+NRkmqM2DxDkAqiYzKthfhcItNibAhlkps3CBtSSZk25RVNP85iG8ukdV517Kpzf1GuXeZNFeAYTuAMHLiCGtxBA5rAYATP8AKv1pP1Zr1bH/PVFSu/OYI/sD5/AGu7mVE=</latexit><latexit sha1_base64="jblUTAg/I91Nj82H25lQb7yMpQ8=">AAACCXicbVDLSgNBEOz1GeMr6tHLYBA8hLAroh6juXiMYB6QLGF2tjcZMvtgZlYIS77Ak1f9Cm/i1a/wI/wHJ8keNLGgoajqhuryEsGVtu0va2V1bX1js7BV3N7Z3dsvHRy2VJxKhk0Wi1h2PKpQ8AibmmuBnUQiDT2BbW9Un/rtR5SKx9GDHifohnQQ8YAzqo3UvqmQ2wqp90tlu2rPQJaJk5My5Gj0S989P2ZpiJFmgirVdexEuxmVmjOBk2IvVZhQNqID7Boa0RCVm83iTsipUXwSxNJMpMlM/X2R0VCpceiZzZDqoVr0puK/njJRhuhPlq1uqoNrN+NRkmqM2DxDkAqiYzKthfhcItNibAhlkps3CBtSSZk25RVNP85iG8ukdV517Kpzf1GuXeZNFeAYTuAMHLiCGtxBA5rAYATP8AKv1pP1Zr1bH/PVFSu/OYI/sD5/AGu7mVE=</latexit><latexit sha1_base64="jblUTAg/I91Nj82H25lQb7yMpQ8=">AAACCXicbVDLSgNBEOz1GeMr6tHLYBA8hLAroh6juXiMYB6QLGF2tjcZMvtgZlYIS77Ak1f9Cm/i1a/wI/wHJ8keNLGgoajqhuryEsGVtu0va2V1bX1js7BV3N7Z3dsvHRy2VJxKhk0Wi1h2PKpQ8AibmmuBnUQiDT2BbW9Un/rtR5SKx9GDHifohnQQ8YAzqo3UvqmQ2wqp90tlu2rPQJaJk5My5Gj0S989P2ZpiJFmgirVdexEuxmVmjOBk2IvVZhQNqID7Boa0RCVm83iTsipUXwSxNJMpMlM/X2R0VCpceiZzZDqoVr0puK/njJRhuhPlq1uqoNrN+NRkmqM2DxDkAqiYzKthfhcItNibAhlkps3CBtSSZk25RVNP85iG8ukdV517Kpzf1GuXeZNFeAYTuAMHLiCGtxBA5rAYATP8AKv1pP1Zr1bH/PVFSu/OYI/sD5/AGu7mVE=</latexit><latexit sha1_base64="jblUTAg/I91Nj82H25lQb7yMpQ8=">AAACCXicbVDLSgNBEOz1GeMr6tHLYBA8hLAroh6juXiMYB6QLGF2tjcZMvtgZlYIS77Ak1f9Cm/i1a/wI/wHJ8keNLGgoajqhuryEsGVtu0va2V1bX1js7BV3N7Z3dsvHRy2VJxKhk0Wi1h2PKpQ8AibmmuBnUQiDT2BbW9Un/rtR5SKx9GDHifohnQQ8YAzqo3UvqmQ2wqp90tlu2rPQJaJk5My5Gj0S989P2ZpiJFmgirVdexEuxmVmjOBk2IvVZhQNqID7Boa0RCVm83iTsipUXwSxNJMpMlM/X2R0VCpceiZzZDqoVr0puK/njJRhuhPlq1uqoNrN+NRkmqM2DxDkAqiYzKthfhcItNibAhlkps3CBtSSZk25RVNP85iG8ukdV517Kpzf1GuXeZNFeAYTuAMHLiCGtxBA5rAYATP8AKv1pP1Zr1bH/PVFSu/OYI/sD5/AGu7mVE=</latexit>

❖ Mode expanding these functions we can define a basis of vector fields

J�1
n = �zn

d

dz̄
, J0

n = �znz̄
d

dz̄
, J1

n = �znz̄2
d

dz̄
<latexit sha1_base64="dG+eklpDLPu1PGB0XYQwjShdjes="></latexit><latexit sha1_base64="dG+eklpDLPu1PGB0XYQwjShdjes="></latexit><latexit sha1_base64="dG+eklpDLPu1PGB0XYQwjShdjes="></latexit><latexit sha1_base64="dG+eklpDLPu1PGB0XYQwjShdjes="></latexit>

[Ja
m, Jb

n] = (a� b)Ja+b
m+n, a, b = �1, 0, 1

<latexit sha1_base64="gsRwBYxtUPNHdPAK6Gsr9djY7xU="></latexit><latexit sha1_base64="gsRwBYxtUPNHdPAK6Gsr9djY7xU="></latexit><latexit sha1_base64="gsRwBYxtUPNHdPAK6Gsr9djY7xU="></latexit><latexit sha1_base64="gsRwBYxtUPNHdPAK6Gsr9djY7xU="></latexit>

❖ Their commutators are identical to that of a level zero                 current algebraSL(2,C)
<latexit sha1_base64="BAWnSyJweBpSwIWeb5GGdXLOmkU=">AAACH3icbVDLSsNAFJ34rPUVddlNsAgVpCRF1GWhGxcuKtoHNKFMJpN26GQmzEyEErLwU1y51a9wJ277Ef6DkzYLbT1w4XDOvXDu8WNKpLLtmbG2vrG5tV3aKe/u7R8cmkfHXckTgXAHccpF34cSU8JwRxFFcT8WGEY+xT1/0sr93hMWknD2qKYx9iI4YiQkCCotDc2Ky7WdX6cPd7XGhRtBNfb9tJWdZ0OzatftOaxV4hSkCgq0h+a3G3CURJgpRKGUA8eOlZdCoQiiOCu7icQxRBM4wgNNGYyw9NL5E5l1ppXACrnQw5Q1V39fpDCSchr5ejPPKJe9XPzXkzrKGAfZqjVIVHjjpYTFicIMLTKECbUUt/KyrIAIjBSdagKRIPoNC42hgEjpSsu6H2e5jVXSbdQdu+7cX1abV0VTJVABp6AGHHANmuAWtEEHIPAMXsEbeDdejA/j0/harK4Zxc0J+ANj9gNhEqL3</latexit><latexit sha1_base64="BAWnSyJweBpSwIWeb5GGdXLOmkU=">AAACH3icbVDLSsNAFJ34rPUVddlNsAgVpCRF1GWhGxcuKtoHNKFMJpN26GQmzEyEErLwU1y51a9wJ277Ef6DkzYLbT1w4XDOvXDu8WNKpLLtmbG2vrG5tV3aKe/u7R8cmkfHXckTgXAHccpF34cSU8JwRxFFcT8WGEY+xT1/0sr93hMWknD2qKYx9iI4YiQkCCotDc2Ky7WdX6cPd7XGhRtBNfb9tJWdZ0OzatftOaxV4hSkCgq0h+a3G3CURJgpRKGUA8eOlZdCoQiiOCu7icQxRBM4wgNNGYyw9NL5E5l1ppXACrnQw5Q1V39fpDCSchr5ejPPKJe9XPzXkzrKGAfZqjVIVHjjpYTFicIMLTKECbUUt/KyrIAIjBSdagKRIPoNC42hgEjpSsu6H2e5jVXSbdQdu+7cX1abV0VTJVABp6AGHHANmuAWtEEHIPAMXsEbeDdejA/j0/harK4Zxc0J+ANj9gNhEqL3</latexit><latexit sha1_base64="BAWnSyJweBpSwIWeb5GGdXLOmkU=">AAACH3icbVDLSsNAFJ34rPUVddlNsAgVpCRF1GWhGxcuKtoHNKFMJpN26GQmzEyEErLwU1y51a9wJ277Ef6DkzYLbT1w4XDOvXDu8WNKpLLtmbG2vrG5tV3aKe/u7R8cmkfHXckTgXAHccpF34cSU8JwRxFFcT8WGEY+xT1/0sr93hMWknD2qKYx9iI4YiQkCCotDc2Ky7WdX6cPd7XGhRtBNfb9tJWdZ0OzatftOaxV4hSkCgq0h+a3G3CURJgpRKGUA8eOlZdCoQiiOCu7icQxRBM4wgNNGYyw9NL5E5l1ppXACrnQw5Q1V39fpDCSchr5ejPPKJe9XPzXkzrKGAfZqjVIVHjjpYTFicIMLTKECbUUt/KyrIAIjBSdagKRIPoNC42hgEjpSsu6H2e5jVXSbdQdu+7cX1abV0VTJVABp6AGHHANmuAWtEEHIPAMXsEbeDdejA/j0/harK4Zxc0J+ANj9gNhEqL3</latexit><latexit sha1_base64="BAWnSyJweBpSwIWeb5GGdXLOmkU=">AAACH3icbVDLSsNAFJ34rPUVddlNsAgVpCRF1GWhGxcuKtoHNKFMJpN26GQmzEyEErLwU1y51a9wJ277Ef6DkzYLbT1w4XDOvXDu8WNKpLLtmbG2vrG5tV3aKe/u7R8cmkfHXckTgXAHccpF34cSU8JwRxFFcT8WGEY+xT1/0sr93hMWknD2qKYx9iI4YiQkCCotDc2Ky7WdX6cPd7XGhRtBNfb9tJWdZ0OzatftOaxV4hSkCgq0h+a3G3CURJgpRKGUA8eOlZdCoQiiOCu7icQxRBM4wgNNGYyw9NL5E5l1ppXACrnQw5Q1V39fpDCSchr5ejPPKJe9XPzXkzrKGAfZqjVIVHjjpYTFicIMLTKECbUUt/KyrIAIjBSdagKRIPoNC42hgEjpSsu6H2e5jVXSbdQdu+7cX1abV0VTJVABp6AGHHANmuAWtEEHIPAMXsEbeDdejA/j0/harK4Zxc0J+ANj9gNhEqL3</latexit>

❖ So the current algebra mentioned before can be geometrically interpreted as
    the subalgebra of the algebra of diffeomorphisms on the plane with analytic singularities. 
❖ This interpretation is potentially useful for relating the current algebra to asymptotic
     symmetries. [M. Campiglia, A. Laddha; hep-th/1408.2228]

[L. Donnay, S. Pasterski, A. Puhm; hep-th/2005.08990]



OPE with subleading soft graviton
❖ It is useful to consider the OPE between the subleading soft graviton operator
    and a matter primary. This can be derived by starting from

*
S+
1 (z, z̄)�h1,h̄1

(z1, z̄1)
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i=2
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<latexit sha1_base64="LSqAnX9ec6RWYdcmRQP+WPk+N8U="></latexit><latexit sha1_base64="LSqAnX9ec6RWYdcmRQP+WPk+N8U="></latexit><latexit sha1_base64="LSqAnX9ec6RWYdcmRQP+WPk+N8U="></latexit><latexit sha1_base64="LSqAnX9ec6RWYdcmRQP+WPk+N8U="></latexit>

and expanding the R.H.S. in powers of  (z � z1), (z̄ � z̄1)
<latexit sha1_base64="/XiycIvNzET4CtLtL2VJ/3/gxio=">AAACM3icbVDLSsNAFJ34rPVVdelmsAgVbE1E1GXBjcsK9gFtCJPpTTN08mBmIrQhn+GnuHKrHyHuxG3/wWmbhbZeGOZwzrnce48bcyaVaX4YK6tr6xubha3i9s7u3n7p4LAlo0RQaNKIR6LjEgmchdBUTHHoxAJI4HJou8O7qd5+AiFZFD6qUQx2QAYh8xglSlNO6aIyro6d1MrOznHPlzGhkJo1iwYZrvRcItJxVs3/mcsplc2aOSu8DKwclFFeDac06fUjmgQQKsqJlF3LjJWdEqEY5ZAVe4kEPXVIBtDVMCQBSDudHZbhU830sRcJ/UKFZ+zvjpQEUo4CVzsDony5qE3JfzWpV/Ghny1L3UR5t3bKwjhRENL5Dl7CsYrwNEDcZwKo4iMNCBVMn4GpTwShSsdc1PlYi2ksg9ZlzdIpP1yV69d5UgV0jE5QBVnoBtXRPWqgJqLoGb2iN/RuvBifxpfxPbeuGHnPEfpTxuQH1vWqTQ==</latexit><latexit sha1_base64="/XiycIvNzET4CtLtL2VJ/3/gxio=">AAACM3icbVDLSsNAFJ34rPVVdelmsAgVbE1E1GXBjcsK9gFtCJPpTTN08mBmIrQhn+GnuHKrHyHuxG3/wWmbhbZeGOZwzrnce48bcyaVaX4YK6tr6xubha3i9s7u3n7p4LAlo0RQaNKIR6LjEgmchdBUTHHoxAJI4HJou8O7qd5+AiFZFD6qUQx2QAYh8xglSlNO6aIyro6d1MrOznHPlzGhkJo1iwYZrvRcItJxVs3/mcsplc2aOSu8DKwclFFeDac06fUjmgQQKsqJlF3LjJWdEqEY5ZAVe4kEPXVIBtDVMCQBSDudHZbhU830sRcJ/UKFZ+zvjpQEUo4CVzsDony5qE3JfzWpV/Ghny1L3UR5t3bKwjhRENL5Dl7CsYrwNEDcZwKo4iMNCBVMn4GpTwShSsdc1PlYi2ksg9ZlzdIpP1yV69d5UgV0jE5QBVnoBtXRPWqgJqLoGb2iN/RuvBifxpfxPbeuGHnPEfpTxuQH1vWqTQ==</latexit><latexit sha1_base64="/XiycIvNzET4CtLtL2VJ/3/gxio=">AAACM3icbVDLSsNAFJ34rPVVdelmsAgVbE1E1GXBjcsK9gFtCJPpTTN08mBmIrQhn+GnuHKrHyHuxG3/wWmbhbZeGOZwzrnce48bcyaVaX4YK6tr6xubha3i9s7u3n7p4LAlo0RQaNKIR6LjEgmchdBUTHHoxAJI4HJou8O7qd5+AiFZFD6qUQx2QAYh8xglSlNO6aIyro6d1MrOznHPlzGhkJo1iwYZrvRcItJxVs3/mcsplc2aOSu8DKwclFFeDac06fUjmgQQKsqJlF3LjJWdEqEY5ZAVe4kEPXVIBtDVMCQBSDudHZbhU830sRcJ/UKFZ+zvjpQEUo4CVzsDony5qE3JfzWpV/Ghny1L3UR5t3bKwjhRENL5Dl7CsYrwNEDcZwKo4iMNCBVMn4GpTwShSsdc1PlYi2ksg9ZlzdIpP1yV69d5UgV0jE5QBVnoBtXRPWqgJqLoGb2iN/RuvBifxpfxPbeuGHnPEfpTxuQH1vWqTQ==</latexit><latexit sha1_base64="/XiycIvNzET4CtLtL2VJ/3/gxio=">AAACM3icbVDLSsNAFJ34rPVVdelmsAgVbE1E1GXBjcsK9gFtCJPpTTN08mBmIrQhn+GnuHKrHyHuxG3/wWmbhbZeGOZwzrnce48bcyaVaX4YK6tr6xubha3i9s7u3n7p4LAlo0RQaNKIR6LjEgmchdBUTHHoxAJI4HJou8O7qd5+AiFZFD6qUQx2QAYh8xglSlNO6aIyro6d1MrOznHPlzGhkJo1iwYZrvRcItJxVs3/mcsplc2aOSu8DKwclFFeDac06fUjmgQQKsqJlF3LjJWdEqEY5ZAVe4kEPXVIBtDVMCQBSDudHZbhU830sRcJ/UKFZ+zvjpQEUo4CVzsDony5qE3JfzWpV/Ghny1L3UR5t3bKwjhRENL5Dl7CsYrwNEDcZwKo4iMNCBVMn4GpTwShSsdc1PlYi2ksg9ZlzdIpP1yV69d5UgV0jE5QBVnoBtXRPWqgJqLoGb2iN/RuvBifxpfxPbeuGHnPEfpTxuQH1vWqTQ==</latexit>

❖ The OPE turns out to be 

S+
1 (z, z̄)�h1,h̄1

(z1, z̄1)
<latexit sha1_base64="WL8kY3JmmxNbrNX0EKmTzmHZvvY="></latexit><latexit sha1_base64="WL8kY3JmmxNbrNX0EKmTzmHZvvY="></latexit><latexit sha1_base64="WL8kY3JmmxNbrNX0EKmTzmHZvvY="></latexit><latexit sha1_base64="WL8kY3JmmxNbrNX0EKmTzmHZvvY="></latexit>

= �
1X

p=1

(z � z1)
p�1(J1

�p�h1,h̄1
(z1, z̄1))(z1, z̄1)

<latexit sha1_base64="lOduA5aaToOr9JtKlX+gqvbHAzg="></latexit><latexit sha1_base64="lOduA5aaToOr9JtKlX+gqvbHAzg="></latexit><latexit sha1_base64="lOduA5aaToOr9JtKlX+gqvbHAzg="></latexit><latexit sha1_base64="lOduA5aaToOr9JtKlX+gqvbHAzg="></latexit>

+2(z̄ � z̄1)

 
h̄1

z � z1
�h1,h̄1

(z1, z̄1) +
1X

p=1

(z � z1)
p�1(J0

�p�h1,h̄1
)(z1, z̄1)

!

<latexit sha1_base64="mlURe24pfBX5BrbcS/brCCnmMuE="></latexit><latexit sha1_base64="mlURe24pfBX5BrbcS/brCCnmMuE="></latexit><latexit sha1_base64="mlURe24pfBX5BrbcS/brCCnmMuE="></latexit><latexit sha1_base64="mlURe24pfBX5BrbcS/brCCnmMuE="></latexit>

�(z̄ � z̄1)
2

 
1

z � z1
@z̄1�h1,h̄1

(z1, z̄1) +
1X

p=1

(z � z1)
p�1(J�1

�p�h1,h̄1
)(z1, z̄1)

!

<latexit sha1_base64="G14LSr1E3p3DbPAzPQDHg3sN3zU="></latexit><latexit sha1_base64="G14LSr1E3p3DbPAzPQDHg3sN3zU="></latexit><latexit sha1_base64="G14LSr1E3p3DbPAzPQDHg3sN3zU="></latexit><latexit sha1_base64="G14LSr1E3p3DbPAzPQDHg3sN3zU="></latexit>



Current algebra descendants
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are current algebra descendants of the primary operator �h,h̄(z, z̄)
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Current algebra primaries

❖ The OPE with the subleading soft graviton operator implies
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Thus conformal primaries are also primaries of the SL(2,C)
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current algebra.



Leading conformal soft limit & supertranslations
❖ The leading soft graviton theorem is related to supertranslation Ward identities.
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❖ Now under the leading conformal soft limit

❖ In order to consider this in the conformal basis, it will be useful to introduce the 
     retarded time coordinates. 

❖ In that case we can use the following modified version of the Mellin transform 
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Leading soft graviton theorem and supertranslations

S+
0 (z, z̄) = P0(z)� z̄P�1(z)

<latexit sha1_base64="dEQUlpMI46NNURwpyoOZ65ZeULg="></latexit><latexit sha1_base64="dEQUlpMI46NNURwpyoOZ65ZeULg="></latexit><latexit sha1_base64="dEQUlpMI46NNURwpyoOZ65ZeULg="></latexit><latexit sha1_base64="dEQUlpMI46NNURwpyoOZ65ZeULg="></latexit>
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<latexit sha1_base64="bJYZ3M86hvXGAR+21bLq3nBTNxE="></latexit><latexit sha1_base64="bJYZ3M86hvXGAR+21bLq3nBTNxE="></latexit><latexit sha1_base64="bJYZ3M86hvXGAR+21bLq3nBTNxE="></latexit><latexit sha1_base64="bJYZ3M86hvXGAR+21bLq3nBTNxE="></latexit>
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+

<latexit sha1_base64="WF+om/vq0r1gvGoSujdy3hglJp8="></latexit><latexit sha1_base64="WF+om/vq0r1gvGoSujdy3hglJp8="></latexit><latexit sha1_base64="WF+om/vq0r1gvGoSujdy3hglJp8="></latexit><latexit sha1_base64="WF+om/vq0r1gvGoSujdy3hglJp8="></latexit>

❖ These are Ward identities for infinitesimal global space-time translations

u ! u+ ✏ z̄
<latexit sha1_base64="+LzmBeCrXGYznl5TOrzAQGtZNLc="></latexit><latexit sha1_base64="+LzmBeCrXGYznl5TOrzAQGtZNLc="></latexit><latexit sha1_base64="+LzmBeCrXGYznl5TOrzAQGtZNLc="></latexit><latexit sha1_base64="+LzmBeCrXGYznl5TOrzAQGtZNLc="></latexit>

u ! u+ ✏
<latexit sha1_base64="sYRtx2p1FMtzIH3i/P2TlxPzCNs=">AAACHnicbVDLSgMxFM3UV62vUXe6CRZBEMqMiLosuHFZwT6gM5RMetsJzSRDklFKKfgprtzqV7gTt/oR/oNpOwttPXDhcM69cO6JUs608bwvp7C0vLK6VlwvbWxube+4u3sNLTNFoU4ll6oVEQ2cCagbZji0UgUkiTg0o8H1xG/eg9JMijszTCFMSF+wHqPEWKnjHmQ4UKwfG6KUfMDZKQ4g1YxLgTtu2at4U+BF4uekjHLUOu530JU0S0AYyonWbd9LTTgiyjDKYVwKMg0poQPSh7algiSgw9H0hzE+tkoX96SyIwyeqr8vRiTRephEdjMhJtbz3kT819M2Sgzd8aLVzkzvKhwxkWYGBJ1l6GUcG4knXeEuU0ANH1pCqGL2DUxjogg1ttGS7cefb2ORNM4qvlfxb8/L1Yu8qSI6REfoBPnoElXRDaqhOqLoET2jF/TqPDlvzrvzMVstOPnNPvoD5/MHaIuicg==</latexit><latexit sha1_base64="sYRtx2p1FMtzIH3i/P2TlxPzCNs=">AAACHnicbVDLSgMxFM3UV62vUXe6CRZBEMqMiLosuHFZwT6gM5RMetsJzSRDklFKKfgprtzqV7gTt/oR/oNpOwttPXDhcM69cO6JUs608bwvp7C0vLK6VlwvbWxube+4u3sNLTNFoU4ll6oVEQ2cCagbZji0UgUkiTg0o8H1xG/eg9JMijszTCFMSF+wHqPEWKnjHmQ4UKwfG6KUfMDZKQ4g1YxLgTtu2at4U+BF4uekjHLUOu530JU0S0AYyonWbd9LTTgiyjDKYVwKMg0poQPSh7algiSgw9H0hzE+tkoX96SyIwyeqr8vRiTRephEdjMhJtbz3kT819M2Sgzd8aLVzkzvKhwxkWYGBJ1l6GUcG4knXeEuU0ANH1pCqGL2DUxjogg1ttGS7cefb2ORNM4qvlfxb8/L1Yu8qSI6REfoBPnoElXRDaqhOqLoET2jF/TqPDlvzrvzMVstOPnNPvoD5/MHaIuicg==</latexit><latexit sha1_base64="sYRtx2p1FMtzIH3i/P2TlxPzCNs=">AAACHnicbVDLSgMxFM3UV62vUXe6CRZBEMqMiLosuHFZwT6gM5RMetsJzSRDklFKKfgprtzqV7gTt/oR/oNpOwttPXDhcM69cO6JUs608bwvp7C0vLK6VlwvbWxube+4u3sNLTNFoU4ll6oVEQ2cCagbZji0UgUkiTg0o8H1xG/eg9JMijszTCFMSF+wHqPEWKnjHmQ4UKwfG6KUfMDZKQ4g1YxLgTtu2at4U+BF4uekjHLUOu530JU0S0AYyonWbd9LTTgiyjDKYVwKMg0poQPSh7algiSgw9H0hzE+tkoX96SyIwyeqr8vRiTRephEdjMhJtbz3kT819M2Sgzd8aLVzkzvKhwxkWYGBJ1l6GUcG4knXeEuU0ANH1pCqGL2DUxjogg1ttGS7cefb2ORNM4qvlfxb8/L1Yu8qSI6REfoBPnoElXRDaqhOqLoET2jF/TqPDlvzrvzMVstOPnNPvoD5/MHaIuicg==</latexit><latexit sha1_base64="sYRtx2p1FMtzIH3i/P2TlxPzCNs=">AAACHnicbVDLSgMxFM3UV62vUXe6CRZBEMqMiLosuHFZwT6gM5RMetsJzSRDklFKKfgprtzqV7gTt/oR/oNpOwttPXDhcM69cO6JUs608bwvp7C0vLK6VlwvbWxube+4u3sNLTNFoU4ll6oVEQ2cCagbZji0UgUkiTg0o8H1xG/eg9JMijszTCFMSF+wHqPEWKnjHmQ4UKwfG6KUfMDZKQ4g1YxLgTtu2at4U+BF4uekjHLUOu530JU0S0AYyonWbd9LTTgiyjDKYVwKMg0poQPSh7algiSgw9H0hzE+tkoX96SyIwyeqr8vRiTRephEdjMhJtbz3kT819M2Sgzd8aLVzkzvKhwxkWYGBJ1l6GUcG4knXeEuU0ANH1pCqGL2DUxjogg1ttGS7cefb2ORNM4qvlfxb8/L1Yu8qSI6REfoBPnoElXRDaqhOqLoET2jF/TqPDlvzrvzMVstOPnNPvoD5/MHaIuicg==</latexit>

❖ Expanding the leading soft factor in the R.H.S. in powers of z̄<latexit sha1_base64="XU1T4ii3caq3MbqIFBPYrX0HFOo=">AAACCXicbVDLSsNAFL3xWeur6tLNYBFclUQEuyy4cVnBPqAtZTK5aYdOJmFmItSQL3DlVr/Cnbj1K/wI/8Fpm4W2HrhwOOdeOPf4ieDauO6Xs7a+sbm1Xdop7+7tHxxWjo7bOk4VwxaLRay6PtUouMSW4UZgN1FII19gx5/czPzOAyrNY3lvpgkOIjqSPOSMGit1+j5V2WM+rFTdmjsHWSVeQapQoDmsfPeDmKURSsME1brnuYkZZFQZzgTm5X6qMaFsQkfYs1TSCPUgm8fNyblVAhLGyo40ZK7+vshopPU08u1mRM1YL3sz8V9P2yhjDPJVq5easD7IuExSg5ItMoSpICYms1pIwBUyI6aWUKa4fYOwMVWUGVte2fbjLbexStqXNc+teXdX1Ua9aKoEp3AGF+DBNTTgFprQAgYTeIYXeHWenDfn3flYrK45xc0J/IHz+QMbOZr4</latexit><latexit sha1_base64="XU1T4ii3caq3MbqIFBPYrX0HFOo=">AAACCXicbVDLSsNAFL3xWeur6tLNYBFclUQEuyy4cVnBPqAtZTK5aYdOJmFmItSQL3DlVr/Cnbj1K/wI/8Fpm4W2HrhwOOdeOPf4ieDauO6Xs7a+sbm1Xdop7+7tHxxWjo7bOk4VwxaLRay6PtUouMSW4UZgN1FII19gx5/czPzOAyrNY3lvpgkOIjqSPOSMGit1+j5V2WM+rFTdmjsHWSVeQapQoDmsfPeDmKURSsME1brnuYkZZFQZzgTm5X6qMaFsQkfYs1TSCPUgm8fNyblVAhLGyo40ZK7+vshopPU08u1mRM1YL3sz8V9P2yhjDPJVq5easD7IuExSg5ItMoSpICYms1pIwBUyI6aWUKa4fYOwMVWUGVte2fbjLbexStqXNc+teXdX1Ua9aKoEp3AGF+DBNTTgFprQAgYTeIYXeHWenDfn3flYrK45xc0J/IHz+QMbOZr4</latexit><latexit sha1_base64="XU1T4ii3caq3MbqIFBPYrX0HFOo=">AAACCXicbVDLSsNAFL3xWeur6tLNYBFclUQEuyy4cVnBPqAtZTK5aYdOJmFmItSQL3DlVr/Cnbj1K/wI/8Fpm4W2HrhwOOdeOPf4ieDauO6Xs7a+sbm1Xdop7+7tHxxWjo7bOk4VwxaLRay6PtUouMSW4UZgN1FII19gx5/czPzOAyrNY3lvpgkOIjqSPOSMGit1+j5V2WM+rFTdmjsHWSVeQapQoDmsfPeDmKURSsME1brnuYkZZFQZzgTm5X6qMaFsQkfYs1TSCPUgm8fNyblVAhLGyo40ZK7+vshopPU08u1mRM1YL3sz8V9P2yhjDPJVq5easD7IuExSg5ItMoSpICYms1pIwBUyI6aWUKa4fYOwMVWUGVte2fbjLbexStqXNc+teXdX1Ua9aKoEp3AGF+DBNTTgFprQAgYTeIYXeHWenDfn3flYrK45xc0J/IHz+QMbOZr4</latexit><latexit sha1_base64="XU1T4ii3caq3MbqIFBPYrX0HFOo=">AAACCXicbVDLSsNAFL3xWeur6tLNYBFclUQEuyy4cVnBPqAtZTK5aYdOJmFmItSQL3DlVr/Cnbj1K/wI/8Fpm4W2HrhwOOdeOPf4ieDauO6Xs7a+sbm1Xdop7+7tHxxWjo7bOk4VwxaLRay6PtUouMSW4UZgN1FII19gx5/czPzOAyrNY3lvpgkOIjqSPOSMGit1+j5V2WM+rFTdmjsHWSVeQapQoDmsfPeDmKURSsME1brnuYkZZFQZzgTm5X6qMaFsQkfYs1TSCPUgm8fNyblVAhLGyo40ZK7+vshopPU08u1mRM1YL3sz8V9P2yhjDPJVq5easD7IuExSg5ItMoSpICYms1pIwBUyI6aWUKa4fYOwMVWUGVte2fbjLbexStqXNc+teXdX1Ua9aKoEp3AGF+DBNTTgFprQAgYTeIYXeHWenDfn3flYrK45xc0J/IHz+QMbOZr4</latexit>  we get

where



Modes of supertranslation currents

[Pn,0,�h,h̄(u, z, z̄)] = zn+1z̄ i@u�h,h̄(u, z, z̄)
<latexit sha1_base64="VrGxjFI6rmVmrkSNmzhuUtAWsqs="></latexit><latexit sha1_base64="VrGxjFI6rmVmrkSNmzhuUtAWsqs="></latexit><latexit sha1_base64="VrGxjFI6rmVmrkSNmzhuUtAWsqs="></latexit><latexit sha1_base64="VrGxjFI6rmVmrkSNmzhuUtAWsqs="></latexit>

[Pn,�1,�h,h̄(u, z, z̄)] = zn+1 i@u�h,h̄(u, z, z̄)
<latexit sha1_base64="PgFnCqMzBpx9RT08/uawBvH39E8="></latexit><latexit sha1_base64="PgFnCqMzBpx9RT08/uawBvH39E8="></latexit><latexit sha1_base64="PgFnCqMzBpx9RT08/uawBvH39E8="></latexit><latexit sha1_base64="PgFnCqMzBpx9RT08/uawBvH39E8="></latexit>

❖ Commutators with primary fields 

❖ We can consider modes of the supertranslation currents : Pn,0, Pn,�1
<latexit sha1_base64="oDbTQ+ILjm0rt/0BVqxG4pesUMY=">AAACJHicbZDLSsNAFIYn9VbrLerSzWARXNSSiKjLghuXFewF2lAm05Nm6GQSZiZCCdn6KK7c6lO4ExdufAPfwWmbhbYeGPj5/3OYcz4/4Uxpx/m0Siura+sb5c3K1vbO7p69f9BWcSoptGjMY9n1iQLOBLQ00xy6iQQS+Rw6/vhmmnceQCoWi3s9ScCLyEiwgFGijTWwcXOQiZqT13A/VAmhkDl1l0b53D9z84FdderOrPCycAtRRUU1B/Z3fxjTNAKhKSdK9Vwn0V5GpGaUQ17ppwrMR2Mygp6RgkSgvGx2SY5PjDPEQSzNExrP3N8TGYmUmkS+6YyIDtViNjX/zZRZJYRhvhz1Uh1cexkTSapB0PkOQcqxjvGUGB4yCVTziRGESmbOwDQkklBtuFYMH3eRxrJon9ddA/buotq4LEiV0RE6RqfIRVeogW5RE7UQRY/oGb2gV+vJerPerY95a8kqZg7Rn7K+fgA0AKPB</latexit><latexit sha1_base64="oDbTQ+ILjm0rt/0BVqxG4pesUMY=">AAACJHicbZDLSsNAFIYn9VbrLerSzWARXNSSiKjLghuXFewF2lAm05Nm6GQSZiZCCdn6KK7c6lO4ExdufAPfwWmbhbYeGPj5/3OYcz4/4Uxpx/m0Siura+sb5c3K1vbO7p69f9BWcSoptGjMY9n1iQLOBLQ00xy6iQQS+Rw6/vhmmnceQCoWi3s9ScCLyEiwgFGijTWwcXOQiZqT13A/VAmhkDl1l0b53D9z84FdderOrPCycAtRRUU1B/Z3fxjTNAKhKSdK9Vwn0V5GpGaUQ17ppwrMR2Mygp6RgkSgvGx2SY5PjDPEQSzNExrP3N8TGYmUmkS+6YyIDtViNjX/zZRZJYRhvhz1Uh1cexkTSapB0PkOQcqxjvGUGB4yCVTziRGESmbOwDQkklBtuFYMH3eRxrJon9ddA/buotq4LEiV0RE6RqfIRVeogW5RE7UQRY/oGb2gV+vJerPerY95a8kqZg7Rn7K+fgA0AKPB</latexit><latexit sha1_base64="oDbTQ+ILjm0rt/0BVqxG4pesUMY=">AAACJHicbZDLSsNAFIYn9VbrLerSzWARXNSSiKjLghuXFewF2lAm05Nm6GQSZiZCCdn6KK7c6lO4ExdufAPfwWmbhbYeGPj5/3OYcz4/4Uxpx/m0Siura+sb5c3K1vbO7p69f9BWcSoptGjMY9n1iQLOBLQ00xy6iQQS+Rw6/vhmmnceQCoWi3s9ScCLyEiwgFGijTWwcXOQiZqT13A/VAmhkDl1l0b53D9z84FdderOrPCycAtRRUU1B/Z3fxjTNAKhKSdK9Vwn0V5GpGaUQ17ppwrMR2Mygp6RgkSgvGx2SY5PjDPEQSzNExrP3N8TGYmUmkS+6YyIDtViNjX/zZRZJYRhvhz1Uh1cexkTSapB0PkOQcqxjvGUGB4yCVTziRGESmbOwDQkklBtuFYMH3eRxrJon9ddA/buotq4LEiV0RE6RqfIRVeogW5RE7UQRY/oGb2gV+vJerPerY95a8kqZg7Rn7K+fgA0AKPB</latexit><latexit sha1_base64="oDbTQ+ILjm0rt/0BVqxG4pesUMY=">AAACJHicbZDLSsNAFIYn9VbrLerSzWARXNSSiKjLghuXFewF2lAm05Nm6GQSZiZCCdn6KK7c6lO4ExdufAPfwWmbhbYeGPj5/3OYcz4/4Uxpx/m0Siura+sb5c3K1vbO7p69f9BWcSoptGjMY9n1iQLOBLQ00xy6iQQS+Rw6/vhmmnceQCoWi3s9ScCLyEiwgFGijTWwcXOQiZqT13A/VAmhkDl1l0b53D9z84FdderOrPCycAtRRUU1B/Z3fxjTNAKhKSdK9Vwn0V5GpGaUQ17ppwrMR2Mygp6RgkSgvGx2SY5PjDPEQSzNExrP3N8TGYmUmkS+6YyIDtViNjX/zZRZJYRhvhz1Uh1cexkTSapB0PkOQcqxjvGUGB4yCVTziRGESmbOwDQkklBtuFYMH3eRxrJon9ddA/buotq4LEiV0RE6RqfIRVeogW5RE7UQRY/oGb2gV+vJerPerY95a8kqZg7Rn7K+fgA0AKPB</latexit>

[Pn,0, Pm,�1] = 0
<latexit sha1_base64="0AP3/oQ6x0DcaYARFu2WcDt9ecg=">AAACGXicbZDLSsNAGIUnXmu9RcWVm8EiuKhlIqJuhIIblxXsBdIQJpNJO3QyCTMToYQ8iSu3+hTuxK0rH8J3cNpmoa0/DHyc8/9w5gQpZ0oj9GUtLa+srq1XNqqbW9s7u/befkclmSS0TRKeyF6AFeVM0LZmmtNeKimOA067weh24ncfqVQsEQ96nFIvxgPBIkawNpJvH7otPxd1VNShgbh+5hTeDfLtGmqg6cBFcEqogXJavv3dDxOSxVRowrFSroNS7eVYakY4Lar9TNEUkxEeUNegwDFVXj6NX8ATo4QwSqR5QsOp+vsix7FS4zgwmzHWQzXvTcR/PWWiDGlYLFpupqNrL2cizTQVZJYhyjjUCZzUBEMmKdF8bAATycw3IBliiYk2ZVZNP858G4vQOW84qOHcX9Sal2VTFXAEjsEpcMAVaII70AJtQEAOnsELeLWerDfr3fqYrS5Z5c0B+DPW5w+BiZ8w</latexit><latexit sha1_base64="0AP3/oQ6x0DcaYARFu2WcDt9ecg=">AAACGXicbZDLSsNAGIUnXmu9RcWVm8EiuKhlIqJuhIIblxXsBdIQJpNJO3QyCTMToYQ8iSu3+hTuxK0rH8J3cNpmoa0/DHyc8/9w5gQpZ0oj9GUtLa+srq1XNqqbW9s7u/befkclmSS0TRKeyF6AFeVM0LZmmtNeKimOA067weh24ncfqVQsEQ96nFIvxgPBIkawNpJvH7otPxd1VNShgbh+5hTeDfLtGmqg6cBFcEqogXJavv3dDxOSxVRowrFSroNS7eVYakY4Lar9TNEUkxEeUNegwDFVXj6NX8ATo4QwSqR5QsOp+vsix7FS4zgwmzHWQzXvTcR/PWWiDGlYLFpupqNrL2cizTQVZJYhyjjUCZzUBEMmKdF8bAATycw3IBliiYk2ZVZNP858G4vQOW84qOHcX9Sal2VTFXAEjsEpcMAVaII70AJtQEAOnsELeLWerDfr3fqYrS5Z5c0B+DPW5w+BiZ8w</latexit><latexit sha1_base64="0AP3/oQ6x0DcaYARFu2WcDt9ecg=">AAACGXicbZDLSsNAGIUnXmu9RcWVm8EiuKhlIqJuhIIblxXsBdIQJpNJO3QyCTMToYQ8iSu3+hTuxK0rH8J3cNpmoa0/DHyc8/9w5gQpZ0oj9GUtLa+srq1XNqqbW9s7u/befkclmSS0TRKeyF6AFeVM0LZmmtNeKimOA067weh24ncfqVQsEQ96nFIvxgPBIkawNpJvH7otPxd1VNShgbh+5hTeDfLtGmqg6cBFcEqogXJavv3dDxOSxVRowrFSroNS7eVYakY4Lar9TNEUkxEeUNegwDFVXj6NX8ATo4QwSqR5QsOp+vsix7FS4zgwmzHWQzXvTcR/PWWiDGlYLFpupqNrL2cizTQVZJYhyjjUCZzUBEMmKdF8bAATycw3IBliiYk2ZVZNP858G4vQOW84qOHcX9Sal2VTFXAEjsEpcMAVaII70AJtQEAOnsELeLWerDfr3fqYrS5Z5c0B+DPW5w+BiZ8w</latexit><latexit sha1_base64="0AP3/oQ6x0DcaYARFu2WcDt9ecg=">AAACGXicbZDLSsNAGIUnXmu9RcWVm8EiuKhlIqJuhIIblxXsBdIQJpNJO3QyCTMToYQ8iSu3+hTuxK0rH8J3cNpmoa0/DHyc8/9w5gQpZ0oj9GUtLa+srq1XNqqbW9s7u/befkclmSS0TRKeyF6AFeVM0LZmmtNeKimOA067weh24ncfqVQsEQ96nFIvxgPBIkawNpJvH7otPxd1VNShgbh+5hTeDfLtGmqg6cBFcEqogXJavv3dDxOSxVRowrFSroNS7eVYakY4Lar9TNEUkxEeUNegwDFVXj6NX8ATo4QwSqR5QsOp+vsix7FS4zgwmzHWQzXvTcR/PWWiDGlYLFpupqNrL2cizTQVZJYhyjjUCZzUBEMmKdF8bAATycw3IBliiYk2ZVZNP858G4vQOW84qOHcX9Sal2VTFXAEjsEpcMAVaII70AJtQEAOnsELeLWerDfr3fqYrS5Z5c0B+DPW5w+BiZ8w</latexit>

✏ = ±1
<latexit sha1_base64="Pqm+rXhN+qSSH8NWE5O9HPLocxs=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdSMU3LisYB/QhDKZ3LRDJzNhZlIopb/hyq1+hTtx696P8B+ctllo64ELh3PuhXNPlHGmjed9OaW19Y3NrfJ2ZWd3b//APTxqaZkrCk0quVSdiGjgTEDTMMOhkykgacShHQ3vZn57BEozKR7NOIMwJX3BEkaJsVLPdQPINONS4FscZCn2e27Vq3lz4FXiF6SKCjR67ncQS5qnIAzlROuu72UmnBBlGOUwrQS5hozQIelD11JBUtDhZJ58is+sEuNEKjvC4Ln6+2JCUq3HaWQ3U2IGetmbif962kYZQDxdtbq5SW7CCRNZbkDQRYYk59hIPGsIx0wBNXxsCaGK2TcwHRBFqLE9Vmw//nIbq6R1UfO9mv9wWa1fFU2V0Qk6RefIR9eoju5RAzURRSP0jF7Qq/PkvDnvzsditeQUN8foD5zPH9fwnds=</latexit><latexit sha1_base64="Pqm+rXhN+qSSH8NWE5O9HPLocxs=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdSMU3LisYB/QhDKZ3LRDJzNhZlIopb/hyq1+hTtx696P8B+ctllo64ELh3PuhXNPlHGmjed9OaW19Y3NrfJ2ZWd3b//APTxqaZkrCk0quVSdiGjgTEDTMMOhkykgacShHQ3vZn57BEozKR7NOIMwJX3BEkaJsVLPdQPINONS4FscZCn2e27Vq3lz4FXiF6SKCjR67ncQS5qnIAzlROuu72UmnBBlGOUwrQS5hozQIelD11JBUtDhZJ58is+sEuNEKjvC4Ln6+2JCUq3HaWQ3U2IGetmbif962kYZQDxdtbq5SW7CCRNZbkDQRYYk59hIPGsIx0wBNXxsCaGK2TcwHRBFqLE9Vmw//nIbq6R1UfO9mv9wWa1fFU2V0Qk6RefIR9eoju5RAzURRSP0jF7Qq/PkvDnvzsditeQUN8foD5zPH9fwnds=</latexit><latexit sha1_base64="Pqm+rXhN+qSSH8NWE5O9HPLocxs=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdSMU3LisYB/QhDKZ3LRDJzNhZlIopb/hyq1+hTtx696P8B+ctllo64ELh3PuhXNPlHGmjed9OaW19Y3NrfJ2ZWd3b//APTxqaZkrCk0quVSdiGjgTEDTMMOhkykgacShHQ3vZn57BEozKR7NOIMwJX3BEkaJsVLPdQPINONS4FscZCn2e27Vq3lz4FXiF6SKCjR67ncQS5qnIAzlROuu72UmnBBlGOUwrQS5hozQIelD11JBUtDhZJ58is+sEuNEKjvC4Ln6+2JCUq3HaWQ3U2IGetmbif962kYZQDxdtbq5SW7CCRNZbkDQRYYk59hIPGsIx0wBNXxsCaGK2TcwHRBFqLE9Vmw//nIbq6R1UfO9mv9wWa1fFU2V0Qk6RefIR9eoju5RAzURRSP0jF7Qq/PkvDnvzsditeQUN8foD5zPH9fwnds=</latexit><latexit sha1_base64="Pqm+rXhN+qSSH8NWE5O9HPLocxs=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdSMU3LisYB/QhDKZ3LRDJzNhZlIopb/hyq1+hTtx696P8B+ctllo64ELh3PuhXNPlHGmjed9OaW19Y3NrfJ2ZWd3b//APTxqaZkrCk0quVSdiGjgTEDTMMOhkykgacShHQ3vZn57BEozKR7NOIMwJX3BEkaJsVLPdQPINONS4FscZCn2e27Vq3lz4FXiF6SKCjR67ncQS5qnIAzlROuu72UmnBBlGOUwrQS5hozQIelD11JBUtDhZJ58is+sEuNEKjvC4Ln6+2JCUq3HaWQ3U2IGetmbif962kYZQDxdtbq5SW7CCRNZbkDQRYYk59hIPGsIx0wBNXxsCaGK2TcwHRBFqLE9Vmw//nIbq6R1UfO9mv9wWa1fFU2V0Qk6RefIR9eoju5RAzURRSP0jF7Qq/PkvDnvzsditeQUN8foD5zPH9fwnds=</latexit>

❖ Note that if we consider conformal primaries which do not depend on the retarded 
    time coordinate then
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<latexit sha1_base64="TCmDXjPHLnahr253/x17L3Uq1JI="></latexit><latexit sha1_base64="TCmDXjPHLnahr253/x17L3Uq1JI="></latexit><latexit sha1_base64="TCmDXjPHLnahr253/x17L3Uq1JI="></latexit><latexit sha1_base64="TCmDXjPHLnahr253/x17L3Uq1JI="></latexit>

❖  Global space-time translation generators {P�1,�1, P0,�1, P�1,0, P0,0}
<latexit sha1_base64="qwiyVvouGvi7IkYtD8EUUtzX2z8=">AAACLXicbZDNSsNAFIUn9a/Wv6hLN4NFUGjLRERdFty4rGBroQlhMpm2QyeTMDMRSsgz+Ciu3OpTuBDErSvfwWkbQVsvXPg451649wQJZ0oj9GaVlpZXVtfK65WNza3tHXt3r6PiVBLaJjGPZTfAinImaFszzWk3kRRHAad3wehq4t/dU6lYLG71OKFehAeC9RnB2ki+feJmsOVndadWd/KaIfQDRkKFgnLo5r5dRQ00LbgITgFVUFTLt7/cMCZpRIUmHCvVc1CivQxLzQinecVNFU0wGeEB7RkUOKLKy6Yv5fDIKCHsx9K00HCq/t7IcKTUOArMZIT1UM17E/FfT5lThjTMF61eqvuXXsZEkmoqyOyGfsqhjuEkOhgySYnmYwOYSGbegGSIJSbaBFwx+TjzaSxC57ThoIZzc1ZtnhdJlcEBOATHwAEXoAmuQQu0AQEP4Ak8gxfr0Xq13q2P2WjJKnb2wZ+yPr8B9BClcA==</latexit><latexit sha1_base64="qwiyVvouGvi7IkYtD8EUUtzX2z8=">AAACLXicbZDNSsNAFIUn9a/Wv6hLN4NFUGjLRERdFty4rGBroQlhMpm2QyeTMDMRSsgz+Ciu3OpTuBDErSvfwWkbQVsvXPg451649wQJZ0oj9GaVlpZXVtfK65WNza3tHXt3r6PiVBLaJjGPZTfAinImaFszzWk3kRRHAad3wehq4t/dU6lYLG71OKFehAeC9RnB2ki+feJmsOVndadWd/KaIfQDRkKFgnLo5r5dRQ00LbgITgFVUFTLt7/cMCZpRIUmHCvVc1CivQxLzQinecVNFU0wGeEB7RkUOKLKy6Yv5fDIKCHsx9K00HCq/t7IcKTUOArMZIT1UM17E/FfT5lThjTMF61eqvuXXsZEkmoqyOyGfsqhjuEkOhgySYnmYwOYSGbegGSIJSbaBFwx+TjzaSxC57ThoIZzc1ZtnhdJlcEBOATHwAEXoAmuQQu0AQEP4Ak8gxfr0Xq13q2P2WjJKnb2wZ+yPr8B9BClcA==</latexit><latexit sha1_base64="qwiyVvouGvi7IkYtD8EUUtzX2z8=">AAACLXicbZDNSsNAFIUn9a/Wv6hLN4NFUGjLRERdFty4rGBroQlhMpm2QyeTMDMRSsgz+Ciu3OpTuBDErSvfwWkbQVsvXPg451649wQJZ0oj9GaVlpZXVtfK65WNza3tHXt3r6PiVBLaJjGPZTfAinImaFszzWk3kRRHAad3wehq4t/dU6lYLG71OKFehAeC9RnB2ki+feJmsOVndadWd/KaIfQDRkKFgnLo5r5dRQ00LbgITgFVUFTLt7/cMCZpRIUmHCvVc1CivQxLzQinecVNFU0wGeEB7RkUOKLKy6Yv5fDIKCHsx9K00HCq/t7IcKTUOArMZIT1UM17E/FfT5lThjTMF61eqvuXXsZEkmoqyOyGfsqhjuEkOhgySYnmYwOYSGbegGSIJSbaBFwx+TjzaSxC57ThoIZzc1ZtnhdJlcEBOATHwAEXoAmuQQu0AQEP4Ak8gxfr0Xq13q2P2WjJKnb2wZ+yPr8B9BClcA==</latexit><latexit sha1_base64="qwiyVvouGvi7IkYtD8EUUtzX2z8=">AAACLXicbZDNSsNAFIUn9a/Wv6hLN4NFUGjLRERdFty4rGBroQlhMpm2QyeTMDMRSsgz+Ciu3OpTuBDErSvfwWkbQVsvXPg451649wQJZ0oj9GaVlpZXVtfK65WNza3tHXt3r6PiVBLaJjGPZTfAinImaFszzWk3kRRHAad3wehq4t/dU6lYLG71OKFehAeC9RnB2ki+feJmsOVndadWd/KaIfQDRkKFgnLo5r5dRQ00LbgITgFVUFTLt7/cMCZpRIUmHCvVc1CivQxLzQinecVNFU0wGeEB7RkUOKLKy6Yv5fDIKCHsx9K00HCq/t7IcKTUOArMZIT1UM17E/FfT5lThjTMF61eqvuXXsZEkmoqyOyGfsqhjuEkOhgySYnmYwOYSGbegGSIJSbaBFwx+TjzaSxC57ThoIZzc1ZtnhdJlcEBOATHwAEXoAmuQQu0AQEP4Ak8gxfr0Xq13q2P2WjJKnb2wZ+yPr8B9BClcA==</latexit>



OPE with leading soft graviton
❖ Let us now consider the OPE between a positive helicity leading soft graviton 
    operator and a generic conformal primary. This can be derived following the same
    procedure as in the subleading soft graviton case.       
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<latexit sha1_base64="PSPqLJczUnXa/GseiiBQH+B1nCg="></latexit><latexit sha1_base64="PSPqLJczUnXa/GseiiBQH+B1nCg="></latexit><latexit sha1_base64="PSPqLJczUnXa/GseiiBQH+B1nCg="></latexit><latexit sha1_base64="PSPqLJczUnXa/GseiiBQH+B1nCg="></latexit>
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<latexit sha1_base64="IdcmJlcnMGoP5VUoHV6HmK2VayM="></latexit><latexit sha1_base64="IdcmJlcnMGoP5VUoHV6HmK2VayM="></latexit><latexit sha1_base64="IdcmJlcnMGoP5VUoHV6HmK2VayM="></latexit><latexit sha1_base64="IdcmJlcnMGoP5VUoHV6HmK2VayM="></latexit>

(Pn,0�h,h̄)(u, z, z̄) = 0, n � �1
<latexit sha1_base64="SAl7+yM4oKPkR+4heFgcqQUukag="></latexit><latexit sha1_base64="SAl7+yM4oKPkR+4heFgcqQUukag="></latexit><latexit sha1_base64="SAl7+yM4oKPkR+4heFgcqQUukag="></latexit><latexit sha1_base64="SAl7+yM4oKPkR+4heFgcqQUukag="></latexit>

(Pn,�1�h,h̄)(u, z, z̄) = 0, n � 0
<latexit sha1_base64="UYljR76oqTT7RRzvbL8hg+5t5XY="></latexit><latexit sha1_base64="UYljR76oqTT7RRzvbL8hg+5t5XY="></latexit><latexit sha1_base64="UYljR76oqTT7RRzvbL8hg+5t5XY="></latexit><latexit sha1_base64="UYljR76oqTT7RRzvbL8hg+5t5XY="></latexit>

❖ Note that this OPE implies
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Supertranslation Descendants
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<latexit sha1_base64="GpwlzQ8Z2EsnAFJ/kXVLDXt6LGs="></latexit><latexit sha1_base64="GpwlzQ8Z2EsnAFJ/kXVLDXt6LGs="></latexit><latexit sha1_base64="GpwlzQ8Z2EsnAFJ/kXVLDXt6LGs="></latexit><latexit sha1_base64="GpwlzQ8Z2EsnAFJ/kXVLDXt6LGs="></latexit>

(P�a,0�h,h̄)(u, z, z̄), (P�a,1�h,h̄)(u, z, z̄), a � 2
<latexit sha1_base64="S8GOsH+D3DIW+Rm5fLB85KdaAhg="></latexit><latexit sha1_base64="S8GOsH+D3DIW+Rm5fLB85KdaAhg="></latexit><latexit sha1_base64="S8GOsH+D3DIW+Rm5fLB85KdaAhg="></latexit><latexit sha1_base64="S8GOsH+D3DIW+Rm5fLB85KdaAhg="></latexit>

are supertranslation descendants of �h,h̄(u, z, z̄)
<latexit sha1_base64="LmfzG0i/UsFPY03YUR4PoZCOiWc=">AAACIXicbVDLSsNAFJ3UV62vqEsRBotQoZRERF0W3LisYB/QhDCZTJuhk0mYmQhtyMpPceVWv8KduBO/wX9w2mahrQcunHvOvXDv8RNGpbKsT6O0srq2vlHerGxt7+zumfsHHRmnApM2jlksej6ShFFO2ooqRnqJICjyGen6o5up330gQtKY36txQtwIDTkdUIyUljzz2ElC6mVh3fGRyMI8r6X1ybyZ5GeeWbUa1gxwmdgFqYICLc/8doIYpxHhCjMkZd+2EuVmSCiKGckrTipJgvAIDUlfU44iIt1s9kYOT7USwEEsdHEFZ+rvjQxFUo4jX09GSIVy0ZuK/3pSnxKSIF+2+qkaXLsZ5UmqCMfzGwYpgyqG07hgQAXBio01QVhQ/QbEIRIIKx1qRedjL6axTDrnDdtq2HcX1eZlkVQZHIETUAM2uAJNcAtaoA0weATP4AW8Gk/Gm/FufMxHS0axcwj+wPj6AXDopBQ=</latexit><latexit sha1_base64="LmfzG0i/UsFPY03YUR4PoZCOiWc=">AAACIXicbVDLSsNAFJ3UV62vqEsRBotQoZRERF0W3LisYB/QhDCZTJuhk0mYmQhtyMpPceVWv8KduBO/wX9w2mahrQcunHvOvXDv8RNGpbKsT6O0srq2vlHerGxt7+zumfsHHRmnApM2jlksej6ShFFO2ooqRnqJICjyGen6o5up330gQtKY36txQtwIDTkdUIyUljzz2ElC6mVh3fGRyMI8r6X1ybyZ5GeeWbUa1gxwmdgFqYICLc/8doIYpxHhCjMkZd+2EuVmSCiKGckrTipJgvAIDUlfU44iIt1s9kYOT7USwEEsdHEFZ+rvjQxFUo4jX09GSIVy0ZuK/3pSnxKSIF+2+qkaXLsZ5UmqCMfzGwYpgyqG07hgQAXBio01QVhQ/QbEIRIIKx1qRedjL6axTDrnDdtq2HcX1eZlkVQZHIETUAM2uAJNcAtaoA0weATP4AW8Gk/Gm/FufMxHS0axcwj+wPj6AXDopBQ=</latexit><latexit sha1_base64="LmfzG0i/UsFPY03YUR4PoZCOiWc=">AAACIXicbVDLSsNAFJ3UV62vqEsRBotQoZRERF0W3LisYB/QhDCZTJuhk0mYmQhtyMpPceVWv8KduBO/wX9w2mahrQcunHvOvXDv8RNGpbKsT6O0srq2vlHerGxt7+zumfsHHRmnApM2jlksej6ShFFO2ooqRnqJICjyGen6o5up330gQtKY36txQtwIDTkdUIyUljzz2ElC6mVh3fGRyMI8r6X1ybyZ5GeeWbUa1gxwmdgFqYICLc/8doIYpxHhCjMkZd+2EuVmSCiKGckrTipJgvAIDUlfU44iIt1s9kYOT7USwEEsdHEFZ+rvjQxFUo4jX09GSIVy0ZuK/3pSnxKSIF+2+qkaXLsZ5UmqCMfzGwYpgyqG07hgQAXBio01QVhQ/QbEIRIIKx1qRedjL6axTDrnDdtq2HcX1eZlkVQZHIETUAM2uAJNcAtaoA0weATP4AW8Gk/Gm/FufMxHS0axcwj+wPj6AXDopBQ=</latexit><latexit sha1_base64="LmfzG0i/UsFPY03YUR4PoZCOiWc=">AAACIXicbVDLSsNAFJ3UV62vqEsRBotQoZRERF0W3LisYB/QhDCZTJuhk0mYmQhtyMpPceVWv8KduBO/wX9w2mahrQcunHvOvXDv8RNGpbKsT6O0srq2vlHerGxt7+zumfsHHRmnApM2jlksej6ShFFO2ooqRnqJICjyGen6o5up330gQtKY36txQtwIDTkdUIyUljzz2ElC6mVh3fGRyMI8r6X1ybyZ5GeeWbUa1gxwmdgFqYICLc/8doIYpxHhCjMkZd+2EuVmSCiKGckrTipJgvAIDUlfU44iIt1s9kYOT7USwEEsdHEFZ+rvjQxFUo4jX09GSIVy0ZuK/3pSnxKSIF+2+qkaXLsZ5UmqCMfzGwYpgyqG07hgQAXBio01QVhQ/QbEIRIIKx1qRedjL6axTDrnDdtq2HcX1eZlkVQZHIETUAM2uAJNcAtaoA0weATP4AW8Gk/Gm/FufMxHS0axcwj+wPj6AXDopBQ=</latexit>

❖ Correlation functions with other primary operators 



Current algebra & Supertranslation commutators

❖ The generators defined using the leading soft graviton theorem ( for positive helicity
     graviton) have the following commutation relations with the current algebra
     generators

[J1
m, Pn,�1] = Pm+n,0, [J0
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1
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Pm+n,�1, [J�1

m , Pn,�1] = 0
<latexit sha1_base64="VmglMWG8S7PkgaJTiFRvvjQ3Ndo="></latexit><latexit sha1_base64="VmglMWG8S7PkgaJTiFRvvjQ3Ndo="></latexit><latexit sha1_base64="VmglMWG8S7PkgaJTiFRvvjQ3Ndo="></latexit><latexit sha1_base64="VmglMWG8S7PkgaJTiFRvvjQ3Ndo="></latexit>
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m, Pn,0] = �1

2
Pm+n,0, [J�1

m , Pn,0] = �Pm+n,�1
<latexit sha1_base64="Hcx/h4Ofmz2d5OFp9XNxYj16Nu0="></latexit><latexit sha1_base64="Hcx/h4Ofmz2d5OFp9XNxYj16Nu0="></latexit><latexit sha1_base64="Hcx/h4Ofmz2d5OFp9XNxYj16Nu0="></latexit><latexit sha1_base64="Hcx/h4Ofmz2d5OFp9XNxYj16Nu0="></latexit>

❖ The global space-time translation generators

{P�1,�1, P0,�1, P�1,0, P0,0}
<latexit sha1_base64="qwiyVvouGvi7IkYtD8EUUtzX2z8=">AAACLXicbZDNSsNAFIUn9a/Wv6hLN4NFUGjLRERdFty4rGBroQlhMpm2QyeTMDMRSsgz+Ciu3OpTuBDErSvfwWkbQVsvXPg451649wQJZ0oj9GaVlpZXVtfK65WNza3tHXt3r6PiVBLaJjGPZTfAinImaFszzWk3kRRHAad3wehq4t/dU6lYLG71OKFehAeC9RnB2ki+feJmsOVndadWd/KaIfQDRkKFgnLo5r5dRQ00LbgITgFVUFTLt7/cMCZpRIUmHCvVc1CivQxLzQinecVNFU0wGeEB7RkUOKLKy6Yv5fDIKCHsx9K00HCq/t7IcKTUOArMZIT1UM17E/FfT5lThjTMF61eqvuXXsZEkmoqyOyGfsqhjuEkOhgySYnmYwOYSGbegGSIJSbaBFwx+TjzaSxC57ThoIZzc1ZtnhdJlcEBOATHwAEXoAmuQQu0AQEP4Ak8gxfr0Xq13q2P2WjJKnb2wZ+yPr8B9BClcA==</latexit><latexit sha1_base64="qwiyVvouGvi7IkYtD8EUUtzX2z8=">AAACLXicbZDNSsNAFIUn9a/Wv6hLN4NFUGjLRERdFty4rGBroQlhMpm2QyeTMDMRSsgz+Ciu3OpTuBDErSvfwWkbQVsvXPg451649wQJZ0oj9GaVlpZXVtfK65WNza3tHXt3r6PiVBLaJjGPZTfAinImaFszzWk3kRRHAad3wehq4t/dU6lYLG71OKFehAeC9RnB2ki+feJmsOVndadWd/KaIfQDRkKFgnLo5r5dRQ00LbgITgFVUFTLt7/cMCZpRIUmHCvVc1CivQxLzQinecVNFU0wGeEB7RkUOKLKy6Yv5fDIKCHsx9K00HCq/t7IcKTUOArMZIT1UM17E/FfT5lThjTMF61eqvuXXsZEkmoqyOyGfsqhjuEkOhgySYnmYwOYSGbegGSIJSbaBFwx+TjzaSxC57ThoIZzc1ZtnhdJlcEBOATHwAEXoAmuQQu0AQEP4Ak8gxfr0Xq13q2P2WjJKnb2wZ+yPr8B9BClcA==</latexit><latexit sha1_base64="qwiyVvouGvi7IkYtD8EUUtzX2z8=">AAACLXicbZDNSsNAFIUn9a/Wv6hLN4NFUGjLRERdFty4rGBroQlhMpm2QyeTMDMRSsgz+Ciu3OpTuBDErSvfwWkbQVsvXPg451649wQJZ0oj9GaVlpZXVtfK65WNza3tHXt3r6PiVBLaJjGPZTfAinImaFszzWk3kRRHAad3wehq4t/dU6lYLG71OKFehAeC9RnB2ki+feJmsOVndadWd/KaIfQDRkKFgnLo5r5dRQ00LbgITgFVUFTLt7/cMCZpRIUmHCvVc1CivQxLzQinecVNFU0wGeEB7RkUOKLKy6Yv5fDIKCHsx9K00HCq/t7IcKTUOArMZIT1UM17E/FfT5lThjTMF61eqvuXXsZEkmoqyOyGfsqhjuEkOhgySYnmYwOYSGbegGSIJSbaBFwx+TjzaSxC57ThoIZzc1ZtnhdJlcEBOATHwAEXoAmuQQu0AQEP4Ak8gxfr0Xq13q2P2WjJKnb2wZ+yPr8B9BClcA==</latexit><latexit sha1_base64="qwiyVvouGvi7IkYtD8EUUtzX2z8=">AAACLXicbZDNSsNAFIUn9a/Wv6hLN4NFUGjLRERdFty4rGBroQlhMpm2QyeTMDMRSsgz+Ciu3OpTuBDErSvfwWkbQVsvXPg451649wQJZ0oj9GaVlpZXVtfK65WNza3tHXt3r6PiVBLaJjGPZTfAinImaFszzWk3kRRHAad3wehq4t/dU6lYLG71OKFehAeC9RnB2ki+feJmsOVndadWd/KaIfQDRkKFgnLo5r5dRQ00LbgITgFVUFTLt7/cMCZpRIUmHCvVc1CivQxLzQinecVNFU0wGeEB7RkUOKLKy6Yv5fDIKCHsx9K00HCq/t7IcKTUOArMZIT1UM17E/FfT5lThjTMF61eqvuXXsZEkmoqyOyGfsqhjuEkOhgySYnmYwOYSGbegGSIJSbaBFwx+TjzaSxC57ThoIZzc1ZtnhdJlcEBOATHwAEXoAmuQQu0AQEP4Ak8gxfr0Xq13q2P2WjJKnb2wZ+yPr8B9BClcA==</latexit>

are part of the extended algebra generated by {Pn,�1, Pn,0, J
a
n}

<latexit sha1_base64="BNM3vAXEInDqg+wN+Wv4cpJE/SE=">AAACJHicbZDLSsNAFIYn9VbrLerSzWARXNSSiKjLghtxVcFeoIlhMpm0QyeTMDMRSsjWR3HlVp/Cnbhw4xv4Dk7TLLT1wIGP/z8Hzvn9hFGpLOvTqCwtr6yuVddrG5tb2zvm7l5XxqnApINjFou+jyRhlJOOooqRfiIIinxGev74aur3HoiQNOZ3apIQN0JDTkOKkdKSZ0Ing20v440TO28UYOWNm/sM5Zpz6OSeWbeaVlFwEewS6qCstmd+O0GM04hwhRmScmBbiXIzJBTFjOQ1J5UkQXiMhmSgkaOISDcrPsnhkVYCGMZCN1ewUH9vZCiSchL5ejJCaiTnvan4ryf1KSMS5IvWIFXhpZtRnqSKcDy7IUwZVDGcJgYDKghWbKIBYUH1GxCPkEBY6VxrOh97Po1F6J42batp357VW+dlUlVwAA7BMbDBBWiBa9AGHYDBI3gGL+DVeDLejHfjYzZaMcqdffCnjK8f+Q6kPA==</latexit><latexit sha1_base64="BNM3vAXEInDqg+wN+Wv4cpJE/SE=">AAACJHicbZDLSsNAFIYn9VbrLerSzWARXNSSiKjLghtxVcFeoIlhMpm0QyeTMDMRSsjWR3HlVp/Cnbhw4xv4Dk7TLLT1wIGP/z8Hzvn9hFGpLOvTqCwtr6yuVddrG5tb2zvm7l5XxqnApINjFou+jyRhlJOOooqRfiIIinxGev74aur3HoiQNOZ3apIQN0JDTkOKkdKSZ0Ing20v440TO28UYOWNm/sM5Zpz6OSeWbeaVlFwEewS6qCstmd+O0GM04hwhRmScmBbiXIzJBTFjOQ1J5UkQXiMhmSgkaOISDcrPsnhkVYCGMZCN1ewUH9vZCiSchL5ejJCaiTnvan4ryf1KSMS5IvWIFXhpZtRnqSKcDy7IUwZVDGcJgYDKghWbKIBYUH1GxCPkEBY6VxrOh97Po1F6J42batp357VW+dlUlVwAA7BMbDBBWiBa9AGHYDBI3gGL+DVeDLejHfjYzZaMcqdffCnjK8f+Q6kPA==</latexit><latexit sha1_base64="BNM3vAXEInDqg+wN+Wv4cpJE/SE=">AAACJHicbZDLSsNAFIYn9VbrLerSzWARXNSSiKjLghtxVcFeoIlhMpm0QyeTMDMRSsjWR3HlVp/Cnbhw4xv4Dk7TLLT1wIGP/z8Hzvn9hFGpLOvTqCwtr6yuVddrG5tb2zvm7l5XxqnApINjFou+jyRhlJOOooqRfiIIinxGev74aur3HoiQNOZ3apIQN0JDTkOKkdKSZ0Ing20v440TO28UYOWNm/sM5Zpz6OSeWbeaVlFwEewS6qCstmd+O0GM04hwhRmScmBbiXIzJBTFjOQ1J5UkQXiMhmSgkaOISDcrPsnhkVYCGMZCN1ewUH9vZCiSchL5ejJCaiTnvan4ryf1KSMS5IvWIFXhpZtRnqSKcDy7IUwZVDGcJgYDKghWbKIBYUH1GxCPkEBY6VxrOh97Po1F6J42batp357VW+dlUlVwAA7BMbDBBWiBa9AGHYDBI3gGL+DVeDLejHfjYzZaMcqdffCnjK8f+Q6kPA==</latexit><latexit sha1_base64="BNM3vAXEInDqg+wN+Wv4cpJE/SE=">AAACJHicbZDLSsNAFIYn9VbrLerSzWARXNSSiKjLghtxVcFeoIlhMpm0QyeTMDMRSsjWR3HlVp/Cnbhw4xv4Dk7TLLT1wIGP/z8Hzvn9hFGpLOvTqCwtr6yuVddrG5tb2zvm7l5XxqnApINjFou+jyRhlJOOooqRfiIIinxGev74aur3HoiQNOZ3apIQN0JDTkOKkdKSZ0Ing20v440TO28UYOWNm/sM5Zpz6OSeWbeaVlFwEewS6qCstmd+O0GM04hwhRmScmBbiXIzJBTFjOQ1J5UkQXiMhmSgkaOISDcrPsnhkVYCGMZCN1ewUH9vZCiSchL5ejJCaiTnvan4ryf1KSMS5IvWIFXhpZtRnqSKcDy7IUwZVDGcJgYDKghWbKIBYUH1GxCPkEBY6VxrOh97Po1F6J42batp357VW+dlUlVwAA7BMbDBBWiBa9AGHYDBI3gGL+DVeDLejHfjYzZaMcqdffCnjK8f+Q6kPA==</latexit>

In the rest of the talk we will see how this extended algebra features in the celestial OPE
of gravitons.



Summary (so far)

Supertranslations

[Ja
m, Jb

n] = (a� b)Ja+b
m+n, a, b = 0,±1, m, n 2 Z

<latexit sha1_base64="s+BAFvr3wRxNDi73Pml1Ei9qUK0="></latexit><latexit sha1_base64="s+BAFvr3wRxNDi73Pml1Ei9qUK0="></latexit><latexit sha1_base64="s+BAFvr3wRxNDi73Pml1Ei9qUK0="></latexit><latexit sha1_base64="s+BAFvr3wRxNDi73Pml1Ei9qUK0="></latexit>

Current AlgebraSL(2,C)
<latexit sha1_base64="6+BcpU09Tm/ZZfWHGxTq9Y59Cng=">AAACH3icdVDLSsNAFJ34rPUVddnNYBEqSEmKj7ordOPCRUX7gCaUyWTSDp08mJkIJWThp7hyq1/hTtz2I/wHJ22E+jpw4XDOvXDucSJGhTSMqba0vLK6tl7YKG5ube/s6nv7HRHGHJM2DlnIew4ShNGAtCWVjPQiTpDvMNJ1xs3M794TLmgY3MlJRGwfDQPqUYykkgZ6yQqVnV0nt9eV2onlIzlynKSZHqcDvWxUjRngAjkzzMtzE5q5UgY5WgP9w3JDHPskkJghIfqmEUk7QVxSzEhatGJBIoTHaEj6igbIJ8JOZk+k8EgpLvRCriaQcKYuXiTIF2LiO2ozyyh+epn4pydUlBFx099WP5Ze3U5oEMWSBHiewYsZlCHMyoIu5QRLNlEEYU7VGxCPEEdYqkqLqp+vEuD/pFOrmkbVvDktN+p5UwVQAoegAkxwARrgCrRAG2DwAJ7AM3jRHrVX7U17n68uafnNAfgGbfoJgwyjDw==</latexit><latexit sha1_base64="6+BcpU09Tm/ZZfWHGxTq9Y59Cng=">AAACH3icdVDLSsNAFJ34rPUVddnNYBEqSEmKj7ordOPCRUX7gCaUyWTSDp08mJkIJWThp7hyq1/hTtz2I/wHJ22E+jpw4XDOvXDucSJGhTSMqba0vLK6tl7YKG5ube/s6nv7HRHGHJM2DlnIew4ShNGAtCWVjPQiTpDvMNJ1xs3M794TLmgY3MlJRGwfDQPqUYykkgZ6yQqVnV0nt9eV2onlIzlynKSZHqcDvWxUjRngAjkzzMtzE5q5UgY5WgP9w3JDHPskkJghIfqmEUk7QVxSzEhatGJBIoTHaEj6igbIJ8JOZk+k8EgpLvRCriaQcKYuXiTIF2LiO2ozyyh+epn4pydUlBFx099WP5Ze3U5oEMWSBHiewYsZlCHMyoIu5QRLNlEEYU7VGxCPEEdYqkqLqp+vEuD/pFOrmkbVvDktN+p5UwVQAoegAkxwARrgCrRAG2DwAJ7AM3jRHrVX7U17n68uafnNAfgGbfoJgwyjDw==</latexit><latexit sha1_base64="6+BcpU09Tm/ZZfWHGxTq9Y59Cng=">AAACH3icdVDLSsNAFJ34rPUVddnNYBEqSEmKj7ordOPCRUX7gCaUyWTSDp08mJkIJWThp7hyq1/hTtz2I/wHJ22E+jpw4XDOvXDucSJGhTSMqba0vLK6tl7YKG5ube/s6nv7HRHGHJM2DlnIew4ShNGAtCWVjPQiTpDvMNJ1xs3M794TLmgY3MlJRGwfDQPqUYykkgZ6yQqVnV0nt9eV2onlIzlynKSZHqcDvWxUjRngAjkzzMtzE5q5UgY5WgP9w3JDHPskkJghIfqmEUk7QVxSzEhatGJBIoTHaEj6igbIJ8JOZk+k8EgpLvRCriaQcKYuXiTIF2LiO2ozyyh+epn4pydUlBFx099WP5Ze3U5oEMWSBHiewYsZlCHMyoIu5QRLNlEEYU7VGxCPEEdYqkqLqp+vEuD/pFOrmkbVvDktN+p5UwVQAoegAkxwARrgCrRAG2DwAJ7AM3jRHrVX7U17n68uafnNAfgGbfoJgwyjDw==</latexit><latexit sha1_base64="6+BcpU09Tm/ZZfWHGxTq9Y59Cng=">AAACH3icdVDLSsNAFJ34rPUVddnNYBEqSEmKj7ordOPCRUX7gCaUyWTSDp08mJkIJWThp7hyq1/hTtz2I/wHJ22E+jpw4XDOvXDucSJGhTSMqba0vLK6tl7YKG5ube/s6nv7HRHGHJM2DlnIew4ShNGAtCWVjPQiTpDvMNJ1xs3M794TLmgY3MlJRGwfDQPqUYykkgZ6yQqVnV0nt9eV2onlIzlynKSZHqcDvWxUjRngAjkzzMtzE5q5UgY5WgP9w3JDHPskkJghIfqmEUk7QVxSzEhatGJBIoTHaEj6igbIJ8JOZk+k8EgpLvRCriaQcKYuXiTIF2LiO2ozyyh+epn4pydUlBFx099WP5Ze3U5oEMWSBHiewYsZlCHMyoIu5QRLNlEEYU7VGxCPEEdYqkqLqp+vEuD/pFOrmkbVvDktN+p5UwVQAoegAkxwARrgCrRAG2DwAJ7AM3jRHrVX7U17n68uafnNAfgGbfoJgwyjDw==</latexit>

J1
0 = L̄1, J0

0 = L̄0, J
�1
0 = L̄�1

<latexit sha1_base64="kt7+l+RKyE0uGcvZfyKGEgI9IAo="></latexit><latexit sha1_base64="kt7+l+RKyE0uGcvZfyKGEgI9IAo="></latexit><latexit sha1_base64="kt7+l+RKyE0uGcvZfyKGEgI9IAo="></latexit><latexit sha1_base64="kt7+l+RKyE0uGcvZfyKGEgI9IAo="></latexit>

[Pm,n, Pm0,n0 ] = 0, n, n0 = 0,�1
<latexit sha1_base64="D/apsws39HclZ4TeJEiXbBrGrAQ="></latexit><latexit sha1_base64="D/apsws39HclZ4TeJEiXbBrGrAQ="></latexit><latexit sha1_base64="D/apsws39HclZ4TeJEiXbBrGrAQ="></latexit><latexit sha1_base64="D/apsws39HclZ4TeJEiXbBrGrAQ="></latexit>

Mixed Commutators

[J1
m, Pn,�1] = Pm+n,0, [J0

m, Pn,�1] =
1

2
Pm+n,�1, [J�1

m , Pn,�1] = 0
<latexit sha1_base64="bQ4//o/CHvrwNAVKnCWUVFA2I/c="></latexit><latexit sha1_base64="bQ4//o/CHvrwNAVKnCWUVFA2I/c="></latexit><latexit sha1_base64="bQ4//o/CHvrwNAVKnCWUVFA2I/c="></latexit><latexit sha1_base64="bQ4//o/CHvrwNAVKnCWUVFA2I/c="></latexit>

[J1
m, Pn,0] = 0, [J0

m, Pn,0] = �1

2
Pm+n,0, [J�1

m , Pn,�1] = �Pm+n,�1
<latexit sha1_base64="cif2T7Yp9utXNy509jRmziDUwF8="></latexit><latexit sha1_base64="cif2T7Yp9utXNy509jRmziDUwF8="></latexit><latexit sha1_base64="cif2T7Yp9utXNy509jRmziDUwF8="></latexit><latexit sha1_base64="cif2T7Yp9utXNy509jRmziDUwF8="></latexit>

[Lm, Ja
m+n] = �nJa

m+n, m = 0,±1, n 2 Z
<latexit sha1_base64="nntzyYfz3lbpD4TTAdf5e6JiVUo="></latexit><latexit sha1_base64="nntzyYfz3lbpD4TTAdf5e6JiVUo="></latexit><latexit sha1_base64="nntzyYfz3lbpD4TTAdf5e6JiVUo="></latexit><latexit sha1_base64="nntzyYfz3lbpD4TTAdf5e6JiVUo="></latexit>

[Lm, Pa,b] =

✓
n� 1

2
� a

◆
Pa+n,b, n = 0,±1, b = 0,�1

<latexit sha1_base64="DeA4y9W9lnXP6/+h1Bur7aAW2Wc="></latexit><latexit sha1_base64="DeA4y9W9lnXP6/+h1Bur7aAW2Wc="></latexit><latexit sha1_base64="DeA4y9W9lnXP6/+h1Bur7aAW2Wc="></latexit><latexit sha1_base64="DeA4y9W9lnXP6/+h1Bur7aAW2Wc="></latexit>



Definition of primary states under extended algebra

(Ja
n �h,h̄)(z, z̄) = 0, 8n > 0, a = 0,±1

<latexit sha1_base64="UgGCOkRVRy8ik+JUPH+gG0QHfqA="></latexit><latexit sha1_base64="UgGCOkRVRy8ik+JUPH+gG0QHfqA="></latexit><latexit sha1_base64="UgGCOkRVRy8ik+JUPH+gG0QHfqA="></latexit><latexit sha1_base64="UgGCOkRVRy8ik+JUPH+gG0QHfqA="></latexit>

(J1
0 �h,h̄)(z, z̄) = L̄1(z̄)�h,h̄(z, z̄) = 0

<latexit sha1_base64="YEnLFEdAM3weGd38ln55uATG4Xk="></latexit><latexit sha1_base64="YEnLFEdAM3weGd38ln55uATG4Xk="></latexit><latexit sha1_base64="YEnLFEdAM3weGd38ln55uATG4Xk="></latexit><latexit sha1_base64="YEnLFEdAM3weGd38ln55uATG4Xk="></latexit>

L1(z)�h,h̄(z, z̄) = 0
<latexit sha1_base64="5vrR5/FO58E82DgmSIKVmAkjm+A=">AAACKnicbZDLSsNAFIYn9VbrLerSzWBRWpCSiGA3QsGNCxcV7AWaECaTSTN0cmFmIrQhb+CjuHKrT+GuuHXrOzhts9DWAwc+/v8cOOd3E0aFNIypVlpb39jcKm9Xdnb39g/0w6OuiFOOSQfHLOZ9FwnCaEQ6kkpG+gknKHQZ6bmj25nfeyJc0Dh6lOOE2CEaRtSnGEklOfr5vZOZeW1St5KAOllwYbmIZ0GupAVO8jq8MRy9ajSMecFVMAuogqLajv5teTFOQxJJzJAQA9NIpJ0hLilmJK9YqSAJwiM0JAOFEQqJsLP5Pzk8U4oH/ZirjiScq783MhQKMQ5dNRkiGYhlbyb+6wl1SkC8fNUapNJv2hmNklSSCC9u8FMGZQxnuUGPcoIlGytAmFP1BsQB4ghLlW5F5WMup7EK3cuGaTTMh6tqq1kkVQYn4BTUgAmuQQvcgTboAAyewSt4A+/ai/ahTbXPxWhJK3aOwZ/Svn4ARbCm+w==</latexit><latexit sha1_base64="5vrR5/FO58E82DgmSIKVmAkjm+A=">AAACKnicbZDLSsNAFIYn9VbrLerSzWBRWpCSiGA3QsGNCxcV7AWaECaTSTN0cmFmIrQhb+CjuHKrT+GuuHXrOzhts9DWAwc+/v8cOOd3E0aFNIypVlpb39jcKm9Xdnb39g/0w6OuiFOOSQfHLOZ9FwnCaEQ6kkpG+gknKHQZ6bmj25nfeyJc0Dh6lOOE2CEaRtSnGEklOfr5vZOZeW1St5KAOllwYbmIZ0GupAVO8jq8MRy9ajSMecFVMAuogqLajv5teTFOQxJJzJAQA9NIpJ0hLilmJK9YqSAJwiM0JAOFEQqJsLP5Pzk8U4oH/ZirjiScq783MhQKMQ5dNRkiGYhlbyb+6wl1SkC8fNUapNJv2hmNklSSCC9u8FMGZQxnuUGPcoIlGytAmFP1BsQB4ghLlW5F5WMup7EK3cuGaTTMh6tqq1kkVQYn4BTUgAmuQQvcgTboAAyewSt4A+/ai/ahTbXPxWhJK3aOwZ/Svn4ARbCm+w==</latexit><latexit sha1_base64="5vrR5/FO58E82DgmSIKVmAkjm+A=">AAACKnicbZDLSsNAFIYn9VbrLerSzWBRWpCSiGA3QsGNCxcV7AWaECaTSTN0cmFmIrQhb+CjuHKrT+GuuHXrOzhts9DWAwc+/v8cOOd3E0aFNIypVlpb39jcKm9Xdnb39g/0w6OuiFOOSQfHLOZ9FwnCaEQ6kkpG+gknKHQZ6bmj25nfeyJc0Dh6lOOE2CEaRtSnGEklOfr5vZOZeW1St5KAOllwYbmIZ0GupAVO8jq8MRy9ajSMecFVMAuogqLajv5teTFOQxJJzJAQA9NIpJ0hLilmJK9YqSAJwiM0JAOFEQqJsLP5Pzk8U4oH/ZirjiScq783MhQKMQ5dNRkiGYhlbyb+6wl1SkC8fNUapNJv2hmNklSSCC9u8FMGZQxnuUGPcoIlGytAmFP1BsQB4ghLlW5F5WMup7EK3cuGaTTMh6tqq1kkVQYn4BTUgAmuQQvcgTboAAyewSt4A+/ai/ahTbXPxWhJK3aOwZ/Svn4ARbCm+w==</latexit><latexit sha1_base64="5vrR5/FO58E82DgmSIKVmAkjm+A=">AAACKnicbZDLSsNAFIYn9VbrLerSzWBRWpCSiGA3QsGNCxcV7AWaECaTSTN0cmFmIrQhb+CjuHKrT+GuuHXrOzhts9DWAwc+/v8cOOd3E0aFNIypVlpb39jcKm9Xdnb39g/0w6OuiFOOSQfHLOZ9FwnCaEQ6kkpG+gknKHQZ6bmj25nfeyJc0Dh6lOOE2CEaRtSnGEklOfr5vZOZeW1St5KAOllwYbmIZ0GupAVO8jq8MRy9ajSMecFVMAuogqLajv5teTFOQxJJzJAQA9NIpJ0hLilmJK9YqSAJwiM0JAOFEQqJsLP5Pzk8U4oH/ZirjiScq783MhQKMQ5dNRkiGYhlbyb+6wl1SkC8fNUapNJv2hmNklSSCC9u8FMGZQxnuUGPcoIlGytAmFP1BsQB4ghLlW5F5WMup7EK3cuGaTTMh6tqq1kkVQYn4BTUgAmuQQvcgTboAAyewSt4A+/ai/ahTbXPxWhJK3aOwZ/Svn4ARbCm+w==</latexit>

(Pn,0�h,h̄)(z, z̄) = 0, n � �1
<latexit sha1_base64="FmEQT2HXuh/ThcanJ0ijgDH9C28="></latexit><latexit sha1_base64="FmEQT2HXuh/ThcanJ0ijgDH9C28="></latexit><latexit sha1_base64="FmEQT2HXuh/ThcanJ0ijgDH9C28="></latexit><latexit sha1_base64="FmEQT2HXuh/ThcanJ0ijgDH9C28="></latexit>

(Pn,�1�h,h̄)(z, z̄) = 0, n � 0
<latexit sha1_base64="fWqCG3A7vGyxkT5FMTx772i+k+w="></latexit><latexit sha1_base64="fWqCG3A7vGyxkT5FMTx772i+k+w="></latexit><latexit sha1_base64="fWqCG3A7vGyxkT5FMTx772i+k+w="></latexit><latexit sha1_base64="fWqCG3A7vGyxkT5FMTx772i+k+w="></latexit>

L0(z)�h,h̄(z, z̄) = h�h,h̄(z, z̄), L̄0(z̄)�h,h̄(z, z̄) = h̄�h,h̄(z, z̄)
<latexit sha1_base64="C/lcBqvfv8LHMPxZ5mYmOtJZbYs="></latexit><latexit sha1_base64="C/lcBqvfv8LHMPxZ5mYmOtJZbYs="></latexit><latexit sha1_base64="C/lcBqvfv8LHMPxZ5mYmOtJZbYs="></latexit><latexit sha1_base64="C/lcBqvfv8LHMPxZ5mYmOtJZbYs="></latexit>



Celestial OPE from MHV 
Amplitudes



4-point MHV graviton amplitude
❖ Celestial OPE of positive helicity gravitons was studied using the (modified) Mellin 
    transform of 4-pt. tree level MHV graviton amplitude in Einstein gravity in 

[S. Banerjee, S.G., R. Gonzo, hep-th/2002.00975] 

❖ Upto the first subleading order in the OPE limit it was shown that
G+

�1
(z1, z̄2)G

+
�2

(z2, z̄2)
<latexit sha1_base64="rQmIHS7ktrYp7jel1IlfBGLufY8="></latexit><latexit sha1_base64="rQmIHS7ktrYp7jel1IlfBGLufY8="></latexit><latexit sha1_base64="rQmIHS7ktrYp7jel1IlfBGLufY8="></latexit><latexit sha1_base64="rQmIHS7ktrYp7jel1IlfBGLufY8="></latexit>

�z̄12B(i�1, i�2)

✓
i�2 � i�1

i�1 + i�2
P�2,�1 +

i�1

i�1 + i�2
L�1P�1,�1

◆
G+

�1+�2�1(z2, z̄2)
<latexit sha1_base64="pQc0NHDbVpvejDkRVVmZrKkIL6M="></latexit><latexit sha1_base64="pQc0NHDbVpvejDkRVVmZrKkIL6M="></latexit><latexit sha1_base64="pQc0NHDbVpvejDkRVVmZrKkIL6M="></latexit><latexit sha1_base64="pQc0NHDbVpvejDkRVVmZrKkIL6M="></latexit>

= � z̄12
z12

B(i�1, i�2)P�1,�1G
+
�1+�2�1(z2, z̄2)

<latexit sha1_base64="7YWnk8qQmz01HWzVcMDBIEIi7bY="></latexit><latexit sha1_base64="7YWnk8qQmz01HWzVcMDBIEIi7bY="></latexit><latexit sha1_base64="7YWnk8qQmz01HWzVcMDBIEIi7bY="></latexit><latexit sha1_base64="7YWnk8qQmz01HWzVcMDBIEIi7bY="></latexit>

+ · · ·
<latexit sha1_base64="YNMeDX0ifzAAhC8LFcdGL8KtZe4=">AAACCXicbVDLSsNAFJ34rPVVdelmsAiCUBIRdVlw47KCfUAbymRy0w6dTMLMjVBCv8CVW/0Kd+LWr/Aj/AenbRbaeuDC4Zx74dwTpFIYdN0vZ2V1bX1js7RV3t7Z3duvHBy2TJJpDk2eyER3AmZACgVNFCihk2pgcSChHYxup377EbQRiXrAcQp+zAZKRIIztFL7vMfDBE2/UnVr7gx0mXgFqZICjX7luxcmPItBIZfMmK7npujnTKPgEiblXmYgZXzEBtC1VLEYjJ/P4k7oqVVCGiXajkI6U39f5Cw2ZhwHdjNmODSL3lT81zM2yhDCybLVzTC68XOh0gxB8XmGKJMUEzqthYZCA0c5toRxLewblA+ZZhxteWXbj7fYxjJpXdQ8t+bdX1brV0VTJXJMTsgZ8cg1qZM70iBNwsmIPJMX8uo8OW/Ou/MxX11xipsj8gfO5w9/C5qX</latexit><latexit sha1_base64="YNMeDX0ifzAAhC8LFcdGL8KtZe4=">AAACCXicbVDLSsNAFJ34rPVVdelmsAiCUBIRdVlw47KCfUAbymRy0w6dTMLMjVBCv8CVW/0Kd+LWr/Aj/AenbRbaeuDC4Zx74dwTpFIYdN0vZ2V1bX1js7RV3t7Z3duvHBy2TJJpDk2eyER3AmZACgVNFCihk2pgcSChHYxup377EbQRiXrAcQp+zAZKRIIztFL7vMfDBE2/UnVr7gx0mXgFqZICjX7luxcmPItBIZfMmK7npujnTKPgEiblXmYgZXzEBtC1VLEYjJ/P4k7oqVVCGiXajkI6U39f5Cw2ZhwHdjNmODSL3lT81zM2yhDCybLVzTC68XOh0gxB8XmGKJMUEzqthYZCA0c5toRxLewblA+ZZhxteWXbj7fYxjJpXdQ8t+bdX1brV0VTJXJMTsgZ8cg1qZM70iBNwsmIPJMX8uo8OW/Ou/MxX11xipsj8gfO5w9/C5qX</latexit><latexit sha1_base64="YNMeDX0ifzAAhC8LFcdGL8KtZe4=">AAACCXicbVDLSsNAFJ34rPVVdelmsAiCUBIRdVlw47KCfUAbymRy0w6dTMLMjVBCv8CVW/0Kd+LWr/Aj/AenbRbaeuDC4Zx74dwTpFIYdN0vZ2V1bX1js7RV3t7Z3duvHBy2TJJpDk2eyER3AmZACgVNFCihk2pgcSChHYxup377EbQRiXrAcQp+zAZKRIIztFL7vMfDBE2/UnVr7gx0mXgFqZICjX7luxcmPItBIZfMmK7npujnTKPgEiblXmYgZXzEBtC1VLEYjJ/P4k7oqVVCGiXajkI6U39f5Cw2ZhwHdjNmODSL3lT81zM2yhDCybLVzTC68XOh0gxB8XmGKJMUEzqthYZCA0c5toRxLewblA+ZZhxteWXbj7fYxjJpXdQ8t+bdX1brV0VTJXJMTsgZ8cg1qZM70iBNwsmIPJMX8uo8OW/Ou/MxX11xipsj8gfO5w9/C5qX</latexit><latexit sha1_base64="YNMeDX0ifzAAhC8LFcdGL8KtZe4=">AAACCXicbVDLSsNAFJ34rPVVdelmsAiCUBIRdVlw47KCfUAbymRy0w6dTMLMjVBCv8CVW/0Kd+LWr/Aj/AenbRbaeuDC4Zx74dwTpFIYdN0vZ2V1bX1js7RV3t7Z3duvHBy2TJJpDk2eyER3AmZACgVNFCihk2pgcSChHYxup377EbQRiXrAcQp+zAZKRIIztFL7vMfDBE2/UnVr7gx0mXgFqZICjX7luxcmPItBIZfMmK7npujnTKPgEiblXmYgZXzEBtC1VLEYjJ/P4k7oqVVCGiXajkI6U39f5Cw2ZhwHdjNmODSL3lT81zM2yhDCybLVzTC68XOh0gxB8XmGKJMUEzqthYZCA0c5toRxLewblA+ZZhxteWXbj7fYxjJpXdQ8t+bdX1brV0VTJXJMTsgZ8cg1qZM70iBNwsmIPJMX8uo8OW/Ou/MxX11xipsj8gfO5w9/C5qX</latexit>

❖ Let's consider the subleading soft limit                   in the above, i�1 ! �1
<latexit sha1_base64="stdvcMJtd4LKYTLyC7AzmaFBJcc=">AAACHnicbVDLSsNAFJ3UV62vqDvdDBbBjSUjoi4LblxWsA9oQ5hMJs3QySTMTJQSAn6KK7f6Fe7ErX6E/+C0zUJbD1w4nHMu3Hv8lDOlHefLqiwtr6yuVddrG5tb2zv27l5HJZkktE0SnsiejxXlTNC2ZprTXiopjn1Ou/7oeuJ376lULBF3epxSN8ZDwUJGsDaSZx+wATfpAHs5KgaSDSONpUwe4Cny7LrTcKaAiwSVpA5KtDz7exAkJIup0IRjpfrISbWbY6kZ4bSoDTJFU0xGeEj7hgocU+Xm0x8KeGyUAIaJNCM0nKq/N3IcKzWOfZOMsY7UvDcR//WUOSWiQbFo9TMdXrk5E2mmqSCzG8KMQ53ASVcwYJISzceGYCKZeQOSCEtMtGm0ZvpB820sks5ZAzkNdHteb16UTVXBITgCJwCBS9AEN6AF2oCAR/AMXsCr9WS9We/WxyxascqdffAH1ucP2OOisw==</latexit><latexit sha1_base64="stdvcMJtd4LKYTLyC7AzmaFBJcc=">AAACHnicbVDLSsNAFJ3UV62vqDvdDBbBjSUjoi4LblxWsA9oQ5hMJs3QySTMTJQSAn6KK7f6Fe7ErX6E/+C0zUJbD1w4nHMu3Hv8lDOlHefLqiwtr6yuVddrG5tb2zv27l5HJZkktE0SnsiejxXlTNC2ZprTXiopjn1Ou/7oeuJ376lULBF3epxSN8ZDwUJGsDaSZx+wATfpAHs5KgaSDSONpUwe4Cny7LrTcKaAiwSVpA5KtDz7exAkJIup0IRjpfrISbWbY6kZ4bSoDTJFU0xGeEj7hgocU+Xm0x8KeGyUAIaJNCM0nKq/N3IcKzWOfZOMsY7UvDcR//WUOSWiQbFo9TMdXrk5E2mmqSCzG8KMQ53ASVcwYJISzceGYCKZeQOSCEtMtGm0ZvpB820sks5ZAzkNdHteb16UTVXBITgCJwCBS9AEN6AF2oCAR/AMXsCr9WS9We/WxyxascqdffAH1ucP2OOisw==</latexit><latexit sha1_base64="stdvcMJtd4LKYTLyC7AzmaFBJcc=">AAACHnicbVDLSsNAFJ3UV62vqDvdDBbBjSUjoi4LblxWsA9oQ5hMJs3QySTMTJQSAn6KK7f6Fe7ErX6E/+C0zUJbD1w4nHMu3Hv8lDOlHefLqiwtr6yuVddrG5tb2zv27l5HJZkktE0SnsiejxXlTNC2ZprTXiopjn1Ou/7oeuJ376lULBF3epxSN8ZDwUJGsDaSZx+wATfpAHs5KgaSDSONpUwe4Cny7LrTcKaAiwSVpA5KtDz7exAkJIup0IRjpfrISbWbY6kZ4bSoDTJFU0xGeEj7hgocU+Xm0x8KeGyUAIaJNCM0nKq/N3IcKzWOfZOMsY7UvDcR//WUOSWiQbFo9TMdXrk5E2mmqSCzG8KMQ53ASVcwYJISzceGYCKZeQOSCEtMtGm0ZvpB820sks5ZAzkNdHteb16UTVXBITgCJwCBS9AEN6AF2oCAR/AMXsCr9WS9We/WxyxascqdffAH1ucP2OOisw==</latexit><latexit sha1_base64="stdvcMJtd4LKYTLyC7AzmaFBJcc=">AAACHnicbVDLSsNAFJ3UV62vqDvdDBbBjSUjoi4LblxWsA9oQ5hMJs3QySTMTJQSAn6KK7f6Fe7ErX6E/+C0zUJbD1w4nHMu3Hv8lDOlHefLqiwtr6yuVddrG5tb2zv27l5HJZkktE0SnsiejxXlTNC2ZprTXiopjn1Ou/7oeuJ376lULBF3epxSN8ZDwUJGsDaSZx+wATfpAHs5KgaSDSONpUwe4Cny7LrTcKaAiwSVpA5KtDz7exAkJIup0IRjpfrISbWbY6kZ4bSoDTJFU0xGeEj7hgocU+Xm0x8KeGyUAIaJNCM0nKq/N3IcKzWOfZOMsY7UvDcR//WUOSWiQbFo9TMdXrk5E2mmqSCzG8KMQ53ASVcwYJISzceGYCKZeQOSCEtMtGm0ZvpB820sks5ZAzkNdHteb16UTVXBITgCJwCBS9AEN6AF2oCAR/AMXsCr9WS9We/WxyxascqdffAH1ucP2OOisw==</latexit>

lim
i�1!�1

(1 + i�1)G
+
�1

(z1, z̄1)G
+
�2

(z2, z̄2)
<latexit sha1_base64="/owzbuBkvF8Twpr46Ut27vtUSbc="></latexit><latexit sha1_base64="/owzbuBkvF8Twpr46Ut27vtUSbc="></latexit><latexit sha1_base64="/owzbuBkvF8Twpr46Ut27vtUSbc="></latexit><latexit sha1_base64="/owzbuBkvF8Twpr46Ut27vtUSbc="></latexit>

=
z̄12
z12

[(i�2 � 1)P�1,�1 + z12((1 + i�2)P�2,�1 � L�1P�,�1)]G
+
�2�1(z2, z̄2)

<latexit sha1_base64="DiT12/yV6TF6ocNu3E0h93J71xw="></latexit><latexit sha1_base64="DiT12/yV6TF6ocNu3E0h93J71xw="></latexit><latexit sha1_base64="DiT12/yV6TF6ocNu3E0h93J71xw="></latexit><latexit sha1_base64="DiT12/yV6TF6ocNu3E0h93J71xw="></latexit>



Constraints from subleading soft limit
❖ Now recall that consistency with the subleading conformal soft theorem requires

lim
i�1!�1

(1 + i�1)G
+
�1

(z1, z̄1)G
+
�2

(z2, z̄2)
<latexit sha1_base64="/owzbuBkvF8Twpr46Ut27vtUSbc="></latexit><latexit sha1_base64="/owzbuBkvF8Twpr46Ut27vtUSbc="></latexit><latexit sha1_base64="/owzbuBkvF8Twpr46Ut27vtUSbc="></latexit><latexit sha1_base64="/owzbuBkvF8Twpr46Ut27vtUSbc="></latexit>

=
z̄12
z12

⇥
(i�2 � 1)P�1,�1 + 2z12J

0
�1P�1,�1

⇤
G+

�2�1(z2, z̄2)
<latexit sha1_base64="W9vmw29cgPFUZiuS+ftNhNYfz0s="></latexit><latexit sha1_base64="W9vmw29cgPFUZiuS+ftNhNYfz0s="></latexit><latexit sha1_base64="W9vmw29cgPFUZiuS+ftNhNYfz0s="></latexit><latexit sha1_base64="W9vmw29cgPFUZiuS+ftNhNYfz0s="></latexit>

❖ So we must have

⇥
L�1P�1,�1 + 2J0

�1P�1,�1 � (1 +�2)P�2,�1

⇤
G+

�2
(z2, z̄2) = 0

<latexit sha1_base64="/VYifZcbWAy4PAxIXfLRCvVcoZA="></latexit><latexit sha1_base64="/VYifZcbWAy4PAxIXfLRCvVcoZA="></latexit><latexit sha1_base64="/VYifZcbWAy4PAxIXfLRCvVcoZA="></latexit><latexit sha1_base64="/VYifZcbWAy4PAxIXfLRCvVcoZA="></latexit>

⇥
L�1P�1,�1 + 2J0

�1P�1,�1 ��2P�2,�1

⇤
G+

�2�1(z2, z̄2) = 0
<latexit sha1_base64="CsMm1sb3cRPuKnqFDYYSJoomZvs="></latexit><latexit sha1_base64="CsMm1sb3cRPuKnqFDYYSJoomZvs="></latexit><latexit sha1_base64="CsMm1sb3cRPuKnqFDYYSJoomZvs="></latexit><latexit sha1_base64="CsMm1sb3cRPuKnqFDYYSJoomZvs="></latexit>

Shifting                        gives, �2 ! �2 + 1
<latexit sha1_base64="5NbEmwWrphTkFPP80ZnB/xgS7KU=">AAACJnicbVDLSgNBEJz1GeNr1aOXIUEQhLAbRD0G9OAxgnlAsoTZSScZMvtgplcJS+5+iiev+hXeRLz5A/6Dk2RBTSxoKKq6obr8WAqNjvNhLS2vrK6t5zbym1vbO7v23n5dR4niUOORjFTTZxqkCKGGAiU0YwUs8CU0/OHlxG/cgdIiCm9xFIMXsH4oeoIzNFLHLrSvQCLrpOVxW4n+AJlS0T39UU/cjl10Ss4UdJG4GSmSDNWO/dXuRjwJIEQumdYt14nRS5lCwSWM8+1EQ8z4kPWhZWjIAtBeOv1lTI+M0qW9SJkJkU7V3xcpC7QeBb7ZDBgO9Lw3Ef/1tIkygO540Wol2LvwUhHGCULIZxl6iaQY0UlntCsUcJQjQxhXwrxB+YApxtE0mzf9uPNtLJJ6ueQ6JffmtFg5y5rKkUNSIMfEJeekQq5JldQIJw/kiTyTF+vRerXerPfZ6pKV3RyQP7A+vwEcfqXx</latexit><latexit sha1_base64="5NbEmwWrphTkFPP80ZnB/xgS7KU=">AAACJnicbVDLSgNBEJz1GeNr1aOXIUEQhLAbRD0G9OAxgnlAsoTZSScZMvtgplcJS+5+iiev+hXeRLz5A/6Dk2RBTSxoKKq6obr8WAqNjvNhLS2vrK6t5zbym1vbO7v23n5dR4niUOORjFTTZxqkCKGGAiU0YwUs8CU0/OHlxG/cgdIiCm9xFIMXsH4oeoIzNFLHLrSvQCLrpOVxW4n+AJlS0T39UU/cjl10Ss4UdJG4GSmSDNWO/dXuRjwJIEQumdYt14nRS5lCwSWM8+1EQ8z4kPWhZWjIAtBeOv1lTI+M0qW9SJkJkU7V3xcpC7QeBb7ZDBgO9Lw3Ef/1tIkygO540Wol2LvwUhHGCULIZxl6iaQY0UlntCsUcJQjQxhXwrxB+YApxtE0mzf9uPNtLJJ6ueQ6JffmtFg5y5rKkUNSIMfEJeekQq5JldQIJw/kiTyTF+vRerXerPfZ6pKV3RyQP7A+vwEcfqXx</latexit><latexit sha1_base64="5NbEmwWrphTkFPP80ZnB/xgS7KU=">AAACJnicbVDLSgNBEJz1GeNr1aOXIUEQhLAbRD0G9OAxgnlAsoTZSScZMvtgplcJS+5+iiev+hXeRLz5A/6Dk2RBTSxoKKq6obr8WAqNjvNhLS2vrK6t5zbym1vbO7v23n5dR4niUOORjFTTZxqkCKGGAiU0YwUs8CU0/OHlxG/cgdIiCm9xFIMXsH4oeoIzNFLHLrSvQCLrpOVxW4n+AJlS0T39UU/cjl10Ss4UdJG4GSmSDNWO/dXuRjwJIEQumdYt14nRS5lCwSWM8+1EQ8z4kPWhZWjIAtBeOv1lTI+M0qW9SJkJkU7V3xcpC7QeBb7ZDBgO9Lw3Ef/1tIkygO540Wol2LvwUhHGCULIZxl6iaQY0UlntCsUcJQjQxhXwrxB+YApxtE0mzf9uPNtLJJ6ueQ6JffmtFg5y5rKkUNSIMfEJeekQq5JldQIJw/kiTyTF+vRerXerPfZ6pKV3RyQP7A+vwEcfqXx</latexit><latexit sha1_base64="5NbEmwWrphTkFPP80ZnB/xgS7KU=">AAACJnicbVDLSgNBEJz1GeNr1aOXIUEQhLAbRD0G9OAxgnlAsoTZSScZMvtgplcJS+5+iiev+hXeRLz5A/6Dk2RBTSxoKKq6obr8WAqNjvNhLS2vrK6t5zbym1vbO7v23n5dR4niUOORjFTTZxqkCKGGAiU0YwUs8CU0/OHlxG/cgdIiCm9xFIMXsH4oeoIzNFLHLrSvQCLrpOVxW4n+AJlS0T39UU/cjl10Ss4UdJG4GSmSDNWO/dXuRjwJIEQumdYt14nRS5lCwSWM8+1EQ8z4kPWhZWjIAtBeOv1lTI+M0qW9SJkJkU7V3xcpC7QeBb7ZDBgO9Lw3Ef/1tIkygO540Wol2LvwUhHGCULIZxl6iaQY0UlntCsUcJQjQxhXwrxB+YApxtE0mzf9uPNtLJJ6ueQ6JffmtFg5y5rKkUNSIMfEJeekQq5JldQIJw/kiTyTF+vRerXerPfZ6pKV3RyQP7A+vwEcfqXx</latexit>

❖ Thus ⇥
L�1P�1,�1 + 2J 0

�1P�1,�1 � (1 +�2)P�2,�1

⇤
hG+

�2
G�

�3
G�

�4
i = 0

<latexit sha1_base64="xqXnQh/9CQGNyJW+GHMEXPsAwOo="></latexit><latexit sha1_base64="xqXnQh/9CQGNyJW+GHMEXPsAwOo="></latexit><latexit sha1_base64="xqXnQh/9CQGNyJW+GHMEXPsAwOo="></latexit><latexit sha1_base64="xqXnQh/9CQGNyJW+GHMEXPsAwOo="></latexit>

We thus have a first order linear partial differential equation for the 3-pt. amplitude. This can be 
explicitly verified by computing the 3-pt. Mellin amplitude. 



Limitations of 3-pt. function

❖ In order to see the action of the all the current algebra and supertranslation generators
    in the OPE from MHV graviton amplitudes we need to start from            point
    amplitude. 

n > 4
<latexit sha1_base64="zfYuxtlLwkVOXXZTUxde3NoFu40=">AAACB3icbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OIxgnlAsoTZ2d5kyOzsMjMrhCUf4MmrfoU38epn+BH+g5PHQRMLGoqqbqiuIBVcG9f9cgpr6xubW8Xt0s7u3v5B+fCopZNMMWyyRCSqE1CNgktsGm4EdlKFNA4EtoPR7dRvP6LSPJEPZpyiH9OB5BFn1FipKclNjfTLFbfqzkBWibcgFVig0S9/98KEZTFKwwTVuuu5qfFzqgxnAielXqYxpWxEB9i1VNIYtZ/Pwk7ImVVCEiXKjjRkpv6+yGms9TgO7GZMzVAve1PxX0/bKEMMJ6tWNzPRtZ9zmWYGJZtniDJBTEKmpZCQK2RGjC2hTHH7BmFDqigztrqS7cdbbmOVtC6qnlv17muV+uWiqSKcwCmcgwdXUIc7aEATGHB4hhd4dZ6cN+fd+ZivFpzFzTH8gfP5A7vCmP8=</latexit><latexit sha1_base64="zfYuxtlLwkVOXXZTUxde3NoFu40=">AAACB3icbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OIxgnlAsoTZ2d5kyOzsMjMrhCUf4MmrfoU38epn+BH+g5PHQRMLGoqqbqiuIBVcG9f9cgpr6xubW8Xt0s7u3v5B+fCopZNMMWyyRCSqE1CNgktsGm4EdlKFNA4EtoPR7dRvP6LSPJEPZpyiH9OB5BFn1FipKclNjfTLFbfqzkBWibcgFVig0S9/98KEZTFKwwTVuuu5qfFzqgxnAielXqYxpWxEB9i1VNIYtZ/Pwk7ImVVCEiXKjjRkpv6+yGms9TgO7GZMzVAve1PxX0/bKEMMJ6tWNzPRtZ9zmWYGJZtniDJBTEKmpZCQK2RGjC2hTHH7BmFDqigztrqS7cdbbmOVtC6qnlv17muV+uWiqSKcwCmcgwdXUIc7aEATGHB4hhd4dZ6cN+fd+ZivFpzFzTH8gfP5A7vCmP8=</latexit><latexit sha1_base64="zfYuxtlLwkVOXXZTUxde3NoFu40=">AAACB3icbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OIxgnlAsoTZ2d5kyOzsMjMrhCUf4MmrfoU38epn+BH+g5PHQRMLGoqqbqiuIBVcG9f9cgpr6xubW8Xt0s7u3v5B+fCopZNMMWyyRCSqE1CNgktsGm4EdlKFNA4EtoPR7dRvP6LSPJEPZpyiH9OB5BFn1FipKclNjfTLFbfqzkBWibcgFVig0S9/98KEZTFKwwTVuuu5qfFzqgxnAielXqYxpWxEB9i1VNIYtZ/Pwk7ImVVCEiXKjjRkpv6+yGms9TgO7GZMzVAve1PxX0/bKEMMJ6tWNzPRtZ9zmWYGJZtniDJBTEKmpZCQK2RGjC2hTHH7BmFDqigztrqS7cdbbmOVtC6qnlv17muV+uWiqSKcwCmcgwdXUIc7aEATGHB4hhd4dZ6cN+fd+ZivFpzFzTH8gfP5A7vCmP8=</latexit><latexit sha1_base64="zfYuxtlLwkVOXXZTUxde3NoFu40=">AAACB3icbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OIxgnlAsoTZ2d5kyOzsMjMrhCUf4MmrfoU38epn+BH+g5PHQRMLGoqqbqiuIBVcG9f9cgpr6xubW8Xt0s7u3v5B+fCopZNMMWyyRCSqE1CNgktsGm4EdlKFNA4EtoPR7dRvP6LSPJEPZpyiH9OB5BFn1FipKclNjfTLFbfqzkBWibcgFVig0S9/98KEZTFKwwTVuuu5qfFzqgxnAielXqYxpWxEB9i1VNIYtZ/Pwk7ImVVCEiXKjjRkpv6+yGms9TgO7GZMzVAve1PxX0/bKEMMJ6tWNzPRtZ9zmWYGJZtniDJBTEKmpZCQK2RGjC2hTHH7BmFDqigztrqS7cdbbmOVtC6qnlv17muV+uWiqSKcwCmcgwdXUIc7aEATGHB4hhd4dZ6cN+fd+ZivFpzFzTH8gfP5A7vCmP8=</latexit>

❖ This is because the generators                                             annihilate the 3-pt Mellin
     amplitude due to                             

P�a,0, a � 2, J1
�n, n � 1

<latexit sha1_base64="rjT+3pSSqXY+JHQN5qWVkK+VsS4=">AAACLnicbZDLSgNBEEV7fBtfUZduGoMgEsNMEHUpuBFXEUwUkhhqeipJk56esbtHCMP8g5/iyq1+heBC3LrxH+w8FppYUHC5pwqqrh8Lro3rvjszs3PzC4tLy7mV1bX1jfzmVk1HiWJYZZGI1K0PGgWXWDXcCLyNFULoC7zxe+cDfvOASvNIXpt+jM0QOpK3OQNjrVb+oNJKD6HoZkUKjQ7ScpE27hMI6OVd6mWWSUvkgHitfMEtucOi08IbiwIZV6WV/24EEUtClIYJ0LruubFppqAMZwKzXCPRGAPrQQfrVkoIUTfT4U8Z3bNOQNuRsi0NHbq/N1IIte6Hvp0MwXT1JBuY/zJtT+likE2jemLap82UyzgxKNnohnYiqInoIDsacIXMiL4VwBS3b1DWBQXM2IRzNh9vMo1pUSuXPLfkXR0Vzo7HSS2RHbJL9olHTsgZuSAVUiWMPJJn8kJenSfnzflwPkejM854Z5v8KefrBxeHpqM=</latexit><latexit sha1_base64="rjT+3pSSqXY+JHQN5qWVkK+VsS4=">AAACLnicbZDLSgNBEEV7fBtfUZduGoMgEsNMEHUpuBFXEUwUkhhqeipJk56esbtHCMP8g5/iyq1+heBC3LrxH+w8FppYUHC5pwqqrh8Lro3rvjszs3PzC4tLy7mV1bX1jfzmVk1HiWJYZZGI1K0PGgWXWDXcCLyNFULoC7zxe+cDfvOASvNIXpt+jM0QOpK3OQNjrVb+oNJKD6HoZkUKjQ7ScpE27hMI6OVd6mWWSUvkgHitfMEtucOi08IbiwIZV6WV/24EEUtClIYJ0LruubFppqAMZwKzXCPRGAPrQQfrVkoIUTfT4U8Z3bNOQNuRsi0NHbq/N1IIte6Hvp0MwXT1JBuY/zJtT+likE2jemLap82UyzgxKNnohnYiqInoIDsacIXMiL4VwBS3b1DWBQXM2IRzNh9vMo1pUSuXPLfkXR0Vzo7HSS2RHbJL9olHTsgZuSAVUiWMPJJn8kJenSfnzflwPkejM854Z5v8KefrBxeHpqM=</latexit><latexit sha1_base64="rjT+3pSSqXY+JHQN5qWVkK+VsS4=">AAACLnicbZDLSgNBEEV7fBtfUZduGoMgEsNMEHUpuBFXEUwUkhhqeipJk56esbtHCMP8g5/iyq1+heBC3LrxH+w8FppYUHC5pwqqrh8Lro3rvjszs3PzC4tLy7mV1bX1jfzmVk1HiWJYZZGI1K0PGgWXWDXcCLyNFULoC7zxe+cDfvOASvNIXpt+jM0QOpK3OQNjrVb+oNJKD6HoZkUKjQ7ScpE27hMI6OVd6mWWSUvkgHitfMEtucOi08IbiwIZV6WV/24EEUtClIYJ0LruubFppqAMZwKzXCPRGAPrQQfrVkoIUTfT4U8Z3bNOQNuRsi0NHbq/N1IIte6Hvp0MwXT1JBuY/zJtT+likE2jemLap82UyzgxKNnohnYiqInoIDsacIXMiL4VwBS3b1DWBQXM2IRzNh9vMo1pUSuXPLfkXR0Vzo7HSS2RHbJL9olHTsgZuSAVUiWMPJJn8kJenSfnzflwPkejM854Z5v8KefrBxeHpqM=</latexit><latexit sha1_base64="rjT+3pSSqXY+JHQN5qWVkK+VsS4=">AAACLnicbZDLSgNBEEV7fBtfUZduGoMgEsNMEHUpuBFXEUwUkhhqeipJk56esbtHCMP8g5/iyq1+heBC3LrxH+w8FppYUHC5pwqqrh8Lro3rvjszs3PzC4tLy7mV1bX1jfzmVk1HiWJYZZGI1K0PGgWXWDXcCLyNFULoC7zxe+cDfvOASvNIXpt+jM0QOpK3OQNjrVb+oNJKD6HoZkUKjQ7ScpE27hMI6OVd6mWWSUvkgHitfMEtucOi08IbiwIZV6WV/24EEUtClIYJ0LruubFppqAMZwKzXCPRGAPrQQfrVkoIUTfT4U8Z3bNOQNuRsi0NHbq/N1IIte6Hvp0MwXT1JBuY/zJtT+likE2jemLap82UyzgxKNnohnYiqInoIDsacIXMiL4VwBS3b1DWBQXM2IRzNh9vMo1pUSuXPLfkXR0Vzo7HSS2RHbJL9olHTsgZuSAVUiWMPJJn8kJenSfnzflwPkejM854Z5v8KefrBxeHpqM=</latexit>
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i / �(z̄13)�(z̄23)
<latexit sha1_base64="1XwmTFqROIXWc2LLO6aiT0FpB6Q="></latexit><latexit sha1_base64="1XwmTFqROIXWc2LLO6aiT0FpB6Q="></latexit><latexit sha1_base64="1XwmTFqROIXWc2LLO6aiT0FpB6Q="></latexit><latexit sha1_base64="1XwmTFqROIXWc2LLO6aiT0FpB6Q="></latexit>

❖ The delta function is a consequence of energy-momentum conservation. 

❖ Here we will consider n=6 point graviton amplitudes. 



Higher point MHV graviton amplitudes

An = h12i8
det(�ijk

pqr)

hijihikihjkihpqihprihqri
<latexit sha1_base64="y7m6FSjT3kjwNlQtE3FIbsjjegg="></latexit><latexit sha1_base64="y7m6FSjT3kjwNlQtE3FIbsjjegg="></latexit><latexit sha1_base64="y7m6FSjT3kjwNlQtE3FIbsjjegg="></latexit><latexit sha1_base64="y7m6FSjT3kjwNlQtE3FIbsjjegg="></latexit>
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[ik]hxkihyki
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<latexit sha1_base64="I2/rmnlxGgmz5jFa239iVoxuim8="></latexit><latexit sha1_base64="I2/rmnlxGgmz5jFa239iVoxuim8="></latexit><latexit sha1_base64="I2/rmnlxGgmz5jFa239iVoxuim8="></latexit><latexit sha1_base64="I2/rmnlxGgmz5jFa239iVoxuim8="></latexit>

❖ There are many available representations of n-point tree-level MHV graviton 
     amplitudes. For our purposes the most useful is the one due to Hodges

❖ Salient features:

• manifests       permutation symmetry of the amplitude.  Sn
<latexit sha1_base64="ubIGnrLnWYg7Aj1fWzb7haR4/Kc=">AAACB3icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlw47KiqYU2lMnkph06mYSZiVBCPsCVW/0Kd+LWz/Aj/AenbRbaeuDC4Zx74dwTpJwp7ThfVmVldW19o7pZ29re2d2r7x90VJJJih5NeCK7AVHImUBPM82xm0okccDxIRhfT/2HR5SKJeJeT1L0YzIULGKUaCN5d4NcFIN6w2k6M9jLxC1JA0q0B/XvfpjQLEahKSdK9Vwn1X5OpGaUY1HrZwpTQsdkiD1DBYlR+fksbGGfGCW0o0SaEdqeqb8vchIrNYkDsxkTPVKL3lT811MmygjDYtnqZTq68nMm0kyjoPMMUcZtndjTUuyQSaSaTwwhVDLzhk1HRBKqTXU104+72MYy6Zw1Xafp3p43WhdlU1U4gmM4BRcuoQU30AYPKDB4hhd4tZ6sN+vd+pivVqzy5hD+wPr8AU7tmfc=</latexit><latexit sha1_base64="ubIGnrLnWYg7Aj1fWzb7haR4/Kc=">AAACB3icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlw47KiqYU2lMnkph06mYSZiVBCPsCVW/0Kd+LWz/Aj/AenbRbaeuDC4Zx74dwTpJwp7ThfVmVldW19o7pZ29re2d2r7x90VJJJih5NeCK7AVHImUBPM82xm0okccDxIRhfT/2HR5SKJeJeT1L0YzIULGKUaCN5d4NcFIN6w2k6M9jLxC1JA0q0B/XvfpjQLEahKSdK9Vwn1X5OpGaUY1HrZwpTQsdkiD1DBYlR+fksbGGfGCW0o0SaEdqeqb8vchIrNYkDsxkTPVKL3lT811MmygjDYtnqZTq68nMm0kyjoPMMUcZtndjTUuyQSaSaTwwhVDLzhk1HRBKqTXU104+72MYy6Zw1Xafp3p43WhdlU1U4gmM4BRcuoQU30AYPKDB4hhd4tZ6sN+vd+pivVqzy5hD+wPr8AU7tmfc=</latexit><latexit sha1_base64="ubIGnrLnWYg7Aj1fWzb7haR4/Kc=">AAACB3icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlw47KiqYU2lMnkph06mYSZiVBCPsCVW/0Kd+LWz/Aj/AenbRbaeuDC4Zx74dwTpJwp7ThfVmVldW19o7pZ29re2d2r7x90VJJJih5NeCK7AVHImUBPM82xm0okccDxIRhfT/2HR5SKJeJeT1L0YzIULGKUaCN5d4NcFIN6w2k6M9jLxC1JA0q0B/XvfpjQLEahKSdK9Vwn1X5OpGaUY1HrZwpTQsdkiD1DBYlR+fksbGGfGCW0o0SaEdqeqb8vchIrNYkDsxkTPVKL3lT811MmygjDYtnqZTq68nMm0kyjoPMMUcZtndjTUuyQSaSaTwwhVDLzhk1HRBKqTXU104+72MYy6Zw1Xafp3p43WhdlU1U4gmM4BRcuoQU30AYPKDB4hhd4tZ6sN+vd+pivVqzy5hD+wPr8AU7tmfc=</latexit><latexit sha1_base64="ubIGnrLnWYg7Aj1fWzb7haR4/Kc=">AAACB3icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVlw47KiqYU2lMnkph06mYSZiVBCPsCVW/0Kd+LWz/Aj/AenbRbaeuDC4Zx74dwTpJwp7ThfVmVldW19o7pZ29re2d2r7x90VJJJih5NeCK7AVHImUBPM82xm0okccDxIRhfT/2HR5SKJeJeT1L0YzIULGKUaCN5d4NcFIN6w2k6M9jLxC1JA0q0B/XvfpjQLEahKSdK9Vwn1X5OpGaUY1HrZwpTQsdkiD1DBYlR+fksbGGfGCW0o0SaEdqeqb8vchIrNYkDsxkTPVKL3lT811MmygjDYtnqZTq68nMm0kyjoPMMUcZtndjTUuyQSaSaTwwhVDLzhk1HRBKqTXU104+72MYy6Zw1Xafp3p43WhdlU1U4gmM4BRcuoQU30AYPKDB4hhd4tZ6sN+vd+pivVqzy5hD+wPr8AU7tmfc=</latexit>

• manifests soft limits. 

:�ijk
pqr

<latexit sha1_base64="Ht61ilQe4SRejByZO8VJnhswwUA=">AAACFXicbVDLSsNAFL3xWesr1aWbwSK4KomIuiy4cVnBPqCNYTKZNGMnD2cmSgn5Dldu9SvciVvXfoT/4LTNQlsPXDiccy+ce7yUM6ks68tYWl5ZXVuvbFQ3t7Z3ds3aXkcmmSC0TRKeiJ6HJeUspm3FFKe9VFAceZx2vdHlxO8+UCFZEt+ocUqdCA9jFjCClZZcszZohew2Z3ejws3Te1Eg16xbDWsKtEjsktShRMs1vwd+QrKIxopwLGXftlLl5FgoRjgtqoNM0hSTER7SvqYxjqh08mn0Ah1pxUdBIvTECk3V3xc5jqQcR57ejLAK5bw3Ef/1pI4SUr9YtPqZCi6cnMVppmhMZhmCjCOVoElFyGeCEsXHmmAimH4DkRALTJQusqr7sefbWCSdk4ZtNezr03rzrGyqAgdwCMdgwzk04Qpa0AYCj/AML/BqPBlvxrvxMVtdMsqbffgD4/MHcrWfYw==</latexit><latexit sha1_base64="Ht61ilQe4SRejByZO8VJnhswwUA=">AAACFXicbVDLSsNAFL3xWesr1aWbwSK4KomIuiy4cVnBPqCNYTKZNGMnD2cmSgn5Dldu9SvciVvXfoT/4LTNQlsPXDiccy+ce7yUM6ks68tYWl5ZXVuvbFQ3t7Z3ds3aXkcmmSC0TRKeiJ6HJeUspm3FFKe9VFAceZx2vdHlxO8+UCFZEt+ocUqdCA9jFjCClZZcszZohew2Z3ejws3Te1Eg16xbDWsKtEjsktShRMs1vwd+QrKIxopwLGXftlLl5FgoRjgtqoNM0hSTER7SvqYxjqh08mn0Ah1pxUdBIvTECk3V3xc5jqQcR57ejLAK5bw3Ef/1pI4SUr9YtPqZCi6cnMVppmhMZhmCjCOVoElFyGeCEsXHmmAimH4DkRALTJQusqr7sefbWCSdk4ZtNezr03rzrGyqAgdwCMdgwzk04Qpa0AYCj/AML/BqPBlvxrvxMVtdMsqbffgD4/MHcrWfYw==</latexit><latexit sha1_base64="Ht61ilQe4SRejByZO8VJnhswwUA=">AAACFXicbVDLSsNAFL3xWesr1aWbwSK4KomIuiy4cVnBPqCNYTKZNGMnD2cmSgn5Dldu9SvciVvXfoT/4LTNQlsPXDiccy+ce7yUM6ks68tYWl5ZXVuvbFQ3t7Z3ds3aXkcmmSC0TRKeiJ6HJeUspm3FFKe9VFAceZx2vdHlxO8+UCFZEt+ocUqdCA9jFjCClZZcszZohew2Z3ejws3Te1Eg16xbDWsKtEjsktShRMs1vwd+QrKIxopwLGXftlLl5FgoRjgtqoNM0hSTER7SvqYxjqh08mn0Ah1pxUdBIvTECk3V3xc5jqQcR57ejLAK5bw3Ef/1pI4SUr9YtPqZCi6cnMVppmhMZhmCjCOVoElFyGeCEsXHmmAimH4DkRALTJQusqr7sefbWCSdk4ZtNezr03rzrGyqAgdwCMdgwzk04Qpa0AYCj/AML/BqPBlvxrvxMVtdMsqbffgD4/MHcrWfYw==</latexit><latexit sha1_base64="Ht61ilQe4SRejByZO8VJnhswwUA=">AAACFXicbVDLSsNAFL3xWesr1aWbwSK4KomIuiy4cVnBPqCNYTKZNGMnD2cmSgn5Dldu9SvciVvXfoT/4LTNQlsPXDiccy+ce7yUM6ks68tYWl5ZXVuvbFQ3t7Z3ds3aXkcmmSC0TRKeiJ6HJeUspm3FFKe9VFAceZx2vdHlxO8+UCFZEt+ocUqdCA9jFjCClZZcszZohew2Z3ejws3Te1Eg16xbDWsKtEjsktShRMs1vwd+QrKIxopwLGXftlLl5FgoRjgtqoNM0hSTER7SvqYxjqh08mn0Ah1pxUdBIvTECk3V3xc5jqQcR57ejLAK5bw3Ef/1pI4SUr9YtPqZCi6cnMVppmhMZhmCjCOVoElFyGeCEsXHmmAimH4DkRALTJQusqr7sefbWCSdk4ZtNezr03rzrGyqAgdwCMdgwzk04Qpa0AYCj/AML/BqPBlvxrvxMVtdMsqbffgD4/MHcrWfYw==</latexit>

(n� 3)⇥ (n� 3)
<latexit sha1_base64="YpxsfseuRxayPCJfPzaBzL2CDOY=">AAACFXicbVDLSsNAFJ3UV62vVJduBotQF5ZERV0W3LisYB/QhjKZTNqhk0mYuVFK6Xe4cqtf4U7cuvYj/AenaRbaemDgcM693DPHTwTX4DhfVmFldW19o7hZ2tre2d2zy/stHaeKsiaNRaw6PtFMcMmawEGwTqIYiXzB2v7oZua3H5jSPJb3ME6YF5GB5CGnBIzUt8tVeXp+0gMeMY0z3rcrTs3JgJeJm5MKytHo29+9IKZpxCRQQbTuuk4C3oQo4FSwaamXapYQOiID1jVUEnPKm2TRp/jYKAEOY2WeBJypvzcmJNJ6HPlmMiIw1IveTPzX0ybKkAXTZaubQnjtTbhMUmCSzjOEqcAQ41lFOOCKURBjQwhV3HwD0yFRhIIpsmT6cRfbWCats5rr1Ny7i0r9Mm+qiA7REaoiF12hOrpFDdREFD2iZ/SCXq0n6816tz7mowUr3zlAf2B9/gAnYZ1k</latexit><latexit sha1_base64="YpxsfseuRxayPCJfPzaBzL2CDOY=">AAACFXicbVDLSsNAFJ3UV62vVJduBotQF5ZERV0W3LisYB/QhjKZTNqhk0mYuVFK6Xe4cqtf4U7cuvYj/AenaRbaemDgcM693DPHTwTX4DhfVmFldW19o7hZ2tre2d2zy/stHaeKsiaNRaw6PtFMcMmawEGwTqIYiXzB2v7oZua3H5jSPJb3ME6YF5GB5CGnBIzUt8tVeXp+0gMeMY0z3rcrTs3JgJeJm5MKytHo29+9IKZpxCRQQbTuuk4C3oQo4FSwaamXapYQOiID1jVUEnPKm2TRp/jYKAEOY2WeBJypvzcmJNJ6HPlmMiIw1IveTPzX0ybKkAXTZaubQnjtTbhMUmCSzjOEqcAQ41lFOOCKURBjQwhV3HwD0yFRhIIpsmT6cRfbWCats5rr1Ny7i0r9Mm+qiA7REaoiF12hOrpFDdREFD2iZ/SCXq0n6816tz7mowUr3zlAf2B9/gAnYZ1k</latexit><latexit sha1_base64="YpxsfseuRxayPCJfPzaBzL2CDOY=">AAACFXicbVDLSsNAFJ3UV62vVJduBotQF5ZERV0W3LisYB/QhjKZTNqhk0mYuVFK6Xe4cqtf4U7cuvYj/AenaRbaemDgcM693DPHTwTX4DhfVmFldW19o7hZ2tre2d2zy/stHaeKsiaNRaw6PtFMcMmawEGwTqIYiXzB2v7oZua3H5jSPJb3ME6YF5GB5CGnBIzUt8tVeXp+0gMeMY0z3rcrTs3JgJeJm5MKytHo29+9IKZpxCRQQbTuuk4C3oQo4FSwaamXapYQOiID1jVUEnPKm2TRp/jYKAEOY2WeBJypvzcmJNJ6HPlmMiIw1IveTPzX0ybKkAXTZaubQnjtTbhMUmCSzjOEqcAQ41lFOOCKURBjQwhV3HwD0yFRhIIpsmT6cRfbWCats5rr1Ny7i0r9Mm+qiA7REaoiF12hOrpFDdREFD2iZ/SCXq0n6816tz7mowUr3zlAf2B9/gAnYZ1k</latexit><latexit sha1_base64="YpxsfseuRxayPCJfPzaBzL2CDOY=">AAACFXicbVDLSsNAFJ3UV62vVJduBotQF5ZERV0W3LisYB/QhjKZTNqhk0mYuVFK6Xe4cqtf4U7cuvYj/AenaRbaemDgcM693DPHTwTX4DhfVmFldW19o7hZ2tre2d2zy/stHaeKsiaNRaw6PtFMcMmawEGwTqIYiXzB2v7oZua3H5jSPJb3ME6YF5GB5CGnBIzUt8tVeXp+0gMeMY0z3rcrTs3JgJeJm5MKytHo29+9IKZpxCRQQbTuuk4C3oQo4FSwaamXapYQOiID1jVUEnPKm2TRp/jYKAEOY2WeBJypvzcmJNJ6HPlmMiIw1IveTPzX0ybKkAXTZaubQnjtTbhMUmCSzjOEqcAQ41lFOOCKURBjQwhV3HwD0yFRhIIpsmT6cRfbWCats5rr1Ny7i0r9Mm+qiA7REaoiF12hOrpFDdREFD2iZ/SCXq0n6816tz7mowUr3zlAf2B9/gAnYZ1k</latexit>

�
<latexit sha1_base64="BS+ztmwefjuIZ+Qocflhhz54rSE=">AAACB3icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLgxmUF0xbaUCaTm2bo5MHMRCihH+DKrX6FO3HrZ/gR/oPTNgttPXDhcM69cO7xM8GVtu0vq7K2vrG5Vd2u7ezu7R/UD486Ks0lQ5elIpU9nyoUPEFXcy2wl0mksS+w649vZ373EaXiafKgJxl6MR0lPOSMaiO5g3bEybDesJv2HGSVOCVpQIn2sP49CFKWx5hoJqhSfcfOtFdQqTkTOK0NcoUZZWM6wr6hCY1RecU87JScGSUgYSrNJJrM1d8XBY2VmsS+2YypjtSyNxP/9ZSJEmEwXbX6uQ5vvIInWa4xYYsMYS6ITsmsFBJwiUyLiSGUSW7eICyikjJtqquZfpzlNlZJ56Lp2E3n/rLRuiqbqsIJnMI5OHANLbiDNrjAgMMzvMCr9WS9We/Wx2K1YpU3x/AH1ucPh0WZfA==</latexit><latexit sha1_base64="BS+ztmwefjuIZ+Qocflhhz54rSE=">AAACB3icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLgxmUF0xbaUCaTm2bo5MHMRCihH+DKrX6FO3HrZ/gR/oPTNgttPXDhcM69cO7xM8GVtu0vq7K2vrG5Vd2u7ezu7R/UD486Ks0lQ5elIpU9nyoUPEFXcy2wl0mksS+w649vZ373EaXiafKgJxl6MR0lPOSMaiO5g3bEybDesJv2HGSVOCVpQIn2sP49CFKWx5hoJqhSfcfOtFdQqTkTOK0NcoUZZWM6wr6hCY1RecU87JScGSUgYSrNJJrM1d8XBY2VmsS+2YypjtSyNxP/9ZSJEmEwXbX6uQ5vvIInWa4xYYsMYS6ITsmsFBJwiUyLiSGUSW7eICyikjJtqquZfpzlNlZJ56Lp2E3n/rLRuiqbqsIJnMI5OHANLbiDNrjAgMMzvMCr9WS9We/Wx2K1YpU3x/AH1ucPh0WZfA==</latexit><latexit sha1_base64="BS+ztmwefjuIZ+Qocflhhz54rSE=">AAACB3icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLgxmUF0xbaUCaTm2bo5MHMRCihH+DKrX6FO3HrZ/gR/oPTNgttPXDhcM69cO7xM8GVtu0vq7K2vrG5Vd2u7ezu7R/UD486Ks0lQ5elIpU9nyoUPEFXcy2wl0mksS+w649vZ373EaXiafKgJxl6MR0lPOSMaiO5g3bEybDesJv2HGSVOCVpQIn2sP49CFKWx5hoJqhSfcfOtFdQqTkTOK0NcoUZZWM6wr6hCY1RecU87JScGSUgYSrNJJrM1d8XBY2VmsS+2YypjtSyNxP/9ZSJEmEwXbX6uQ5vvIInWa4xYYsMYS6ITsmsFBJwiUyLiSGUSW7eICyikjJtqquZfpzlNlZJ56Lp2E3n/rLRuiqbqsIJnMI5OHANLbiDNrjAgMMzvMCr9WS9We/Wx2K1YpU3x/AH1ucPh0WZfA==</latexit><latexit sha1_base64="BS+ztmwefjuIZ+Qocflhhz54rSE=">AAACB3icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLgxmUF0xbaUCaTm2bo5MHMRCihH+DKrX6FO3HrZ/gR/oPTNgttPXDhcM69cO7xM8GVtu0vq7K2vrG5Vd2u7ezu7R/UD486Ks0lQ5elIpU9nyoUPEFXcy2wl0mksS+w649vZ373EaXiafKgJxl6MR0lPOSMaiO5g3bEybDesJv2HGSVOCVpQIn2sP49CFKWx5hoJqhSfcfOtFdQqTkTOK0NcoUZZWM6wr6hCY1RecU87JScGSUgYSrNJJrM1d8XBY2VmsS+2YypjtSyNxP/9ZSJEmEwXbX6uQ5vvIInWa4xYYsMYS6ITsmsFBJwiUyLiSGUSW7eICyikjJtqquZfpzlNlZJ56Lp2E3n/rLRuiqbqsIJnMI5OHANLbiDNrjAgMMzvMCr9WS9We/Wx2K1YpU3x/AH1ucPh0WZfA==</latexit>n⇥ n

<latexit sha1_base64="tJGX4LTuDQl82krEiV7noPY4JN0=">AAACC3icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLgxmUF2yptKJPJTTt0MgkzE6GEfoIrt/oV7sStH+FH+A9O2yy09cDA4Zx7uWdOkAqujet+OaWV1bX1jfJmZWt7Z3evun/Q1kmmGLZYIhJ1H1CNgktsGW4E3qcKaRwI7ASj66nfeUSleSLvzDhFP6YDySPOqLHSg+wZHqMmsl+tuXV3BrJMvILUoECzX/3uhQnLYpSGCap113NT4+dUGc4ETiq9TGNK2YgOsGuppPaMn88CT8iJVUISJco+achM/b2R01jrcRzYyZiaoV70puK/nrZRhhhOlq1uZqIrP+cyzQxKNs8QZYKYhEyLISFXyIwYW0KZ4vYbhA2poszY+iq2H2+xjWXSPqt7bt27Pa81LoqmynAEx3AKHlxCA26gCS1gEMMzvMCr8+S8Oe/Ox3y05BQ7h/AHzucPK/WbgQ==</latexit><latexit sha1_base64="tJGX4LTuDQl82krEiV7noPY4JN0=">AAACC3icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLgxmUF2yptKJPJTTt0MgkzE6GEfoIrt/oV7sStH+FH+A9O2yy09cDA4Zx7uWdOkAqujet+OaWV1bX1jfJmZWt7Z3evun/Q1kmmGLZYIhJ1H1CNgktsGW4E3qcKaRwI7ASj66nfeUSleSLvzDhFP6YDySPOqLHSg+wZHqMmsl+tuXV3BrJMvILUoECzX/3uhQnLYpSGCap113NT4+dUGc4ETiq9TGNK2YgOsGuppPaMn88CT8iJVUISJco+achM/b2R01jrcRzYyZiaoV70puK/nrZRhhhOlq1uZqIrP+cyzQxKNs8QZYKYhEyLISFXyIwYW0KZ4vYbhA2poszY+iq2H2+xjWXSPqt7bt27Pa81LoqmynAEx3AKHlxCA26gCS1gEMMzvMCr8+S8Oe/Ox3y05BQ7h/AHzucPK/WbgQ==</latexit><latexit sha1_base64="tJGX4LTuDQl82krEiV7noPY4JN0=">AAACC3icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLgxmUF2yptKJPJTTt0MgkzE6GEfoIrt/oV7sStH+FH+A9O2yy09cDA4Zx7uWdOkAqujet+OaWV1bX1jfJmZWt7Z3evun/Q1kmmGLZYIhJ1H1CNgktsGW4E3qcKaRwI7ASj66nfeUSleSLvzDhFP6YDySPOqLHSg+wZHqMmsl+tuXV3BrJMvILUoECzX/3uhQnLYpSGCap113NT4+dUGc4ETiq9TGNK2YgOsGuppPaMn88CT8iJVUISJco+achM/b2R01jrcRzYyZiaoV70puK/nrZRhhhOlq1uZqIrP+cyzQxKNs8QZYKYhEyLISFXyIwYW0KZ4vYbhA2poszY+iq2H2+xjWXSPqt7bt27Pa81LoqmynAEx3AKHlxCA26gCS1gEMMzvMCr8+S8Oe/Ox3y05BQ7h/AHzucPK/WbgQ==</latexit><latexit sha1_base64="tJGX4LTuDQl82krEiV7noPY4JN0=">AAACC3icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLgxmUF2yptKJPJTTt0MgkzE6GEfoIrt/oV7sStH+FH+A9O2yy09cDA4Zx7uWdOkAqujet+OaWV1bX1jfJmZWt7Z3evun/Q1kmmGLZYIhJ1H1CNgktsGW4E3qcKaRwI7ASj66nfeUSleSLvzDhFP6YDySPOqLHSg+wZHqMmsl+tuXV3BrJMvILUoECzX/3uhQnLYpSGCap113NT4+dUGc4ETiq9TGNK2YgOsGuppPaMn88CT8iJVUISJco+achM/b2R01jrcRzYyZiaoV70puK/nrZRhhhOlq1uZqIrP+cyzQxKNs8QZYKYhEyLISFXyIwYW0KZ4vYbhA2poszY+iq2H2+xjWXSPqt7bt27Pa81LoqmynAEx3AKHlxCA26gCS1gEMMzvMCr8+S8Oe/Ox3y05BQ7h/AHzucPK/WbgQ==</latexit>

matrix obtained by removing rows {i, j, k}
<latexit sha1_base64="crrQjt3eFR2WLypnq50yS2f74Y8=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwUUoioi4LblxWsA9sQplMbtqxk0mYmQgl5BdcudWvcCdu/Qc/wn9w2mahrQcuHM65F849fsKZ0rb9ZZVWVtfWN8qbla3tnd296v5BR8WppNCmMY9lzycKOBPQ1kxz6CUSSORz6Prj66nffQSpWCzu9CQBLyJDwUJGiTbSvZthVn+oj918UK3ZDXsGvEycgtRQgdag+u0GMU0jEJpyolTfsRPtZURqRjnkFTdVkBA6JkPoGypIBMrLZolzfGKUAIexNCM0nqm/LzISKTWJfLMZET1Si95U/NdTJsoIgnzZ6qc6vPIyJpJUg6DzDGHKsY7xtBkcMAlU84khhEpm3sB0RCSh2vRXMf04i20sk85Zw7Ebzu15rXlRNFVGR+gYnSIHXaImukEt1EYUCfSMXtCr9WS9We/Wx3y1ZBU3h+gPrM8fMJqbdw==</latexit><latexit sha1_base64="crrQjt3eFR2WLypnq50yS2f74Y8=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwUUoioi4LblxWsA9sQplMbtqxk0mYmQgl5BdcudWvcCdu/Qc/wn9w2mahrQcuHM65F849fsKZ0rb9ZZVWVtfWN8qbla3tnd296v5BR8WppNCmMY9lzycKOBPQ1kxz6CUSSORz6Prj66nffQSpWCzu9CQBLyJDwUJGiTbSvZthVn+oj918UK3ZDXsGvEycgtRQgdag+u0GMU0jEJpyolTfsRPtZURqRjnkFTdVkBA6JkPoGypIBMrLZolzfGKUAIexNCM0nqm/LzISKTWJfLMZET1Si95U/NdTJsoIgnzZ6qc6vPIyJpJUg6DzDGHKsY7xtBkcMAlU84khhEpm3sB0RCSh2vRXMf04i20sk85Zw7Ebzu15rXlRNFVGR+gYnSIHXaImukEt1EYUCfSMXtCr9WS9We/Wx3y1ZBU3h+gPrM8fMJqbdw==</latexit><latexit sha1_base64="crrQjt3eFR2WLypnq50yS2f74Y8=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwUUoioi4LblxWsA9sQplMbtqxk0mYmQgl5BdcudWvcCdu/Qc/wn9w2mahrQcuHM65F849fsKZ0rb9ZZVWVtfWN8qbla3tnd296v5BR8WppNCmMY9lzycKOBPQ1kxz6CUSSORz6Prj66nffQSpWCzu9CQBLyJDwUJGiTbSvZthVn+oj918UK3ZDXsGvEycgtRQgdag+u0GMU0jEJpyolTfsRPtZURqRjnkFTdVkBA6JkPoGypIBMrLZolzfGKUAIexNCM0nqm/LzISKTWJfLMZET1Si95U/NdTJsoIgnzZ6qc6vPIyJpJUg6DzDGHKsY7xtBkcMAlU84khhEpm3sB0RCSh2vRXMf04i20sk85Zw7Ebzu15rXlRNFVGR+gYnSIHXaImukEt1EYUCfSMXtCr9WS9We/Wx3y1ZBU3h+gPrM8fMJqbdw==</latexit><latexit sha1_base64="crrQjt3eFR2WLypnq50yS2f74Y8=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwUUoioi4LblxWsA9sQplMbtqxk0mYmQgl5BdcudWvcCdu/Qc/wn9w2mahrQcuHM65F849fsKZ0rb9ZZVWVtfWN8qbla3tnd296v5BR8WppNCmMY9lzycKOBPQ1kxz6CUSSORz6Prj66nffQSpWCzu9CQBLyJDwUJGiTbSvZthVn+oj918UK3ZDXsGvEycgtRQgdag+u0GMU0jEJpyolTfsRPtZURqRjnkFTdVkBA6JkPoGypIBMrLZolzfGKUAIexNCM0nqm/LzISKTWJfLMZET1Si95U/NdTJsoIgnzZ6qc6vPIyJpJUg6DzDGHKsY7xtBkcMAlU84khhEpm3sB0RCSh2vRXMf04i20sk85Zw7Ebzu15rXlRNFVGR+gYnSIHXaImukEt1EYUCfSMXtCr9WS9We/Wx3y1ZBU3h+gPrM8fMJqbdw==</latexit>

{p, q, r}
<latexit sha1_base64="JPfjEoX1vkZQj0dsN1q9W6tdgFM=">AAACDXicbVDLSsNAFL3xWeur6tLNYBFclJKIqMuCG5cV7AOSUCaTSTt0MokzE6GEfIMrt/oV7sSt3+BH+A9O2yy09cCFwzn3wrknSDlT2ra/rJXVtfWNzcpWdXtnd2+/dnDYVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wvpn6vUcqFUvEvZ6k1I/xULCIEayN5Ho5ShsPDYm8YlCr2017BrRMnJLUoUR7UPv2woRkMRWacKyU69ip9nMsNSOcFlUvUzTFZIyH1DVU4JgqP59FLtCpUUIUJdKM0Gim/r7IcazUJA7MZoz1SC16U/FfT5koIxoWy5ab6ejaz5lIM00FmWeIMo50gqbVoJBJSjSfGIKJZOYNREZYYqJNgVXTj7PYxjLpnjcdu+ncXdRbl2VTFTiGEzgDB66gBbfQhg4QSOAZXuDVerLerHfrY766YpU3R/AH1ucPrsybtg==</latexit><latexit sha1_base64="JPfjEoX1vkZQj0dsN1q9W6tdgFM=">AAACDXicbVDLSsNAFL3xWeur6tLNYBFclJKIqMuCG5cV7AOSUCaTSTt0MokzE6GEfIMrt/oV7sSt3+BH+A9O2yy09cCFwzn3wrknSDlT2ra/rJXVtfWNzcpWdXtnd2+/dnDYVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wvpn6vUcqFUvEvZ6k1I/xULCIEayN5Ho5ShsPDYm8YlCr2017BrRMnJLUoUR7UPv2woRkMRWacKyU69ip9nMsNSOcFlUvUzTFZIyH1DVU4JgqP59FLtCpUUIUJdKM0Gim/r7IcazUJA7MZoz1SC16U/FfT5koIxoWy5ab6ejaz5lIM00FmWeIMo50gqbVoJBJSjSfGIKJZOYNREZYYqJNgVXTj7PYxjLpnjcdu+ncXdRbl2VTFTiGEzgDB66gBbfQhg4QSOAZXuDVerLerHfrY766YpU3R/AH1ucPrsybtg==</latexit><latexit sha1_base64="JPfjEoX1vkZQj0dsN1q9W6tdgFM=">AAACDXicbVDLSsNAFL3xWeur6tLNYBFclJKIqMuCG5cV7AOSUCaTSTt0MokzE6GEfIMrt/oV7sSt3+BH+A9O2yy09cCFwzn3wrknSDlT2ra/rJXVtfWNzcpWdXtnd2+/dnDYVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wvpn6vUcqFUvEvZ6k1I/xULCIEayN5Ho5ShsPDYm8YlCr2017BrRMnJLUoUR7UPv2woRkMRWacKyU69ip9nMsNSOcFlUvUzTFZIyH1DVU4JgqP59FLtCpUUIUJdKM0Gim/r7IcazUJA7MZoz1SC16U/FfT5koIxoWy5ab6ejaz5lIM00FmWeIMo50gqbVoJBJSjSfGIKJZOYNREZYYqJNgVXTj7PYxjLpnjcdu+ncXdRbl2VTFTiGEzgDB66gBbfQhg4QSOAZXuDVerLerHfrY766YpU3R/AH1ucPrsybtg==</latexit><latexit sha1_base64="JPfjEoX1vkZQj0dsN1q9W6tdgFM=">AAACDXicbVDLSsNAFL3xWeur6tLNYBFclJKIqMuCG5cV7AOSUCaTSTt0MokzE6GEfIMrt/oV7sSt3+BH+A9O2yy09cCFwzn3wrknSDlT2ra/rJXVtfWNzcpWdXtnd2+/dnDYVUkmCe2QhCeyH2BFORO0o5nmtJ9KiuOA014wvpn6vUcqFUvEvZ6k1I/xULCIEayN5Ho5ShsPDYm8YlCr2017BrRMnJLUoUR7UPv2woRkMRWacKyU69ip9nMsNSOcFlUvUzTFZIyH1DVU4JgqP59FLtCpUUIUJdKM0Gim/r7IcazUJA7MZoz1SC16U/FfT5koIxoWy5ab6ejaz5lIM00FmWeIMo50gqbVoJBJSjSfGIKJZOYNREZYYqJNgVXTj7PYxjLpnjcdu+ncXdRbl2VTFTiGEzgDB66gBbfQhg4QSOAZXuDVerLerHfrY766YpU3R/AH1ucPrsybtg==</latexit>

from the matrix 

and columns

[A. Hodges; hep-th/1108.2227; 1204.1930]



6-point MHV amplitude
❖ For n = 6

<latexit sha1_base64="ymiEGNtB8bTxwIr1FZPVNQnHLL8=">AAACBXicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUIePEY0TwgWcLsbG8yZHZ2mZkVwpKzJ6/6Fd7Eq9/hR/gPTh4HTSxoKKq6obqCVHBtXPfLWVldW9/YLGwVt3d29/ZLB4dNnWSKYYMlIlHtgGoUXGLDcCOwnSqkcSCwFQxvJn7rEZXmiXwwoxT9mPYljzijxkr38rraK5XdijsFWSbenJRhjnqv9N0NE5bFKA0TVOuO56bGz6kynAkcF7uZxpSyIe1jx1JJY9R+Po06JqdWCUmUKDvSkKn6+yKnsdajOLCbMTUDvehNxH89baMMMBwvW53MRFd+zmWaGZRsliHKBDEJmVRCQq6QGTGyhDLF7RuEDaiizNjiirYfb7GNZdI8r3huxbu7KNeq86YKcAwncAYeXEINbqEODWDQh2d4gVfnyXlz3p2P2eqKM785gj9wPn8ACeqYrA==</latexit><latexit sha1_base64="ymiEGNtB8bTxwIr1FZPVNQnHLL8=">AAACBXicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUIePEY0TwgWcLsbG8yZHZ2mZkVwpKzJ6/6Fd7Eq9/hR/gPTh4HTSxoKKq6obqCVHBtXPfLWVldW9/YLGwVt3d29/ZLB4dNnWSKYYMlIlHtgGoUXGLDcCOwnSqkcSCwFQxvJn7rEZXmiXwwoxT9mPYljzijxkr38rraK5XdijsFWSbenJRhjnqv9N0NE5bFKA0TVOuO56bGz6kynAkcF7uZxpSyIe1jx1JJY9R+Po06JqdWCUmUKDvSkKn6+yKnsdajOLCbMTUDvehNxH89baMMMBwvW53MRFd+zmWaGZRsliHKBDEJmVRCQq6QGTGyhDLF7RuEDaiizNjiirYfb7GNZdI8r3huxbu7KNeq86YKcAwncAYeXEINbqEODWDQh2d4gVfnyXlz3p2P2eqKM785gj9wPn8ACeqYrA==</latexit><latexit sha1_base64="ymiEGNtB8bTxwIr1FZPVNQnHLL8=">AAACBXicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUIePEY0TwgWcLsbG8yZHZ2mZkVwpKzJ6/6Fd7Eq9/hR/gPTh4HTSxoKKq6obqCVHBtXPfLWVldW9/YLGwVt3d29/ZLB4dNnWSKYYMlIlHtgGoUXGLDcCOwnSqkcSCwFQxvJn7rEZXmiXwwoxT9mPYljzijxkr38rraK5XdijsFWSbenJRhjnqv9N0NE5bFKA0TVOuO56bGz6kynAkcF7uZxpSyIe1jx1JJY9R+Po06JqdWCUmUKDvSkKn6+yKnsdajOLCbMTUDvehNxH89baMMMBwvW53MRFd+zmWaGZRsliHKBDEJmVRCQq6QGTGyhDLF7RuEDaiizNjiirYfb7GNZdI8r3huxbu7KNeq86YKcAwncAYeXEINbqEODWDQh2d4gVfnyXlz3p2P2eqKM785gj9wPn8ACeqYrA==</latexit><latexit sha1_base64="ymiEGNtB8bTxwIr1FZPVNQnHLL8=">AAACBXicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUIePEY0TwgWcLsbG8yZHZ2mZkVwpKzJ6/6Fd7Eq9/hR/gPTh4HTSxoKKq6obqCVHBtXPfLWVldW9/YLGwVt3d29/ZLB4dNnWSKYYMlIlHtgGoUXGLDcCOwnSqkcSCwFQxvJn7rEZXmiXwwoxT9mPYljzijxkr38rraK5XdijsFWSbenJRhjnqv9N0NE5bFKA0TVOuO56bGz6kynAkcF7uZxpSyIe1jx1JJY9R+Po06JqdWCUmUKDvSkKn6+yKnsdajOLCbMTUDvehNxH89baMMMBwvW53MRFd+zmWaGZRsliHKBDEJmVRCQq6QGTGyhDLF7RuEDaiizNjiirYfb7GNZdI8r3huxbu7KNeq86YKcAwncAYeXEINbqEODWDQh2d4gVfnyXlz3p2P2eqKM785gj9wPn8ACeqYrA==</latexit>

let us choose the rows and columns to be removed to be

{i, j, k} = {1, 2, 3}
<latexit sha1_base64="QM71scXiV2d8uQoRWOz9PTyrENk=">AAACGnicbZDLSsNAGIUn9VbrLSq4cTNYBBehJFXUjVBw47KCvUATymQyacdOJmFmIpSYN3HlVp/Cnbh140P4Dk7bLLT1h4GPc/4fzhw/YVQq2/4ySkvLK6tr5fXKxubW9o65u9eWcSowaeGYxaLrI0kY5aSlqGKkmwiCIp+Rjj+6nvidByIkjfmdGifEi9CA05BipLTUNw/cDFLr3hq5ObzS7Fh169TN+2bVrtnTgYvgFFAFxTT75rcbxDiNCFeYISl7jp0oL0NCUcxIXnFTSRKER2hAeho5ioj0smn+HB5rJYBhLPTjCk7V3xcZiqQcR77ejJAaynlvIv7rSR1lSIJ80eqlKrz0MsqTVBGOZxnClEEVw0lPMKCCYMXGGhAWVH8D4iESCCvdZkX348y3sQjtes2xa87tWbVxXjRVBofgCJwAB1yABrgBTdACGDyCZ/ACXo0n4814Nz5mqyWjuNkHf8b4/AGreZ87</latexit><latexit sha1_base64="QM71scXiV2d8uQoRWOz9PTyrENk=">AAACGnicbZDLSsNAGIUn9VbrLSq4cTNYBBehJFXUjVBw47KCvUATymQyacdOJmFmIpSYN3HlVp/Cnbh140P4Dk7bLLT1h4GPc/4fzhw/YVQq2/4ySkvLK6tr5fXKxubW9o65u9eWcSowaeGYxaLrI0kY5aSlqGKkmwiCIp+Rjj+6nvidByIkjfmdGifEi9CA05BipLTUNw/cDFLr3hq5ObzS7Fh169TN+2bVrtnTgYvgFFAFxTT75rcbxDiNCFeYISl7jp0oL0NCUcxIXnFTSRKER2hAeho5ioj0smn+HB5rJYBhLPTjCk7V3xcZiqQcR77ejJAaynlvIv7rSR1lSIJ80eqlKrz0MsqTVBGOZxnClEEVw0lPMKCCYMXGGhAWVH8D4iESCCvdZkX348y3sQjtes2xa87tWbVxXjRVBofgCJwAB1yABrgBTdACGDyCZ/ACXo0n4814Nz5mqyWjuNkHf8b4/AGreZ87</latexit><latexit sha1_base64="QM71scXiV2d8uQoRWOz9PTyrENk=">AAACGnicbZDLSsNAGIUn9VbrLSq4cTNYBBehJFXUjVBw47KCvUATymQyacdOJmFmIpSYN3HlVp/Cnbh140P4Dk7bLLT1h4GPc/4fzhw/YVQq2/4ySkvLK6tr5fXKxubW9o65u9eWcSowaeGYxaLrI0kY5aSlqGKkmwiCIp+Rjj+6nvidByIkjfmdGifEi9CA05BipLTUNw/cDFLr3hq5ObzS7Fh169TN+2bVrtnTgYvgFFAFxTT75rcbxDiNCFeYISl7jp0oL0NCUcxIXnFTSRKER2hAeho5ioj0smn+HB5rJYBhLPTjCk7V3xcZiqQcR77ejJAaynlvIv7rSR1lSIJ80eqlKrz0MsqTVBGOZxnClEEVw0lPMKCCYMXGGhAWVH8D4iESCCvdZkX348y3sQjtes2xa87tWbVxXjRVBofgCJwAB1yABrgBTdACGDyCZ/ACXo0n4814Nz5mqyWjuNkHf8b4/AGreZ87</latexit><latexit sha1_base64="QM71scXiV2d8uQoRWOz9PTyrENk=">AAACGnicbZDLSsNAGIUn9VbrLSq4cTNYBBehJFXUjVBw47KCvUATymQyacdOJmFmIpSYN3HlVp/Cnbh140P4Dk7bLLT1h4GPc/4fzhw/YVQq2/4ySkvLK6tr5fXKxubW9o65u9eWcSowaeGYxaLrI0kY5aSlqGKkmwiCIp+Rjj+6nvidByIkjfmdGifEi9CA05BipLTUNw/cDFLr3hq5ObzS7Fh169TN+2bVrtnTgYvgFFAFxTT75rcbxDiNCFeYISl7jp0oL0NCUcxIXnFTSRKER2hAeho5ioj0smn+HB5rJYBhLPTjCk7V3xcZiqQcR77ejJAaynlvIv7rSR1lSIJ80eqlKrz0MsqTVBGOZxnClEEVw0lPMKCCYMXGGhAWVH8D4iESCCvdZkX348y3sQjtes2xa87tWbVxXjRVBofgCJwAB1yABrgBTdACGDyCZ/ACXo0n4814Nz5mqyWjuNkHf8b4/AGreZ87</latexit>

{p, q, r} = {4, 5, 6}
<latexit sha1_base64="2TS+qH0D7iwoi3UN4giCbb+NOKk=">AAACG3icbVDLSsNAFJ3UV62vqAsXbgaL4CKURGp1IxTcuKxgH9CEMplM2qGTSZyZCCXkU1y51a9wJ25d+BH+g9M2C209cOHcc+6Fe4+fMCqVbX8ZpZXVtfWN8mZla3tnd8/cP+jIOBWYtHHMYtHzkSSMctJWVDHSSwRBkc9I1x/fTP3uIxGSxvxeTRLiRWjIaUgxUloamEduBhPrwRLQzeG1burWhdVw84FZtWv2DHCZOAWpggKtgfntBjFOI8IVZkjKvmMnysuQUBQzklfcVJIE4TEakr6mHEVEetnsgRyeaiWAYSx0cQVn6u+NDEVSTiJfT0ZIjeSiNxX/9aQ+ZUSCfNnqpyq88jLKk1QRjuc3hCmDKobToGBABcGKTTRBWFD9BsQjJBBWOs6KzsdZTGOZdM5rjl1z7urVZqNIqgyOwQk4Aw64BE1wC1qgDTDIwTN4Aa/Gk/FmvBsf89GSUewcgj8wPn8AOyifgw==</latexit><latexit sha1_base64="2TS+qH0D7iwoi3UN4giCbb+NOKk=">AAACG3icbVDLSsNAFJ3UV62vqAsXbgaL4CKURGp1IxTcuKxgH9CEMplM2qGTSZyZCCXkU1y51a9wJ25d+BH+g9M2C209cOHcc+6Fe4+fMCqVbX8ZpZXVtfWN8mZla3tnd8/cP+jIOBWYtHHMYtHzkSSMctJWVDHSSwRBkc9I1x/fTP3uIxGSxvxeTRLiRWjIaUgxUloamEduBhPrwRLQzeG1burWhdVw84FZtWv2DHCZOAWpggKtgfntBjFOI8IVZkjKvmMnysuQUBQzklfcVJIE4TEakr6mHEVEetnsgRyeaiWAYSx0cQVn6u+NDEVSTiJfT0ZIjeSiNxX/9aQ+ZUSCfNnqpyq88jLKk1QRjuc3hCmDKobToGBABcGKTTRBWFD9BsQjJBBWOs6KzsdZTGOZdM5rjl1z7urVZqNIqgyOwQk4Aw64BE1wC1qgDTDIwTN4Aa/Gk/FmvBsf89GSUewcgj8wPn8AOyifgw==</latexit><latexit sha1_base64="2TS+qH0D7iwoi3UN4giCbb+NOKk=">AAACG3icbVDLSsNAFJ3UV62vqAsXbgaL4CKURGp1IxTcuKxgH9CEMplM2qGTSZyZCCXkU1y51a9wJ25d+BH+g9M2C209cOHcc+6Fe4+fMCqVbX8ZpZXVtfWN8mZla3tnd8/cP+jIOBWYtHHMYtHzkSSMctJWVDHSSwRBkc9I1x/fTP3uIxGSxvxeTRLiRWjIaUgxUloamEduBhPrwRLQzeG1burWhdVw84FZtWv2DHCZOAWpggKtgfntBjFOI8IVZkjKvmMnysuQUBQzklfcVJIE4TEakr6mHEVEetnsgRyeaiWAYSx0cQVn6u+NDEVSTiJfT0ZIjeSiNxX/9aQ+ZUSCfNnqpyq88jLKk1QRjuc3hCmDKobToGBABcGKTTRBWFD9BsQjJBBWOs6KzsdZTGOZdM5rjl1z7urVZqNIqgyOwQk4Aw64BE1wC1qgDTDIwTN4Aa/Gk/FmvBsf89GSUewcgj8wPn8AOyifgw==</latexit><latexit sha1_base64="2TS+qH0D7iwoi3UN4giCbb+NOKk=">AAACG3icbVDLSsNAFJ3UV62vqAsXbgaL4CKURGp1IxTcuKxgH9CEMplM2qGTSZyZCCXkU1y51a9wJ25d+BH+g9M2C209cOHcc+6Fe4+fMCqVbX8ZpZXVtfWN8mZla3tnd8/cP+jIOBWYtHHMYtHzkSSMctJWVDHSSwRBkc9I1x/fTP3uIxGSxvxeTRLiRWjIaUgxUloamEduBhPrwRLQzeG1burWhdVw84FZtWv2DHCZOAWpggKtgfntBjFOI8IVZkjKvmMnysuQUBQzklfcVJIE4TEakr6mHEVEetnsgRyeaiWAYSx0cQVn6u+NDEVSTiJfT0ZIjeSiNxX/9aQ+ZUSCfNnqpyq88jLKk1QRjuc3hCmDKobToGBABcGKTTRBWFD9BsQjJBBWOs6KzsdZTGOZdM5rjl1z7urVZqNIqgyOwQk4Aw64BE1wC1qgDTDIwTN4Aa/Gk/FmvBsf89GSUewcgj8wPn8AOyifgw==</latexit>

and

❖ 6-graviton MHV amplitude is then 

❖ In terms of (!i, zi, z̄i)
<latexit sha1_base64="v9eUkngFIcYbqSWDLoRbJyZqPTo=">AAACInicbZDLSsNAFIYnXmu9RV0KEixCBSmJiLosuHFZwV6gCWEyOW2HTi7MTIQ2ZOejuHKrT+FOXAm+gu/gJM1CWw/M8PH/58A5vxczKqRpfmpLyyura+uVjerm1vbOrr633xFRwgm0ScQi3vOwAEZDaEsqGfRiDjjwGHS98U3udx+ACxqF93ISgxPgYUgHlGCpJFc/qttRAEPspjQ7mxa/7WGeTrOcT129ZjbMooxFsEqoobJarv5t+xFJAgglYViIvmXG0kkxl5QwyKp2IiDGZIyH0FcY4gCEkxZ3ZMaJUnxjEHH1QmkU6u+JFAdCTAJPdQZYjsS8l4v/ekKtMgI/W7T6iRxcOykN40RCSGY7DBJmyMjI8zJ8yoFINlGACafqDIOMMMdEqlSrKh9rPo1F6Jw3LLNh3V3UmpdlUhV0iI5RHVnoCjXRLWqhNiLoET2jF/SqPWlv2rv2MWtd0sqZA/SntK8fycek1Q==</latexit><latexit sha1_base64="v9eUkngFIcYbqSWDLoRbJyZqPTo=">AAACInicbZDLSsNAFIYnXmu9RV0KEixCBSmJiLosuHFZwV6gCWEyOW2HTi7MTIQ2ZOejuHKrT+FOXAm+gu/gJM1CWw/M8PH/58A5vxczKqRpfmpLyyura+uVjerm1vbOrr633xFRwgm0ScQi3vOwAEZDaEsqGfRiDjjwGHS98U3udx+ACxqF93ISgxPgYUgHlGCpJFc/qttRAEPspjQ7mxa/7WGeTrOcT129ZjbMooxFsEqoobJarv5t+xFJAgglYViIvmXG0kkxl5QwyKp2IiDGZIyH0FcY4gCEkxZ3ZMaJUnxjEHH1QmkU6u+JFAdCTAJPdQZYjsS8l4v/ekKtMgI/W7T6iRxcOykN40RCSGY7DBJmyMjI8zJ8yoFINlGACafqDIOMMMdEqlSrKh9rPo1F6Jw3LLNh3V3UmpdlUhV0iI5RHVnoCjXRLWqhNiLoET2jF/SqPWlv2rv2MWtd0sqZA/SntK8fycek1Q==</latexit><latexit sha1_base64="v9eUkngFIcYbqSWDLoRbJyZqPTo=">AAACInicbZDLSsNAFIYnXmu9RV0KEixCBSmJiLosuHFZwV6gCWEyOW2HTi7MTIQ2ZOejuHKrT+FOXAm+gu/gJM1CWw/M8PH/58A5vxczKqRpfmpLyyura+uVjerm1vbOrr633xFRwgm0ScQi3vOwAEZDaEsqGfRiDjjwGHS98U3udx+ACxqF93ISgxPgYUgHlGCpJFc/qttRAEPspjQ7mxa/7WGeTrOcT129ZjbMooxFsEqoobJarv5t+xFJAgglYViIvmXG0kkxl5QwyKp2IiDGZIyH0FcY4gCEkxZ3ZMaJUnxjEHH1QmkU6u+JFAdCTAJPdQZYjsS8l4v/ekKtMgI/W7T6iRxcOykN40RCSGY7DBJmyMjI8zJ8yoFINlGACafqDIOMMMdEqlSrKh9rPo1F6Jw3LLNh3V3UmpdlUhV0iI5RHVnoCjXRLWqhNiLoET2jF/SqPWlv2rv2MWtd0sqZA/SntK8fycek1Q==</latexit><latexit sha1_base64="v9eUkngFIcYbqSWDLoRbJyZqPTo=">AAACInicbZDLSsNAFIYnXmu9RV0KEixCBSmJiLosuHFZwV6gCWEyOW2HTi7MTIQ2ZOejuHKrT+FOXAm+gu/gJM1CWw/M8PH/58A5vxczKqRpfmpLyyura+uVjerm1vbOrr633xFRwgm0ScQi3vOwAEZDaEsqGfRiDjjwGHS98U3udx+ACxqF93ISgxPgYUgHlGCpJFc/qttRAEPspjQ7mxa/7WGeTrOcT129ZjbMooxFsEqoobJarv5t+xFJAgglYViIvmXG0kkxl5QwyKp2IiDGZIyH0FcY4gCEkxZ3ZMaJUnxjEHH1QmkU6u+JFAdCTAJPdQZYjsS8l4v/ekKtMgI/W7T6iRxcOykN40RCSGY7DBJmyMjI8zJ8yoFINlGACafqDIOMMMdEqlSrKh9rPo1F6Jw3LLNh3V3UmpdlUhV0iI5RHVnoCjXRLWqhNiLoET2jF/SqPWlv2rv2MWtd0sqZA/SntK8fycek1Q==</latexit>

hiji = �2"i"j
p
!i!j zij

<latexit sha1_base64="dbQOpLP64AkQWuhmnciY04ogMMw="></latexit><latexit sha1_base64="dbQOpLP64AkQWuhmnciY04ogMMw="></latexit><latexit sha1_base64="dbQOpLP64AkQWuhmnciY04ogMMw="></latexit><latexit sha1_base64="dbQOpLP64AkQWuhmnciY04ogMMw="></latexit>

[ij] = 2
p
!i!j z̄ij

<latexit sha1_base64="ECM0Lqj0Csf92KTIx7u7S76xYMI="></latexit><latexit sha1_base64="ECM0Lqj0Csf92KTIx7u7S76xYMI="></latexit><latexit sha1_base64="ECM0Lqj0Csf92KTIx7u7S76xYMI="></latexit><latexit sha1_base64="ECM0Lqj0Csf92KTIx7u7S76xYMI="></latexit>

A6 = �4
6Y

i=1

"i
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1!

3
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!3!4!5!6

z812
z12z13z23z45z46z56


z̄14
z14

✓
z̄25z̄36
z25z36

� z̄26z̄35
z26z35

◆

� z̄24
z24

✓
z̄15z̄36
z15z36

� z̄16z̄35
z16z35

◆
+

z̄34
z34

✓
z̄15z̄26
z15z26

� z̄16z̄25
z16z25

◆�

<latexit sha1_base64="bltH076KlheEZ6jYn1qDbLfv9cg="></latexit><latexit sha1_base64="bltH076KlheEZ6jYn1qDbLfv9cg="></latexit><latexit sha1_base64="bltH076KlheEZ6jYn1qDbLfv9cg="></latexit><latexit sha1_base64="bltH076KlheEZ6jYn1qDbLfv9cg="></latexit>

A6 =
h12i8 det

�
�123

456

�

h12ih13ih23ih45ih46ih56i
<latexit sha1_base64="zozs3+dycrkUKb0BcpwwnIOdzZQ="></latexit><latexit sha1_base64="zozs3+dycrkUKb0BcpwwnIOdzZQ="></latexit><latexit sha1_base64="zozs3+dycrkUKb0BcpwwnIOdzZQ="></latexit><latexit sha1_base64="zozs3+dycrkUKb0BcpwwnIOdzZQ="></latexit>



5-point MHV amplitude

A5 =
h12i8 det

�
�123

345

�

h12ih13ih23ih34ih35ih45i
<latexit sha1_base64="r72HRFKPDsvtWh1yh5xn7go4/kQ="></latexit><latexit sha1_base64="r72HRFKPDsvtWh1yh5xn7go4/kQ="></latexit><latexit sha1_base64="r72HRFKPDsvtWh1yh5xn7go4/kQ="></latexit><latexit sha1_base64="r72HRFKPDsvtWh1yh5xn7go4/kQ="></latexit>

A5 = 4 "1"2"4"5
!3
1!

3
2

!2
3!4!5

z812
z12z13z23z34z35z45

✓
z̄14z̄25
z14z25

� z̄15z̄24
z15z24

◆

<latexit sha1_base64="3Men1fWH/dkMlrdafooUWSdeBt0="></latexit><latexit sha1_base64="3Men1fWH/dkMlrdafooUWSdeBt0="></latexit><latexit sha1_base64="3Men1fWH/dkMlrdafooUWSdeBt0="></latexit>

❖ For studying the celestial OPE we will also need the 5-point MHV graviton
    amplitude. Using Hodge's formula this is 

❖ Transforming to (!i, zi, z̄i)
<latexit sha1_base64="v9eUkngFIcYbqSWDLoRbJyZqPTo=">AAACInicbZDLSsNAFIYnXmu9RV0KEixCBSmJiLosuHFZwV6gCWEyOW2HTi7MTIQ2ZOejuHKrT+FOXAm+gu/gJM1CWw/M8PH/58A5vxczKqRpfmpLyyura+uVjerm1vbOrr633xFRwgm0ScQi3vOwAEZDaEsqGfRiDjjwGHS98U3udx+ACxqF93ISgxPgYUgHlGCpJFc/qttRAEPspjQ7mxa/7WGeTrOcT129ZjbMooxFsEqoobJarv5t+xFJAgglYViIvmXG0kkxl5QwyKp2IiDGZIyH0FcY4gCEkxZ3ZMaJUnxjEHH1QmkU6u+JFAdCTAJPdQZYjsS8l4v/ekKtMgI/W7T6iRxcOykN40RCSGY7DBJmyMjI8zJ8yoFINlGACafqDIOMMMdEqlSrKh9rPo1F6Jw3LLNh3V3UmpdlUhV0iI5RHVnoCjXRLWqhNiLoET2jF/SqPWlv2rv2MWtd0sqZA/SntK8fycek1Q==</latexit><latexit sha1_base64="v9eUkngFIcYbqSWDLoRbJyZqPTo=">AAACInicbZDLSsNAFIYnXmu9RV0KEixCBSmJiLosuHFZwV6gCWEyOW2HTi7MTIQ2ZOejuHKrT+FOXAm+gu/gJM1CWw/M8PH/58A5vxczKqRpfmpLyyura+uVjerm1vbOrr633xFRwgm0ScQi3vOwAEZDaEsqGfRiDjjwGHS98U3udx+ACxqF93ISgxPgYUgHlGCpJFc/qttRAEPspjQ7mxa/7WGeTrOcT129ZjbMooxFsEqoobJarv5t+xFJAgglYViIvmXG0kkxl5QwyKp2IiDGZIyH0FcY4gCEkxZ3ZMaJUnxjEHH1QmkU6u+JFAdCTAJPdQZYjsS8l4v/ekKtMgI/W7T6iRxcOykN40RCSGY7DBJmyMjI8zJ8yoFINlGACafqDIOMMMdEqlSrKh9rPo1F6Jw3LLNh3V3UmpdlUhV0iI5RHVnoCjXRLWqhNiLoET2jF/SqPWlv2rv2MWtd0sqZA/SntK8fycek1Q==</latexit><latexit sha1_base64="v9eUkngFIcYbqSWDLoRbJyZqPTo=">AAACInicbZDLSsNAFIYnXmu9RV0KEixCBSmJiLosuHFZwV6gCWEyOW2HTi7MTIQ2ZOejuHKrT+FOXAm+gu/gJM1CWw/M8PH/58A5vxczKqRpfmpLyyura+uVjerm1vbOrr633xFRwgm0ScQi3vOwAEZDaEsqGfRiDjjwGHS98U3udx+ACxqF93ISgxPgYUgHlGCpJFc/qttRAEPspjQ7mxa/7WGeTrOcT129ZjbMooxFsEqoobJarv5t+xFJAgglYViIvmXG0kkxl5QwyKp2IiDGZIyH0FcY4gCEkxZ3ZMaJUnxjEHH1QmkU6u+JFAdCTAJPdQZYjsS8l4v/ekKtMgI/W7T6iRxcOykN40RCSGY7DBJmyMjI8zJ8yoFINlGACafqDIOMMMdEqlSrKh9rPo1F6Jw3LLNh3V3UmpdlUhV0iI5RHVnoCjXRLWqhNiLoET2jF/SqPWlv2rv2MWtd0sqZA/SntK8fycek1Q==</latexit><latexit sha1_base64="v9eUkngFIcYbqSWDLoRbJyZqPTo=">AAACInicbZDLSsNAFIYnXmu9RV0KEixCBSmJiLosuHFZwV6gCWEyOW2HTi7MTIQ2ZOejuHKrT+FOXAm+gu/gJM1CWw/M8PH/58A5vxczKqRpfmpLyyura+uVjerm1vbOrr633xFRwgm0ScQi3vOwAEZDaEsqGfRiDjjwGHS98U3udx+ACxqF93ISgxPgYUgHlGCpJFc/qttRAEPspjQ7mxa/7WGeTrOcT129ZjbMooxFsEqoobJarv5t+xFJAgglYViIvmXG0kkxl5QwyKp2IiDGZIyH0FcY4gCEkxZ3ZMaJUnxjEHH1QmkU6u+JFAdCTAJPdQZYjsS8l4v/ekKtMgI/W7T6iRxcOykN40RCSGY7DBJmyMjI8zJ8yoFINlGACafqDIOMMMdEqlSrKh9rPo1F6Jw3LLNh3V3UmpdlUhV0iI5RHVnoCjXRLWqhNiLoET2jF/SqPWlv2rv2MWtd0sqZA/SntK8fycek1Q==</latexit>

variables we get



6-point Mellin amplitude

M6 =
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A6(!i, zi, z̄i) �
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"i!iq
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<latexit sha1_base64="VPIHy1ZU2CIKVVX3LUS4qdghcmM="></latexit><latexit sha1_base64="VPIHy1ZU2CIKVVX3LUS4qdghcmM="></latexit><latexit sha1_base64="VPIHy1ZU2CIKVVX3LUS4qdghcmM="></latexit><latexit sha1_base64="VPIHy1ZU2CIKVVX3LUS4qdghcmM="></latexit>

!⇤
i = "i!P (�i,1 + z56 t�i,2 + z̄56 t�i,3 + z56z̄56 t�i,4) , i 2 1, 2, 3, 4.

<latexit sha1_base64="ht1xyexiGF1iO4Dq0s1B83dAwU4="></latexit><latexit sha1_base64="ht1xyexiGF1iO4Dq0s1B83dAwU4="></latexit><latexit sha1_base64="ht1xyexiGF1iO4Dq0s1B83dAwU4="></latexit><latexit sha1_base64="ht1xyexiGF1iO4Dq0s1B83dAwU4="></latexit>
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"i!iq
µ
i
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(r12,34 � r̄12,34)z13z̄13z24z̄24

4Y

i=1

�(!i � !⇤
i )

<latexit sha1_base64="c1OMBHE1YxaN+r99vWXyWWOkv7M="></latexit><latexit sha1_base64="c1OMBHE1YxaN+r99vWXyWWOkv7M="></latexit><latexit sha1_base64="c1OMBHE1YxaN+r99vWXyWWOkv7M="></latexit><latexit sha1_base64="c1OMBHE1YxaN+r99vWXyWWOkv7M="></latexit>

explicit functions of zij , z̄ij , (i, j) 2 (1, 2, 3, 4, 6)
<latexit sha1_base64="fo4Ijf1o6WeYbYlwlpG/hw91R6c="></latexit><latexit sha1_base64="fo4Ijf1o6WeYbYlwlpG/hw91R6c="></latexit><latexit sha1_base64="fo4Ijf1o6WeYbYlwlpG/hw91R6c="></latexit><latexit sha1_base64="fo4Ijf1o6WeYbYlwlpG/hw91R6c="></latexit>

�i,j
<latexit sha1_base64="/YIdKC6XRXnOErlEDQ03SpR4JbQ=">AAACDnicbVDLSsNAFL2pr1pfVZduBovgQkoioi4LblxWsA9oQ5lMJu3YmUmYmQgl5B9cudWvcCdu/QU/wn9w2mahrQcuHM65F849QcKZNq775ZRWVtfWN8qbla3tnd296v5BW8epIrRFYh6rboA15UzSlmGG026iKBYBp51gfDP1O49UaRbLezNJqC/wULKIEWys1O9rNhR4kLGzh3xQrbl1dwa0TLyC1KBAc1D97ocxSQWVhnCsdc9zE+NnWBlGOM0r/VTTBJMxHtKepRILqv1sljlHJ1YJURQrO9Kgmfr7IsNC64kI7KbAZqQXvan4r6dtlBEN82Wrl5ro2s+YTFJDJZlniFKOTIym3aCQKUoMn1iCiWL2DURGWGFibIMV24+32MYyaZ/XPbfu3V3UGpdFU2U4gmM4BQ+uoAG30IQWEEjgGV7g1Xly3px352O+WnKKm0P4A+fzB7xbnOg=</latexit><latexit sha1_base64="/YIdKC6XRXnOErlEDQ03SpR4JbQ=">AAACDnicbVDLSsNAFL2pr1pfVZduBovgQkoioi4LblxWsA9oQ5lMJu3YmUmYmQgl5B9cudWvcCdu/QU/wn9w2mahrQcuHM65F849QcKZNq775ZRWVtfWN8qbla3tnd296v5BW8epIrRFYh6rboA15UzSlmGG026iKBYBp51gfDP1O49UaRbLezNJqC/wULKIEWys1O9rNhR4kLGzh3xQrbl1dwa0TLyC1KBAc1D97ocxSQWVhnCsdc9zE+NnWBlGOM0r/VTTBJMxHtKepRILqv1sljlHJ1YJURQrO9Kgmfr7IsNC64kI7KbAZqQXvan4r6dtlBEN82Wrl5ro2s+YTFJDJZlniFKOTIym3aCQKUoMn1iCiWL2DURGWGFibIMV24+32MYyaZ/XPbfu3V3UGpdFU2U4gmM4BQ+uoAG30IQWEEjgGV7g1Xly3px352O+WnKKm0P4A+fzB7xbnOg=</latexit><latexit sha1_base64="/YIdKC6XRXnOErlEDQ03SpR4JbQ=">AAACDnicbVDLSsNAFL2pr1pfVZduBovgQkoioi4LblxWsA9oQ5lMJu3YmUmYmQgl5B9cudWvcCdu/QU/wn9w2mahrQcuHM65F849QcKZNq775ZRWVtfWN8qbla3tnd296v5BW8epIrRFYh6rboA15UzSlmGG026iKBYBp51gfDP1O49UaRbLezNJqC/wULKIEWys1O9rNhR4kLGzh3xQrbl1dwa0TLyC1KBAc1D97ocxSQWVhnCsdc9zE+NnWBlGOM0r/VTTBJMxHtKepRILqv1sljlHJ1YJURQrO9Kgmfr7IsNC64kI7KbAZqQXvan4r6dtlBEN82Wrl5ro2s+YTFJDJZlniFKOTIym3aCQKUoMn1iCiWL2DURGWGFibIMV24+32MYyaZ/XPbfu3V3UGpdFU2U4gmM4BQ+uoAG30IQWEEjgGV7g1Xly3px352O+WnKKm0P4A+fzB7xbnOg=</latexit><latexit sha1_base64="/YIdKC6XRXnOErlEDQ03SpR4JbQ=">AAACDnicbVDLSsNAFL2pr1pfVZduBovgQkoioi4LblxWsA9oQ5lMJu3YmUmYmQgl5B9cudWvcCdu/QU/wn9w2mahrQcuHM65F849QcKZNq775ZRWVtfWN8qbla3tnd296v5BW8epIrRFYh6rboA15UzSlmGG026iKBYBp51gfDP1O49UaRbLezNJqC/wULKIEWys1O9rNhR4kLGzh3xQrbl1dwa0TLyC1KBAc1D97ocxSQWVhnCsdc9zE+NnWBlGOM0r/VTTBJMxHtKepRILqv1sljlHJ1YJURQrO9Kgmfr7IsNC64kI7KbAZqQXvan4r6dtlBEN82Wrl5ro2s+YTFJDJZlniFKOTIym3aCQKUoMn1iCiWL2DURGWGFibIMV24+32MYyaZ/XPbfu3V3UGpdFU2U4gmM4BQ+uoAG30IQWEEjgGV7g1Xly3px352O+WnKKm0P4A+fzB7xbnOg=</latexit>

:

❖ Then the delta function can be represented as

❖ Modified Mellin transform of 6-pt. MHV amplitude

❖ Let's take gravitons               to be outgoing. It's also useful to change variables as follows(5+, 6+)
<latexit sha1_base64="0MyV3LYatsMD5xjiAO7jdPltFYc=">AAACD3icbVDLSsNAFL2pr1pfVZdugkWoKCURrS4LblxWsA9oY5lMJu3QySTOTIQS8hGu3OpXuBO3foIf4T84abPQ1gMzHM65F849bsSoVJb1ZRSWlldW14rrpY3Nre2d8u5eW4axwKSFQxaKroskYZSTlqKKkW4kCApcRjru+DrzO49ESBryOzWJiBOgIac+xUhpyale3Ccn6Wk9+48H5YpVs6YwF4mdkwrkaA7K330vxHFAuMIMSdmzrUg5CRKKYkbSUj+WJEJ4jIakpylHAZFOMg2dmkda8Uw/FPpxZU7V3xsJCqScBK6eDJAayXkvE//1pI4yIl66aPVi5V85CeVRrAjHswx+zEwVmlk5pkcFwYpNNEFYUH2GiUdIIKx0hSXdjz3fxiJpn9Vsq2bfnlca9bypIhzAIVTBhktowA00oQUYHuAZXuDVeDLejHfjYzZaMPKdffgD4/MHffWcGQ==</latexit><latexit sha1_base64="0MyV3LYatsMD5xjiAO7jdPltFYc=">AAACD3icbVDLSsNAFL2pr1pfVZdugkWoKCURrS4LblxWsA9oY5lMJu3QySTOTIQS8hGu3OpXuBO3foIf4T84abPQ1gMzHM65F849bsSoVJb1ZRSWlldW14rrpY3Nre2d8u5eW4axwKSFQxaKroskYZSTlqKKkW4kCApcRjru+DrzO49ESBryOzWJiBOgIac+xUhpyale3Ccn6Wk9+48H5YpVs6YwF4mdkwrkaA7K330vxHFAuMIMSdmzrUg5CRKKYkbSUj+WJEJ4jIakpylHAZFOMg2dmkda8Uw/FPpxZU7V3xsJCqScBK6eDJAayXkvE//1pI4yIl66aPVi5V85CeVRrAjHswx+zEwVmlk5pkcFwYpNNEFYUH2GiUdIIKx0hSXdjz3fxiJpn9Vsq2bfnlca9bypIhzAIVTBhktowA00oQUYHuAZXuDVeDLejHfjYzZaMPKdffgD4/MHffWcGQ==</latexit><latexit sha1_base64="0MyV3LYatsMD5xjiAO7jdPltFYc=">AAACD3icbVDLSsNAFL2pr1pfVZdugkWoKCURrS4LblxWsA9oY5lMJu3QySTOTIQS8hGu3OpXuBO3foIf4T84abPQ1gMzHM65F849bsSoVJb1ZRSWlldW14rrpY3Nre2d8u5eW4axwKSFQxaKroskYZSTlqKKkW4kCApcRjru+DrzO49ESBryOzWJiBOgIac+xUhpyale3Ccn6Wk9+48H5YpVs6YwF4mdkwrkaA7K330vxHFAuMIMSdmzrUg5CRKKYkbSUj+WJEJ4jIakpylHAZFOMg2dmkda8Uw/FPpxZU7V3xsJCqScBK6eDJAayXkvE//1pI4yIl66aPVi5V85CeVRrAjHswx+zEwVmlk5pkcFwYpNNEFYUH2GiUdIIKx0hSXdjz3fxiJpn9Vsq2bfnlca9bypIhzAIVTBhktowA00oQUYHuAZXuDVeDLejHfjYzZaMPKdffgD4/MHffWcGQ==</latexit><latexit sha1_base64="0MyV3LYatsMD5xjiAO7jdPltFYc=">AAACD3icbVDLSsNAFL2pr1pfVZdugkWoKCURrS4LblxWsA9oY5lMJu3QySTOTIQS8hGu3OpXuBO3foIf4T84abPQ1gMzHM65F849bsSoVJb1ZRSWlldW14rrpY3Nre2d8u5eW4axwKSFQxaKroskYZSTlqKKkW4kCApcRjru+DrzO49ESBryOzWJiBOgIac+xUhpyale3Ccn6Wk9+48H5YpVs6YwF4mdkwrkaA7K330vxHFAuMIMSdmzrUg5CRKKYkbSUj+WJEJ4jIakpylHAZFOMg2dmkda8Uw/FPpxZU7V3xsJCqScBK6eDJAayXkvE//1pI4yIl66aPVi5V85CeVRrAjHswx+zEwVmlk5pkcFwYpNNEFYUH2GiUdIIKx0hSXdjz3fxiJpn9Vsq2bfnlca9bypIhzAIVTBhktowA00oQUYHuAZXuDVeDLejHfjYzZaMPKdffgD4/MHffWcGQ==</latexit>

!5 = !P t
<latexit sha1_base64="o8DVseKMdwxQF1JX44YDyQghlic=">AAACLHicbVDLSsNAFJ3UV62vqks3g0XoqiS+N0LBjcsK9gFtCZPJTTN0JgkzE6GE/IKf4sqtfoUbEbfu/AenD0FbDwycOede7r3HSzhT2rbfrMLS8srqWnG9tLG5tb1T3t1rqTiVFJo05rHseEQBZxE0NdMcOokEIjwObW94Pfbb9yAVi6M7PUqgL8ggYgGjRBvJLVd7sYABcbOzHF/hn08j74UqIRQyu2afUJFj7ZYrhk+AF4kzIxU0Q8Mtf/X8mKYCIk05Uarr2InuZ0RqRjnkpV6qwIwYkgF0DY2IANXPJhfl+MgoPg5iaV6k8UT93ZERodRIeKZSEB2qeW8s/usps0oIfr5odVMdXPYzFiWphohOdwhSjnWMx8lhn0mgmo8MIVQycwamIZGEapNvyeTjzKexSFrHNceuObenlfr5LKkiOkCHqIocdIHq6AY1UBNR9ICe0DN6sR6tV+vd+piWFqxZzz76A+vzG/GOp9U=</latexit><latexit sha1_base64="o8DVseKMdwxQF1JX44YDyQghlic=">AAACLHicbVDLSsNAFJ3UV62vqks3g0XoqiS+N0LBjcsK9gFtCZPJTTN0JgkzE6GE/IKf4sqtfoUbEbfu/AenD0FbDwycOede7r3HSzhT2rbfrMLS8srqWnG9tLG5tb1T3t1rqTiVFJo05rHseEQBZxE0NdMcOokEIjwObW94Pfbb9yAVi6M7PUqgL8ggYgGjRBvJLVd7sYABcbOzHF/hn08j74UqIRQyu2afUJFj7ZYrhk+AF4kzIxU0Q8Mtf/X8mKYCIk05Uarr2InuZ0RqRjnkpV6qwIwYkgF0DY2IANXPJhfl+MgoPg5iaV6k8UT93ZERodRIeKZSEB2qeW8s/usps0oIfr5odVMdXPYzFiWphohOdwhSjnWMx8lhn0mgmo8MIVQycwamIZGEapNvyeTjzKexSFrHNceuObenlfr5LKkiOkCHqIocdIHq6AY1UBNR9ICe0DN6sR6tV+vd+piWFqxZzz76A+vzG/GOp9U=</latexit><latexit sha1_base64="o8DVseKMdwxQF1JX44YDyQghlic=">AAACLHicbVDLSsNAFJ3UV62vqks3g0XoqiS+N0LBjcsK9gFtCZPJTTN0JgkzE6GE/IKf4sqtfoUbEbfu/AenD0FbDwycOede7r3HSzhT2rbfrMLS8srqWnG9tLG5tb1T3t1rqTiVFJo05rHseEQBZxE0NdMcOokEIjwObW94Pfbb9yAVi6M7PUqgL8ggYgGjRBvJLVd7sYABcbOzHF/hn08j74UqIRQyu2afUJFj7ZYrhk+AF4kzIxU0Q8Mtf/X8mKYCIk05Uarr2InuZ0RqRjnkpV6qwIwYkgF0DY2IANXPJhfl+MgoPg5iaV6k8UT93ZERodRIeKZSEB2qeW8s/usps0oIfr5odVMdXPYzFiWphohOdwhSjnWMx8lhn0mgmo8MIVQycwamIZGEapNvyeTjzKexSFrHNceuObenlfr5LKkiOkCHqIocdIHq6AY1UBNR9ICe0DN6sR6tV+vd+piWFqxZzz76A+vzG/GOp9U=</latexit><latexit sha1_base64="o8DVseKMdwxQF1JX44YDyQghlic=">AAACLHicbVDLSsNAFJ3UV62vqks3g0XoqiS+N0LBjcsK9gFtCZPJTTN0JgkzE6GE/IKf4sqtfoUbEbfu/AenD0FbDwycOede7r3HSzhT2rbfrMLS8srqWnG9tLG5tb1T3t1rqTiVFJo05rHseEQBZxE0NdMcOokEIjwObW94Pfbb9yAVi6M7PUqgL8ggYgGjRBvJLVd7sYABcbOzHF/hn08j74UqIRQyu2afUJFj7ZYrhk+AF4kzIxU0Q8Mtf/X8mKYCIk05Uarr2InuZ0RqRjnkpV6qwIwYkgF0DY2IANXPJhfl+MgoPg5iaV6k8UT93ZERodRIeKZSEB2qeW8s/usps0oIfr5odVMdXPYzFiWphohOdwhSjnWMx8lhn0mgmo8MIVQycwamIZGEapNvyeTjzKexSFrHNceuObenlfr5LKkiOkCHqIocdIHq6AY1UBNR9ICe0DN6sR6tV+vd+piWFqxZzz76A+vzG/GOp9U=</latexit>

!6 = !P (1� t)
<latexit sha1_base64="c/VLC8kbqMiBI8T8R1gr6khdgs4=">AAACIHicbVDLSsNAFJ3UV62vqEtdDBahLiyJSHUjFNy4rGAf0IYwmdy2QycPZiZCCdn4Ka7c6le4E5f6D/6D0zaCth64cO4598K9x4s5k8qyPozC0vLK6lpxvbSxubW9Y+7utWSUCApNGvFIdDwigbMQmoopDp1YAAk8Dm1vdD3x2/cgJIvCOzWOwQnIIGR9RonSkmse9qIABsRNaxm+wj9NI6vYp+rENctW1ZoCLxI7J2WUo+GaXz0/okkAoaKcSNm1rVg5KRGKUQ5ZqZdIiAkdkQF0NQ1JANJJp19k+FgrPu5HQleo8FT9vZGSQMpx4OnJgKihnPcm4r+e1KcMwc8WrW6i+pdOysI4URDS2Q39hGMV4Ula2GcCqOJjTQgVTL+B6ZAIQpXOtKTzsefTWCSts6ptVe3b83K9lidVRAfoCFWQjS5QHd2gBmoiih7QE3pGL8aj8Wq8Ge+z0YKR7+yjPzA+vwHZV6KU</latexit><latexit sha1_base64="c/VLC8kbqMiBI8T8R1gr6khdgs4=">AAACIHicbVDLSsNAFJ3UV62vqEtdDBahLiyJSHUjFNy4rGAf0IYwmdy2QycPZiZCCdn4Ka7c6le4E5f6D/6D0zaCth64cO4598K9x4s5k8qyPozC0vLK6lpxvbSxubW9Y+7utWSUCApNGvFIdDwigbMQmoopDp1YAAk8Dm1vdD3x2/cgJIvCOzWOwQnIIGR9RonSkmse9qIABsRNaxm+wj9NI6vYp+rENctW1ZoCLxI7J2WUo+GaXz0/okkAoaKcSNm1rVg5KRGKUQ5ZqZdIiAkdkQF0NQ1JANJJp19k+FgrPu5HQleo8FT9vZGSQMpx4OnJgKihnPcm4r+e1KcMwc8WrW6i+pdOysI4URDS2Q39hGMV4Ula2GcCqOJjTQgVTL+B6ZAIQpXOtKTzsefTWCSts6ptVe3b83K9lidVRAfoCFWQjS5QHd2gBmoiih7QE3pGL8aj8Wq8Ge+z0YKR7+yjPzA+vwHZV6KU</latexit><latexit sha1_base64="c/VLC8kbqMiBI8T8R1gr6khdgs4=">AAACIHicbVDLSsNAFJ3UV62vqEtdDBahLiyJSHUjFNy4rGAf0IYwmdy2QycPZiZCCdn4Ka7c6le4E5f6D/6D0zaCth64cO4598K9x4s5k8qyPozC0vLK6lpxvbSxubW9Y+7utWSUCApNGvFIdDwigbMQmoopDp1YAAk8Dm1vdD3x2/cgJIvCOzWOwQnIIGR9RonSkmse9qIABsRNaxm+wj9NI6vYp+rENctW1ZoCLxI7J2WUo+GaXz0/okkAoaKcSNm1rVg5KRGKUQ5ZqZdIiAkdkQF0NQ1JANJJp19k+FgrPu5HQleo8FT9vZGSQMpx4OnJgKihnPcm4r+e1KcMwc8WrW6i+pdOysI4URDS2Q39hGMV4Ula2GcCqOJjTQgVTL+B6ZAIQpXOtKTzsefTWCSts6ptVe3b83K9lidVRAfoCFWQjS5QHd2gBmoiih7QE3pGL8aj8Wq8Ge+z0YKR7+yjPzA+vwHZV6KU</latexit><latexit sha1_base64="c/VLC8kbqMiBI8T8R1gr6khdgs4=">AAACIHicbVDLSsNAFJ3UV62vqEtdDBahLiyJSHUjFNy4rGAf0IYwmdy2QycPZiZCCdn4Ka7c6le4E5f6D/6D0zaCth64cO4598K9x4s5k8qyPozC0vLK6lpxvbSxubW9Y+7utWSUCApNGvFIdDwigbMQmoopDp1YAAk8Dm1vdD3x2/cgJIvCOzWOwQnIIGR9RonSkmse9qIABsRNaxm+wj9NI6vYp+rENctW1ZoCLxI7J2WUo+GaXz0/okkAoaKcSNm1rVg5KRGKUQ5ZqZdIiAkdkQF0NQ1JANJJp19k+FgrPu5HQleo8FT9vZGSQMpx4OnJgKihnPcm4r+e1KcMwc8WrW6i+pdOysI4URDS2Q39hGMV4Ula2GcCqOJjTQgVTL+B6ZAIQpXOtKTzsefTWCSts6ptVe3b83K9lidVRAfoCFWQjS5QHd2gBmoiih7QE3pGL8aj8Wq8Ge+z0YKR7+yjPzA+vwHZV6KU</latexit>

t 2 [0, 1]
<latexit sha1_base64="mmhjRmjh4pInjSjMtvAt33rsOzA=">AAACDHicbVDLSgNBEJyNrxhfUY9eBoPgQcKuiHoMePEYwTwwWcLsbG8yZHZ2mekVQsgvePKqX+FNvPoPfoT/4CTZgyYWNBRV3VBdQSqFQdf9cgorq2vrG8XN0tb2zu5eef+gaZJMc2jwRCa6HTADUihooEAJ7VQDiwMJrWB4M/Vbj6CNSNQ9jlLwY9ZXIhKcoZUesCsU7bhnnt8rV9yqOwNdJl5OKiRHvVf+7oYJz2JQyCUzpuO5KfpjplFwCZNSNzOQMj5kfehYqlgMxh/PEk/oiVVCGiXajkI6U39fjFlszCgO7GbMcGAWvan4r2dslAGEk2Wrk2F07Y+FSjMExecZokxSTOi0GRoKDRzlyBLGtbBvUD5gmnG0/ZVsP95iG8ukeV713Kp3d1GpXeZNFckROSanxCNXpEZuSZ00CCeKPJMX8uo8OW/Ou/MxXy04+c0h+QPn8wefjZsd</latexit><latexit sha1_base64="mmhjRmjh4pInjSjMtvAt33rsOzA=">AAACDHicbVDLSgNBEJyNrxhfUY9eBoPgQcKuiHoMePEYwTwwWcLsbG8yZHZ2mekVQsgvePKqX+FNvPoPfoT/4CTZgyYWNBRV3VBdQSqFQdf9cgorq2vrG8XN0tb2zu5eef+gaZJMc2jwRCa6HTADUihooEAJ7VQDiwMJrWB4M/Vbj6CNSNQ9jlLwY9ZXIhKcoZUesCsU7bhnnt8rV9yqOwNdJl5OKiRHvVf+7oYJz2JQyCUzpuO5KfpjplFwCZNSNzOQMj5kfehYqlgMxh/PEk/oiVVCGiXajkI6U39fjFlszCgO7GbMcGAWvan4r2dslAGEk2Wrk2F07Y+FSjMExecZokxSTOi0GRoKDRzlyBLGtbBvUD5gmnG0/ZVsP95iG8ukeV713Kp3d1GpXeZNFckROSanxCNXpEZuSZ00CCeKPJMX8uo8OW/Ou/MxXy04+c0h+QPn8wefjZsd</latexit><latexit sha1_base64="mmhjRmjh4pInjSjMtvAt33rsOzA=">AAACDHicbVDLSgNBEJyNrxhfUY9eBoPgQcKuiHoMePEYwTwwWcLsbG8yZHZ2mekVQsgvePKqX+FNvPoPfoT/4CTZgyYWNBRV3VBdQSqFQdf9cgorq2vrG8XN0tb2zu5eef+gaZJMc2jwRCa6HTADUihooEAJ7VQDiwMJrWB4M/Vbj6CNSNQ9jlLwY9ZXIhKcoZUesCsU7bhnnt8rV9yqOwNdJl5OKiRHvVf+7oYJz2JQyCUzpuO5KfpjplFwCZNSNzOQMj5kfehYqlgMxh/PEk/oiVVCGiXajkI6U39fjFlszCgO7GbMcGAWvan4r2dslAGEk2Wrk2F07Y+FSjMExecZokxSTOi0GRoKDRzlyBLGtbBvUD5gmnG0/ZVsP95iG8ukeV713Kp3d1GpXeZNFckROSanxCNXpEZuSZ00CCeKPJMX8uo8OW/Ou/MxXy04+c0h+QPn8wefjZsd</latexit><latexit sha1_base64="mmhjRmjh4pInjSjMtvAt33rsOzA=">AAACDHicbVDLSgNBEJyNrxhfUY9eBoPgQcKuiHoMePEYwTwwWcLsbG8yZHZ2mekVQsgvePKqX+FNvPoPfoT/4CTZgyYWNBRV3VBdQSqFQdf9cgorq2vrG8XN0tb2zu5eef+gaZJMc2jwRCa6HTADUihooEAJ7VQDiwMJrWB4M/Vbj6CNSNQ9jlLwY9ZXIhKcoZUesCsU7bhnnt8rV9yqOwNdJl5OKiRHvVf+7oYJz2JQyCUzpuO5KfpjplFwCZNSNzOQMj5kfehYqlgMxh/PEk/oiVVCGiXajkI6U39fjFlszCgO7GbMcGAWvan4r2dslAGEk2Wrk2F07Y+FSjMExecZokxSTOi0GRoKDRzlyBLGtbBvUD5gmnG0/ZVsP95iG8ukeV713Kp3d1GpXeZNFckROSanxCNXpEZuSZ00CCeKPJMX8uo8OW/Ou/MxXy04+c0h+QPn8wefjZsd</latexit>



6-point Mellin amplitude
❖ The delta function localises integral over  !i, i 2 (1, 2, 3, 4)

<latexit sha1_base64="DwrnoSz3HCsvmgnMptddmiijrXM="></latexit><latexit sha1_base64="DwrnoSz3HCsvmgnMptddmiijrXM="></latexit><latexit sha1_base64="DwrnoSz3HCsvmgnMptddmiijrXM="></latexit><latexit sha1_base64="DwrnoSz3HCsvmgnMptddmiijrXM="></latexit>

Doing the integral over        gives!P
<latexit sha1_base64="hwH9Y5e08jWSDdRwX3Euy+C1Kk0=">AAACDHicbVBLSgNBFOyJvxh/UZduGoPgKsyIqMuAG5cRTCImQ+jpeZM06c/Q3SOEIVdw5VZP4U7cegcP4R3sJLPQxIIHRdV7UK+ilDNjff/LK62srq1vlDcrW9s7u3vV/YO2UZmm0KKKK30fEQOcSWhZZjncpxqIiDh0otH11O88gjZMyTs7TiEUZCBZwiixTnroKQED0s+bk3615tf9GfAyCQpSQwWa/ep3L1Y0EyAt5cSYbuCnNsyJtoxymFR6mYGU0BEZQNdRSQSYMJ8lnuATp8Q4UdqNtHim/r7IiTBmLCK3KYgdmkVvKv7rGRdlCPFk2epmNrkKcybTzIKk8wxJxrFVeNoMjpkGavnYEUI1c29gOiSaUOv6q7h+gsU2lkn7rB749eD2vNa4KJoqoyN0jE5RgC5RA92gJmohiiR6Ri/o1Xvy3rx372O+WvKKm0P0B97nD0EWnB0=</latexit><latexit sha1_base64="hwH9Y5e08jWSDdRwX3Euy+C1Kk0=">AAACDHicbVBLSgNBFOyJvxh/UZduGoPgKsyIqMuAG5cRTCImQ+jpeZM06c/Q3SOEIVdw5VZP4U7cegcP4R3sJLPQxIIHRdV7UK+ilDNjff/LK62srq1vlDcrW9s7u3vV/YO2UZmm0KKKK30fEQOcSWhZZjncpxqIiDh0otH11O88gjZMyTs7TiEUZCBZwiixTnroKQED0s+bk3615tf9GfAyCQpSQwWa/ep3L1Y0EyAt5cSYbuCnNsyJtoxymFR6mYGU0BEZQNdRSQSYMJ8lnuATp8Q4UdqNtHim/r7IiTBmLCK3KYgdmkVvKv7rGRdlCPFk2epmNrkKcybTzIKk8wxJxrFVeNoMjpkGavnYEUI1c29gOiSaUOv6q7h+gsU2lkn7rB749eD2vNa4KJoqoyN0jE5RgC5RA92gJmohiiR6Ri/o1Xvy3rx372O+WvKKm0P0B97nD0EWnB0=</latexit><latexit sha1_base64="hwH9Y5e08jWSDdRwX3Euy+C1Kk0=">AAACDHicbVBLSgNBFOyJvxh/UZduGoPgKsyIqMuAG5cRTCImQ+jpeZM06c/Q3SOEIVdw5VZP4U7cegcP4R3sJLPQxIIHRdV7UK+ilDNjff/LK62srq1vlDcrW9s7u3vV/YO2UZmm0KKKK30fEQOcSWhZZjncpxqIiDh0otH11O88gjZMyTs7TiEUZCBZwiixTnroKQED0s+bk3615tf9GfAyCQpSQwWa/ep3L1Y0EyAt5cSYbuCnNsyJtoxymFR6mYGU0BEZQNdRSQSYMJ8lnuATp8Q4UdqNtHim/r7IiTBmLCK3KYgdmkVvKv7rGRdlCPFk2epmNrkKcybTzIKk8wxJxrFVeNoMjpkGavnYEUI1c29gOiSaUOv6q7h+gsU2lkn7rB749eD2vNa4KJoqoyN0jE5RgC5RA92gJmohiiR6Ri/o1Xvy3rx372O+WvKKm0P0B97nD0EWnB0=</latexit><latexit sha1_base64="hwH9Y5e08jWSDdRwX3Euy+C1Kk0=">AAACDHicbVBLSgNBFOyJvxh/UZduGoPgKsyIqMuAG5cRTCImQ+jpeZM06c/Q3SOEIVdw5VZP4U7cegcP4R3sJLPQxIIHRdV7UK+ilDNjff/LK62srq1vlDcrW9s7u3vV/YO2UZmm0KKKK30fEQOcSWhZZjncpxqIiDh0otH11O88gjZMyTs7TiEUZCBZwiixTnroKQED0s+bk3615tf9GfAyCQpSQwWa/ep3L1Y0EyAt5cSYbuCnNsyJtoxymFR6mYGU0BEZQNdRSQSYMJ8lnuATp8Q4UdqNtHim/r7IiTBmLCK3KYgdmkVvKv7rGRdlCPFk2epmNrkKcybTzIKk8wxJxrFVeNoMjpkGavnYEUI1c29gOiSaUOv6q7h+gsU2lkn7rB749eD2vNa4KJoqoyN0jE5RgC5RA92gJmohiiR6Ri/o1Xvy3rx372O+WvKKm0P0B97nD0EWnB0=</latexit>

F(zi, z̄i) =
1

z46z56
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1� z56
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◆�1

<latexit sha1_base64="8J8wRT99ExXpiVQXeJ2ktITRqpc="></latexit><latexit sha1_base64="8J8wRT99ExXpiVQXeJ2ktITRqpc="></latexit><latexit sha1_base64="8J8wRT99ExXpiVQXeJ2ktITRqpc="></latexit><latexit sha1_base64="8J8wRT99ExXpiVQXeJ2ktITRqpc="></latexit>

where

I(t) =
2Y

i=1

✓
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(z56U1 + z̄56U2 + z56z̄56U3 + u56)

��4�i⇤

<latexit sha1_base64="hq83eztfbwj2hT1XIktRzOji4ZY="></latexit><latexit sha1_base64="hq83eztfbwj2hT1XIktRzOji4ZY="></latexit><latexit sha1_base64="hq83eztfbwj2hT1XIktRzOji4ZY="></latexit><latexit sha1_base64="hq83eztfbwj2hT1XIktRzOji4ZY="></latexit>

N = �i
4Y

i=1

"i

2Y
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4Y
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i�k�1 z812

z12z13z14z16z23z24z26z34z36z46

�(4 + i⇤)

(iU1)4+i⇤

<latexit sha1_base64="3/drqGJuQgxJy+8i7exAh6U23hI="></latexit><latexit sha1_base64="3/drqGJuQgxJy+8i7exAh6U23hI="></latexit><latexit sha1_base64="3/drqGJuQgxJy+8i7exAh6U23hI="></latexit><latexit sha1_base64="3/drqGJuQgxJy+8i7exAh6U23hI="></latexit>

U1 =
4X

i=1

�i,1ui6

<latexit sha1_base64="HXvBa9G6Hs4wVcL2qexXboOKVgg="></latexit><latexit sha1_base64="HXvBa9G6Hs4wVcL2qexXboOKVgg="></latexit><latexit sha1_base64="HXvBa9G6Hs4wVcL2qexXboOKVgg="></latexit><latexit sha1_base64="HXvBa9G6Hs4wVcL2qexXboOKVgg="></latexit>

U2 =
4X

i=1

�i,2ui6

<latexit sha1_base64="gFj/yn208SCzuJ2rTF8Sa3reL84="></latexit><latexit sha1_base64="gFj/yn208SCzuJ2rTF8Sa3reL84="></latexit><latexit sha1_base64="gFj/yn208SCzuJ2rTF8Sa3reL84="></latexit><latexit sha1_base64="gFj/yn208SCzuJ2rTF8Sa3reL84="></latexit>

U3 =
4X

i=1

�i,3ui6

<latexit sha1_base64="vh4R4SpN3b5PH1GvfV1t1b5oa2E="></latexit><latexit sha1_base64="vh4R4SpN3b5PH1GvfV1t1b5oa2E="></latexit><latexit sha1_base64="vh4R4SpN3b5PH1GvfV1t1b5oa2E="></latexit><latexit sha1_base64="vh4R4SpN3b5PH1GvfV1t1b5oa2E="></latexit>

U4 =
4X

i=1

�i,4ui6

<latexit sha1_base64="d2YXEgG7gp0hm60isjcxIgEh+IM="></latexit><latexit sha1_base64="d2YXEgG7gp0hm60isjcxIgEh+IM="></latexit><latexit sha1_base64="d2YXEgG7gp0hm60isjcxIgEh+IM="></latexit><latexit sha1_base64="d2YXEgG7gp0hm60isjcxIgEh+IM="></latexit>

M6 = N F(zi, z̄i)

Z 1

0
dt ti�5�1(1� t)i�6�1

4Y

i=1

⇥ ("i (�i,1 + z56 t�i,2 + z̄56 t�i,3 + z56z̄56 t�i,4)) I(t)
<latexit sha1_base64="y5V0fh59JioGEoOyEbKtoAQMhF4="></latexit><latexit sha1_base64="y5V0fh59JioGEoOyEbKtoAQMhF4="></latexit><latexit sha1_base64="y5V0fh59JioGEoOyEbKtoAQMhF4="></latexit><latexit sha1_base64="y5V0fh59JioGEoOyEbKtoAQMhF4="></latexit>

⇤ =
6X

i=1

�i

<latexit sha1_base64="YoM3Acq+Q0fxq9g0WRf4DdTukiM=">AAACKHicbVDLSsNAFJ34rPUVdelmsAquSiJF3RQKbly4qGAf0MQwmUzaoZNJmJkIJeQH/BRXbvUr3Em37v0Hp2kW2nrgwuGcc+He4yeMSmVZU2NldW19Y7OyVd3e2d3bNw8OuzJOBSYdHLNY9H0kCaOcdBRVjPQTQVDkM9Lzxzczv/dEhKQxf1CThLgRGnIaUoyUljzz1LnT4QDBJnRkGnkZbdr5Y3aZQ4cVhlZyz6xZdasAXCZ2SWqgRNszv50gxmlEuMIMSTmwrUS5GRKKYkbyqpNKkiA8RkMy0JSjiEg3K77J4ZlWAhjGQg9XsFB/b2QoknIS+ToZITWSi95M/NeT+pQRCfJla5Cq8NrNKE9SRTie3xCmDKoYzlqDARUEKzbRBGFB9RsQj5BAWOluq7ofe7GNZdK9qNtW3b5v1FqNsqkKOAYn4BzY4Aq0wC1ogw7A4Bm8gjfwbrwYH8anMZ1HV4xy5wj8gfH1AwrCpmY=</latexit><latexit sha1_base64="YoM3Acq+Q0fxq9g0WRf4DdTukiM=">AAACKHicbVDLSsNAFJ34rPUVdelmsAquSiJF3RQKbly4qGAf0MQwmUzaoZNJmJkIJeQH/BRXbvUr3Em37v0Hp2kW2nrgwuGcc+He4yeMSmVZU2NldW19Y7OyVd3e2d3bNw8OuzJOBSYdHLNY9H0kCaOcdBRVjPQTQVDkM9Lzxzczv/dEhKQxf1CThLgRGnIaUoyUljzz1LnT4QDBJnRkGnkZbdr5Y3aZQ4cVhlZyz6xZdasAXCZ2SWqgRNszv50gxmlEuMIMSTmwrUS5GRKKYkbyqpNKkiA8RkMy0JSjiEg3K77J4ZlWAhjGQg9XsFB/b2QoknIS+ToZITWSi95M/NeT+pQRCfJla5Cq8NrNKE9SRTie3xCmDKoYzlqDARUEKzbRBGFB9RsQj5BAWOluq7ofe7GNZdK9qNtW3b5v1FqNsqkKOAYn4BzY4Aq0wC1ogw7A4Bm8gjfwbrwYH8anMZ1HV4xy5wj8gfH1AwrCpmY=</latexit><latexit sha1_base64="YoM3Acq+Q0fxq9g0WRf4DdTukiM=">AAACKHicbVDLSsNAFJ34rPUVdelmsAquSiJF3RQKbly4qGAf0MQwmUzaoZNJmJkIJeQH/BRXbvUr3Em37v0Hp2kW2nrgwuGcc+He4yeMSmVZU2NldW19Y7OyVd3e2d3bNw8OuzJOBSYdHLNY9H0kCaOcdBRVjPQTQVDkM9Lzxzczv/dEhKQxf1CThLgRGnIaUoyUljzz1LnT4QDBJnRkGnkZbdr5Y3aZQ4cVhlZyz6xZdasAXCZ2SWqgRNszv50gxmlEuMIMSTmwrUS5GRKKYkbyqpNKkiA8RkMy0JSjiEg3K77J4ZlWAhjGQg9XsFB/b2QoknIS+ToZITWSi95M/NeT+pQRCfJla5Cq8NrNKE9SRTie3xCmDKoYzlqDARUEKzbRBGFB9RsQj5BAWOluq7ofe7GNZdK9qNtW3b5v1FqNsqkKOAYn4BzY4Aq0wC1ogw7A4Bm8gjfwbrwYH8anMZ1HV4xy5wj8gfH1AwrCpmY=</latexit><latexit sha1_base64="YoM3Acq+Q0fxq9g0WRf4DdTukiM=">AAACKHicbVDLSsNAFJ34rPUVdelmsAquSiJF3RQKbly4qGAf0MQwmUzaoZNJmJkIJeQH/BRXbvUr3Em37v0Hp2kW2nrgwuGcc+He4yeMSmVZU2NldW19Y7OyVd3e2d3bNw8OuzJOBSYdHLNY9H0kCaOcdBRVjPQTQVDkM9Lzxzczv/dEhKQxf1CThLgRGnIaUoyUljzz1LnT4QDBJnRkGnkZbdr5Y3aZQ4cVhlZyz6xZdasAXCZ2SWqgRNszv50gxmlEuMIMSTmwrUS5GRKKYkbyqpNKkiA8RkMy0JSjiEg3K77J4ZlWAhjGQg9XsFB/b2QoknIS+ToZITWSi95M/NeT+pQRCfJla5Cq8NrNKE9SRTie3xCmDKoYzlqDARUEKzbRBGFB9RsQj5BAWOluq7ofe7GNZdK9qNtW3b5v1FqNsqkKOAYn4BzY4Aq0wC1ogw7A4Bm8gjfwbrwYH8anMZ1HV4xy5wj8gfH1AwrCpmY=</latexit>



Extracting the celestial OPE: General strategy

❖ In order to extract the celestial OPE of gravitons               we expand the Mellin
    amplitude around 

(5+, 6+)
<latexit sha1_base64="0MyV3LYatsMD5xjiAO7jdPltFYc=">AAACD3icbVDLSsNAFL2pr1pfVZdugkWoKCURrS4LblxWsA9oY5lMJu3QySTOTIQS8hGu3OpXuBO3foIf4T84abPQ1gMzHM65F849bsSoVJb1ZRSWlldW14rrpY3Nre2d8u5eW4axwKSFQxaKroskYZSTlqKKkW4kCApcRjru+DrzO49ESBryOzWJiBOgIac+xUhpyale3Ccn6Wk9+48H5YpVs6YwF4mdkwrkaA7K330vxHFAuMIMSdmzrUg5CRKKYkbSUj+WJEJ4jIakpylHAZFOMg2dmkda8Uw/FPpxZU7V3xsJCqScBK6eDJAayXkvE//1pI4yIl66aPVi5V85CeVRrAjHswx+zEwVmlk5pkcFwYpNNEFYUH2GiUdIIKx0hSXdjz3fxiJpn9Vsq2bfnlca9bypIhzAIVTBhktowA00oQUYHuAZXuDVeDLejHfjYzZaMPKdffgD4/MHffWcGQ==</latexit><latexit sha1_base64="0MyV3LYatsMD5xjiAO7jdPltFYc=">AAACD3icbVDLSsNAFL2pr1pfVZdugkWoKCURrS4LblxWsA9oY5lMJu3QySTOTIQS8hGu3OpXuBO3foIf4T84abPQ1gMzHM65F849bsSoVJb1ZRSWlldW14rrpY3Nre2d8u5eW4axwKSFQxaKroskYZSTlqKKkW4kCApcRjru+DrzO49ESBryOzWJiBOgIac+xUhpyale3Ccn6Wk9+48H5YpVs6YwF4mdkwrkaA7K330vxHFAuMIMSdmzrUg5CRKKYkbSUj+WJEJ4jIakpylHAZFOMg2dmkda8Uw/FPpxZU7V3xsJCqScBK6eDJAayXkvE//1pI4yIl66aPVi5V85CeVRrAjHswx+zEwVmlk5pkcFwYpNNEFYUH2GiUdIIKx0hSXdjz3fxiJpn9Vsq2bfnlca9bypIhzAIVTBhktowA00oQUYHuAZXuDVeDLejHfjYzZaMPKdffgD4/MHffWcGQ==</latexit><latexit sha1_base64="0MyV3LYatsMD5xjiAO7jdPltFYc=">AAACD3icbVDLSsNAFL2pr1pfVZdugkWoKCURrS4LblxWsA9oY5lMJu3QySTOTIQS8hGu3OpXuBO3foIf4T84abPQ1gMzHM65F849bsSoVJb1ZRSWlldW14rrpY3Nre2d8u5eW4axwKSFQxaKroskYZSTlqKKkW4kCApcRjru+DrzO49ESBryOzWJiBOgIac+xUhpyale3Ccn6Wk9+48H5YpVs6YwF4mdkwrkaA7K330vxHFAuMIMSdmzrUg5CRKKYkbSUj+WJEJ4jIakpylHAZFOMg2dmkda8Uw/FPpxZU7V3xsJCqScBK6eDJAayXkvE//1pI4yIl66aPVi5V85CeVRrAjHswx+zEwVmlk5pkcFwYpNNEFYUH2GiUdIIKx0hSXdjz3fxiJpn9Vsq2bfnlca9bypIhzAIVTBhktowA00oQUYHuAZXuDVeDLejHfjYzZaMPKdffgD4/MHffWcGQ==</latexit><latexit sha1_base64="0MyV3LYatsMD5xjiAO7jdPltFYc=">AAACD3icbVDLSsNAFL2pr1pfVZdugkWoKCURrS4LblxWsA9oY5lMJu3QySTOTIQS8hGu3OpXuBO3foIf4T84abPQ1gMzHM65F849bsSoVJb1ZRSWlldW14rrpY3Nre2d8u5eW4axwKSFQxaKroskYZSTlqKKkW4kCApcRjru+DrzO49ESBryOzWJiBOgIac+xUhpyale3Ccn6Wk9+48H5YpVs6YwF4mdkwrkaA7K330vxHFAuMIMSdmzrUg5CRKKYkbSUj+WJEJ4jIakpylHAZFOMg2dmkda8Uw/FPpxZU7V3xsJCqScBK6eDJAayXkvE//1pI4yIl66aPVi5V85CeVRrAjHswx+zEwVmlk5pkcFwYpNNEFYUH2GiUdIIKx0hSXdjz3fxiJpn9Vsq2bfnlca9bypIhzAIVTBhktowA00oQUYHuAZXuDVeDLejHfjYzZaMPKdffgD4/MHffWcGQ==</latexit>

z56 = 0, z̄56 = 0, u56 = 0
<latexit sha1_base64="tbe73OxpERARAX4Knjgv4vwACj4=">AAACKXicbVDLSsNAFJ34rPUVdelmsBRcSElEq5tCwY3LCvYBbQiTyaQdOpmEmYnQhnyBn+LKrX6FO3Xr2n9wmmahrQcunHvOvXDv8WJGpbKsD2NldW19Y7O0Vd7e2d3bNw8OOzJKBCZtHLFI9DwkCaOctBVVjPRiQVDoMdL1xjczv/tAhKQRv1eTmDghGnIaUIyUllyzOnXTy3oGG9A6gwMPiXSa5UpD90nhWa5ZsWpWDrhM7IJUQIGWa34P/AgnIeEKMyRl37Zi5aRIKIoZycqDRJIY4TEakr6mHIVEOmn+TgarWvFhEAldXMFc/b2RolDKSejpyRCpkVz0ZuK/ntSnjIifLVv9RAXXTkp5nCjC8fyGIGFQRXAWG/SpIFixiSYIC6rfgHiEBMJKh1vW+diLaSyTznnNtmr23UWlWS+SKoFjcAJOgQ2uQBPcghZoAwwewTN4Aa/Gk/FmvBuf89EVo9g5An9gfP0Ac3mkxw==</latexit><latexit sha1_base64="tbe73OxpERARAX4Knjgv4vwACj4=">AAACKXicbVDLSsNAFJ34rPUVdelmsBRcSElEq5tCwY3LCvYBbQiTyaQdOpmEmYnQhnyBn+LKrX6FO3Xr2n9wmmahrQcunHvOvXDv8WJGpbKsD2NldW19Y7O0Vd7e2d3bNw8OOzJKBCZtHLFI9DwkCaOctBVVjPRiQVDoMdL1xjczv/tAhKQRv1eTmDghGnIaUIyUllyzOnXTy3oGG9A6gwMPiXSa5UpD90nhWa5ZsWpWDrhM7IJUQIGWa34P/AgnIeEKMyRl37Zi5aRIKIoZycqDRJIY4TEakr6mHIVEOmn+TgarWvFhEAldXMFc/b2RolDKSejpyRCpkVz0ZuK/ntSnjIifLVv9RAXXTkp5nCjC8fyGIGFQRXAWG/SpIFixiSYIC6rfgHiEBMJKh1vW+diLaSyTznnNtmr23UWlWS+SKoFjcAJOgQ2uQBPcghZoAwwewTN4Aa/Gk/FmvBuf89EVo9g5An9gfP0Ac3mkxw==</latexit><latexit sha1_base64="tbe73OxpERARAX4Knjgv4vwACj4=">AAACKXicbVDLSsNAFJ34rPUVdelmsBRcSElEq5tCwY3LCvYBbQiTyaQdOpmEmYnQhnyBn+LKrX6FO3Xr2n9wmmahrQcunHvOvXDv8WJGpbKsD2NldW19Y7O0Vd7e2d3bNw8OOzJKBCZtHLFI9DwkCaOctBVVjPRiQVDoMdL1xjczv/tAhKQRv1eTmDghGnIaUIyUllyzOnXTy3oGG9A6gwMPiXSa5UpD90nhWa5ZsWpWDrhM7IJUQIGWa34P/AgnIeEKMyRl37Zi5aRIKIoZycqDRJIY4TEakr6mHIVEOmn+TgarWvFhEAldXMFc/b2RolDKSejpyRCpkVz0ZuK/ntSnjIifLVv9RAXXTkp5nCjC8fyGIGFQRXAWG/SpIFixiSYIC6rfgHiEBMJKh1vW+diLaSyTznnNtmr23UWlWS+SKoFjcAJOgQ2uQBPcghZoAwwewTN4Aa/Gk/FmvBuf89EVo9g5An9gfP0Ac3mkxw==</latexit><latexit sha1_base64="tbe73OxpERARAX4Knjgv4vwACj4=">AAACKXicbVDLSsNAFJ34rPUVdelmsBRcSElEq5tCwY3LCvYBbQiTyaQdOpmEmYnQhnyBn+LKrX6FO3Xr2n9wmmahrQcunHvOvXDv8WJGpbKsD2NldW19Y7O0Vd7e2d3bNw8OOzJKBCZtHLFI9DwkCaOctBVVjPRiQVDoMdL1xjczv/tAhKQRv1eTmDghGnIaUIyUllyzOnXTy3oGG9A6gwMPiXSa5UpD90nhWa5ZsWpWDrhM7IJUQIGWa34P/AgnIeEKMyRl37Zi5aRIKIoZycqDRJIY4TEakr6mHIVEOmn+TgarWvFhEAldXMFc/b2RolDKSejpyRCpkVz0ZuK/ntSnjIifLVv9RAXXTkp5nCjC8fyGIGFQRXAWG/SpIFixiSYIC6rfgHiEBMJKh1vW+diLaSyTznnNtmr23UWlWS+SKoFjcAJOgQ2uQBPcghZoAwwewTN4Aa/Gk/FmvBuf89EVo9g5An9gfP0Ac3mkxw==</latexit>

❖ The remaining (zij , z̄ij , uij), (i, j) 2 (1, 2, 3, 4, 6)
<latexit sha1_base64="zSB1AwaN24WCB2PsbrRjx6L8dMo="></latexit><latexit sha1_base64="zSB1AwaN24WCB2PsbrRjx6L8dMo="></latexit><latexit sha1_base64="zSB1AwaN24WCB2PsbrRjx6L8dMo="></latexit><latexit sha1_base64="zSB1AwaN24WCB2PsbrRjx6L8dMo="></latexit>

are kept fixed and non-zero in
this OPE limit. 

❖ While expanding the Mellin amplitude in the OPE limit we can drop the terms
    that come from differentiating the theta functions w.r.t.             . Such terms  are
    proportional to delta functions whose arguments are functions of 

z56, z̄56
<latexit sha1_base64="RVyG9A4OgExFkPzdCtPoYNhPJFc=">AAACGHicbVDLSsNAFL2pr1pf8bFzM1gEF1IS0eqy4MZlBfuANoTJZNoOnTyYmQhtyI+4cqtf4U7cuvMj/AenaRbaemDg3HPuhTPHizmTyrK+jNLK6tr6RnmzsrW9s7tn7h+0ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccb3878ziMVkkXhg5rE1AnwMGQDRrDSkmseTd30qp6do76HRTrN8sk1q1bNyoGWiV2QKhRouuZ3349IEtBQEY6l7NlWrJwUC8UIp1mln0gaYzLGQ9rTNMQBlU6ap8/QqVZ8NIiEfqFCufr7IsWBlJPA05sBViO56M3Efz2po4yony1bvUQNbpyUhXGiaEjmGQYJRypCs5aQzwQlik80wUQw/Q1ERlhgonSXFd2PvdjGMmlf1GyrZt9fVhv1oqkyHMMJnIEN19CAO2hCCwhM4Rle4NV4Mt6Md+NjvloyiptD+APj8weoa5/z</latexit><latexit sha1_base64="RVyG9A4OgExFkPzdCtPoYNhPJFc=">AAACGHicbVDLSsNAFL2pr1pf8bFzM1gEF1IS0eqy4MZlBfuANoTJZNoOnTyYmQhtyI+4cqtf4U7cuvMj/AenaRbaemDg3HPuhTPHizmTyrK+jNLK6tr6RnmzsrW9s7tn7h+0ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccb3878ziMVkkXhg5rE1AnwMGQDRrDSkmseTd30qp6do76HRTrN8sk1q1bNyoGWiV2QKhRouuZ3349IEtBQEY6l7NlWrJwUC8UIp1mln0gaYzLGQ9rTNMQBlU6ap8/QqVZ8NIiEfqFCufr7IsWBlJPA05sBViO56M3Efz2po4yony1bvUQNbpyUhXGiaEjmGQYJRypCs5aQzwQlik80wUQw/Q1ERlhgonSXFd2PvdjGMmlf1GyrZt9fVhv1oqkyHMMJnIEN19CAO2hCCwhM4Rle4NV4Mt6Md+NjvloyiptD+APj8weoa5/z</latexit><latexit sha1_base64="RVyG9A4OgExFkPzdCtPoYNhPJFc=">AAACGHicbVDLSsNAFL2pr1pf8bFzM1gEF1IS0eqy4MZlBfuANoTJZNoOnTyYmQhtyI+4cqtf4U7cuvMj/AenaRbaemDg3HPuhTPHizmTyrK+jNLK6tr6RnmzsrW9s7tn7h+0ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccb3878ziMVkkXhg5rE1AnwMGQDRrDSkmseTd30qp6do76HRTrN8sk1q1bNyoGWiV2QKhRouuZ3349IEtBQEY6l7NlWrJwUC8UIp1mln0gaYzLGQ9rTNMQBlU6ap8/QqVZ8NIiEfqFCufr7IsWBlJPA05sBViO56M3Efz2po4yony1bvUQNbpyUhXGiaEjmGQYJRypCs5aQzwQlik80wUQw/Q1ERlhgonSXFd2PvdjGMmlf1GyrZt9fVhv1oqkyHMMJnIEN19CAO2hCCwhM4Rle4NV4Mt6Md+NjvloyiptD+APj8weoa5/z</latexit><latexit sha1_base64="RVyG9A4OgExFkPzdCtPoYNhPJFc=">AAACGHicbVDLSsNAFL2pr1pf8bFzM1gEF1IS0eqy4MZlBfuANoTJZNoOnTyYmQhtyI+4cqtf4U7cuvMj/AenaRbaemDg3HPuhTPHizmTyrK+jNLK6tr6RnmzsrW9s7tn7h+0ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccb3878ziMVkkXhg5rE1AnwMGQDRrDSkmseTd30qp6do76HRTrN8sk1q1bNyoGWiV2QKhRouuZ3349IEtBQEY6l7NlWrJwUC8UIp1mln0gaYzLGQ9rTNMQBlU6ap8/QqVZ8NIiEfqFCufr7IsWBlJPA05sBViO56M3Efz2po4yony1bvUQNbpyUhXGiaEjmGQYJRypCs5aQzwQlik80wUQw/Q1ERlhgonSXFd2PvdjGMmlf1GyrZt9fVhv1oqkyHMMJnIEN19CAO2hCCwhM4Rle4NV4Mt6Md+NjvloyiptD+APj8weoa5/z</latexit>

(zij , z̄ij), (i, j) 2 (1, 2, 3, 4, 6)
<latexit sha1_base64="2GaHcP8ZpxC9nvl6oQVLSnv0+b8="></latexit><latexit sha1_base64="2GaHcP8ZpxC9nvl6oQVLSnv0+b8="></latexit><latexit sha1_base64="2GaHcP8ZpxC9nvl6oQVLSnv0+b8="></latexit><latexit sha1_base64="2GaHcP8ZpxC9nvl6oQVLSnv0+b8="></latexit>

and so don't contribute in the OPE limit.



OPE decomposition: Leading term
❖ Leading term from amplitude

❖ This implies the leading OPE

M6 = � z̄56
z56

N
Z 1

0
dt ti�5�1(1� t)i�6�1

4Y

i=1

⇥ ("i�i,1) + · · ·

= � z̄56
z56

B(i�5, i�6) P�1,�1M5 + · · ·
<latexit sha1_base64="DoVr4NyEhw/9yBAa2kXyFd7pQZ0="></latexit><latexit sha1_base64="DoVr4NyEhw/9yBAa2kXyFd7pQZ0="></latexit><latexit sha1_base64="DoVr4NyEhw/9yBAa2kXyFd7pQZ0="></latexit><latexit sha1_base64="DoVr4NyEhw/9yBAa2kXyFd7pQZ0="></latexit>

M5
<latexit sha1_base64="uwvdFehfOEbGEwe42NB7aaQLqS8=">AAACFHicbVDLSsNAFL3xWesr6tLNYBFclUR8LQtu3AgV7APaECaTaTt0Mgkzk0IJ+Q1XbvUr3Ilb936E/+CkzUJbD1w4nHMvnHuChDOlHefLWlldW9/YrGxVt3d29/btg8O2ilNJaIvEPJbdACvKmaAtzTSn3URSHAWcdoLxbeF3JlQqFotHPU2oF+GhYANGsDaSb9uoH2E9Iphn97mfXea+XXPqzgxombglqUGJpm9/98OYpBEVmnCsVM91Eu1lWGpGOM2r/VTRBJMxHtKeoQJHVHnZLHmOTo0SokEszQiNZurviwxHSk2jwGwWMdWiV4j/espEGdEwX7Z6qR7ceBkTSaqpIPMMg5QjHaOiIRQySYnmU0Mwkcy8gcgIS0y06bFq+nEX21gm7fO669Tdh4ta46psqgLHcAJn4MI1NOAOmtACAhN4hhd4tZ6sN+vd+pivrljlzRH8gfX5Ax7rnqU=</latexit><latexit sha1_base64="uwvdFehfOEbGEwe42NB7aaQLqS8=">AAACFHicbVDLSsNAFL3xWesr6tLNYBFclUR8LQtu3AgV7APaECaTaTt0Mgkzk0IJ+Q1XbvUr3Ilb936E/+CkzUJbD1w4nHMvnHuChDOlHefLWlldW9/YrGxVt3d29/btg8O2ilNJaIvEPJbdACvKmaAtzTSn3URSHAWcdoLxbeF3JlQqFotHPU2oF+GhYANGsDaSb9uoH2E9Iphn97mfXea+XXPqzgxombglqUGJpm9/98OYpBEVmnCsVM91Eu1lWGpGOM2r/VTRBJMxHtKeoQJHVHnZLHmOTo0SokEszQiNZurviwxHSk2jwGwWMdWiV4j/espEGdEwX7Z6qR7ceBkTSaqpIPMMg5QjHaOiIRQySYnmU0Mwkcy8gcgIS0y06bFq+nEX21gm7fO669Tdh4ta46psqgLHcAJn4MI1NOAOmtACAhN4hhd4tZ6sN+vd+pivrljlzRH8gfX5Ax7rnqU=</latexit><latexit sha1_base64="uwvdFehfOEbGEwe42NB7aaQLqS8=">AAACFHicbVDLSsNAFL3xWesr6tLNYBFclUR8LQtu3AgV7APaECaTaTt0Mgkzk0IJ+Q1XbvUr3Ilb936E/+CkzUJbD1w4nHMvnHuChDOlHefLWlldW9/YrGxVt3d29/btg8O2ilNJaIvEPJbdACvKmaAtzTSn3URSHAWcdoLxbeF3JlQqFotHPU2oF+GhYANGsDaSb9uoH2E9Iphn97mfXea+XXPqzgxombglqUGJpm9/98OYpBEVmnCsVM91Eu1lWGpGOM2r/VTRBJMxHtKeoQJHVHnZLHmOTo0SokEszQiNZurviwxHSk2jwGwWMdWiV4j/espEGdEwX7Z6qR7ceBkTSaqpIPMMg5QjHaOiIRQySYnmU0Mwkcy8gcgIS0y06bFq+nEX21gm7fO669Tdh4ta46psqgLHcAJn4MI1NOAOmtACAhN4hhd4tZ6sN+vd+pivrljlzRH8gfX5Ax7rnqU=</latexit><latexit sha1_base64="uwvdFehfOEbGEwe42NB7aaQLqS8=">AAACFHicbVDLSsNAFL3xWesr6tLNYBFclUR8LQtu3AgV7APaECaTaTt0Mgkzk0IJ+Q1XbvUr3Ilb936E/+CkzUJbD1w4nHMvnHuChDOlHefLWlldW9/YrGxVt3d29/btg8O2ilNJaIvEPJbdACvKmaAtzTSn3URSHAWcdoLxbeF3JlQqFotHPU2oF+GhYANGsDaSb9uoH2E9Iphn97mfXea+XXPqzgxombglqUGJpm9/98OYpBEVmnCsVM91Eu1lWGpGOM2r/VTRBJMxHtKeoQJHVHnZLHmOTo0SokEszQiNZurviwxHSk2jwGwWMdWiV4j/espEGdEwX7Z6qR7ceBkTSaqpIPMMg5QjHaOiIRQySYnmU0Mwkcy8gcgIS0y06bFq+nEX21gm7fO669Tdh4ta46psqgLHcAJn4MI1NOAOmtACAhN4hhd4tZ6sN+vd+pivrljlzRH8gfX5Ax7rnqU=</latexit>

where : (modified) Mellin transform of 5-pt. MHV  amplitude 

M5 = i
4Y

i=1

"i

2Y

j=1

("j�j,1)
3+i�i

4Y

k=3

("k�k,1)
i�k�1 z812

z12z13z14z16z23z24z26z34z36z46

�(3 + i⇤)

(iU1)3+i⇤

4Y

l=1

⇥ ("l�l,1)

<latexit sha1_base64="TRDnlu89+r0OatVQViV+C/5BjZA="></latexit><latexit sha1_base64="TRDnlu89+r0OatVQViV+C/5BjZA="></latexit><latexit sha1_base64="TRDnlu89+r0OatVQViV+C/5BjZA="></latexit><latexit sha1_base64="TRDnlu89+r0OatVQViV+C/5BjZA="></latexit>

�N
4Y

i=1

⇥ ("i�i,1) = i@u6 M5 = P�1,�1M5

<latexit sha1_base64="jw7AQjdQeYrP8xeKbKC84DBDv+A="></latexit><latexit sha1_base64="jw7AQjdQeYrP8xeKbKC84DBDv+A="></latexit><latexit sha1_base64="jw7AQjdQeYrP8xeKbKC84DBDv+A="></latexit><latexit sha1_base64="jw7AQjdQeYrP8xeKbKC84DBDv+A="></latexit>

and
⇤ =

6X

i=1

�i

<latexit sha1_base64="YoM3Acq+Q0fxq9g0WRf4DdTukiM=">AAACKHicbVDLSsNAFJ34rPUVdelmsAquSiJF3RQKbly4qGAf0MQwmUzaoZNJmJkIJeQH/BRXbvUr3Em37v0Hp2kW2nrgwuGcc+He4yeMSmVZU2NldW19Y7OyVd3e2d3bNw8OuzJOBSYdHLNY9H0kCaOcdBRVjPQTQVDkM9Lzxzczv/dEhKQxf1CThLgRGnIaUoyUljzz1LnT4QDBJnRkGnkZbdr5Y3aZQ4cVhlZyz6xZdasAXCZ2SWqgRNszv50gxmlEuMIMSTmwrUS5GRKKYkbyqpNKkiA8RkMy0JSjiEg3K77J4ZlWAhjGQg9XsFB/b2QoknIS+ToZITWSi95M/NeT+pQRCfJla5Cq8NrNKE9SRTie3xCmDKoYzlqDARUEKzbRBGFB9RsQj5BAWOluq7ofe7GNZdK9qNtW3b5v1FqNsqkKOAYn4BzY4Aq0wC1ogw7A4Bm8gjfwbrwYH8anMZ1HV4xy5wj8gfH1AwrCpmY=</latexit><latexit sha1_base64="YoM3Acq+Q0fxq9g0WRf4DdTukiM=">AAACKHicbVDLSsNAFJ34rPUVdelmsAquSiJF3RQKbly4qGAf0MQwmUzaoZNJmJkIJeQH/BRXbvUr3Em37v0Hp2kW2nrgwuGcc+He4yeMSmVZU2NldW19Y7OyVd3e2d3bNw8OuzJOBSYdHLNY9H0kCaOcdBRVjPQTQVDkM9Lzxzczv/dEhKQxf1CThLgRGnIaUoyUljzz1LnT4QDBJnRkGnkZbdr5Y3aZQ4cVhlZyz6xZdasAXCZ2SWqgRNszv50gxmlEuMIMSTmwrUS5GRKKYkbyqpNKkiA8RkMy0JSjiEg3K77J4ZlWAhjGQg9XsFB/b2QoknIS+ToZITWSi95M/NeT+pQRCfJla5Cq8NrNKE9SRTie3xCmDKoYzlqDARUEKzbRBGFB9RsQj5BAWOluq7ofe7GNZdK9qNtW3b5v1FqNsqkKOAYn4BzY4Aq0wC1ogw7A4Bm8gjfwbrwYH8anMZ1HV4xy5wj8gfH1AwrCpmY=</latexit><latexit sha1_base64="YoM3Acq+Q0fxq9g0WRf4DdTukiM=">AAACKHicbVDLSsNAFJ34rPUVdelmsAquSiJF3RQKbly4qGAf0MQwmUzaoZNJmJkIJeQH/BRXbvUr3Em37v0Hp2kW2nrgwuGcc+He4yeMSmVZU2NldW19Y7OyVd3e2d3bNw8OuzJOBSYdHLNY9H0kCaOcdBRVjPQTQVDkM9Lzxzczv/dEhKQxf1CThLgRGnIaUoyUljzz1LnT4QDBJnRkGnkZbdr5Y3aZQ4cVhlZyz6xZdasAXCZ2SWqgRNszv50gxmlEuMIMSTmwrUS5GRKKYkbyqpNKkiA8RkMy0JSjiEg3K77J4ZlWAhjGQg9XsFB/b2QoknIS+ToZITWSi95M/NeT+pQRCfJla5Cq8NrNKE9SRTie3xCmDKoYzlqDARUEKzbRBGFB9RsQj5BAWOluq7ofe7GNZdK9qNtW3b5v1FqNsqkKOAYn4BzY4Aq0wC1ogw7A4Bm8gjfwbrwYH8anMZ1HV4xy5wj8gfH1AwrCpmY=</latexit><latexit sha1_base64="YoM3Acq+Q0fxq9g0WRf4DdTukiM=">AAACKHicbVDLSsNAFJ34rPUVdelmsAquSiJF3RQKbly4qGAf0MQwmUzaoZNJmJkIJeQH/BRXbvUr3Em37v0Hp2kW2nrgwuGcc+He4yeMSmVZU2NldW19Y7OyVd3e2d3bNw8OuzJOBSYdHLNY9H0kCaOcdBRVjPQTQVDkM9Lzxzczv/dEhKQxf1CThLgRGnIaUoyUljzz1LnT4QDBJnRkGnkZbdr5Y3aZQ4cVhlZyz6xZdasAXCZ2SWqgRNszv50gxmlEuMIMSTmwrUS5GRKKYkbyqpNKkiA8RkMy0JSjiEg3K77J4ZlWAhjGQg9XsFB/b2QoknIS+ToZITWSi95M/NeT+pQRCfJla5Cq8NrNKE9SRTie3xCmDKoYzlqDARUEKzbRBGFB9RsQj5BAWOluq7ofe7GNZdK9qNtW3b5v1FqNsqkKOAYn4BzY4Aq0wC1ogw7A4Bm8gjfwbrwYH8anMZ1HV4xy5wj8gfH1AwrCpmY=</latexit>
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+
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(z6, z̄6) = � z̄56
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B(i�5, i�6) P�1,�1G
+
�5+�6�1(z6, z̄6)

<latexit sha1_base64="L2DweDK6AL+/tavCv1ruqy1KY/A="></latexit><latexit sha1_base64="L2DweDK6AL+/tavCv1ruqy1KY/A="></latexit><latexit sha1_base64="L2DweDK6AL+/tavCv1ruqy1KY/A="></latexit><latexit sha1_base64="L2DweDK6AL+/tavCv1ruqy1KY/A="></latexit>



OPE decomposition: Subleading terms
termO(1)

<latexit sha1_base64="cs0RAsf8z7PRpGy01X3zYyHf/P8=">AAACEHicbVDLSsNAFL2pr1pfVZduBotQNyURUZcFN+6sYB/QxjKZTNqhk0mYmQgl5CdcudWvcCdu/QM/wn9w0mahrQcuHM65F849XsyZ0rb9ZZVWVtfWN8qbla3tnd296v5BR0WJJLRNIh7JnocV5UzQtmaa014sKQ49Trve5Dr3u49UKhaJez2NqRvikWABI1gb6WEQYj0mmKe3Wd05HVZrdsOeAS0TpyA1KNAaVr8HfkSSkApNOFaq79ixdlMsNSOcZpVBomiMyQSPaN9QgUOq3HSWOkMnRvFREEkzQqOZ+vsixaFS09Azm3lKtejl4r+eMlHG1M+WrX6igys3ZSJONBVkniFIONIRyttBPpOUaD41BBPJzBuIjLHERJsOK6YfZ7GNZdI5azh2w7k7rzUviqbKcATHUAcHLqEJN9CCNhCQ8Awv8Go9WW/Wu/UxXy1Zxc0h/IH1+QNxf504</latexit><latexit sha1_base64="cs0RAsf8z7PRpGy01X3zYyHf/P8=">AAACEHicbVDLSsNAFL2pr1pfVZduBotQNyURUZcFN+6sYB/QxjKZTNqhk0mYmQgl5CdcudWvcCdu/QM/wn9w0mahrQcuHM65F849XsyZ0rb9ZZVWVtfWN8qbla3tnd296v5BR0WJJLRNIh7JnocV5UzQtmaa014sKQ49Trve5Dr3u49UKhaJez2NqRvikWABI1gb6WEQYj0mmKe3Wd05HVZrdsOeAS0TpyA1KNAaVr8HfkSSkApNOFaq79ixdlMsNSOcZpVBomiMyQSPaN9QgUOq3HSWOkMnRvFREEkzQqOZ+vsixaFS09Azm3lKtejl4r+eMlHG1M+WrX6igys3ZSJONBVkniFIONIRyttBPpOUaD41BBPJzBuIjLHERJsOK6YfZ7GNZdI5azh2w7k7rzUviqbKcATHUAcHLqEJN9CCNhCQ8Awv8Go9WW/Wu/UxXy1Zxc0h/IH1+QNxf504</latexit><latexit sha1_base64="cs0RAsf8z7PRpGy01X3zYyHf/P8=">AAACEHicbVDLSsNAFL2pr1pfVZduBotQNyURUZcFN+6sYB/QxjKZTNqhk0mYmQgl5CdcudWvcCdu/QM/wn9w0mahrQcuHM65F849XsyZ0rb9ZZVWVtfWN8qbla3tnd296v5BR0WJJLRNIh7JnocV5UzQtmaa014sKQ49Trve5Dr3u49UKhaJez2NqRvikWABI1gb6WEQYj0mmKe3Wd05HVZrdsOeAS0TpyA1KNAaVr8HfkSSkApNOFaq79ixdlMsNSOcZpVBomiMyQSPaN9QgUOq3HSWOkMnRvFREEkzQqOZ+vsixaFS09Azm3lKtejl4r+eMlHG1M+WrX6igys3ZSJONBVkniFIONIRyttBPpOUaD41BBPJzBuIjLHERJsOK6YfZ7GNZdI5azh2w7k7rzUviqbKcATHUAcHLqEJN9CCNhCQ8Awv8Go9WW/Wu/UxXy1Zxc0h/IH1+QNxf504</latexit><latexit sha1_base64="cs0RAsf8z7PRpGy01X3zYyHf/P8=">AAACEHicbVDLSsNAFL2pr1pfVZduBotQNyURUZcFN+6sYB/QxjKZTNqhk0mYmQgl5CdcudWvcCdu/QM/wn9w0mahrQcuHM65F849XsyZ0rb9ZZVWVtfWN8qbla3tnd296v5BR0WJJLRNIh7JnocV5UzQtmaa014sKQ49Trve5Dr3u49UKhaJez2NqRvikWABI1gb6WEQYj0mmKe3Wd05HVZrdsOeAS0TpyA1KNAaVr8HfkSSkApNOFaq79ixdlMsNSOcZpVBomiMyQSPaN9QgUOq3HSWOkMnRvFREEkzQqOZ+vsixaFS09Azm3lKtejl4r+eMlHG1M+WrX6igys3ZSJONBVkniFIONIRyttBPpOUaD41BBPJzBuIjLHERJsOK6YfZ7GNZdI5azh2w7k7rzUviqbKcATHUAcHLqEJN9CCNhCQ8Awv8Go9WW/Wu/UxXy1Zxc0h/IH1+QNxf504</latexit>

❖ Consistency with subleading conformal soft limit requires

M
0

5 = M5

��
i�5=�1

<latexit sha1_base64="zQQrs2SrXxADjMH36WOQhrXMBTY="></latexit><latexit sha1_base64="zQQrs2SrXxADjMH36WOQhrXMBTY="></latexit><latexit sha1_base64="zQQrs2SrXxADjMH36WOQhrXMBTY="></latexit><latexit sha1_base64="zQQrs2SrXxADjMH36WOQhrXMBTY="></latexit>

where

❖ From the amplitude we get,

❖ Thus we must have the relation

J 1
�1P�1,�1M

0

5 = (i�6 � 1)P�2,0M
0

5
<latexit sha1_base64="NIYgM213vn79JHIh3q3jJd47DBc="></latexit><latexit sha1_base64="NIYgM213vn79JHIh3q3jJd47DBc="></latexit><latexit sha1_base64="NIYgM213vn79JHIh3q3jJd47DBc="></latexit><latexit sha1_base64="NIYgM213vn79JHIh3q3jJd47DBc="></latexit>

Replacing                                     yields the relationi�6 ! (i�6 + i�5 + 1)
<latexit sha1_base64="yFA3Vx/IPeXz8NMHXct5qpqCEuA=">AAACOnicbVDLSsNAFJ3UV62vqEs3g0WoFEoiWl0W3LisYB/QhDCZTJqhkwczE6WE/Imf4sqt/oBbdyLu/ACnbcDaemDgzDnnwr3HTRgV0jDetNLK6tr6RnmzsrW9s7un7x90RZxyTDo4ZjHvu0gQRiPSkVQy0k84QaHLSM8dXU/83j3hgsbRnRwnxA7RMKI+xUgqydGb1GIq7SEna+bQ4nQYSMR5/ABr807993OR181TR68aDWMKuEzMglRBgbajf1lejNOQRBIzJMTANBJpZ4hLihnJK1YqSILwCA3JQNEIhUTY2fS+HJ4oxYN+zNWLJJyq8xMZCoUYh65KhkgGYtGbiP96Qq0SEC9ftgap9K/sjEZJKkmEZzv4KYMyhpMeoUc5wZKNFUGYU3UGxAHiCEvVdkX1Yy62sUy6Zw3TaJi359VWs2iqDI7AMagBE1yCFrgBbdABGDyCZ/ACXrUn7V370D5n0ZJWzByCP9C+fwDMla3P</latexit><latexit sha1_base64="yFA3Vx/IPeXz8NMHXct5qpqCEuA=">AAACOnicbVDLSsNAFJ3UV62vqEs3g0WoFEoiWl0W3LisYB/QhDCZTJqhkwczE6WE/Imf4sqt/oBbdyLu/ACnbcDaemDgzDnnwr3HTRgV0jDetNLK6tr6RnmzsrW9s7un7x90RZxyTDo4ZjHvu0gQRiPSkVQy0k84QaHLSM8dXU/83j3hgsbRnRwnxA7RMKI+xUgqydGb1GIq7SEna+bQ4nQYSMR5/ABr807993OR181TR68aDWMKuEzMglRBgbajf1lejNOQRBIzJMTANBJpZ4hLihnJK1YqSILwCA3JQNEIhUTY2fS+HJ4oxYN+zNWLJJyq8xMZCoUYh65KhkgGYtGbiP96Qq0SEC9ftgap9K/sjEZJKkmEZzv4KYMyhpMeoUc5wZKNFUGYU3UGxAHiCEvVdkX1Yy62sUy6Zw3TaJi359VWs2iqDI7AMagBE1yCFrgBbdABGDyCZ/ACXrUn7V370D5n0ZJWzByCP9C+fwDMla3P</latexit><latexit sha1_base64="yFA3Vx/IPeXz8NMHXct5qpqCEuA=">AAACOnicbVDLSsNAFJ3UV62vqEs3g0WoFEoiWl0W3LisYB/QhDCZTJqhkwczE6WE/Imf4sqt/oBbdyLu/ACnbcDaemDgzDnnwr3HTRgV0jDetNLK6tr6RnmzsrW9s7un7x90RZxyTDo4ZjHvu0gQRiPSkVQy0k84QaHLSM8dXU/83j3hgsbRnRwnxA7RMKI+xUgqydGb1GIq7SEna+bQ4nQYSMR5/ABr807993OR181TR68aDWMKuEzMglRBgbajf1lejNOQRBIzJMTANBJpZ4hLihnJK1YqSILwCA3JQNEIhUTY2fS+HJ4oxYN+zNWLJJyq8xMZCoUYh65KhkgGYtGbiP96Qq0SEC9ftgap9K/sjEZJKkmEZzv4KYMyhpMeoUc5wZKNFUGYU3UGxAHiCEvVdkX1Yy62sUy6Zw3TaJi359VWs2iqDI7AMagBE1yCFrgBbdABGDyCZ/ACXrUn7V370D5n0ZJWzByCP9C+fwDMla3P</latexit><latexit sha1_base64="yFA3Vx/IPeXz8NMHXct5qpqCEuA=">AAACOnicbVDLSsNAFJ3UV62vqEs3g0WoFEoiWl0W3LisYB/QhDCZTJqhkwczE6WE/Imf4sqt/oBbdyLu/ACnbcDaemDgzDnnwr3HTRgV0jDetNLK6tr6RnmzsrW9s7un7x90RZxyTDo4ZjHvu0gQRiPSkVQy0k84QaHLSM8dXU/83j3hgsbRnRwnxA7RMKI+xUgqydGb1GIq7SEna+bQ4nQYSMR5/ABr807993OR181TR68aDWMKuEzMglRBgbajf1lejNOQRBIzJMTANBJpZ4hLihnJK1YqSILwCA3JQNEIhUTY2fS+HJ4oxYN+zNWLJJyq8xMZCoUYh65KhkgGYtGbiP96Qq0SEC9ftgap9K/sjEZJKkmEZzv4KYMyhpMeoUc5wZKNFUGYU3UGxAHiCEvVdkX1Yy62sUy6Zw3TaJi359VWs2iqDI7AMagBE1yCFrgBbdABGDyCZ/ACXrUn7V370D5n0ZJWzByCP9C+fwDMla3P</latexit>

J 1
�1P�1,�1M5 = (i�5 + i�6)P�2,0M5 = (�6 � 1)P�2,0M5

<latexit sha1_base64="2V7qfqiHrXg67iQUZ8i9SqE6DTs="></latexit><latexit sha1_base64="2V7qfqiHrXg67iQUZ8i9SqE6DTs="></latexit><latexit sha1_base64="2V7qfqiHrXg67iQUZ8i9SqE6DTs="></latexit><latexit sha1_base64="2V7qfqiHrXg67iQUZ8i9SqE6DTs="></latexit>

lim
i�5!�1

(1 + i�5)M6

����
O(1)

= �J 1
�1P�1,�1M

0

5

<latexit sha1_base64="KiwUp0vE2xZ1drX/JzQeYTiOaMA="></latexit><latexit sha1_base64="KiwUp0vE2xZ1drX/JzQeYTiOaMA="></latexit><latexit sha1_base64="KiwUp0vE2xZ1drX/JzQeYTiOaMA="></latexit><latexit sha1_base64="KiwUp0vE2xZ1drX/JzQeYTiOaMA="></latexit>

lim
i�5!�1

(1 + i�5)M6

����
O(1)

= �(i�6 � 1)P�2,0M
0

5

<latexit sha1_base64="cTRMRJrA4DAHHSlxehE6wN6tJkA="></latexit><latexit sha1_base64="cTRMRJrA4DAHHSlxehE6wN6tJkA="></latexit><latexit sha1_base64="cTRMRJrA4DAHHSlxehE6wN6tJkA="></latexit><latexit sha1_base64="cTRMRJrA4DAHHSlxehE6wN6tJkA="></latexit>

M6

����
O(1)

= �B(i�5, i�6)
4X

i=1

z̄i6
zi6

�i,1 P�1,�1M5 = B(i�5, i�6) P�2,0M5

<latexit sha1_base64="GHSwrRrAvngb5a4afZm0Q+3epvM="></latexit><latexit sha1_base64="GHSwrRrAvngb5a4afZm0Q+3epvM="></latexit><latexit sha1_base64="GHSwrRrAvngb5a4afZm0Q+3epvM="></latexit><latexit sha1_base64="GHSwrRrAvngb5a4afZm0Q+3epvM="></latexit>



OPE decomposition: Subleading terms

term from amplitudeO(z56)
<latexit sha1_base64="c0predU6fxUIgXNLrKQNMX8SDuQ=">AAACF3icbVDLSsNAFJ34rPUV7dLNYBHqpiTio8uCG3dWsA9oQ5hMJu3QySTMTIQY8iGu3OpXuBO3Lv0I/8FJm4W2HrhwOOdeOPd4MaNSWdaXsbK6tr6xWdmqbu/s7u2bB4c9GSUCky6OWCQGHpKEUU66iipGBrEgKPQY6XvT68LvPxAhacTvVRoTJ0RjTgOKkdKSa9ZGIVITjFh2mzce3eziMj91zbrVtGaAy8QuSR2U6Ljm98iPcBISrjBDUg5tK1ZOhoSimJG8OkokiRGeojEZaspRSKSTzcLn8EQrPgwioYcrOFN/X2QolDINPb1ZRJWLXiH+60kdZUL8fNkaJipoORnlcaIIx/MMQcKgimBREvSpIFixVBOEBdVvQDxBAmGlq6zqfuzFNpZJ76xpW0377rzebpVNVcAROAYNYIMr0AY3oAO6AIMUPIMX8Go8GW/Gu/ExX10xypsa+APj8wcWc5+o</latexit><latexit sha1_base64="c0predU6fxUIgXNLrKQNMX8SDuQ=">AAACF3icbVDLSsNAFJ34rPUV7dLNYBHqpiTio8uCG3dWsA9oQ5hMJu3QySTMTIQY8iGu3OpXuBO3Lv0I/8FJm4W2HrhwOOdeOPd4MaNSWdaXsbK6tr6xWdmqbu/s7u2bB4c9GSUCky6OWCQGHpKEUU66iipGBrEgKPQY6XvT68LvPxAhacTvVRoTJ0RjTgOKkdKSa9ZGIVITjFh2mzce3eziMj91zbrVtGaAy8QuSR2U6Ljm98iPcBISrjBDUg5tK1ZOhoSimJG8OkokiRGeojEZaspRSKSTzcLn8EQrPgwioYcrOFN/X2QolDINPb1ZRJWLXiH+60kdZUL8fNkaJipoORnlcaIIx/MMQcKgimBREvSpIFixVBOEBdVvQDxBAmGlq6zqfuzFNpZJ76xpW0377rzebpVNVcAROAYNYIMr0AY3oAO6AIMUPIMX8Go8GW/Gu/ExX10xypsa+APj8wcWc5+o</latexit><latexit sha1_base64="c0predU6fxUIgXNLrKQNMX8SDuQ=">AAACF3icbVDLSsNAFJ34rPUV7dLNYBHqpiTio8uCG3dWsA9oQ5hMJu3QySTMTIQY8iGu3OpXuBO3Lv0I/8FJm4W2HrhwOOdeOPd4MaNSWdaXsbK6tr6xWdmqbu/s7u2bB4c9GSUCky6OWCQGHpKEUU66iipGBrEgKPQY6XvT68LvPxAhacTvVRoTJ0RjTgOKkdKSa9ZGIVITjFh2mzce3eziMj91zbrVtGaAy8QuSR2U6Ljm98iPcBISrjBDUg5tK1ZOhoSimJG8OkokiRGeojEZaspRSKSTzcLn8EQrPgwioYcrOFN/X2QolDINPb1ZRJWLXiH+60kdZUL8fNkaJipoORnlcaIIx/MMQcKgimBREvSpIFixVBOEBdVvQDxBAmGlq6zqfuzFNpZJ76xpW0377rzebpVNVcAROAYNYIMr0AY3oAO6AIMUPIMX8Go8GW/Gu/ExX10xypsa+APj8wcWc5+o</latexit><latexit sha1_base64="c0predU6fxUIgXNLrKQNMX8SDuQ=">AAACF3icbVDLSsNAFJ34rPUV7dLNYBHqpiTio8uCG3dWsA9oQ5hMJu3QySTMTIQY8iGu3OpXuBO3Lv0I/8FJm4W2HrhwOOdeOPd4MaNSWdaXsbK6tr6xWdmqbu/s7u2bB4c9GSUCky6OWCQGHpKEUU66iipGBrEgKPQY6XvT68LvPxAhacTvVRoTJ0RjTgOKkdKSa9ZGIVITjFh2mzce3eziMj91zbrVtGaAy8QuSR2U6Ljm98iPcBISrjBDUg5tK1ZOhoSimJG8OkokiRGeojEZaspRSKSTzcLn8EQrPgwioYcrOFN/X2QolDINPb1ZRJWLXiH+60kdZUL8fNkaJipoORnlcaIIx/MMQcKgimBREvSpIFixVBOEBdVvQDxBAmGlq6zqfuzFNpZJ76xpW0377rzebpVNVcAROAYNYIMr0AY3oAO6AIMUPIMX8Go8GW/Gu/ExX10xypsa+APj8wcWc5+o</latexit>

❖ As before, consistency with subleading conformal soft limit requires

M6

����
O(z56)

= z56B(i�5, i�6)


i�6 � i�5

i�5 + i�6
P�3,0 +

i�5

i�5 + i�6
L�1P�2,0

�
M5

<latexit sha1_base64="tXW10c+/Ohs90yU5Kf27UxkizUA="></latexit><latexit sha1_base64="tXW10c+/Ohs90yU5Kf27UxkizUA="></latexit><latexit sha1_base64="tXW10c+/Ohs90yU5Kf27UxkizUA="></latexit><latexit sha1_base64="tXW10c+/Ohs90yU5Kf27UxkizUA="></latexit>

❖ Consequently the             term can also be written as O(z56)
<latexit sha1_base64="QZcNyNCeVJlUNo9kbRecp3uvfqY=">AAACGHicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREtLosuHFnBfuANoTJZNIOnUzCzERoQ37ElVv9Cnfi1p0f4T84abPQ1gMXDufcC+ceL2ZUKsv6Mkorq2vrG+XNytb2zu6euX/QkVEiMGnjiEWi5yFJGOWkrahipBcLgkKPka43vsn97iMRkkb8QU1i4oRoyGlAMVJacs0jOAiRGmHE0rusNnXTy0Z25ppVq27NAJeJXZAqKNByze+BH+EkJFxhhqTs21asnBQJRTEjWWWQSBIjPEZD0teUo5BIJ52lz+CpVnwYREIPV3Cm/r5IUSjlJPT0Zh5VLnq5+K8ndZQR8bNlq5+o4NpJKY8TRTieZwgSBlUE85agTwXBik00QVhQ/QbEIyQQVrrLiu7HXmxjmXTO67ZVt+8vqs1G0VQZHIMTUAM2uAJNcAtaoA0wmIJn8AJejSfjzXg3PuarJaO4OQR/YHz+AHFbn9A=</latexit><latexit sha1_base64="QZcNyNCeVJlUNo9kbRecp3uvfqY=">AAACGHicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREtLosuHFnBfuANoTJZNIOnUzCzERoQ37ElVv9Cnfi1p0f4T84abPQ1gMXDufcC+ceL2ZUKsv6Mkorq2vrG+XNytb2zu6euX/QkVEiMGnjiEWi5yFJGOWkrahipBcLgkKPka43vsn97iMRkkb8QU1i4oRoyGlAMVJacs0jOAiRGmHE0rusNnXTy0Z25ppVq27NAJeJXZAqKNByze+BH+EkJFxhhqTs21asnBQJRTEjWWWQSBIjPEZD0teUo5BIJ52lz+CpVnwYREIPV3Cm/r5IUSjlJPT0Zh5VLnq5+K8ndZQR8bNlq5+o4NpJKY8TRTieZwgSBlUE85agTwXBik00QVhQ/QbEIyQQVrrLiu7HXmxjmXTO67ZVt+8vqs1G0VQZHIMTUAM2uAJNcAtaoA0wmIJn8AJejSfjzXg3PuarJaO4OQR/YHz+AHFbn9A=</latexit><latexit sha1_base64="QZcNyNCeVJlUNo9kbRecp3uvfqY=">AAACGHicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREtLosuHFnBfuANoTJZNIOnUzCzERoQ37ElVv9Cnfi1p0f4T84abPQ1gMXDufcC+ceL2ZUKsv6Mkorq2vrG+XNytb2zu6euX/QkVEiMGnjiEWi5yFJGOWkrahipBcLgkKPka43vsn97iMRkkb8QU1i4oRoyGlAMVJacs0jOAiRGmHE0rusNnXTy0Z25ppVq27NAJeJXZAqKNByze+BH+EkJFxhhqTs21asnBQJRTEjWWWQSBIjPEZD0teUo5BIJ52lz+CpVnwYREIPV3Cm/r5IUSjlJPT0Zh5VLnq5+K8ndZQR8bNlq5+o4NpJKY8TRTieZwgSBlUE85agTwXBik00QVhQ/QbEIyQQVrrLiu7HXmxjmXTO67ZVt+8vqs1G0VQZHIMTUAM2uAJNcAtaoA0wmIJn8AJejSfjzXg3PuarJaO4OQR/YHz+AHFbn9A=</latexit><latexit sha1_base64="QZcNyNCeVJlUNo9kbRecp3uvfqY=">AAACGHicbVDLSsNAFJ3UV62v+Ni5GSxC3ZREtLosuHFnBfuANoTJZNIOnUzCzERoQ37ElVv9Cnfi1p0f4T84abPQ1gMXDufcC+ceL2ZUKsv6Mkorq2vrG+XNytb2zu6euX/QkVEiMGnjiEWi5yFJGOWkrahipBcLgkKPka43vsn97iMRkkb8QU1i4oRoyGlAMVJacs0jOAiRGmHE0rusNnXTy0Z25ppVq27NAJeJXZAqKNByze+BH+EkJFxhhqTs21asnBQJRTEjWWWQSBIjPEZD0teUo5BIJ52lz+CpVnwYREIPV3Cm/r5IUSjlJPT0Zh5VLnq5+K8ndZQR8bNlq5+o4NpJKY8TRTieZwgSBlUE85agTwXBik00QVhQ/QbEIyQQVrrLiu7HXmxjmXTO67ZVt+8vqs1G0VQZHIMTUAM2uAJNcAtaoA0wmIJn8AJejSfjzXg3PuarJaO4OQR/YHz+AHFbn9A=</latexit>

M6

����
O(z56)

= z56B(i�5, i�6)


(1 + i�5)P�3,0 �

i�5

i�5 + i�6
J 1
�2P�1,�1

�
M5

<latexit sha1_base64="NwZ4+wfJhkA+M2r8a8o/+RKRcW4="></latexit><latexit sha1_base64="NwZ4+wfJhkA+M2r8a8o/+RKRcW4="></latexit><latexit sha1_base64="NwZ4+wfJhkA+M2r8a8o/+RKRcW4="></latexit><latexit sha1_base64="NwZ4+wfJhkA+M2r8a8o/+RKRcW4="></latexit>

L�1P�2,0M5 = (2 + i�5 + i�6)P�3,0M5 � J 1
�2P�1,�1M5

<latexit sha1_base64="OBAwB9+06OHk8BH68DXLilIKyz4="></latexit><latexit sha1_base64="OBAwB9+06OHk8BH68DXLilIKyz4="></latexit><latexit sha1_base64="OBAwB9+06OHk8BH68DXLilIKyz4="></latexit><latexit sha1_base64="OBAwB9+06OHk8BH68DXLilIKyz4="></latexit>



OPE decomposition: Subleading terms

term from amplitudeO(z̄56)
<latexit sha1_base64="V1b/+evE8yOEsYeKyZErJXjFlE8=">AAACHXicbVDLSsNAFJ3UV62vqCtxM1iEuimJ+Oiy4MadFewDmhAm00k7dDIJMxOhhuCnuHKrX+FO3Iof4T84abPQ1gMXDufcC+ceP2ZUKsv6MkpLyyura+X1ysbm1vaOubvXkVEiMGnjiEWi5yNJGOWkrahipBcLgkKfka4/vsr97j0Rkkb8Tk1i4oZoyGlAMVJa8swDJ0RqhBFLb7Ka4yORPmReen6RnXhm1apbU8BFYhekCgq0PPPbGUQ4CQlXmCEp+7YVKzdFQlHMSFZxEklihMdoSPqachQS6abTFzJ4rJUBDCKhhys4VX9fpCiUchL6ejMPLOe9XPzXkzrKiAyyRaufqKDhppTHiSIczzIECYMqgnlVcEAFwYpNNEFYUP0GxCMkEFa60Irux55vY5F0Tuu2Vbdvz6rNRtFUGRyCI1ADNrgETXANWqANMHgEz+AFvBpPxpvxbnzMVktGcbMP/sD4/AFF76Jt</latexit><latexit sha1_base64="V1b/+evE8yOEsYeKyZErJXjFlE8=">AAACHXicbVDLSsNAFJ3UV62vqCtxM1iEuimJ+Oiy4MadFewDmhAm00k7dDIJMxOhhuCnuHKrX+FO3Iof4T84abPQ1gMXDufcC+ceP2ZUKsv6MkpLyyura+X1ysbm1vaOubvXkVEiMGnjiEWi5yNJGOWkrahipBcLgkKfka4/vsr97j0Rkkb8Tk1i4oZoyGlAMVJa8swDJ0RqhBFLb7Ka4yORPmReen6RnXhm1apbU8BFYhekCgq0PPPbGUQ4CQlXmCEp+7YVKzdFQlHMSFZxEklihMdoSPqachQS6abTFzJ4rJUBDCKhhys4VX9fpCiUchL6ejMPLOe9XPzXkzrKiAyyRaufqKDhppTHiSIczzIECYMqgnlVcEAFwYpNNEFYUP0GxCMkEFa60Irux55vY5F0Tuu2Vbdvz6rNRtFUGRyCI1ADNrgETXANWqANMHgEz+AFvBpPxpvxbnzMVktGcbMP/sD4/AFF76Jt</latexit><latexit sha1_base64="V1b/+evE8yOEsYeKyZErJXjFlE8=">AAACHXicbVDLSsNAFJ3UV62vqCtxM1iEuimJ+Oiy4MadFewDmhAm00k7dDIJMxOhhuCnuHKrX+FO3Iof4T84abPQ1gMXDufcC+ceP2ZUKsv6MkpLyyura+X1ysbm1vaOubvXkVEiMGnjiEWi5yNJGOWkrahipBcLgkKfka4/vsr97j0Rkkb8Tk1i4oZoyGlAMVJa8swDJ0RqhBFLb7Ka4yORPmReen6RnXhm1apbU8BFYhekCgq0PPPbGUQ4CQlXmCEp+7YVKzdFQlHMSFZxEklihMdoSPqachQS6abTFzJ4rJUBDCKhhys4VX9fpCiUchL6ejMPLOe9XPzXkzrKiAyyRaufqKDhppTHiSIczzIECYMqgnlVcEAFwYpNNEFYUP0GxCMkEFa60Irux55vY5F0Tuu2Vbdvz6rNRtFUGRyCI1ADNrgETXANWqANMHgEz+AFvBpPxpvxbnzMVktGcbMP/sD4/AFF76Jt</latexit><latexit sha1_base64="V1b/+evE8yOEsYeKyZErJXjFlE8=">AAACHXicbVDLSsNAFJ3UV62vqCtxM1iEuimJ+Oiy4MadFewDmhAm00k7dDIJMxOhhuCnuHKrX+FO3Iof4T84abPQ1gMXDufcC+ceP2ZUKsv6MkpLyyura+X1ysbm1vaOubvXkVEiMGnjiEWi5yNJGOWkrahipBcLgkKfka4/vsr97j0Rkkb8Tk1i4oZoyGlAMVJa8swDJ0RqhBFLb7Ka4yORPmReen6RnXhm1apbU8BFYhekCgq0PPPbGUQ4CQlXmCEp+7YVKzdFQlHMSFZxEklihMdoSPqachQS6abTFzJ4rJUBDCKhhys4VX9fpCiUchL6ejMPLOe9XPzXkzrKiAyyRaufqKDhppTHiSIczzIECYMqgnlVcEAFwYpNNEFYUP0GxCMkEFa60Irux55vY5F0Tuu2Vbdvz6rNRtFUGRyCI1ADNrgETXANWqANMHgEz+AFvBpPxpvxbnzMVktGcbMP/sD4/AFF76Jt</latexit>

❖ In this case consistency with subleading conformal soft limit requires

M6

����
O(z̄56)

= z̄56B(i�5, i�6)


i�5

i�5 + i�6

�
L̄�1P�2,0 � L�1P�1,�1

�
+

i�5 � i�6

i�5 + i�6
P�2,�1

�
M5

<latexit sha1_base64="I/DmqAB8NrE8fd3yxoaBAqIG8XU="></latexit><latexit sha1_base64="I/DmqAB8NrE8fd3yxoaBAqIG8XU="></latexit><latexit sha1_base64="I/DmqAB8NrE8fd3yxoaBAqIG8XU="></latexit><latexit sha1_base64="I/DmqAB8NrE8fd3yxoaBAqIG8XU="></latexit>

�
L̄�1P�2,0 � L�1P�1,�1 + (2 + i�5 + i�6)P�2,�1

�
M5 = 2J 0

�1P�1,�1M5
<latexit sha1_base64="ive/sVHupRg0XybQk00XRHf9+xU="></latexit><latexit sha1_base64="ive/sVHupRg0XybQk00XRHf9+xU="></latexit><latexit sha1_base64="ive/sVHupRg0XybQk00XRHf9+xU="></latexit><latexit sha1_base64="ive/sVHupRg0XybQk00XRHf9+xU="></latexit>

❖ This allows us to re-write the              term asO(z̄56)
<latexit sha1_base64="SMdKAbCaViTRk4LvgTziVtTeNjM=">AAACHnicbVDLSsNAFJ3UV62vqDvdDBahbkoiWl0W3Lizgn1AE8JkOmmHTiZhZiLUEPBTXLnVr3AnbvUj/AcnbRbaeuDC4Zx74dzjx4xKZVlfRmlpeWV1rbxe2djc2t4xd/c6MkoEJm0csUj0fCQJo5y0FVWM9GJBUOgz0vXHV7nfvSdC0ojfqUlM3BANOQ0oRkpLnnkAnRCpEUYsvclqjo9E+pB56XkjO/HMqlW3poCLxC5IFRRoeea3M4hwEhKuMENS9m0rVm6KhKKYkaziJJLECI/RkPQ15Sgk0k2nP2TwWCsDGERCD1dwqv6+SFEo5ST09WYeWM57ufivJ3WUERlki1Y/UcGlm1IeJ4pwPMsQJAyqCOZdwQEVBCs20QRhQfUbEI+QQFjpRiu6H3u+jUXSOa3bVt2+Pas2G0VTZXAIjkAN2OACNME1aIE2wOARPIMX8Go8GW/Gu/ExWy0Zxc0++APj8weho6KV</latexit><latexit sha1_base64="SMdKAbCaViTRk4LvgTziVtTeNjM=">AAACHnicbVDLSsNAFJ3UV62vqDvdDBahbkoiWl0W3Lizgn1AE8JkOmmHTiZhZiLUEPBTXLnVr3AnbvUj/AcnbRbaeuDC4Zx74dzjx4xKZVlfRmlpeWV1rbxe2djc2t4xd/c6MkoEJm0csUj0fCQJo5y0FVWM9GJBUOgz0vXHV7nfvSdC0ojfqUlM3BANOQ0oRkpLnnkAnRCpEUYsvclqjo9E+pB56XkjO/HMqlW3poCLxC5IFRRoeea3M4hwEhKuMENS9m0rVm6KhKKYkaziJJLECI/RkPQ15Sgk0k2nP2TwWCsDGERCD1dwqv6+SFEo5ST09WYeWM57ufivJ3WUERlki1Y/UcGlm1IeJ4pwPMsQJAyqCOZdwQEVBCs20QRhQfUbEI+QQFjpRiu6H3u+jUXSOa3bVt2+Pas2G0VTZXAIjkAN2OACNME1aIE2wOARPIMX8Go8GW/Gu/ExWy0Zxc0++APj8weho6KV</latexit><latexit sha1_base64="SMdKAbCaViTRk4LvgTziVtTeNjM=">AAACHnicbVDLSsNAFJ3UV62vqDvdDBahbkoiWl0W3Lizgn1AE8JkOmmHTiZhZiLUEPBTXLnVr3AnbvUj/AcnbRbaeuDC4Zx74dzjx4xKZVlfRmlpeWV1rbxe2djc2t4xd/c6MkoEJm0csUj0fCQJo5y0FVWM9GJBUOgz0vXHV7nfvSdC0ojfqUlM3BANOQ0oRkpLnnkAnRCpEUYsvclqjo9E+pB56XkjO/HMqlW3poCLxC5IFRRoeea3M4hwEhKuMENS9m0rVm6KhKKYkaziJJLECI/RkPQ15Sgk0k2nP2TwWCsDGERCD1dwqv6+SFEo5ST09WYeWM57ufivJ3WUERlki1Y/UcGlm1IeJ4pwPMsQJAyqCOZdwQEVBCs20QRhQfUbEI+QQFjpRiu6H3u+jUXSOa3bVt2+Pas2G0VTZXAIjkAN2OACNME1aIE2wOARPIMX8Go8GW/Gu/ExWy0Zxc0++APj8weho6KV</latexit><latexit sha1_base64="SMdKAbCaViTRk4LvgTziVtTeNjM=">AAACHnicbVDLSsNAFJ3UV62vqDvdDBahbkoiWl0W3Lizgn1AE8JkOmmHTiZhZiLUEPBTXLnVr3AnbvUj/AcnbRbaeuDC4Zx74dzjx4xKZVlfRmlpeWV1rbxe2djc2t4xd/c6MkoEJm0csUj0fCQJo5y0FVWM9GJBUOgz0vXHV7nfvSdC0ojfqUlM3BANOQ0oRkpLnnkAnRCpEUYsvclqjo9E+pB56XkjO/HMqlW3poCLxC5IFRRoeea3M4hwEhKuMENS9m0rVm6KhKKYkaziJJLECI/RkPQ15Sgk0k2nP2TwWCsDGERCD1dwqv6+SFEo5ST09WYeWM57ufivJ3WUERlki1Y/UcGlm1IeJ4pwPMsQJAyqCOZdwQEVBCs20QRhQfUbEI+QQFjpRiu6H3u+jUXSOa3bVt2+Pas2G0VTZXAIjkAN2OACNME1aIE2wOARPIMX8Go8GW/Gu/ExWy0Zxc0++APj8weho6KV</latexit>
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�1P�1,�1 � (1 + i�5)P�2,�1

�
M5

<latexit sha1_base64="regp7qlfb7fW+TNQlP1Xst+ZsMo="></latexit><latexit sha1_base64="regp7qlfb7fW+TNQlP1Xst+ZsMo="></latexit><latexit sha1_base64="regp7qlfb7fW+TNQlP1Xst+ZsMo="></latexit><latexit sha1_base64="regp7qlfb7fW+TNQlP1Xst+ZsMo="></latexit>

Note that compared to the 3-pt case we now have the non-trivial action of the generator  P�2,0
<latexit sha1_base64="J7cXfSCVt/YMbSaSoT9dzpODnCI=">AAACCnicbVDLSgNBEOz1GeMr6tHLYBA8aNgNoh4DXjxGMA9IljA725sMmX0wMyuEZf/Ak1f9Cm/i1Z/wI/wHJ8keNLGgoajqhuryEsGVtu0va2V1bX1js7RV3t7Z3duvHBy2VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98O/U7jygVj6MHPUnQDekw4gFnVBup2xxkF/VzOx9UqnbNnoEsE6cgVSjQHFS++37M0hAjzQRVqufYiXYzKjVnAvNyP1WYUDamQ+wZGtEQlZvN8ubk1Cg+CWJpJtJkpv6+yGio1CT0zGZI9UgtelPxX0+ZKCP082Wrl+rgxs14lKQaIzbPEKSC6JhMeyE+l8i0mBhCmeTmDcJGVFKmTXtl04+z2MYyaddrjl1z7i+rjauiqRIcwwmcgQPX0IA7aEILGAh4hhd4tZ6sN+vd+pivrljFzRH8gfX5Azrjml8=</latexit><latexit sha1_base64="J7cXfSCVt/YMbSaSoT9dzpODnCI=">AAACCnicbVDLSgNBEOz1GeMr6tHLYBA8aNgNoh4DXjxGMA9IljA725sMmX0wMyuEZf/Ak1f9Cm/i1Z/wI/wHJ8keNLGgoajqhuryEsGVtu0va2V1bX1js7RV3t7Z3duvHBy2VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98O/U7jygVj6MHPUnQDekw4gFnVBup2xxkF/VzOx9UqnbNnoEsE6cgVSjQHFS++37M0hAjzQRVqufYiXYzKjVnAvNyP1WYUDamQ+wZGtEQlZvN8ubk1Cg+CWJpJtJkpv6+yGio1CT0zGZI9UgtelPxX0+ZKCP082Wrl+rgxs14lKQaIzbPEKSC6JhMeyE+l8i0mBhCmeTmDcJGVFKmTXtl04+z2MYyaddrjl1z7i+rjauiqRIcwwmcgQPX0IA7aEILGAh4hhd4tZ6sN+vd+pivrljFzRH8gfX5Azrjml8=</latexit><latexit sha1_base64="J7cXfSCVt/YMbSaSoT9dzpODnCI=">AAACCnicbVDLSgNBEOz1GeMr6tHLYBA8aNgNoh4DXjxGMA9IljA725sMmX0wMyuEZf/Ak1f9Cm/i1Z/wI/wHJ8keNLGgoajqhuryEsGVtu0va2V1bX1js7RV3t7Z3duvHBy2VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98O/U7jygVj6MHPUnQDekw4gFnVBup2xxkF/VzOx9UqnbNnoEsE6cgVSjQHFS++37M0hAjzQRVqufYiXYzKjVnAvNyP1WYUDamQ+wZGtEQlZvN8ubk1Cg+CWJpJtJkpv6+yGio1CT0zGZI9UgtelPxX0+ZKCP082Wrl+rgxs14lKQaIzbPEKSC6JhMeyE+l8i0mBhCmeTmDcJGVFKmTXtl04+z2MYyaddrjl1z7i+rjauiqRIcwwmcgQPX0IA7aEILGAh4hhd4tZ6sN+vd+pivrljFzRH8gfX5Azrjml8=</latexit><latexit sha1_base64="J7cXfSCVt/YMbSaSoT9dzpODnCI=">AAACCnicbVDLSgNBEOz1GeMr6tHLYBA8aNgNoh4DXjxGMA9IljA725sMmX0wMyuEZf/Ak1f9Cm/i1Z/wI/wHJ8keNLGgoajqhuryEsGVtu0va2V1bX1js7RV3t7Z3duvHBy2VZxKhi0Wi1h2PapQ8AhbmmuB3UQiDT2BHW98O/U7jygVj6MHPUnQDekw4gFnVBup2xxkF/VzOx9UqnbNnoEsE6cgVSjQHFS++37M0hAjzQRVqufYiXYzKjVnAvNyP1WYUDamQ+wZGtEQlZvN8ubk1Cg+CWJpJtJkpv6+yGio1CT0zGZI9UgtelPxX0+ZKCP082Wrl+rgxs14lKQaIzbPEKSC6JhMeyE+l8i0mBhCmeTmDcJGVFKmTXtl04+z2MYyaddrjl1z7i+rjauiqRIcwwmcgQPX0IA7aEILGAh4hhd4tZ6sN+vd+pivrljFzRH8gfX5Azrjml8=</latexit>



OPE decomposition: Subleading terms
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<latexit sha1_base64="KSsfaHo/d7OCQPE/kHbQgQyAvoY="></latexit><latexit sha1_base64="KSsfaHo/d7OCQPE/kHbQgQyAvoY="></latexit><latexit sha1_base64="KSsfaHo/d7OCQPE/kHbQgQyAvoY="></latexit><latexit sha1_base64="KSsfaHo/d7OCQPE/kHbQgQyAvoY="></latexit>

❖ This is already in a form that is manifestly consistent with leading and subleading 
     conformal soft limits.

term from amplitudeO(z56z̄56)
<latexit sha1_base64="A/Ce8f2Yx4s1VCVcCWR1oujBUmc=">AAACI3icbVDLSsNAFJ34rPUVdenCwSLUTUnER5cFN+6sYB/QhDCZTNqhkwczE6ENWfoprtzqV7gTNy78BP/BSZqFth64cDjnXjj3uDGjQhrGp7a0vLK6tl7ZqG5ube/s6nv7XRElHJMOjljE+y4ShNGQdCSVjPRjTlDgMtJzx9e533sgXNAovJeTmNgBGobUpxhJJTn6kRUgOcKIpbdZfeqkF5eZ5SKeTrOCnzp6zWgYBeAiMUtSAyXajv5teRFOAhJKzJAQA9OIpZ0iLilmJKtaiSAxwmM0JANFQxQQYafFIxk8UYoH/YirCSUs1N8XKQqEmASu2sxji3kvF//1hIoyIl62aA0S6TftlIZxIkmIZxn8hEEZwbww6FFOsGQTRRDmVL0B8QhxhKWqtar6MefbWCTds4ZpNMy781qrWTZVAYfgGNSBCa5AC9yANugADB7BM3gBr9qT9qa9ax+z1SWtvDkAf6B9/QAESaTl</latexit><latexit sha1_base64="A/Ce8f2Yx4s1VCVcCWR1oujBUmc=">AAACI3icbVDLSsNAFJ34rPUVdenCwSLUTUnER5cFN+6sYB/QhDCZTNqhkwczE6ENWfoprtzqV7gTNy78BP/BSZqFth64cDjnXjj3uDGjQhrGp7a0vLK6tl7ZqG5ube/s6nv7XRElHJMOjljE+y4ShNGQdCSVjPRjTlDgMtJzx9e533sgXNAovJeTmNgBGobUpxhJJTn6kRUgOcKIpbdZfeqkF5eZ5SKeTrOCnzp6zWgYBeAiMUtSAyXajv5teRFOAhJKzJAQA9OIpZ0iLilmJKtaiSAxwmM0JANFQxQQYafFIxk8UYoH/YirCSUs1N8XKQqEmASu2sxji3kvF//1hIoyIl62aA0S6TftlIZxIkmIZxn8hEEZwbww6FFOsGQTRRDmVL0B8QhxhKWqtar6MefbWCTds4ZpNMy781qrWTZVAYfgGNSBCa5AC9yANugADB7BM3gBr9qT9qa9ax+z1SWtvDkAf6B9/QAESaTl</latexit><latexit sha1_base64="A/Ce8f2Yx4s1VCVcCWR1oujBUmc=">AAACI3icbVDLSsNAFJ34rPUVdenCwSLUTUnER5cFN+6sYB/QhDCZTNqhkwczE6ENWfoprtzqV7gTNy78BP/BSZqFth64cDjnXjj3uDGjQhrGp7a0vLK6tl7ZqG5ube/s6nv7XRElHJMOjljE+y4ShNGQdCSVjPRjTlDgMtJzx9e533sgXNAovJeTmNgBGobUpxhJJTn6kRUgOcKIpbdZfeqkF5eZ5SKeTrOCnzp6zWgYBeAiMUtSAyXajv5teRFOAhJKzJAQA9OIpZ0iLilmJKtaiSAxwmM0JANFQxQQYafFIxk8UYoH/YirCSUs1N8XKQqEmASu2sxji3kvF//1hIoyIl62aA0S6TftlIZxIkmIZxn8hEEZwbww6FFOsGQTRRDmVL0B8QhxhKWqtar6MefbWCTds4ZpNMy781qrWTZVAYfgGNSBCa5AC9yANugADB7BM3gBr9qT9qa9ax+z1SWtvDkAf6B9/QAESaTl</latexit><latexit sha1_base64="A/Ce8f2Yx4s1VCVcCWR1oujBUmc=">AAACI3icbVDLSsNAFJ34rPUVdenCwSLUTUnER5cFN+6sYB/QhDCZTNqhkwczE6ENWfoprtzqV7gTNy78BP/BSZqFth64cDjnXjj3uDGjQhrGp7a0vLK6tl7ZqG5ube/s6nv7XRElHJMOjljE+y4ShNGQdCSVjPRjTlDgMtJzx9e533sgXNAovJeTmNgBGobUpxhJJTn6kRUgOcKIpbdZfeqkF5eZ5SKeTrOCnzp6zWgYBeAiMUtSAyXajv5teRFOAhJKzJAQA9OIpZ0iLilmJKtaiSAxwmM0JANFQxQQYafFIxk8UYoH/YirCSUs1N8XKQqEmASu2sxji3kvF//1hIoyIl62aA0S6TftlIZxIkmIZxn8hEEZwbww6FFOsGQTRRDmVL0B8QhxhKWqtar6MefbWCTds4ZpNMy781qrWTZVAYfgGNSBCa5AC9yANugADB7BM3gBr9qT9qa9ax+z1SWtvDkAf6B9/QAESaTl</latexit>

Finally let us consider the 
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<latexit sha1_base64="DvUOF87cuPXuvIwRFy6OO6dDTlQ="></latexit><latexit sha1_base64="DvUOF87cuPXuvIwRFy6OO6dDTlQ="></latexit><latexit sha1_base64="DvUOF87cuPXuvIwRFy6OO6dDTlQ="></latexit><latexit sha1_base64="DvUOF87cuPXuvIwRFy6OO6dDTlQ="></latexit>



Celestial OPE coefficients from 
Extended Symmetry Algebra



Primary Descendants
❖ From the explicit amplitude computations we have seen that certain linear combinations
    of descendants vanish when acting on MHV amplitudes. In fact such combinations
    must also be primaries under the extended symmetry algebra. This is analogous to 
    null state relations in ordinary 2d CFTs. 

❖ We can determine these primary descendants purely from symmetry considerations
     as follows. Consider the linear combination

Demanding this to be a primary under the current algebra implies: Ja
n 

� = 0, n � 1
<latexit sha1_base64="x38abMeRbwDYY6em0Oo6KzaKRcg=">AAACLHicbVDLSgNBEJyN7/iKevQyGAQPEnZF1IsQ8CKeIhgNZGPone0kQ2Zn15lZISz7C36KJ6/6FV5EvHrzH5zEHDSxoKGo6obqChLBtXHdN6cwMzs3v7C4VFxeWV1bL21sXus4VQzrLBaxagSgUXCJdcONwEaiEKJA4E3QPxv6N/eoNI/llRkk2IqgK3mHMzBWapf2Lm4zyNuZzKlf0/w28zXvRpDTU3ef+ncphFT6XaReu1R2K+4IdJp4Y1ImY9TapS8/jFkaoTRMgNZNz01MKwNlOBOYF/1UYwKsD11sWiohQt3KRh/ldNcqIe3Eyo40dKT+vsgg0noQBXYzAtPTk95Q/NfTNkoPw3zaaqamc9LKuExSg5L9ZOikgpqYDpujIVfIjBhYAkxx+wZlPVDAjO23aPvxJtuYJtcHFc+teJeH5erRuKlFsk12yB7xyDGpknNSI3XCyAN5Is/kxXl0Xp135+NnteCMb7bIHzif33dvp4Y=</latexit><latexit sha1_base64="x38abMeRbwDYY6em0Oo6KzaKRcg=">AAACLHicbVDLSgNBEJyN7/iKevQyGAQPEnZF1IsQ8CKeIhgNZGPone0kQ2Zn15lZISz7C36KJ6/6FV5EvHrzH5zEHDSxoKGo6obqChLBtXHdN6cwMzs3v7C4VFxeWV1bL21sXus4VQzrLBaxagSgUXCJdcONwEaiEKJA4E3QPxv6N/eoNI/llRkk2IqgK3mHMzBWapf2Lm4zyNuZzKlf0/w28zXvRpDTU3ef+ncphFT6XaReu1R2K+4IdJp4Y1ImY9TapS8/jFkaoTRMgNZNz01MKwNlOBOYF/1UYwKsD11sWiohQt3KRh/ldNcqIe3Eyo40dKT+vsgg0noQBXYzAtPTk95Q/NfTNkoPw3zaaqamc9LKuExSg5L9ZOikgpqYDpujIVfIjBhYAkxx+wZlPVDAjO23aPvxJtuYJtcHFc+teJeH5erRuKlFsk12yB7xyDGpknNSI3XCyAN5Is/kxXl0Xp135+NnteCMb7bIHzif33dvp4Y=</latexit><latexit sha1_base64="x38abMeRbwDYY6em0Oo6KzaKRcg=">AAACLHicbVDLSgNBEJyN7/iKevQyGAQPEnZF1IsQ8CKeIhgNZGPone0kQ2Zn15lZISz7C36KJ6/6FV5EvHrzH5zEHDSxoKGo6obqChLBtXHdN6cwMzs3v7C4VFxeWV1bL21sXus4VQzrLBaxagSgUXCJdcONwEaiEKJA4E3QPxv6N/eoNI/llRkk2IqgK3mHMzBWapf2Lm4zyNuZzKlf0/w28zXvRpDTU3ef+ncphFT6XaReu1R2K+4IdJp4Y1ImY9TapS8/jFkaoTRMgNZNz01MKwNlOBOYF/1UYwKsD11sWiohQt3KRh/ldNcqIe3Eyo40dKT+vsgg0noQBXYzAtPTk95Q/NfTNkoPw3zaaqamc9LKuExSg5L9ZOikgpqYDpujIVfIjBhYAkxx+wZlPVDAjO23aPvxJtuYJtcHFc+teJeH5erRuKlFsk12yB7xyDGpknNSI3XCyAN5Is/kxXl0Xp135+NnteCMb7bIHzif33dvp4Y=</latexit><latexit sha1_base64="x38abMeRbwDYY6em0Oo6KzaKRcg=">AAACLHicbVDLSgNBEJyN7/iKevQyGAQPEnZF1IsQ8CKeIhgNZGPone0kQ2Zn15lZISz7C36KJ6/6FV5EvHrzH5zEHDSxoKGo6obqChLBtXHdN6cwMzs3v7C4VFxeWV1bL21sXus4VQzrLBaxagSgUXCJdcONwEaiEKJA4E3QPxv6N/eoNI/llRkk2IqgK3mHMzBWapf2Lm4zyNuZzKlf0/w28zXvRpDTU3ef+ncphFT6XaReu1R2K+4IdJp4Y1ImY9TapS8/jFkaoTRMgNZNz01MKwNlOBOYF/1UYwKsD11sWiohQt3KRh/ldNcqIe3Eyo40dKT+vsgg0noQBXYzAtPTk95Q/NfTNkoPw3zaaqamc9LKuExSg5L9ZOikgpqYDpujIVfIjBhYAkxx+wZlPVDAjO23aPvxJtuYJtcHFc+teJeH5erRuKlFsk12yB7xyDGpknNSI3XCyAN5Is/kxXl0Xp135+NnteCMb7bIHzif33dvp4Y=</latexit>

In particular applying           gives,  J�1
1

<latexit sha1_base64="jgTlLxCqa/vBUyOGubxdKCWhSp0=">AAACDHicbVDLSsNAFL2pr1pfVZdugkVwY0lE1GXBjbiqYB/YxjKZ3LRDJ5MwMxFKyC+4cqtf4U7c+g9+hP/g9LHQ1gMXDufcC+ceP+FMacf5sgpLyyura8X10sbm1vZOeXevqeJUUmzQmMey7ROFnAlsaKY5thOJJPI5tvzh1dhvPaJULBZ3epSgF5G+YCGjRBvp/uYhO3HzXmamXHGqzgT2InFnpAIz1Hvl724Q0zRCoSknSnVcJ9FeRqRmlGNe6qYKE0KHpI8dQwWJUHnZJHFuHxklsMNYmhHanqi/LzISKTWKfLMZET1Q895Y/NdTJsoAg3zR6qQ6vPQyJpJUo6DTDGHKbR3b42bsgEmkmo8MIVQy84ZNB0QSqk1/JdOPO9/GImmeVl2n6t6eVWrns6aKcACHcAwuXEANrqEODaAg4Ble4NV6st6sd+tjulqwZjf78AfW5w9k+JuX</latexit><latexit sha1_base64="jgTlLxCqa/vBUyOGubxdKCWhSp0=">AAACDHicbVDLSsNAFL2pr1pfVZdugkVwY0lE1GXBjbiqYB/YxjKZ3LRDJ5MwMxFKyC+4cqtf4U7c+g9+hP/g9LHQ1gMXDufcC+ceP+FMacf5sgpLyyura8X10sbm1vZOeXevqeJUUmzQmMey7ROFnAlsaKY5thOJJPI5tvzh1dhvPaJULBZ3epSgF5G+YCGjRBvp/uYhO3HzXmamXHGqzgT2InFnpAIz1Hvl724Q0zRCoSknSnVcJ9FeRqRmlGNe6qYKE0KHpI8dQwWJUHnZJHFuHxklsMNYmhHanqi/LzISKTWKfLMZET1Q895Y/NdTJsoAg3zR6qQ6vPQyJpJUo6DTDGHKbR3b42bsgEmkmo8MIVQy84ZNB0QSqk1/JdOPO9/GImmeVl2n6t6eVWrns6aKcACHcAwuXEANrqEODaAg4Ble4NV6st6sd+tjulqwZjf78AfW5w9k+JuX</latexit><latexit sha1_base64="jgTlLxCqa/vBUyOGubxdKCWhSp0=">AAACDHicbVDLSsNAFL2pr1pfVZdugkVwY0lE1GXBjbiqYB/YxjKZ3LRDJ5MwMxFKyC+4cqtf4U7c+g9+hP/g9LHQ1gMXDufcC+ceP+FMacf5sgpLyyura8X10sbm1vZOeXevqeJUUmzQmMey7ROFnAlsaKY5thOJJPI5tvzh1dhvPaJULBZ3epSgF5G+YCGjRBvp/uYhO3HzXmamXHGqzgT2InFnpAIz1Hvl724Q0zRCoSknSnVcJ9FeRqRmlGNe6qYKE0KHpI8dQwWJUHnZJHFuHxklsMNYmhHanqi/LzISKTWKfLMZET1Q895Y/NdTJsoAg3zR6qQ6vPQyJpJUo6DTDGHKbR3b42bsgEmkmo8MIVQy84ZNB0QSqk1/JdOPO9/GImmeVl2n6t6eVWrns6aKcACHcAwuXEANrqEODaAg4Ble4NV6st6sd+tjulqwZjf78AfW5w9k+JuX</latexit><latexit sha1_base64="jgTlLxCqa/vBUyOGubxdKCWhSp0=">AAACDHicbVDLSsNAFL2pr1pfVZdugkVwY0lE1GXBjbiqYB/YxjKZ3LRDJ5MwMxFKyC+4cqtf4U7c+g9+hP/g9LHQ1gMXDufcC+ceP+FMacf5sgpLyyura8X10sbm1vZOeXevqeJUUmzQmMey7ROFnAlsaKY5thOJJPI5tvzh1dhvPaJULBZ3epSgF5G+YCGjRBvp/uYhO3HzXmamXHGqzgT2InFnpAIz1Hvl724Q0zRCoSknSnVcJ9FeRqRmlGNe6qYKE0KHpI8dQwWJUHnZJHFuHxklsMNYmhHanqi/LzISKTWKfLMZET1Q895Y/NdTJsoAg3zR6qQ6vPQyJpJUo6DTDGHKbR3b42bsgEmkmo8MIVQy84ZNB0QSqk1/JdOPO9/GImmeVl2n6t6eVWrns6aKcACHcAwuXEANrqEODaAg4Ble4NV6st6sd+tjulqwZjf78AfW5w9k+JuX</latexit>

c = �(2h̄+ 1)
<latexit sha1_base64="WCVlyzfUrQUaKaHm1PADss5JQ38=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVsSRF1I1QcOOygn1AG8pkctMMnTyYmRRKyG+4cqtf4U7cuvcj/AenbRbaeuDC4Zx74dzjJpxJZVlfxsrq2vrGZmmrvL2zu7dvHhy2ZZwKCi0a81h0XSKBswhaiikO3UQACV0OHXd0N/U7YxCSxdGjmiTghGQYMZ9RorQ0ME16iy+q9b5LRBbk5/bZwKxYNWsGvEzsglRQgebA/O57MU1DiBTlRMqebSXKyYhQjHLIy/1UQkLoiAyhp2lEQpBONkue41OteNiPhZ5I4Zn6+yIjoZST0NWbIVGBXPSm4r+e1FEC8PJlq5cq/8bJWJSkCiI6z+CnHKsYTxvCHhNAFZ9oQqhg+g1MAyIIVbrHsu7HXmxjmbTrNduq2Q+XlcZV0VQJHaMTVEU2ukYNdI+aqIUoGqNn9IJejSfjzXg3PuarK0Zxc4T+wPj8Acn4nTs=</latexit><latexit sha1_base64="WCVlyzfUrQUaKaHm1PADss5JQ38=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVsSRF1I1QcOOygn1AG8pkctMMnTyYmRRKyG+4cqtf4U7cuvcj/AenbRbaeuDC4Zx74dzjJpxJZVlfxsrq2vrGZmmrvL2zu7dvHhy2ZZwKCi0a81h0XSKBswhaiikO3UQACV0OHXd0N/U7YxCSxdGjmiTghGQYMZ9RorQ0ME16iy+q9b5LRBbk5/bZwKxYNWsGvEzsglRQgebA/O57MU1DiBTlRMqebSXKyYhQjHLIy/1UQkLoiAyhp2lEQpBONkue41OteNiPhZ5I4Zn6+yIjoZST0NWbIVGBXPSm4r+e1FEC8PJlq5cq/8bJWJSkCiI6z+CnHKsYTxvCHhNAFZ9oQqhg+g1MAyIIVbrHsu7HXmxjmbTrNduq2Q+XlcZV0VQJHaMTVEU2ukYNdI+aqIUoGqNn9IJejSfjzXg3PuarK0Zxc4T+wPj8Acn4nTs=</latexit><latexit sha1_base64="WCVlyzfUrQUaKaHm1PADss5JQ38=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVsSRF1I1QcOOygn1AG8pkctMMnTyYmRRKyG+4cqtf4U7cuvcj/AenbRbaeuDC4Zx74dzjJpxJZVlfxsrq2vrGZmmrvL2zu7dvHhy2ZZwKCi0a81h0XSKBswhaiikO3UQACV0OHXd0N/U7YxCSxdGjmiTghGQYMZ9RorQ0ME16iy+q9b5LRBbk5/bZwKxYNWsGvEzsglRQgebA/O57MU1DiBTlRMqebSXKyYhQjHLIy/1UQkLoiAyhp2lEQpBONkue41OteNiPhZ5I4Zn6+yIjoZST0NWbIVGBXPSm4r+e1FEC8PJlq5cq/8bJWJSkCiI6z+CnHKsYTxvCHhNAFZ9oQqhg+g1MAyIIVbrHsu7HXmxjmbTrNduq2Q+XlcZV0VQJHaMTVEU2ukYNdI+aqIUoGqNn9IJejSfjzXg3PuarK0Zxc4T+wPj8Acn4nTs=</latexit><latexit sha1_base64="WCVlyzfUrQUaKaHm1PADss5JQ38=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVsSRF1I1QcOOygn1AG8pkctMMnTyYmRRKyG+4cqtf4U7cuvcj/AenbRbaeuDC4Zx74dzjJpxJZVlfxsrq2vrGZmmrvL2zu7dvHhy2ZZwKCi0a81h0XSKBswhaiikO3UQACV0OHXd0N/U7YxCSxdGjmiTghGQYMZ9RorQ0ME16iy+q9b5LRBbk5/bZwKxYNWsGvEzsglRQgebA/O57MU1DiBTlRMqebSXKyYhQjHLIy/1UQkLoiAyhp2lEQpBONkue41OteNiPhZ5I4Zn6+yIjoZST0NWbIVGBXPSm4r+e1FEC8PJlq5cq/8bJWJSkCiI6z+CnHKsYTxvCHhNAFZ9oQqhg+g1MAyIIVbrHsu7HXmxjmbTrNduq2Q+XlcZV0VQJHaMTVEU2ukYNdI+aqIUoGqNn9IJejSfjzXg3PuarK0Zxc4T+wPj8Acn4nTs=</latexit>

 �(z, z̄) =
�
J1
�1P�1,�1 + cP�2,0

�
G�

�(z, z̄)
<latexit sha1_base64="oa4syQWPiIvAcnf1TOw+kK3mQ1o="></latexit><latexit sha1_base64="oa4syQWPiIvAcnf1TOw+kK3mQ1o="></latexit><latexit sha1_base64="oa4syQWPiIvAcnf1TOw+kK3mQ1o="></latexit><latexit sha1_base64="oa4syQWPiIvAcnf1TOw+kK3mQ1o="></latexit>

� = ±2
<latexit sha1_base64="7prEaaGPBPlpY+dXh58bP2m9ei4=">AAACDnicbVDLSsNAFL2pr1pfVZduBovgqiRF1I1QcOOygn1AE8pkMmmHziTDzEQoof/gyq1+hTtx6y/4Ef6D0zYLbT1w4XDOvXDuCSVn2rjul1NaW9/Y3CpvV3Z29/YPqodHHZ1mitA2SXmqeiHWlLOEtg0znPakoliEnHbD8e3M7z5SpVmaPJiJpIHAw4TFjGBjJd/XbCjwjS8FagyqNbfuzoFWiVeQGhRoDarffpSSTNDEEI617nuuNEGOlWGE02nFzzSVmIzxkPYtTbCgOsjnmafozCoRilNlJzForv6+yLHQeiJCuymwGellbyb+62kbZUSj6arVz0x8HeQskZmhCVlkiDOOTIpm3aCIKUoMn1iCiWL2DURGWGFibIMV24+33MYq6TTqnlv37i9qzcuiqTKcwCmcgwdX0IQ7aEEbCEh4hhd4dZ6cN+fd+Vislpzi5hj+wPn8AdVBnFo=</latexit><latexit sha1_base64="7prEaaGPBPlpY+dXh58bP2m9ei4=">AAACDnicbVDLSsNAFL2pr1pfVZduBovgqiRF1I1QcOOygn1AE8pkMmmHziTDzEQoof/gyq1+hTtx6y/4Ef6D0zYLbT1w4XDOvXDuCSVn2rjul1NaW9/Y3CpvV3Z29/YPqodHHZ1mitA2SXmqeiHWlLOEtg0znPakoliEnHbD8e3M7z5SpVmaPJiJpIHAw4TFjGBjJd/XbCjwjS8FagyqNbfuzoFWiVeQGhRoDarffpSSTNDEEI617nuuNEGOlWGE02nFzzSVmIzxkPYtTbCgOsjnmafozCoRilNlJzForv6+yLHQeiJCuymwGellbyb+62kbZUSj6arVz0x8HeQskZmhCVlkiDOOTIpm3aCIKUoMn1iCiWL2DURGWGFibIMV24+33MYq6TTqnlv37i9qzcuiqTKcwCmcgwdX0IQ7aEEbCEh4hhd4dZ6cN+fd+Vislpzi5hj+wPn8AdVBnFo=</latexit><latexit sha1_base64="7prEaaGPBPlpY+dXh58bP2m9ei4=">AAACDnicbVDLSsNAFL2pr1pfVZduBovgqiRF1I1QcOOygn1AE8pkMmmHziTDzEQoof/gyq1+hTtx6y/4Ef6D0zYLbT1w4XDOvXDuCSVn2rjul1NaW9/Y3CpvV3Z29/YPqodHHZ1mitA2SXmqeiHWlLOEtg0znPakoliEnHbD8e3M7z5SpVmaPJiJpIHAw4TFjGBjJd/XbCjwjS8FagyqNbfuzoFWiVeQGhRoDarffpSSTNDEEI617nuuNEGOlWGE02nFzzSVmIzxkPYtTbCgOsjnmafozCoRilNlJzForv6+yLHQeiJCuymwGellbyb+62kbZUSj6arVz0x8HeQskZmhCVlkiDOOTIpm3aCIKUoMn1iCiWL2DURGWGFibIMV24+33MYq6TTqnlv37i9qzcuiqTKcwCmcgwdX0IQ7aEEbCEh4hhd4dZ6cN+fd+Vislpzi5hj+wPn8AdVBnFo=</latexit><latexit sha1_base64="7prEaaGPBPlpY+dXh58bP2m9ei4=">AAACDnicbVDLSsNAFL2pr1pfVZduBovgqiRF1I1QcOOygn1AE8pkMmmHziTDzEQoof/gyq1+hTtx6y/4Ef6D0zYLbT1w4XDOvXDuCSVn2rjul1NaW9/Y3CpvV3Z29/YPqodHHZ1mitA2SXmqeiHWlLOEtg0znPakoliEnHbD8e3M7z5SpVmaPJiJpIHAw4TFjGBjJd/XbCjwjS8FagyqNbfuzoFWiVeQGhRoDarffpSSTNDEEI617nuuNEGOlWGE02nFzzSVmIzxkPYtTbCgOsjnmafozCoRilNlJzForv6+yLHQeiJCuymwGellbyb+62kbZUSj6arVz0x8HeQskZmhCVlkiDOOTIpm3aCIKUoMn1iCiWL2DURGWGFibIMV24+33MYq6TTqnlv37i9qzcuiqTKcwCmcgwdX0IQ7aEEbCEh4hhd4dZ6cN+fd+Vislpzi5hj+wPn8AdVBnFo=</latexit>

It can also be easily verified that this state is also annihilated by Pa,0, a � 0, Pn,�1, n � 1
<latexit sha1_base64="2TOZbEs9MqyJu2z++VFEBuCz5rk=">AAACK3icbZDLSgNBEEV74ivGV9Slm8YguohhRkRdBty4jGAekIRQ01NJmvT0jN09QhjyCX6KK7f6Fa4Uty79BzuPhSYWFFzOrYKq68eCa+O6705maXlldS27ntvY3Nreye/u1XSUKIZVFolINXzQKLjEquFGYCNWCKEvsO4Prsd+/QGV5pG8M8MY2yH0JO9yBsaiTv640kmh6I6KFFo9pG6Rtu4TCKjFsnjqWS7H3OvkC27JnRRdFN5MFMisKp38dyuIWBKiNEyA1k3PjU07BWU4EzjKtRKNMbAB9LBppYQQdTudPDSiR5YEtBsp29LQCf29kUKo9TD07WQIpq/nvTH819P2lD4Go0WrmZjuVTvlMk4MSja9oZsIaiI6Do4GXCEzYmgFMMXtG5T1QQEzNt6czcebT2NR1M5Knlvybs8L5YtZUllyQA7JCfHIJSmTG1IhVcLII3kmL+TVeXLenA/nczqacWY7++RPOV8/W8qlMg==</latexit><latexit sha1_base64="2TOZbEs9MqyJu2z++VFEBuCz5rk=">AAACK3icbZDLSgNBEEV74ivGV9Slm8YguohhRkRdBty4jGAekIRQ01NJmvT0jN09QhjyCX6KK7f6Fa4Uty79BzuPhSYWFFzOrYKq68eCa+O6705maXlldS27ntvY3Nreye/u1XSUKIZVFolINXzQKLjEquFGYCNWCKEvsO4Prsd+/QGV5pG8M8MY2yH0JO9yBsaiTv640kmh6I6KFFo9pG6Rtu4TCKjFsnjqWS7H3OvkC27JnRRdFN5MFMisKp38dyuIWBKiNEyA1k3PjU07BWU4EzjKtRKNMbAB9LBppYQQdTudPDSiR5YEtBsp29LQCf29kUKo9TD07WQIpq/nvTH819P2lD4Go0WrmZjuVTvlMk4MSja9oZsIaiI6Do4GXCEzYmgFMMXtG5T1QQEzNt6czcebT2NR1M5Knlvybs8L5YtZUllyQA7JCfHIJSmTG1IhVcLII3kmL+TVeXLenA/nczqacWY7++RPOV8/W8qlMg==</latexit><latexit sha1_base64="2TOZbEs9MqyJu2z++VFEBuCz5rk=">AAACK3icbZDLSgNBEEV74ivGV9Slm8YguohhRkRdBty4jGAekIRQ01NJmvT0jN09QhjyCX6KK7f6Fa4Uty79BzuPhSYWFFzOrYKq68eCa+O6705maXlldS27ntvY3Nreye/u1XSUKIZVFolINXzQKLjEquFGYCNWCKEvsO4Prsd+/QGV5pG8M8MY2yH0JO9yBsaiTv640kmh6I6KFFo9pG6Rtu4TCKjFsnjqWS7H3OvkC27JnRRdFN5MFMisKp38dyuIWBKiNEyA1k3PjU07BWU4EzjKtRKNMbAB9LBppYQQdTudPDSiR5YEtBsp29LQCf29kUKo9TD07WQIpq/nvTH819P2lD4Go0WrmZjuVTvlMk4MSja9oZsIaiI6Do4GXCEzYmgFMMXtG5T1QQEzNt6czcebT2NR1M5Knlvybs8L5YtZUllyQA7JCfHIJSmTG1IhVcLII3kmL+TVeXLenA/nczqacWY7++RPOV8/W8qlMg==</latexit><latexit sha1_base64="2TOZbEs9MqyJu2z++VFEBuCz5rk=">AAACK3icbZDLSgNBEEV74ivGV9Slm8YguohhRkRdBty4jGAekIRQ01NJmvT0jN09QhjyCX6KK7f6Fa4Uty79BzuPhSYWFFzOrYKq68eCa+O6705maXlldS27ntvY3Nreye/u1XSUKIZVFolINXzQKLjEquFGYCNWCKEvsO4Prsd+/QGV5pG8M8MY2yH0JO9yBsaiTv640kmh6I6KFFo9pG6Rtu4TCKjFsnjqWS7H3OvkC27JnRRdFN5MFMisKp38dyuIWBKiNEyA1k3PjU07BWU4EzjKtRKNMbAB9LBppYQQdTudPDSiR5YEtBsp29LQCf29kUKo9TD07WQIpq/nvTH819P2lD4Go0WrmZjuVTvlMk4MSja9oZsIaiI6Do4GXCEzYmgFMMXtG5T1QQEzNt6czcebT2NR1M5Knlvybs8L5YtZUllyQA7JCfHIJSmTG1IhVcLII3kmL+TVeXLenA/nczqacWY7++RPOV8/W8qlMg==</latexit>

 Consequently        is  a primary descendant of the extended symmetry algebra.  �
<latexit sha1_base64="GkbOV9dO+ePjGbQb6G4uzpueSBY=">AAACD3icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLgxmUF+4Amlslk2g6dmcSZiVBCPsKVW/0Kd+LWT/Aj/AenbRbaeuDC4Zx74dwTJpxp47pfTmlldW19o7xZ2dre2d2r7h+0dZwqQlsk5rHqhlhTziRtGWY47SaKYhFy2gnH11O/80iVZrG8M5OEBgIPJRswgo2VAr+p2X3mazYUOO9Xa27dnQEtE68gNSjQ7Fe//SgmqaDSEI617nluYoIMK8MIp3nFTzVNMBnjIe1ZKrGgOshmoXN0YpUIDWJlRxo0U39fZFhoPRGh3RTYjPSiNxX/9bSNMqJRvmz1UjO4CjImk9RQSeYZBilHJkbTclDEFCWGTyzBRDH7BiIjrDAxtsKK7cdbbGOZtM/qnlv3bs9rjYuiqTIcwTGcggeX0IAbaEILCDzAM7zAq/PkvDnvzsd8teQUN4fwB87nD8JOnXo=</latexit><latexit sha1_base64="GkbOV9dO+ePjGbQb6G4uzpueSBY=">AAACD3icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLgxmUF+4Amlslk2g6dmcSZiVBCPsKVW/0Kd+LWT/Aj/AenbRbaeuDC4Zx74dwTJpxp47pfTmlldW19o7xZ2dre2d2r7h+0dZwqQlsk5rHqhlhTziRtGWY47SaKYhFy2gnH11O/80iVZrG8M5OEBgIPJRswgo2VAr+p2X3mazYUOO9Xa27dnQEtE68gNSjQ7Fe//SgmqaDSEI617nluYoIMK8MIp3nFTzVNMBnjIe1ZKrGgOshmoXN0YpUIDWJlRxo0U39fZFhoPRGh3RTYjPSiNxX/9bSNMqJRvmz1UjO4CjImk9RQSeYZBilHJkbTclDEFCWGTyzBRDH7BiIjrDAxtsKK7cdbbGOZtM/qnlv3bs9rjYuiqTIcwTGcggeX0IAbaEILCDzAM7zAq/PkvDnvzsd8teQUN4fwB87nD8JOnXo=</latexit><latexit sha1_base64="GkbOV9dO+ePjGbQb6G4uzpueSBY=">AAACD3icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLgxmUF+4Amlslk2g6dmcSZiVBCPsKVW/0Kd+LWT/Aj/AenbRbaeuDC4Zx74dwTJpxp47pfTmlldW19o7xZ2dre2d2r7h+0dZwqQlsk5rHqhlhTziRtGWY47SaKYhFy2gnH11O/80iVZrG8M5OEBgIPJRswgo2VAr+p2X3mazYUOO9Xa27dnQEtE68gNSjQ7Fe//SgmqaDSEI617nluYoIMK8MIp3nFTzVNMBnjIe1ZKrGgOshmoXN0YpUIDWJlRxo0U39fZFhoPRGh3RTYjPSiNxX/9bSNMqJRvmz1UjO4CjImk9RQSeYZBilHJkbTclDEFCWGTyzBRDH7BiIjrDAxtsKK7cdbbGOZtM/qnlv3bs9rjYuiqTIcwTGcggeX0IAbaEILCDzAM7zAq/PkvDnvzsd8teQUN4fwB87nD8JOnXo=</latexit><latexit sha1_base64="GkbOV9dO+ePjGbQb6G4uzpueSBY=">AAACD3icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLgxmUF+4Amlslk2g6dmcSZiVBCPsKVW/0Kd+LWT/Aj/AenbRbaeuDC4Zx74dwTJpxp47pfTmlldW19o7xZ2dre2d2r7h+0dZwqQlsk5rHqhlhTziRtGWY47SaKYhFy2gnH11O/80iVZrG8M5OEBgIPJRswgo2VAr+p2X3mazYUOO9Xa27dnQEtE68gNSjQ7Fe//SgmqaDSEI617nluYoIMK8MIp3nFTzVNMBnjIe1ZKrGgOshmoXN0YpUIDWJlRxo0U39fZFhoPRGh3RTYjPSiNxX/9bSNMqJRvmz1UjO4CjImk9RQSeYZBilHJkbTclDEFCWGTyzBRDH7BiIjrDAxtsKK7cdbbGOZtM/qnlv3bs9rjYuiqTIcwTGcggeX0IAbaEILCDzAM7zAq/PkvDnvzsd8teQUN4fwB87nD8JOnXo=</latexit>

Both states in the above are individually primaries under Poincare. 

precisely agrees with the amplitude
calculation



Primary Descendants
❖ Let us consider another instance of a primary descendant. For this consider the 
    linear combination 

� =
�
L�1P�1,�1 + c1J

0
�1P�1,�1 + c2P�3,�1 + c3L̄�1P�2,0

�
G�

�(z, z̄)
<latexit sha1_base64="I5azz0tbfraZqQtlQMaw635Y0Fk="></latexit><latexit sha1_base64="I5azz0tbfraZqQtlQMaw635Y0Fk="></latexit><latexit sha1_base64="I5azz0tbfraZqQtlQMaw635Y0Fk="></latexit><latexit sha1_base64="I5azz0tbfraZqQtlQMaw635Y0Fk="></latexit>

Demanding that 
L1� = L̄1� = P0,�1� = P�1,0� = 0

<latexit sha1_base64="ZOiXaCtxBdGV2u9qlz153xCYE3M="></latexit><latexit sha1_base64="ZOiXaCtxBdGV2u9qlz153xCYE3M="></latexit><latexit sha1_base64="ZOiXaCtxBdGV2u9qlz153xCYE3M="></latexit><latexit sha1_base64="ZOiXaCtxBdGV2u9qlz153xCYE3M="></latexit>

and using the previous vanishing condition we get

c1 = 2, c2 = �(�+ 1), c3 = �1, � = 2
<latexit sha1_base64="GUDadM78Caany3vJzr3UUzL/aT0="></latexit><latexit sha1_base64="GUDadM78Caany3vJzr3UUzL/aT0="></latexit><latexit sha1_base64="GUDadM78Caany3vJzr3UUzL/aT0="></latexit><latexit sha1_base64="GUDadM78Caany3vJzr3UUzL/aT0="></latexit>

Then it can be verified that for the above values      is also annihilated by�
<latexit sha1_base64="GZEemmo3VsKd3uyCGCwohTfb/R8=">AAACBnicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLgxmUF+4A2lMnkphk6eTAzEUro3pVb/Qp34tbf8CP8BydtFtp64MLhnHvh3OOlgitt219WZW19Y3Orul3b2d3bP6gfHnVVkkmGHZaIRPY9qlDwGDuaa4H9VCKNPIE9b3Jb+L1HlIon8YOepuhGdBzzgDOqC2nYDvmo3rCb9hxklTglaUCJ9qj+PfQTlkUYayaoUgPHTrWbU6k5EzirDTOFKWUTOsaBoTGNULn5POuMnBnFJ0EizcSazNXfFzmNlJpGntmMqA7VsleI/3rKRAnRn61ag0wHN27O4zTTGLNFhiATRCek6IT4XCLTYmoIZZKbNwgLqaRMm+Zqph9nuY1V0r1oOnbTub9stK7KpqpwAqdwDg5cQwvuoA0dYBDCM7zAq/VkvVnv1sditWKVN8fwB9bnDyzjmVI=</latexit><latexit sha1_base64="GZEemmo3VsKd3uyCGCwohTfb/R8=">AAACBnicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLgxmUF+4A2lMnkphk6eTAzEUro3pVb/Qp34tbf8CP8BydtFtp64MLhnHvh3OOlgitt219WZW19Y3Orul3b2d3bP6gfHnVVkkmGHZaIRPY9qlDwGDuaa4H9VCKNPIE9b3Jb+L1HlIon8YOepuhGdBzzgDOqC2nYDvmo3rCb9hxklTglaUCJ9qj+PfQTlkUYayaoUgPHTrWbU6k5EzirDTOFKWUTOsaBoTGNULn5POuMnBnFJ0EizcSazNXfFzmNlJpGntmMqA7VsleI/3rKRAnRn61ag0wHN27O4zTTGLNFhiATRCek6IT4XCLTYmoIZZKbNwgLqaRMm+Zqph9nuY1V0r1oOnbTub9stK7KpqpwAqdwDg5cQwvuoA0dYBDCM7zAq/VkvVnv1sditWKVN8fwB9bnDyzjmVI=</latexit><latexit sha1_base64="GZEemmo3VsKd3uyCGCwohTfb/R8=">AAACBnicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLgxmUF+4A2lMnkphk6eTAzEUro3pVb/Qp34tbf8CP8BydtFtp64MLhnHvh3OOlgitt219WZW19Y3Orul3b2d3bP6gfHnVVkkmGHZaIRPY9qlDwGDuaa4H9VCKNPIE9b3Jb+L1HlIon8YOepuhGdBzzgDOqC2nYDvmo3rCb9hxklTglaUCJ9qj+PfQTlkUYayaoUgPHTrWbU6k5EzirDTOFKWUTOsaBoTGNULn5POuMnBnFJ0EizcSazNXfFzmNlJpGntmMqA7VsleI/3rKRAnRn61ag0wHN27O4zTTGLNFhiATRCek6IT4XCLTYmoIZZKbNwgLqaRMm+Zqph9nuY1V0r1oOnbTub9stK7KpqpwAqdwDg5cQwvuoA0dYBDCM7zAq/VkvVnv1sditWKVN8fwB9bnDyzjmVI=</latexit><latexit sha1_base64="GZEemmo3VsKd3uyCGCwohTfb/R8=">AAACBnicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLgxmUF+4A2lMnkphk6eTAzEUro3pVb/Qp34tbf8CP8BydtFtp64MLhnHvh3OOlgitt219WZW19Y3Orul3b2d3bP6gfHnVVkkmGHZaIRPY9qlDwGDuaa4H9VCKNPIE9b3Jb+L1HlIon8YOepuhGdBzzgDOqC2nYDvmo3rCb9hxklTglaUCJ9qj+PfQTlkUYayaoUgPHTrWbU6k5EzirDTOFKWUTOsaBoTGNULn5POuMnBnFJ0EizcSazNXfFzmNlJpGntmMqA7VsleI/3rKRAnRn61ag0wHN27O4zTTGLNFhiATRCek6IT4XCLTYmoIZZKbNwgLqaRMm+Zqph9nuY1V0r1oOnbTub9stK7KpqpwAqdwDg5cQwvuoA0dYBDCM7zAq/VkvVnv1sditWKVN8fwB9bnDyzjmVI=</latexit>
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Thus      is a primary descendant of the extended symmetry algebra. �
<latexit sha1_base64="GZEemmo3VsKd3uyCGCwohTfb/R8=">AAACBnicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLgxmUF+4A2lMnkphk6eTAzEUro3pVb/Qp34tbf8CP8BydtFtp64MLhnHvh3OOlgitt219WZW19Y3Orul3b2d3bP6gfHnVVkkmGHZaIRPY9qlDwGDuaa4H9VCKNPIE9b3Jb+L1HlIon8YOepuhGdBzzgDOqC2nYDvmo3rCb9hxklTglaUCJ9qj+PfQTlkUYayaoUgPHTrWbU6k5EzirDTOFKWUTOsaBoTGNULn5POuMnBnFJ0EizcSazNXfFzmNlJpGntmMqA7VsleI/3rKRAnRn61ag0wHN27O4zTTGLNFhiATRCek6IT4XCLTYmoIZZKbNwgLqaRMm+Zqph9nuY1V0r1oOnbTub9stK7KpqpwAqdwDg5cQwvuoA0dYBDCM7zAq/VkvVnv1sditWKVN8fwB9bnDyzjmVI=</latexit><latexit sha1_base64="GZEemmo3VsKd3uyCGCwohTfb/R8=">AAACBnicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLgxmUF+4A2lMnkphk6eTAzEUro3pVb/Qp34tbf8CP8BydtFtp64MLhnHvh3OOlgitt219WZW19Y3Orul3b2d3bP6gfHnVVkkmGHZaIRPY9qlDwGDuaa4H9VCKNPIE9b3Jb+L1HlIon8YOepuhGdBzzgDOqC2nYDvmo3rCb9hxklTglaUCJ9qj+PfQTlkUYayaoUgPHTrWbU6k5EzirDTOFKWUTOsaBoTGNULn5POuMnBnFJ0EizcSazNXfFzmNlJpGntmMqA7VsleI/3rKRAnRn61ag0wHN27O4zTTGLNFhiATRCek6IT4XCLTYmoIZZKbNwgLqaRMm+Zqph9nuY1V0r1oOnbTub9stK7KpqpwAqdwDg5cQwvuoA0dYBDCM7zAq/VkvVnv1sditWKVN8fwB9bnDyzjmVI=</latexit><latexit sha1_base64="GZEemmo3VsKd3uyCGCwohTfb/R8=">AAACBnicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLgxmUF+4A2lMnkphk6eTAzEUro3pVb/Qp34tbf8CP8BydtFtp64MLhnHvh3OOlgitt219WZW19Y3Orul3b2d3bP6gfHnVVkkmGHZaIRPY9qlDwGDuaa4H9VCKNPIE9b3Jb+L1HlIon8YOepuhGdBzzgDOqC2nYDvmo3rCb9hxklTglaUCJ9qj+PfQTlkUYayaoUgPHTrWbU6k5EzirDTOFKWUTOsaBoTGNULn5POuMnBnFJ0EizcSazNXfFzmNlJpGntmMqA7VsleI/3rKRAnRn61ag0wHN27O4zTTGLNFhiATRCek6IT4XCLTYmoIZZKbNwgLqaRMm+Zqph9nuY1V0r1oOnbTub9stK7KpqpwAqdwDg5cQwvuoA0dYBDCM7zAq/VkvVnv1sditWKVN8fwB9bnDyzjmVI=</latexit><latexit sha1_base64="GZEemmo3VsKd3uyCGCwohTfb/R8=">AAACBnicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLgxmUF+4A2lMnkphk6eTAzEUro3pVb/Qp34tbf8CP8BydtFtp64MLhnHvh3OOlgitt219WZW19Y3Orul3b2d3bP6gfHnVVkkmGHZaIRPY9qlDwGDuaa4H9VCKNPIE9b3Jb+L1HlIon8YOepuhGdBzzgDOqC2nYDvmo3rCb9hxklTglaUCJ9qj+PfQTlkUYayaoUgPHTrWbU6k5EzirDTOFKWUTOsaBoTGNULn5POuMnBnFJ0EizcSazNXfFzmNlJpGntmMqA7VsleI/3rKRAnRn61ag0wHN27O4zTTGLNFhiATRCek6IT4XCLTYmoIZZKbNwgLqaRMm+Zqph9nuY1V0r1oOnbTub9stK7KpqpwAqdwDg5cQwvuoA0dYBDCM7zAq/VkvVnv1sditWKVN8fwB9bnDyzjmVI=</latexit>

The values of these coefficients again precisely match with those found from the amplitude.



Differential equations for MHV amplitudes
❖ These primary descendants when inserted in Mellin transformed MHV graviton 
     amplitudes yield
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Some comments on the differential equations

❖ The 2 sets of differential equations are not independent.  The second equation can be 
     derived from the first using special conformal transformations.  

❖ The presence of both holomorphic, i.e.,    -derivatives and anti-holomorphic, i.e,     
      -derivatives reflects the fact that the underlying infinite dimensional symmetry algebra
     does not admit holomorphic factorisation. 
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❖ We will now see that these equations can be used to fully determine the structure 
     of the leading OPE coefficients for gravitons primaries. 

❖ Here will only deal with the case where both gravitons considered in the OPE are 
    outgoing in the S-matrix. Analogous techniques can be used to determine the leading 
    OPE structure for the case where one graviton is incoming and the other outgoing. 

❖ The first equation can be analytically verified using Hodge's representation of n-pt.
    MHV graviton amplitudes.  We have analytically checked the second equation 
    for 5-pt MHV amplitudes and numerically for 6-points.



Leading OPE coefficient from differential equations

❖ Let the leading OPE for (outgoing) graviton primaries be of the form
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❖ Consider the differential equation involving J 1
�1, P�2,0
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z ! z1
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• Then take the holomorphic collinear limit
• Expand the differential operators and keep the singular terms in this limit.

• Insert the above form of the OPE inside the correlator corresponding to the MHV 
    amplitude. 

• Match coefficients of                                       on both sides.  (z � z1)
p�1(z̄ � z̄1)

q+1
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Leading OPE coefficient from differential equations

(�� 1)Cpq(�,�1 + 1,�1) = (�1 � �1 + q)Cpq(�+ 1,�1,�1)
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❖ This yields the relation

❖ The same procedure for the other differential equation gives

(�� q)Cpq(�,�1 + 1,�1) = (�1 � �1 + 2q + p)Cpq(�+ 1,�1,�1)
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❖ These equations have non trivial solutions iff

q = 1, p = �1
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❖ The leading OPE then has the form
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This is precisely the structure of the leading OPE in a 2-derivative theory of gravity. So, this
analysis suggests that the bulk gravitational theory that is dual to the MHV sector of the 
celestial CFT must be a 2-derivative theory.  



Leading OPE coefficient

(�� 1)C�1,1(�,�1 + 1,�1) = (�1 � �1 + 1)C�1,1(�+ 1,�1,�1)
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❖ Now demanding invariance of the OPE under global u-translations gives

C�1,1(�,�1,�1) = C�1,1(�+ 1,�1,�1) + C�1,1(�,�1 + 1,�1)
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❖ These equations are solved by

C�1,1(�,�1,�1) = ↵B(�� 1,�1 � �1 + 1)
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�(x+ y)
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: Euler Beta function

❖ The constant can be determined from the leading soft limit and this gives ↵ = �1
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❖ From the differential equations we have the relation



Recursion relations for descendant OPE coefficients
❖ Let us consider the subleading terms in the OPE corresponding to descendants.
    For positive helicity (outgoing) gravitons this has the structure 
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❖ Demanding invariance of the above OPE under the extended symmetry algebra yields 
    recursion relations for the descendant OPE coefficients. Taking into account the 
    vanishing conditions mentioned before, these recursion relations can be solved in terms
    of the leading OPE coefficient. 

❖ Upto the order shown above, we have checked that the solutions to such recursion 
     relations precisely agree with corresponding results obtained by expanding the 
     Mellin transform of the 6-pt MHV graviton amplitude in the OPE limit. 
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Conclusions
❖ We constructed a current algebra using the subleading soft graviton theorem for
     a positive helicity outgoing graviton. 

❖ We showed that for MHV amplitudes the celestial OPE of positive helicity 
     gravitons can be organised into representations of an extended symmetry algebra
     comprising of the                  current algebra, supertranslations and holomorphic 
     Lorentz generators. 

SL(2,C)
<latexit sha1_base64="BAWnSyJweBpSwIWeb5GGdXLOmkU=">AAACH3icbVDLSsNAFJ34rPUVddlNsAgVpCRF1GWhGxcuKtoHNKFMJpN26GQmzEyEErLwU1y51a9wJ277Ef6DkzYLbT1w4XDOvXDu8WNKpLLtmbG2vrG5tV3aKe/u7R8cmkfHXckTgXAHccpF34cSU8JwRxFFcT8WGEY+xT1/0sr93hMWknD2qKYx9iI4YiQkCCotDc2Ky7WdX6cPd7XGhRtBNfb9tJWdZ0OzatftOaxV4hSkCgq0h+a3G3CURJgpRKGUA8eOlZdCoQiiOCu7icQxRBM4wgNNGYyw9NL5E5l1ppXACrnQw5Q1V39fpDCSchr5ejPPKJe9XPzXkzrKGAfZqjVIVHjjpYTFicIMLTKECbUUt/KyrIAIjBSdagKRIPoNC42hgEjpSsu6H2e5jVXSbdQdu+7cX1abV0VTJVABp6AGHHANmuAWtEEHIPAMXsEbeDdejA/j0/harK4Zxc0J+ANj9gNhEqL3</latexit><latexit sha1_base64="BAWnSyJweBpSwIWeb5GGdXLOmkU=">AAACH3icbVDLSsNAFJ34rPUVddlNsAgVpCRF1GWhGxcuKtoHNKFMJpN26GQmzEyEErLwU1y51a9wJ277Ef6DkzYLbT1w4XDOvXDu8WNKpLLtmbG2vrG5tV3aKe/u7R8cmkfHXckTgXAHccpF34cSU8JwRxFFcT8WGEY+xT1/0sr93hMWknD2qKYx9iI4YiQkCCotDc2Ky7WdX6cPd7XGhRtBNfb9tJWdZ0OzatftOaxV4hSkCgq0h+a3G3CURJgpRKGUA8eOlZdCoQiiOCu7icQxRBM4wgNNGYyw9NL5E5l1ppXACrnQw5Q1V39fpDCSchr5ejPPKJe9XPzXkzrKGAfZqjVIVHjjpYTFicIMLTKECbUUt/KyrIAIjBSdagKRIPoNC42hgEjpSsu6H2e5jVXSbdQdu+7cX1abV0VTJVABp6AGHHANmuAWtEEHIPAMXsEbeDdejA/j0/harK4Zxc0J+ANj9gNhEqL3</latexit><latexit sha1_base64="BAWnSyJweBpSwIWeb5GGdXLOmkU=">AAACH3icbVDLSsNAFJ34rPUVddlNsAgVpCRF1GWhGxcuKtoHNKFMJpN26GQmzEyEErLwU1y51a9wJ277Ef6DkzYLbT1w4XDOvXDu8WNKpLLtmbG2vrG5tV3aKe/u7R8cmkfHXckTgXAHccpF34cSU8JwRxFFcT8WGEY+xT1/0sr93hMWknD2qKYx9iI4YiQkCCotDc2Ky7WdX6cPd7XGhRtBNfb9tJWdZ0OzatftOaxV4hSkCgq0h+a3G3CURJgpRKGUA8eOlZdCoQiiOCu7icQxRBM4wgNNGYyw9NL5E5l1ppXACrnQw5Q1V39fpDCSchr5ejPPKJe9XPzXkzrKGAfZqjVIVHjjpYTFicIMLTKECbUUt/KyrIAIjBSdagKRIPoNC42hgEjpSsu6H2e5jVXSbdQdu+7cX1abV0VTJVABp6AGHHANmuAWtEEHIPAMXsEbeDdejA/j0/harK4Zxc0J+ANj9gNhEqL3</latexit><latexit sha1_base64="BAWnSyJweBpSwIWeb5GGdXLOmkU=">AAACH3icbVDLSsNAFJ34rPUVddlNsAgVpCRF1GWhGxcuKtoHNKFMJpN26GQmzEyEErLwU1y51a9wJ277Ef6DkzYLbT1w4XDOvXDu8WNKpLLtmbG2vrG5tV3aKe/u7R8cmkfHXckTgXAHccpF34cSU8JwRxFFcT8WGEY+xT1/0sr93hMWknD2qKYx9iI4YiQkCCotDc2Ky7WdX6cPd7XGhRtBNfb9tJWdZ0OzatftOaxV4hSkCgq0h+a3G3CURJgpRKGUA8eOlZdCoQiiOCu7icQxRBM4wgNNGYyw9NL5E5l1ppXACrnQw5Q1V39fpDCSchr5ejPPKJe9XPzXkzrKGAfZqjVIVHjjpYTFicIMLTKECbUUt/KyrIAIjBSdagKRIPoNC42hgEjpSsu6H2e5jVXSbdQdu+7cX1abV0VTJVABp6AGHHANmuAWtEEHIPAMXsEbeDdejA/j0/harK4Zxc0J+ANj9gNhEqL3</latexit>

❖ We showed that there exist null-state relations which lead to partial differential 
     equations for celestial correlators dual to MHV graviton amplitudes. 

❖ Our analysis suggests that the celestial CFT that computes MHV graviton amplitudes
    can be treated as a decoupled sector which is entirely governed by the     
    current algebra and supertranslations. 
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Future Directions

❖ Understand the structure of celestial CFT correlators dual to NMHV graviton amplitudes.
     In this case the current algebras corresponding to both positive as well as negative 
     helicity soft gravitons are likely to play an important role. 

❖ Does there exist similar structure in other cases such as Einstein-Yang Mills 
    amplitudes ?  

❖ Implications for double copy structures for celestial correlators. 
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