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microwave projects: cosmic microwave background
(primordial gravity waves, neutrinos, ...)
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optical & NIR projects: galaxy surveys
(dark energy, neutrinos, ...)
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telescope location: ground / above atmosphere
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CMB ground telescope location: Atacama desert /
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Galaxy survey instrument: spectrograph / imager



-

Dark Energy Spectroscopic Instr

umen

t (DESI)

16



Dark Energy Spectroscopic Instrument (DESI)
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EXPANSION HISTORY VS STRUCTURE GROWTH

Measurements of our cosmic expansion history constrain the
parameters of an expanding homogenous universe:

/

CMB

Small inhomogeneities are growing against this backdrop.
Measurements of this structure growth provide complementary
constraints.
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Large-scale redshift-space distortions (RSD)
trace large-scale matter fluctuations: signal!
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Angles measured on the sky are also distorted by
weak lensing (WL) as light is deflected by
the same large-scale matter fluctuations: signal!

N / ] /

Large-scale redshift-space distortions (RSD)
trace large-scale matter fluctuations: signal!
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ions of structure growth at z~1090:
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https://wiki.cosmos.esa.int/planck-legacy-archive/index.php/CMB_maps

CMB: INFLATION ERA SIGNATURES
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Lensing B modes already observed.

Next target:
B modes from primordial gravity waves.
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https://www.annualreviews.org/doi/abs/10.1146/annurev-astro-081915-023433
https://arxiv.org/abs/1907.04473

CMB: INFLATION ERA SIGNATURES
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Next target:
B modes from primordial gravity waves.

Key parameter:
r = tensor / scalar fluctuations

| Forecast sensitivity to r
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https://arxiv.org/abs/1907.04473
https://arxiv.org/abs/1907.04473

CMB: SEARCH FOR LIGHT RELIC PARTICLES

Measure gravitational effects of radiation fluid, including
relativistic particles produced in thermal equilibrium.

Expect Neg ~ 3 from SM neutrinos.
Deviations ANeg are signature of new light particles.
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CMB+GALAXIES: SUM OF NEUTRINO MASSES

SM neutrinos are relativistic in early universe (CMB),
then non-relativistic (matter like) in the late universe (DE).

The transition between these regimes is sensitive to M, = X m,
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SOME (MILD) TENSIONS WHEN EXTRAPOLATING FROM CMB

Hp=expansion
rate today
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NEW RESULTS ON Hp TENSION
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https://arxiv.org/abs/2007.08991

NEW RESULTS ON THE Sg TENSION
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GALAXIES: DARK ENERGY EVOLUTION
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GALAXIES: DARK ENERGY EVOLUTION
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GALAXIES: NEW RESULTS ON DARK ENERGY

w(a) = wo + w.(1-a)
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https://arxiv.org/abs/2007.08991

GALAXIES: DARK ENERGY FORECASTS

expect percent-level test w(a) = wo + wa(1-a)
of wo=-1 during 2020s

Clusters Y10
| — bipossBao | | 1= S

—— P+DESI 14k BAO N
—— P+DESI 14k BB k <0.1AMpc™" |
. P+DESI 14k BB k <0.2hMpc ™

Stage 111

SN Y10

aSx2pk Y18

LSST all+Stage III

’

1111
’ ’
,,,,,
’, 7

,
)
</

/ ’
11111
, ’
L/ ‘s
/, ‘,

~0.4 |
—0.06} o7

-1.20-1.15-1.10-1.05-1.00 —0.95 —-0.90 —0.85 —-0.80 .% 'Q :
Wo 14wy
DESI forecast Vera Rubin Obs (DESC) forecast

https://arxiv.org/abs/1611.00036 https://arxiv.org/abs/1809.01669



https://arxiv.org/abs/1611.00036
https://arxiv.org/abs/1809.01669

GALAXIES: DARK ENERGY FORECASTING GUIDE

w(a) = wo + w.(1-a)

Contour in (wo, w,) translates to a sensitivity curve:
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COSMOLOGY TRENDS FOR THE 2020S

Our ability to constrain cosmological parameters is increasingly
limited by systematic uncertainties.

Our community is adopting many of the same mitigation
strategies as HEP:

> fewer & larger collaborations

> joint analysis between experiments
(cross correlations & joint pixel-level data processing)

» adoption of blind analysis methods

» exploration of machine-learning algorithms
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BACKUP SLIDES



The optical sky is a data cube: 0 X ¢ X r
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Flux (arb. units)

6 filters:
A/ AL~ 5

3.2BX
0.04 arcsec? pixels

Galaxy survey imaging, e.g. Vera Rubin Observatory

38



b AN
i 1

Flux (arb. units)

3-arm spectrograph:

5K X
A/ AL ~ 4000

1.8 arcsec? fibers

Galaxy survey spectroscopy, e.g. DESI
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