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| got involved in this because of DES-BigBOSS Joint Working Group

Basic question: how much does it help (or hurt) measurements of dark
energy to have overlapping spectroscopic (redshift) surveys and photometric
(lensing) surveys? (Specifically BB and DES.)

Gaztanaga et al. (2012) and (in some interpretation) Cai & Bernstein (2012)
had found big gains from having overlapping surveys.

The basic idea of these papers is that lensing calibrates the bias of redshift
survey galaxies through overlapping angular modes, which can then enhance
the constraining power of the full redshift survey.
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Fisher matrix calculations

LRGs and ELGs from BigBOSS (or DESpec)
DES(-like) galaxies with photo-z’s following a realistic distribution (J. Annis)

Use full galaxy density power spectrum at k<~0.1 h/Mpc, but only BAO at
higher k, to avoid non-linearities.

Use C_I's in dz=0.2 redshift bins for angular clustering calculations. (Results
insensitive to bin width because finer radial scale information included
through power spectrum calculation.) | max=500 for shear-shear

Generally include all possible cross-correlations between different types of
galaxy density and lensing.

Standard cosmological parameters following FOMSWG (Albrecht et al.).

Can include many nuisances/systematics like bias, photo-z systematics,
shear calibration bias, intrinsic alignments, etc.

Include Planck CMB in all projections.
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® |n the DES/BigBOSS joint study we concluded

that, all else being equal, overlap was clearly
desirable, but it was surprisingly difficult to find
strong quantitative benefit (at the time | might not
have believed it without cross-check from Cai,
although since then | have explored enough that |
think it makes sense, as | will discuss).

We focused on a fixed spectroscopic survey with
a possible low-cost move of DES footprint.

Since then, I've expanded the calculations more
generally.

Wednesday, March 6, 13



General bottom line:

RS area WL area overlap DE FoM
14000 0 0 217
14000 14000 0 386
14000 14000 14000 399
13000 13000 13000 372

® Redshift surveys and lensing are highly complementary.

® |f it’s just a matter of where to point your telescope,
overlap is better - you might as well go for it.

® You don’t want to sacrifice measurable total area for it.
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Lensing always a broad average, z-error determines
how well resolved density/source fields are.
Mass only correlated at relatively short distances.
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Observable fields

® For each type of object, e.g,, in a nominal
photo-z bin, we can generally talk about
measuring (at least) two fluctuation fields:

true number density magnification noise
Estimated number density #n =D #, |+ 2(5! 1)## + &,
) 3D 2D projected
Estimated lensing convergence 9/1 — biaém + b,.;jé,i + €, noise

intrinsic alighments  true convergence

Wednesday, March 6, 13



Errors on cross-correlation
(total of 820 cross-correlations per | band)

A few examples
LRGs in range 0.4<z<0.6

photo-z galaxies in range
0.8<z<1.0 (with lensing)

Realistic long-tailed photo-z
distribution.

Density cross-correlation
(marginally detected) measures
tails of the photo-z distribution
(magnification also present)
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Bias calibration “works”... just not
well enough

[
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: 5 B8 BB-+non-overlapping DES+CMB (marginalized) ||
\ B 8 combined constraints, with full overlap

0))

0

O

C

@)

| -

(@)

| -

| -

v

'©

C

@)

ST

© 10

Y

0.0 0.5 1.0 1.5 2.0

Wednesday, March 6, 13



The illusion of overlap

Fourier space coverage
A

Radial k

v

Photo-z density

Lensing

Angular k

%0.1h Mpc' - Redshift space density
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With modified gravity parameters

RS WL overlap DE FoM o0, o0oma,
14000 O 0 175.2  0.0244 0.0287
14000 14000 0 185.5  0.0239 0.0223
14000 14000 14000 191.7 0.0229 0.0208
13000 13000 13000 179.4 0.0237 0.0214

® Again, overlap helps, but you wouldn’t give up any
significant survey area for it.

® includes photo-z systematic calibration

Thee = Q. (2)

multiplicative offset Gg relative to the GR—bredicted amplitude at z =9
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Bias calibration “works”... just not
well enough

You don’t design a | ———— _
survey around the - nielibvivodaai-homiiviotiinictaand |
blue curve when | |
the baseline overall
precision is the
red...in my
opinion.
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The bottom line:

RS area WL area overlap DE FoM
14000 0 0 217
14000 14000 0 386
14000 14000 14000 399
13000 13000 13000 372

Redshift surveys and lensing are highly complementary.

If it’s just a matter of where to point your telescope, overlap is better - you
might as well go for it.

You don’t want to sacrifice measurable total area for it.

Experience shows that quantifyingur imagination about how things work -
| mean especially systematics control here - often leads us to deeper
understanding and different conclusions than we expected.
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