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We are now at the threshold of a new era in cosmology. With telescopes probing
ever earlier epochs and larger volumes, we are making rapid progress in improving the
quantity and quality of data. Cosmology is at last becoming a precision science. Once
again the CMB is taking a central place in this transition. Launched in late 1989, the
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FROM PRECISION COSMOLOGY TO ACCURATE COSMOLOGY

P. J. E. Peebles
Joseph Henry Lavoratories, Jadwin Hall
Princeton University, Princeton NJ 08544 USA

This is the dawning of the age of precision cosmology, when all the important parameters will
be established to one significant figure or better, within the cosmological model. In the age
of accurate cosmology the model, which nowadays includes general relativity theory and the
CDM model for structure formation, will be checked tightly enough to be established as a
convincing approximation to reality. I comment on how we might make the transition. We
already have some serious tests of gravity physics on the length and time scales of cosmology.
The evidence for consistency with general relativity theory is still rough, but impressive,
considering the enormous extrapolation from the empirical basis, and these probes of gravity
physics will be considerably improved by work in progress on the cosmological tests. The
CDM model has some impressive observational successes too, and some challenges, not least
of which is that the model is based on a wonderfully optimistic view of the simplicity of
physics in the dark sector. I present as a cautionary example a model for dark matter and
dark energy that biases interpretations of cosmological observations that assume the CDM
model. In short, cosmology has become an empirically rich subject with a well-motivated
standard model, but it needs work to be established as generally accurate.
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Precision cosmology, Accuracy cosmology
and Statistical cosmology
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! ICREA & Instituto de ciencias del Cosmos, Iniversitat de Barcelona ICC-UB IEEC

2 Institute of Theoretical Astrophysics, University of Oslo, 0315 Oslo, Norway
email: liciaverde@icc.ub.edu

Abstract. The avalanche of data over the past 10-20 years has propelled cosmology into the
“precision era”. The next challenge cosmology has to meet is to enter the era of accuracy.
Because of the intrinsic nature of studying the Cosmos and the sheer amount of data available
now and coming soon, the only way to meet this challenge is by developing suitable and specific
statistical techniques. The road from precision Cosmology to accurate Cosmology goes through
statistical Cosmology. I will outline some open challenges and discuss some specific examples.

Keywords. methods: data analysis, methods: statistical, Cosmology: cosmological parameters,
cosmology: large-scale structure of universe
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Intermezzo:

DESI Cosmology Results
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April 2024: DESI DR1 BAO Results

First Results from DESI Make the

/\lﬂ T 2T 1] Most Precise !VIeasurement of Our
Expanding Universe

12
redits: Claire Lamman | DESI collaboration. Poster available on our RedBubble Store
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March 2025: DESI DR2 BAO Results
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DESI 2025 (DR2) BAO Results

lookback time [Gyr]
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DESI 2025 (DR2) BAO: wOwa plane
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A new wOwaCDM paradigm?
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Some z‘/w'/zg has to give...
Credits:

. Claire Lamman



From observations to LSS catalogue:

DESI| End-to-end pipeline and
systematics
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Dark Energy Spectroscopic Instrument

18



Dark Energy Spectroscopic Instrument
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Credits:
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... o\ course.
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Dark Energy Spectroscopic Instrument
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https://arxiv.org/abs/2208.08515
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DESI target selection
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DESI target selection
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... pointing into the sky

Credits: Noirlab



... pointing into the sky

Credits: Noirlab



Measure redshift from spectra

log(Normalized Flux)

z = 0.000

w\wi
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From repeat observations:
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sigma_z ~ 10 km/s (BGS, ELG) - 50 km/s (LRG, QSO)

0.27% of ELG have catastrophic z-failures > 1000 km/s
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DESI DR2 Footprint

number of overlapping dark time tiles
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Density fluctuations in targets -> Imaging systematics
Density fluctuations in footprint -> Incompleteness systematics
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https://arxiv.org/abs/2503.14738
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Imaging systematics
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Incompleteness systematics

Non-uniform Footprint
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Incompleteness systematics
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From field to summary statistics
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From 3D map compute clustering statistics with pair counts

29 SubbaRao et al., SDSS, 2008, 10.1088/1367-2630/10/12/125015/
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From field to summary statistics

From 3D map compute clustering statistics with pair counts

29 SubbaRao et al., SDSS, 2008, 10.1088/1367-2630/10/12/125015/
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From field to summary statistics

E(s, cos 0)

From 3D map compute clustering statistics with pair counts

29 SubbaRao et al., SDSS, 2008, 10.1088/1367-2630/10/12/125015/
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From field to summary statistics

Legendre Transform

RN B —

From 3D map compute clustering statistics with pair counts

29 SubbaRao et al., SDSS, 2008, 10.1088/1367-2630/10/12/125015/
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From field to summary statistics

Legendre Transform

5($,C08 0) = C,(5)

From 3D map compute clustering statistics with pair counts

29 SubbaRao et al., SDSS, 2008, 10.1088/1367-2630/10/12/125015/
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Summary Statistics

Two-point correlation function multipoles
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BAO reconstruction
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BAO Reconstruction
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Blinding at Catalog level

Shift galaxies along A
the line of sight i

.

oA
/N

Blind BAO+RSD signal
in a controlled way by applying:

1. geometrical BAO shift
(expansion history)

2. density-dependent RSD shift
(growth history)
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Blinding at Catalog Level

DESI meeting, Berkeley, July 2019
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Testing systematics
for DESI BAO analysis



Isotropic Distance
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Fiducial Cosmology assumption
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Outlook

e DESI DR2 BAO is just the start!
e Still some DESI DR1 analyses ongoing:

e Systematic error from fiducial cosmology assumption both
{o]§

1. ShapeFit analysis (BAO+RSD+Shape) -> A

2. Full Modelling -> €2
e Cosmology from Higher order statistics (bispectrum)

 And full shape from DESI DR2 also coming soon!
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What to expect from DR2 Full Shape

Preliminary Fisher Forecasts for P(k) + B(k) using the tripolar spherical
harmonic bispectrum estimator by Sugivama, Saito, Beutler, Seo, 2019

Maximum Freedom w. physical priors (2110.10161) Maximum Freedom w. physical priors (2110.10161)

.» Wp, Wpc)cmg +DESI DR2 FS : P .» Wp, Wpc)cms +DESI DR2 (FS + BAO) : P
(6., Wy, Whc)cmg+DESIDR2 FS:P + B (0., Wy, Wyhc)cmg+DESI DR2 (FS + BAO) :P+B
. Wp, wbc)cp.13+DES| DR2 BAO iy Wh, wbc)cp.qB+DES| DR2 BAO

2.40
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https://academic.oup.com/mnras/article/484/1/364/5222671

Summary and Conclusion

* Presented different types of systematics and their mitigation schemes:
e Survey Related:
e Spectroscopic systematics
* Photometric systematics
e Incompleteness systematics
e -> none of these impacts BAO
 Modeling Related:
e Confirmation Bias (mitigated by Blinding)
* Non-linear evolution (mitigated by BAO Reconstruction)
e Theoretical modeling choices (almost zero)

e Fiducial cosmology assumption (negligible, and redone using bestfit wOwa
cosmology)

e -> BAO analysis robust
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Tensions within a model (€2) are not as

intriguing as tensions arising before assuming a
model (A)



Backup Slides



DESI DR2 BAO + CMB + SN
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DESI DR2 BAO: wOwa plane
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