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A. Standard ACDM model
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| " 1. Introduction

B. Arnowitt-Deser-Misner (ADM) formalism

Einstein-Hilbert action S = /d4$\/ —g (R Q+ 'C@ ngﬂetzzezsero'

Field theories action ~ S|¢)| = /M Lp(x), (‘%Qﬁ(:ﬁ)j x)d"x

ADM considers space-time of the universe is foliated into a family of space-like surfaces.

gﬂv=[g°° 9‘“) L= —g,0m + lh + 2imi; — 28,5

Oio 9
. g rsy  dp [ ,00\—1/2
igrr‘*ﬁ?;e ™ = V=g (ng - gpqrgsg ) gty l T (97)71/% tapse
1 1 y

Hamiltonian  /, = — /g . RY — — [ =7 — 77, li *= goi shift
constraint otk /s (2 j)

Auxiliar i ij 1 0i i . i
nomenta s = ;7m0 — 5! T+ V'\/—g gs 1= det g;; spatial

i gUi/gOO, T = gikgjﬂkl, T o= g?;j’ﬁij g = detg,, total det
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C. Problems of the current theory

« Horizon problem: Why is the temperature isotropic in regions initially
disconnected.

 Flatness problem: Why is energy density approximately equal to the critical
density.

- Dark energy: What is the origin of dark energy

* (Age of universe: Why is the age of the universe similar to the inverse of
the Hubble parameter? Is the linear expansion compatible?)

« Approximations:
» General Relatity valid for cosmologic scales. -> Valid only for local scale?
 Homogeneous and isotropic fluid, that is, Friedmann-Robertson-Walker
(FRW). -> Are inhomogeneous metrics valid?
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C. Motivation

“T¢ a5 < o 7 The most simple manifold with linear expansion:
?..‘ ~ /, Qq?’
2 ={leR*: 7 =R()}
/ R(t)
«© o ’ .
C? ! 5?/ ,r, ( ) R(to) tO
i S - - 3
< I(t)=a(t)?'es;
1" i ’ “ /\,
' —- WMAPS ,, . S
(o] WMAP9+SNe . /!
o] AP9+SPT+gCT+SNLS3 '~\,f .. )
+ +ACT+SNLS3+SN gt
e hiAPo+SPTAACT SN 3w oNe-BAD” Similar idea
— Planck ' ’ .
© I | T | 1/H =t Dirac-Milne model (2012) [k < O]
0 0.2 04 o 0.6 0.8 1
m

d/oq, =a(t)d? ) s, =dt? —a(t) d7’

Proper-time preservation: homogeneous case

d7 = a(t)d?+7'da(t)

) ds® =dt® —dr® = ds,,
Local-time preservation: inhomogeneous case
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A. Definition of hyperconical universes

H*<cM =R, xR*cR"

H4 — {X eM - IX _On =Bt OeM, te R+} Linear expansion /f, = cte

Coordinates:

X =(x°.,x")=(t,,F,u) e T,M =RxR"

0=(0,., 0)eT,M

Choosing t :=t, the constraint is:

X-0 =t —r’—u’ =gt

—

vit2i— r’— u® =0 vii=1-p;

S .
S’ ={(r,u)eR": r*+u®=vt’}c H* _&5’0 <1, SZis a3-spheroid

Comoving observer (assuming 4, < 1)

X =(t,0,vt) c H*

B,>1, Slisa 3-hyperboIoD

Wick rotation of u (complexification) or
change of metric as: diag(-1, 1, 1, 1, -1)
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B. Hypothesis of local equivalences and projection

Equivalence in time
The local time of an observer in H4 is the same that in R®:3

Let be x,, X € R13 two static points, X, = (t,, 0), X =(t, 0), with t > t, >0
Let be x,’, X’ € H* their extension, x, = (t,, 0, “,), X =(t, 0, ®)

390 X=X = X=X, =t-1,>0 tA
3%"EM 1 X=X"| = [x=Xg| ‘ T
Xo = (to, O, t/ty- 11p) - S

39

X =x(r)eH’
1 (B} t 1
Xp =X'(r) =X, :[t_to’ tr’ —Vt[ j] k:=v-2 | Curvature
0
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B. Hypothesis of local equivalences and projection

Spatial projection
The local space of an observer in H* is the same that in R1:3

S Local-time preservation (Expansion Operator).
: A
HA—— Mc R 5,00)=5,(ts)- (t,_sj .
_ { e M
s:=(r,u)

¢, f a 3 Projection (locally conforAmaI but global distoition) ~

fo((t,F,u))=(,F) f ((t,r,u))rz (t,r)
R 1’3 << t
g Local extension

Xx=(t,F) e R 07 s H* 5 x'=(1,F,u)

. fa o~

f =1 o I, t t N toq
X=|1t,—Tr > t,—r,u F=—r

ACDM = f to to t
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B. Hypothesis of local equivalences and projection

Spatial projection

The local space of an observer in H* is the same that in R1:3

That is, the spatial distance is given by a locally conformal projection
Let be r’ the comoving distance in H4, the spatial distance measured by an

observer is:

L) =t A (M Y

Distorted stereographic projection

.= ffa(l") where ff“(r')e {aff“(r'), b ff“(r'), .}

y'=y'(r')=sin"(r'/t,)

,fo(r)=2t, tan* A7) Fime)

2

ey L
A (X) = 1= x)"

Inverse of distorted stereographic projection
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C. Considerations of compatibility

Features of the model

» Metric g
* Ricci curvature R
 Evolution: Arnowitt-Deser-Misner (ADM) equations

Theoretical compatibility between the proposed model and ACDM

» Equivalence between proper distance of both models.
« Comparison of the Hubble parameter of both models.
« Calculus with Mapple.

Observational compatibility

580 pairs of (z, y,,s) from Type la supernovae (Sne l|a)
« Supernova Cosmology Project (SCP) Union2.1 database
« Minimisation of ¥2 , using R statistical language, for:

. =5log,, (r, Hy)+M(r.) ‘ Obtaining value of | «
* Location of the first CMB acoustic peak
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A. Metric tensor
Differential line element

4
(Xp=X(r)—x,"=|t-t,,

\

dX?|p,=dt’| 1+2v* 1-

Metric tensor

Change of coordinates

Ooo =1+2k'(b-D) |y 1 ‘t‘rj
2 o

a
gr'r' — _biz gee — _azrlz
o, :_aal'gr gW:—azr'Zsinz@

2
t
to
t'i= /0o at,r)=
: tO\ Joo
Joo =
2 =] 2
gr‘r": grr _ gOr' _a(tl’ r')2 1=k 2(1_b)
Qoo b Qoo
gOr'I:

14
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B. Redshift-distance relation

%

Redshift and comoving distance

4 :=A—1:a°—1
dz _dzdt_1-k’(@-b)? . - Ao 8
v 1 v hyp ~
dr dt dr bgoo dt':_ a \/1_k 1(1_b)2 dr'
11 dy by,
+Z
H, (2)===
hyp( ) t, to

A-k?(@1-b)? dr

¢ dz
bg,, t, =-([1+z' —> o = Lo fk_l(ln(1+z))

fhyp = i (rhyp ')

)

O'—;N
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C. Ricci curvature

. 1 v
Raﬂ = Rgﬂﬂ - _aﬂrﬁa +aﬂr:ﬂ _r/:ﬂrof;t +FZIFOZ; FO/’;” - Eg# (aag‘/ﬂ +aﬁgav _a"gaﬂ)
. 2% 2k 2 locally
== — O, -
" a) 2b—b*+k-1"""

2
a) (4b—b +2k —3)k> a ) a)’
Ry =—1— g - R~ — . 5 — —
00 (a) 2b—b2+k_1 00 le 2k(aj g” » R 6k(aj
. __(aj2(4b—b2+2k—3)k2
»~\a) 2b-bPik-1

- k=1

5 2
a/ . (a Rw gl &
R =_&/+z(aj +/a%2}ggw ) R~ a)




D. Arnowitt-Deser-Misner (ADM) equations

:/mc:/ﬁ\/——g(ﬂ—mwm) Ry~ ——2 = -2 (g90,g;)*

L= —gz-jat?rij —+ Lh —+ Q.Ei?riju- — 26.133'!: + v _gRu

OR, ]
d (atg-ij)

W= V| - ) o -

i k‘ T!‘Q k TJE 17 ity 2
m =g —Gii 75, tht —I-szﬁ:: tht (g ) +k (g ) atgu ~

ko kor kog" ii
~\/—g g ( tg 2) ~ 2v/—g tg = /—gk,(g )gatﬂ'ﬂ

1 1
0rgij = 22— (‘?T:?;,-' — —ngazj) + Vigo; + V;g0i

NN 2
1

0,g:; = T g’ k =k=1
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| IV. Compatibility

A. Equivalent proper distance: Obtaining cosmological parameters

A I A I
5 H acom (Z') — fra o fk_l o In(1+ Z)

- H,, =1+2

—1
Hcom = HO\/Q,(1+ 2)'+Q A+z2)+Q, | H, = (_ o f% o0& toln+ z)j




V. Compatibility

A. Equivalent proper distance: Obtaining cosmological parameters

HY = VO + Qm + Q) +

40, + 30y, 2

D
\/Qr+ﬂm+ﬂﬁ2

. RO2Z + (2404 + 120,,)Q, + 120,,Qp + 302 2
(2 + QU + Q0 )3/2

H? —1

Tk

(2 if fo=f“

a

5 1 (04 (04
LA

"

N Ve — Qa\/%z N 5%k — 20:\/%’}(;; — 3ak + mf}/g 2

273

Qr ~0, k=1
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A. Equivalent proper distance: Obtaining cosmological parameters

302k + 20V kv, — ok Q, ~9.0+0.5-10°
QA — ) + wa k =1=
27% =1=
~ 20k(1 = 3a)
Hm =T T em 0= 0.2830219501 (1) & cai
002k — 20V ks — 3ak O = 0.6937181(2) + ¢t
Q2 = 22 +wr Q. = 0.306192(6) F ci
(1,1 fa_ ta (0.204263(4 ,0.260076@)), fo=f°
2’ " 2)" © (c.c,)=
(0,0, 0, )= (0.320386(2 ,0.407928(3), f*=,f"
(6+k —k 2+kj fa_ fa
123" 4 ) ’

if“ —>c, such as c,=0
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A. Equivalent pri

Prediction for z <1.
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e o I Y, T r(zdec)
v - First CMB peak multipole 64 Ts(Zdec)
! Sound ( ) > =Zmax dz
: T5(Zgec) =
horizon S\~d . H(z)\/3(1 T RS(Z)]
18 22 26 3.0 5,?{,¥§,2"t°' Ru(z) = 3pp _ Bwp 1
density ratio, 4 p, 4oy 142
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B. Observational compatib

ompatlolil

Accelerates™ always

“Equilibrium” region:
Decelerated in the past
and accelerates now

~ Linear always ??

Decelerates.always

- | — wmapg
— 7] — WMAP9+SNe
— WMAP9+SPT+ACT+SNLS3

| — WMAP9+SPT+ACT+SNLS3+SNe —_ 7
8 —— WMAP9+SPT+ACT+SNLS3+SNe+BAO + .
" WP LN Observationforz<1.4 k=1
2
- .a.=0.30 £ 0.01 (3,2 =562)
.00 =0.36 £ 0.02 (3,2 = 562)
7 - SCP Union2.1 data a '
>+ —— ACDM Model [acc. expan ] o FA(r)=r
066 068 0.7 072 074 0.76 e 1|_\|CDM MQdell([]!E)r;.[lefxpan.] ] F ()
A — yperconica In. expan. R r' — t U A U U
—— Hyperconical (f1) [lin. expan.] | & ' ( ) 0/ (7/ Y max )
o —— Hyperconical (f2) [lin. expan.]
| | | | | | | | AN C Y '
0 02 04 06 08 1 12 14 |, F2(r)=2t, tan* (' ¥ nex)
Redshift (2) 2




é
A\

Sl ontents

. Introduction
I. General considerations

lIl. Theoretical features

V. Compatibility

V. Conclusions




:

AL ﬁ%‘m

We have considered an inhomogeneous model with linear
expansion that does not depends on the matter content.

The Hyperconical model is consistent with k = 1, and thus freedom
for fitting is given by (locally conformal) spatial projections fe.

However, there exists a unique local projection f(r << t) compatible
with the ACDM model (that is, where model provides real values).

Thanks to this compatibility, the Hyperconical model predicts that Q ,
= 0.6937181(2) and Q,, = 0.306192(6) for t,=1 =k and Q, = (9.0 £
0.5) -10°, which is compatible with the Planck Mission results (Q, =
0.6911 £ 0.0062 and Q,, = 0.3089 * 0.0062).

Prediction distortion parameter (o) is in agreement with the fitted
local and regional values. Moreover, they obtain the same statistical
significance that the ACDM model.
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Questions

Thanks to Antonio Lopez-Maroto and Rutwig Campoamor
for their feedback, and

Thanks for your attention

email: rmoncho@ucm.es



