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The cosmological model
Comes from General Relativity 

Gμν =
8πG
c4

Tμν

matter/energyspace grid

Local equation !
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Universe global description ?

Cosmological principle : uniform and isotropic 
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Universe global description ?

Cosmological principle : uniform and isotropic 
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Universe global description ?

Cosmological principle : uniform and isotropic 

Gμν =
8πG
c4

Tμν
perfect fluid

Gμν = (−c2 0
0 a2(t)γij(k))

scale factor space curvature

space 3D
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Space-time curvature k
Assumption -> flat universe 

k= +1

k= -1

k= 0
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Scientific Vision 2027-2032 – LAPP – November 2024 Cosmology

Introduction
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Perfect Fluids: Dark matter

About 5 times more 
“dark matter” than 

normal matter

Vera Rubin

Assumption : Cold Dark Matter (CDM)
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Too fast expansion of universe 
Assumption : additional 
cosmological constant Λ 
(or dark dark energy) 
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Examples of FLRW universes

ΛCDM: h = 0.6711, ΩR = 9.33× 10−5, ΩM = 0.3175, ΩΛ = 0.6825

Einstein-de-Sitter: h = 0.7, ΩR = 0, ΩM = 1, ΩΛ = 0

Closed: h = 0.7, ΩR = 0, ΩM = 10, ΩΛ = 0

Open: h = 0.7, ΩR = 0, ΩM = 0.1, ΩΛ = 0

Lemaı̂tre: h = 0.7, ΩR = 0, ΩM = 1, ΩΛ = 2

- Fermé (10 x matière) 
- Ouvert (0.1 x matière) 
- Matière mesurée   
- Energie noire  
- 2 x énergie noire 

Gμν+Λgμν =
8πG
c4

Tμν

allowed from Lovelock theorem 
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Flat ΛCDM : Dark Energy and Dark matter in 
a flat universe 

et modèles
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Can deduce universe history 

credits: ESA

−15 −10 −5 0 5 10 15 20

Cosmic time t (in Gyr)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

S
ca

le
fa

ct
or

a
(t
)

−13.8× 109 years

t0 = 0
a0 = 1

Examples of FLRW universes

ΛCDM: h = 0.6711, ΩR = 9.33× 10−5, ΩM = 0.3175, ΩΛ = 0.6825

Einstein-de-Sitter: h = 0.7, ΩR = 0, ΩM = 1, ΩΛ = 0

Closed: h = 0.7, ΩR = 0, ΩM = 10, ΩΛ = 0

Open: h = 0.7, ΩR = 0, ΩM = 0.1, ΩΛ = 0

Lemaı̂tre: h = 0.7, ΩR = 0, ΩM = 1, ΩΛ = 2

age of universe !
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Is this really ΛCDM ? 

Measure universe expansion -> redshift
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Is this really ΛCDM ? 

Measure universe expansion -> redshift


Use gravitational lensing to measure mass of structures 
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Measure universe expansion -> redshift


Use gravitational lensing to measure mass of structures 


Measure universe at different ages 


CMB


First galaxies


More recent galaxy clusters

Is this really ΛCDM ? 
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Huge set of data collected an published recently 
DESI  
Arizona 
2021-2026 
spectroscopy (BAO)

Euclid 
2023-2029 
photo+spectro

DES 
Chili 
2013-2019

ACT 
Chili 
2007-2022 
radiotelescope (CMB)

JWST 
2021-2027 
Infrared photometry

KIDs @ VST 
Chili 
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Cosmological probes
ACT, Planck

DESI, DES

JWST

Euclid

KIDs

DES
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CMB (ACT)
bolometric millimetric instrument
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BAO (DESI)

5000 fiber-positioning robots 

Baryonic Acoustic Oscillations

https://noirlab.edu/public/images/archive/search/page/2/?adv=&subject_name=DESI

https://arxiv.org/pdf/2503.14738
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https://noirlab.edu/public/images/archive/search/page/2/?adv=&subject_name=DESI
https://arxiv.org/pdf/2503.14738


Clusters (Euclid)

Detection of clusters 

photometric redshift  

https://arxiv.org/pdf/2503.19196 
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https://arxiv.org/pdf/2503.19196


Results
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Wrong Age of universe ?
JWST
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Expansion rate: nobody agrees ?

DES

DESI
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Matter and density fluctuation, a tension ?

DES

KIDs
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Flat universe ?
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Dark Energy: a constant or not ?
DES
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Other models tested (DES) 
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Conclusions 

DESIDES
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Back-up
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DESI
Dark Energy Spectroscopic Instrument  

5,000 fiber-positioning robots / 4m telescope / Arizona  
3D map of galaxies/quasars / May 2021- 5 years  
900 persons 

https://noirlab.edu/public/images/archive/search/page/2/?adv=&subject_name=DESI 
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https://noirlab.edu/public/images/archive/search/page/2/?adv=&subject_name=DESI


Euclid
1.2m mirror , imager VIS et spectro-imageur NISP. observations 
des galaxies (juillet 2023), point L2
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DES
400 scientists 

Chili 

2013-2019

https://noirlab.edu/public/images/archive/search/?adv=&instrument=21 
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https://noirlab.edu/public/images/archive/search/?adv=&instrument=21


KIDS
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DES

16 millions galaxies + >1600 SN Type 1 

5,000 deg of the southern sky,  with 5 filters (𝑔𝑟𝑖𝑧𝑌) to a depth of 𝑖 = 23.8

https://noirlab.edu/public/images/archive/search/?adv=&instrument=21 https://arxiv.org/pdf/2503.06712
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https://noirlab.edu/public/images/archive/search/?adv=&instrument=21
https://arxiv.org/pdf/2503.06712


JSWT
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