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Abstract: We expect certain universal results in classical gravity to come unaltered from a quantum theory of gravity. In this talk, | will firstly
discuss new ideas on this topic, and the latest understanding we have on this, in an accessible way. After that, | will focus on local symmetries in
gravity, and obtain the most general off-shell algebra of diffeomorphisms that acts non-trivially at corners, where gauge charges are supported.
Noether charges in Einstein gravity are then shown to generate a faithful representation of this algebra. After pausing and reviewing the covariant
phase space formulation, explaining the questions and issues our community faced in successfully applying it to gravity, | will show how a careful
treatment of embeddings allows us to establish a field space where Noether charges act canonically via Poisson bracket. This solves a longstanding
puzzle in this field, opening doors to new promising investigations. | will conclude by mentioning them and commenting on how new proposals
might shed light on old unanswered questions in quantum gravity.

Zoom Link: https://pitp.zoom.us/j/96552295909?pwd=cFZwcGxL dWlaWwWhRS21RM ExUd1RjQT09
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Luca Clambelll . 2 |

Gravity, and its quantization, remains one of the most elusive topics in physics

Approaching the problem at face value has been unsuccessful

An action, or preferred dynamics, (even a spacetime?) are classical

Difficult to disentangle classical from quantum — few guidelines

Maotivations
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No global symmetries are expected to survive quantization
[Banks & Dixon '88, Harlow & Ooguri '18] [EU&EeERLEN

Local symmetries however do survive quantization, modulo anomalies

This suggests to focus on local symmetries of gravity

They provide the key to the quantum realm of gravity, as we will explain
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Local symmetries of gravity have support on codim 2 surfaces

[Noether 1918, Regge & Teitelboim '74, lyer & Wald '94, Barnich & Brandt '01] j -
Luca Ciambelli

Recently denominated corners, they are the core of the corner proposal
[LC, Donnelly, Freidel, Geiller, Hopfmiller, Leigh, Oliveri, Pranzetti, Riello, Speranza, Speziale, ... 16 - ‘21]

Quantum observables organize according to algebras at corners
[Pl as one of main institutions '16 - ‘21]

Any insight on these algebras (and their universality) is crucial

Maotivations

Pirsa: 21120027 Page 5/76



o

Luca Ciambelli

-

My work has focused on corner’s geometry, independent of classical features
[LC & Leigh "21]

We established one universal algebra, off-shell and metric independent
[LC & Leigh 21]

We recently included geometric tools to formulate a canonical classical phase space
[LC & Leigh & Pai 21]

Geometric pov: deep connection with celestial holography (work in progress)
[Ball, Donnay, Guevara, Kapec, Pasterski, Pate, Puhm, Raclariu, Salzer, Strominger, Zhiboedoyv, ... '14 - ‘21]

Maotivations
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Motivations @

Corners

Classical Phase Space

Luca Ciambelli

i 1T R—
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Geometry of Corners

d-dim manifold M (the bulk). (d — k)-dim manifold S, ifk=2 = Sisacomer |

Split TM = V@& H Rank(H, V) = (d — k, k)
H = ker(n®) = {X € TM | n®(X) = 0}, Using Local Coordinates on M yM = (1?2, x)
a

n? = du® — a’(u,x)dx' = H=span{D, = 9, + a’(u, x)d,}

a? is an Ehresmann connection, H=non-integrable distribution

Corners
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Geometry of Corners

Luca Ciambelli

d-dim manifold M (the bulk). (d — k)-dim manifold S, if k=2 = Sisa corner
Split TM =V & H Rank(H, V) =(d— k, k)
H = ker(n®) = {X € TM | n®(X) = 0}, Using Local Coordinates on M yM = (1?2, x)

n? = du® — a’(u, x)dx' = H=span{D, = 9, + a’(u, x)2,}

@L.Dﬂzj_;&- 2070

a? is an Ehresmann connection, H=non-integrable distribution

Corners
. T 00O
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Geometry of Corners ' $

Luca Ciambelli T .

Embeddin ¢S — M, o” Coordinateson S, ¢:o0" — yM(o)
W: 1¥M -)'T*S

Adapt to the split: ¢ : 0@ — (L¥(0), X'(0))

Thus: ¢*(V*) = ¢*(n®) = 0, ¢*(H*) = T*S

Example: Trivial Embedding ¢g : 0 — (u¥(o)
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Maximal Embedded Algebra

. . : o Luca Ciambelli
Using ¢o expand vector field £ = £%(u, x)9, + £'(u, x)0; in powers of u — 0

1
§%(u, x) = E.[%)(X) i aﬁ}aiix)u& i EE(%)& az(X)Ua1 u® 4 ...

§1 (U, X) = &lo)(X) + E(nya, VU™ + SE(2)a 0, (XIUT U + ..
expand then the Lie bracket of two vectors:

; . b : b ; f ’
€4 €5) = €l0yad) + €013 + UE(1y3eDb + UE(1)300; + -+

Te] b
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Maximal Embedded Algebra

Luca Ciambelli _' #

Closure of the algebra < £ = £{g, (), + (5{%}()() 5 ubfﬁw(x}) d;

: k
{§1,§2] = (lef(S) x GL(k,R)) x :]%;_/
&) S (0)

Called Maximal Embedded Algebra [LC & Leigh '21]

Off-shell and metric independent, no assumptions, expected to survive quantization
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Important Sub-Cases

Luca Ciambelli " 1
(Diff(S) x GL(k,R)) x R¥

k=1 (S KR} IR

e AdS Holography with Weyl Symmetry: Diff(B) x R
[LC & Leigh '19, Alessio & Barnich & LC & Mao & Ruzziconi '20]

e Generalized BMS on null structures: Diff(S) x R, and sub-classes
[Barnich & Troessaert '10, Campiglia & Laddha, Compere & Fiorucci & Ruzziconi '14]

Pirsa: 21120027
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Important Sub-Cases

Luca Ciambelli e

(Diff(S) x GL(k,R)) x R¥

=1 (dFSR) KR

e AdS Holography with Weyl Symmetry; Diff(B) x R
ILC QOIQH 19, Alessio & Barnich & LC & Mao & Ruzziconi '20]

e Generalized BMS on null structures: Diff(S) x R, and sub-classes
[Barnich & Troessaert '10, Campiglia & Laddha, Compere & Fiorucci & Ruzziconi '14]

e Null boundaries in 2 & 3 dim: Diff(B) x R
[Adami & Sheikh-Jabbari & Taghiloo & Yavartanoo & Zwikel '20]
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Important Sub-Cases

Luca Ciambelli _
(Diff(S) x GL(k,R)) x R¥

=y

e Weyl BMS group at null infinity: Diff(S) x R x R
[Freidel & Oliveri & Pranzetti & Speziale '21]

e Extended corner symmetry: (Diff(S) x SL(2,R)) x R?

[Donnelly, Freidel, Geiller, Oliveri, Pranzetti, Speranza, Speziale '16-'21]
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Important Sub-Cases

Luca Ciambelli m :
(Diff(S) x GL(k,R)) x R¥

k=2

e Weyl BMS group at null infinity: Diff(S) x R x R
[Freidel & Oliveri & Pranzetti & Speziale '21]

e Extended corner symmetry: (Diff(S) x SL(2,R)) x R?

[Donnelly, Freidel, Geiller, Oliveri, Pranzetti, Speranza, Speziale '16-'21]

e Link with wy,
[LC & Pate & Salzer '22]
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Go Classical: Metrics

Luca Ciambelli
e T —

So far, all metric independent. Introduce a line element adapted to the split of TM

b

g = hap(u, X)n? @ NP + ~y;(u, x)ax’ @ dx’/
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Go Classical: Metrics

Luca Ciambelli
R

So far, all metric independent. Introduce a line element adapted to the split of TM

b

g = hap(u, X)n? @ NP + ~y;(u, x)ax’ @ dx’/

D

Metric on the normal fibres
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Go Classical: Metrics

Luca Ciambelli :
TR L 1T T —

So far, all metric independent. Introduce a line element adapted to the split of TM

g = hap(u, X)n? @ NP + y;(u, x)dx’ @ dx/

) L,/ Pulls back to metric on S

Expand hap, v and n? = du? — a?(u, x)dx' assuming finite distance corner

Metric on the normal fibres

use ¢o and compute infinitesimal variation under a diffeo L¢g = 6cg

Cornars
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[£,,€,] = (Diff(S) x GL(2,R)) x R® | |
e e et g = hap(U, X)M? @ N° +;(u, x)dx' @ dx’

S0}

E{ 1}t
o Luca Ciambelli i

R( e 0 0
Og hE::-b) (x) = S hgtj (h h} }5 ()a T hac L~{1)1g;.)' + 5;(%) h1)ab,c
; it _ )
1 ~f 1)a 1)a. 1a,- 1)¢ 2)a
Sealy, " = (~-~:n;‘-".-af'b} + 3( 20 ) (—f);un b+ ae Eayp — Efyedy ) ) 3ios

) = (el g A9 ~0) 5 ¢k ec (1)
O{":}‘ _( ’75 + k; Ry -i)+“*(0) Tij,c

Corners
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§7 (0 2,

£

€ e ([)|Ir‘-; x GL(2,R)) x _ _
& £o) g = hap(U, X)M? @ N° + (U, x)dx' @ dx’ -
i Luca Ciambelli —
ALY ) 0
ﬂghf;,-b) (X) = 09, +(h hi }6 5{1)3) + 5 ( h(ﬂabc

- A0)b el 0. 00 (U}b (U}C (1)b
0gad; " = (n;u;.’ a; " +4a ) E{l}c ( )m © +£0)@ic )
{1} (1)& (2)a

 _(Ma _ (] - ()a (1)
0 = (--~;u ap  +ap --;;n:.)”(_f) Ep + i €y — Efycib )* (0)@ibe

S O) L A0 ekt o A0lg ok ¢ (1)
Y50y = ( kY + Vi Cisi0) + Vi 9 ) *+8(0)Vijc
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Go Classical: Dynamics

o f

LucaCiambelli _

From now on Corners: k = 2, Einstein gravity, charges of diff(M)

Compute (hard) Noether charges with our metric and trivial embedding ¢q

He = /S 5(Qg) = /s 4 (+dg(€, )

The pull back is crucial ‘\J

o] b
A —
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Hé = /3 VOls (Eﬁ}bNba + :~;I[3':.bf * {I{%)pa)

Luca Ciambelli

[In agreement and extending: Donnelly, Freidel, Geiller, Oliveri, Pranzetti, Speranza, Speziale '16-'21]

Only (Diff(S) x GL(2, R)) x R? contributes = Allowed Large Surface Charges
: Tna peb (R p)
e Translation py = §N ¢ho) (hdb_a - hda.b)

e DIffS b= —NP,a)? ¢ GL(2,R) NP =+/—dethOhXe,,
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Luca Ciambelli

A R ..

: a b ¢l : a
Hé = /S VOJ'S (E{‘i}bN a - ‘“*::[]:.bf + {(O}pa)
[In agreement and extending: Donnelly, Freidel, Geiller, Oliveri, Pranzetti, Speranza, Speziale '16-'21]

Only (Diff(S) x GL(2, R)) x R? contributes = Allowed Large Surface Charges
: Tna peb () p)
e Translation pgy = §N o) (hdb_a - hda.b)

e DIffS  bj = —NP,a})* o GL(2,R) N°; =/ —dethOhifecc

qmss:}nly SL(2,R) is dynamically realized

Corners
. T 00O
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Evaluate the Charge Algebra 4, H; = H ), later we will introduce a field space

. . Luca Ciambelli |
Naively 4, H = b, ( /S #(Qy)) = /S o (5,
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Evaluate the Charge Algebra &, H; = H ), later we will introduce a field space

Luca Ciambelli

Naively 5, He = & / 6*(Qx)

S =
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i |
Evaluate the Charge Algebra §, H: = Hi¢ ., later we will introduce a field space _ ‘ : L
n''¢ €1 \
m - Luca Ciambelli s
Naively 5, H = & / +(Qg)) =
= = TN\Js o .

d,, cannot pass through ¢*, translations move the corner embedding
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Evaluate the Charge Algebra 6,H; = H ), later we will introduce a field space

Luca Ciambelli

Naively 3, He = &, (

d,, cannot pass through ¢*, translations move the corner embedding

(‘),IH /(} (E,J,QE /QD

[6.570ada. v = [ o (Qdary - 11~ Ccla.y)
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Luca Ciamhelli

Evaluate the Charge Algebra §,H; = H ), later we will introduce a field space

Naively 6, H; = 9, (

d, cannot pass through ¢*, translations move the corner embedding

ﬁ”H / (} ('}UQE /QD

/;(fiiq-a*)(Og[g,y]) = /S (og[g, y —n) - Qelg, y])

L—' Active vs Passive \_)

Corners
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Introducing a bracket notation: 6, Hg = Hg ;) = {He, Hy]}

Luca Ciambelli

b = / VO"SE{{;}(”)bf Ne = / VO'Sfﬁ)b{”)Nba Pg = / Volsé 5y ()Pa
Js =~ Js 0o == L
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_ . . Luca Ciambelli p—
be = | vols&iy (a)b; Ne = [ volg&fp(0)N®, pe = | volsé(o)pa
7 Js (0) 27 Js (1) 2" Js (0)
{b¢, by}t = bie {Ne, NpJt = Nig, {pe, oy} = 0.
{6, Nﬁ]} = Nig,n) {[N§= Pylt = Pre

{[D 1p:;-ﬂ’ = -D[E;.:;]
(Diff(S) x SL(2,R)) x R?
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Introducing a bracket notation: 6, Hg = H ) = {He, Hy ]}

Luca Ciamhbelli m

be = | vols€ly (o)b Ne = [ volg &&,(0)N°, p: = [ volséqy(o)pa
7 Js (0) S (1) 2" Jg (0)
{be, D-.-]} = D¢, {INg_} N:;_I} = N{ﬁ-ﬂ] {[pi.'s pw]} = 0.
{6, Nﬁ]} = Nig,n) {[N§= Pyl = Pl

{62, Pl = Pre,m
(Diff(S) x SL(2,R)) x R?

Centerless faithful representation of the vector field algebra
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T 2
[£,.6,) = (_Iﬂ:._b;x GL(2,R}):><\E}_/
E;Hb Soi

Crucial Question: is there a classical phase space accommodating this result?

Ot = Hea = {He, b {. '} = (Diff(S) x SL(2,R)) x R
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[€,:€,] = (Diff(S) x GL(2,R)) x RZ,
\_.v,,_-’

— = i.':J. g = hap(u, X)N? @ NP + ~;(u, x)dx’ @ dx’! £ ;
) Luca Ciambelli e _

- (0 - 0

&éhgb)(x) = 00y + (A | }5 fmb) +&(0)Nit)ab.c

68" = (lo)0ya™® + g0l ) - £f1ca® + (~0iERy + €y’
1 1Ya 1 a 1)a 1)e ; 2)a
f’Eat 3 ( ) afb} * 3( ) ) (_f):ku bt agc) Eing — fﬁ)cafb} ) +{~(%)a.£b3:

S0 I ¥ (0) . A0} A0 5 ¢k & it
07 = ( 9K+ Vg iS0) * Vi ‘).-"--['i?'-) +£0)Yij.c
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Hg = /3 VOlg (Eﬂ)bNba + &0 bj + ‘5(%)‘05")

Luca Ciambelli

[In agreement and extending: Donnelly, Freidel, Geiller, Oliveri, Pranzetti, Speranza, Speziale '16-'21]

Only (Diff(S) x GL(2, R)) x R? contributes = Allowed Large Surface Charges
: Tna pob (A 40)
e Translation py = §N chio) (hdb_a ~- hdapb)

¢ DIffS by = —N?,al)? ¢ GL2,R) NP, =+\/—dethOhBe,,
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Luca Ciamhbelli " q a

Motivations €4
Corners @
Classical Phase Space

Future Perspectives
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Classical Phase Space in a Nutshell

Luca Ciambelli

ldea: Geometrize the Field Space I', § : Exterior Derivative on I'
[ is a Symplectic Manifold with Metric Q (Symplectic 2-form)

Defining Property 62 =0 = Q =4da (trivial topology of I')

2 Non-Degenerate: V V¢ | Iy, Q=0 = V. =0, with /y, the interior product on I
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Symplectomorphisms of the Symplectic Manifold £, Q=0 (£y, = . + dly,)

&

Luca Ciambelli

ThEﬂZ£V£Q=fVE<5){+5IV£Q=O = IVtQ=—()-F§
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Symplectomorphisms of the Symplectic Manifold £, Q=0 (£y, = Iy, d +dly,)

&

Luca Ciambelli

=0
Then: EVEQ = J'Vst’i)?{+ 51’V£Q =1} = IV_&,,Q = —(SFg

Generator of Canonical
Transformations
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Symplectomorphisms of the Symplectic Manifold £, Q=0 (Ly,

=
o

= IV£(5+6,VE}

Luca Ciambelli

=0
Then: i':vt.Q = J'Vﬁty{+ 6IV£‘Q =() = IV{Q = —(5F§

Generator of Canonical
Transformations

Poisson bracket: {F¢, G,} = £y, Fe = Iy, 0F¢ +dly, Fe = =1y, 1. Q2
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Symplectomorphisms of the Symplectic Manifold £, Q=0 (£y, = Iy, d +dly,)

&

—
Luca Ciambelli ‘ .
=0

ThenZ£V£Q=fV£<’5)7{+5IV£Q=O = IV£Q=—(5F§

Generator of Canonical
=0 Transformations

Poisson bracket: {F¢, G,} = £y, Fe = Iy, 6F¢ + (’N = —ly, lv.Q
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Symplectomorphisms of the Symplectic Manifold £, Q=0 (£y, = Iy, d +dly,)

Luca Ciambelli
=0 PR

ThEﬂZ£V£Q=fVE<5){+5IV£Q=O = IV£Q=—(5F§

Generator of Canonical
=0 Transformations

Poisson bracket: {F¢, G,} = Ly, Fe = Iy, 0F¢ +dlv e = —1v, 1. Q

If Ve & V,, symplectomorphisms = v, v, 2 = 6{F¢, G, }
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Symplectomorphisms of the Symplectic Manifold £, Q=0 (Ly,

=
&

= Iy, 6 + ly,) .
=0 Luca Ciambelli g s
Th8ﬂ2£V£Q=fVE<#+(”V£Q=O —. IV£Q=—(5F§

Generator of Canonical
=0 Transformations

Poisson bracket: {F¢, G,} = £y, Fe = Iy, 6F¢ + mN = —ly, Iy, Q

J &N

If Ve & V,, symplectomorphisms = fy, v, Q2 = 6{Fe, G'”}R.B

Classical Phase Space
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Symplectomorphisms of the Symplectic Manifold £, Q=0 (£y, = Iy, d +dly,)

=0 Luca Ciambelli ..
Thenlﬂvﬁﬁ=fvsty{+5}‘v&ﬂ=0 = IV£Q=—(5F§
Generator of Canonical
= O Transformations

Poisson bracket: {F¢, G,} = £y, Fe = Iy, 6F¢ + (’N = —ly, Iy, Q

14 K
Jm S =0

If Ve & V,, symplectomorphisms = fy, v, Q2 = 6{Fe, G”}E.B

Classical Phase Space
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Symplectomorphisms of the Symplectic Manifold £, Q=0 (£y, = Iy, d +dly,)

Luca Ciambelli

=0
Then: i':VEQ = fvﬁt’i){+ 5[V£.Q =0 = fvng = —(5F§

Generator of Canonical
=0 Transformations

Poisson bracket: {F¢, G} = Ly, Fe = Iy, 6F¢ + (’N = —ly, Iy, 2
1 K
J¥ Y&  Tgn=o

If Ve & V,, symplectomorphisms =y, v, Q2 = 6{F¢, G”}R.B

PB algebra is projective
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Simplest Example: Classical Mechanics

. | Luca Ciambelli
Q=0p;AN6G = =0 & Q=da with a=p;d6q' (Darboux coordinates)

e :-fQ—P-::f—o*'(s-—-5F——Esf—0F55-
og " op, T Mer T Pi=—00e= "53¢ "7 ~ p, P

V£= Oi

= V= —— — —- Preserves Hamilton-Jacobi eom
= 0p; 09" 0q' Op;

OF: 0G, OF G, et
=59’ oo~ 9p; 07 generates HJ eom

Then {Fe, Gy} = —Iv, Iv.©
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What is Wrong with Gravity? |
Luca Cfambel& ;‘.’4‘ :

1) In gauge theories, there are zero modes in 2 (Pre-Symplectic)
Solution: quotient them out

2) Naively, for a diffeomorphism, /1y, Q # —dF

This created a long debate. Our solution: be carefully with embeddings!
[Inspired by Donnelly & Freidel '16, LC & Leigh & Pai, '21]

Naively disregarding embeddings: 4Sg = / oL = / EMNSgun + / 0[g, 69, v
J A J R J B
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Luca Ciambelli

What is Wrong with Gravity?

1) In gauge theories, there are zero modes in  (Pre-Symplectic)
Solution: quotient them out

2) Naively, for a diffeomorphism, /1y, Q # —dF;

This created a long debate. Our solution: be carefully with embeddings!
[Inspired by Donnelly & Freidel '16, LC & Leigh & Pai, 21]

Naively disregarding embeddings: 4Sg = / oL = / EMN5gmn + / 0[g, 69, v
JR Jr /B

Classical Phase Space
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Contract a diffeomorphism 0 = /y,dSp = / ly oL = / Iv,0 = Je = ly. 0 —6:L=0
JR /B ‘

( “ Noether weakly Luca Ciambelli _

vanishing current

I

Noether second theorem: dJ

&
2

0 = J= dOf
Noether
Charges

Defining: 660 = w, Q:/w = IV:Q=/ (—@5+f&())
v JOr

Non-Integrable charges, Hamiltonian flux!M

wmaical Phase Space

Class 3
. Q0000
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Our Resolution

Luca Ciambelli
Recall the Crucial Question: classical phase space accommodating our result?

Tv, (s g*) = (52 7)F0
e . M _ay . M
Yes, treating the embedding dynamically {c*} — {}" () + x (G’”)i
& Pai, 21]

SP'JQ"IP-G [LC & Leig
Il
Enhanced Field Space: [y, 09 = £v, g = L,g, lv.x. = —ﬂ|

lgh

#(S)

Then, by contruction: (6¢%) (alg, ¥]) = ¢"(alg, ¥y + x] — «[g, ¥]) = ¢™ (,C,\n-[g, y])
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e
We obtain for the action: 6Sp = / o (e’»‘[g, 6g, yl+ iy Llg, ,V])
JB -

Luca Ciambelli

This suggests a new Symplectic Potential: 98" = /

o (¢lg, 59 ¥1 + iy L1g. ¥1)
JE '

Thus: ngf. - n‘@g’“‘ = / ol ((if?[g;(‘igs y]) + /

JE J L

0N ("1‘,.'9[9’ 6g, ¥yl + %"L.,. fi‘;] L[QJ’])

(Unmodified) Noether Charges are Integrable: ly, Qg2 - § / ¢ (Q,j) = —0H,

J AL

Classical Phase Space

Clas 3
. L N N
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Canonical Poisson bracket gz H\). ‘:J 5 ‘
‘l ——

! Luca Ciambelli

¢ (O*_f) 2 /f)z o (Ql@gl) = Higm = - {Hi’ Hﬂ} |

IVE. !'V”Qezxt' = —J'VE ) /

J O

Finally: {.,-} < {.-}

Pirsa: 21120027 Page 52/76



Canonical Poisson bracket Sz H)' :J 5
n =

[ ' Luca Ciambelli
v Iy, Q8 = — Iy, 8 / = (Oﬂ) = /Jz ¢* (Q;-ﬂ) = Hig) = — {Hg, Hﬂ} uca Giambeli 3TN

Finally: {-,-} < {.-}

Maximal Embedding Algebra: non-vanishing canonical Noether Charges on
the enhanced Field Space (thanks to embeddings)
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Motivations ,

Corners @)

Classical Phase Space €2

Future Perspectives
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Recap

Luca Ciambelli :

Maximal Embedding Algebra: universal building block
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Recap

Luca Ciambelli " _

Maximal Embedding Algebra: universal building block

Field space with non-vanishing Noether Charges given by the
Maximal Embedding Algebra

Boundary-8editions — Ambigeites _Gange-RIChg_

Charge algebra: canonical Poisson bracket, faithful rep of
Maximal Embedding Algebra, no central extensions
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In the Near Future ‘

Understand more embeddings o Ciambe‘“% .
& physical fluxes

Application to Chern-Simons
& gauge theories

Asymptotic boundaries & corners

HPS & Information Paradox
[Hawking 15, Hawking & Perry & Strominger '16]
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In the Near Future

Understand more embeddings Luca Ciambelli
& physical fluxes

Application to Chern-Simons
& gauge theories

Asymptotic boundaries & corners

HPS & Information Paradox
[Hawking 15, Hawking & Perry & Strominger '16]

Links with w1, ., algebra?
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In the Not-So-Near Future |
Luca Ciambe?m -

Understanding abstract representations of Maximal Embedding Algebra
as a probe to quantum gravity, organizing reps. of quantum observables

It is a complicated double semi-direct group, few tools
One is the coadjoint orbit method of Kirillov
[Kirillov, ‘61 - '04]

Understand universal isotropy groups? Quantum notion of soft and hard modes?
Topology changes and quantum phenomena?
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In the Not-So-Near Future

T

Luca Ciambelli

Understanding abstract representations of Maximal Embedding Algebra
as a probe to quantum gravity, organizing reps. of quantum observables

It is a complicated double semi-direct group, few tools

One is the coadjoint orbit method of Kirillov
[Kirillov, '61 - '04]

Understand universal isotropy groups? Quantum notion of soft and hard modes?

Topology changes and quantum phenomena?

Geometric Structure: Principal Maximal Embedding Algebra Bundle over Corners

Future Perspectives
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In a Galaxy Far, Far Away

. . . ; : . Luca Ciambelli
Bulk Reconstruction as a Semiclassical Approximation, Emergent Spacetime -

Quantum Gravity Predictions

N

Entanglement Entropy NEWAM(?”S"ORZV Fﬁeets Corners Quantum Scattering
n atrix
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In a Galaxy Far, Far Away

. . . ; : . Luca Ciambelli
Bulk Reconstruction as a Semiclassical Approximation, Emergent Spacetime

Quantum Gravity Predictions

N

Entanglement Entropy NEWAM(?"S"ORZV Fﬁeets Corners Quantum Scattering
n atrix

Quantum Gravity as Corners with Kinematic Algebras and Fusion Rules
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In the Near Future s

Understand more embeddings Alessia Platania
& physical fluxes
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b

Contract a diffeomorphism 0 = /,,,0Sg = / Iy 6L é/ Iv.0 = Je = ly.0 —6:L=0
JR /B -

L_, Noether weakly Luca Ciambelli

vanishing current

Noether second theorem: dJé =0 = Ji = dO§
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Symplectomorphisms of the Symplectic Manifold £, Q=0 (£y, = .0 +dly,)

Luca Ciambelli

=0

/

e
ra—

\
14 K
Jm? S =0

P8.
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s,

§7 () 24

€,.€,] = (Diff(S) GL(2,1F¢)):><\E§/
| 9 = hap(u, X)n* & n° + (U, x)dx' @ dx’/

£a "‘-‘1
S 0

Luca Ciambelli

;. plO el 5 RO (0) 0
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@ Go Classical: Metrics

Luca Ciambelli | Ny -
So far, all metric independent. Introduce a line element adapted to the split of TM

g = hap(u, X)n? @ AP + v;(u, x)dx’ ® dx’/

) L,M Pulls back to metric on S

Expand hap, v and n? = du? — a?(u, x)dx' assuming finite distance corner

Metric on the normal fibres

use &g and compute infinitesimal variation under a diffeo L¢g = dcg
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@Jf ) Go Classical: Metrics
A 9 (O‘ 2

So far, aII metric mdependen> Introduce a line element adapted to the split of TM

Luca Ciambelli Eh

g = hap(u, x)n? @ nP + “juxdx ® dx!

.-) L,/ Pulls back to metric on S

Expand hap, vj and n? = du? — a?(u, x)dx’ assuming finite distance corner

Metric on the normal fibres

use ¢o and compute infinitesimal variation under a diffeo L9 = 6. g
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Go Classical: Dynamics

Luca Ciambelli

From now on Corners: k = 2, Einstein gravity, charges of diff(M)

Compute (hard) Noether charges with our metric and trivial embedding ¢q
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. .;&
Classical Phase Space in a Nutshell b

\

- (0
Charlig@lmmings ¢ h

Idea: Geometrize the Field Space I', § : Exterior Derivative on I'
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d
We obtain for the action: 6Sg = / o (t’f[g, 6g, yl+ i, Llg, y])
/s A =

A
Charlie C_ ings

This suggests a new Symplectic Potential: 98" = / ¢ ((J[g, 6g, y]+1i, L[g, y])
JY

Thus: Q& = 5O 2 / 0" (3619, 69, 11) + /

JE J %

0" (i, 019,59, 1 + iy, i, L. ¥])
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In a Galaxy Far, Far Away
Bulk Reconstruction as a Semiclassical Approximation, Emergent Spacetime [ty

Quantum Gravity Predictions

N

Entanglement Entropy NEWAM(?”S"OK;V tEffects Corners Quantum Scattering
n atrix
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In a Galaxy Far, Far Away

Bulk Reconstruction as a Semiclassical Approximation, Emergent Spacetime

Quantum Gravity Predictions

N

Entanglement Entropy NEWAM(?"S"ORZV Fﬁeets Corners Quantum Scattering
n atrix

Quantum Gravity as Corners with Kinematic Algebras and Fusion Rules
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In a Galaxy Far, Far Away

Bulk Reconstruction as a Semiclassical Approximation, Emergent Spacetime [t -

Quantum Gravity Predictions

N

Entanglement Entropy New Memory Effects  cormers Quantum Scattering
And S Matrix

Quantum Gravity as Corners with Kinematic Algebras and Fusion Rules

Fulure Perspectives
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