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NCDM

v v
Dark Energy Cold Dark Matter
* drives late-time expansion * negligible thermal velocity
of the Universe * negligible electromagnetic
* consistent with interactions
cosmological constant A * mainly interacts via gravity

4 )
What causes the late-

time expansion? What is the particle
Modifications to GR, nature of dark matter?

new field or simply A?
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Crisis in Cosmology?

DESI Collaboration (2025)
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Intro Measurements

Di Valentino et al. (2021)
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Probing Dark Energy with Cosmic Structure

a=1/4 a=1/2 a=1 (today)
Huterer et al. (2015) T Pr— S
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(Da rk energy determines growth of structure history.)
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Weak Gravitational Lensing

A2
2crit(zl!Zs)

Complications
* Galaxies have intrinsic
ellipticities
* Pixelization
* Point Spread Function
* Photometric Redshifts
* Blending

Y,= <1
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Lensing is Low: A Cosmic Structure Tension?

o~ ~ Leauthaud etal. (2017)-

(Lensing-is-Low-Problem\

If we assume ACDM with
Planck CMB constraints,
we overpredict the lensing
_amplitude on small scales.
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Our Predictions in 2019

We investigate the abundance, small-scale clustering, and galaxy—galaxy lensing signal of
galaxies in the Baryon Oscillation Spectroscopic Survey (BOSS). To this end, we present new
measurements of the redshift and stellar mass dependence of the lensing properties of the galaxy
sample. We analyse to what extent models assuming the Planck 18 cosmology fit to the number
density and clustering can accurately predict the small-scale lensing signal. In qualitative
agreement with previous BOSS studies at redshift z ~ 0.5 and with results from the Sloan
Digital Sky Survey, we find that the expected signal at small scales (0.1 < r, <3 h~! Mpc)
is higher by ~ 25 per cent than what is measured. Here, we show that this result is persistent
over the redshift range 0.1 < z < 0.7 and for galaxies of different stellar masses. If interpreted
as evidence for cosmological parameters different from the Planck cosmic microwave
background (CMB) findings, our results imply Sz = 05 /€, /0.3 = 0.744 + 0.015, whereas
Sg = 0.832 = 0.013 for Planck18. However, in addition to being in tension with CMB results,

such a change in cosmology alone does not accurately predict the lensing amplitude at larger
scales. Instead, other often neglected systematics like baryonic feedback or assembly bias are

e ——
likely contributing to the small-scale lensing discrepancy. We show that either effect alone,
though, is unlikely to completely resolve the tension. Ultimately, a combination of the two

effects in combination with a moderate change in cosmological parameters might be needed.
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Lensing Measurements



Photometric Redshifts

X Mendes de Oliveira et al. (2019) Molino et al. (2020)
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Photometric Redshifts: New Results from DESI

Lange et al. (DESI final reading)
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Intrinsic Alignments

Lamman et al. (2024)

intrinsic alignment bias

Lange et al. (2024)
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Lensing Measurements with SDSS

Lange et al (2021)
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Older SDSS measurements may be affected by measurement
systematics and partially explain lensing-is-low on large scales.
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Standard Galaxy Model
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Halo Assembly Bias
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Halo Assembly Bias: The clustering of dark matter
halos depends on properties other than halo mass.
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Galaxy Assembly Bias

Lange et al. (2019) Chaves-Montero et al. (2023)
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Galaxy assembly bias can plausibly
explain %2 the lensing-is-low problem.
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Baryonic Effects
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(Ba ryonic feedback seems stronger than initially expected.)
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Weak Lensing and the Sg-Tension
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Within ACDM, lensing tends to infer Sg to be
below (up to ~30) the Planck CMB prediction.
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Non-Linear Cosmology: Mock Tests

* created mocks based
on subhalo abundance
matching

—
Do
L] I L

* analyzed with same
pipeline as
observations
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Application to BOSS LOWZ
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Sg-Tension and Lensing is Low

Lange et al (2023)
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Next Steps: New Measurements

300° 270°
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Next Steps: New Mock Tests

Real-Space Correlation Function

Doytcheva, Gerou & Lange (2024)
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10' | FLAMINGO and MilleniumTNG plus control
variates enable pure hydro mock tests.
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Summary

* lensing-is-low problem: overprediction of small-
scale lensing amplitude

* unlikely to be caused by measurement systematics of
stage-Ill lensing surveys

* sensitive to galaxy formation, i.e., assembly bias and
baryonic feedback

* may partially be a manifestation of the Sg-tension,
future DESI data should tell
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