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Introduction

Bj = gy — RV = RY}, — 4Y[['k5J/]] (1)

with 1
Yi=¢,ij— 9,0+ EgijganS,mqb,n. (2)

(M, g) conformal Einstein perfect fluid:

P G
.. 1 o )
Rij — 3Rgij = (m + p)uiuj + pgijj
1
= Yy = 5(m+ pluiy; + 2 (m — Ae™)g; (4)
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Introduction

AN=0,Vo| u

A =0, shear-free

A = 0, vorticity-free

A =0, inheriting Gy

A = 0, barotropic equation of state and V¢ | u
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GHP formalism

(Geroch, Held and Penrose, JMP 1973)
el,er,es,eqa=mm b kwithk-£=—-1m-m=1
Under boosts

k — Ak, £ — A"1¢

and spatial rotations '
m— e’m
well-weighted variables 1 of weight [p, g] transform as

pta ,'79

n— Az n
(n has boost-weight = % and spin-weight = £59).
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GHP formalism

Basic variables:

k="T414, 7=T413, o0="T411, p="T412,
v="Tp3, m=1"I24, I=T3, p="a3,

(rabc = T pac = eavc(eb))y

oo, P22, Po1, P12, Po2, P11,
R, Wy, Wi, Wy, Vs Wy,
a, 3,¢,v get absorbed in P, P’, 8,0
bn =(D—pe—qé&)n
P'n = (A~py—q7)n
on = (6—pB—qa)n
a'n = (86— pa—qB)n e 0,
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GHP formalism

Symmetry transformations:

@ complex conjugation

@ prime transformation:

k< £,m <« m,

K> —V, T4 —T, 04—\ p—U,

O P joj, Vi Vy
@ Sachs transformation:
k— mt— mm-—k,im— £

* *

/% / 1% /
p =77 ==pp =T, T =P
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GHP formalism

Basic equations:

@ 12 complex Ricci equations
Pr—Pr=(r—7)p+(F—7")o+ Do + V1,
dp o= (p—p)T+ (7 — ')k + o1 — V1,
Po -0k = (p+p)o— (1+ 7 )k + Wy,
bPp— 'k = p? + 06 — Rt — k7' + Doo,
P'a—ﬁrza,o’—/_\p—Tz—i—nD—CDog,

1
P'p—ﬁ'T:pﬁ’—)\a—T?—i-/w—\Ug—ER

@ 9 complex + 2 real Bianchi equations

@ commutator relations
/"/ UN\}/}EDLS‘WE\T

GR19 CEPF’s



CEPF's

Construct (m, m, k', k) such that R{u, V¢} = R{k, k’}:
0 T (= 9) =0
o u=5(Qk' +Qk) (w(Q)=1[11], Q" =1/Q)

4

R=m-3p (5)

{ Q?Pgp = Q*Pg = 201, = 3(m+ p)
g1 = Pz = P12 =0

7
\\\\\\\\\\\\\

GR19 CEPF’s



Basic equations

P2p = (Pg)? + 3(m + p) @
P'Pg = 2(m+3p) + tNe?

pP'o+ P = (Po)(P'p) + §(m — Ne?)

5P'¢+ o'Pgh = 0
KD’ — 7Pp =0

GR19 CEPF’s
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Some natural sub-cases

N := Q%P¢/P'¢p (w(N)=1[0,0],N =1/N)

I. N =1 (u/parallelVp):
FLRW

. (N+3)(N' +3)=0:

Oab = wap =0
Vg=V; =V =V, =0
WQ—\T/2:O

AN<O

m<0

. N? 4+ 6N +1=0: idem
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(N 4+ ap)m? + (... N+

Jm+ . N+...=0
(N =—-3+2V2, a1,as,... €N).

discriminant = ¢; + (N

%Wﬂl\‘g
«0O0>» «Fr «=»r <« Qe
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a surprise on the way . ..

(N +a)m?* + (.N+..)m+ ...N+...=0
(N=-3+2V2, ay,a,...€N).
discriminant = ¢; + (N

(1 = 13572975656291512842153966010956230639870211708564239881
(2 = 79109099478649174729940936129346741418822160095061340126
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a surprise on the way . ..

(N +a)m?* + (.N+..)m+ ...N+...=0
(N=-3+2V2, ay,a,...€N).
discriminant = ¢; + (N

(1 = 13572975656291512842153966010956230639870211708564239881
(2 = 79109099478649174729940936129346741418822160095061340126

3-2v2 - ? ~ 0.28 107112
2
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a surprise on the way . ..

(N +a)m?* + (.N+..)m+ ...N+...=0
(N=-3+2V2, ay,a,...€N).
discriminant = ¢; + (N

(1 = 13572975656291512842153966010956230639870211708564239881
(2 = 79109099478649174729940936129346741418822160095061340126

3-2v2 - ? ~ 0.28 107112
2

(pgeN: 2=(3-8)/2 satisfy p— qv2 = (1 —v/2)!¥),
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Shear-free case (and N # 1, -3, —1/3, -3 £2/2)

ul Vo (N=-1

Not type O = k =0,V =WV = V3 =V, =0.

1. P¢p = p: LRS llc special static fluid spheres (or generalisations):

0=0=0

D¢ = —A¢p = k (constant)

(D — A)p = T2(p + 2Ae?? — 2k?)

v, = *%/\62 (8)
AN<0

m = —2N\e?? — 6k?

2. P¢ # p: N # O-generalisations of 1986-results:
a) p# p: LRS |, Cahen-Defrise-transforms
b) p=p: LRS llc and IIb, " " "
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Vorticity-free case (and N # 1, -3, —1/3, —3 £ 2/2)

wap = 0 (and o,p # 0) = A\ # 0-generalisations of the 1986-results :

1. ul V¢
G3 VIO on T3

2. u L Ve

special (pseudo-)spherically or plane symmetric expanding fluids
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e u 1 V¢: promising ...

@ general case: 777
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