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Standard model of cosmology

Inflation

First light
Cosmic web

Planck 2018
temperature

SNIa

Accelerated expansion

Cosmic Microwave Background

Physics we know 
+ cosmological model

successfully predicts most 

observations of last 20 yrs
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Standard model of cosmology – ΛCDM

Cosmology model based upon 

Two main two components of 

unknown nature

• Dark Matter (galaxy formation, 

gravitational lensing, spiral galaxy 

rotation curves, …)

• Cosmological constant (Dark 
Energy) (late-time acceleration)
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Dark Energy

Accelerated
expansion

Geometry (Gμν)?
Cosmological constant Λ
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Dark Energy

Accelerated
expansion

Geometry (Gμν)?
Cosmological constant Λ

Energy content (Tμν)?
Additional component

Accelerating expansion needs, w < -1/3. 

Eg., Cosmological constant, w= -1, very 
successful so far.
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Dark Energy

Accelerated
expansion

Geometry (Gμν)?
Cosmological constant Λ

Energy content (Tμν)?
Additional component

Modified gravity?
Beyond general relativity

Accelerating expansion needs, w < -1/3. 

Eg., Cosmological constant, w= -1
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Accelerating expansion needs, w < -1/3. 

Eg., Cosmological constant, w= -1, very 
successful so far.
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Dark Energy Spectroscopic Instrument (DESI) 

7

Mayall telescope
at Kitt Peak Observatory (AZ)



Nathalie Palanque-Delabrouille (LBNL)

DESI instrument
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10 3-band 

spectrographs

4m mirror

(large collecting 
area)

7 deg2

field of 
view

Focal plane:

5000 fiber positioners

(high multiplexing)



● Why does the expansion of the Universe accelerate? 

● What is the nature of gravity on the cosmological scale?  What is dark Matter? 

● More recently, what is the source of the tensions in s8 and H0?

● What was cosmic inflation like?

● And many more
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Dark Energy Spectroscopic Instrument 
Large-Scale Structure of the Universe

BARYON ACOUSTIC 

OSCILLATIONS



Thanks to our sponsors and 
72 Participating Institutions!
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DESI will create a 3D Map of the UniverseBaryon Acoustic Oscillations (BAO)

Eisenstein, Seo, White et al. 2007

A spherical peak at the distance that the wave has travelled

before the recombination

→ the sound horizon scale (rd) at decoupling (~150 Mpc).

At recombination (z~1000),

• Optically thick → optically thin

• Baryons decouple from photons.

• Sound speed of gas decreases.

• The traveling wave stalls.
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Standard ruler to measure the distances

The size of the BAO is precisely 

measured from the CMB data.
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Planck 2018

DM(z) and H(z) encode the 

expansion history as a 

function of time.



Nathalie Palanque-Delabrouille (LBNL)

DESI measures clustering on all scales
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Logarithmic growth 

factor

BAO

→ Expansion (Dark matter, Dark 
Energy)

Full shape
→ Growth of structure 

→ Test of General Relativity 

vpec ~ 
fσ8

zobs = zcosmo + zpec

Peculiar velocities ⟹ redshift-space distortion (RSD)

Monopole

Quadrupole (RSD)

DESI 2024 V: RSD 

(arXiv:2411.12021)
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DESI targets: 40 million galaxies & quasars!
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1

3 million (1.0 < z < 4.0)

16 million (0.6 < z < 1.6)

8 million (0.4 < z < 1.0)

13 million (0.1 < z < 0.4)

+10 million stars
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The DESI DR1 sample (DESI 2024)
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Aggregate distance 

precision with Year 1 data:
0.49%

Cf. All BAOs over two 
decades: 

0.60%

6M objects

Biggest data set.

Catalog-level blinded 

analysis
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DESI 2024 

results

arXiv:2404.03002, 

2404.03001, 2404.03002

https://ui.adsabs.harvard.edu/link_gateway/2025JCAP...01..124A/arxiv:2404.03001
https://ui.adsabs.harvard.edu/link_gateway/2025JCAP...01..124A/arxiv:2404.03001


Hee-Jong Seo

The DESI DR2 sample (2025)
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14M objects

2.4 times more data

42 Gpc3
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DESI DR2 (2025) results
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DESI 2025 BAO

2
0

DM / rd and DH / rd

ΩM and H0rd

BAO data: Δθ and Δz 

Aggregated precision on BAO distance scale: 

0.28% (vs. 0.49% for DR1)

DESI 2025:arXiv:2503.14738

Agreement & complementarity

between tracers

https://ui.adsabs.harvard.edu/link_gateway/2025arXiv250314738D/arxiv:2503.14738


Local Expansion rate of the Universe

H0
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H0
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Distance ladder 

approach from

late-time universe

Extrapolation to z=0 

of data from

early universe

SNIa (SH0ES)

CMB (Planck)
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rd H0 → H0
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DESI + BBN (Ωb → rd)

Using rd from other probe

H0 = (68.53 ± 0.80) km s−1 Mpc−1 → 1.2%

• Still in agreement with CMB (1.9-

>2.3sigma discrepancy)

rd from BBN

DESI 2025:arXiv:2503.14738

https://ui.adsabs.harvard.edu/link_gateway/2025arXiv250314738D/arxiv:2503.14738


Dark Energy
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Dark Energy with constant w

2
7

DESI data are 

comparable with w=-1 

(ΛCDM) when w is 

assumed constant. 

But we observe mild 

tensions between ΛCDM 

fits of different expansion 

probes (e.g., CMB and 

SNe).
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Dynamical Dark Energy: DR1

• Significance of rejection of ΛCDM:

• DESI+CMB+Pantheon+: 2.5σ

• DESI+CMB+Union3 : 3.5σ

• DESI+CMB+DESY5: 3.9σ

Varying EoS 



• Significance of rejection of ΛCDM:

• DESI+CMB+Pantheon+: 2.8σ

• DESI+CMB+Union3 : 3.8σ

• DESI+CMB+DESY5: 4.2σ

Dynamical Dark Energy: DR2
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Varying EoS 

Pantheon+, Union3, DESY5: 

SNIa data
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Weakening Dark Energy

Supporting paper: Extended 

Dark Energy analysis using 

DESI DR2 BAO measurements 

(Lodha++2025).

Acceleration

Deceleration



Dynamic DE reconciles different probes 
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Credit: Qinxun Li

But, except for the H0 tension…



Neutrino masses
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Allowed by 

inverted hierarchy

Massive Neutrinos

● Massive neutrinos is degenerate with the 

effects of other cosmological parameters 

in CMB fits. Eg. With Ωm under ΛCDM.

● DESI BAO helps to break this geometry 

degeneracy, leading to a tight joint 

constraint, given the preference for lower 

Ωm values from DESI.
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Massive Neutrinos



Conclusions

36

● DESI DR2 BAO analysis compiles 2.4 more data than DR1, with the 

aggregate distance measurement of 0.28% from 0.5%.

● Growing incompatibility between different data sets under LCDM

● Assuming a LCDM background, DESI+CMB gives the tightest upper bounds 

on the sum of the neutrino masses, in tension with the lower bounds from 

the terrestrial experiments. 

● Evidence for evolving dark energy has increased to 4.2 sigma with SNe (and 

3.1 sigma without SNe) from DR1.

● Evolving dark energy model reconciles the various tensions between the 

probes (but not H0). 
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DESI 2025 Key Papers

● DESI Collaboration et al. (2025), Data Release 1 of the Dark Energy Spectroscopic 

Instrument (arxiv:2503.14745)

● DESI Collaboration et al. (2025), DESI DR2 Results I: Baryon Acoustic Oscillations 

from the Lyman Alpha Forest (arxiv:2503.14739)

● DESI Collaboration et al. (2025), DESI DR2 Results II: Measurements of Baryon 

Acoustic Oscillations and Cosmological Constraints (arxiv:2503.14738)

● With many supporting papers 

https://data.desi.lbl.gov/doc/papers/

https://arxiv.org/abs/2503.14745
https://arxiv.org/abs/2503.14745
https://arxiv.org/abs/2503.14745
https://arxiv.org/abs/2503.14745
https://arxiv.org/abs/2503.14739
https://arxiv.org/abs/2503.14739
https://arxiv.org/abs/2503.14739
https://arxiv.org/abs/2503.14739
https://arxiv.org/abs/2503.14738
https://arxiv.org/abs/2503.14738
https://arxiv.org/abs/2503.14738
https://arxiv.org/abs/2503.14738
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