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Closing Comments

• A big thank you (again!) to the Local Organizing Committee for making 

the meeting work so well!

– Elisa Chisari, David Alonso, Ian Shipsey, Jo Dunkley, Aprajita Verma, 
Phil Marshall, Joe Zuntz, Matt Jarvis, Pedro Ferreira, Chris Linttot, 
Erminia Calabrese and Leanne O'Donnell.

• Thank you everyone for your participation in the meeting!

– Lots of energy and enthusiasm and great interactions in the sessions 

– Lots of cross-WG discussions and Task Force hacks

– Junior involvement in talks and discussion

• Three new milestones!

– First meeting outside the UK

– Largest DE School attendance to date

– First collaboration photo
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Photometric LSS Surveys

Survey
Completion
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Observable: positions/galaxy density

(e.g, McDonald & Roy 2009, Desjaques, Jeong & Schmidt 2018)

Observable: shapes

             (weak lensing + intrinsic shape)

intrinsic shape from collapse in tidal field

(e.g, Blazek+ 2015, Schmidt+ 2015, Vlah+ 2020ab)

Predict (large-scale) scale dependence 
for specific galaxy type (expansion coeffs)

Need astrophysics to understand time 
dependence! 

4 Tenneti et al.

Figure 1. Top: Snapshot of the MBII simulation in a slice of thickness 2h�1Mpc at redshift z = 0.06. The bluish-white colored region
represents the density of the dark matter distribution and the red lines show the direction of the major axis of ellipse for the projected
shape defined by the stellar component. Bottom Left: Dark matter (shown in gray) and stellar matter (shown in red) distribution in the
most massive group at z = 0.06 of mass 7.2 ⇥ 1014h�1M�. The blue and red ellipses show the projected shapes of dark matter and
stellar matter of subhalos respectively. Bottom Middle: Dark matter and stellar matter distribution in a group of mass 3.8⇥1012h�1M�.
Bottom Right: Dark matter and stellar matter distribution in a group of mass 1.1⇥ 1012h�1M�.

Iij =

P
n mnxnixnjP

n mn
, (1)

where mn represents the mass of the nth particle and
xni, xnj represent the position coordinates of the nth parti-
cle with 0 6 i, j 6 2 for 3D and 0 6 i, j 6 1 for 2D. It is to be
noted that in this simulation, all particles of the given type
(either dark matter or star particle) have the same mass.
Hence the mass of a particle has no e↵ect on the inertia ten-
sor. The inertia tensor can also be defined by weighting the

positions of particles by their luminosity instead of mass.
Schneider et al. (2012) used the definition of reduced iner-
tia tensor and investigated the radial dependance of halo
shapes in the N -body simulation by considering only parti-
cles within a given fraction of the virial radius. In this paper,
we are only concerned with the standard unweighted inertia
tensor definition for determining shapes and defer investiga-
tion of other definitions for a future study.

Consider the 3D case. Let the eigenvectors of the iner-
tia tensor be êa, êb, êc and the corresponding eigenvalues be
�a,�b,�c, where �a > �b > �c. The eigenvectors represent

c� 0000 RAS, MNRAS 000, 000–000

(MassiveBlack II: Khandai+ 2014; Tenneti+ 2014a,b)

Galaxy observables: 
positions and shapes

Khandai+2014, Tenneti+2014

�g = b1� + bs�
2 + bss

2 + · · ·

Galaxies as (Idealized) Tracers

�obs = �G + �I

�I
ij = C1sij + C2sikskj + C��sij + Cttij + · · ·



Preview: Cosmology Analyses, ca. 2025

Cosmology Parameters

5%

95% Systematics Parameters
- known unknowns
- unknown unknowns



From Cosmology to Observations

Parameters (Unobservables) Observables Observations
<latexit sha1_base64="JzD+WruiOgjFqN2/+aAvgIoaVqk="></latexit>

�cosmo
<latexit sha1_base64="wxRT9HitfSuQwnbQXU+DYoDiUas=">AAACCXicdVDLSgMxFM3UV62vqhvBTbAIXZUZUWpXFty4rGAf0ClDJpO2oclkSDJCGWbrxh9x4caFIi71D9z5BX6FYKatoKIHQg7n3sO99/gRo0rb9puVm5tfWFzKLxdWVtfWN4qbWy0lYolJEwsmZMdHijAakqammpFOJAniPiNtf3Sa1duXRCoqwgs9jkiPo0FI+xQjbSSvCF1fsECNuflcZnwB8hKXIz2UPNHDNPWKJbtSmwBOSfVwRmoOdCr2BKWTj2fxvnPDG17x1Q0EjjkJNWZIqa5jR7qXIKkpZiQtuLEiEcIjNCBdQ0PEieolk0tSuG+UAPaFNC/UcKJ+dySIq2xZ05ntqH7XMvGvWjfW/eNeQsMo1iTE00H9mEEtYBYLDKgkWLOxIQhLanaFeIgkwtqEVzAhfF0K/yetg4pzVLHP7VK9DKbIg12wB8rAAVVQB2egAZoAgytwC+7Bg3Vt3VmP1tO0NWfNPNvgB6yXTxXboEU=</latexit>

�th
<latexit sha1_base64="EgdeslzbWzgg248Wnmc8KxeZ3zo="></latexit>

�astro
<latexit sha1_base64="5P2piwSocIgsVgBpDm+WtyCnPPU="></latexit>

�obs

3D matter fluctuations
matter power spectrum

halo mass function
…

(projected) tracers
tracer power spectra

cluster counts
….

maps, catalogs
tracer power spectra

cluster counts
….

as measured from data

this talk:
<latexit sha1_base64="gG+MWB6F744VZLqXoGNcfulyZB8=">AAAB+3icdVDLSsNAFJ34bOsr1qWbwSJUkJCIUrsrdONKKtoHNCFMptN26OTBzESsIb/ixoUibv0Kdy4E/8ZpUkFFD1w4nHMv997jRYwKaZof2sLi0vLKaqFYWlvf2NzSt8sdEcYckzYOWch7HhKE0YC0JZWM9CJOkO8x0vUmzZnfvSZc0DC4ktOIOD4aBXRIMZJKcvWynTTdBHlp1SaMHRye26mrV0yjngHmpHY8J3ULWoaZodIo3L6/XraKLVd/swchjn0SSMyQEH3LjKSTIC4pZiQt2bEgEcITNCJ9RQPkE+Ek2e0p3FfKAA5DriqQMFO/TyTIF2Lqe6rTR3Isfnsz8S+vH8vhqZPQIIolCXC+aBgzKEM4CwIOKCdYsqkiCHOqboV4jDjCUsVVUiF8fQr/J50jwzoxzAuVRhXkKIBdsAeqwAI10ABnoAXaAIMbcAcewKOWavfak/acty5o85kd8APayycE9ZdY</latexit>

{Cab(`), N}
<latexit sha1_base64="uM1vBTFu60PzPcRWHP9OkORXMt0=">AAACB3icdVDLSsNAFJ3UV1tfVZeCDBahgoRElNpdoRtXUtE+oAlhMp22QycPZiZCDdm58VfcuFDErWt3LgT/xmlSQUUPXDiccy/33uOGjAppGB9abm5+YXEpXygur6yurZc2NtsiiDgmLRywgHddJAijPmlJKhnphpwgz2Wk444bU79zRbiggX8pJyGxPTT06YBiJJXklHas2BohGTcSJ0ZuUrEIY/sHqXSWWIlTKht6LQXMSPVoRmomNHUjRbmev35/vWgWmk7pzeoHOPKILzFDQvRMI5R2jLikmJGkaEWChAiP0ZD0FPWRR4Qdp38kcE8pfTgIuCpfwlT9PhEjT4iJ56pOD8mR+O1Nxb+8XiQHJ3ZM/TCSxMfZokHEoAzgNBTYp5xgySaKIMypuhXiEeIISxVdUYXw9Sn8n7QPdfNYN85VGhWQIQ+2wS6oABNUQR2cgiZoAQxuwB14AI/arXavPWnPWWtOm81sgR/QXj4B+66c8g==</latexit>

{Ĉab(`), N̂}

focus on astrophysical systematics
see DES-Y3 early papers, Niall’s talk (Friday) for observational systematics examples!

initial conditions
energy components

background evol.



From Observations to Cosmology

<latexit sha1_base64="rOF3/+ftMpQ0b7J2VJmCPsCmYn0="></latexit>

p(�. p(�cosmo|{Ĉ(`), N̂}) = p(�cosmo)

Z
d�th+astro+obs p(�th+astro+obs) p (Pm, n(M)|�cosmo+th)

p({C(`), N}|Pm, n(M),�astro)p({Ĉ(`), N̂}|{C(`), N},�obs) , p({Ĉ(`), N̂})



From Observations to Cosmology

<latexit sha1_base64="rOF3/+ftMpQ0b7J2VJmCPsCmYn0="></latexit>

p(�. p(�cosmo|{Ĉ(`), N̂}) = p(�cosmo)

Z
d�th+astro+obs p(�th+astro+obs) p (Pm, n(M)|�cosmo+th)

p({C(`), N}|Pm, n(M),�astro)p({Ĉ(`), N̂}|{C(`), N},�obs) , p({Ĉ(`), N̂})

“systematic effects”
may outnumber cosmo params
parameterize + prioritize!

systematics prior
large prior volume 
validate (external data, simulations)

Cosmology Priors

Science Case
parameters of interest
which science?

large data vector
which probes + scales?

Model Data Vector
consistent modeling of all observables

including all (cosmo + nuisance) parameters
 

Likelihood
for observables + systematics

requires (data, sys) covariances



The Trouble with Systematics

a systematics free survey....

bias free parameter estimates with statistical uncertainty



The Trouble with Systematics

ignored systematic effect in analysis:

parameter bias



The Trouble with Systematics

marginalize systematic effect, correct parameterization

remove parameter bias, increase uncertainty



The Trouble with Systematics

marginalize systematic effect, correct parameterization

remove parameter bias, increase uncertainty

improve priors on

 nuisance parameters



The Trouble with Systematics

marginalize systematic effect, imperfect parameterization

residual parameter bias, increased uncertainty

note: analysis-specific validation! 



Combined Probes Systematics

“Precision cosmology”: excellent statistics - systematics limited

 (and person-power limited!)

Easy to come up with large list of systematics + nuisance parameters

galaxies: LF, bias (e.g., 5 HOD parameters + b2 per z-bin,type)

cluster mass-observable relation: mean relation + scatter parameters

shear calibration, photo-z uncertainties, intrinsic alignments,...

! Σ(poll among DES working groups) ~ 500-1000 parameters  [2013 estimate]

Self-calibration + marginalization?

costly (computationally, constraining power)



The Trouble with Systematics
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≠∫ Marginalized

≠∫ Fixed

idealized DES-Y3 analysis, input = analysis model

parameter correlations may bias marginalized posteriors



Photometric LSS Surveys
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DES Year 1 WL x LSS Analysis

galaxies x galaxies: 
angular clustering

lensing x lensing: 
cosmic sheargalaxies x lensing: 

galaxy-galaxy lensing

θ θθ

660K redMaGiC galaxies 
split in 5 redshift bins 

26M source galaxies 
split in 4 redshift bins 



DES Y1 Results:
LCDM Multi-Probe Constraints

● marginalized 4 
cosmology parameters, 
10 clustering nuisance 
parameters, and 10 
lensing nuisance 
parameters

● consistent cosmology 
constraints from weak 
lensing and clustering in 
configuration space

● Central values differ by 
>1𝜎 from Planck, in the 
same direction as other 
lensing analyses 
(CFHTLS, KiDS-1000, 
HSC)(DES Collaboration 18) 
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baseline systematics marginalization (20 parameters)
• linear bias of lens galaxies, per lens z-bin
• lens galaxy photo-zs, per lens z-bin
• source galaxy photo-zs, per source z-bin
• multiplicative shear calibration, per source z-bin
• intrinsic alignments, power-law/free amplitude per per source z-bin

-> this list is known to be incomplete 

how much will known, unaccounted-for systematics bias Y1?

-> remove contaminated data points (i.e., throw out large fraction of S/N)

-> choice of parameterizations ≠ universal truth

are these parameterizations sufficiently flexible for Y1?

DES-Y1 Systematics Modeling + Mitigation

1706.09359



-> this list is known to be incomplete 
      how much will known, unaccounted-for systematics bias Y1 results? 

Example: generate input ‘data’ incl. 2nd order galaxy bias
enhances clustering signal on small physical scales
determine scale cuts to minimize parameter biases

EK+ (DES) 2017

Systematics Mitigation
incomplete model - scale cuts



DESY1 Systematics Mitigation
Does it hurt?

(DES Collaboration 18) 

Galaxy lensing + galaxy counts

also depends on galaxy bias parameters

Marginally consistent/small tension with Planck

Some others more significant, but all require complex modelling

e.g. DES Y1

independent analysis by A. Lewis 



DES-Y1 Systematics Modeling + Mitigation 
why such simple models?

Constraining power influences allowed model complexity 
Lesson: simulate analyses early and often! 

● More accurate (+more complex) 
systematics models have been 
around for decades… why not use 
them? 

● Sampling over poorly constrained model 
parameters may bias inferred cosmology 
(if model parameters are degenerate with 
cosmology) 

● Model evaluation time is important when 
running hundreds of chains 

● (save most accurate model for validation)

theory input: b1, 
analyzed with 
b1 
b1, b2, bs2 
b1, b2, bs2, wide priors



DES-Y1 Systematics Modeling + Mitigation: 
non-linear bias, simulation input

Y1 fiducial: b1 
2 parameters: b1 + bk k2 + b2(b1) + bs2(b1) + b3nl(b1) 
3 parameters: b1 + bk k2 + b2 + bs2(b1) + b3nl(b1) 

NOTE: good fit to sims with 3 bias parameters at fixed cosmology 

18 Y1 mocks combined

work by Shivam Pandey & Niall MacCrann

18 Y1 mocks combined



Systematics Opportunities and Challenges:
Non-Linear Bias Modeling

Model C gives residuals within 2% for both galaxy samples:  and 
Maglim down to 

redMaGiC
4 Mpc/h

Results for the redMagic sample:  

๏ Using Model C we get very good fit, even down to .  

๏ Moreover, we can fix higher-derivative bias to zero and ,  to co-evolution 
value. So we get a good fit with just 2 free parameters.

4 Mpc/h
bs b3nl

Pandey+ 2020: minimal bias model for DES-Y3 
analysis

• analyze galaxy-galaxy and galaxy-matter 
correlation function in of redMaGiC galaxies 
in DES mocks

• fit galaxy bias models with varying 
complexity/number of parameters

• neglecting higher-derivative bias, and setting 
bs, b3nl to coevolution values sufficent for 
DES-Y3 analysis

2 parameter model, reduced prior volume



Systematics Opportunities and Challenges:
Non-Linear Bias Modeling

Pandey+ in prep: DES-Y3 clustering + g-g 
lensing analysis

• increased statistical power and reduced 
model complexity enable analysis with 
non-linear bias modeling

• linear bias x non-linear matter power 
spectrum sufficient for > 8 Mpc/h

• limited increase in constraining power 
when including smaller scales + non-
linear bias model
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DES-Y3 blinded, preliminary



Systematics Opportunities and Challenges:
Baryonic Effects in WL Analyses

illustration from OWLS collaboration



DESY1 WL Correlation functions

Small scale correlation 
function data points were 
being cut out mostly 
(almost entirely) because of 
baryonic effects

Huang+2020: reanalyze 
DESY1 including all WL 
measurements down to 2.5’



Baryonic Effects in WL Analyses



Baryonic Effects in WL Analyses
PCA Baryon Impact Model

• PC amplitudes Qi from 
hydro power spectra

• use Qi as continuous 
baryon parameters

• marginalizing over Q1 is 
sufficient given DES-Y1 
constraining power

• Q1 non-informative prior:
[-3,12]

• Q1 informative prior: [0,4]Huang+ 2020 



Baryonic Effects in WL Analyses
Cosmology Constraints

• Green: DES-Y1 including 
all scales, and baryons are 
not included in the 
modeling (don’t do 
that…)

• Orange: DES-Y1 baseline 
(conservative scale cuts)

• Blue: DES-Y1 including all 
scales, and baryonic effects 
are modeled using PCA 
with non-
informative prior

Huang+ 2020 



• Orange: DES-Y1 baseline 
(conservative scale cuts)

• Blue: DES-Y1 including all 
scales, and baryonic effects 
are modeled using PCA 
with non-
informative prior

• Grey: DES-Y1 including all 
scales, and baryonic effects 
are modeled using PCA 
with informative 
prior

Huang+ 2020 

Baryonic Effects in WL Analyses
Cosmology Constraints



Huang+ 2020 

Baryonic Effects in WL Analyses
Feedback Constraints

Huang+ 2020 



Huang+ 2020 

Baryonic Effects in WL Analyses
Feedback Constraints

Huang+ 2020 



Systematics Opportunities and Challenges:
Cluster Counts x 2PCFs

!! "!!
"!"!

"""!
""!
N

""""

3x2pt:
• Method: Krause&Eifler et al. (2017)
• Simulation: MacCrann&DeRose et al. (2018)
• Results: DES Collaboration (2018)

6x2pt+N:
• Results: This work

4x2pt+N:
• Method: To&Krause et al. (2020a)
• Simulation: To&Krause et al. (2020a)
• Results: This work

15

Difference from DES Y1 cluster cosmology analysis

Analysis in comparison
Pros of  this analysis DES Y1 cluster analysis 

[DES collaboration 2020]
This analysis

• Small scale • Large scale, 2-halo regime Safe from many systematics 
(e.g. baryonic effects, mis-centering)

• Two step analysis:
Weak lensing à mass + N à
Cosmology

• One step analysis:
Data vector à Cosmology

Easy to be combined with other 
cosmology probes (e.g. 3x2pt)

To&Krause+ 2020a,b: Cluster 
cosmology constraints from 
abundances and large-scale 2PCF

• joint likelihood analysis validated on 
DES-like mock catalogs (Buzzard, 
DeRose+2020)

• MOR calibrated from large-scale 
clustering, account for selection bias

cosmology constraints consistent 
with other DES probes
(but not with main DES-Y1 cluster 
analysis)



Systematics Opportunities and Challenges:
Cluster Counts x 2PCFs

End-to-end validation on simulations 
(To,Krause+2020a; DeRose+2019, Risa’s talk):

projection effects, orientation bias key 
systematics for cluster selection

validate analysis on custom Buzzard 
simulations spanning range of possible 
projection effects

recover input cosmology across all realizations

30

Simulation setups
• We create special versions of the Buzzard simulation.

→ The range of projection effects in simulations well spans the data.

BuzzA:  least amount of projection 
BuzzB:  largest amount of projection

x 10 DES Y1
x 1 DES Y3

,&
30

Simulation setups
• We create special versions of the Buzzard simulation.

→ The range of projection effects in simulations well spans the data.

BuzzA:  least amount of projection 
BuzzB:  largest amount of projection

x 10 DES Y1
x 1 DES Y3

,&



Systematics Opportunities and Challenges:
Cluster Counts x 2PCFs

Name 

4x2pt+N DES 4 two-point correlation 
(large scale only)

DES-NC +SPT-MOR DES SPT multiwavelength data 
(high mass,  small scale only)

DES Y1 DES Weak lensing (large + small scale)

WtG X-ray Weak lensing (high mass)

SPT-2500 SPT SPT multiwavelength data 
(high mass,  small scale only)

Compare 2 and 3: DES-Y1 problem associated with low-mass clusters
Compare 1 and 3: DES-Y1 problem associated with small-scale lensing

To+ 2020 



Systematics Opportunities and Challenges:
Cluster Counts x 2PCFs

Additional constraining power from number counts, not additional 2PCFs
Much constraining power to be gained iff accurate MOR calibration
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EK, Eifler 
EK, Eifler 2017



Photometric Dark Energy Surveys
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Number galaxies

Bad

Good

Survey Optimization I



Area

Number density

 of galaxies

Really Good

Bad

Not so bad

Pretty Good

Survey Optimization II

Statistical error bars only (simplified): 
• Area is more important than depth
• Even more true since non-gaussian Covariances became fashionable



Survey Optimization III
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Intrinsic alignment
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Non-linear density field evolution
Covariance Computation
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Stage-IV 3x2pt forecasts
(details matter)

EK+ 2017

°0.
50

°0.
25

0.
00

0.
25

0.
50

¢w0

°0.
8

0.
0

0.
8

1.
6

¢
w

a

3x2 WF HLS no sys

3x2 WF HLS 42-dim-sys
Eifler+2020a

Roman 3x2pt Rubin 3x2pt

marginalized over {linear galaxy bias, lens photo-z, source photo-z} per tomography bin
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Figure 3. Impact of galaxy samples and associate systematics on cosmolog-
ical information. We show the systematics free 3x2pt function case (black,

solid) in comparison to our baseline model (red/dashed). The (blue, dot-

dashed) contours show the information gain when including all blended ob-
jects in the analysis, i.e. increasing n̄source from 26 to 37 galaxies/arcmin2;
green/long-dashed constraints are obtained when including a lens galaxy
sample that is by a factor of 20 larger than our baseline (red sequence) sam-
ple, but has worse photo-z accuracy.

Combining multiple probes has a highly non-linear e↵ect on
cosmological constraining power. It should be an important aspect
of future work to explore optimal multi-probe data vectors for the
various science cases (beyond cosmic acceleration).

4 Scenarios beyond the baseline analysis

In this section we illustrate some of the CosmoLike capabilities to
forecast and optimize the LSST survey. Starting out from the base-
line model we vary the galaxy lens and source samples as well as
associated systematics. We also examine constraints when includ-
ing highly non-linear scales in the lens sample, which requires us to
replace the linear galaxy bias computation with CosmoLike’s HOD
module. We also vary the input cosmology of the computed covari-
ance matrix as a first step to quantify the impact of this choice on
cosmological constraints. Lastly, we consider the impact of galaxy
intrinsic alignment for the multi-probe case and in the presence of
multiple systematics.

4.1 Varying galaxy samples: systematics vs. statistics

Statistical power of photometric surveys comes from covered area,
to reduce cosmic variance, and from the number density of galax-
ies, to reduce noise contributions when estimating summary statis-
tics. Maximizing the number density of galaxies requires the inclu-
sion of faint, small, and poorly understood galaxies, which give rise
to additional systematics. The trade-o↵ between statistical power
and systematics needs to be simulated carefully to select optimal
galaxy samples and to focus future research on the most limiting
factors of an analysis.

Figure 3 illustrates the di↵erence in cosmological information
when comparing a systematics-free 3x2pt analysis (black/solid) to
our baseline scenario (red/dashed) that includes uncertainties from
photo-z’s, shear calibration, and galaxy bias (see Table 1).

Table 2. Parameters, flat priors (min, max), and Gaussian priors (µ, �) for
non-baseline scenarios considered in Sect. 4

Parameter Fid Prior

High density lens sample considered in Fig. 3
�i

z,lens 0.0 Gauss (0.0, 0.001)

�z,lens 0.04 Gauss (0.04, 0.002)

HOD implementation in Fig. 4
Mmin 12.1 flat (10,15)

M
0
1 13.65 flat (10,15)

M0 12.2 flat (10,15)

�lnM 0.4 flat (0.1,1.0)

↵sat 1.0 flat (0.5,1.5)

fc 0.25 flat (0.1,1.0)

Covariance cosmology changes in Fig. 5, model1
⌦m 0.284 no prior - fixed value

�8 0.748 no prior - fixed value

Covariance cosmology changes in Fig. 5, model2
w0 -1.3 no prior - fixed value

wa -0.5 no prior - fixed value

The main contributors in reducing source galaxies for LSST
are masking and atmospheric blending (Chang et al. 2013; Daw-
son et al. 2016). For example, (Chang et al. 2013) find that these
e↵ects shrink the number density of source galaxies from 37 to 26
galaxies/arcmin2. The (blue/dot-dashed) contours show results of
a simulated analysis assuming 37 galaxies/arcmin2. Since we do
not assume an increase in photo-z and shear calibration uncertain-
ties, these contours correspond to an upper limit in information gain
when solving the problem of blending for LSST.

The (green/dashed) contours illustrate results when consider-
ing a lens galaxy sample that has a factor of 20 higher number den-
sity of galaxies compared to our baseline scenario, but degraded
photo-z accuracy (compare Tables 1 and 2).

We find very limited gain in information when increasing the
number density of either source or lens galaxies, which we explain
as follows: First, our error budget is systematics dominated (in-
dicated by black/solid vs red/dashed contours). Second, the Non-
Gaussian cosmic variance terms in our covariance matrix likely
dominate the noise contributions; increasing the number density of
galaxies and hence decreasing the noise has no e↵ect. An increase
in survey area (e.g., towards the equator, which would also allow
for increased overlap with the Dark Energy Spectroscopic Instru-
ment survey) would be a more promising approach.

4.2 Varying Rmin: linear galaxy bias vs. HOD model

In this subsection we address the change of information content as
a function of scale to which galaxy biasing can be modeled accu-
rately. Our baseline scenario includes cosmic shear up to lmax =
5000, however it imposes an Rmin = 10Mpc/h cut-o↵ for clustering
and galaxy-galaxy lensing. Perturbative models for galaxy biasing
in the quasi-linear regime is an active area of research (e.g. McDon-
ald & Roy 2009; Senatore 2015; Angulo et al. 2015), and the model
for galaxy clustering and galaxy-galaxy lensing in Eq. (9) needs to
be updated for analyses of galaxy clustering measurements from
future surveys. However, in the context of this forecast study, we
are primarily interested in cosmological information content as a

MNRAS 000, 1–13 (2014)



Roman Space Telescope Forecasting

Forecast Machinery (Eifler+2004.05271) 
• WFIRST Exposure Time Calculator (Hirata+12): realistic 

survey area + depth 
• CANDELS WFIRST catalog (Hemmati+18): redshift 

distribution for lensing and clustering sample, galaxy 
clusters 

• Combine  
• Cosmic shear 
• Galaxy-Galaxy Lensing 
• Galaxy Clustering (photo) 
• Cluster Number Counts 
• Cluster Weak Lensing 
• Galaxy Clustering (Spectro) 
• SN1a (Hounsell+2018) 

• Non-Gaussian Multi-Probe Covariance 
• 80+ systematic parameters 
• full simulated likelihood analyses



Roman Forecasts: Reference Survey

individual probes combined probes



multi-probe analysis, pass 1 - now what?


Unknown Systematics? vs. New Physics?



Unknown Systematics? vs. New Physics?

scale dependence?

dependence on galaxy/cluster selection?

calibrate with more accurate measurements
spectroscopic redshifts

low-scatter cluster mass proxies

galaxy shapes from space-based imaging

[potentially expensive]

correlate with other surveys
compare to predicted cross-correlations

constrain uncorrelated systematics 

10 Dawson, Schneider, Tyson, & Jee

(a) D2015 J091618.93+29497.3 (b) D2015 J091623.84+294927.7 

(c) D2015 J091620.65+29495.9 (d) D2015 J091619.74+294857.3 

(e) D2015 J091610.65+294856.5 

(g) D2015 J091615.25+294850.4 

(f) D2015 J091603.65+295252.3 

Figure 6. Visually confirmed ambiguous blends in the Musket Ball Cluster Subaru/HST field (Dawson et al. 2013). For each blend, the
Subaru i-band image (left) is shown alongside the HST color image (right; b=F606W, g=F814W, r=F814W). Both images are logarithmi-
cally scaled. The ellipses show the observed object ellipticities (red = Subaru, green = HST). The images and green crosshair are centered
on the Subaru ambiguous blend object center. The Subaru pixel scale is 0.2 arcsec/pixel, and the HST pixel scale is 0.05 arcsec/pixel.
Panels (a)-(g) show blends selected from the complete sample (available in the electronic edition of the article) to highlight some of the
common “classes” of ambiguous blends. Panel (a) is an example of a case where two objects with small ellipticity have become ambiguously
blended in the Subaru image and produced a single detected object with large ellipticity (Subaru object FWHM: 1.600). Panel (b), while less
common, it is also possible to have two objects be ambiguously blended together to create a smaller ellipticity object observed in Subaru
(Subaru object FWHM: 1.000). Panel (c) is an example of two objects with similar brightness that are ambiguously blended (Subaru object
FWHM: 1.300). Panel (d), two objects need not have similar brightness to generate an ambiguous blend with significantly di↵erent ellipticity
properties compared to that of the brighter object. Even objects in the LSST Gold Sample (i < 25.3) can be significantly a↵ected by
the fainter objects (25.3 < i < 28) in the survey (Subaru object FWHM: 1.200). Panel (e), approximately 25% of ambiguous blends are
composed of more than two objects (Subaru object FWHM: 1.800). Panel (f), is an example of two objects, likely at di↵erent redshifts
(given their di↵erent colors and magnitude), that are ambiguously blended (Subaru object FWHM: 1.400). Panel (g), may be a spiral galaxy
that has become fragmented during the reduction of the HST imaging, thus it may be an example an artificial ambiguous blend (Subaru
object FWHM: 1.200). [See the electronic edition of the article for all ambiguous blend panels, Figures 6.1–6.341 ]

Subaru                      HST-ACS
ground vs. space-based shape measurements

Dawson+ 2016



Cosmology Analysis Parameters

Cosmology Parameters

5%

25%

70%

(previously)
unknown
unknowns

Systematics Parameters

observational systematics
survey specific

astrophysical systematics
observable + survey specific

known
unknowns



Conclusions
We’re entering the decade of very large galaxy surveys 

BOSS, KiDS,DES, HSC, PFS  -> DESI, LSST, Euclid, WFIRST,…

+ radio surveys: impressive forecasts, complementary systematics

(Most) cosmological constraints will be systematics limited

require accurate systematics parameterizations+priors

Need different probes and analysis methods to enable accurate cosmology

identify and understand systematics effects

maximize constraining power 

Precision cosmology requires collaboration across surveys + wavelengths, 
plan for analysis frameworks to combine data from all surveys



• Idea: Combine the python Cobaya framework with 
CosmoLike

• Access to samplers+external likelihood of Cobaya
• Automated updates of camb/class
• Large scale structure modeling of observables, systematics 

and multi-probe covariances from CosmoLike
• Each project gets its own likelihood module

• Easy installation and updating on usual suspects HPC 
systems (Pleiades, NERSC) 

• Docker version available

CoCoA (Cobaya-CosmoLike Architecture)
Lead developer of the framework: Vivian Miranda, https://github.com/CosmoLike/cocoa

Always working on that next code…



Idea: Reliable analytic covariances for 3x2pt
Features:

• Non-Gaussian connected terms+ SuperSample terms
• Response covariance module
• Flat and curved sky
• Stable and fast Real Space transformation using 2D 

FFTlog algorithm
• Near future extensions beyond 3x2pt (code exists but 

not public yet) 
• CMB lensing
• Clusters
• tSZ 2pt functions

CosmoCov Lead developer: Xiao Fang, https://github.com/CosmoLike/CosmoCov

Always working on that next code…

https://github.com/CosmoLike/CosmoCov

