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dr? = dt? — 22(t) [dr? + s%(r) d6? + s°(r) sin? 0 dp?]

sinh(kr)/k o= -1
s(r):=4q r c=0 , k>0,
{ sin(kr)/k o =+1
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and isometry groups: O(2,3), O(1,3) x R*, and O(1,4).
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3 rotations like R, = 9/0¢,

3 “translations” like

J c . 0
Tz—cosﬁa - gsm9%,
3 boosts like
0 5 0 51
L, —5c0595+7cc0505 —Z3 sm@ae

1 “time translation”

A few Lie brackets:

[Re.R) =R, [Re.T:)=T,, [T, T:]=—0k?R,,
[Ly’ LZ] Xv [RX7 LZ] - Lya [R27 Lz] = O,
[T27 LZ] - Tta [R27 Tt] = 07 [Tz, Tt] = —O'kzLZ,

[Rm Tz] = 0,
[Tx,L;] =0,
[Lza Tt] = _Tz-



Maximally symmetric spacetimes are too rigid, they only have one
parameter k.



Maximally symmetric spacetimes are too rigid, they only have one
parameter k.

Cosmological principle: Require maximal symmetry only on
3-surfaces of simultaneity, t = ty,



Maximally symmetric spacetimes are too rigid, they only have one
parameter k.
Cosmological principle: Require maximal symmetry only on

3-surfaces of simultaneity, t = ty,
pseudo 3-spheres for o = —1, flat R3 for ¢ = 0 and
3-spheres of radius cosh(ktp)/k for o = +1,



Maximally symmetric spacetimes are too rigid, they only have one
parameter k.
Cosmological principle: Require maximal symmetry only on
3-surfaces of simultaneity, t = ty,
pseudo 3-spheres for o = —1, flat R3 for ¢ = 0 and

3-spheres of radius cosh(ktp)/k for o = +1,

with isometry groups O(1,3), O(3) x R3 and O(4),



Maximally symmetric spacetimes are too rigid, they only have one
parameter k.
Cosmological principle: Require maximal symmetry only on
3-surfaces of simultaneity, t = ty,
pseudo 3-spheres for o = —1, flat R3 for ¢ = 0 and

3-spheres of radius cosh(ktp)/k for o = +1,

with isometry groups O(1,3), O(3) x R3 and O(4),
of 6 generators: 3 rotations and 3 “translations”.



Maximally symmetric spacetimes are too rigid, they only have one
parameter k.
Cosmological principle: Require maximal symmetry only on
3-surfaces of simultaneity, t = ty,
pseudo 3-spheres for o = —1, flat R3 for ¢ = 0 and

3-spheres of radius cosh(ktp)/k for o = +1,

with isometry groups O(1,3), O(3) x R3 and O(4),
of 6 generators: 3 rotations and 3 “translations”.

Attention: For 0 = —1, the 3 “translations” are fake boosts.



Maximally symmetric spacetimes are too rigid, they only have one
parameter k.

Cosmological principle: Require maximal symmetry only on
3-surfaces of simultaneity, t = ty,
pseudo 3-spheres for o = —1, flat R3 for ¢ = 0 and

3-spheres of radius cosh(ktp)/k for o = +1,

with isometry groups O(1,3), O(3) x R3 and O(4),
of 6 generators: 3 rotations and 3 “translations”.

Attention: For 0 = —1, the 3 “translations” are fake boosts.

Task: solve the Killing equations for these 6 generators, R;, T;.



Maximally symmetric spacetimes are too rigid, they only have one
parameter k.

Cosmological principle: Require maximal symmetry only on
3-surfaces of simultaneity, t = ty,
pseudo 3-spheres for o = —1, flat R3 for ¢ = 0 and

3-spheres of radius cosh(ktp)/k for o = +1,

with isometry groups O(1,3), O(3) x R3 and O(4),
of 6 generators: 3 rotations and 3 “translations”.

Attention: For o = —1, the 3 “translations” are fake boosts.
Task: solve the Killing equations for these 6 generators, R;, T;.
Answer: Robertson-Walker,

dr? = p*(t) dt* — a%(t) [dr® + s*(r) d? + s°(r) sin® 0 dp?]
a(t), b(t) > 0.



Maximally symmetric spacetimes are too rigid, they only have one
parameter k.

Cosmological principle: Require maximal symmetry only on
3-surfaces of simultaneity, t = ty,
pseudo 3-spheres for o = —1, flat R3 for ¢ = 0 and

3-spheres of radius cosh(ktp)/k for o = +1,

with isometry groups O(1,3), O(3) x R3 and O(4),
of 6 generators: 3 rotations and 3 “translations”.

Attention: For o = —1, the 3 “translations” are fake boosts.
Task: solve the Killing equations for these 6 generators, R;, T;.
Answer: Robertson-Walker,

dr? = p*(t) dt* — a%(t) [dr® + s*(r) d? + s°(r) sin® 0 dp?]
a(t), b(t) > 0.

May set b =1, “cosmic time t”, or set b = a, “conformal time 7"
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Want: spacetimes admitting foliations by u = ug with
3-dimensional light-like leaves of maximal symmetry.
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Did you say simultaneous?

Task: replace surfaces of simultaneity, t = tg,
by our past light-cones, u = up,

ui=(+ /N2, vi= (- r)/V2.

Isometries of the cones: 3 rotations R; and 3 genuine boosts L;
generating the genuine Lorentz group O(1, 3),

Appreciate: The three isometry groups for the three families
o = =£1, 0 are isomorphic.

Task: solve the Killing equations for these 6 generators, R;, L;.

Lemma: In the coordinates y, v, 0, ¢,

= [ ) — () 2w 1), = Artanh SO

all 6 generators, R;, L; are independent of o.
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Appreciate again.
Answer:
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This is Robertson-Walker o = —1.

Put the initial 0 = 0 and redefine x = v/t2 — r2 = \/2uv such that
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Another herecy? Did you say our past light-cones?
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Qy := —o(apHg) ™ > 0. Attention minus-sign: Qm, + Qn + Q = 1.




Experiments Errors, 1o Reference
SNe+BAO+CMB+Hj Qy = 0.002 £+ 0.005 [1]
SNLS+WMAP7+BAO Q, = —0.002 + 0.006 2]

SNe+BAO+CMB+Ho+wp | Q4 = 0.02770017 [1]
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