Cosmic Shear Review
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What is gravitational lensing?

galaxy
galaxy cluster

\ = lensed galaxy images

distorted light-rays

Earth
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Cosmic Shear: Lensing by the Large \\&\\’gDESC
Scale Structure

10! 10%

6 &, (10~* arcmin)
i
|
| o
[ ——

0
Abbott et al.



https://link.aps.org/doi/10.1103/PhysRevD.98.043526
https://link.aps.org/doi/10.1103/PhysRevD.98.043526

t  DES Y1 fiducial

20 - ‘E
R [ i -
" fy bt

] N?*“m**ﬁmm “ﬁhﬂﬁ’H in

& 9 '1.‘%“”.' "’*LWT

Beyond Cosmic Shear: the 3x2pt ar ="
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3 different ways to probe the matter distribution I
->Break degeneracies when combining all 3! -
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Why is this probe so interesting? %\\DESC

Stage 111

SN Y10
3x2pt Y10

e The most promising probe of Dark Energy | \LSST all-+Stage 111

o Most powerful single probe

e How does LSST compare to existing surveys? | \
N .\
o Greater depth -> more galaxies per sq. arcmin,
o Larger area -> more statistics, larger scales
/\’.
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Going from Stage III to Stage IV — 4 PESC
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What are the current Stage III surveys? PG
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Current results (Nov. 2020) are
based on partial data releases.

o DESY1l-> 1321/5000 sq.

o HSCY1->137/1400 sq. deg
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Cosmology constraints from Cosmic Sh\@\é

— 3
//// \\)avk Energy Science Collaboration

DES Y1

0.90

0.80

e
-]
ot

0.70

I
ACDM

t f

- DESY1
= KiDS-450 -
= Planck

0.15

020 0.25 0.30 0.35
Q"l
Troxel et al.

2018

0.40 0.45 0.

1.0 Il HSC Y1
HSC Y1 I Planck
Bl HSC Y1 + Planck
= 0.91
0
()
Il
2%
A
0.7 1
0
0.6 T T T =
) 0.1 0.2 0.3 0.4
Hikage et al. O
—e— PJ-HPD -~ Marginal HPD
1. KiDS-1000 COSEBIs == i
2. KiDS ower = —.
3. KiDS-1000 2PCFs —
4. KV450 gold (Wright et al. 2020) =T
5. KV450+DES-Y1 (Asgari et al. 2020) ==
6. DES-Y1 (Troxel et al. 2018) e vy
7. HSC-Y1 (Hikage et al. 2019) ——
8. Planck 2018 TT,TE,EE+lowE =

SS = 08(9111/0'3)0'5

065 070 075 080 085

0881 KiDS-100

0.80 1

0.64 1

HSC-Y1
DES-Y1

KiDS-1000

0.1 0.2 0.3
an

Asqgari et al. 2020

0.4

0.5



https://arxiv.org/abs/1708.01538
https://arxiv.org/abs/1708.01538
https://arxiv.org/abs/1809.09148
https://arxiv.org/abs/1809.09148
https://arxiv.org/abs/2007.15633

. - \
3x2pt:Adding galaxy-clustering infor \\ﬁ\ngSC

0.90

[ Cosmic shear Il Cosmic shear + GGL I KiDS-1000 3 x 2pt
I Galaxy clustering B Cosmic shear + galaxy clustering [l Planck 2018 TTTEEE+lowE
0.85 -
0.80 - .
o KiDS-100
0.85 4
0.75 — O
0.70 —
DES Y1 0.80 -
| | | | | | I
1.05 DES Y1 Shear —
DES Y1 w + 7, & 075 -
DES Y1 All
0.90 -
€ 0.70 -
0.75 —
0.65
0.60 -
I . I 1 1 1 1
0.2 0.3 0.4 0.5 0.70 0.75 0.80 0.85 0.90
Q 8, Qf} Qrb Q'b‘ Q‘)
m

Qi
Abbott et al. Heymans et al.



https://link.aps.org/doi/10.1103/PhysRevD.98.043526
https://link.aps.org/doi/10.1103/PhysRevD.98.043526
https://arxiv.org/abs/2007.15632
https://arxiv.org/abs/2007.15632

/
—a
What about Dark Energy ? —dRE
-0.2
DES YT s, BN HSC Y1
DESL Al =0 B Planck
—0.6- HSC Y1+Planck
Bl HSC Y1+Planck(w/ lensing)+BAO-+JLA
—0.81
S —1.0 === . — — -~ = = = -
—1.21
T I I I _14_
—1.61 )
L) -1.8 T T /I T
YT YT R 0.6 0.7 0.8 0.9 1.0
RN Q-Qmm N Al w/ AN Q‘S:‘ NN Sg(()( — 045)
Abbott et al. Hikage et al.

2018 2019



https://arxiv.org/abs/1809.09148
https://arxiv.org/abs/1809.09148
https://link.aps.org/doi/10.1103/PhysRevD.98.043526
https://link.aps.org/doi/10.1103/PhysRevD.98.043526

Current state of affairs

All surveys broadly agree with each
other, but seem to exhibit a slight
tension with Planck constraints, i.e.

high redshift probe.

Significant open challenges on
systematics and modeling.

o Shape measurement, photometric

redshifts...
o Non-linear scales, intrinsic
alignments...
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What about LSST
DESC in this
picture?
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WG focus: Science verification readiness with end-to-end processing
pipeline

- Integration of shape measurement algorithms into the Rubin DM
stack

- Implementation of 3x2pt analysis pipeline

- Control of sources of systematics with close integration with LSS,

N [ JP, P import GCRCatalogs

W cat = GCRCatalogs.load catalog('dc2 object run2.2i dr3 with metacal')
> cat.get quantities(['mcal gl', 'mcal g2',

‘mcal gl 1Im', 'mcal gl 1p', 'mcal gl 2m', 'mcal gl 2p’,

'‘mcal g2 1m', 'mcal g2 1p', 'mcal g2 2m', 'mcal g2 2p'])

DC2 Image, courtesy of Access to shape catalog from DC2 image simulations, thanks to many

Dominique Boutigny EeoBIei sBeciaI mention to Johann Cohen—Tanugi



Pipeline development: From Pixels to —  PEC
Measurements
e Development and validation of next
generation shape measurement:
MetaDetection
o Fast image simulation tools
o Implementation into DM
infrastructure

e Development of 3x2pt measurement
pipeline
o Integration of Data Management,

sample selection, metacalibration ..s .
photometric redshifts, real and =~ == s The'liXPlpe
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Before data: Reanalysis and comparlsonZ/HQESC
projects

DLS

DLS

DES-SV

e Changetal. 2019: Reanalysis of Stage II
surveys (DLS, CFHTLenS, DES-SV,
KiDS-450) a5 o (O

o Huge need to improve transparency and
reproducibility of analyses

Baseline o1 = Matched (i)

e Ongoing DESC reanalysis projects:

o Real-space cosmic shear reanalysis of [ crmbens =
DES Y1, HSC Y1, KiDS-450 | = -
o Harmonic-space 3x2pt analysis of HSC = '] ° : . &

Y1 (new!)
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o Pixel-level reanalysis of HSC Y1 with | | | i ! | ]
metacalibration (new!) | ') RA CC ot al. (2019)
_
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e Stage III surveys are rapidly nearing completion, stay tuned for

new results.

o They all seem to show slight tensions with high redshift probes
(Planck)

Take away message

e Plenty of challenges that can already be investigated by DESC on
Stage III data.

Advertisement:

The DESC Sprint Week will take place next month (online, Nov
30-Dec 4), perfect opportunity to get involved in DESC and in

lensing related projects (TXPipe, photometric redshifts, shape
measurement etc.).

e Exciting times to get involved in Cosmic

. DESC Hack Week



