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Relation to Black Holes

e Black Hole info. paradox is an indication that a local
description must fail on a time scale of order the black hole
evaporation time

tey ~ RopSpn ~ M°

 This is the time scale at which information needs to start to
coming out of the black hole

= |dentifying a source for a perturbative breakdown would
indicate no information paradox, only information problem

v A breakdown of the perturbative approach in de Sitter on
similar time scale has already been identified

tds ™ RdsSds ~ 1/H3

[Giddings and MSS, 2011,2012]



Soft hair of Black Holes

* A key assumption of the B.H. info. paradox is the
no hair theorem

= assumption that the black hole returns to a unigue
vacuum after evaporation

* |t has lately been argued that this assumption is
wrong

= \acuum not invariant under addition of soft modes



Soft hair of Black Holes

* More precisely adding a soft mode corresponds to
a gauge transformation that does not fall of at

infinity
= a conserved charge associated with the large

gauge transformation has been constructed

v The charge has been argued to act non-trivially on
the final state

X') = QIX) # [X)

[Hawking, Perry and Strominger, 2016]



Soft hair of de Sitter
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° |n de Sitter’ |Oca||y a Sof‘t mode iS ......................................................................................................
large gauge transformation

= Construct the corresponding
charge

= Examine the effect on the vacuum time

 We expect no local effect, but ©

globally there can be effects

» space
[Giddings and MSS, 2011,2012]



Asymptotic Symmetry Group of
de Sitter

o EXxcited de Sitter spacetimes asymptotically takes the “Fefferman-
Graham” (FG) form

ds? B _dn2 dx'dz’ ( (0

) 2 (2) 3 (3)
R + 2 9i; N9 TN 95 +)
 The Einstein equation implies the relations [Starobinsky, 1983]
2 1 0
gz'(j) = Rilg"] - ZR[Q(O)]gi(j)

i (3 _ (3) _
Vig:” = trg; =0,
and also g(k) for k> 3 is determined by g(g) and 9(0)

= [he spacetime is described by boundary metric g(0> and a
traceless conserved tensor 9(3) .



Asymptotic Symmetry Group of
de Sitter

¢ The asymptotic symmetry group (ASG) can be defined as the

guotient group
allowed diffs.

ASG = trivial diffs.

[Anninos, Ng and Strominger , 2010]
where a trivial diffs. leaves boundary data inv. and allowed diffs.

preserves the FG form.
e The most general allowed diff. is generated by
¢ = ¢'(z")0; + ndo(z¥)o, + %29(0)ij8j50(xk)81; +O(n*)
* The do -dependent terms are conformal transformation of the

metric, corresponding to FG preserving slice transformations, and
must leave physical boundary data inv.



Asymptotic Symmetry Group of
de Sitter

= |n the generally allowed diff.
2
§ = ¢ (a")d; + ndo @)y + 90,50 (&M)3; + O (')

only the first term corresponds to a non-trivial diff.

= The ASG is generated by
£A5¢ = ¢'(aM)o),

=The ASG is diffs. on R3

[Anninos, Ng and Strominger , 2010]
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Checks

The 3pt function

* To check that our explicit construction of the Hubble
charge makes sense, let’'s consider

(0’| yvs75 |07) = (0] e~ "PH v y5v5€' 2 |0)
= (0] v2vsvs510) — ¢ (0] [@m,vLY¥s7s] 0) + ...

= An explicit evaluation of the commutator reproduces
the Maldacena consistency relation (2001)

0
O [Qersv29578]10) = (veve) K o (vs7s)
Vote
'YL: éO‘t‘x" 67 ) SO‘J'“ tmoole [Ferreira, Sandora and MSS, 2016]
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Checks

One-loop

 We can also check the IR one-loop corrections

(0] 7575 10y = (0] e *“H ygy5e"@H |0)

= An explicit evaluation and averaging over soft modes
reproduces the Giddings & MSS one-loop result (2012)

[Ferreira, Sandora and MSS, 2016]



The overlap

e One diagnostic of a perturbative breakdown in Black
Holes, is the overlap

W ()|

where |¥), is the unperturbed state, and the time-
dependent perturbed state is

vy = Texp { i [ et} o

e Suppose that at some time

($(0)|¥)g =0
= Perturbation theory has broken down since
(0Y|Y)y = —1

v Effects of perturbations are order unity (Giddings, 2007]



The overlap

e \We have computed the average
overlap

--------
-
-~
-~

(0'10) = (0] e~"?# |0)

In the larger box

= The overlap correction grows .
with the size of the box (L =aH ) ™.

010y =1 — aH?log(a) + ... =

v The overlap receives order one
corrections on the the time scale

tds ~ RdsSds ~ 1/H3

[Ferreira, Sandora and MSS, 2016]
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