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A. Standard LCDM model
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Conjugate 

momenta

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

ADM takes 

these as zero!

B.  Arnowitt-Deser-Misner (ADM) formalism

Field theories action

Einstein-Hilbert  action
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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

• 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?

5

• (Age of universe: Why is the age of the universe similar to the inverse of 

the Hubble parameter? Is the linear  expansion compatible?) 



I. Introduction

Robert Monjo: Geometric model of dark energy according to projected hyperconical universes

)}(:R{ 43 tRSt  





oo t

t

tR

tR
ta 

)(

)(
:)(

3')()( tStat  





)(' otR


)('')( tdadtad 










')( 





dtad FRW  ')(22 dtadtdsFRW 

2222

FRWdsddtds  

Local-time preservation: inhomogeneous case

Proper-time preservation: homogeneous case



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The most simple manifold with linear expansion:

1/H = t Dirac-Milne model (2012)   [k < 0]

Similar idea
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A. Definition of hyperconical universes 

Linear expansion 
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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 R1,3

Let be x0, x  R1,3 two static points, x0 = (t0, 0), x =(t, 0), with t > t0 > 0 

Let be x0’, x’  H4 their extension, x0 = (t0, 0, t0), x =(t, 0, t)
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Spatial projection

II. General considerations 10

The local space of an observer in H4 is the same that in R1,3
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Spatial projection

II. General considerations 11

The local space of an observer in H4 is the same that in R1,3

Let be r’ the comoving distance in H4, the spatial distance measured by an

observer is:
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C. Considerations of compatibility

II. General considerations

• 580 pairs of (z, obs) from Type Ia supernovae (Sne Ia) 

• Supernova Cosmology Project (SCP) Union2.1 database

• Minimisation of 2 , using R statistical language, for:

• Location of the first CMB acoustic peak

Observational compatibility

)(
~

)(log5 010 LLtheo rMHr  Obtaining value of 

Features of the model

• Metric g

• Ricci curvature R

• Evolution: Arnowitt-Deser-Misner (ADM) equations

Theoretical compatibility between the proposed model and LCDM

12

• Equivalence between proper distance of both models.

• Comparison of the Hubble parameter of both models.

• Calculus with Mapple.
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A. Metric tensor

III. Theoretical features

Differential line element
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B. Redshift-distance relation

III. Theoretical features

Redshift and comoving distance
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C. Ricci curvature

III. Theoretical features
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D. Arnowitt-Deser-Misner (ADM) equations

III. Theoretical features 17

ko = k = 1
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A. Equivalent proper distance: Obtaining cosmological parameters

IV. Compatibility 19
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A. Equivalent proper distance: Obtaining cosmological parameters

IV. Compatibility 20
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A. Equivalent proper distance: Obtaining cosmological parameters

IV. Compatibility 21
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A. Equivalent proper distance: Obtaining cosmological parameters

IV. Compatibility 22
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B. Observational compatibility from expansion

IV. Compatibility 23

Accelerates  always

Decelerates always
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2 = 562)

b = 0.36 ± 0.02 (0
2 = 562)

Observation for z < 1.4
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V. Conclusions

• 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 f.

• However, there exists a unique local projection f(r << t) compatible

with the LCDM model (that is, where model provides real values).

• Thanks to this compatibility, the Hyperconical model predicts that  L

= 0.6937181(2) and m = 0.306192(6) for to  1  k and r = (9.0 ±

0.5) ·10-5, which is compatible with the Planck Mission results (L =

0.6911 ± 0.0062 and m = 0.3089 ± 0.0062).

• Prediction distortion parameter () is in agreement with the fitted

local and regional values. Moreover, they obtain the same statistical

significance that the LCDM model.
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Questions

Thanks for your attention

email: rmoncho@ucm.es
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