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Cosmology 2023 CDM

A Well-tested (6parameter) cosmological model:

0 Universe expanding from hot, dense, early phase 13.8 billion
years ago.

0 Early epoch of accelerated expansianflation) produced nearly
flat & smooth spatial geometry and generated laig@ale density
perturbations from quantum fluctuations.

d From these, structure formed via gravitational instabilitgldf
dark matter (CDM, 25%hh currenthcosmological constant
dominated § 70%) universe, whichagain accelerating

A Consistent with all data from the Cosmic Microwave Backgrounc
large-scale structure, gravitational lensing, supernovae, clusters
el ement abundances, &



CMB Temperature Anisotropy
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Cosmological Physics

A Despite remarkable succes6fDM, we don.i
the physicef dark matter, dark energy, or inflation.

A What is the Dark Matter?
A Who is thenflator?
A What is the origin of Cosmic Acceleration?
0 Dark Energy or Modification of General Relativity?

& Nature of Dark Energy; or dynamical component
(e.g., an ultrdight field)?

A How do they fit into extensions of the Standard Model
Particle Physics?




Cosmological Dynamics

Friedmann
Equation from
General Relativity

A Dark Energyd omi nant, oOrepul sive gr
energy density that drives cosmic accelerati@»0) via an
equation of state parameter) - pfo8

A Special casezacuum energy phequi val ent tc

cosmological constay
A Alternativereplace GR with a new theory of gravity.



DE Equation of State parametedetermines Cosmic Evolution
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Signatures of Dark Energy
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Cosmic Surveys: Stage lll to Stage IV

Project Dates  Area/deg? Data Spec-z Range Methods

BOSS  2008-2014 10,000 Opt-S 0.3-0.7 (gals) BAO/RSD
2-3.5 (LyaF)
KiDS  2011-2019 1350 Opt-I — WL/CL
DES 2013-2019 5000 Opt-I —_— WL/CL
SN/BAO
eBOSS  2014-2018 7500 Opt-S  0.6-2.0 (gal/QSO) BAO/RSD
2-3.5 (LyaF)
SuMIRE 2014-2024 1500 Opt-1 WL/CL
Opt/NIR-S  0.8-2.4 (gals)  BAO/RSD
HETDEX 2017-2023 450 Opt-S 1.9 <z < 3.5 (gals) BAO/RSD
DESI  2021-2026 14,000 Opt-S 0-1.7 (gals) BAO/RSD
2-3.5 (LyaF)
VRO/LSST 20252035 20,000 Opt-I WL/CL
SN/BAO
Buclid 20232029 15,000 Opt-I WL/CL
NIR-S 0.7-2.2 (gals) BAO/RSD
Roman  2026-2031 2200 NIR-I WL/CL/SN
NIR-S 1.0-3.0 (gals) BAO/RSD

|I=Imaging, S=Spectroscopic
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The Dark Energy Survey

DARK ENERGY|
SURVEY

DECanon the CTIO Blanco 4m

A Probe origin of Cosmic
Acceleration:
d Clusters, Weak Lensing, Galax
clustering, Supernovae

A Two multicol
200 M galaxies over 1/8 sky
2000 supernovae (27 sq deq)

A 570 Megapixel Camera built 1%
at Fermilab

1 DECantacility instrument
A Sur v e yJanA201P.

I 575 nights _ International collaboration; US support
8 Final analyses egoing from DOE+NSF




Typela Supernovae

Betoule et al. (2014)
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Typela Supernovae

Current state of the art:
Pantheon+

Coming soon: DES Y5
results.

Recent progress in
modeling SNa color
and luminosity variation s

Brout+22



Baryon Acoustic Oscillations (BAO)

A Distancé  p v Mpc
<, travelled by sound waves
B oS | & et up to photon decoupling
o [ = R T - imprints peak(s) in CMB
| Y o angular power spectrum.
4y gy TN % A Same feature appears as
Du oo Y ~ ~10% bump in galaxy 2
- —— ~point correlation function
b & : -~ along and transverse to lir
§° ' of sight and provides a
standard ruler.
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Baryon Acoustic Oscillations (BAO)

SDSS BAO Distance Ladder

BOSS+eBOSS LRG0.6<z2<1
BOSSLRG 0.2 =2z=0.5
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Consistency o
CMB, BAO,
and SN
distances in
¥CDM allows
us to combine
them to get
tighter
constraints
(see below).

Distance Measurements

I

-~ CurvePlanckCMB
- bestfit yCDM
- model

Supernova (JLA) and
BAO (SDS8, BOSS, 1

eBOS¥distance vs. |
redshiftdata. |

Alamt+ 21;
Weinberg &
White 22

redshift 14

% deviation




’ Dark Energy Survey Y3 BAO Results

DARK ENERGY|
SURVEY

0.6<z<0.7 A 09<z<1.0 0.6<z<0.7 Y 09<z<1.0
07<z<0.8 10<z<1.1 5 4 07<z<038 1l0<z<11
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A Transverse BAO measurement from 7 million galaxies; 2.7%
distance measurement to z=0.835.

DES Collaboration 21



<’/ BAO Angular Diameter Measurements

DARK ENERGY|
SURVEY

1 eBOSS DR16
eBOSS+BOSS  Quasars
DR16 LRGs ;!]
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Growth of St

Planck's Cosmc Microwave Background Radiation map
2013 march the 21th. thanks to ESA

Dark Blue.
Blue - Cold
Yellow: Cool
Red: Hoftest (but stll very cold, ie: -270,4°C)

Coldost

wviw.esa.int

@esa

Planck Temperature map
(z~1000)

DES Weak Lensing mass m
(z~0-1). 5000 sq. deg.

N. Jeffrey; Dark Energy Survey Collaboration

ructure

Bestfit ¥CDM model to CMB
data (Planckz=1000)
predictamplitude, shape, an
growth rate of structure in
cosmic surveys at low redshi
(z<1).Do they agree?

-

Dark Matter map from DES observations



Weak Lensing

Background

Dark matter halos;. sources

Observer ‘ L

A& Cosmic shear: ~1% correlated distortions of galaxy shapes
4 Radial distances depend erpansion histoof Universe

4 Foreground mass distribution dependgrowthof structure

18



@ DES Year 3 Cosmology Analysis: 3x2

DARK ENERGY|
SURVEY

A Compare & consistently combine thremt correlation function
measurements:
A Galaxy clusteringl0.7M foreground galaxy positions
A Cosmic shear weak lensif@M source galaxy shapes
A Galaxy-galaxy lensingsource galaxy tangential shear
around foreground galaxy positions
A Fully blind analysis; ~30 papers released to May 2021

A New analysis algorithms developed for DES:
A Metacalibrationveak lensing shape measurement
A Photez estimation using selfganizing maps & crogsrrelation,
calibrated from deep &and imaging.
A Balrog: measure selection function by inserting artificial galaxies into DI
Images, derived from deep fields.



DES Year 3 Measurements

SURVEY DES Collaboration 2021

Measurements + joint model fit
Amon+, Secco,Samuroff+
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3x2pt results
Se = 03(L2,,/0.3)"

Cosmic shear (blue)

DES-only results:
Ss = 0.776 70017 (0.776)
(= 033911024 01372)

og = 0.73310:939 (0.696)

S¢ Clustering amplitude
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3x2 DES ConstraintsCDM

DES Collaboration 2021
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Consistency with the CMB in ACDM bes collaboration 2021

Planck+s CDM predicts factor 103
growth in fluctuations from z=1000
to 2% with no free parameters.

No significant evidence of
inconsistency between DES Y3
3x2pt and at

0.7-1.50 or p=0.13-0.48

Important consistency test for
s CDM.

DES contours will shrink with
Y3A Y6 and inclusion of clusters,
BAO, supernovae,

Sg Clustering amplitude

é

DES vs PlangkCDM

0.86

0.84r

0.82}

0.80 F

0.78

0.76 |

0.74

ACDM

e Fid. 3x2pt
Planck CMB

11111

0.7.2

).25

Q2 Matter Density




Redshift Space Distortions (RSD)

BOSSDRIZ INTZ SDSS/BOSS/eBOSS
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Combined Constrainf<C DM

DES Collaboration 2021



