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Taking a step back

Eatbackholes
Acceleratedobs.in flat space
experience temp

T E

Stationary obs at dist R from planet
of mass M experience acc

a 81
Scharzshild radius of black hole

Rbn 2 GM

Black hole has temp Tbh sitGM ÉRbn



Relationtoblackholes

If black holes has temp we can

associate entropy

Using Tds d U with U Mc
C l Esther

IS 8TGNMdM

S 4T Gw M

S A Abn 41TRE



Benblackhes
Scharz shild metric

ds 1 Rbf dt 1 Ey dr rider

De Sitler metric

ds 1 Ealdt i Eg dr ride

Bt Eh 26 surface gravity 2 162 1 1

15 Fp r H surface gravity 2 1 r it

ads H Tas E Fi Rds



Relationtblackholes

If one collapses pure state of

zero entropy to a black hole

and wait til it has evaporated

pure state converted to thermal

radiation mited state

violation of Unitarity Y
information loss as mixed state is

obtained from pure state by tracing
out inaccessible part of the state



Relation to Black Holes
• Black Hole info. paradox is an indication that a local 

description must fail on a time scale of order the black hole 
evaporation time 

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

➡ Identifying a source for a perturbative breakdown would 
indicate no information paradox, only information problem 

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

[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 unique 
vacuum after evaporation 

• It has lately been argued that this assumption is 
wrong 

➡ Vacuum 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 

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

|X 0i = Q |Xi 6= |Xi
[Hawking, Perry and Strominger, 2016]



Soft hair of de Sitter

• In de Sitter, locally a soft mode is 
large gauge transformation 

➡ Construct the corresponding 
charge 

➡ Examine the effect on the vacuum 

• We expect no local effect, but 
globally there can be effects

time

space
[Giddings and MSS, 2011,2012]



Asymptotic Symmetry Group of 
de Sitter

• Excited de Sitter spacetimes asymptotically takes the “Fefferman-
Graham” (FG) form  

• The Einstein equation implies the relations [Starobinsky, 1983]

and also g(k)

g(0)

g(3)k > 3for is determined by  and  

➡ The spacetime is  described by boundary metric         and a 
traceless conserved tensor          . 

g(0)

g(3)



Asymptotic Symmetry Group of 
de Sitter

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

[Anninos, Ng and Strominger , 2010]

where a trivial diffs. leaves boundary data inv. and allowed diffs. 
preserves the FG form.

ASG ⌘ allowed di↵s.

trivial di↵s.

•The most general allowed diff. is generated by

•The -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

➡ In the generally allowed diff. 

[Anninos, Ng and Strominger , 2010]

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

➡The ASG is generated by 

➡The ASG is diffs. on  R3



Asymptotic symmetries of ds
televotoso

Fluffy space lit

At future infinity It
the 5014,1 inv of
Is enhanced to

5
4 1pto

j

diffeorphisms of 113 I_
diffs in 3 spatial dim



Theasymptoticsymmetygum
The asymptotic symm group ASG is diff
in 3 dim

General covariance imply that the spatial
indices i j transforms as covariant contravarian
vectors at lineatedlevel bymultiplicationof
meric

7
belonging to

GL 3 R SL 3 IR IR



GL n R subgroups cat

iii
Dimension of GL n R is m
which can be divided into

Rotations non 11 2 antisymmetric generators Ji
of SO 4 Euclidian case

Lorentzian case
son 1,1

Stanformations mental 2 1 traceless
symmetric generators Sij

Dues 1 generator D



Eesmmetytransformation
In the TT gauge the relevant do f are

contained in rig extracted from metric
in planar Coord Clapse shift decays and can

be ignored here

d's dt a t er
p dridt

The asymptotic symmetry transf acts on it as

8 er Lg er

Stij 2 3 2 5 30.5 Sij 012



Tensoradiabaticmode

Sti 2 3 2 5 30.5 Sij 018

Diffs that satisfy
2 3 2 5 30.5 Sij 0

cannot generate const adiatic mode

of Sy

This eg is solved by the confromal

Killing vector on R

5 Cit Wijx exit X ai 2X x ̅ a
translation wij Wii rotationsdilutions95854



Tensoradiabaticmode
out of all generators of GL 3 only
symmetric ones can generate 88

ij Xid X D Si 2 x

SYij So for 5 SijX sij s

we will think of Sig as the long waveleagh

adiabatic mode

Sri 2 8ij xD Sir Jit 5,7ft
Ferreira Sandora Sloth 16

Sloth 2025



Symmetry breakingPattern

We have the breaking
GL n 50h xD

T1
m n 3 429 men 11 2 4 3 new 112 3

we expect

GLCal soul D

m n u 1122 1 n ntl 2 1

1 3 9 3 1 5



Inverse Higgs constraint

Out of the n n 11 2 1 modes n can

be removed by local translations

5 Ci X with 2 C x 2 C Sij2C Si

leaving 81 88

h nti k 1 n n n 11 2 1

independent modes

Goldstones Graviton d O f
in D n dim

Sloth 2025



Symmetry breakingPattern

Order parameter traceless symmetric
tensor

itEotdiuiffs
but symmetry

Long range fluctuations of order

parameter Goldstone mode

Adiabatic soft graviton

TlaifditheGorfmode of the spontaneously broken
asymptoticsymmetries.tl



Soft chargesIleal

The Nother charge of the asymptotic S.B

sym is

Q fax 8 88ij
Q D Sti

Sti 2 8 258p
4.0

Go Q Di 107 Fi 4.0

10 s e o is vacuum in presence
of the long mode 84

FerreiraSandoraSlothi 16



From here we have as

a self consistency check

018,10 olé ye 0

01 1 40 Q 107

o Q 10 SX Vi

0112 0 8



Goldstonehagrangiang
We have seen that the soft gravitons 8
are Goldstone modes of spontaneously broken

asymptotic symmetries

Lagrangian of the Gold stone modes are

of the General form
L T gasta 2 176 012

where g most general metric inv under

the isometries of broker group G

Naegels 2021

In our case G diffs of IR gas Sig



Goldstonehagrangiang

Lagrangian of soft gravitous in

de sitter

L 8 α 8,1 18 x a dedijcxdetij.lt

A different way of understanding

the quadratic action of metric

perturbations in de Sitler



Symmetybeaking
Lusglobalobservers

We can now define the symmetric unbrokenstate as

14sym DX 418,53104 184 109

if 4 05 even in Vij Ji

4sym Dijk 4sym 0

8 4sym 4 y
soft part of

Y s
tonofte



Lalusglobalobservers
Now imagine dividing into
many uncorrelated patches
except for along the long

range order parameter

I Caste I IT Eki
using 44 Xi tri tis Erisil
and patches highly uncour except for order par

Er Fri 48,41148 it Erin 0

for N x



Walusglobalobservers
Similarly for any finite combiniation of

eves of the form 0 Xi we

Iri QCX.IQ xs1 1Ir7x Erix
N

C0 0

for rift and N 70

Local operators approx diag in 142 basis

Local measurement in 14sym state will

Local measurements incl environment effectsiii.in iimot



Lusglobalobsever
If one compute the ensemble averare

of 8 in the local states on e will

find that it vanish CYLSE 0

local state well described by
the symmetric state Isym

Local state do not depend on 2 and

it has no physical meaning locally
But globally system is in broken
state 112.1 1 with long range correlation



When comparing
different patches

FF.to
p

p

like in late universe fatter
reheating when long mode
enter horizon



TINI

and spontaneously broken dilatation

In case of inflation also time translation
is broken

scalar curvature perturbation
5

in addition to two polarizations of grav

trace part of metric

s e's er L e's er

85 32.5 4.0

dilatation 5 Cx induce constant

shift SS C



INFLATIONanmeotuslybrokendilatation

we can think of C as soft

mode of the curvature part and

take
5 5 x

so that 85 5

Soft 5 modes are Goldstone modes

of spontaneously broken Dilatation sym



Goldstonehagrangiang

Just like before we can write

down the Goldstone Lagrangian

L 5 x 5 a 2512

which agrees
with the quadratic

action for 5 in cosmology

explains why action of cosmological

perturbations looks particular
simple in comoring gauge



long or soft mode

Vs short or UV mode Qu Hubble charge Uv cutoff Hubblescale









Pagetimeofde.si ler

The Page time of desitler
s

tas Rassds 173

The Page time of de sitter is

the time scale on which the

symmetric state is no longer
a good description

and instead

we are probing the broken state



Conclusion
lithttosttettsnnsclscsleesesess

spontaneously broken
Asymtotic symmetries

O G 81.310 88

soft _Gravitation
memorytheorems long range
order018 8810 olé rare 10 parameter



Outlook

CFT dual description

Massive gravity
EFT of tensor part

de Sitler Liquid crystal


