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Asymptotic symmetry

e Supertranslation

- maps to an asymptotically flat space-times but physically another solution.
- Supertranslated spacetimes are normal (just a Schwartzschild BH is special)
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Outline of this talk

1. What's supertranslation 7
2. The fact that supertranslations exist is ordinary
3. How to involve correction of supertranslations

4. Our analysis and result
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n
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- Falloff conditions:

__________________________________________________

bit
arbirary s there is no priori methods to determine these

- preserves all the gauge and fall-off conditions function

- generalizations of the four translations (< f = const.)
- transforms into a physically different geometry (another solution)

{ What I’ll talk from now are 1 mpdzdZz N.v*dzdz

- mp, N, and C,, depend on (u, z, z).

stories in this falling condition S? 5
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bit
arbirary s there is no priori methods to determine these

- preserves all the gauge and fall-off conditions function
- generalizations of the four translations (< f = const.)

- transforms into a physically different geometry (another solution)

What I'll talk from now are mpdzdz . N.v*dzdz
stories in this falling condition S2 S

- mp, N, and C,, depend on (u, z, z).

Example

ds* = —du® — dudr + 2r*~y,zdzdz (= —dt* +dz?) < mp=N,=N,, =C,, =0 Naz = 0uC

= . ~ - Bondi, der Burg, Met ,
LiN.. fOuLN., 1 5st.(BMS) S 9uv (33'“) = Guu (3?“) aﬁg Sla\ézir; er Burg, Metzner
- 2z 2 zz - Proc. Roy. Soc. Lond. A269 (1962)
Lymp = foump + § [N**DZf +2D.N*D.f +cc], LiC=f - Proc. Roy. Soc. Lond. A270 (1962)
L;C,, = f0,C,., —2D?f C is akin to NG boson | Vacua of the gravitational field |
- (Normally, taken as spherical harmonics): G.Compére, J.Long (1601.04958)
2 2 2 = 2 52 .
ds® = —du” — 2dudr + 2r°7y,zdzdz + rCy.dz" +17C5:dz" 4+ - -+ (ex. for SSB of U(1) with ¢ = ¢oe’?, 56 # 0 )
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Fact supertranslated BH space-times are ordinary

Classical static final state of collapse with supertranslation
memory, Geoffrey Compeére, Jiang Long, 1602.05197 (CQG)

« Collapse of spherical shell
ds? = — (1 _ M
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6st.(BMS) s Guv (33
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M 1
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e For(l,m)=(2,£1), Ci = ae sin2fcos(¢p+6), —1<a<l1
L;C = f where C=C(z,2%)
§ = fOu+ = (D*f0.+ D?f0:) + D*D, fO,

some
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(ex. for SSB of U(1) with ¢ = ¢ge’®, 90 #0) Z

v
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Even in the simple case where the outgoing radiation is ignored, non-trivial NG field appears
if the initial configuration of dusts is non-spherical



Get the 4D BH space-times with supertranslation corrections to quadratic order
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Classical static final state of collapse with supertranslation memory
Geoffrey Compére, Jiang Long, 1602.05197 (CQG)

As explained in [45], the shift of p by the lowest (constant) spherical harmonic Ciogy is
fixed by requiring the invariance of the radius under a constant time shift 4C' = At. The
metric then reads

ds’ = —dt* +dp* + (((p = E)* + U)yas + (p — E)Cag) d="d=". (65)

supertranslated

This metric can be compared with the original global Minkowski vacuum written in static
coordinates
ds’ = —dt; + dp} + piyapdz]dz] (66)

where t, = u, + p,. Following the chain of coordinate transformations, we can finally
relate these two coordinate systems by the change of coordinates

no supertranslated

E P = \/[P - C 4+ Cg))? + DsCDAC, : (67) f .
L (2= Y (p— C+Cpo) + (2 + 7Y (ps — 20.C — 50:C) | rTJ?er;ch:nmbac:lon
- 2p —C + Cy) + (1 + 22)(20:C — 7710.C) o

obtained like this

equality between (65) and (66) under (67) is identical to the equality (24) using (26),
which proves the statement in the main text.

The metric (65) is written in static gauge defined as g,4 = 0, g,, = 1. The generator
of supertranslations in that gauge can be written as

CABDRT — 2DAT(p — L(D? + 2)(C — Coy))
2((p - %{DE + 2)(C = Cyp))2 = U)

These generators exactly commute under the adjusted bracket defined in [28]

[€1, &2ad = [€1, &2] = 0¢,&2 + 0, (69)

Here, the variation 5& acts on the field ' and its p-th derivative, p = 1,2,... as a deriva-
tive operator contracted with the p-th derivative of 4+C(f, ¢) = T(#, ¢). As a consequence
of these vanishing commutation relations, the supertranslations act everyvwhere in the bulk
spacetime described by the metric (65) which extends the asymptotic result of [28]. In a
group theory language, the metric (65) describes the orbit of Minkowski spacetime under
the supertranslation group.

.-Efm] = Tood — (T = Tion))d, + 4. (68)



Get the 4D BH space-times with supertranslation corrections to quadratic order
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This mode is expected to be dominant in the process of forming
of a soft-hairy black hole

I R R s E. Berti, V. Cardoso and C. M. Will, PRD [gr-qc/0512160]

“On gravitationalwave spectroscopy of massive black holes
with the space interferometer LISA,”

.
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Hawking flux by anomaly cancellation method

/

Anomalies, Hawking Radiations and Regularity in Rotating
Black Holes, S.Iso, H.Umetsu, F.Wilczek, hep-th/0606018 (PRL)
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ro: The region where the 2D description is valid
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Conclusion
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Ntic symmetry =)

Information paradox
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/ If ¢ mixes, it becomes the form where formulas
C = C(z, 5) are unavilable. At this time, even if we can say this,

r-independence result is unclear as anomaly cancellation is unavailable.
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We can always get this Hawking flux
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