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BAO 
→ Expansion (Dark Matter, Dark Energy)

Full-Shape
→ Growth of structure (𝜎8, S8)
→ Test of General Relativity (f)

Full-shape & BAO in a Nutshell
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Full-shape DR1: Modified Gravity

In GR:

Choose the following time dependence:

Growth rate of structure

FLRW:

At late times: 
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Full-shape DR1: Modified Gravity

Describes the motion of massive particles in a 
gravitational field

→ can be directly constrained by DESI

GR

Area where we don’t trust our theory predictions
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Full-shape DR1: Modified Gravity

Describes the motion of massless particles in a 
gravitational field

→ can be constrained by lensing and ISW

Slight departure from GR related to 
CMB lensing anomaly

GR

Area where we don’t trust our theory predictions
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Full-shape DR1: Modified Gravity

Combination of clustering and 
lensing:

DESI +CMB-nl+
DESY3

GR

Area where we don’t trust our theory predictions

Suggest consistency with GR
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 bf: DESI + CMB + DESY5

Only isotropic BAO fit

BAO: From DR1 to DR2

7



 bf: DESI + CMB + DESY5

BAO: From DR1 to DR2
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 bf: DESI + CMB + DESY5

Tension with SDSS is 
reduced to 2.6σ

BAO: From DR1 to DR2
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 bf: DESI + CMB + DESY5

Combination of LRG3 and ELG, 
yielding our tightest BAO 

measurement

BAO: From DR1 to DR2

10



 bf: DESI + CMB + DESY5

Error bars are reduced 
by a factor of two

BAO: From DR1 to DR2
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 bf: DESI + CMB + DESY5

New 2D BAO fits for 
QSO

BAO: From DR1 to DR2
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BAO: From DR1 to DR2

 bf: DESI + CMB + DESY5

Agreement & complementarity
 between tracers
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DR1 → DR2: 40% improvement in precision on 
Ωm and hrd

On the consistency between CMB (including the new ACT results) and DESI, see arXiv:2504.18464

BAO: From DR1 to DR2
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https://arxiv.org/pdf/2504.18464


DR1 → DR2: 40% improvement in precision on 
Ωm and hrd

On the consistency between CMB (including the new ACT results) and DESI, see arXiv:2504.18464

Calibrating BAO
distances     

 through external data

BBN prior on 𝜔b : 

Adding prior on angular 
acoustic scale 𝜃*  :

BAO: From DR1 to DR2
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https://arxiv.org/pdf/2504.18464


Dark Energy Equation of State

𝚲 We model a varying 
Dark Energy equation of state  

through:
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We model a varying 
Dark Energy equation of state  

through:

Dark Energy Equation of State

DR1: DESI + CMB  ⇒    2.6σ

𝚲
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Dark Energy Equation of State

We model a varying 
Dark Energy equation of state  

through:

DR1: DESI + CMB  ⇒    2.6σ

DR2: DESI + CMB  ⇒    3.1σ

𝚲
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Dark Energy Equation of State

In 𝚲CDM:

→ DESI BAO predicts slightly lower values of 𝛀m than Planck
→ SN data sets predict higher values of 𝛀m than Planck
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Dark Energy Equation of State

In 𝚲CDM:

→ DESI BAO predicts slightly lower values
 of 𝛀m than Planck
→ SN data sets predict higher values of 𝛀m 
than Planck

In w0waCDM:

→ Prediction of 𝛀m from DESI BAO 
consistent with SNe Ia data sets
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Dark Energy Equation of State

DR1: DESI + CMB + Pantheon+  ⇒    2.5σ

DR1: DESI + CMB + Union3  ⇒          3.5σ

DR1: DESI + CMB + DESY5  ⇒          3.9σ

Combining DESI + CMB + SN: 

𝚲
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Dark Energy Equation of State

DR2: DESI + CMB + Pantheon+  ⇒    2.8σ

DR1: DESI + CMB + Union3  ⇒          3.8σ

DR1: DESI + CMB + DESY5  ⇒          4.2σ

Combining DESI + CMB + SN: 

𝚲

22



Extended DE study

Testing different parameterisation of either w(z) or ⍴DE(z):

→ alternative 2 parameter models with different functional 
forms 
→ introduction of additional degree of freedom 

Chebyshev Polynomial

Non-parametric way of determining w(z) through binning:

→ comparison of different redshift intervals without the 
assumption of a specific functional form

For more details, see arXiv:2503.14743
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https://arxiv.org/pdf/2503.14743


Thanks to our sponsors and 72 Participating Institutions!

Conclusion:

● Full-shape MG constraints compatible with GR
● DR2 is fully consistent with DR1 with error bar 

smaller by almost ~2x
● DESI + CMB prefer dynamical DE at 3.1𝞂
● Including SN data strengthens this to 2.8𝞂 - 4.2𝞂



APPENDIX



Redshifts for the BAO analysis 



Consistency with SDSS



DR2: 
Level of Significance for the different data sets



Robustness of the Dark Energy results

Different level of CMB information:
→ CMB-derived priors 
(late-time dark energy independent)
→ full CMB information (with or 
without lensing)
→ tighten constraints on w0wa 
through fixing 𝛀m

DESY5 calibration:
→ remove samples for z > 0.1
→ best fit still lies in the lower 
quadrant

Replacing the CMB with DESY3:
→ constraints on w0wa purely 
depending on low-z probes



Robustness of the Dark Energy results

Results are robust to different CMB likelihoods



Robustness of the Dark Energy results

For supernovae 
at z > 0.1, which 
partially overlap 
the redshift range 
of DESI, the 
ΛCDM model 
that best fits the 
DESI data is also 
a good fit to the 
SNe data 
(blue line)



Evolving DE: Adding Full-shape to the mix

 2.5σ   ⇒  2.5σ 3.5σ   ⇒  3.4σ 3.9σ   ⇒  3.8σ

For DR1:



Full-shape DR1: Modified Gravity

Combination of clustering and 
lensing:

DESI +CMB

DESI +CMB-nl+
DESY3

GR

Area where we don’t trust our theory predictions


