Title: From precision to accuracy: cosmology with large imaging surveys
Date: Apr 07, 2015 11:00 AM
URL: http://pirsa.org/15040046

Abstract: <p>Photometric surveys are often larger and extend to fainter magnitudes than spectroscopic samples, and can therefore yie
precise cosmological measurements. However, photometric data are significantly contaminated by multiple sources of systematics, either i
observational, or instrumental. These systematics affect the properties of the raw images in complex ways, propagate into the final catalogt
create spurious spatial correlations. Some of these correlations may also be imprinted in spectroscopic catalogues, since the latter rely o
selected from imaging data. Therefore, not just precise a€” but also accurate 4€” cosmological inferences from imaging surveys require
mitigation of spatially-varying systematics. | will present a new framework of extended mode projection to robustly mitigate the impact of
systematics on power spectrum measurements. | will demonstrate the effectiveness of the technique, showing constraints on prii
non-Gaussianity using the clustering of 800,000 photometric quasars from the Sloan Digital Sky Survey in the redshift range 0.5 <z < 3.5. Fi
will present a framework to map the observing conditions of the Science Verification data in the Dark Energy Survey (DES) and incorporate
into end-to-end simulations of the DES transfer function. The considerations presented here are relevant to all multi-epoch surveys, and
essential for exploiting future high-cadence surveys such as the Large Synoptic Survey Telescope (LSST), which will require detailed null-te
realistic end-to-end image simulations for correct cosmological inferences.</p>
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Experimental landscape in 2025

* CMB: ground-based (BICEP++,ACTpol, SPT3G, PolarBear,...), balloon-
borne (EBEX, SPIDER,...), mission proposal for 4th generation satellite
(CMBPol, EPIC, CoRE, LiteBird...), spectroscopy (PIXIE, PRISM proposal...)

* LSS: photometric (DES, PanSTARRS, LSST...), spectroscopic (HSC,
HETDEX, DESI,...), space-based (Euclid, WFIRST...)

* 2 lcm: SKA and pathfinders...

* GW: Advanced LIGO, NGO pathfinder...

Science goals tie early/evolved universe together; multi-goal,
Cross-talk of data-types and probes critical for success
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Data analysis in the next decade

*“Big Data” era
Very large datasets: data compression, filtering, sampling, inference

* Small SNR
frontier research inevitably involves small signal-to-noise

* Large model space

* Cosmic variance
a single realisation of an inherently random cosmological model
(cf. quantum fluctuations)
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“No one trusts a model except the person who wrote it;
everyone trusts an observation, except the person who made it”.

H. Shapley
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Data analysis challenges

W — ALY

({ X

LSS: seeing, sky brightness, stellar contamination,
CMB: complex sky mask, coloured / dust obscuration, spatially-varying selection
inhomogeneous noise, foregrounds... function, Poisson noise, photo-z errors etc...

Need thorough understanding of data & systematics for
convincing detections of new physics.
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Science from LSS surveys:
A case study of SDSS quasars

Boris Leistedt (UCL) Nina Roth (UCL)
with
Daniel Mortlock (Imperial)

Aurelien Benoit-Levy (UCL)
Andrew Pontzen (UCL)

arXiv:1306.0005 (MNRAS), 1404.6530 (MNRAS), 1405.4315 (PRL)
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Overview

*Primordial NG from quasar surveys

*Data analysis considerations

*Theory considerations

*Results and outlook
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Cosmology with quasar surveys

Galaxies

SDSS3; Credit: M.Blanton

* Quasars: bright, highly biased tracers; span large cosmological volumes

* Probe super horizon / large scale modes: ISW, PNG,...

Giannantonio et al. 2006, 2008; Slosar et al. 2008; Xia et al. 2010, 201 1, ......
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Non-Gaussianity: maximising physical information

Pre- constraints on inflation come mainly from 2-pt correlations.
Planck: Only captures all information if data are completely Gaussian.

Multipole moment, |

1000 1500 MK 250

e fluctuations [ 1 K

radical data .
compression E o e o
Angular .: ale o
map angular power spectrum
50 million pixels 2500 multipoles
Post- signals giving physical understanding are non-Gaussian.

Planck: Higher-order correlations can encode much information.
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Effect of PNG on large scale structure
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Kaiser (1984). Fig: J. Peacock

*High-peak bias: rare high-density fluctuation in large scale overdensity
collapses sooner.

*Enhanced abundance of massive objects in overdense regions leads to
enhanced clustering.

*Effect modified in NG case to lead to a scale dependent bias at large scales.

e.g. Dalal, Dore et al (2007), Matarrese & Verde (2008), Slosar et al (2008)
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PNG from large scale LSS angular power spectrum
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scale-dependent halo bias (Dalal et al 2008)
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PNG from large scale LSS angular power spectrum
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Effect on the halo power spectrum
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Power spectra at z=2 for a spectroscopic survey

Figure: HSLS white paper, HYP CMBI/LSS Coordinator
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The potential of quasar surveys for PNG

Giannantonio et al (2013)
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Photometric quasars

Spectroscopic catalogues are small, incomplete

/ P 7 s T
~ 3 QSOs / deg? ~ |5 QSOs / deg?
z; < 2.2 Spec QSOs zp < 2.2 UVX Photo QSOs
from SDSS-DR7 from RQCat (SDSS-DR6)
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Photometric quasars

Spectroscopic catalogues are small, incomplete
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Systematics in quasar surveys

Giannantonio et al (201 3)

rrrrrrrrr IRAAAARAARSNEASSAARAN RARRRERE LS A SASELERS LELE LSS

" — i

|

0 . 2

= NVSS-NVSS

o

g QS0-QS0 N ;

Conservaltive

© p—pr—e

gl = NVSS +LRG+QSO

= Fair 3

E

S | Naive .

......... TURE T ITTSUTTVTY MV T TreTd PYTCTTrrr P Tvrre e

-300 -200 -100 0 100 200 300

INL

* Quasars give best PNG constraints
*BUT plagued by systematics...

Slosar et al (2008), Xia et al (2010), Pullen & Hirata (2012), Leistedt et al (2013),
Giannantonio et al (2013), Ho et al (2013),Agarwal et al (2014) ...
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Systematics in quasar surveys
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*SDSS photometric quasars: excess clustering power on large
scales due to systematics.

* Concerns about its use for clustering studies. Pullen and Hirata 2012;
Giannantonio et al. 2013

Leistedt & Peiris+ (MNRAS 2013, 1404.6530), Leistedt, Peiris & Roth (PRL 2014, 1405.4315)
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PNG from blind mitigation of systematics

RQCat: UVX sources from
Richards et al (2008) catalogue.

XDQSOz: |.6 million QSO
candidates from SDSS DR8
spanning z ~ 0.5-3.5 (800,000
QSOs after basic masking).

Galaxies

Leistedt & Peiris+ (MNRAS 2013, 1404.6530), Leistedt, Peiris & Roth (PRL 2014, 1405.4315)
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Estimating angular power spectra

» Power spectra must be estimated from cut-sky data

» Critical on large-scales due to the cut-induced

variance

APV, N
-

CMB mask LSS mask
.fh'k_\,’ > 0.7 .fh‘ky <0.2
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The QML and PCL estimators

»  Quadratic Maximum Likelihood (QML): optimal,
requires a model of the pixel-pixel covariance matrix:

20 + 1
C(6:5) = {mams) = ) ( ) Ce Py(cos 0ij) + Nij

2 r 47 4 N

Covariance Theory Noise,
matrix spectrum systematics, ...

» Pseudo-spectrum estimator (PCL) = QML with
diagonal pixel-pixel covariance, i.e. a flat power

spectrum '
P (= uncorrelated pixels)
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PCL or QML? CMB vs LSS correlations

S

oo e e 400 C((),,- ,}-)
Multipole £ . .
with i fixed

0 100 200 300 400
Multipole £

The LSS spectrum is quasi flat => PCL is nearly optimal
in the absence of systematics...
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PCL or QML? CMB vs LSS correlations
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The LSS spectrum is quasi flat => PCL is nearly optimal
in the absence of systematics...
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Systematics and mode projection

PCL suboptimal with complex masks and systematics

QML with mode projection: marginalises over linear
contamination models, using systematics templates ¢j,

C = ZCPP;E—{—N—{— Z fg\f—’g(_’; with & — o0
’

kEsys

>

dust extinction
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Extended mode projection

* Create set of input systematics
220 templates + pairs = >20,000 templates

* Decorrelate systematics
20,000 templates = 3,700 uncorrelated modes

* lgnore modes most correlated with data
3,700 null tests; project out modes with red chi2> |

Sacrificing some signal in favour of robustness
= Blind mitigation of systematics

Leistedt & Peiris+ (MNRAS 2013, 1404.6530), Leistedt, Peiris & Roth (PRL 2014, 1405.4315)
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Extended mode projection

* Create set of input systematics
220 templates + pairs = >20,000 templates

* Decorrelate systematics
20,000 templates = 3,700 uncorrelated modes

* Ignore modes most correlated with data
3,700 null tests; project out modes with red chi2> |

Sacrificing some signal in favour of robustness
= Blind mitigation of systematics

Leistedt & Peiris+ (MNRAS 2013, 1404.6530), Leistedt, Peiris & Roth (PRL 2014, 1405.4315)
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* Red. chisq. from cross-power spectra with 4 redshift samples
3,700 null tests; project out modes with red chi2> |
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Extended mode projection

e Masking in a rotated basis: rather than correcting data,
project out potentially contaminated modes (estimator variance
self-consistently inflated).

e Data-driven contamination model: don’t choose by hand
which systematics to concentrate on.

* Blind mitigation: pre-fixed criterion for systematics residuals
threshold.

Leistedt & Peiris+ (MNRAS 2013, 1404.6530), Leistedt, Peiris & Roth (PRL 2014, 1405.4315)
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Extended mode projection
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Leistedt & Peiris+ (MNRAS 2013, 1404.6530), Leistedt, Peiris & Roth (PRL 2014, 1405.4315)
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Extended mode projection

e Masking in a rotated basis: rather than correcting data,
project out potentially contaminated modes (estimator variance
self-consistently inflated).

e Data-driven contamination model: don’t choose by hand
which systematics to concentrate on.

* Blind mitigation: pre-fixed criterion for systematics residuals
threshold.

Leistedt & Peiris+ (MNRAS 2013, 1404.6530), Leistedt, Peiris & Roth (PRL 2014, 1405.4315)

Pirsa: 15040046 Page 34/56



Angular power spectrum estimation

Sky masks: cuts on extinction, seeing & quality
flags

Maximum Likelihood estimator to simultaneously
compute 10 auto + cross angular power spectra

DR8 footprint (black)
Analysis mask (blue)
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Leistedt & Peiris+ (MNRAS 2013, 1404.6530), Leistedt, Peiris & Roth (PRL 2014, 1405.4315)
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Blind mitigation of systematics

g 25 50 75 100125
( 4
Raw spectra Clean spectra

* Example: one of 10 spectra (auto + cross in four z-bins)
in likelihood

* Grey bands: -50 < fyL < 50; colours: basic masking + m.p.

Leistedt & Peiris+ (MNRAS 2013, 1404.6530), Leistedt, Peiris & Roth (PRL 2014, 1405.4315)
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Spectroscopic vs photometric samples

Photometric catalogues: redshift estimation

SDSS ugriz

filters

spearal fhx density £ /arbatrary units

illlll] | ‘
[Nelll]

~l L
200 250 A0 150 400 450 00 550 600
wavelength A/nm

Figure 16: The mean optical spectrum of a sample of more than 700 quasars, The individual spectra were all corrected to
remove the effect of red-shift before the spectra were averaged. Note the broad emission lines
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Photometric redshift estimates

Quasar photo-z have
large fraction of outliers

Redshift distributions

poorly known

Impacts robustness of
0.0 .. 1 .
0.0 0.5 1.0 1.5 2.0 .9 theory power SpeCtra

z photo
Cross-matching RQCat with
SDSS-DR7, BOSS, and 2SLAQ
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Computing theory spectra

Line of sight integral: €. = %fdkkzP(k)[Wz(k)]z

with kernel w,(k) = /dz [bgn(2) + 2(2.58 — 1) f(2)] D(2)je(kr).
-+ =

Linear bias and Magnification
redshift distribution effects

dlog N(m)
8 =
dm
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Analysis of XDQSOz quasars

2 €[0.50,1.35]
2 €[1.35,1.70]
3 €[1.70,2.20]
3 €[2.20,3.50]

Redshift distributions =
sum of stacked posteriors

arXiv: 1404:6530
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Constraints on the quasar bias
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Constraints on fnL
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—16 < fnL < 47 (20) —49 < fni < 31 (20)
Fixed cosmology & n(z) Varying all parameters

*Comparable to WMAP9 from single LSS tracer(!)

*Robust to modelling & priors

Leistedt, Peiris & Roth (PRL 2014, 405.4315)

Pirsa: 15040046 Page 43/56



Higher order terms

O = ¢+ faL[o? — (9°)] + gnL[9® — 30(07)]

lent| < 10® (CMB, LSS)

Degeneracy between fnL and gne (Roth & Porciani 2012)

N Br(M z) + g By(M, 2)
k% D(z)

2

Ab — k™°

Smith, Ferraro & LoVerde (2012)
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Constraints on gni
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—2.7 < gnL/10° < 1.9 (20) —4.0 < gn1./10° < 4.9 (20)

individually joint with fnL

* Comparable to Planck (2015) constraints on gnL
—2.4 < gn1,/10° < 0.6 (20)

Leistedt, Peiris & Roth (PRL 2014, 1405.4315)
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LSS Surveys Roadmap

m spectroscopy
Dark Energy Survey
Hyper-Suprime

D.E. Spectro. Instr.

EUCLID
Large Synoptic Survey Telescope

VFIRST-AFTA

High degree of complementary between missions

Image: lan Shipsey
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LSST survey of 18,000 sq deg

(half the sky)

eLSST forecast:

— expected statistical o(fal) < |

— systematic bias for a contamination model fni ~30,

— correcting bias leads to conservative forecast O(fnL)~ 5.

Leistedt, Peiris & Roth (PRL 2014, 1405.4315)
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The Dark Energy Survey (DES)
300 million galaxies over 1/8 of the sky

I I N DARK ENERGY
P I P SURVEY
[ T T T T | + 4m Blanco
T T T T T |
EEEEE NN 570 Mpix camera (DECam)

+ 2.2 deg field of view
+ Cerro Tololo (CTIO), Chile

+ second year of 5-yr survey
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Mapping spatially-varying properties of DES

Coadd ID: 471459539
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® Geometrical projection of single-exposure images coadded in
arbitrary tile (black) of DES Science Verification data.

® Colours: different pointings, each with 62 single-epoch images
corresponding to camera CCDs.

Leistedt, Peiris, Elsner et al. (DES Collaboration), 2015 in prep
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Mapping spatially-varying properties of DES

Coadd ID: 471459539
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® Geometrical projection of single-exposure images coadded in
arbitrary tile (black) of DES Science Verification data.

® Colours: different pointings, each with 62 single-epoch images
corresponding to camera CCDs.

Leistedt, Peiris, Elsner et al. (DES Collaboration), 2015 in prep
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Mapping spatially-varying properties of DES

CCD count Mean seeing
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® Projection of single-epoch image properties: time fluctuations &
correlations are converted into spatial fluctuations.

Leistedt, Peiris, Elsner et al. (DES Collaboration), 2015 in prep
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