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● R2→R1 university in Washington, DC
● small physics department
● 7 tenure-track research faculty
● ~dozen physics majors per year, no 

grads or postdocs
● teaching 2 courses per semester

Credit: American University



ΛCDM

Cold Dark Matter
● negligible thermal velocity
● negligible electromagnetic 

interactions
● mainly interacts via gravity

What is the particle 
nature of dark matter?

What causes the late-
time expansion? 

Modifications to GR, 
new field or simply Λ?

Dark Energy
● drives late-time expansion 

of the Universe
● consistent with 

cosmological constant Λ
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Di Valentino et al. (2021)

Crisis in Cosmology?

Intro Measurements Modeling Cosmology

DESI Collaboration (2025)

Cosmological
Constant Λ
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Probing Dark Energy with Cosmic Structure
Huterer et al. (2015)

Dark energy determines growth of structure history.

Intro Measurements Modeling Cosmology
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Weak Gravitational Lensing

γt= ΔΣ
Σcrit (zl , zs)

≪1

Complications
● Galaxies have intrinsic 

ellipticities
● Pixelization
● Point Spread Function
● Photometric Redshifts
● Blending
● ...

Intro Measurements Modeling Cosmology
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Leauthaud et al. (2017)

Lensing is Low: A Cosmic Structure Tension?

~30%

Lensing-is-Low-Problem
If we assume ΛCDM with 
Planck CMB constraints, 

we overpredict the lensing 
amplitude on small scales.

Intro Measurements Modeling Cosmology
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The Lensing-is-low Debate

Intro Measurements Modeling Cosmology



10/29

Our Predictions in 2019

Intro Measurements Modeling Cosmology



Lensing Measurements
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Photometric Redshifts
Mendes de Oliveira et al. (2019) Molino et al. (2020)

Photometric redshifts alone are not accurate 
enough for precision weak lensing.

Intro Measurements Modeling Cosmology
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Photometric Redshifts: New Results from DESI
Lange et al. (DESI final reading)

Calibration of photo-z’s is accurate 
enough for stage-III lensing surveys.

Intro Measurements Modeling Cosmology



14/29

Intrinsic Alignments

Lamman et al. (2024)

Lange et al. (2024)
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Lensing Measurements with SDSS

Intro Measurements Modeling Cosmology

Lange et al. (2021)

BOSS LOWZ x SDSS

Older SDSS measurements may be affected by measurement 
systematics and partially explain lensing-is-low on large scales.



Modeling
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Halo Occupation Distribution
● standard HOD parametrization: 

Mmin, M1, M0, σlogM, α

● central incompleteness fΓ

Standard Galaxy Model

Intro Measurements Modeling Cosmology
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Halo Assembly Bias

Intro Measurements Modeling Cosmology

Wechsler & Tinker (2018)

Halo Assembly Bias: The clustering of dark matter 
halos depends on properties other than halo mass.
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Galaxy Assembly Bias
Chaves-Montero et al. (2023)Lange et al. (2019)

Galaxy assembly bias can plausibly 
explain ½ the lensing-is-low problem.

Intro Measurements Modeling Cosmology
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Baryonic Effects
Lange et al. (2019)

Baryonic feedback seems stronger than initially expected.

Intro Measurements Modeling Cosmology

Hadzhiyska et al. (2024)



Cosmology
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Weak Lensing and the S8-Tension
KiDS – Asgari et al. (2021)DES – Amon et al. (2021)

Within ΛCDM, lensing tends to infer S8 to be 
below (up to ~3σ) the Planck CMB prediction.

Intro Measurements Modeling Cosmology

KiDS – Stölzner et al. (2025) HSC – Sugiyama et al. (2023)
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Non-Linear Cosmology: Mock Tests
● created mocks based 

on subhalo abundance 
matching

● analyzed with same 
pipeline as 
observations

● no indication of bias in 
cosmological results

Lange et al. (2023)
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Application to BOSS LOWZ

Intro Measurements Modeling Cosmology
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S8-Tension and Lensing is Low

Intro Measurements Modeling Cosmology

Lensing-is-low 
may partially be a 
manifestation of 
the S8-tension (if it 
exists).

Lange et al. (2023)
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Next Steps: New Measurements

Intro Measurements Modeling Cosmology
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Next Steps: New Mock Tests
Doytcheva, Gerou & Lange (2024)            Real-Space Correlation Function

sim 100x larger

sim 10x larger

D
oytcheva, G

erou &
 Lange (20

24
)

Intro Measurements Modeling Cosmology

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-III lensing surveys
● sensitive to galaxy formation, i.e., assembly bias and 

baryonic feedback
● may partially be a manifestation of the S8-tension, 

future DESI data should tell

Intro Measurements Modeling Cosmology
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