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The Dark Energy Survey Legacy Data

6 years of data: 2013 - 2019
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The Core Mission of DES

Overview DES et al. (2005)

We describe the Dark Energy Survey (DES), a proposed optical-near infrared survey of 5000 sq.
deg of the South Galactic Cap to ~24™ magnitude in SDSS griz, that would use a new 3 deg’
CCD camera to be mounted on the Blanco 4-m telescope at Cerro Telolo Inter-American
Observatory (CTIO). The survey data will allow us to measure the dark energy and dark matter
densities and the dark energy equation of state through four independent methods: galaxy
clusters, weak gravitational lensing tomography, baryon acoustic oscillations, and supernova

distances. These methods are doubly complementary: they constrain different combinations of
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DESY6 Redshifts:

Background galaxies (sources)
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3x2pt cosmology

Framework that combines three
two-point correlation functions,
measured tomographically in
redshift bins

G. Giannini



3x2pt cosmology

Cosmic shear

We measure the correlation of the
shapes of background source
galaxy pairs

G. Giannini



3x2pt cosmology

Galaxy clustering

We measure the correlation of the
positions of foreground lens
galaxies pairs
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3x2pt cosmology

Galaxy-galaxy lensing

We measure the tangential shear
of the background source galaxies
around the foreground lens
galaxies
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3x2pt cosmology

Galaxy-galaxy lensing

We measure the tangential shear
of the background source galaxies
around the foreground lens
galaxies
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3x2pt cosmology

3x2pt 2x2pt

N S

Cosmic Shear | Galaxy Clustering Galaxy-Galaxy Lensing
shape-shape | position-position position-shape
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A joint analysis maximises the cosmological information and
robustly constrains astrophysical & observational systematics!

G. Giannini

o e o o o o e o o e e e o -



3x2pt cosmology

The 3x2pt analysis is most sensitive to:

Amplitude of fluctuations

08

% Matter density Q2

% ogamplitude of density fluctuations

T T T T T T

Cosmic shear -

[ 4
0.9r N\ \ - 2 x 2pt
RN
AY
! N 3 X 2pt
\‘ \\
\\ D A Y
L {‘ \\\\ \\\
L \, W N\ 8
\ \\ N
\\ \\ \\
\ \\ N \
L \‘ \\\ \\\
N b\ %\
O 77 N \\\ A\ 1
. | \\ \\ ‘\ \\\
Ny \\\_/' \\\
r S D
L | ! |
0.6 03 0.4 0.

Chn
Matter density



3x2pt cosmology

The 3x2pt analysis is most sensitive to:

Amplitude of fluctuations
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Can ACDM describe 13.8 billion years of cosmic history?

CMB experiments observe Galaxy surveys observe
the early Universe the late Universe

Years after the Big Bang
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DES Y6 3x2pt cosmology vs CMB in ACDM

- ACDM % X 2pt -
0.90}+ N CMB -
Y6 3x2pt yields similar constraining CMB = Planck-2018 +
power as the CMB on the Ss direction _ et
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DES Y6 3x2pt cosmology vs CMB in ACDM

Full-parameter difference between
3x2pt and CMB is 1.80.
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DES dark-energy probes combined: 3x2pt, BAO, SN, Clusters
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Y5 SNe Ia +
Y6 BAO: Final,
SN updated with
SN-Dowvekie.

Current combination does not fully exploit
0.75F mass calibration wl cross corr [paper in prep.] -
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DES dark-energy probes combined: 3x2pt, BAO, SN, Clusters

All four probes are fully consistent.

For the first time we combined all four dark
energy probes as originally designed for DES

First time this is done within a single survey.

DES all-probes has similar constraining power
as CMB in both Ss and Qm.

J. Prat and M. Crocce
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DES dark-energy probes combined: 3x2pt, BAO, SN, Clusters

All four probes are fully consistent.

For the first time we combined all four dark
energy probes as originally designed for DES

First time this is done within a single survey.

DES all-probes has similar constraining power
as CMB in both Ss and Qm.

Full-parameter difference of 2.86 with the
CMB, with fully consistent Qm

J. Prat and M. Crocce
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Most constraining cosmology



Comparison with best external probes

0.8————F————— —_—
We constructed three independent data sets: [ ACDM
3 x 2pt
0.861 B CMB ]
1. Weaklensing and clustering from DES Y6 BN Ext. Lowz J
(3xZpt) 0.84f

2. SNIa from DES Y5
+ BAO from DESI DR2 + DES excl. DESI 0‘500'82-

+ Clusters abundance from SPT
— Ext. Low-z 0.80

3. CMB

T

0.78

These are highly complementary.

T
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Combination with external probes: Low-z vs CMB
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universe. 0.73k i
0.76 .

030 035 040
J. Prat and M. Crocce Qo



Joint cosmological constraints in ACDM

DES Y6 3x2pt + Ext. Low-z + CMB yield

the tightest joint constraint from major

cosmic surveys on ACDM to date.

Ss = 0.80619-096
Qm = 0.30219-003
og = 0.80419-907
h = 0.683+9:003

Qp, x 10% = 4.8370-03

» “m, <0.14eV(95% CL)

J. Prat and M. Crocce
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Joint cosmological constraints in wOwaCDM

From the best-available data sets to date:
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What Goes Into a Cosmology Result?
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Redshift and Shear calibration

Blendini calibration
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DES Y6 redshift characterization
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DES Y6 redshift characterization
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Dark Energy Survey Y6: Shear Ratios
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Dark Energy Survey Y6: Shear Ratios
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Dark Energy Survey Y6: Shear Ratios
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What is Shear Ratio (SR)?

Ratio between two galaxy-galaxy
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Dark Energy Survey Y6: Shear Ratios
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What more can shear/lensing ratios offer?



Lensing Ratios: Towards Cosmology

What more can shear/lensing ratios offer?

/I—r—w—rr:—
4 i
N
S
~
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0.0 0.5 1.0 1.5 2.01100

Redshift

Collaborators: C. Sanchez, J. Prat, M. Gatti + DES

Currently using DESY6 galaxies
+ CMB lensing from ACT to
obtain cosmological
constraints with shear ratios.



Lensing Ratios: Towards Cosmology

Previous forecasting for LSST
and Simons Observatory

— Planck prior

---- Planck prior, 2 =0

— DESI + LSST + CMB $4
— LSST + CMB 54

--- LSST + CMB 54, O, =0

From Prat+18 (1810.02212)

Collaborators: C. Sanchez, J. Prat, M. Gatti + DES



Lensing Ratios: Towards Cosmology

Currently using DESY6 galaxies + CMB lensing from ACT DR6 to
obtain cosmological constraints with shear ratios.

DES source galaxies at z ~ 0.9

Q= =
0.0 0.5 1.0 1.5 —
Redshift -0.007 0.007

Collaborators: C. Sanchez, J. Prat, M. Gatti + DES



Lensing Ratios: Towards Cosmology

Currently using DESY6 galaxies + CMB lensing from ACT DR6 to

obtain cosmological constraints with shear ratios.

1.0 1.5

-
Redshift 0.011

Collaborators: C. Sanchez, J. Prat, M. Gatti + DES

DES source galaxies at z ~ 1.2



Lensing Ratios: Towards Cosmology

Currently using DESY6 galaxies + CMB lensing from ACT DR6 to
obtain cosmological constraints with shear ratios.

CMB lensing z ~ 1100

Q= =
0.0 0.5 1.0 1.5 —
Redshift -0.085 0.085

Collaborators: C. Sanchez, J. Prat, M. Gatti + DES



Lensing Ratios: Towards Cosmology

Currently using DESY6 galaxies + CMB lensing from ACT DR6 to
obtain cosmological constraints with shear ratios.
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Lensing Ratios: Towards Cosmology

w9k (9) o Egm(R)/Ecrit (zl7 Zs1)

wIks2 (0) Egm(R)/Ecrit (zl7 Zsz)

crit (zla Zsq )
crit (zla 2 )

p:
D>

dN/dz

The relative heights of the stacked « profiles encode the
geometric information and cosmology!

1.0 1.5
Redshift
x map profiles around the same lens at Z ~ 0.45, different sources
DES galaxies Z ~ 0.9 DES galaxies z ~ 1.2 CMB z ~ 1100

25 L2.5

i 2.0 o,
= =

15 % 15 %
= =

1.0 1.0

05 i

~20 200 e
X offset [arijnz]O 40 *40\{ 05&56&

Collaborators: C. Sanchez, J. Prat, M. Gatti + DES




Y5 SNe Ia + Y6 BAO

Summary | R
R I

Novel methods and data leading to legacy cosmological results from 080y 1

the DES Y6.

In ACDM: no significant evidence for inconsistency between DES anc | |

CMB, or between DES + other complementary low-redshift probes and BV R -
CMB 0.88——— -an. ——r
First time we combine all four DE probes proposed at the DES 0.86[- o 7
inception: 3x2pt, BAO, SNIa and Clusters. Similar constraining power as [ | v ]
CMB in both Qm and S8. : A
082 . |
Lensing ratios are a promising lensing probe for dark 0.80F ‘ \1 :
energy cosmology. 075t \ y ]
0.76F |

Email: gcamacho@ice.csic.es






Alternatives to a cosmological constant: wCDM model

The dark energy component might
not be a cosmological constant A

w

P
p

We can open up the parameter space
to measure w, which defines the
equation of state of dark energy

log[p/GeV?

—35

| wCDM (w = —0.90)
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m 3x2 Cosmologyl

cosmic shear

correlation in the shapes of
(source) galaxies
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DES 3x2pt vs CMB: evolution

across releases

DES 3x2pt S8 constraints are consistent across
releases.

CMB (Planck + SPT+ ACT) constraints and
3x2pt both have increased precision.

Full-parameter differences are:

e Y6vsCMB: 1.8c
e Y6 vs Planck: 1.0c
e Y3 vs Planck: 1.5¢c

so with respect to Planck the difference has
decreased, even with tighter constraints.
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Comparison of lensing probes

0.95
The tinal DES 3x2pt and cosmic shear
analyses are consistent with the latest LAl
results from the other Stage-III
weak-lensing surveys and with the CMB. .|
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of tension metrics across weak lensing 0.80

experiments with the CMB still range
from ~ 1o to < 3.

0.75

0.70

DES Y6: 3x2pt ACDM
,,,,,,,,,,,,,,, - DES Y6: Cosmic shear (TATT)
HSC Y3 + SDSS: 3x2pt

—— KiDS Legacy: Cosmic shear
B CMB

/\ KiDS Legacy

(Wright et al. 2025):
shear 1000 sq. deg.

0.2 0.3 0.4

0.5



SOMPZ

€ 10]0D

-1

=2

=3

-4

Credit figure: Tyann Dumerchat



DES Y6 3x2pt cosmology vs CMB in ACDM

- ACDM S X Zpt
0.90F . OMB
CMB = Planck-2018 +
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DES dark-energy probes in wCDM: 3x2pt, BAO, SN

We constrain the equation of state parameter to —0.5 i

~ 4%, and find no evidence for departure from a
cosmological constant of w =—1

We find no significant preference of wCDM over

ACDM when doing model comparison via Ay?

The full parameter difference with the CMB is 2.5¢

(similar to the ACDM case). —15 i

3 —1.0~

T
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Joint cosmological constraints in wCDM

wCDM

From the best-available data sets to date:
| B 3 x 2pt |
I CMB
— +0'007 _‘0.5_ I Ext. Low-z 1
S8 0.807_0007 L B 3 x 2pt + Ext. Low-z -

BN 3 x 2pt + All Ext.

Qm = 0.30570-904

uzzv—(1981+88§%

-1.0
S -
We find no significant preference of wCDM over
ACDM.
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Dark Energy Survey Y6: Shear Ratios
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Lensing (shapes):

Shear ratio validation
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Dark Energy Survey Y6: Shear Ratios DESY6 GGL: 2601.15175
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Lensing Ratios: Towards Cosmology

dN/dz

Yo 0.5 1.0

Redshift

The relative heights of
the stacked « profiles
encode the geometric
information and
cosmology!
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Distance to Ay?

Datasets ACDM (0) (o) FoM
3x2pt 1.0 1.0 6
SN + DES BAO 1.5 1.6 11
ANl DES (3x2pt + SN + DES BAO) 2.2 2.0 48
All data (All DES + DESI BAO + CMB) 3.0 3.0 222
SN + BAO 2.4 2.3 61
3x2pt + DESI BAO 1.7 1.5 32
CMB + DESI BAO 2.9 2.9 61
All DES + DESI BAO (All except CMB) 2.3 2.2 110
SN + BAO + CMB (All except 3 x2pt) 3.2 3.3 202
3x2pt + BAO + CMB (All except SN) 2.6 25 66
3x2pt + SN + CMB (All except BAO) 2.4 24 96
All DES + CMB (All except DESI BAO) 2.8 2.8 102




ny

Az

Az

0.03

0.00

—-0.03

0.00

—-0.05

-0.10

0.1

0.0

-0.1

--- SOMPZ + WZ
SOMPZ + WZ + BL

== SR + SOMPZ + WZ + BL
SR w/ Flat dz Priors [Az]

-

_____

-----

2001
mj

0.02

nmy

2008 000  —01 00 01
Az} Az}




my

3
S

Az

0.04

0.02

0.00

—0.02

—0.04

== SOMPZ
--- SOMPZ + WZ
--- SOMPZ + WZ + BL
== SR + SOMPZ + WZ + BL
— SR w/ Flat dz Priors [Az]
SR w/ Flat dz and m Priors [Az]

0.04

ks T

0.1

%

0.00
ms3

T 0.03

—-0.03 0.60
my

0.03



Summary

Novel methods and data leading to legacy cosmological results from the DES Y6.

In ACDM: no significant evidence for inconsistency between DES and CMB, or between
DES + other complementary low-redshift probes and CMB, although we find systematically
lower values of the Ss parameter.

First time we combine all four DE probes proposed at the DES inception: 3x2pt, BAO, SNIa
and Clusters. Similar constraining power as CMB in both Qm and Ss.

In wCDM: DES constraints equation of state to 4% (consistent with ACDM). Full joint
constraints find a 2% result on w, no preference for wCDM over ACDM.

Lensing ratios are a promising lensing probe for dark energy cosmology.



