Title: Flat asymptotics, charges and dual charges -- what the Cotton can do
Speakers: Marios Petropoulos

Collection: Quantum Gravity Around the Corner

Date: October 07, 2022 - 11:30 AM

URL.: https://pirsa.org/22100029

Abstract: In this talk | will explore the role of the boundary Cotton tensor in the reconstruction of the solution space of four-dimensional
asymptotically AdS and mostly asymptotically flat spacetimes. | will discuss charges from a purely boundary perspective, which emerge in sets of
electric and magnetic towers, not necessarily conserved and possibly including subleading components.
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HiGHLIGHTS

1 PLAN & MOTIVATIONS
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QUESTIONS & CUES

WHY ASYMPTOTIC SYMMETRIES AND CHARGES? [Kovar ‘59 ADM "60; BMS '67]
o Universal features of solutions to Einstein’s equations

o Hints to holography and in particular flat holography

IRRESPECTIVE OF HOLOGRAPHIC CORRESPONDENCE...

...a solution is captured by a set fields defined on a conformal
boundary and obeying conformal boundary dynamics (reqeec o)

CAN WE COMPUTE CHARGES FROM A BOUNDARY PERSPECTIVE?

Yes as a synthesis of bry. symmetry and bry. dynamics
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HERE CARROLLIAN DYNAMICS — WHY?

Asymptotically flat spacetimes — null boundary — Carrollian
geometry

WHAT 1S THE COTTON? [Ems Corron, 1899

o Covariant derivative of the Einstein tensor in Riemannian
geometries — remarkable in 3 dimensions (no Weyl)

o Admits Carrollian relatives on Carrollian geometries

THE MAIN MESSAGE FOR 4-DIM RICCI-FLAT SPACTIMES
Boundary energy and momenta & Carrollian Cotton tensors

o generate infinite dual towers of charges determined from a
boundary account (e.g. mass vs. nut)

o carry part of the infinite Chthonian information required for
reconstructing the bulk
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THE CARROLLIAN NULL BOUNDARY

FroM ADS,, TO FLAT,, ASYMPTOTICS

A= — k*>— 0

f—f—

-~ AdS bulk

k = BOUNDARY VELOCITY OF LIGHT < k — 0 CARROLLIAN LIMIT }

The null bry. .#* is a Carrollian geometry in n — 1 dimensions
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CARROLLIAN GEOMETRY oo oo oo

BASIC INGREDIENTS IN d + 1 DIMENSIONS (COORDINATES £, X)

o degenerate metric: ds* = 0 x (Qdt — b,-dx”r)2 + a;dx'dx’/

o field of observers: éat

o clock form: u = Qdt — bjdx’ (Ehresmann connection)

3
GENERAL COVARIANCE (IN THE PRESENT PARAMETERIZATION)

Carrollian diffeomorphisms: ¢ = t/(¢,x) x' = x/(x)
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CONSEQ}JENCES OF THE BRY. CARROLLIAN STRUCTURE

I — RICCI-FLAT SPACETIME RECONSTRUCTION IN N DIMENSIONS

should be Weyl invariant and Carrollian covariant wrt the n — 1
-dim conformal bry. — gauges as Bondi, Newmann-Unti are not

o

II - FLAT HOLOGRAPHY - IF IT EXISTS

calls for a Carrollian conformal field theory on an n — 1-dim bry.
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DyNAMICS

GENERAL-COVARIANT ACTION AND ENERGY-MOMENTUM TENSOR

e . . . RS T R R
Pseudo-Riemannian spacetimes in d + 1dim T T T

o Weyl invariance — T%, = 0
o general covariance (¢ = &#(t, x)d,, diffeos) — V, T =0
o ¢ conformal Killing — I* = £, TH  Q = f‘Zd x| conserved

o

CARROLLIAN-COVARIANT ACTION, ENERGY AND MOMENTUM

| CIAMBELLI, MARTEAT B; COMPARISON W G. OLING TALK

Ny = \/%Q —(;5‘1—5“ energy-stress tensor
if
Ni= .35 energy flux

‘ f) energy density
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IN CARROLLIAN SPACETIMES: CONSERVATION EQUATIONS

o Weyl covariance — 1", = T
o Carollian covariance (& = £'(t,x)d; + £'(x)0; diffeos)

29N + PN 4+ Niig;; = 0

— momentum P;

CONSERVED CURRENTS AND CHARGES
@ Carrollian current: Carrollian scalar x and vector K’
o Carrollian divergence: K = & %k + Z;K/

o Charge: Qx = [5_ d¥xv/a (k + biK') conserved if K = 0
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CARROLLIAN CONFORMAL ISOMETRIES & = £10; + £/0;

CONFORMAL KILLINGS VIA %} ajj AND %} &8¢ BUT NOT £
o k=¢P—¢Mand K =¢N/ - £
o not conserved: K = —TT - Zf 1L (petkou, etropoulos, Rivera-Betancour, Siampos 2

REMARKABLE PROPERTY | ...
£ =0 =
conformal Carroll isometries = conf[a;j(x)] % supertranslations

d+1=3— s0(3,1) x supertranslations = BMS,

generally BMS,,, = ccare(d + 1)
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IN SUMMARY

MAIN MESSAGES

o Null boundaries in asymptotically flat spacetimes are
Carrollian geometries — zero speed of light

o Carrollian geometries with £/ = 0 have an infinite tower of
conformal Killings

o An infinite tower of conformal-Killing charges exist but not
all are always conserved
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HiGHLIGHTS

3 ASYMPTOTICS, RECONSTRUCTION AND ADS

X
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PURE GRAVITY — ASYMPTOTICALLY FLAT OR ADS

BASIC FIELD IN PURE GRAVITY: METRIC Gag IN n = d + 2 DIM

{rit,x'},i=1,...,d plus gauge fixing (n = d + 2 conditions)
— find the solutions as O (/") with coefficients f(t, x)

GAUGE CHOICE: TWOFOLD GOAL
o reach manifest Weyl invariance & general covariance
for the dynamics on the
n — 1-dim conformal boundary (admitting k — 0 limit -
excludes WFG (ciambeli, Leigh 201)

o define charges from a purely boundary perspective
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EINSTEIN SPACETIMES COVARIANTLY RECONSTRUCTED

SOLUTION SPACE WITH COVARIANT INCOMPLETE MODIFIED
NEWMAN-UNTI GAUGE LE. 8 = By(t,X) & G # 0 [see M Geneen’ rarx
Ji

Q
boundary data

n(n—1)

o guy symmetric < ==

boundary metric
o T,, symmetric and traceless < @ — 1
conformal boundary energy-momentum tensor
@ U <~ n-2
boundary normalized vector field [sce o peifante’ taik]

VT =0
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ON ARBITRARY (BOUNDARY) GEOMETRY g,,,, OF DIM d + 1

y_ W €, y , Ugt  u'gt
Seaa i T

Q

o

— relativistic Weyl-covariant “fluid”

IN 4-DIM BULK (3-DIM BOUNDARY — d = 2): THE COTTON TENSOR

DE HARO 08; MANSI ET AL. 09; DE FREITAS ET AL & BAKAS ET AL. '14; GATH ET AL. 15; CIAMBELLI ET AL. 13

R
G = Y (RW — Zguo) symmetric, traceless, V,,C* =

decomposed along u”: ¢, c*, c*” transverse plus ¢, = 0

0
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IN n = 4 DIMENSIONS A\ = —3k?

GENERAL SOLUTION: 6 + 5 + 2 ARBITRARY BOUNDARY DATA

PRl — (th — i’),‘dx")2 - a,jdxidxf
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WHAT CAN THE COTTON DO IN ADS; ASYMPTOTICS?

Cv # 0 < non-conformally flat bry. <+ asymptotically locally
AdS bulk (ex. Taub-NUT)

¢ bry. conformal Killing — /# = &, T and I, = £, CH

Gl = x| and chtg:/ *lcot

electric and magnetic dual conservegi charges

@ Qcotz ~ magnetic Komar charges: off-shell conservation

o Limitation in AdS: at most 10 conformal Killings

Extendable in Ricci-flat spacetimes — more interesting
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HiGHLIGHTS

4 BACK TO RICCI-FLAT SPACETIMES

I
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RICCI-FLAT IN COVARIANT NEWMAN-UNTI GAUGE

FULL SOLUTION SPACE IN n = 4 [BrUssELS & PARIS GROUPS]

dsg

o Carrollian geometry (6) with zero geometrical shear §;;

ci-flat described in terms of 2 + 1 Carrollian boundary data

o degenerate metric (3)
o Ehresmann connection (3)

Carrollian conformal “fluid” (5) fsce . Freidel’ talk]

o energy (1)
o momenta — heat current (2) and stress tensor (2)

Carrollian-fluid “velocity” (2)

Carrollian dynamical shear (2)

infinite number of further Carrollian data obeying
Carrollian dynamics — at every O (1/r): Chthonian

Note: last 2 items absent for algebraically special solutions
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2 + 1 piM CARROLLIAN SPACE — CARROLLIAN COTTON TENSORS

expansion of ¢, ¢, c*” in powers of k?

o 4 sets of momenta MNcot, M yp Péors Mot

o 4 sets of Carrollian conservation equations

only 2 sets if {;; = 0
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RiccCI-FLAT SPACETIMES UP TO O (*/r3)
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SALIENT FEATURES

Weyl invariance & Carrollian covariance wrt boundary

boundary Carrollian “fluid” with 1, ', P, NY under
external force — free if zero dynamical shear %;

always {;; = 0 <> oo conformal Carrollian group BMS,; =
asymptotic bulk symmetries
boundary Carrollian Cotton in the form

o [cot, niﬁot’ Péot’ ':':éot

q i Di if
o rICOt’ rICot? PCat’ rICot

obeying Carrollian dynamics

part of the fluid data are determined by the Cotton data
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EXAMPLE OF EQUATION

QUOTABLE
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SPIN OFF: TOWERS OF CARROLLIAN CHARGES .« .. ...

FROM THE BOUNDARY CARROLLIAN “FLUID:” ELECTRIC TOWER
Q¢ conserved on-shell for zero shear and for Z¢ L = 0

FrROM THE BOUNDARY CARROLLIAN COTTON: MAGNETIC TOWER
Q" conserved for Zxpu =0

SELF-DUAL TOWER
di conserved V¢,

OTHER TOWERS — ELECTRIC & MAGNETIC

From Chthonian Carrollian data associated with the subleading
O (/) terms in the bulk action — under construction
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THE LEADING TOWERS

REMINDER: Qg = [5, D*xv/a (1 + b;K')

COMPARISON: BMS STANDARD APPROACH (stt £.6. L. DoNNAY' TALK]
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IN SUMMARY FOR n = 4

MAIN MESSAGES
o Bulk Ricci-flatness <> boundary covariant Carrollian
dynamics with infinite number of fields

o Conformal Carrollian isometry: BMS, - infinite and
matches the asymptotic bulk symmetries

o Multiple infinite towers of not-always-conserved charges —
electric vs. magnetic
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QUOTABLE FACTS

o The boundary Cotton appears everywhere — AdS, flat,
leading, subleading ...

o in the bulk metric expansion
o in the evolution equations (flux balance)

o Origin: expansion of the bulk Weyl

o Application: infinite towers of magnetic charges

FURTHER INVESTIGATION

Further comparison with bulk approaches for towers of
Charges i‘.\i.ﬂ.l‘l.f'::-“ll. L.w-.|.|.-":";-' Pope "18-21; see also A. Seraj’ talk
i

Transverse (cross-tower) symmetry properties (rreidei et si]

Analysis of electric-magnetic (self-)duality properties -
tuning the bulk Weyl, Ehlers’ SL(2, R) (mital, petropoulos, Rivera, vilatte}

Search for possible role in flat;/CCFT3 holography — or in
its flat,/CFT, celestial emanation
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