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Supernova event
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Data interpretation
.

Istance modulus:

m — M = 5log Dy, (z, Qm, Qa, Hy,P) + 25.

residual from empty cosmology:

Dy,

emp s
DL

emp __

Am=m—m 5 log

Am > 0 — acceleration,

Am < 0 — deceleration.
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Residual Hubble diagram
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Dimmer?
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More remote?

Am =m —m“"P = 5log e

Am >0 — Dy > D;"" — acceleration?

Am <0 — Dy < Dzmp — deceleration?
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Real Universe

3° slice
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| emaitre—Tolman model

- .

Rz (r,t
ds® = 2dt? — . 4’_?42(2(2) dr® — R*(t,r) (01(92 + sin® 9d¢2) ,
FLRW limit:
2
t
ds? = 22 — 2 () dr? — a*(t)r? (d92 + sin® ngbQ) .




| emaitre—Tolman model

- .

R2(r,t)
2 212 r ' 2 P2 2 . 2 2
ds® = c¢*dt T3 250 dr® — R*(t,r) (d6” + sin” 6d¢?),
FLRW limit:
2
as? — 2ar? — 0 > dr? — a®(t)r? (d6? + sin® 6d¢?).
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| emaitre—Tolman model

- .

Rz (r,t
ds® = 2dt? — . J’:2(;(2) dr® — R*(t,r) (d@2 + sin® 9d¢2) ,
FLRW limit:
2
t
ds? = 2de? — ( )2 dr? — a*(t)r? (d92 + sin Hdng) .
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| emalitre—Tolman universe
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Real Universe

3° slice
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Y [Mpc]

Light propagation
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Qat = 0.27, Qp =0
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mag. residual from empty FLRW

Fitting the observations (A = 0)
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Model 4
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CMB
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CMB

Angular scale
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Y [Gpc]

Fitting Sn & CMB
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Conclusions

- .

# density inhomogeneities can mimic acceleration,
# cosmological constant needed,

# density inhomogeneities might partly explain
the scatter in the residual Hubble diagram.
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Thank you



Lemaitre—Tolman equations
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M)
Amp(t,r) = R2(t,7)R/(t,r)’




Lemaitre—Tolman equations
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M'(r)
R2(t,r)R!(t,r)’

Adrp(t,r) =

M(r) + 1ARQ(?S, r)c?,

52 2
p— 2
R2(t1) = 2B(r)* +2G 105+ 3




Lemaitre—Tolman equations

=

M'(r)

Amp(t,r) = R2(t,r)R'(t,r)’

M(r) + 1ARQ(t, r)c?,

52 2
p— 2
R2(t1) = 2B(r)* +2G 105+ 3

=1 — tB(T).
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Lemaitre—Tolman equations

=

M'(r)

drp(t,r) = R2(t,r)R'(t,r)’

M(r) + 1ARQ(t, r)c?,

52 2
p— 2
R2(t1) = 2B(r)* +2G 105+ 3

=t —tpg(r).
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Models of single structure
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Multi-Szekeresa universe
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Multi-Szekeresa universe

2dF Galaxy Redshift Survey e\ g

.—p.32/3



AT/ Tx 10’

BVITRS 2
Ry 3
AT A T T A A A A AT AT N g, "
1
tugy,
Ul

Zm
iy
iy,
Ay,
g
iy,
&
m
iy,

CMB temperature fluctuations

AT/ Tx 10’

PNV, MVAYAVAY Y
e NG ATy ’\“'A"’A"’A"’A\\'Q\\’«\v’, G2

1y,
i
o
m
i
/////H/H/////l//
am
m
iy,
zn

iy,
&
/y
////////////,// a
L
i

2 4 6 8 10 12 14

.~ p.33/3



	
	medblue {Outline}
	medblue {Supernova event}
	medblue {Standard candles}
	medblue {Data interpretation}
	medblue {Residual Hubble diagram}
	medblue {Dimmer?}
	medblue {More remote?}
	medblue {Real Universe}
	medblue {Lema^itre--Tolman model}
	medblue {Lema^itre--Tolman model}
	medblue {Lema^itre--Tolman model}
	medblue {Density distribution}
	medblue {Lema^itre--Tolman universe}
	medblue {Real Universe}
	medblue {Light propagation}
	medblue {$pmb {Omega _{mat} = 0.27,~ Omega _{Lambda }=0}$}
	medblue {Fitting the observations ($pmb {Lambda = 0}$)}
	medblue {Model 4}
	medblue {CMB}
	medblue {CMB}
	medblue {Fitting Sn & CMB}
	medblue {Cosmological constant}
	medblue {Conclusions}
	medblue {}
	medblue {Lema^itre--Tolman equations}
	medblue {Lema^itre--Tolman equations}
	medblue {Lema^itre--Tolman equations}
	medblue {Lema^itre--Tolman equations}
	medblue {Models of single structure}
	medblue {Multi--Szekeresa universe}
	medblue {Multi--Szekeresa universe}
	medblue {CMB temperature fluctuations}

