07.05.2019
5th eBOSS DESI France Joint Meeting

Blinding Techniques
for
LSS Surveys

UNIVERSITAT e Samuel Brieden ’, I Cc U B ExceLENCIA

DE MAEZTU

BARCELONA

Institute of Cosmos Sciences



Blinding? In Cosmology?
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From http://galaxies-cosmology-2015.wikidot.com/h0

“Although each experiment was
honestly made, they were, except for
the first, conducted in light of
previous results.”

—Allan Franklin, The Neglect of Experiment

“The question of when to stop the search

for sources of error is then very important.

One psychologically plausible end point is
when the result ‘seems’ right”

—Allan Franklin, The Neglect of Experiment

Ezquiaga & Zumalacarregui 2018
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http://galaxies-cosmology-2015.wikidot.com/h0
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Does blinding help us to
enter a new era in
cosmology?
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Part 1: BAO in the CMB

“The early universe was like a Miso-soup”

—Eiichiro Komatsu




8 credits: Eiichiro Komatsu



Baryon Acoustic Oscillations (BAO)

Higher Matter Density

Early Universe: rs {
Tightly coupled
baryon-photon-fluid Planck Cosmology

Initial perturbations propagate as
sound waves until the end of
radiation drag. Sound horizon:
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BAQO after Inflation
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Back to the Miso soup...

Early Universe Late Universe

Universe at decoupling
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Part 2: Blinding BAO
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Fig. 1.5. Rings of power superposed. Schematic galaxy distribution formed by placing the
galaxies on rings of the same characteristic radius L. The preferred radial scale is clearly
visible in the left hand panel with many galaxies per ring. The right hand panel shows a
more realistic scenario - with many rings and relatively few galaxies per ring, implying that
the I)l'(‘]it‘l'l'l‘(] scale can ()lll'\' be recovered .\'l;lli.\li(';lll’\‘. Basset and Hlozek, 2009




Main idea: Mimick AP

Fiducial Cosmology
Two options for catalog construction:

fid _ 1. Invert to new blinded redshifts
Q% = {Qm’ Qb’ Hy, og, 1, w} 2. Stick with blinded distances

Shifted Cosmology
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Impact on BAO shift parameters

Fiducial:
DMrcIZid
A = ———
Dz\ﬁ4d Fa

Shifted:
hif
it = Dy g™
Dshift

Blinded:
. DM”c?d
a, = ————
1 Dshifty.,

Ratio:

a _ D
a Dﬁ}lift
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Test on Mocks: Setup

e Patchy Mocks: 2048 realisations of CMASS and LOWZ for North
and South each

e QOriginal and fiducial cosmologies:

Parameters Patchy Fiducial
Q 0.307115 0.31
w -1.0 -1.0

 Blinded Cosmologies are
obtained from varying the
fiducial (Q2, w) by
+/- 5%, 10%, 20% each

* From the original and blinded realisations we measure

2/3 ,1/3
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Test on Mocks: The n(z) distribution
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Results: Compare diff. Cut methods

Monopole t°-Moment
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Results: Compare diff. Cut methods

f1°-Momenlt
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Results: Compare diff. blinded Cosmologies
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Results: Compare diff. blinded Cosmologies
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Results: Compare diff. Covmats

Using
the
correspo
nding
covmats
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Results: Compare diff. Covmats

Monopole p?-Moment
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Results: Compare errors on alphas

u?-Moment

Using
the
same
covmats

Error after blinding

0.012 0.014 0.016 0.018 0.020 0.022 0.015 0.020 0.025 0.030

Almost perfect
aligned

o=
o)
g
:
e
et
2
=
=
2
=
M/

0.020 0.025 0.030 0.035 0.020 0.025 0.030 0.035 0.040 0.045 0.050
Error on o before blinding Error on ay before blinding

23



Results: Compare errors on alphas
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the
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Results: Compare errors on alphas
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Results: Compare pre/post reconstruction
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Results: Compare pre/post reconstruction
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Time For Questions



Part 2: Blinding RSD



Reconstruction: Basics

Lagrangian (1st order) Displacement Field:

x(q,7) = q+ ¥(q,7)

With growth rate:
dinD

- dlna

To 1st order PT , Eulerian density field is

V- W(q,t) = 5(x, 1)

Assuming linear bias we get in redshift space

K%W+£V4Tfﬁ=_
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Reconstruction: Procedure

e Smooth density field, solve for displacement i, with input growth and bias
(iterative procedure with FFTs, Burden et al. 2014)

5
v-\11+iv-(\lf-f~)f~=——g
b b

e Shift catalog particles back by p+@(RSD) and get displaced density field (d)
X —>X—WY+A(¥Y-1r)r
e If evolution completely linear: 64 =0
e Shift random catalog by -y and get shifted randoms (s) field
o If evolution completely linear: 6, = — J;;,

e Reconstructed overdensity field given by: Orecon

S
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Reconstruction: Picture
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Reconstruction: Quiz

e Preparation:
e Create weird initial conditions

e Run Gadget2 locally
(4 cores, 100 Mpc and 64 particles per dim., takes ~30 min

e Perform reconstruction (with f=0, b=1) and shift field + randoms
e Rules: 4 rounds, try to guess ICs, while | show to you

1. Gadget2 output at z=0

2. Reconstructed field

3. Reconstructed randoms

4. Backwards movie
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Main idea

 Option 1: As in Reconstruction, find displacement field :

5
v-\lf+iv-(\11-f~)f~=——g
b b

* Instead of shifting galaxies back by the total displacement
field g, use only the RSD part (along los) and add new f’:

X — X+ (f—f) (¥ )P f=(Q,)

 Option 2: Solve equation twice, using f and f’. Then shift by
difference between the two RSD displacement fields
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Outlook

e Jest the previously mentioned 2 options on N-body

simulations, which one does a better job in mimicking
RSD?

e Perform BAO+RSD analysis on blinded mocks

e Combine Blinding schemes
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Thank you for your
attention



