News tensor on null hypersurfaces

Francisco Fernandez-Alvarez

University of the Basque Country (UPV/EHU)

arXiv:2407.14909 [gr-qc]

&3
EREP2024 Coimbra, July 23, 2024



1. Motivation

2. Foliated null hypersurface

3. Conformal space-time

4. Conclusions

UPV EHU

: :
Francisco Fernandez-Alvarez News tensor on null hypersurfaces 2/19
R .




s

Motivation
o

1. Motivation

UPV EHU

Francisco Fernandez-Alvarez News tensor on null hypersurfaces 2/19
.,




Motivation
°

Motivation

» Gravitational radiation in full GR is well understood at infinity
F for A =0. A alot of achievements in the last 6 decades.

UPV EHU

Francisco Fernandez-Alvarez News tensor on null hypersurfaces 3/19
.,




Motivation
°

Motivation

» Gravitational radiation in full GR is well understood at infinity
F for A =0. A alot of achievements in the last 6 decades.

» One fundamental piece is the news tensor. It determines the
presence of gravitational radiation at ¢ .

UPV EHU

Francisco Fernandez-Alvarez News tensor on null hypersurfaces 3/19
.,




Motivation
°
:

Motivation

» Gravitational radiation in full GR is well understood at infinity
F for A =0. A alot of achievements in the last 6 decades.

» One fundamental piece is the news tensor. It determines the
presence of gravitational radiation at ¢ .

» There is recent interest in understanding bulk null
hypersurfaces in analogy to _#: BMS symmetries, WIH
structure, Carrollian approaches...

UPV EHU

:
Francisco Fernandez-Alvarez News tensor on null hypersurfaces 3/19

s




Motivation
°

Motivation

» Gravitational radiation in full GR is well understood at infinity
F for A =0. A alot of achievements in the last 6 decades.

» One fundamental piece is the news tensor. It determines the
presence of gravitational radiation at ¢ .

» There is recent interest in understanding bulk null
hypersurfaces in analogy to _#: BMS symmetries, WIH
structure, Carrollian approaches...

Can one define a news tensor on null hypersurfaces in the bulk?
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Set-up

> (M, gaﬂ) 4-dimensional space-time.
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©000000

Set-up

> (M, gaﬂ) 4-dimensional space-time.
» (N,g,,) null hypersurface.
» k% degeneration vector kbgab = 0.

» Foliation of N by 2-dimensional leaves S¢ . C constant
values of a function F'

F =k, F #0 (2.1)

1
lyi=—20F . KL= -1. (2.2)
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Foliated null hypersurface
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Set-up. Kinematic quantities

For k<,
KAB = EaAEﬁBvakﬁ ) (23)
k= QABEAB ) (2-4)
1
VUap ‘= KaAB — §gAB/§ ’ (25)
k;“Vuka = vk® . (2.6)
For /%,
Oap = E“4E 5V 05 , (2.7)
0 = (_]ABQAB ) (28)
1
ogap =045 — 59,43@ : (2.9)
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Foliated null hypersurface
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Set-up: connections, curvature

TRAVRTLEE wﬂbvavawﬁ, Vo u* =€, w*=e
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a ,,,b ._ b, a B a_ _a ,a
VIV = wg v Vow® Vo o =ef 0w =e%w

UADAwB - WbB,Uavawb ’ Vo op® = EaA,UA , a
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» Notation: curvature tensors Ry, , Rapc”
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Foliated null hypersurface
00@0000

Set-up: connections, curvature

TRAVRTLEE wﬂbvo‘vawﬁ , Vvt =e v

vAD P = W, PuV '’ |

v

a I

a a A
vV v =E%v",

: - d
» Notation: curvature tensors Ry, , Rapc”
» Schouten tensor: S5 := R,5 — %gaBR :

» Projections:

Francisco Fernandez-Alvarez

— 1
Sab ::geaaeﬁbsaﬁ 3

Sap =E% Engab .
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News tensor on a null hypersurface

Consider conformal rescalings

(K, 7) = (AR NG (2.10)
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News tensor on a null hypersurface

Consider conformal rescalings

(K, 7) = (AR NG (2.10)

_ _ 1, _
S'ap =Sap — A 'Darp+ 22X g — 32 “q g

+ AT (Gapk! N, + Bapl'N,) + A2 KA,
(2.11)
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News tensor on a null hypersurface

The news tensor is going to be extracted from the traceless and
conformal-invariant part of

1 1 1
- MC MD
Uap = Sap + 594 \YMca "~ 565 T 58MD
1
) (Ovap + EoaB) - (2.12)
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News tensor on a null hypersurface

The news tensor is going to be extracted from the traceless and
conformal-invariant part of

1 1 1
Uap = Sap + DEY: (—VMC’QMC - 565 + 2_MDMD>
1
5 (Ovap +EgaB) - (2.12)

This has the following properties
Uy =K , (2.13)

_ _ L _
U'sp =Usp = A "Dadp + 20X dp — 2 gAY
(2.14)
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Foliated null hypersurface
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News tensor on a null hypersurface

A sketched version of a result from FFA-Senovilla (Geroch
tensor)...

Theorem 1 (The tensor p)

If Sc has S*-topology, there is a unique symmetric tensor field p , 5
whose behaviour under conformal rescalings (2.10) is as in (2.14)
and satisfies the equation

Diopap =0 (2.15)

in any conformal frame. (...) Furthermore, it is given for round
spheres by p g = qupal/2.

This is then generalised for the foliation as p 45 on N.
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Foliated null hypersurface
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News tensor on a null hypersurface

Theorem 2 (News tensor for a foliated null hypersurface)

Let N be a null hypersurface foliated by leaves with S?>-topology
and with F' the defining function (2.1). Then, there is a
one-parameter family (depending on F') of symmetric, traceless,
conformal-invariant tensor fields

Nap = Uap = Pas (2.16)
that satisfies the conformal-invariant equation
DiaUpc = Dialpic > (2.17)

Besides, N 45 is unique with these properties.
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3. Conformal space-time
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Conformal completion

Now let (M, gaﬁ) be the conformal completion a la Penrose of a
physical space-time

Jap = Q2§aﬁ
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Conformal completion

Now let (M, gaﬁ) be the conformal completion a la Penrose of a
physical space-time

Jap = Q2§aﬁ

up to conformal gauge freedom €2 — wSd.
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Conformal completion

J A>0

N

M
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Conformal space-time
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rescaled Weyl tensor

5. s
Qogy” = Capy
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Conformal space-time
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rescaled Weyl tensor

5. s
Qogy” = Capy

The radiative parts (¢3 and ¢4) are encoded in

N
ab .__ a,  barparv ga B
D = w, W NFNVA® P, (3.1)
N
ab .__ a, . barparvxga B
C? = w,"wg" NHNY*d* P, (3.2)
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Conformal space-time
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i

rescaled Weyl tensor

5. s
Qogy” = Capy

The radiative parts (¢3 and ¢4) are encoded in

D = w, "W NNV A P (3.1)

w v

N

C? = w,"ws"NHN"*d* P, (3.2)
or, for convenience, in

N

cA =g, w, A (3.3)

Dap =W, AW, B D (3.4)
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Conformal space-time
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adapted N/

N 1 1
Cy =€ DrNgy — DrLgs — £ag(Dyros™ - 5 D5l = 0¢s
+ 59" gsm + dg) = Oap (Pyvs™ — 5Dst + g )| + Q"
N 14
Dup=L5Nap + £ypap— £yLap — A[ *5 N g,
1 1 ° u .
+ £50EB +§BEBQ—§QEBE—QBC(EQB) —§L Mg T K vaoER

L1 .
—¢pfp — Dper) + 20l InF = Sq,, (2%’MDM In F' — o)

1
~ Do) + Fgp + 5

QQEB—K} - 2N§(B (-_EmA)NpHpm - SE’A))

+ NSB‘_»OA —Dy NSC + gabNaNbQAc + Qyap -
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Infinity ¢ with A =0

Several simplifications take place:

g4
1. The Weyl tensor Cam‘s vanishes but daﬁf # 0.
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Infinity ¢ with A =0

Several simplifications take place:

1. The Weyl tensor C By % vanishes but da[g"y(; 7é 0.

2. (7,9, is umbilical (v,5 = 0) but, in general, it is
expanding £ # 0 and the leaves are not isometric.

3. The expansion &, Friedrich scalar f and the acceleration
scalar v coincide 2v = 2f = & .

4. The projection ¢ 4 of ¢, to the leaves vanishes.
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Infinity ¢ with A =0
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Infinity ¢ with A =0

Dup = £5Nap (3.5)
') L —"SDpNg, (3.6)

Nipg20e=C,20Z D, < ¢:Z20Z ¢,
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Conformal space-time
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Infinity ¢ with A =0

General expression in terms of the time derivative of the shear

Y 1 1
Nap = £504ap — 59486 — Pap + 59,5K + Fap
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Conclusions
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Conclusions

1. A conformal-invariant news tensor on null hypersurfaces has
been geometrically defined.

2. Assuming the CEFE, this tensor gives the right answer in
arbitrary conformal gauge at infinity _# when A = 0.

3. For null hypersurfaces in the bulk, the analysis is much more
complicated.

4. Recall that the radiative structure of ¢ is very special,
without any gauge fixing (_# can expand).

Future work:

Use this news tensor on null hypersurfaces that ‘touch’ # and
analyse its asymptotic behaviour for any A. Also, take the limit on
horizons that ‘almost touch’ #.
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Bulk N/

Vacuum will be assumed on N, Taﬁ N 0. Then,

v.f¥o0, (5.1)

No more simplifications occur, in general.
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One imposes k = 0 (non-expanding condition).
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N N.
Ca=0= Dyp, ¢3=0=¢y

Therefore, there is no radiation, but...
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Bulk NV: non-expanding horizon (NEH)

One imposes k = 0 (non-expanding condition).
Raychaudhuri equation implies v, 5 = 0.Then

N N.
Ca=0= Dyp, ¢3=0=¢y

Therefore, there is no radiation, but...

1
Nap = 59,55 — Pas - (5.2)

Only vanishes if the leaves are round!
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For this one has to require § = 0.
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1
Nap = —VaB -
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Bulk NV: null marginally trapped tube (MTT)

For this one has to require § = 0.However, equations are still very
involved. Put further conditions:round leaves and ¢ 45 = 0.

1
Nap = —VaB -

N a c Awi
Dyc = EAEGK'Y, (Nye) — Nao (v —K)

1 ¢ 1

N 4
Cy =€ |DpNgy + ON4p dg — 5945 ds

PQ
rP @ quDRCPQ
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Bulk NV: null marginally trapped tube (MTT)

For this one has to require § = 0.However, equations are still very
involved. Put further conditions:round leaves and ¢ 45 = 0.

1
Nap = —VaB -

N a c Awi
Dyc = EAEGK'Y, (Nye) — Nao (v —K)

N g ¢ 1 ¢ 1 P
Cy =€ |DpNgy + QN yp dg — 39arfds = 794sPrCpq N

If Nyp =0, ‘tangential’ radiation (¢;, ¢,) and Coulomb term (¢2)
still source NQA!
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One imposes k& = 0 (non-expanding condition).
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Bulk NV: non-expanding horizon (NEH)

One imposes k& = 0 (non-expanding condition).
Raychaudhuri equation implies v, 5 = 0.Then

NC“C N éz‘”’s [VTKSC + szrc} =0. (53)

Therefore, there is no radiation, but...
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Bulk NV: non-expanding horizon (NEH)

One imposes k& = 0 (non-expanding condition).
Raychaudhuri equation implies v, 5 = 0.Then

NC“C N éz‘”’s [VTKSC + szrc} =0. (53)

Therefore, there is no radiation, but...

1
Nap = 59455 — Pan - (5.4)
Only vanishes if the leaves are round!
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» {£%,} and {WGA} sets of 2 linearly-independent vector fields
and forms. E%4 ¢, =0, WaAk"’ =0.
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and forms. £, ¢, =0, W, 4k* = 0.
» Notation:4,> = EbB WaAAAB
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Set-up

» {£%,} and {WQA} sets of 2 linearly-independent vector fields
and forms. £, ¢, =0, W, 4k* = 0.
> Notation:Aab = EbB WGAAAB
ab

» Select unique inverse metric as §,,9%G., = Gy »  £a0 = 0.
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Set-up

» {£%,} and {WQA} sets of 2 linearly-independent vector fields
and forms. £, ¢, =0, W, 4k* = 0.
> Notation:Aab = EbB WGAAAB

; ; ; = =derm  _ & —ab _
» Select unique inverse metric as G;,0°Gp = Gop 5 £ad” = 0.
. . . . . a b —
> Two dimensional metrics: ¢, , := £y E°5g,, -
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Set-up

v

{E°,} and {WQA} sets of 2 linearly-independent vector fields
and forms. £, ¢, =0, W, 4k* = 0.

> Notation:Aab = EbB WGAAAB
» Select unique inverse metric as §da§d0§6b =3 > £, = 0.
> Two dimensional metrics: ¢ , . := E* E®:7. -
» Bases on NV: {w,*} = {—EQ,WQA} and {e*,} = {k*, E*,} .
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Set-up

» {£%,} and {WQA} sets of 2 linearly-independent vector fields
and forms. E%,¢, =0, W,4k* = 0.

> Notation:Aab = EbBWaAAAB

» Select unique inverse metric as §da§d0§6b =3 > £, = 0.

> Two dimensional metrics: ¢ , . := E* E®:7. -

» Bases on NV: {w,*} = {—EQ,WQA} and {e*,} = {k*, E*,} .

e Lo=4,, Ll*=0, (k,=-1, (,E*)4=0, (55)

W, AE% =65, e*w,l =08, kye¥,=0=w, 2. (56)
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Conformal completion

Assume the CEFE hold:

1 1 N

03 A
N Nt = —3T — — +2Q :

1 1 \ 1, 1
‘;7(11f)3:: ‘—‘EE'E;CXll JNVrlL + Ei Sﬂl }fiwvrlLCZFLXlt — 52;1 SAZ be‘c7(xfl1 — Eg S»ZJﬁf]\J;X flﬂ s

(5.9)

da “N —+ V[ (SB]'Y> — anﬁ'y = 0 y (510)
yaﬁ,y + V daﬁ'y == 0 B (511)
Rapys = Qagys + 9aly 5518 — 91755 - (5.12)
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Adapted N/

Definition 5.1 (Adapted null hypersurface)

A null hypersurface (N,g,,) is said to be adapted in any of the
following cases:
1. The conformal factor {2 = constant# 0 and V(2 does not
vanish at points in M \ _# belonging to /',
2. The conformal factor 2 = 0 and V() does not vanish at
points in A/. Thatis, N'= _# with A = 0.

There is always a family of conformal gauges in which a bulk A is
adapted. Infinity with A = 0 is by definition adapted in any gauge.
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