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Collaboration with J Richard Shaw

Motivation
Instrument/Datasets
Redshift stack
Realistic simulations
+ Mock catalogs

+ Expected signal
Pathfinder results
Next steps
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Different tracers of LSS
Circumvent calibration challenges
Early detection of HI signal

A possible probe on:
HI x Quasar correlation
HI and quasar bias
Overall HI abundance (Q,, )
HI fraction in massive halos (containing quasars).
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Instrument — CHIME Pathfinder

Pathfinder

*Scaled down (1/8)
version of CHIME

2 cylinders (20x36m)

*128 dual polarization
feeds

*Full N2 correlation at 20
seconds cadence (1
TBiday)

*Over 3 years of data
collection

arXiv:1406.2288,
arXiv:1406.2267
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Quasar dataset — SDSS Catalog

QSO redshift distribution

*DR7,9,10,12,14

* Only using 1/2 band
for simplicity here.

*More than 100,000 1500 -
quasars in the CHIME
lower half redshift
range
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Redshift

arXiv:1208.0022, arXiv:1508.04473,
arXiv:1101.1529, arXiv:1712.05029
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Redshift stack
(cartoon)

HI redshift profile

quasar 1
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Realistic simulations

Need more realistic simulations.

Provide estimate for the amount of lost sighal / amount of
Integration needed.

Allow to interpret the results in terms of quantities of
Interest:

HI x Quasar correlation
HI fraction in massive halos containing quasars.

g2HI’ bHI’ bQSO
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Simulations - Zeldovich Approximation

From linear theory Vp=—5

(energy conservation)

ZA

Zeldovich approximation

X=q+y

RSD

Redshift space distortions
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Simulations - ZA
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Simulations - HI Field

* Density field by
displacing mass points

e Lagrangian bias from

Sheth-Mo-Tormen HMF  [i#
(arXiv:astro-ph/9907024) i
. i

M, from
arxiv:1804.09180
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Simulations — Quasar Field

Original catalog

* Lagrangian bias from
arxiv:1705.04718

* SVD the original catalog
to approximated the
Selection Function with
rank-7 reconstruction.

« Selection Function X
Quasar density maps gives
a PDF to draw random
quasars from.

Mock catalog
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Simulated Stack Signal
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Data Stack - Pathfinder - Expected Signal
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Data Stack - CHIME Data

—— QSO0 stack

CHIME data: 110 Sidereal days integration sk

—— Expected signal = 3.8E-03
»+=+ Expected signal rms = 8.1E-05
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* Higher resol. (x 3)

* More sensitivity (x 9) . =
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Simulation - Proof of concept

| from linear
(Gaussian) LS

-+

oregrounds
(Galaxy +

oint sources)
pixel or Im modes

X

VD filtering
(remove higher modes)

frequency
X
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Simulations —

Proof of concept

STackeq across Z139/3 quasars - Quasar pias: 1.0
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Simulations - Zeldovich Approximation

From linear theory 5_5:_V.d_x 5| Vap=—s
(energy conservation) 8 t d t

.k
ZA X=q+y |, tp(k,t)ZIPéL(k,t)

Zeldovich approximation

A

RSD s=x+—=x+f(P-a)a > |s=q+¢+[f(Y-n)n

aH
Redshift space distortions
= — D), o= _26: a
Spherical Y=-VI(®) v (4TFGF)O)¢
i7ati 1
realization P,(k)==P,(k) = C®(z,2')

k
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Unit Conversion

2k, Q 2k,
AX107® aAx10"*°

—=1~0.5x10"

A=0.3X20=6m"

Mollweide view Mollweide view

-10000 10000
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