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Abstract: <p>Large scale structure surveys are one of our primary tools for answering open questions in cosmology like: What is the physics behind
dark energy? Is gravity well described by general relativity on cosmological scales, or does that description need to be extended? In order to take
full advantage of the information contained in survey data, however, we must ensure that we understand our datad€™'s sengitivity to new physics
and that our analyses are not biased by systematics. In my talk 1&€™I| describe work | have been doing in this am for the Dark Energy Survey
(DES). 1&E™1| begin with an introduction to how we can use data from surveys like the DES to& nbsp;test& nbsp;L CDM, including approaches to
constraining extensions to general relativity with cosmological data. 1&€™I| use that discussion to motivate a so-called growth-geometry split
analysis, a consistency& nbsp;test& nbsp;of & nbsp;L CDM & nbsp;that works by comparing constraints from probes of structure growth and expansion
history, and will discuss the status of such an analysis applied to DES data. 1&€™II also give an overview of the blinding strategy planned for future
multi-probe DES cosmology analyses.</p>

Pirsa: 18020094 Page 1/32



Steps towards testing ACDM
with the Dark Energy Survey

Jessie Muir

UNIVERSITY OF
MICHIGAN

Perimeter Institute Cosmology and Gravitation Seminar 2/13/18

irsa: 18020094 Page 2/32



Outline

* Background: Using LSS surveys to test ACDM
* Growth-geometry split as a consistency test of ACDM.
* Blinding multi-probe cosmology analyses

Other things I've been working on :

« Studying effect of LSS systematics on separation of late (ISW)
and early-time contributions to CMB.
— N. Weaverdyck, JM, D. Huterer, arXiv:1709.08661

— JM, D. Huterer, Phys.Rev. D94 (2016) no.4, 043503,
arXiv:1603.06586

« Studying the covariance between large angle CMB anomalies
— JM, S. Adhikari, D. Huterer; in prep
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ACDM: Standard cosmological model
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Expansion history

Dark energy causes
accelerated expansion

CMB released
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Structure growth

Galaxies form in high
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Open questions

What physics governed inflation?

What is dark matter?

What is dark energy?

Is general relativity a complete description of gravity?
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CONSTRAINING COSMOLOGY WITH
THE DARK ENERGY SURVEY (DES)
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* Photometric galaxy survey
D ES using 4-m Blanco telescope

at Cerro Tololo Inter-
American Observatory (CTIO)
in Chile

* Mapping galaxy positions
and shapes over 1/8 of the
sky out to z~1

* Also measuring supernovae
& galaxy clusters.

J, Muir - University of Michigan
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The Dark Energy Survey

; o '

B 5-yr footprint SN fields [ Science Verification AYear |

irsa: 18020094 Page 10/32



Pirsa: 18020094

(arcmin)

w

Galaxy clustering

1.0 —

0.0 =

2] 3] [1]

-

I I'II'I"I LI | III'IIII Ll

10! 10°
f (arcmin)

Illlllll Ll |I'IIIII| I llllllll 1 II'IIIIII | III'IIIII L IIIIIIIl LI IIIIIIII I llllllll 1

10! 102 10! 102 10! 10? 10! 1()*

0 7 fl )

4 DES Y1 fiducial
best-fit model

scale cuts

Page 11/32



DES Y1 results for ACDM

DES Y1 :
0.96 — Planck Cosmology analysis

DES Y1 + Planck combines 2pt

0.90 — correlation functions:

Galaxy-galaxy

L%c 0.84 -
* Shear-shear
* Galaxy-shear
0,78 -
0,72 -
| I | |
0.24 0.30 0.36 0.42
9
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GROWTH-GEOMETRY SPLIT
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Going beyond ACDM

Cosmological
constant

— Nin ACDM

— Check agreement between different probes

— Constrain time dependence by measuring equation
of state parameter w:

* W = pressure/density
e w=-1=>A
« w#-1 =» time dependent energy density
— Constrain parameters of other models
* Dynamic DE, coupled DE, modified gravity...
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Modified gravity

* Could accelerating expansion be due to
deviation from GR?

* Or more conservatively: is GR well tested on
cosmological scales?

1 o
R,IN - _Rgpv — SRGY;N Einstein’s

2 equation

Curvature of spacetime
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Modified gravity models
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Constraining MG models with LSS

I‘t‘::.‘\:\n\llll.‘::m. ™ Caneading gravity Tessa Baker P | gty
| oy Lifsch
ings & Branes (| "'] Rl R ‘ fa)
RandallSundeu | & 11 bar d ‘f‘l\":.;"”. n Higl | H | M
e Higher-order Simple LCD
Higher dimensions Non-local

| AT extensions:

lLovelock's thcorcm‘

Generalis: 'Im\um,:--!lm WO-WE’
| Te Ml Shns g y growth parameter
sk * Tensor i
MNan-action e Falydlour NSenlar o SN pues Binatric MOND

Approaches | *§

ept  Enanglamant
antr

opy,

Tests of specific Growth-geometry split
underlying models
like f(R) 2(z,k)-u(z,k), aka GIight'Gmatter
Eg - ratio between lensing
General EFT-based and velocity power spectra
models

Page 17/32



Pirsa: 18020094

Growth-geometry split
parameterization

Test consistency of ACDM (or wCDM) by comparing
constraints from geometry and growth-based probes.
expansion rate H(z), distance measures
growth rate in linear & nonlinear regimes

Following Ruiz & Huterer, Phys. Rev. D 91, 063009 (2015) arXiv:1410.5832

row €0
Q, Q0% Q8

See also:
Sheng Wang et al, Phys. Rev. D 76, 063503 (2007);

Bernal, José Luis and Verde, Licia and Cuesta, Antonio J., astro-ph/1511.03049;
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Growth-geometry split

Pros

« MG models break ACDM relationship between expansion
history and structure growth. Sensitive to this.

* Fairly model independent.

« Simple to implement - e.g. can reuse ACDM modeling of
non-linear physics.

Cons
o If Q800 B physical interpretation is not clear.

Following Ruiz & Huterer, Phys. Rev. D 91, 063009 (2015) arXiv:1410.5832
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Implementing in DES pipeline

* Power spectrum mixes growth and geometry. For z=3.5, linear P(k)
IS Peeo(fe ».
P(k,z) = — (k, 2i)

pgmw(k’ 22,;)

* Projection effects are geometry

PE¥ (k, z)

10°1 >m, =0.06 eV
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Dotted lines: Q,, |20% N 00 = 0.236
%“ 1072 A — QfF0=0.354
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Testing on DES Y1-like simulated data

DES Y1, split €2,
H DES Y1, ACDM
i\ DES Y1 + Planck (geo)
R + JLA, split €2,
[ DES Y1 + Planck (geo)
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© , Results for fixed neutrino mass
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Growth-geometry analysis status

* Running with varying neutrino mass (per fiducial
DES choice)

* Next step: study relationship with
systematics

— E.g. can adding some astrophysical systematic
cause a false detection of () g60#Q0) &°W?

 Will run on DES Year-1 data.
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MULTI-PROBE BLINDING FOR DES
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Multiprobe blinding

S

» Shift output cosmological parameters
* Preserve inter-probe consistency
* Preserve ability to test for systematic errors
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For DES Year-1 analysis
Shears blinded with
multiplicative factor

(unblinded to combine)
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More robust scheme for Year-3 analysis

Shears blinded with
multiplicative factor
(unblinded to combine)

Methods paper in prep.
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w(0

Strategy for Y3: Linearly scale
summary statistics
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Strategy for Y3: Linearly scale
summary statistics

O = set of

cosmological

—_— ®Shift — d = any summary statistic
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cosmology ©
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Test: How does blinding affect the best fit O?
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Test: Is the blinded data vector consistent
with a valid cosmology?
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Summary

LSS surveys give us an opportunity to test ACDM by comparing
results against other probes or testing extended models.

Growth-geometry split parameterization is:

— A phenomenological consistency test of ACDM motivated by
modified gravity models.

— One of the extended analyses that will be run on DES Year 1 data.
Multi-probe blinding is:

— Atool to prevent experimenters’ bias from influencing analyses, one
among many tools to protect against systematics.

— Able to shift output parameters without influence treatment of other
systematics by multiplying summary statistics (2pt functions) by
specific scale-dependent factors.

Both of these will implemented in near-future DES analyses,
which can serve as a test-bed for future LSS analyses.
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