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Abstract:

In this talk, I will describe how DESI’s precise measurements of the large-scale galaxy distribution test our understanding of the
standard cosmological model and probe the Universe’s initial conditions. First, | will show how DESI can measure the Hubble
constant in several different ways, ultimately motivated to test new-physics resolutions to the Hubble tension. In particular, | will
highlight a new method that, rather than building a distance ladder to test the distance-redshift relation, builds an energy
density ladder to measure the Universe’s critical density, and thus directly measure the Hubble constant. DESI structure growth
measurements play a critical role, as we compare the relative growth of baryonic and cold dark matter perturbations to link the
baryon abundance (determined the early Universe) to the matter abundance measured by the geometry of the late Universe.
Second, | will discuss ongoing work on tomographic structure growth constraints from the combination of DESI DR2 full-shape
and CMB lensing cross-correlations with Planck and ACT. Adding CMB lensing cross-correlations considerably improves DESI
DR2’s constraining power on dark energy, modified gravity, and neutrino mass. Finally, | will show how we can use DESI-CMB
lensing cross-correlations as a particularly robust probe of local primordial non-Gaussianity, allowing us to differentiate
single-field and multi-field inflation models.
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[lluminating the growth of cosmic
structure with DESI

DESI and the Hubble tension: a new method to measure Ho from relative
baryon and dark matter perturbation growth

DESI + CMB lensing: cross-correlations for structure growth and primordial
non-Gaussianity
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What is going on with Ho?
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Standard cosmological Hp measurement

» Sound waves in the CMB (Baryon
Acoustic Oscillations, BAO)
e o " create standard ruler in matter
< Sound horizon field
W el ie

& °

> New-physics solution to Ho
tension changes the size of the
standard ruler (sound horizon)

» Can we measure Ho without
calibration by the sound horizon?

credit: BOSS survey & Berkeley Lab
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Hubble tension — sound horizon tension

> Matter-radiation equality scale is an alternative standard ruler, but new
physics solutions also changes matter-radiation equality

> We propose a new method to measure Ho without standard rulers at

all!
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Measuring Hubble from the total energy density
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Precision 0.02% 2.5% 6.3% 5.1%

from DESI DR1 + latest
BBN + FIRAS

Krolewski, Percival and Woodfinden (2025), PRL
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BAO amplitude

» We use the height of the BAO rather than its position

» Simple information from perturbation growth: more baryons = higher

BAO
» Nothing to do with size of standard ruler: can test theories that modify
izon!
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BAO amplitude — baryon/matter ratio
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Robustness to modified sound horizon

B Early Dark Energy
ACDM h = 0.674

Bl ACDM h=0.575

Bl \CDM h=0.717

AQm,dens

—0.05r

0.04}
& 0.00
<]

—0.04}F

—0.1 0.0 0.1 —0.05 0.05 —0.03 . 0.03 Krolewski L. (35055)
rolewski et al. (2025
Ahdens AQm,dens Af}’b Crespi, Krolewski et al. (2025)

Pirsa: 26040072 Page 10/21



Mocks with different cosmologies
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Hubble Constant Measurement
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» o(Hy)~ 2.5 km/s/Mpc with DESI Y1, ~1.3 km/s/Mpc
expected with DESIY5

Krolewski, Percival and Woodfinden (2025) Krolewski et al. (2025)
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Structure growth and primordial non-
Gaussianity with DESI DR2 x CMB lensing
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CMB lensing cross-correlations
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Overlap between DESI DR2 and
CMB lensing
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Planck PR4 CMB lensing DESI spectroscopy
ACT DR6 CMB lensing DESI-LS photometry
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> Joint fit to galaxy power spectrum, DESI x CMB lensing, and post-
reconstruction BAO

» Model with EFTofLSS (galaxy power spectrum) + hybrid EFT for cross-
correlations (i.e. PT + nonlinear dynamics from N-body sims)
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Why do lensing cross-correlations help?

Angular galaxy-lensing Best-fit DES| DR2+CMB+5Ne Best-fit Planck 2018
cross-power-spectrum casmology cosmology
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1. Sensitivity to dark energy’s
impact on geometry & structure
growth
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2. Breaking degeneracies with
astrophysical nuisances (galaxy
bias parameters)
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DESI DR1 to DR2 improvements

> Analysis improvements:

o » Add ELG and QSO x
.° CMB lensing: higher

SNR due to higher z
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The team making this analysis happen

Our analysis builds on work from the entire DESI Collaboration and is led by early-career scientists:
Mark Maus: Theoretical model validation and systematics for DESI x CMB-lensing
Gerrit Farren: Measurement of the cross-correlation of DESI galaxies with CMB lensing and data-level robustness tests
Xinyi Chen: Galaxy Light Cone Mocks for CMB Lensing x Galaxies of DESI DR2 Analysis and Beyond
Tanveer Karim: ELG HOD systematics for DESI x CMB lensing
Bernardita Ried-Guachalla: Robustness of DESIXCMB lensing measurements against CMB foregrounds on simulations
Wenshuo Xu: Intro for the GLAM lensing mocks + CMB lensing tests

Key Project coordinators: Anton Baleato Lizancos and Alex Krolewski

Bernardita Antén
Mark Maus XinyiChen Ried Guachalla Baleato Lizancos Sofia Chiarenza Marco Bonici

Alex Reeves

Gerrit Farren .Tanveer Karim Alex Krolewski Frank J. Qu

Wenshuo Xu
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Pipeline tests on simulations: Abacus
lightcone mocks

» Need mocks with lensing as well as DESI galaxies: develop separate
set of mocks using Abacus lightcones
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Led by Xinyi Chen
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Empirical tests: consistency across
Imaging regions

> We see a significant o
difference in the data =2,
vector... butitcanbe % e
entirely absorbed by o
shot noise! I G i

> Imaging regions 5 ot
consistent once
nuisance parameters 7, e
are marginalized g " o

Led by Gerrit Farren
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Outlook: DESI DR2 cross-correlations
for structure growth

» New DR2 analyses besides BAO are imminent... and CMB lensing
cross-correlations add significant cosmological information over full

shape

» DR2 brings 50% more spectroscopic area, significantly higher
completeness, and improved overlap with CMB surveys

> Joint analysis of clustering + CMB lensing is a DESI key project
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