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Scattering around non-trivial backgrounds is important for many reasons!

‘We know almost nothing compared to scattering on trivial
backgrounds oo

Pheno applications: non-linear regime of QED, heavy-ion collisions,
gravitational waves and black holes [Fedotov-Iiderton-Karbstein- King-Seipt,

Iancu-Leonidov-McLerran, Sanchez, ...|

Strong-field scattering encodes all-order data for classical physical
observables [Adamo-Cristofoli-Iiderton-Klisch]

Tests for amplitude techniques beyond trivial background
[Adamo-Casali-Mason-Nekovar, GB-Mason, Adamo-Klisch]

Data for celestial holography jAdamo-Bu-Zhu, Bittleston- Heuveline-Skinner,
Costello-Pagquette-Sharma 23, ...]



Today’s plan

m How to define (and compute) amplitudes on curved backgrounds Tntro

m Gluon amplitudes around the self-dual dyon

m Graviton amplitudes around self-dual Taub-NUT

m Celestial chiral algebras for the Pedersen metric
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We will focus on scattering around strong self-dual backgrounds

> background: a fixed, non-dynamical solution to the classical
(non-linear) EOMs

> strong: we want to treat the background non-perturbatively

> self-dual: the background satisfies the appropriate SD equations

Perturbiner definition of amplitudes: [Arefeva-Faddecv-Slavnov, Jevicki-Lee,
Abbott-Grisaru-Schaefer]

[ Scattering amplitudes < multi-linear pieces of the on-shell action ]

> Agrees with S-matrix elements, when they exist!

4/15



A crash course on twistors

m The perturbiner construction of amplitudes is still very cumbersome



A crash course on twistors

m The perturbiner construction of amplitudes is still very cumbersome

= Twistor theory is a very helpful framework!



A crash course on twistors

m The perturbiner construction of amplitudes is still very cumbersome

= Twistor theory is a very helpful framework!

m Twistor space (P.7,V): 3-fold modelled on CP® with homogeneous
coordinates Z4 = (Ao, %) [Penrose]



A crash course on twistors

m The perturbiner construction of amplitudes is still very cumbersome

= Twistor theory is a very helpful framework!

m Twistor space (P.7,V): 3-fold modelled on CP® with homogeneous
coordinates Z4 = (Ao, %) [Penrose]

>

>

>

spacetime point & < holomorphic line X = CP! — P.7
SD spacetime metric < complex structure V [Penrose]

SD background gauge field <> holomorphic vector bundle (E, D) — P.7
[Ward]

scattering states < cohomologies of V, D [Penrose, Hitchin]

MHYV generating functionals < non-local operators on P.7 [Mason,

Mason-Boels-Skinner, Mason-Skinner]



Warm up: gluon amplitudes around the self-dual dyon

m Background is an Abelian self-dual dyon (SDD) CamE

A:c(%—l—a) a=(1—cosf)d¢

Gluons

6/15



Warm up: gluon amplitudes around the self-dual dyon

m Background is an Abelian self-dual dyon (SDD) S

A:c(%—l—a) a=(1—cosf)d¢

Gluons

m (Scalar) scattering states are

+ T - 2e ik-x - _ r - . —2e ik-x
o <1+CC> (Cz+1)" o <1+CC> (C—2)""

respectively for e > 0 and e < 0

6/15



Warm up: gluon amplitudes around the self-dual dyon

m Background is an Abelian self-dual dyon (SDD) S

Gluons

A:c(%—l—a) a=(1—cosf)d¢

m (Scalar) scattering states are

+ T - 2e ik-x - _ r - . —2e ik-x
o <1+CC> (Cz+1)" o <1+CC> (C—2)""

respectively for e > 0 and e < 0

> ku = KaRa, 2 = ’{1/507 CvE: (xl iix2)/(7ﬂ+13)7 2e € Z

> &+ are exact (no partial waves, etc...)

6/15



Warm up: gluon amplitudes around the self-dual dyon

m Background is an Abelian self-dual dyon (SDD) S

Gluons

A:c(%—l—a) a=(1—cosf)d¢

m (Scalar) scattering states are

+ T - 2e ik-x - _ r - . —2e ik-x
o <1+CC> (Cz+1)" o <1+CC> (C—2)""

respectively for e > 0 and e < 0

> ku = KaRa, 2 = ’{1/507 CvE: (xl iix2)/(7ﬂ+13)7 2e € Z

> &+ are exact (no partial waves, etc...)

m A similar story holds for all spins
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Gluon amplitudes around the self-dual dyon

Twistor "recipe"

Gluons

m Yang-Mills as an expansion around the SD sector jChalmers-Siegel]
2
S = /d4a:tr (BapF*P) — %/d4xtr (BasB*?)

m The MHV generating functional is the twistor uplift of tr (B?) Mason,
Adamo-Mason-Sharma, Bu-Casali, GB-Mason]

/ D*Z1 AD?Za Atr (Hy 'biHiHy 'boHo)
PT xyPT

m Perturbative expansion is now a linear problem on twistor space



Gluon amplitudes around the self-dual dyon

m 2-point gluon amplitude is TBogna
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Gluon amplitudes around the self-dual dyon

m 2-point gluon amplitude is TBogna

(2w1)26271<12>2+282 :
Az = 8e2(2€2)!0(w1 + w2)d(e1 + e2) k1 ke Gluons

m Gluon MHV amplitude at all multiplicity is

_ (12 _ .
A= T3y ) <Z°"> J (Z €2>

7

X /d?’xei(kﬁ'”“‘")'x X H (1 +T|C|2) (Ezz'-l-l)%i
>0

€
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Gluon celestial OPE around the SDD

m With the gluon MHV amplitude, we can compute the holomorphic Bo
Splitting function for Zij = Zi — Zj —0 [Fan-Fotopoulos-Taylor,

Pate-Raclariu-Strominger- Yuan] Gluons

1 o
An — @S(Z,])An_l
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Gluon celestial OPE around the SDD

m With the gluon MHV amplitude, we can compute the holomorphic Bo
Splitting function for Zij = Zi — Zj —0 [Fan-Fotopoulos-Taylor,

Pate-Raclariu-Strominger- Yuan] Gluons

1 o
An — @S(Z,j)An_l

m We find the same splitting function as around the trivial background

The gluon celestial OPE is undeformed around the self-dual dyon

m This is in agreement with works on twistorial monopoles/scattering
[Garner-Paquette]
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Self-dual Taub-NUT

m Consider the SDTN metric
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Self-dual Taub-NUT

m Consider the SDTN metric

oM
ds* =V 1 (dt — 2Ma)* + Vdx® V=14 —

> toy model for physical black holes

m The twistor space of SDTN is a line bundle over the total space of
O(2) = CP' quitching

[ Graviton MHV amplitude < tree-level correlator of a 2d CFT j
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Graviton amplitudes around SDTN

m The 2-point graviton amplitude is the double-copy of the 2-point Giuseppe
gluon amplitude
(2w1)4Mw272 <12>4+4Mw2

Mz = —2M (4Mw2)!6(w1 + w2) k1 + ko|2+8Mw2 ;
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Graviton amplitudes around SDTN

m The 2-point graviton amplitude is the double-copy of the 2-point S
gluon amplitude
(2w1)4Mw272 <12>4+4Mw2

Mz = —2M (4Mw2)!1§(w1 + w2) ey T k20 ST—

m The MHV graviton amplitude can be compactly written as

o (12)? o
Mo = (12')2(22')26 (Z )

) / dx /g D[ [t Je" -+
>0 ]R+><(S2)t+1

m Stay tuned for further properties of M,!
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The Pedersen metric

m We can turn on a cosmological constant A = —3/1?
m Important to study deformations of Lwiyoeo/cf. Bin’s talk]

m The analogue of SDTN is the Pedersen metric [Pedersen, Hitchin, Zoubas]

2
ds® = V7' fi(dt—2Ma)*+V (dfrl + rzdﬁg) fi=1+

r(r+4M)
12

. . . 1
> We expect the twistor space to arise from a defect wrapping CP Aa =0



Limits of the Pedersen metric

Most of the studied examples of curved spacetimes in celestial holography Giusepp«
are particular limits of the Pedersen metric

—A/3 V Eguchi-Hanson
Ny

flat space
self-dual Taub-NUT



Celestial chiral algebra of the Pedersen metric

m The celestial chiral algebra comes from the Poisson bracket of - vhie
elements of 0(2) [Bittleston-Heuveline-Skinner, various talks here]
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Celestial chiral algebra of the Pedersen metric

m The celestial chiral algebra comes from the Poisson bracket of - vhie
elements of 0(2) [Bittleston-Heuveline-Skinner, various talks here]

m We conjecture a 2-parameter deformation of Lwi4eo, €.8. Cohs

{w[pa q, 2i,2j],lU[1", 372]672”} = (psfqr)w[pwfl,qusfl,2(2—|—k),2(ﬁ%)]
+ 4A(il — jk)w[p+r, q+s,2(i+k—1)+1,2(j+1—1)+1]
AM

4

((p—q) (k+H)—(r—s)(i+j))w[p+r+1, g¢+s+1, 2(i+k—1), 2(j+H—-1)]

m In the relevant limits, it reduces to the known deformations of the
celestial chiral algebra of AdSys [Tayior-Zhu,
Bittleston- G B- Heuveline- Kmec-Mason-Skinner, see also Bin’s talk], Eguchi-Hanson
[Bittleston-Heuveline-Skinner], and is undeformed for SDTN
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What else?

Many more things to do e
> Checks from graviton OPE on SDTN for the Pedersen CCA

> Ideally, we should be able to give all-multiplicity formulae at all MHV
degrees for SDD and SDTN

> Can we use these results to study scattering off non-self-dual
backgrounds?

> Correlators/amplitudes around Pedersen metric

> Top—down constructions? [Costello-Paquette-Sharma, Bittleston-Costello-Zeng]

15/15



What else?

Many more things to do e
> Checks from graviton OPE on SDTN for the Pedersen CCA

> Ideally, we should be able to give all-multiplicity formulae at all MHV
degrees for SDD and SDTN

> Can we use these results to study scattering off non-self-dual
backgrounds?

> Correlators/amplitudes around Pedersen metric

> Top—down constructions? [Costello-Paquette-Sharma, Bittleston-Costello-Zeng]

Thanks!
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