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What’s the problem with
Covariances...?

* Analytic:

* Numerical sims:

e Data:



Covariances for LSST-DESC SRD

Cosmic Shear
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Covariances for LSST-DESC SRD

Galaxy-galaxy lensing
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Covariances for LSST-DESC SRD

Galaxy Clustering
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Covariances for LSST-DESC SRD

Cluster Number Counts
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Covariances for LSST-DESC SRD

Cluster Weak Lensing

I
.
-

EEREEEERERERER
ERREREEEEEEEN
EEEREEREEENDE
ERREREERERDEL
EEEEEEEEE-

~ . . . . . . .
. . " rwe
N o8 N e . e . o .
. S 0 S e U
« dAdawa.
. a0
e * . R
. e
. . . .
.. * 8 »
|||] |
-
1
i N n |

200 400 600 800 1000 1200




The LSST Dark Energy Science Collaboration (DESC) Science Requirements Document

The LSST Dark Energy Science Collaboration, Rachel Mandelbaum, Tim Eifler, Renée Hlozek, Thomas Collett, Eric Gawiser, Daniel Scolnic, David Alonso, Humna Awan, Rahul Biswas,
Jonathan Blazek, Patricia Burchat, Nora Elisa Chisari, lan Dell'Antonio, Seth Digel, Josh Frieman, Daniel A. Goldstein, Isobel Hook, Zeljko Ivezi¢, Steven M. Kahn, Sowmya Kamath,
David Kirkby, Thomas Kitching, Elisabeth Krause, Pierre-Francois Leget, Philip J. Marshall, Joshua Meyers, Hironao Miyatake, Jeffrey A. Newman, Robert Nichol, Eli Rykoff, F. Javier
Sanchez, Anze Slosar, Mark Sullivan, M. A. Troxel

(Submitted on 5 Sep 2018)

The Large Synoptic Survey Telescope (LSST) Dark Energy Science Collaboration (DESC) will use five cosmological probes: galaxy clusters, large scale structure, supernovae, strong lensing, and
weak lensing. This Science Requirements Document (SRD) quantifies the expected dark energy constraining power of these probes individually and together, with conservative assumptions about
analysis methodology and follow-up observational resources based on our current understanding and the expected evolution within the field in the coming years. We then define requirements on
analysis pipelines that will enable us to achieve our goal of carrying out a dark energy analysis consistent with the Dark Energy Task Force definition of a Stage IV dark energy experiment. This is
achieved through a forecasting process that incorporates the flowdown to detailed requirements on multiple sources of systematic uncertainty. Future versions of this document will include
evolution in our software capabilities and analysis plans along with updates to the LSST survey strategy.

Comments: 32 pages + 60 pages of appendices. This is vl of the DESC SRD, an internal collaboration document that is being made public and is not planned for submission to a journal. Data products for reproducing
key plots are available at the LSST DESC Zenodo community, this https URL; see "Executive Summary and User Guide" for instructions on how to use and cite those products

Subjects: Cosmology and Nongalactic Astrophysics (astro-ph.CO)
Cite as: arXiv:1809.01669 [astro-ph.CO]
(or arXiv:1809.01669v1 [astro-ph.CO] for this version)

Stage 11—
SN Y10—
3x2pt Y10—

DSST all + Stage 11— Some aspects to be
DES Y6 3x2pt -~ ;
Improved:
linear bias
Baryon mitigation via scale
cuts
Gaussian photo-z
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DES Covariances... Real Space
3x2pt

Abbott et al 2017

Dark Energy Survey Year 1 Results:
Cosmological Constraints from Galaxy Clustering and Weak Lensing
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S Covariances... Real Space
ax2pt

Abbott et al 2018

Dark Energy Survey Year 1 Results: Joint Analysis of Galaxy Clustering, Galaxy Lensing, and
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DES Covariances... Real Space
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6x2pt in Fourier Space has been
done (LSST x CMBS4)

Mean redshift
06 07 09 10 12 14 18 24

LSST shear: kgakgal
LSST full: gg, gkgal, Kgalkigal

Combi2: gg, gkcmB, 9hgal
Combil: KcmBRCMB, KCMBKgal, KgalKgal

LSST full & CMB S4 lensing
LSST requirement

_\_\_\ﬁ_‘—\_
-

KCMBRKRCMBE
RCMBHKgal

Shear bias 68% constraints

((Q\)Q <(&\{\/ “d\q} (((\?.) (((\M (@fb v{(\% (((\f\ (((V% <(&\9

details: Schaan, Krause, TE et al 2017



Precision Matrix Expansion:

Reducing Super-Computing needs...

“Precision matrix expansion - efficient use of numerical
simulations in estimating errors on cosmological parameters”

Friedrich & TE 2018
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The Problem: Inverse
Covariance Estimation

Analytical covariance model relies on approximations that
might be too imprecise for an LSST Y10 data set

Estimation the covariance from numerical simulations (brute
force), requires 10*5-10”6 realizations of an LSST Year 10
(WL only) like survey to shield against noise in the estimator

Why?
» The estimated inverse covariance is not the inverse of the
estimated covariance

» High-dimensionality of the data vector -> many elements in
the covariance



How bad can it be ...

« LSST Y10 data vector, reasonable parameter space
 Estimate Covariance assume Krause & Eifler 17 LSST cov (halo
model) as truth and drawing from Wishart distribution (2600

realizations)
 Draw 3 different data vectors from noisy covariance
 Run likelihood analysis

LSST shear-shear

seed 3

o 0.300 0.305 0.310 0.315 0.320 0.325 0.330 0.335
0.300 0.305 0.310 0.315 0.320 0.325 0.330 0.335 Q

L 2, m

Blue iIs truth, green is biased, red is the PME estimator



Idea: Estimate the Inverse
directly

p(mlf) ~ exp(— %)(2 n1&, C]) p(m) lr1&.C|=(&-¢im) ¢ (&-¢lx))




Idea: Estimate the Inverse
directly

p(ml€) ~ exp(— %XZ EaF3 C]) p(m) ln1&.cl=(E-¢n) ¢ (&-£n)

Standard Estimator



Standard estimator

Inverting quantities with “hats” is dangerous



Idea: Estimate the Inverse
directly

p(aié) ~ exp(— [rié C]) p(m) lr1&.C|=(&-¢im) C ' (&-¢lx))

Standard Estimator

A: Stuff you know perfectly
B: Stuff you have some model for



Idea: Estimate the Inverse
directly

p(aié) ~ exp(— Wik C]) p(a) ¥ lr1&.C|=(é-¢ix) C' (2-&im)

Standard Estimator

New idea: Include theory
information into estimator

C=A+B MM=ABRC_ i+ (B-B,) MX=B-B.) M IS




Idea: Estimate the Inverse
directly

p(aié) ~ exp(— Wik C]) p(a) lr1&.C|=(&-¢im) ¢ (&-¢lx))

Standard Estimator

New idea: Include theory
information into estimator

_ e -1
C=A+B MMEABNC_ Vi (B-B,) MX=B-BIMIBN | x)

Invert
¥, = M'+M'B,M'B,M" and expand as
A ower series
M (B-B,)M™! : i
g m) Build
M 'BM~'B,M~! Estimator

Ml( N .G
— kzz(:)

M 'B, M 'BM~!

A

V2BM'B - vB tr (M-lB)

V2+y=2

M (1-X+X*+0|X?|)

M1 M1

Only matrix multiplication, no inversion of estimated quantities



New estimator

¥, = M'+Mm'B,M'B,M!
M} (ﬁ _ Bm)M‘l
M 'BM~'B,,M~!

M 'B, M~ 'BM~!
VBM- 1B -vB tr (M—1

VvZ+y—2

+M!

No more inversion of “hat quantities”...



New estimator performance

scatter of best-fits mock likelihoodlanalylsis

I true cov
e%e True PM | 95| — PME

g PME 200 — S&H 2016
A 42 Wishart 650 \ S&H 2016 + D&S 2013

024 026 028 030 032 034 036 038 /97024 026 028 030 032 0324 036 038

Q Y/

m m

Instead of >10%5 our new estimator only requires ~2000 numerical
simulations (LSST case)

Given that 1 sim is 1M CPUh, at 1¢/CPUh

New method reduces cost $1B to $20M (-> fund theorists!)

Next step: data compression




Implementation for LSST

TJPcosmo
All Analysis details are defined here

A

Returns Analysis details from TJPcosmo
Covariance (probes, scales, redshift, method)

A 4
TJPcov

(TJPcov requires the following capabilities depending on user request)

1) Processes analysis details from TJPcosmo

2) Computation of numerical sims or data based covariances with different
estimators and data compression schemes (data base queries)

3) Launches analytical compute jobs on HPC system

4) Assembles covariance (e.g. for Hybrid estimators)

5) Testing/Validation of computed covariance (covariance comparison)

A A A

v v
Analytic Cov Data

1) Cosmolike
2) other analytic code

Numerical

Simulations (Catalog Form)

NERSC (or similar storage/computing facility for DESC)




Conclusions

Multi-probe covariances are hard (think which probes to add)

Covariance topic won’t go away as Gaussian is probably ok
as likelihood + ABC so far not convincing (please disagree...)

Hybrid estimators are very interesting to reduce
computational requirements iff analytic proves insufficient

New project for the community: “covfefe: covariances for
evaluating future experiments”

 We are computing+collecting several covariances for DES,
LSST, WFIRST and will make them available on our group’s
server “amypond”

e Useful for all that could use covariances



