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• Is the simplicity in amplitudes accidental or generic?
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• Is the simplicity in amplitudes accidental or generic?

• On-shell methods appear highly specific to flat space.

• Twistors provide a path beyond.

2/10



• Many techniques developed for self-dual backgrounds.


‣ Twistor actions and MHV rules for gluons 


‣ Twistor sigma models for gravitons


‣ Celestial holographic methods

[Adamo, Mason, AS ’20]

[Adamo, Mason, AS ’21, ’22]

[Costello, Paquette, AS ’22, ’23]
[Costello, Bittleston, Zeng ’24]

[Adamo, Bogna, Mason, AS ’23, ’24]
[Bogna, Mason ’23]

[Garner, Paquette ’24]
[Costello ’23]
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• Many techniques developed for self-dual backgrounds.


‣ Twistor actions and MHV rules for gluons 


‣ Twistor sigma models for gravitons


‣ Celestial holographic methods

• Shout-out to numerous other modern approaches!


‣ Direct computations in non-sd plane wave spacetimes 


‣ Cosmological polytopes


‣ Bootstrap and single-valuedness techniques for AdS

[Adamo, Mason, AS ’20]

[Adamo, Mason, AS ’21, ’22]

[Costello, Paquette, AS ’22, ’23]
[Costello, Bittleston, Zeng ’24]

[Adamo, Bogna, Mason, AS ’23, ’24]
[Bogna, Mason ’23]

[Garner, Paquette ’24]

[Adamo, Casali, Mason, Nekovar…]

[Arkani-Hamed, Benincasa, Postnikov…]

[Alday, Chester, Hansen…]

[Costello ’23]
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Twistor sigma models

• Arise as proto-celestial CFTs. [Adamo, Mason, AS ’21]

<latexit sha1_base64="u+MGNFZryuATzL0pNmfwBZXGYOY="></latexit>

S =

∫

P1

Dω

→ω1↑2→ω2↑2
(
µ0̇ε̄µ1̇ + h

)
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Twistor sigma models

• Arise as proto-celestial CFTs.

Data of SD gravitational 
background

beta-gamma 
system
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Twistor sigma models

• Arise as proto-celestial CFTs.

• Compute MHV graviton tree-amplitudes as 2d correlators.

Data of SD gravitational 
background

beta-gamma 
system

[Adamo, Mason, AS ’21]

<latexit sha1_base64="u+MGNFZryuATzL0pNmfwBZXGYOY="></latexit>

S =

∫

P1

Dω

→ω1↑2→ω2↑2
(
µ0̇ε̄µ1̇ + h

)

4/10



Twistor sigma models

• Arise as proto-celestial CFTs.

• Compute MHV graviton tree-amplitudes as 2d correlators.

• Eg.,  recovers Hodges’ formula in flat space.h = 0

Data of SD gravitational 
background

beta-gamma 
system

[Adamo, Mason, AS ’21]

[Hodges ’12]
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Twistor sigma models

• Arise as proto-celestial CFTs.

• Compute MHV graviton tree-amplitudes as 2d correlators.

• Eg.,  recovers Hodges’ formula in flat space.h = 0

• Applied to SD radiative spacetimes: h = Dλ ∂−1
u σ̄

Data of SD gravitational 
background

beta-gamma 
system

[Adamo, Mason, AS ’21]

[Hodges ’12]
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Asymptotic shear

[Adamo, Mason, AS ’22]
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• Taub-NUT space (generalization of Schwarzschild)

Today: Toy model of a black hole

<latexit sha1_base64="AO/NNpmq8IYtCnp7B4crI5QDito="></latexit>

ds2 = f(r)(dt→ 2Na)2 → dr2

f(r)
→ (r2 +N2)(dω2 + sin2ωdε2)

f(r) = 1→ M + iN

r + iN
→ M → iN

r → iN
, a = (1→ cos ω)dε
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• Taub-NUT space (generalization of Schwarzschild)

• Schwarzschild case: .N = 0

• Self-dual case: .N = − iM

Today: Toy model of a black hole
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• Real metric after Wick rotation t ↦ − it, r ↦ r + M

SD Taub-NUT

<latexit sha1_base64="X0W8aiBaIcWE5Il/1fwAsZn528E="></latexit>

ds2 = V (dt→ 2Ma)2 + V →1dωx2 , V = 1 +
2M

r
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• Real metric after Wick rotation t ↦ − it, r ↦ r + M

• Remarkably, we find scattering states in closed-form.
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• Real metric after Wick rotation t ↦ − it, r ↦ r + M

• Remarkably, we find scattering states in closed-form.

• Eg., negative helicity graviton solving  :∇α ·αψαβγδ = 0

SD Taub-NUT
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|q| → 2Mω , 4Mω ↑ Z
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•   2-graviton tree-amplitude( − − )
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•   2-graviton tree-amplitude( − − )

• Computed non-perturbatively in .M

<latexit sha1_base64="p/VhCz67MTJ0epAYCN4KW1cZBA8="></latexit>

M(1→2→) =

∫
vol (ω1ωεϑϑ̇ω2

ωϑεϑ̇ → ω1ϑω
ω
ϑ̇ω2

ϑ
ε
εϑ̇)

<latexit sha1_base64="t18s5M+kSQOevGZjLcsIApgbgk0="></latexit>

= 4ω2M (4Mε2)! (2ε1)
4Mω2→2 (z1 → z2)4Mω2+4

| ϑk1 + ϑk2|8Mω2+2
ϖω1+ω2,0

7/10



• Need twistorial techniques to extend beyond 2 pts.
[Adamo, Bogna, Mason, AS, to appear]
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• Need twistorial techniques to extend beyond 2 pts.

• Twistor sigma model for SD Taub-NUT

• n-graviton MHV amplitude computed by a semiclassical 
2d correlator
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 helicity 
vertex ops
−  helicity 

vertex ops
+

[Galperin, Ivanov, Ogievetsky, 
Sokatchev ’86]
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ε2

εϖ2a

q∏

b=1

F1̇(ωb)

24M

ε2

εϑ2b

ε

εϖb

r∏

c=1

1

8M

ε2

εϑ2c

ε2

εϖ2c
det(Hi

i)

∣∣∣∣
ω=ε=0

<latexit sha1_base64="Q4IAC7yvp65ZlcXpYpYBNugmHj0="></latexit>

→
n→4∑

t=0

∑

p+q+r=t

∫

(P1)t

t∏

m=1

d2ωm

↑ωm1↓2↑ωm2↓2

<latexit sha1_base64="06AhUII/UeCZeo644U2q0SybIpE="></latexit>

F0̇ = xω0̇ωω e
→ i→ω|εx|ω̂↑

2M↓ω↓2

F1̇ = xω1̇ωω e
i→ω|εx|ω̂↑
2M↓ω↓2

“Incidence relations”

<latexit sha1_base64="Hgcc+lA7BlYsZw/vyuXCglfmZug="></latexit>

H =

(
H h
hT T

)

Background deformed 
Hodges’ matrix
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<latexit sha1_base64="SxBxUG3lmoD2cCDqA/J2A2NGHds="></latexit>

→
n∏

i=1

(
r

1 + |ω|2

)qi

(ω ↑ zi)
qi→2Mωi(ω̄zi + 1)qi+2Mωi

<latexit sha1_base64="zoEpLXmIBzJ4RHPiKxPaiGKqaTQ="></latexit>

MMHV = ω(
∑

jεj)
→12↑6

→1i↑2→2i↑2

∫

R3

d3ϑx ei
∑

j
ωkj ·ωx

(
1 +

2M

r

)

<latexit sha1_base64="viWOR8c8Lsz+YBt9sXSfMSX1zg8="></latexit>

→

p∏

a=1

F0̇(ωa)

24M

ε

εϑa

ε2

εϖ2a

q∏

b=1

F1̇(ωb)

24M

ε2

εϑ2b

ε

εϖb

r∏

c=1

1

8M

ε2

εϑ2c

ε2

εϖ2c
det(Hi

i)

∣∣∣∣
ω=ε=0

<latexit sha1_base64="Q4IAC7yvp65ZlcXpYpYBNugmHj0="></latexit>

→
n→4∑

t=0

∑

p+q+r=t

∫

(P1)t

t∏

m=1

d2ωm

↑ωm1↓2↑ωm2↓2

<latexit sha1_base64="06AhUII/UeCZeo644U2q0SybIpE="></latexit>

F0̇ = xω0̇ωω e
→ i→ω|εx|ω̂↑

2M↓ω↓2

F1̇ = xω1̇ωω e
i→ω|εx|ω̂↑
2M↓ω↓2

“Incidence relations”

<latexit sha1_base64="Hgcc+lA7BlYsZw/vyuXCglfmZug="></latexit>

H =

(
H h
hT T

)

Background deformed 
Hodges’ matrix

<latexit sha1_base64="L90CpnhnRRN3ZoXpjj5Nj0UGMsU="></latexit>

Hij =
[[ij]]

→ij↑
<latexit sha1_base64="/knSr6iE+x/IsLVzCHzU752HrUs="></latexit>...
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• “Single copy”: MHV gluon amplitude on  Self-dual dyon

Related work & future directions

[Adamo, Bogna, Mason, AS ’24]
<latexit sha1_base64="LyKMlhZCuNsgI2n+QRcca+yFSG0=">AAACD3icbVDLSgNBEJyNrxhfUY9eBoMSEcOuSPQiRL14jGAekF3C7OxsMmT2wUyvEJb8gRd/xYsHRbx69ebfOEn2oIkFDUVVN91dbiy4AtP8NnILi0vLK/nVwtr6xuZWcXunqaJEUtagkYhk2yWKCR6yBnAQrB1LRgJXsJY7uBn7rQcmFY/CexjGzAlIL+Q+pwS01C0eXuFLbPuS0NSDUSpH+BiXrRObRsqGPgNy5Nlxn3eLJbNiToDniZWREspQ7xa/bC+iScBCoIIo1bHMGJyUSOBUsFHBThSLCR2QHutoGpKAKSed/DPCB1rxsB9JXSHgifp7IiWBUsPA1Z0Bgb6a9cbif14nAf/CSXkYJ8BCOl3kJwJDhMfhYI9LRkEMNSFUcn0rpn2iwwEdYUGHYM2+PE+apxWrWqnenZVq11kcebSH9lEZWegc1dAtqqMGougRPaNX9GY8GS/Gu/Exbc0Z2cwu+gPj8wfUFJtQ</latexit>

A =
dt

r
+ (1→ cos ω)dε

<latexit sha1_base64="4mm9TlLMjM8/NUgnsrx/wI3zTO4="></latexit>

AMHV = ω(
∑

jεj) ω(
∑

jej)
→12↑4

→12↑→23↑···→n1↑
<latexit sha1_base64="009aBpW0Mw4xOBrIB2hxaZgCPXc="></latexit>

→
∫

d3ωx ei
∑

j
ωkj ·ωx

n∏

i=1

(
r

1 + |ε|2

)qi

(ε̄zi + 1)ei+qi(ε ↑ zi)
ei→qi
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• “Single copy”: MHV gluon amplitude on  Self-dual dyon

• Schwarzschild (or Kerr) as perturbation around the SD point.

Related work & future directions

[Adamo, Bogna, Mason, AS ’24]
<latexit sha1_base64="LyKMlhZCuNsgI2n+QRcca+yFSG0=">AAACD3icbVDLSgNBEJyNrxhfUY9eBoMSEcOuSPQiRL14jGAekF3C7OxsMmT2wUyvEJb8gRd/xYsHRbx69ebfOEn2oIkFDUVVN91dbiy4AtP8NnILi0vLK/nVwtr6xuZWcXunqaJEUtagkYhk2yWKCR6yBnAQrB1LRgJXsJY7uBn7rQcmFY/CexjGzAlIL+Q+pwS01C0eXuFLbPuS0NSDUSpH+BiXrRObRsqGPgNy5Nlxn3eLJbNiToDniZWREspQ7xa/bC+iScBCoIIo1bHMGJyUSOBUsFHBThSLCR2QHutoGpKAKSed/DPCB1rxsB9JXSHgifp7IiWBUsPA1Z0Bgb6a9cbif14nAf/CSXkYJ8BCOl3kJwJDhMfhYI9LRkEMNSFUcn0rpn2iwwEdYUGHYM2+PE+apxWrWqnenZVq11kcebSH9lEZWegc1dAtqqMGougRPaNX9GY8GS/Gu/Exbc0Z2cwu+gPj8wfUFJtQ</latexit>

A =
dt

r
+ (1→ cos ω)dε

<latexit sha1_base64="4mm9TlLMjM8/NUgnsrx/wI3zTO4="></latexit>

AMHV = ω(
∑

jεj) ω(
∑

jej)
→12↑4

→12↑→23↑···→n1↑
<latexit sha1_base64="009aBpW0Mw4xOBrIB2hxaZgCPXc="></latexit>

→
∫

d3ωx ei
∑

j
ωkj ·ωx

n∏

i=1

(
r

1 + |ε|2

)qi

(ε̄zi + 1)ei+qi(ε ↑ zi)
ei→qi

[Guevara, Kol ’23]
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• “Single copy”: MHV gluon amplitude on  Self-dual dyon

• Schwarzschild (or Kerr) as perturbation around the SD point.

• Non-perturbative contributions to graviton scattering?

Related work & future directions

[Adamo, Bogna, Mason, AS ’24]
<latexit sha1_base64="LyKMlhZCuNsgI2n+QRcca+yFSG0=">AAACD3icbVDLSgNBEJyNrxhfUY9eBoMSEcOuSPQiRL14jGAekF3C7OxsMmT2wUyvEJb8gRd/xYsHRbx69ebfOEn2oIkFDUVVN91dbiy4AtP8NnILi0vLK/nVwtr6xuZWcXunqaJEUtagkYhk2yWKCR6yBnAQrB1LRgJXsJY7uBn7rQcmFY/CexjGzAlIL+Q+pwS01C0eXuFLbPuS0NSDUSpH+BiXrRObRsqGPgNy5Nlxn3eLJbNiToDniZWREspQ7xa/bC+iScBCoIIo1bHMGJyUSOBUsFHBThSLCR2QHutoGpKAKSed/DPCB1rxsB9JXSHgifp7IiWBUsPA1Z0Bgb6a9cbif14nAf/CSXkYJ8BCOl3kJwJDhMfhYI9LRkEMNSFUcn0rpn2iwwEdYUGHYM2+PE+apxWrWqnenZVq11kcebSH9lEZWegc1dAtqqMGougRPaNX9GY8GS/Gu/Exbc0Z2cwu+gPj8wfUFJtQ</latexit>

A =
dt

r
+ (1→ cos ω)dε

<latexit sha1_base64="4mm9TlLMjM8/NUgnsrx/wI3zTO4="></latexit>

AMHV = ω(
∑

jεj) ω(
∑

jej)
→12↑4

→12↑→23↑···→n1↑
<latexit sha1_base64="009aBpW0Mw4xOBrIB2hxaZgCPXc="></latexit>

→
∫

d3ωx ei
∑

j
ωkj ·ωx

n∏

i=1

(
r

1 + |ε|2

)qi

(ε̄zi + 1)ei+qi(ε ↑ zi)
ei→qi

[Guevara, Kol ’23]

[See Bittleston’s talk for gauge theory analog]
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