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" Confronting models with measurements
Researcher talk — Scicomm Collider — Perimeter Institute

iy i 3 Jessie Muir - Postdoctoral Fellow @ Perimeter Institute
S April 13,2023
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What is dark energy?

Is it a cosmological constant?
Do we need to extend general relativity?

What is dark matter?
Cold dark matter? Axions?
One type of particle? More?
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Broadly speaking, we can measure two things.

Shace

+ Theory of
Gravity

+ Current rate of
expansion

Expansion history

Initial
—+ fluctuation Evolution of density
properties .
fluctuations
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Expansion is probed with distance measurements

Type la Supernovae

BAO, characteristic size of feature in galaxy distribution
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Type la Supernovae
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Image : Planck, ESA

Pirsa: 23040098 Page 15/24




Growth measurements with galaxy surveys

Spectroscopic surveys | Imaging surveys
Select galaxies as

" targets, measure
i spectra .
v [ ‘ Spectra =
) sord redshift >

o T precise distances
DESI
35M gal. by 2026

DES - 200M gal. completed 2019

BOSS )
1.3M gal., done 2014 KiDS , HSC, UNIONS
Euclid Rubin LSST
50M gal., planned 20B galaxies, planned 2024-2034

\ 2024-2030
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Find galaxies in images.

Distances from brightness in
a few color filters.

Less time per galaxy -
more galaxies

Can measure galaxy shapes
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Dark Energy
Survey (DES)

DARK ENERGY
SURVEY

* |maging survey 2013-2019
* 758 nights observing
* 5000 deg?, ~10% of sky

* 400+ participants

* Cosmology analysis still
underway!

Funding

.' U.5. DEPARTMENT OF Office of Science and
..............
T @ ENE GY Science (ISCHOICHY, S SRRy
» Facilities Councﬂ
#

Member institutions

Eidgengssische Technische Hochschule Zirich
Swits Federal Institute of Technology Zurich

4m Blanco Telescope
Cerro Tololo Inter-American Observatory, Chile
Photos from Aug. 2017 observing shift
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Constraining model parameters

A - cosm(.)'l.oglcéiw

constant dark energy
e CDM - cold dark matter
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Amplitude of
density fluctuations

Ss

Inner contours: 68% confidence region
QOuter contours: 95% confidence region

0.901

0.851

0.801

0.751

— Early Universe
CMB measurements by the Planck satellite

Late Universe
B S Y3 weak lensing and clustering

0.70
0.2

0.3 0.4

Qo
Matter density

DES Collaboration 2022, arXiv:2105.13549 10
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Constraining model parameters

0.95

Early-time CMB
measurements
from Planck

SPace

tima

Late-time structure
measurements
from DES
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Amplitude of
density fluctuations

0.901

Inner contours: 68% confidence region
Outer contours: 95% confidence region

Early Universe
B C\iB measurements by the Planck satellite

Late Universe
B S V3 oweak lensing and clustering

0.4 0.5
)

11
Matter density
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PRECISION VS ACCURALCY

©IOLOJO)

t/ Precision
X Accuracy

X Precision
v’ Accuracy

X Precision
X Accuracy

v Precision
v’ Accuracy

7

Baryon feedback: Scale cuts

Don’t include data where we know theoretical
predictions aren’t reliable.

Intrinsic alignments: modeling

Model how tidal interactions contaminate weak
lensing signals.

Experimenter bias: Blinding

N

Hide results until decisions, validation checks are

QTR
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. o
Conclusion s

We test AToMS
cosmological model
predictions for...

Expansion history via
distance measurements,

Growth of structure via
CMB, galaxy surveys.

The combination/comparison of constraints
can provide clues towards more fundamental
descriptions of dark matter & energy.

<l ~horative e vt
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