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Introduction Leaky Carrollian boundaries

Boundaries

-

: spacetimes with boundaries

symmetries 3
Norther

gauge symm . 3 -- Q on codima

"Surface change"
located on boundary

~ EM Yous law
* asymptotic

~ Qut un mass
* finite boundary

black hol horizon



-> Covariant phase space method
[review Fiorucci's their 2112

. 07666]

- Fall-offs of the fields closed to the boundary
are vercial

Q
=
0 e pure gauge

& Fos physical ,
large



Charges form an algebra -> asymptotic symmetry algebra 

How big this algebra can be?

↳ Changes label the states

↳ Ast organizes the phase space (FOM + fall ofs)

↳ QG : states transforms under a representarion of ASG

FT

Ads/CFT holographic dualitiesbulk 2
Brown - Henneaux]QG

-> Relaxation of the gauge
3d

fall - As - relox enough solutions <Perey et al. '16]
[campoleoni et al

.

22's

[Geiller et al
. (i) [Alessio erd .

3

- constained well def. /Toessauts] [Ciambelli etd 217
erc



What is the relevant/fundamental group for gravity?

For 4 dimensional asymptotically flat spacetimes: infrared triangle

2
grille , Riegler 6]

[Freidel
, Pranzetizi][Ciambelli, Leigh 23

[Addmi et al 213

I

<Strominger et!I

memoryyfects

soft AS
theorems



Carrollian

Leaky

Boundary is a null surface

Open system

Radiative dof

Unknown boundary dynamics 

N

SL= ZOM Sfield + dO(Sfield)

⑦ F 0 conshell)

7 eg D AF O
: CBSNB

7

loky cor. phase space (complete) is still
work

in

progress



Today : 4d

* new gauge for AF [2205
. 11401 + WIP ]

with Marc Geiller
H

.

Adami D .* finite surface [2110 .
04218]

.. Jabbari
Gumiller

with
C

,
v. Taghilbo[2002 .08346] H . Yavarlamoo

S Sodeghich

* prescription for renoumalization of charges
for leaky systems [2306 . 16451]

with Robert McNees



Asymptotic flat spacetimes in 4 dimensions 
it

... qt
Bondi coordinates (u

, ,
est) A

= 1
,
2

approaches well ytw/ null good-

j0 It
u

u = retarded time

sh x
*

= celestial cood
.

set
. ... r

* r =
radial coad .

& conformal compactification

& no log
term for this talk

& 170 ,
not fo this talk



Partial Bondi gauge [2205 .11401 & WIP] well
:

I
U

/ M . Geiller

o
me

= 0 ; guA =

0 ; no specification on r more than a param.

1 2 along the null good .

da= e da -
se dud ga (ext-Ufdu) (da_ uBdu)

gAB
= 91B42 + G3+ ... i ,

V
,
UA arbitraug genation of (u,

r
,
xt)

Newman
. Unti gaugi : e affine parameter Gr =

0

Bondi-Sachs gage
: =ad distance det ga= r4det↑

be

Hierarchy g COM 32



da= e da -
se dud ga (ext-Ufdu) (da_ uBdu)

ga = r2q1 + r(+ 9)+ (DI+ !D9x) + (E + - 9a)+ ...

Er = 0 =D = Bo(u ,p) + fr ... ) + ...

A

GrA =
0 =

U = v(u
,p) + +( . . .) + ( .. ) + (p+ + ... ) + 0(in)

far =
0 -> Y =

r( ... ) + (
... ) + y(d+ - ) + ...

- all the radial dep . is fixed ;
the not are evolution eq .

E*
=

o = (lueng-2/9 - /DaaUITE 0
;
luE = 0 & all sub .

Eur =

0 - LuM= ...

EuA : -> 2n PA = . - .

Recommendation Newman - Pemose)



da= e da -
se dud ga (ext-Ufdu) (da_ uBdu)

ga = r2q1 +r + 9a)+ (D+ !D 91) + (E +
- qxs)+ ...

Ear = 0 =

= B0(u ,p) + f2[C] - 4D) + is ...)
A

ErA =
0 ->s 0 = v(u

,p) + ⑰( . . .

) + ( .. ) + (p+ + ... ) + 0(u)93

far =
0 - Y =

r( ... ) + (
... ) + y(d+ - ) + ...

solution space is * kinematic data arbitrary functions of (a, a)

* radiative data3
- constraints data evolution is constrained

Notation [C[]=CAB (AB



Carroll structure 

Intrinsic

de Isas-da(dot -
U= du) (da-U du) = Pab Carroll metic

-

r2

ex
=
e2(8n + V = 81) well vector On is free but shear is zewo

1990b =
0 Idue to OM)

thesmaun connect b
=
Or - &(R)

: E-ci C -3D - ! [3)

Du = 20 Gr

sheo(k) is free EJAB- C ....

BS : O(k) = E

NV : k = <br = 0



Asymptotic symmetries
-eit & +2zg Particl Bondi gange

Preserving Grr=0 = flu ,
ut

94A =
0 = &A = Yv)u

,xt) -Jade Cpf

=
41

+ 0(t)
1
It

GAB = GrBr+ ... ? = rhlu
,1) E

-

-

.

Gr =

rh + (k + (f)+ (l - =+ 6f+ 2 (1) + 0(i)
Senvg = 124 + DAY ↳ Changes andsis
SC

= 1 ... ) +
4k will show these

SD = ( ... )D + 4 + kc - C Def
ar per gaye



AkV
= & = fou + Y +

21 + (rh + k + A1 + re -=Pf
--(f)

- sublead .

Algebra : ((8, Y ,
h

,
k , e ) , 182 :Yuihn , z ,

12)Y = [fiz ,
Yiz

,
hiz

,
hiz

, (i)

fiz = 1 ,
2 +z +

Y, 8 +z - (5
, fz - (1x2)

Y
,5 = 8 , zuY + Y,Y - Se

,
Y - (1992)

hiz = f , Cuhz +YGhz -15
,
42 -(1232)

ki = 2 ,
buk2 + Y, +k

2
- h , kz - (5

,
ke-(1x2)

biz = f , 22 + Y, 02z-2h , lz-65
,
2 -((x2)

(DiH (Y) G (n) & (RadRe)
Now change s...



Charges - covariant phase space formalism 

k-Q = dinof E
-2

SL = [MvSqn + 20M(Sg)↑
↳ symplectic potential

(18 , 9 , 89) =

S
, 0(89) - S0(f ,g)

dw(Sgg , Sg) = 0 onshell -> w(Szy , (g) = kg(g)

Ambiguities in definition of O (when imposing only bulk (oM)

0 - 0 + Se + dY



Assume 29B = 0
; 0 =

0
; Us =

0 = h = -cuf ; en47 = 0 ; af = 0

Problem change diverges kur=( ... (r + finite- ...

solution - follow the pacription [2306 .
16451 w/ R

. McNees]

choice of indep of I st changes are finite
Oren = 0 + dY +

Se

yur=-Idr Ou "comer contribution of symplecic potential
"

⑦h
ear

= 0 + 2nyr= 0 + far 04 + S ... )

⑦Yen= -" + or Ym
=
0 + 0("r2)

-W = dk => co = 2rbW
+ ch"A

=> InSt =
0 + sublead. scampere eras.18]



In [2306
.
16451] We show the procedure in 2d & 3d where

we then have symplectic change .

[2107 . 01073]W/ C . Goellen & M .Geillen
Fir example im 3d Bondi-Wege/equivalent of Partial

84
= x(884 - 8949)

Bondi gauge)

interesting to not impoon the fall-offs

-> Recover comer terus used to reslaue inbegudality
& gimitoes ?

-> While is doesn't fix the finite ambiguity
it might suggest one

.



comment on e

* we were intented in having w finite not &

* Oven = finite + 8 <exact)
-> FG & WFG holog renoun .

-> Bondi I such terms but need carer Lagr .

* comparaison with other methods

· [Compre - Carolf'08] y
=

come symplecic potentialY,
Se

= COMsndPar + dYa Ly O = GOMSME PaM
y = - Yc

· other prescription based on Norther change [Freidel + 21']



= - !DiCA

SQ= S Say + SQ + Q2 + PQe+ Dag

⑦⑦.

*

⑰

⑤

*⑤⑧⑧⑰⑦I.s ->

Compen ,
Fiorucci

,
Ruzziconi 18]Reduces to precious andyei sBarrich

, incessect



Charges in conformal gauge 91 :
e

=
9 ; Sq = 0

* changes associted to k is pas gauge -
2 =0 ; k= 0

* Change of slicing (ficd dep . redefinition of Symm . genutas)

D =
-=D +5[]

(1
=

=
0 [[C] + GBD,

C



*Integrate charges without radiation

* If ,
h

,
Y

,
e) foun an algebue without radiation

[x
=

- 2f, 101 fz +

4
,+ - ch, -(1)

I
*

==
I other choice sit algebue even with radiation

- 3
=

I
- 22 + !C Desf

f = T(x1) - xh(xt)
↳(Di1(S) -DiH(S) - Mal e (R+A Re)

change algebue we und Koszul brocket (BT+ "Mons")
[Barnich

. Fiausci ,

TO get viel of the field dep . In antial change .

Ruzziconi]



Asymptotic symmetry algebra f = T(x) - rh(xt)

x global BMS
= County & /R

+ S91B = 0 (91B = 97)
[Bondi

,
von de Bung ,

Metzner
;

Sachs 62]

x extended BMS
= ((Dif (S) -DiH (S)) &IRA) -R....Ra

[Barnich
, Trossaent'09] ↳ Celestial

holography deVg A =

1"detis
x generalized BMS

= DiH (SY O R + SVG = 0

<Campiglia ,
Laddha /14]

x BMS Weye = (DiHS # Mn) e RT
[Freidel

,
Oliveri

, Pranzetti , Speziale']

(Ditt(St) e IRa) t (IR+ 1Rn/Re)

- Gresponde to the gauge fizzing ei(atga)=" der ga



Finite surface
[2002

.

08346]
[2110

. 04218] & talk of first Carroll workshop

M =
0 Gaussian Vall Coordinates

v
- Gre =

0
; GrA = 0

at

*

de
= e dr + 2e dudr+ ga (drt- ufdr) (da - (Bdv)

GAB = GAB + &DAB+ RIMAB+ ...

Solution space

fr = 0 -
= 30 + (f - -)r + 0))

-A = 0 - Ut = 0 + Pr + 0(1)

Eun
=

0 =

P
=
0 + ( ...)r +

V
-

r
+ 043) fathe anfoce to be mult

ETF
= 0 e budst ......

i
tun = 0 DuPA=

...A

Er =
0 - Ju O+ ... Carroll fluid [Freidel + '22]



AS : 3=

f(y
,
n1) +

h(y
,n1)r(n + YA(u

, x=) 01+ subbad .

changes : ~Q-isto)d" (Uqh +Y SP- TSA)
A

= r SGAB t ...

↳ Sha + ! "Inqur")

Diff (Null Surface(1Y * Rein ,
xA)

I slicing sit structure very different than AF

Dit(S2) * Heisenberg Ifiz 3d see Adamies al '21]



Conclusion

* Partial Bondi gauge-solution space & symm .

* Changes computations - New gauge
solution space

arbitraryKinematic data : baundary data (9 ,
e

,U Juder .

· C
,
D

Radiative date : I
constraints done : M

,
PA

,
& sublead . Towers YOM

* New prescription to obtain finite chages in open system

* Review on finite surface result



Futures directions

* towards a coord
. index description

*Apply to a physical solution
scosmological solution

-> adding matter

* gluing of is
* where are the new changes in holographic dictionary ?
* 1 O

* how to fixe the gimite ambiguity in the changes ?


