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Discovery of cosmic microwave background confirms hot Big Bang model (1964)
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Distance Modulus

Multiple independent observations infer
late-time accelerated expansion [Lambda]
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Three generations of CMB satellite establish the
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Lambda-CDM: just six numbers

* General relativity + FLRW + Lambda + CDM + baryons + flat:

* Gaussian, adiabatic initial conditions with power-law spectrum:

* Phase transition from neutral to ionised at epoch of reionisation:
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independently test

cosmology through small scales & polar

Ground-based CMB observatories
Atacama Cosmology Telescop
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CMB temperature T & polarisation E
angular power spectra
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CMB lensing potential ¢ angular power spectrum
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The Planck PR3 lensing anomaly

T Credit: Duncan Hanson
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No new physics in the CMB
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Using more raw Planck data suppresses lensing
anomaly & drives cosmology to flatness
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The Dark Energy Spectroscopic Instrumen
alaxy redshift survey
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Size of Universe relative to today
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Lambda-CDM is a good fit to DESI BAO
but not for Planck CMB parameter values

Isotropic BAO Distance BAO Distance Ratio
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And then the supernovae tend to prefer higher Qn...
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Two-parameter dark energy equation of state
shifts away from Lambda-CDM
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Dark energy not the only implication from the CMB-BAO discrepancy

Significance of wo-w, preference reduced without low-redshift (z < 0.1) supernovae
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6.40 CMB-SHOES Hubble tension
not fully resolved by any cosmological model
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The cold dark matter paradigm is robustly tested on
“large scales” in the linear matter power spectrum
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But it hasn’t been tested on ‘“small scales”...
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Rubin Observatory’s Legacy Survey of Space and Time
will see 4 million SNe/20 billion galaxies/17 billion stars
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VERA C. RUBIN
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Weak gravitational lensing of galaxies can distinguish axion dark matter from feedback

Milky Way satellite galaxies trace dark matter sub-halo mass function
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Summary

* No evidence for new physics beyond Lambda-CDM in any individual dataset

¢ 2.80 CMB-BAO discrepancy alleviated by two-parameter dark energy model

* Rubin Observatory will test dark energy/dark matter in new regime
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