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Locality in the sky?
Momentum 
Eigenstates

Boost 
Eigenstates
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Local?

Shadow 
transform
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Light transforms

z = constant ∈ ℝ

z̄ = constant ∈ ℝ

Celestial torus  
of ℝ2,2
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ds2 = dz dz̄

Lights 
transforms

Bulk dual state

[Atanasov, Ball, Melton, Raclariu, Strominger ’21]

[Atanasov, Melton, Raclariu, Strominger ’21] [Kravchuk, Simmons-Duffin ’18]
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• Shadow transform              adjoint operation in 2d CCFT. 

• Shadow transforms used for gluon conformal block expansions. 

• Light transform exchanges observed in scalar conformal block 
expansions. 

• Light transform unravels symmetries of self-dual CCFT.

Previously in celestial news

[Crawley, Miller, Narayanan, Strominger ’21]

[Fan, Fotopoulos, Stieberger, Taylor, Zhu ’21]

[Atanasov, Melton, Raclariu, Strominger ’21]

[Strominger ’21] [Guevara, Himwich, Pate, Strominger ’21][Himwich, Pate, Singh ’21]



• From twistors to light transforms 

• Light transformed celestial amplitudes 

• Toward a Grassmannian formulation

Today…



Twistor eigenstates
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Little group

Momentum eigenstate
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Ambidextrous twistor amplitudes

• Parity-symmetric prescription with cleanest results. 

• Provides a natural home for BCFW recursion and on-shell diagrams. 

• Inverse transforms give rise to Grassmannian formulae.

Utilities

Transform to 
twistor space

Transform to 
dual twistor space
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Twistors for AdS3
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Primary twistor eigenstates
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Twistors to light transforms
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Motivates ambidextrous prescription for light transforms!



Ambidextrous light transforms

Celestial 
amplitude

Momentum 
space amplitude
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Gluon examples
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Gluon examples
3 points
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13 z�2�1

23 z̄1��1
31 z̄1��2

32

.

<latexit sha1_base64="dJMOPdvBNZeeetrx5ZTtTKzj6Co="></latexit>

L3(1
+
�1,+1, 2

+
�2,+1, 3

�
�3,�1) =

�(�)B(�1 � 1,�2 � 1) sgn(z̄12)

z1��1
31 z1��2

32 z̄�1�1
13 z̄�2�1

23

.
Parity 

conjugate



• Ambidextrous prescription absorbs all momentum conserving delta functions. 

• Brings amplitude to standard conformally covariant power law. 

• Can read off light transform celestial OPE.

Observations
<latexit sha1_base64="qvI7WA6tJ8Iyb3TDTgHczjSEqA8="></latexit>

L2(1
+
�1,+1, 2

�
�2,�1) =

�(�)

z1��1
21 z̄1��2

12

.

<latexit sha1_base64="dJMOPdvBNZeeetrx5ZTtTKzj6Co="></latexit>

L3(1
+
�1,+1, 2

+
�2,+1, 3

�
�3,�1) =

�(�)B(�1 � 1,�2 � 1) sgn(z̄12)

z1��1
31 z1��2

32 z̄�1�1
13 z̄�2�1

23

.

<latexit sha1_base64="aEGlG31e7bywIDGLZ5i/EazmnAY="></latexit>

L[Oa
�1,+](z1, z̄1)L[O

b
�2,+](z2, z̄2)

⇠ sgn(z̄12) B(�1 � 1,�2 � 1) fabc L[Oc
�1+�2�1,+](z2, z̄2) + · · ·



Graviton examples

2 points

3 points

<latexit sha1_base64="ClGceduOkVxU2E3MHkIup4zfn3k="></latexit>

A2(1
+
�1,+2, 2

�
�2,�2) = �(�) �(z12) �(z̄12)

<latexit sha1_base64="VjFYZ0Uk1TUCBR24CT5F+GrsvvI="></latexit>

L2(1
+
�1,+2, 2

�
�2,�2) =

�(�)

z��1
21 z̄��2

12

.

<latexit sha1_base64="upX7wxYXF2vOaF+ynac3gpNbi5A="></latexit>

L3(1
+
�1,+2, 2

+
�2,+2, 3

�
�3,�2) =

�(� + i)B(�1 � 1,�2 � 1) |z̄12|
z��1
31 z��2

32 z̄�1�1
13 z̄�2�1

23

.

<latexit sha1_base64="wbbsESbg5yXZW9fQjFPdbuOYk9Y="></latexit>

L[G�1,+](z1, z̄1)L[G�2,+](z2, z̄2)

⇠ |z̄12| B(�1 � 1,�2 � 1)L[G�1+�2,+](z2, z̄2) + · · ·
Celestial 

OPE

<latexit sha1_base64="6yRA+uSWXXXZydnEDMhM9tl0tEA="></latexit>

A3(1
+
�1,+2, 2

+
�2,+2, 3

�
�3,�2) = �(� + i)⇥

✓
z̄13
z̄12

◆
⇥

✓
z̄32
z̄12

◆
�(z13) �(z23)

z̄�2��3
12 z̄2��1

32 z̄2��2
13



Comparing celestial OPE

For boost 
eigenstates

For light 
transformed 

states

<latexit sha1_base64="RQ+W8KgtfFIcjF4MJEcHzsp4eHY="></latexit>

L[Oa
�1,+](z1, z̄1)L[O

b
�2,+](z2, z̄2)

⇠ sgn(z̄12) B(�1 � 1,�2 � 1) fabc L[Oc
�1+�2�1,+](z2, z̄2) + · · ·

<latexit sha1_base64="h9oSMskeUNg/4SHQAcFL1ZAcBb8="></latexit>

L[G�1,+](z1, z̄1)L[G�2,+](z2, z̄2)

⇠ |z̄12| B(�1 � 1,�2 � 1)L[G�1+�2,+](z2, z̄2) + · · ·

<latexit sha1_base64="VxzMawTZ+eFnCkjFHHgh97Z6IXM="></latexit>

O
a
�1,+(z1, z̄1)O

b
�2,+(z2, z̄2)

⇠ 1

z12
B(�1 � 1,�2 � 1) fabc

O
c
�1+�2�1,+(z2, z̄2) + · · ·

<latexit sha1_base64="yZZFFvmgwjaNMuWG+6ed+dkbdZY="></latexit>

G�1,+(z1, z̄1)G�2,+(z2, z̄2)

⇠ z̄12
z12

B(�1 � 1,�2 � 1)G�1+�2,+(z2, z̄2) + · · ·

[Pate, Raclariu, Strominger, Yuan ’19] [Fan, Fotopoulos, Taylor ’19]

Non-singular OPE? 🤔



Toward positive geometries
(Ongoing work with Matteo Parisi and Anders Schreiber)

<latexit sha1_base64="jmQKvKhSHAuDXoZW15FqVOYNCs0="></latexit>

An,k =

Z

�
⌦n,k(C) �2k|2k(C · (�̄ | ⌘̄)) �2(n�k)|2(n�k)(C? · (� | ⌘))

 SYM super-amplitude in non-chiral superspace N = 4 (λα
i , λ̄ ·α

i , ηα
i , η̄ ·α

i )

<latexit sha1_base64="dAf4/iW8SdEm8JuCYlVNFeJAkuI="></latexit>

C 2 G(k, n) = Space of k-planes in n dimensions

<latexit sha1_base64="kwjGFZ02WY2FvSMpqosPzS5/IQ0="></latexit>

⌦n,k(C) =
dk⇥nC / volGL(k)

(1 2 · · · k) (2 3 · · · k + 1) · · · (n 1 · · · k � 1)

<latexit sha1_base64="sqIdm5Fwzc4WcA9+QUjB5t2O9z4="></latexit>

C? 2 G(n� k, n) s.t. C? · Ct = 0

<latexit sha1_base64="UK2+EXmy8VP5pCROVExpAkR9PY0="></latexit>

� BCFW contour

[He, Zhang ’18]

[Arkani-Hamed, Cachazo, 
Cheung, Kaplan ’10]

<latexit sha1_base64="cr7Q8SbSWVKPOQfrM4e8Q1oxrE0="></latexit>

� ⌘ (�↵
i )2⇥n, etc.

Ordered minors of C labeled 
by columns involved



Grassmannian for celestial amplitudes

Can perform the 
Mellin integrals

<latexit sha1_base64="f/z15JCj7FrfwKD0bZyV+s889nQ="></latexit>

An,k =

Z

Rn
+

d!i

!i
!�i
i

Z

�
⌦n,k(C) �2k|2k(C · (�̄ | ⌘̄)) �2(n�k)|2(n�k)(C? · (� | ⌘))

Can geometrize the 
Mellin integrals

<latexit sha1_base64="mAXD9oZLjAgnG4k8+wAFSfbV41I="></latexit>

(�i, �̄i, ⌘i, ⌘̄i) ⌘
p
!i (⇣i, ⇣̄i,�i, �̄i)

Gauge fix:
<latexit sha1_base64="B8VD8Axwhl3gj8IlPYxy+BOD06k="></latexit>

C =
�

Ik⇥k

�� (c)k⇥n�k

�

<latexit sha1_base64="b3s0vZig72rgJUeyjfOvMpNfFZc="></latexit>

C? =
�

(�ct)n�k⇥k

�� In�k⇥n�k

�



Performing the integrals
[AS ’21] [Ferro, Moerman ’21]

<latexit sha1_base64="je+hig3aO6r/5bu9wAsgzwA0hDE="></latexit>

An,k =

Z

�
⌦n,k(C)

nY

j=1

⇥(Ej)E
�j�1
j

Y

ā

�

✓X

b

✏b cāb z̄āb

◆
�0|2

✓
Eā �̄ā +

X

b

✏b cāb �̄b

◆

⇥
Y

a

�

✓X

b̄

✏b̄ cb̄a zab̄

◆
�0|2

✓
Ea �a �

X

b̄

✏b̄ cb̄a �b̄

◆

<latexit sha1_base64="pkdGdLqntUINqb0zNkIOiODloCI="></latexit>

i = a, ā

<latexit sha1_base64="lW0t94E5v3G/H52uG2CxmogNJH8="></latexit>

a = k + 1, k + 2, . . . , n

<latexit sha1_base64="VhIncrscNSbKHyiqv8Sufc78zhw="></latexit>

ā = 1, 2, . . . , k

“Negative helicity”

“Positive helicity”

<latexit sha1_base64="mAXD9oZLjAgnG4k8+wAFSfbV41I="></latexit>

(�i, �̄i, ⌘i, ⌘̄i) ⌘
p
!i (⇣i, ⇣̄i,�i, �̄i)

<latexit sha1_base64="jKxSmQAg34c40WB715Bmqei8muM="></latexit>

Eā = !ā = �
X

b

✏b cāb

<latexit sha1_base64="JeQY+PQVTjqDFPBbECbzRQhLw44="></latexit>

Cāb̄ = �āb̄ , Cāa = cāa

Gauge choice
<latexit sha1_base64="DGG1sdASoBbQilce7L81wayZgM0="></latexit>

Ea = !a =
X

b̄

✏b̄ cb̄a



Geometrizing the integrals
Upcoming: [Parisi, Schreiber, AS]

<latexit sha1_base64="GFTl66DYuswIoBSldyAXnWBKuwo="></latexit>

An,k = �

✓
i

nX

i=1

�i

◆Z

�

n�1Y

i=1

⇥

✓
t̄i
ti

◆
dti

t
1+

Pi
p=1 �p

i

dt̄i

t̄
1+

Pn
p=i+1 �p

i

n�3Y

e=1

dxe

xe

⇥ �2k|2k
�
C(t) · (⇣̄ | �̄)

�
�2(n�k)|2(n�k)

�
C(t̄)? · (⇣ |�)

�

Web parametrisation of  with 
two copies of torus actions

C [Speyer, Williams ’05]

<latexit sha1_base64="rhECWcBMi5d4aAXu8JTJpqqtLWk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzjwBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieONnQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk/ZV1atXa/e1SqOex1GEMziHS/DgGhpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHwTqjZk=</latexit>

t1

<latexit sha1_base64="KNOFcmZo9QBnbPmmaWZ28FDxCgY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKqR4LXjxWtLXQhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikY+JUM95msYx1N6CGS6F4GwVK3k00p1Eg+WMwuZn7j09cGxGrB5wm3I/oSIlQMIpWusdBbVCuuFV3AbJOvJxUIEdrUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOunUql6jWr+rV5qNPI4inME5XIIHV9CEW2hBGxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gAGbo2a</latexit>

t2

<latexit sha1_base64="xBxq5hngHnKprVeLMtEalnKBxEY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDziYDMoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+2rqlev1u5rlUY9j6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP1zSjdM=</latexit>

tk

<latexit sha1_base64="SeD+VTsZo2aB3K1PtAOxnxwZplY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48V7Ae0oWw223btJht2J4US+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMirVjDeZkkp3Amq4FDFvokDJO4nmNAokbwfju7nfnnBthIofcZpwP6LDWAwEo2ilVm8SKjT9csWtuguQdeLlpAI5Gv3yVy9ULI14jExSY7qem6CfUY2CST4r9VLDE8rGdMi7lsY04sbPFtfOyIVVQjJQ2laMZKH+nshoZMw0CmxnRHFkVr25+J/XTXFw62ciTlLkMVsuGqSSoCLz10koNGcop5ZQpoW9lbAR1ZShDahkQ/BWX14nrauqV6teP1xX6rU8jiKcwTlcggc3UId7aEATGDzBM7zCm6OcF+fd+Vi2Fpx85hT+wPn8AcrBjz8=</latexit>...
<latexit sha1_base64="eP1HLyNYxH4P7/JzhB1nygPCKEU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoipXosePFYwX5AG8pmu2mXbjZhdyKU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjf3O09cGxGrR5wm3I/oSIlQMIpW6uAgm1x5s0G54lbdBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLc2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGN76mVBJilyx5aIwlQRjMv+dDIXmDOXUEsq0sLcSNqaaMrQJlWwI3urL66R9XfXq1dpDrdKo53EU4QzO4RI8uIEG3EMTWsBgAs/wCm9O4rw4787HsrXg5DOn8AfO5w/67I9P</latexit>

tk+1
<latexit sha1_base64="tfqrZbWmnkBovtKcsjTflmcBy5s=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSIIQklKqR4LXjxWsB/QhrLZbtqlm03YnQgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9djY2t7Z3dgt7xf2Dw6Pj0slp28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZv7nSeujYjVI04T7kd0pEQoGEUrdXCQTa6rs0Gp7FbcBcg68XJShhzNQemrP4xZGnGFTFJjep6boJ9RjYJJPiv2U8MTyiZ0xHuWKhpx42eLc2fk0ipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGN76mVBJilyx5aIwlQRjMv+dDIXmDOXUEsq0sLcSNqaaMrQJFW0I3urL66RdrXj1Su2hVm7U8zgKcA4XcAUe3EAD7qEJLWAwgWd4hTcncV6cd+dj2brh5DNn8AfO5w/8cY9Q</latexit>

tk+2
<latexit sha1_base64="rDOnSVdahLRo0/JbVADsKAfUhSM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRUj0WvHisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZv7nSeujYjVI04T7kd0pEQoGEUrdXCQqStvNihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx7oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw1s/EypJkSu2XBSmkmBM5r+TodCcoZxaQpkW9lbCxlRThjahkg3BW315nbSvq169WnuoVRr1PI4inME5XIIHN9CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AECnI9U</latexit>

tn�1
<latexit sha1_base64="HOCrR75PTdXMU4JpjxYtpz9BBcY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx4r2A9oQ9lsNu3aTTbsToRS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJXCoOt+O4WNza3tneJuaW//4PCofHzSNirTjLeYkkp3A2q4FAlvoUDJu6nmNA4k7wTj27nfeeLaCJU84CTlfkyHiYgEo2ildp+FCs2gXHGr7gJknXg5qUCO5qD81Q8Vy2KeIJPUmJ7npuhPqUbBJJ+V+pnhKWVjOuQ9SxMac+NPF9fOyIVVQhIpbStBslB/T0xpbMwkDmxnTHFkVr25+J/XyzC68aciSTPkCVsuijJJUJH56yQUmjOUE0so08LeStiIasrQBlSyIXirL6+T9lXVq1dr97VKo57HUYQzOIdL8OAaGnAHTWgBg0d4hld4c5Tz4rw7H8vWgpPPnMIfOJ8/ramPLA==</latexit>· · ·

<latexit sha1_base64="GUynJwM0sxcIOalTWRlIefK1zMk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuql6tenl3WanX8jiKcAKncA4eXEEdbqEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QMLAo2d</latexit>x1
<latexit sha1_base64="SU2BKTO/dzOxTHYv2HcsHajZ+YQ=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJQY8kXjxilEcCGzI79MKE2dnNzKyRED7BiweN8eoXefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm7nffkSleSwfzCRBP6JDyUPOqLHS/VO/0i+W3LK7AFknXkZKkKHRL371BjFLI5SGCap113MT40+pMpwJnBV6qcaEsjEdYtdSSSPU/nRx6oxcWGVAwljZkoYs1N8TUxppPYkC2xlRM9Kr3lz8z+umJrz2p1wmqUHJlovCVBATk/nfZMAVMiMmllCmuL2VsBFVlBmbTsGG4K2+vE5albJXK1fvqqV6LYsjD2dwDpfgwRXU4RYa0AQGQ3iGV3hzhPPivDsfy9ack82cwh84nz8Mho2e</latexit>x2 <latexit sha1_base64="HOCrR75PTdXMU4JpjxYtpz9BBcY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx4r2A9oQ9lsNu3aTTbsToRS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJXCoOt+O4WNza3tneJuaW//4PCofHzSNirTjLeYkkp3A2q4FAlvoUDJu6nmNA4k7wTj27nfeeLaCJU84CTlfkyHiYgEo2ildp+FCs2gXHGr7gJknXg5qUCO5qD81Q8Vy2KeIJPUmJ7npuhPqUbBJJ+V+pnhKWVjOuQ9SxMac+NPF9fOyIVVQhIpbStBslB/T0xpbMwkDmxnTHFkVr25+J/XyzC68aciSTPkCVsuijJJUJH56yQUmjOUE0so08LeStiIasrQBlSyIXirL6+T9lXVq1dr97VKo57HUYQzOIdL8OAaGnAHTWgBg0d4hld4c5Tz4rw7H8vWgpPPnMIfOJ8/ramPLA==</latexit>· · · <latexit sha1_base64="0iDn4udq+9zPj/bUDwNBQKcTtKs=">AAAB8HicbVBNSwMxEJ2tX7V+tOrRS7AIXlp2pVSPBS8eK9gPaZeSTbNtaJJdkqxYlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL4g508Z1v53cxubW9k5+t7C3f3BYLB0dt3WUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJjdzv/NIlWaRvDfTmPoCjyQLGcHGSg9Pg1RWJhVvNiiV3aq7AFonXkbKkKE5KH31hxFJBJWGcKx1z3Nj46dYGUY4nRX6iaYxJhM8oj1LJRZU++ni4Bk6t8oQhZGyJQ1aqL8nUiy0norAdgpsxnrVm4v/eb3EhNd+ymScGCrJclGYcGQiNP8eDZmixPCpJZgoZm9FZIwVJsZmVLAheKsvr5P2ZdWrV2t3tXKjnsWRh1M4gwvw4AoacAtNaAEBAc/wCm+Ocl6cd+dj2ZpzspkT+APn8wc+ipAE</latexit>xn�k�1

<latexit sha1_base64="4Uc+H7XTRMAB9R/Nn1ImK2wcW9w=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4sSRSqseCF48V7Ae0oWy2k3bpZhN2N2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6LSPJYPZpKgH9Gh5CFn1Fip/dTP5OV42i+V3Yo7B1klXk7KkKPRL331BjFLI5SGCap113MT42dUGc4ETou9VGNC2ZgOsWuppBFqP5ufOyXnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhDd+xmWSGpRssShMBTExmf1OBlwhM2JiCWWK21sJG1FFmbEJFW0I3vLLq6R1VfFqlep9tVyv5XEU4BTO4AI8uIY63EEDmsBgDM/wCm9O4rw4787HonXNyWdO4A+czx9g5o+S</latexit>xn�k

<latexit sha1_base64="HOCrR75PTdXMU4JpjxYtpz9BBcY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx4r2A9oQ9lsNu3aTTbsToRS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJXCoOt+O4WNza3tneJuaW//4PCofHzSNirTjLeYkkp3A2q4FAlvoUDJu6nmNA4k7wTj27nfeeLaCJU84CTlfkyHiYgEo2ildp+FCs2gXHGr7gJknXg5qUCO5qD81Q8Vy2KeIJPUmJ7npuhPqUbBJJ+V+pnhKWVjOuQ9SxMac+NPF9fOyIVVQhIpbStBslB/T0xpbMwkDmxnTHFkVr25+J/XyzC68aciSTPkCVsuijJJUJH56yQUmjOUE0so08LeStiIasrQBlSyIXirL6+T9lXVq1dr97VKo57HUYQzOIdL8OAaGnAHTWgBg0d4hld4c5Tz4rw7H8vWgpPPnMIfOJ8/ramPLA==</latexit>

···
<latexit sha1_base64="FwQqumejiLHs0qs5gtVHPxPrNBg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgxbCrIXoMePEYwTwgWcLspJMMmZ1dZmbFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7glhwbVz328mtrW9sbuW3Czu7e/sHxcOjpo4SxbDBIhGpdkA1Ci6xYbgR2I4V0jAQ2ArGtzO/9YhK80g+mEmMfkiHkg84o8ZKradeKi+upr1iyS27c5BV4mWkBBnqveJXtx+xJERpmKBadzw3Nn5KleFM4LTQTTTGlI3pEDuWShqi9tP5uVNyZpU+GUTKljRkrv6eSGmo9SQMbGdIzUgvezPxP6+TmMGNn3IZJwYlWywaJIKYiMx+J32ukBkxsYQyxe2thI2ooszYhAo2BG/55VXSvCx71XLlvlKqVbM48nACp3AOHlxDDe6gDg1gMIZneIU3J3ZenHfnY9Gac7KZY/gD5/MHC86PWg==</latexit>xn�3

<latexit sha1_base64="SeD+VTsZo2aB3K1PtAOxnxwZplY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48V7Ae0oWw223btJht2J4US+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMirVjDeZkkp3Amq4FDFvokDJO4nmNAokbwfju7nfnnBthIofcZpwP6LDWAwEo2ilVm8SKjT9csWtuguQdeLlpAI5Gv3yVy9ULI14jExSY7qem6CfUY2CST4r9VLDE8rGdMi7lsY04sbPFtfOyIVVQjJQ2laMZKH+nshoZMw0CmxnRHFkVr25+J/XTXFw62ciTlLkMVsuGqSSoCLz10koNGcop5ZQpoW9lbAR1ZShDahkQ/BWX14nrauqV6teP1xX6rU8jiKcwTlcggc3UId7aEATGDzBM7zCm6OcF+fd+Vi2Fpx85hT+wPn8AcrBjz8=</latexit>...

<latexit sha1_base64="SeD+VTsZo2aB3K1PtAOxnxwZplY=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48V7Ae0oWw223btJht2J4US+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSMirVjDeZkkp3Amq4FDFvokDJO4nmNAokbwfju7nfnnBthIofcZpwP6LDWAwEo2ilVm8SKjT9csWtuguQdeLlpAI5Gv3yVy9ULI14jExSY7qem6CfUY2CST4r9VLDE8rGdMi7lsY04sbPFtfOyIVVQjJQ2laMZKH+nshoZMw0CmxnRHFkVr25+J/XTXFw62ciTlLkMVsuGqSSoCLz10koNGcop5ZQpoW9lbAR1ZShDahkQ/BWX14nrauqV6teP1xX6rU8jiKcwTlcggc3UId7aEATGDzBM7zCm6OcF+fd+Vi2Fpx85hT+wPn8AcrBjz8=</latexit>...

<latexit sha1_base64="/IQbFesJIu4opDgifmnssXf2EaU=">AAACPHicjVC7SgNBFJ2NrxhfUUubwSBoE3YlRBshkMYyonlANoS7k1kdMvtg5q4Qlv0wGz/CzsrGQhFbayePwhgLDwycOede7r3Hi6XQaNvPVm5peWV1Lb9e2Njc2t4p7u61dJQoxpsskpHqeKC5FCFvokDJO7HiEHiSt71hfey377nSIgpvcBTzXgC3ofAFAzRSv3hd76euByp1A8A77aeQZXN/L8uyYzyhF9QdcInwj/J+sWSX7QnoInFmpERmaPSLT+4gYknAQ2QStO46doy9FBQKJnlWcBPNY2BDuOVdQ0MIuO6lk+MzemSUAfUjZV6IdKL+7Egh0HoUeKZysuNvbyz+5XUT9M97qQjjBHnIpoP8RFKM6DhJOhCKM5QjQ4ApYXal7A4UMDR5F0wIzu+TF0nrtOxUy5WrSqlWncWRJwfkkBwTh5yRGrkkDdIkjDyQF/JG3q1H69X6sD6npTlr1rNP5mB9fQPjqbGF</latexit>

Cāb̄(t) = �āb̄
<latexit sha1_base64="7upm8+wM/IQaHEmhusk8GDiLL6U="></latexit>

Cāa(t) = (�1)ā+k
a�1Y

i=ā

ti
X

p:ā!a

Prodp(x)

<latexit sha1_base64="lW0t94E5v3G/H52uG2CxmogNJH8="></latexit>

a = k + 1, k + 2, . . . , n
<latexit sha1_base64="VhIncrscNSbKHyiqv8Sufc78zhw="></latexit>

ā = 1, 2, . . . , k



• Find the right basis of conformal primary local operators. 

• Determine light and shadow transform OPEs in generality. 

• Clarify twistorial origins of  symmetries in a light transform basis. 

• Build bridges with positive geometries.

w1+∞

Future directions

[Strominger ’21]


