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Based on 2304.09330 with Prahar Mitra, Aaron Poole, Bilyana Tomova

Starting from the general asymptotic analysis of higher dimensional gravity with
null asymptotic boundaries 2108.01203[hep-th] FC, we study the asymptotic
symmetries of 6-dimensional Asymptotically locally flat (AlF) spacetimes

in order to pinpoint universal features of

▶ gravitational S-matrix

▶ flat holography

(the results extend to all even dimensions)
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Motivations and aims
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A look from the bulk

Strominger ’14: Soft theorems are Ward identities of the asymptotic symmetries of
4-dimensional asymptotically flat spacetimes at null infinity∗

soft theorems ↔ asymptotic symmetries
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A look from the boundary

Take home lesson: bulk QFT results can be derived from boundary relations.

Inspires

Flat Holography ∼

Celestial holography,
Carrollian holography,
Cauchy holography,
Wedge holography,
...
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A look from the boundary

AdS Holography

ZCFT = Zgrav

Flat Holography

StructureX → S-matrix
(Celestial CFT
Carrollian CFT, ...)
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A look from the boundary

AdS Holography

ZCFT = Zgrav

Flat Holography

StructureX → S-matrix
(Celestial CFT
Carrollian CFT, ...)

Point of view:
soft theorems ↔ asymptotic symmetries

Universal feature (or check) for flat holography models!
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Our goal

Soft theorems exist in any dimension greater or equal to 4

Is the relationship

soft theorems ↔ asymptotic symmetries

a universal feature of gravitational theories (and hence of flat holography)
independently of the dimensionality of the spacetime?

Bonus... Stay tuned until the end!
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Cartoon
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From BMS...

BMS = Lorentz ⋉ Supertranslations ⊂ Superrotations ⋉ Supertranslations

! Given an asymptotically flat metric, Supertranslations and Superrotations large gauge
modes appear at radiative order

Such symmetries are generated on the phase space by a set of charges Qas = {Qst, Qsr}
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...to the S-matrix and Soft Theorems

BMS act on |in⟩ and |out⟩ states of a scattering process

|out⟩ = S|in⟩ up to the action of Qas

Antipodal matching
Qas|I+

−
= Qas|I−

+

Strominger’s conjecture: [Qas,S] = 0
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...to the S-matrix and Soft Theorems

Antipodal matching
Qas|I+

−
= Qas|I−

+
(conditions on

fields near i0)

Strominger’s conjecture:
[Qas,S] = 0

Imply

⟨out| [Qst,S] |in⟩ = 0 ⇔ lim
Eq→0

EqMn+1 = S(−1)Mn,

⟨out| [Qsr,S] |in⟩ = 0 ⇔ lim
Eq→0

Mn+1|fin = S(0)Mn

namely,

Mn+1(p1, . . . pn, q) =
(
E−1

q S(−1) + S(0)

)
Mn(p1, . . . pn) +O(Eq)
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Shopping list

1. Solution space for Einstein gravity with null asymptotic boundaries

2. Imposition of boundary conditions near i0

3. Construction of asymptotic charges
If they are non-trivial → win
If they are trivial → lose

4. Derivation of soft theorems from the well-defined charges
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Details

Higher even dimensions
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1. Solution space for gravity with null asymptotic boundaries

Bondi-Sachs gauge

ds2 = −e2βU du2 − 2e2β du dr + r2hAB(dx
A −WA du)(dxB −WB du)

with asymptotically locally Minkowskian boundary condition

lim
r→∞

hAB = qAB(x), lim
r→∞

gur = 1

Large-r solution (of Rµν = 0) has analytic terms in r−n and logarithmic terms
r−n logm r [2108.01203 FC]
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2. Imposition of boundary conditions near i0

D = d+ 2 spacetime dimensions, d even

rdeµµ̂e
ν
ν̂e

ρ
ρ̂e

σ
σ̂Rµνρσ[G]|

I+
−

= 0

No flux of radiation near i0

Remove all logarithmic terms from
solution space

⇒


Analytic metric expansions, with hAB = qAB +

h(1)AB

r
+ · · ·+

h
( d
2
)AB

r
d
2

+ . . .

and conformally flat qAB(x) = e2Φ(x)q̂AB(x), q̂AB(x) = ∂AχC(x)∂BχD(x)δCD

! Supertranslation and Superrotation large gauge modes are overleading w.r.t.
radiative order
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3. Construction of asymptotic charges

Covariant phase space procedure

1) δL = EoMδg + dθ,

2)Presymplectic current θ ∼ pδq

3) Symplectic form Ω(δ, δ′) = δθ = δp ∧ δq

4)Hamiltonian δHc = Ω(δ, δc)
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3. Construction of asymptotic charges

For EH gravity the presymplectic current contains large-r divergences

θ =

∫
I+

rnθ(n) +

∫
I+

finite

Large-r divergences are boundary terms at I +
− that can be renormalised with

θ → θ + dY ⇒ Ω → Ω+ δdY

We build the counterterm Y in a local and covariant way in terms of
the induced metric on the celestial sphere and the extrinsic curvature
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3. Construction of asymptotic charges

The resulting symplectic form reads

Ω(δ, δBMS) =
1

4πG

∫
d4x

√
qfδM +

1

16πG

∫
d4x

√
q Y AδNA

+
1

16πG

∫
d4x

√
qδχA(δξ −LY + 4ω)PA

N.B.: The Weyl mode is fixed in terms of the other dynamical variables to make Ω invertible

The last term is not δ-exact ⇒ ∄ HBMS s.t. δHBMS = Ω(δ, δBMS)

Similar integrability issue happens in 4D as well

Way out: define the BMS charges from the integrable part of Ω

Tf ≡ 1

4πG

∫
d4x

√
qfM, JY ≡ 1

16πG

∫
d4x

√
q Y ANA.

They represent the BMS algebra faithfully
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4. Derivation of soft theorems from the well-defined charges
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4. Derivation of soft theorems from the well-defined charges

We derive them for amplitudes involving a single soft graviton and hard particles of
any spin.
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Closing Remarks
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Odd dimensions still poorly understood. BMS transformations exist, but no
known phase space structure nor matching to soft degrees of freedom.

Phase Space Renormalization with local and covariant counterterms is novel
also with respect to usual BMS charge definitions in 4D. It is inspired by, but
not to be confused with, AdS/CFT Holographic Renormalization.

Phase Space with large-r logarithmic terms might contain interesting info
about Holographic BMS Anomalies.
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AlMd+2 ↔ (E)Al(A)dSd+1

h = q +
h(1)

r
+ · · ·+

1

r
d
2

(h
( d
2
)
+ h

( d
2
,1)

log r) + . . .

match the logarithmic coefficient of AlAdSd+1

spacetimes which is related to the Weyl anomaly
[2108.01203 FC]
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Thank you!
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