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In the context of dark energy problemy peing 120 orders of magnitude too large)
there has been more interest in tien-friedmannian modelsf the universe which
could explain the acceleration only due to inhomogeneityidlly E. Kolb). One

of the strogest claims was that

we are living in a spherically symmetric void of densitydescribed by the
Lemaitre-Tolman-Bondi dust spheres model

J. Uzan, R. Clarkson, G.F.R. Ellis (PR10O0, 191303 (2008))
R.R. Caldwell and A. Stebbins (PRILOO, 191302 (2008))
C. Clarkson, B. Bassett and T. H-Ch. Lu (PRIO1, 011301 (2008))
and many others

In fact, there aréwo waysto get large-scale structure in cosmology:

perturb FRW models < consider exact inhomogeneous models
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Einstein equations ammplicatedand to solve them we jusissume
symmetries(Occam’s razor - if we play with simple symmetric models
observationally, we do not need to bother about any more toatgd
ones).

Why not toparadigm this by a fundamental principle - thgopernican
Principle that we do not live in the center of the Universe (we really db n
want to be special in the Universe).

However, so far observations have been madefijost one point in the
Universe and extend only onto the one (and unique) pastdigné.

EvenCMB we observe from one point - thigoves isotropy, but not
necessarily homogeneity (isotropy with respect to anytgaithe
Universe).
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Is the universe homogeneous?

Suppose we haven inhomogeneousodel of the Universe with theame
(small) number of parametersasa homogeneous dark enengodel and
they both fit observations very well.

Could wedifferentiate between these two models?

Simplest inhomogeneous models apderically symmetric (isotropic with
respect to just one point).
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In fact, even if we restrict ourselves to spherical symm#tgn there are
two complementary modelsof the universe and they can both mimic
homogeneous dark energy models!

These are: theinhomogeneous densitydust shells)
Lemaitre-Tolman-Bondi (LTB) models and inhomogeneous pressure
(gradient of pressure shells) Stephani models.

Apparently for some reasons (conservatism®@pst of the researchers
iInvestigate the formerand only a few investigate the latter.

It seems that people are about to creaaradignwhich isan LTB void
paradigmof inhomogeneous density spherically symmetric dust
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| suggest investigatingt least a complement of LTB- spherically
symmetric Stephani model of pressure gradient which alssgsses a
generalization which is totally spacetime inhomogeneous.

In fact MPD and M. Hendry (Ap.J. '98)rst comparec@an inhomogeneous
model of the Universe with real observational data (SN'9W@a&) from
supernovae and showed that they can be fitted.

Despite inhomogeneous density (LTB) models were the@istiexplored
before (since Lemaitre - 1933) orbterthey were tested observationally
against supernovae (e.g. K. Tomita, Prog. Theor. Phys. 92%(2001); K.
Bolejko, astro-ph/0512103).

And there are lots of less symmetric or purely inhomogenecodels
(Goode (1986), Szafron (1977), Szekeres (1975), Wainwsyode
(1980), Ruiz-Senovilla (1992) etc.) to investigate as cdates for dark
energy. See e.g. M.-N. Célérier (ArXiv:1206.6026).
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Let us consideadvantages of the simplest inhomogeneous modanad show
that they may fit observations, so that they are a good catedidaexplanation of
cosmic acceleration by an inhomogeneity.

In order to make @aomplementary analysiswith LTB models the following table
proves useful:

pressure density
FRW p = p(t) 0= ot)
LTB p = p(t) o = o(t,r) - nonuniform

Stephani p = p(t,r) - nonuniform o= o(t)
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— is the only spherically symmetric solution of Einstein agoins forpressureless
matter (T** = pu®u®) and no cosmological term (G. Lemaitre, Ann. Soc. Sci.
Brux. A 53, 51 (1933); R.C. Tolman, Proc. Natl. Acad. S@0, 169 (1934); H.
Bondi MNRAS 107, 410 (1947))

12

ds* = —dt?
S +1—K

dr® + R*(df? + sin*0d¢?) | (1)

where
R = R(t,r); R’ = 0R/0r; K=K(r) . (2)

The Einstein equations reduce to

_ 2M (r)

R2
R

— K(r); 2M' = koR*R’ (3)

and are solved by
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Vi ) =T+ ) @

R(Tv 77) —

where forK (r) < 0 (hyperbolic),K (r) = 0 (parabolic), and<(r) > 0 (elliptic)
appropriately [ (r) is a spatially dependent "curvature index") we have

®(n) = (sinhn —n;n°/6;1 — sinn) . (5)

Regularity conditions:

- existence of a regularenter of symmetryr = 0 — implies

R(t,0) = R(t,0) = 0 andM (0) = M'(0) = K(0) = K'(0) =0 andR’ — 1.

- hypersurfaces of constant time aneéhogonal to 4-velocity and are of topology
S3 —implies the existence of a second center of symmetryr. (with some
‘turning value’o < ry, < 7¢)

- a ‘shell-crossing’ singularity should mvoided— implies R’ (¢, r) # 0 except at
turning values
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Kinematic characteristics of the model:

1
Uq:p = §@hab + Oap (6)
Expansion scalar:
2R R’
O = 7
= T (7)
Shear tensor and scalar:
O_ab _ Ecab; Ca,b — ha,b . 3vavb; (8)
1 1 (R R
Y o= oM =—Z=2 = 9
6o 3 (R’ R) ’ )

andv® = v h" 62 is the unit vector orthogonal t@* and to the 2-sphere orbits of
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In LTB models a Big-Bang is not necessarily instantenuouferént points start
at different moments.

Friedmann limit 1s obtained for:

R(t,7) = a(t)r; M(r) = Myr®; K(r) = kor?, (10)
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— is the only spherically symmetric solution of Einstein atpoins forperfect-fluid
energy-momentum tensdf¢® = (o + p)u®u® + pg®®) which isconformally flat
andembeddablein a 5-dimensional flat space (H. Stephani Commun. Math.
Phys.4, 167 (1967); A. Kragiski, GRG15, 673 (1983)). After introducing a
Friedmann-like time coordinate (cf. later) we have

9 9 =2
I N N 2
v - L[]

2

a .
-+ vz [dr2 + 7 (d92 + sin? 9dgp2)] , (11)
where
1
Vit,r) =1+ Zk(t)TQ , (12)
and(...)” = 0/0t. The functiona(t) plays the role of @eneralized scale

factor, k(t) has the meaning af time-dependent "curvature index”, andr is
the radial coordinate.
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The energy density and pressure are given by

a*(t) | k()
o) =3[y + | )
| 1 o(t) [Va((tt,r)}
p(t,r) = o(t)q -1 + 3000 [Vtﬂ“)] > = wepp(t,r)o(t), (14)
\ a(t) y
and generalize the standard Einstein-Friedmann relations
B a*(t) k
) = 3 (56 + ) )
_ o (Lal) [ a*) |k
W = - (255 =0 * =) (19

to inhomogeneous models.
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Kinematic characteristic of the model:

N|—=

(17)

1
Ug:p = §@hab — iLaub y u = (uaua')

where Is the acceleration scalar and the acceleration vector

Uy = . — (18)

while the expansion scalar is the same as in FRW model, i.e.,

0=32 (19)
a
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The general Stephani metric reads as

ds* = - 2—23—2 [(‘g)‘rdt%r 3—22 dz® +dy® + dz°] (20)
Vitawz) = 14 k0 {le— 20 + [y 900 + [z — 20} .

andzxg, yg, zg are arbitrary functions of time. This is just a general@atof the
FRW metric in isotropic coordinates

a”(t)
1+ ikr

ds® = —dt* + > (dr2 -+ r2dﬂ2) L ort =yt 42 (21)

which by a transformation = 1 + (1/2)kr? can be brought to a standard form

dr?
1 — ki?

ds® = —dt* + a*(t) ( + f2d92) . (22)
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Properties ofjeneralStephani models:

really innomogeneougnot even SS) - they do not admit any spacetime
symmetry at all

the 3-dimensional hyperspaces of constant timevaeimally symmetric
the models areonformally flat(Weyl tensorC,,;.; = 0)

can be embedded intotadimensional flapseudoeuclidean space (they are
embedding class one — in general any 4-dim manifold can beeddu at
least locally in a 10-dim flat space)

matterdoes not movalong geodesics (there is hon-zero acceleration
i, 7 0); models areshearfreer,, = 0

the curvature index = k(¢) changes in timso that the spatial curvature
may change during evolution

possess the Friedmann limiwhen the curvature index(t) — const.
=0, +1
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Topology can be uncovered, if we assumedhergy density to be constane.,

SZQGQ — 3CZ = const. , (23)
8:4Gp — —3C2 = const. , (24)

which is essentially thde Sitter Universe with dark energy equation of state
(w = —1) with global topology being® x R represented by a one-sheet
hyperboloid,
but with local topology of the constant time hypersurfacesiqGdex k(%))
changing in time.
Usually we cut hyperboloid by eithér= 1 (S° topology),k = 0 (R?) ork = —1
(H°).

Here we have “3-in-1" and the Universe may either

“open up” or “close down”..
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General model:
Global topology stillS® x R. However, they are justpecific deformations
of the de Sitter hyperboloid near the “neck circle”.
The center of symmetry isioving around the deformed hyperboloid.

In fact, due to a choice of the radial coordinate, there aceamtipodal
centers of symmetry (as in LTB model).
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standard3ig-Bang singularitiesa — 0, o — 0, p — 0 are possible (FRW
limit)
Finite Density (FD) singularities of pressure appear at some particular

values of the spatial coordinatesy, z (or a radial coordinate, if in a SS
model)

[I-boundary - a spacelike boundary which divides each negative curgatur
k(t) < 0 section onto the two sheets (the “far sheet” and the “neaetsh

II-boundary appears whenever
Vt,r)=1+ 1/)kt)[(z —x0)*+...]=0
the Universe behaves asymptotically de Sitter aivlaoundary p = — o)

There isno global equation of state- it changes from place to place
(depends om, ¢, z or r) and on the hypersurfaceés= const.
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In inhomogeneous pressure models there are Finite Demsgylarities of
pressure.

In standard=RW cosmology there exisixotic (sudden future) singularities
of pressure (SFSyith finite scale factor and energy density, i.e.,

a = const., a =const, o =const, a— oo, p— Foo. (25)

They aredifferent FD singularities arspatial(appear somewhere in space)
while SFS aréemporal(appear in time on ong = ¢,) of the
hypersurfaces).

There are hybrid models in which appear both FD and SFS singas of
pressure (MPD, PRD '05).
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Such “inhomogeneized” SH8ay appear in a gener@o symmetry at all)
Inhomogeneous pressure model which can be shown by ingénrtime
derivative of the Stephani energy density function and timetionV (¢, x, vy, 2)
Into the expression for the pressure, i.e.,

e k
p(t,at,y,Z) — = 3? T 3? (26)
V(t,x,y,z)
L Vitsao)
T DL . (kﬁ—%) 2
al|l a a?  a? \ a

V(t,x,y,z) | .
o
It emerges that a SES— 400 appears foti — —oo, if (V/a)/(V/a) is regular
and the sign of the pressure depends on the signs ofddatand (V/a)/(V/a) .
In fact, SF singularities appeardependently oFD singularities whenever

a — —oo and the blow-up op is guaranteed by the involvement of the time
derivative of the functior'(¢) in (14).
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| found two explicit modelswhich are calledviodel | and Model Il (note: time
coordinate will be labeled instead oft and the scale factdk(¢) instead ofa(t)).
For the Model | we have

k(r) = —4;123(7), (27)
R(t) = at® + br + d, (28)
Virr) = 1= 5 (a” +br + d)r”, (29)
A = 4dad — bV +1 =0, (30)

with a, b, d = const. and for the cosmic timeaken in sMpc/km we have: [a] =
km?/(s*Mpc), [b] = km/s and [c] = Mpc. More general models appear4ot 0
- the FD pressure singularity shows up at a finite distanee2/(v/—A) (MPD
'93, Barrett and Clarkson CQG 2000).
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For the Model Il we have

k() = — “R(r). (31
R(r) = pBr3, (32)
Vir,r) = 1 — 41?0462727“2, (33)

with o, 8 = const. with[a] = (s/km)3 Mpc~3 and[8] = (km/s)3 Mpcs. Both
models possess the Friedman limit;-& 0 for Ml and o« — 0 for Mll). The
common point between MI and Mll is that for theft) = 0, where

T
()= 2.
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Another example of the model Il (and | as well sinte= —4a?/c? (a = const.)) is
Stelmach-Jakacka model (CQG 18, 2643 (2001)) in which os@nass thast the
center of symmetrythe standard barotropic equation of state

—5= = wo(T) (34)

Is fulfilled. Forw = 0 one has the dust equation of state at the center, for

w = —1/3 one has the cosmic strings. This assumption gives that
87GG A?
3.2 o(T) = C?*(1) = D (1) (A = const.) (35)

and allows to write a generalized Friedmann equation as

1 [ a- ° A? 15
2 (45) = mmm o 0
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and

I%;) = |w+ g(w + 1)a(7)r2] o(1) = weypro(T) - (37)

Similarly as in the Friedmann model, we can define criticalsiky as

3c? a - 2
0cr(T) = 817G (CL(T)) (38)

and the density paramet@rr) = o(7)/0.-(7) which after takingr = 7, gives

A? Bc?
1= — = Qo + Qinn 39
Hgag(w+1)(7_0) Hga,() 01 h ( )
and so
a0 H?
B==73"(-1) . (40)

with the unit[3] = Mpc~1.
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The four-velocity and the acceleration for Ml and Mll are

1 , Vo,

Ur = — C— , Up = — C—= . (41)

The components of theector tangento zero geodesic are

% % h? %
K= —, k"=4+—4/1 — =, k=0, k»=nh 42
R Y R2 ,r2 I 07 R27“2 Y ( )
whereh = const., and the plus sign in applies to a ray moving away fifmem
centre, while the minus sign applies to a ray moving towandscentre. The
acceleration scaldor Ml and MII, respectively, is
1 Vr — 2% )
i = (wu)? = - = " (43)
1 T %0457“,

and itdoes not depend on the time coordinate at all
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Inhomogeneous pressure models - redshift

The point:
Thefurther awayfrom the center = 0 is an observer, theirrger acceleratiohe
subjects.

The redshift is given by (for MI and M, respectively)

( 1 — —ag(cm'z + bt + d)r2
c
aT? 4+ bt + d
= a 2 2:G7
- = b d
. V(tg,rg) 1 o2 (6217' + br + d)r
14z = Wl _ iGN e (44)
© = ko -~ V(to,ro) 1 — o732
Ua R(t 2
( 0) i BT 3 _ la
1 — %a6273r2
2
\ i ,B‘rg lo
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Redshift drift (Sandage 1962}he idea is to collect data from two light cones
separated by 10-20 years to look for a change in redshift oliece as a function

of time.
\re‘ - (57_9

e, Te

0,70 + (5?‘0

rO-.""e

There is a relation between the times of emission of lighthgydource., and
7. + 07, and times of their observation at andr, + d7,:

To To+57_o
/ dr :/ dr | (45)
Te CL(T) Te+0Te CL(T)
which for smallér. andér, reads a a‘i:z) — a‘zjz) .
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For smallé7. anddr, we expand in Taylor series

8w, ko
(ugk®)o = (ugk®)(ro, 70 + 070) = (Uak®)(r0,T0) + [ (uﬁT )] 7o
(ro,70)
(Ugk®)e =  (uak®) (e, Te +070) = (ugh®)(re, 7o) + [8(%6;’“ )] 57,
(TeaTe)

where for inhomogeneous pressure models

1+ ik(T)r2
a(t)
From the definition of the redshift drift by Sandage (1962):

uaka _— —

(46)

~ (ugk®)(re, e +07e) B (ugk®)(Te, Te)
0z = (ugk®)(ro, 70 + 070)  (uak®)(ro,70) (47)
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Redshift drift iIn iInhomogeneous pressure models.

We obtain

o1 1+ Lk(r)rZ

0z HO H
[Ho — (1 + z)] : (48)

which with the help of the definitions of the density parametg, and(?2,,,;, can
be rewritten as

0z HO

T = Ong—3(w+1) 1—00)a"1 — (1
5 1+ LHZ(Qp — 1)i2 [\/ 0d + ( 0)d (1+ z)] :
(49)

wherea = a% andr = rag.
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Eventually we end up with the following set of formulas thabtbined together
allows us to find the rate of change of reds@;‘n_‘t(a redshift drift ) of any source
at redshiftz in the considered class of Stephani model defined by thaeaelat

k(1) = Ba(r).

0z H()

9 - _ Qpa—3w+D) + (1 — Qp)a—! — 1 — (b0

- [T 1020 — 1) (\/ 0d + 0)a 295 )
1+ o0y — 1)72

At = +H‘é Qo =70 ) 1) (51)
1+ 220y — 1)ar

~ ~9 1/2
U N L g | (52)
dt 72

where the last equation describes the propagation of thgeodesic.
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Redshift drift iIn iInhomogeneous pressure models.

For the computational convenience we transform the abaveuias to

52 HO ~
= Ong—3(w+1) 1—0Q -1 _(1
or 1+ LH2(Q — 1)72 [\/ o = foja™ — +@%)
H? H?
al = [1 + TO(QO — 1)f§] (1+2)— TO(QO — 1)7, (54)
i 1+ 22(Qg — 1)73 (55)
dz Ho\/Qoa_g(er;;Jr(l_Qo)a_l + Hgg (20 — 1)7:7
1—f—337jn2¢
r(z=0) = ro. (56)
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In the limit whereQ)g = 1 = Q;,,, = 0 andw = 0, i.e. a flat FRW model filled
with dust (CDM) the formula[(5D) reduces to
0z

— = —Ho[(1+2)"* = (1+2)], (57)

which coincides with the formulas obtained in earlier paprvestigating the
problem (Sandage 1962, Loeb 1998).

On the other hand, faggressure-inhomogeneity-dominated universe

Qo — 0= Q;,, — 1, and we have a simple result

0z z
~ — H.Z 58

which means that the driffrows linearly with redshift.
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Redshift drift in cosmological models.

10'° A,z / year

W Quercellini et. al (2012)ound the redshift drift far ACDM, DGP model,
Cold Dark Matter (CMD) model, 3 different void models (LTB).

W ACDM, DGP - the drift ispositive at small redshift, but becomes negative

forz 2> 2
W Giant void (LTB) model mimicking dark energy - the driftasvays
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10'° Az/year

Qinh=0.99 0.20f Qinh=0.99
ACDM g 0.15¢ ACDM
| 2 010}
__Qinh=0.80 N  0.05- __Qinh=0.80
< i
) o 0.00¢
Qinh=0.61 \a i Qinh=0.61
— o 005 —
__ Qinh=0.40 -0.10- __ Qinh=0.40
L ~0.15t
0 1 2 3 4 5 .
7 Z

The redshift drift for the sperically symmetirichomogeneous pressure
Stephani modewith ro = 0, w = 0.

Q.nn (parameter of inhomogeneitgjnall - mimics LTB and CDM models

Q,nn larger - the drift alike iInACDM models (first positive, then negative),
e.g. forQ,,,, = 0.61 drift is positive forz € (0,0.34).

Qnn Very large - drift positive €2;,, = 0.9 uptoz = 17; Qipn =
(l n hOmOgeneiW'dOm | nation% > O) . Redshift drift and other tests of inhomogeneous presswsmgomqy — p. 37/51



LTB (void) inhomogeneity (due to the energy densigyllifferentfrom the
Stephani inhomogeneity (due to the pressure) which shoteifact that
the drift isalways negativéor an LTB model andilways positivdor an
Inhomogeneity-dominated Stephani model.

One is able to differentiate between the driftARDM models, in LTB
models, and in Stephani models - this can be done in futurergrpnts.

At largerz > 1.7 redshifts by giant telescopes: European Extremely Large
Telescope (E-ELT) with spectrograph CODEX (COsmic Dynamic
EXperiment); Thirty Meter Telescope (TMT); Giant Magell&é@lescope
(GMT).

At smaller (ever: ~ 0.2) redshifts by gravitational wave interferometers
DECIGO/BBO (DECi-hertz Interferometer Gravitational Viéav
Observatory/Big Bang Observen)his could clearly reject LTB models if
the drift measured was positive!
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The luminostity distance formula is the same as in Friednmaadels
dr, = (1 + z)agr , (59)
and the distance modulus is
u(z) = 5logydr(z) + 25. (60)

From the null geodesic equations we have

a0 da c /1 dx
’]" p— C p— ’]" p— .
a/ao v/ Qo3 + (1 — Q)3
(61)

wherex = a/aq. Using the definition of redshift (44) one can rewrite](61) as

2

_ 1
z(x) = 1 1+ o — 1 / de , (62)
T 4 ajao v/ Qozt =3 + (1 — Q)3
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and so the luminosity distande {59) reads as

oS T

The series expansion redshift-magnitude relation for tioel®l| was already
obtained in Dabrowski & Hendry (1998) as follows

(aTg + 7'0)

(2ar +1)° #+0(). 69

1+ 4a

a7'2+7'0
m = M + 25+ 5logy, [cz <2a070+1)] +1.086

This relation has no difference with the FRW relation (wiéiscaledd, andq)

~ 2a71g + 1 . atg + 7o
Hy = = —4 66
° atgy + 70’ 10 a(2a7'0 +1)2 (66)
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The shift parameter is defined as:

l/lTT
R = T (67)

whereli? — the temperature perturbation CMB spectrum multipole effitst
acoustic peak in inh. pressure model
117" — the multipole of a reference flat standard Cold Dark Mattedeh. The
multipole number is related to an angular scale of the sownddn, at
decoupling by

Ts 1

= % x—. 68
04 dAO<l1 ( )

For our Stephani model the angular diameter distance isidnye

dA — T"dec (69)

Wlth Tdec g|Ven by @') taken at decoup“ng' Redshift drift and other tests of inhomogeneous presswmgomqy — p. 41/51



Using the above, we may write that for our Stephani modelsiife parameter is

. 2C‘/(tdec; Tdec)

R = (70)
HO V QO7adec
Finally, the rescaled shift parameter is
_ Hov/Q07qec
R = 0Vii0Tdec (71)

Cv(tdem Tdec)

The WMAP data giveR = 1.70 £ 0.03 (Wang, Mukherjee 2006).
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The Alcock-Pacziiski effect states that one is able to calculatectisé
;I7his can be done by
measuring itdransverse extenising the angular diameter distance,

[

r

wherel andA# are the linear and angular size of an object, antinesof-sight
extent Ar, using the redshift distance

Ar = —— (73)
(see e.g. Nesseris (2006)). As a result one can define thmeadlistanceDy,, as
D? = r?Ar . (74)

Eisenstein et al. (2005) gavey, (Az = zpao = 0.35) = 1370 4+ 64 Mpc (an

Aarnntictir nanl, fAar ART7A0 lhiiminnlicec rad A Al A \Raedsbiftorifoa O extestt-sfiikanro odebheasy sQr E3Er@inay — p. 43/51



Inhomogeneous pressure - combined tests (SNla, RD, BAO, siparameter)
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Stephani modéeits well the data for th&sNla, redshift drift, and BAO
(contours overlap atd CL).

It cannot fit the existing observational data and recovene@same time the
redshift drift features of thda CDM model (at least within& CL).

Way out:replace constant barotropic indexby w; (a).

One does not want to change the contours obtained for SNI@, BAd
redshift drift so one postulates the functiara) to be constant on the
redshift interval encompassing all the redshifts from new=(0) up to the
most redshifted source of the redshift driftzat 5.

One assumes that(a) suddenly changes somewhere between5 and
Z4ec, and then remains constant.

This allows tolower the contours obtained for the shift paramstethat in
the resulting plotll the contours will be overlapping

Redshift drift and other tests of inhomogeneous presswsmgomqy — p. 45/51



Inhomogeneous pressure modelsw, (a) parametrization

An example of the functiom, (a) which can fit the data is:

"0 (1 4 tanh[A(agr — a)]) . (75)

wi(a) = w + 5

wherew, wg, A, anda,, are constants. Here: = 40, a.- = 0.08, wg = 0.1,
w = —0.1 and;,,;, = 0.68, 2, ~ 10.66.

O.OOT‘ |

0.0 0.2 0.4 0.6 0.8 1.C
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Inhomogeneous pressure models - combined tests for (a)
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As expected the Stephani model with the scale factor depeibaéeotropic index
w1 (a) (£8) and\ = 40, a4, = 0.08 andwy = 0.1 agrees with the current
observational data for the SNla, BAO and the shift paranaatdrat the same time
recovers most features of the redshift drift relation in A¢€DM model.

CODEX Monte Carlo simulated error on the measured specippseelocity shift
IS:

2370 | 30 5 1.7
. =1.35 , 76
oA S/N\| Ngso (1 + ZQ50> cm/s (76)

where S/N is signal to noise ratid/gso number of observed quasars.
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For the redshift drift we use the “fake” data set presente@uercellini et al.
(2012) (see the blue error bars). This data set is assumexdertered on the
ACDM redshift drift curve and to have normally distributedogs.
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Redshift drift and other tests of inhomogeneous presswsmgcmqy — p. 49/51



6. Conclusions

W Observations from one point in the Universeygest its isotropy but not
necessarily homogeneity. This givestivation for studying spherically
symmetric models of the Universe.

W Two specific models have been proposed:ltheaitre-Tolman-Bondi
model (inhomogeneous density) and tephanimodel (inhomogeneous
pressure).

W These models have been preliminahecked against astronomical data
which shows that thenhomogeneities may drive acceleration

W Inhomogeneous pressure models have another advantagecatheven
modela total spacetime inhomogeneity

W There is an open guestion whether welly live in a homogeneous and
Isotropic (FRW) universe or at least in an isotropic (sptedly symmetric)
void or an interior of an iInhomogeneous pressure “exotic std .
Especially, it is interesting to check data favn-centrally placed observers
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conclusions contd.

™ In the class of Stephani models considered (with a centpédiged
observer) there is a subset of observationally viable nsoghlchshow
gualitatively different behavior of redshift drift than the LTB void models
and ACDM models.

W This differencenay allow to test inhomogeneous pressure (Stephani)
models against LTB void andACDM models in future experiments
aimed to measure the redshift drift- E-ELT, TMT, GMT, and especially
iIn GW detectors such as DECIGO/BBO.

W Stephani moddits well the data for thé&NIla, redshift drift, and BAO
though it does not recover the redshift drift features ofAliOM model.

W However, it can fit all the dat&NIla, redshift drift, shift parameter, and BAO
provided a specific parametrization fog (a) is applied.
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