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Asymptotic boundaries  

1. Asymplotic states

a
.
Notion energy

charges ~ generator of symm . - Asympt . Symm

Boundary - Choice BC
s
allowed symm.

gange

-charges <
Kivil AS =

allowed symm

large Triviel symm .

->Algebra ASA s AbSz/CFTz

3. Holographic duality



Leaky boundaries

Symplecric potential 0 ;
SL = EOMS(fields) +

do

- used for instance to compute charges

ex : Or= ((g)M _ Mr(s))

Leaky : O o -> Non conservation of the changes

ex : 1
.

4dGR1 = 0
,
Gas< News &(shear) New = sheer

2
.

4d GR1 + 0
,
noDinicher BC Ofo a

Tij Shi
no Newman BC

--

-> coupled in a unspeficied way to the environnet

-compatie with radiation

3
. matter fallig inside a BH horizon



Challenges

1. Asympt -
boundoies

- ill-definid limit to the bounday
-> Renomolization

· Compère-Marolf [108] but based on BC

.
New prescription not tied Ro B) [McNees- 22 2306 . 1645//2408 . 13203]

2. More greedom in approaching the bounday yield more changes

& freedom in their definition
leg : change of slicing

relaxation of the garge... )

What are they ?



Bondi gauge [Bondi etal62
,
Sachs 51]

-approach the asymptotic budy alonger null direction
-valid for [Pode ,

Skenderis
,Taylor 18] [Compère-Fiorucci-Ruzziconi 119,20],

= 0 170
10

Qu
------

* Dat *
Y4

------

-
coordinates (u

,
r

,
xt) 1 go /l is a sell direct

2 gut = o (et & u are transverse)
Newman-Unti condition

- condition on r ? [Bondi - Sachs condition



Partial Bondi gauge
(2205

. 11401 Gilles - CE] well : In

gun = o ; gut = 0 ; no specification on r more than a param.

along the mull good.

dePV dat _
sel dudr

+ Gar (dx
*-Utdu) (dB_ uBdu)

+ conformal compactification

GAB = Vislu,t)r2 + Mer +... i B ,

V
,
Ut arbitrous ganctions g(u,

r
,
at)

NU condition : r is the affine parameter of a null generdo fr - B=
BS condition r = area distance det gas = r4det GAB

·

h

EOM : EM =_Rugru (R-21) g2

Hierachy g COM



dePV daz _
Le dedr

+ Gar (dx
*_Utdu) (dB-UBdu)

gar = regis + r[s + V Vis)+ Es + [Vi) + (1 + Us Vis) +...

+ j. is

Err = 0 =d = Bouet)+ +st( - 582) + 0(3)

BS condition degas e = 0
, Va=J is

g
NU condition U = 0

, va is fixed
angarenem

EMA = o a u
*

= U(u ,
x

+ )
+ =( .

-.

> + y) ..
) + = (PMu ,++ ... ) + 0(in)93

Fur = 0 = Verter( ... ) + ( ... )+but. ...

↑ Mass
-> all the radia dependence is fixed.

Boundary metric limBot duji(dxd (dB



So we have ga(4 ,
r

,
x) ; Bolu,t) ,

Volu
,xt) ,
Pu

,
xt)

,
M(u

, xt)

E = o =DGupis-Vizent + 2 DU-1eß
-

~ shear ofsu ~ shear of Or

zW-radiation
10 : Jun3) is fied

170 : Jis

elefield ~ DaMAB
for Ho= 0

Eur =
0

-> Se S is fixed
S

( + Scuent)M - Da(ft - 1Pt)
Ent : 0 => In Pa is find

= Fis (PAB GD2

↳ iß
(definition using Newman-Perrose

scolars)



Solution space

1 = 0 :. boundary data Vis ,
Ust Guyis-Viscuent + 2 Dal-o

. kinematical data Bo , Unz

. fe datais shear-Gravitational waves

. dynamical data constrainted by COM

M
, Pa ,j,3) mass

, angular mom
,, "higher spin change



170 :
· binematicaldata Vis , so ,

Mi
, Un, 1

,
Vis

· dynamical data M
,
PA

· Vis= et (en Vis-ze lutpo Dis + Dalis]
~ DaMAB

(enMD(
[Ashtekar

, Bonge ,
Kesavan' 15]

Compre , Ruzzicone , Firucci 119
, 203 = Es (PAB G

2 Bonga ,
Bunster

,
Pérez'23] B iß

[Ciambelli
,
PasVerki

,Tabor'24]
[Compère, Hoque ,

Kutluk 123

(Schoville etal



Symmetries
Get g + Lzg E Partiel Bondi garge

Preserving gr =o &" = flu ,
et

gra = 0 = A
= Y/ ,ht) -Sdegi f
= y1 + 0(t)

~
It

gar = JiBr+... 3 = rh(u ,
nt)-

-

E rh + (k + = 0f)+ (l -Daf+ 20C]) + 0()
SemUjo = 12h + Dayt) ↳ changes andysis
8 p = ( ... ) g1 +yR will show theer

S8z = ( ... ) 82 + 42 + ky ,
-yD7

an pers gaye



AkV = T = fau + y
+
21 + (h + k+ Af + 22 -DF

+ 18. Jif(
-sublead .

Algebra : 417. 4 ,
h

,
k

,
? )

, 182.nihn Ma , (2) Y = (fiz M
Mischiz ,

kiz
, (2)

fiz = 8 ,
In +2 + 458afz -Sa

, fe - (152)

Y = 8 ,
In Yzt + Y ,Porte - Je

,
4 - (1552)

hiz = f , Cha + Y, Ghz-J
,
h2 - (132)

hiz = 8 ,
Jok2 + YAR-h , kz - Seike - (142)

b
, 2 = f ,

2n 12 + Y5012 - 2h
, 12 - Gg

,
2 - ((x)

(DiH(Y +) GIRn) E (ImQRe)

Im (240
.

09540 Gille - Cz] ,
for 1 = 0

,
Quo ,

Qe70 s lauge!



Symplectic potential

· make it finite up 8. exact - charge will be finite

Charge O = Sa. RedS
Urk = Wrigd ,

SP) = JEM ~Orbur +Oh= cu

SL : COMSg + do = Ambiguity 0 - O + dY

Or - On + 2
,
y

Choice Yur = -SrE" + 0(r) =- dr)

02 02 auf
.

On

=> Grk = 0()

· Rem : still finite ambiguity - we make a choice.



=(S)+ S +Ten
+ m( ... ) + f( ... )

= Suis-Suito- HisPoJ
Tab =Rép

+ 1/VisJa - Erg)
T

= 45
_ et(*

Fis) + DaDj - élo jDe
· flat limit ok

·
w V PrSU

*



=(S)+ S +Ten
+Ou (ja Sys + - S(I-4B))] + S(Ab + Cutor)

= U
T = -V+j

· so not indep.
· U.. Ja only af corners



Phase space for 1 + 0

-> us Vis= (Vis-Chor)

= STSen-4
+/(SV + -S(m - 4B))] + S) ... )

- first line is from ToSh
des (dUd)(d



Next steps 

-Charges & symmet ris

->
Relation te holographic renoelization



Summary & Outlook

-Radiation = leaky e in d non conformally
feat boundary
metric

-Renomalization prescription suited for leaky
boundaries

->
New charges in PBG but no flux balance laws

-> Appear in a armer term in the sympledic
potential



Summary & Outlook

-> Portion AdS - Bounday CFT

->
Flat

> andysir @ spatial infants
-> Subregion on the bounday
-> dSy( ? )


