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

 Twistors provide a path beyond.
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e Many techniques developed for self-dual backgrounds.

[Adamo, Mason, AS ’20]

» Twistor actions and MHV rules for gluons [Adamo, Bogna, Mason, AS '23, '24]
[Bogna, Mason 23]

» Twistor sigma models for gravitons [Adamo, Mason, AS 21, 22]
. . C : , AS ’22,”
» Celestial holographic methods (Costello, Bittiestor, Zeng 24]
[Garner, Paquette ’24]
[Costello ’23]
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e Many techniques developed for self-dual backgrounds.

[Adamo, Mason, AS ’20]

» Twistor actions and MHV rules for gluons [Adamo, Bogna, Mason, AS '23, '24]
[Bogna, Mason 23]

> Twistor sigma models for gravitons [Adamo, Mason, AS 21, 22]
. . C : , AS ’22,”
» Celestial holographic methods (Costello, Bittiestor, Zeng 24]
[Garner, Paquette ’24]
[Costello ’23]

e Shout-out to numerous other modern approaches!
> Direct computations in non-sd plane wave spacetimes
[Adamo, Casali, Mason, Nekovar...]

> CosmOIOgicaI pOIytOpeS [Arkani-Hamed, Benincasa, Postnikov...]

» Bootstrap and single-valuedness techniques for AdS Ay, Chester, Hansen... ]
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Twistor sigma models

e Arise as proto-celestial CFTs.  adamo, Mason, as 21)

DA 05, i
0= [P Dz WO )
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Twistor sigma models

e Arise as proto-celestial CFTs.  adamo, Mason, as 21)

DA 05, i
0= [P 2y WO HR)

beta-gamma Data of SD gravitational
system background

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

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

(12)°

<13>2<23>2 det(Hgg) [Hodges 12]

Mgy =
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Twistor sigma models

Arise as proto-celestial CFTs.  (adamo, Mason, as 21)

DA 05, i
0= [P 2y WO HR)

beta-gamma
system

Data of SD gravitational
background

Compute MHV graviton tree-amplitudes as 2d correlators.

Eg., i = O recovers Hodges’ formula in flat space.

(12)°

Mgy =

[Hodges '12]

Applied to SD radiative spacetimes: h = D (); 15 tAdamo, Mason, as 22
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Today: Toy model of a black hole

 Taub-NUT space (generalization of Schwarzschild)

2
2_d7°

ds® = f(r)(dt — 2Na) )

— (r* + N*)(d6? + sin®0d¢?)

f(r)y=1 — : a = (1—cosf)do
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e Schwarzschild case: N = 0.

e Self-dual case: N = — IM.
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SD Taub-NUT

e Real metric after Wick rotationt — —it, r—>r+ M

2M
r

ds® = V(dt —2Ma)* + V~tdz?, V=14
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SD Taub-NUT

e Real metric after Wick rotationt — —it, r—>r+ M

ds® = V(dt —2Ma)* + V~tdz?, V=14

r

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

e Eg., negative helicity graviton solving Vadl//aﬁy(; =0:

q
r — W/ ~ w 1k-x
oins =| (1) (€= )7 PHEGe + )T oy s

Flat space wavefunction

C — eiqb tan(0/2) . Ra = (17 Z) . kozc'v — K'Oz'%d{

Dressing

gl <2Mw, AIMw € 7
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e (— —) 2-graviton tree-amplitude

M(@A727) = /Vol (Viagr3 727" — Y1ma®5727 5°7)
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e (— —) 2-graviton tree-amplitude

M(1727) = /VOI (Wlaﬁy‘y%mm — %m“wz%m)

_ 41]&4]4)2-4—41
4 M (AMws)! (2 ) M2 1= 22)
|k1 _|_]€2‘8Mw2—|—2

5w1 +w>,0

e Computed non-perturbatively in M.
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* Need twistorial technigques to extend beyond 2 pts.

[Adamo, Bogna, Mason, AS, to appeat]
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* Need twistorial technigques to extend beyond 2 pts.

[Adamo, Bogna, Mason, AS, to appeat]

e Twistor sigma model for SD Taub-NU

_ DA o5 i, (°u')* DX
> ‘/ﬂm )2 (02)? (“ Ry VAN VE

“Twistor representative” [Galperin, Ivanov, Ogievetsky,
of SD Taub-NUT Sokatchev "80]

* n-graviton MHV amplitude computed by a semiclassical
2d correlator

M(1_2_3+ . -n+) :/ d432‘ \g[ <‘71 ‘72 V3 < Vn>
R4

conn. tree

— helicity  + helicity
vertex ops vertex ops
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Related work & future directions

e “Single copy”: MHV gluon amplitude on Self-dual dyon

A= at + (1 — cos 0)d¢

”
12)*
Ampv = 5(2;’%’) 5(23'69') (12)<<23>>---<n1>

n qi

- g _’fH r yn e La. e —a.

X/dga?e ijj <1+‘<2) (CZZ—|—]~) z‘|‘Qz(<‘_Zi)z qi
=1

[Adamo, Bogna, Mason, AS ’24]
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e Schwarzschild (or Kerr) as perturbation around the SD point.

[Guevara, Kol 23]
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Related work & future directions

e “Single copy”: MHV gluon amplitude on Self-dual dyon

A= at + (1 — cos6)do
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[Adamo, Bogna, Mason, AS ’24]

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

[Guevara, Kol 23]

 Non-perturbative contributions to graviton scattering?

[See Bittleston’s talk for gauge theory analog]
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