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Planck satellite primarily
probing early universe
(inflation to recombination)

Benchmark LCDM model
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Propagate fit model forward in time
Compare expansion rate H
Compare growth S,




High-resolution

ground-based probing
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Complementary / improved predictions forHjand S ,
explore wider range of new physics
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High-resolution
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CMB secondary effects as a probe of (new) axion physics

We obtain some of the tightest constraints
on g, for m, ~ 5x 107" eV axions
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Next generation results
rolling in!
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Timeline for SO expansions

First maps made within ~1 month of data taken 90 GHz Q-Map
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Evolving dark energy?

o 47, ' | DESI collab. 2025

* Unless there is an unknown systematic
error assoclated with one or more
datasets, it is clear that ACDM is being
challenged b} the combmatlon of DESI

and that
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Some probes (e.g. some galaxy
weak lensing) find low Sy

Could this be axion dark
matter? Or complex
gastrophysics on small scales?

Rubin LSST weak lensing + CMB
gas observables will tell us!
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LSST Y| weak lensing as a dark matter probe: § L

strongest limits & discovery potential _
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Gravitational waves from

compact object mergers
(LIGO)

TR ey

Expansion rate through
standard siren



= GW170817
Empty catalog
mmmm K-band with GW170817

=== K-band
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£ H, = 68 5km/s/Mpc
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42 binary black hole mergers + 2 binary neutron star mergers
+ 2 neutron star-black hole mergers +GW190814
Results for O4a will be available in late August.
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Future cosmology



Principled ML techniques to unlock more information  G-madson

Testing primordial
non-Gaussianity (e.g. fNL)
better than Planck is a goal
for many galaxy surveys

Neural network method
that could allow
marginalization over
training simulation
assumptions gives large
improvement
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Moritz
Munchmeyer

Result: Strong improvement in sensitivity to faL

Under simulation conditions, the new method is several times more
sensitive than the “old” analytic method.

Black: analytic method without NN
Red: new NN method

Using Quijote-PNG simulations with
fae = 100.

: 80 100 12(]. 140 i 160
Iz

Caveat: In this analysis, the neural network gets to see the matter field, which is not
directly observable.
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new plan achieves the

CMB-S4 goals with:

Jeff McMahon
(Chicago)
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3 CMB-S4 SATs

/ 3 CMB-S4 SATs +

Continued operations with the
completed Simons Observatory
Continued operations with SPO
with the proposed SPT-3G+
camera and upgrades to
BICEP/Keck

CMB-S4 hardware in Chile (one
large and six small aperture
telescopes) more the doubling
the mapping speed of SO.

1 CMB-S4 LAT

0.955 0.960
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scalar spectral index ng
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Figur({ 4.1: Forecast for o(r) = f(t) for combined observations by SPO, SO, and CMB-S4 with six SATs and

one LAT. The years when additional instrumentation are assumed

to be brought online are indicated.




Summary

e Precision measurements are already uncovering disagreements (esp. late times)

o Local expansion rate (Ho)
o Dynamical dark energy (w,, w)
o Matter clustering amplitude (S,)

e Unclear if these are due to new physics, systematics or fluctuations

e Neutrino mass and axion dark matter, for example, need more clarity on these
systematics and/or LCDM extensions

e New generation of CMB and galaxy surveys are now pushing fast to clarify this
through joint probes

e New ways of analyzing LIGO events may help with the Hubble tension



