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Abstract: <p>In this talk I will discuss several aspects of using the 21cm Intensity Mapping (IM) as a Large-Scale Structure (LSS) probe in ol
better constrain the cosmological&nbsp;parameters. | will start with a Baryon Acoustic Oscillations (BAO) reconstruction method intende
21cm IM observations at low redshifts. | will then present&nbsp;the predictions and gains of performing 21cm IM surveys at redshift range wt
currently&nbsp;vastly unobserved (2&lt;z&It;6). Finally | will show the results of using&nbsp;existing data (ALFALFA &amp; SDSS)&nbsp;
place constraints on the&nbsp;distribution of neutral hydrogen (HI) in dark matter halos as a function of the halo mass. This is then u
constrain and&nbsp;improve the HI halo model needed to make&nbsp;accurate and precise predictions on&nbsp;the 21cm signal and the no

Pirsa: 18110083 Page 1/68



Pirsa: 18110083

% WATERLOO

Cosmology and Gravitation Seminar

Large-Scale Structure
with 21 cm Intensity Mapping

Andrej Obuljen

New postdoc at UWaterloo working with Will Percival
Associate Postdoc at Pl

Nov [13th 2018

Page 2/68



Origins

From Belgrade (Serbia)
PhD studies at SISSA (Trieste, Italy)

Orae

Switzerland L Mungary jians ClulNapoca
g M e e PP e, TR Romant
Juios Bolggna (i Busm:;::“m‘}@""‘v“”" Buchers
Herzegovina
uu ..... 5 T" Wy Sorgjovo Serbin
el g bt r(;“ Bulgaria
. " ogios e :u‘ir:m. ' oz
PhD supervisor: Matteo Viel (SISSA)
Greece
CO"abO rated Wlth: Palemo s rere T‘I‘l:.n‘w
Francisco Villaescusa-Navarro (CCA) - -

Emanuele Castorina (BCCP)
David Alonso (Oxford) et al.

Part of:
Cosmic Visions 21cm Collaboration Group
DESI

Pirsa: 18110083 Page 3/68



Outline
* Introduction — Baryon Acoustic Oscillations — 2|cm
cosmology

+ BAO reconstruction with pixels

* High-redshift post-reionization cosmology with 21cm
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The HI content of dark matter haloes at z = 0 from
ALFALFA

Summary & future work
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Introduction

We are witnessing exciting times in the field of
cosmology

We have a well-established 6-parameter model
(ACDM) that describes well many observables at
different times, energies and scales

We have measured most of these parameters with
sub-percent precision

We have learned most of this using:

* Anisotropies in the Cosmic Microwave
Background (CMB) radiation

+  Galaxy clustering
* Measurements of distances to ‘local’ Supernovae la
* Weak lensing

+ Ly-a forest
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Correlation function/Power : spectrum
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Baryon Acoustic .
Oscillations
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Baryon Acoustic
Oscillations
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| Expansion history with BAO
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Non-linear effects on BAO

Large scale movements of galaxies cause the BAO peak to
broaden

Dominant effect comes from coherent flows of galaxies,
rather than random motions

BAO scale is in mildly non-linear regime, and we can model
and undo these flows using Zel'dovich approximation

Introduces a shift in BAO peak ~ 0.3% Padmanabhan et al, 2012
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Weinberg, D.H. et al, 2013

Pirsa: 18110083 Page 10/68



Non-linear effects on BAO

Large scale movements of galaxies cause the BAO peak to
broaden

Dominant effect comes from coherent flows of galaxies,
rather than random motions

BAO scale is in mildly non-linear regime, and we can model
and undo these flows using Zel'dovich approximation

Introduces a shift in BAO peak ~ 0.3% Padmanabhan et al, 2012

0.003 |

0.002

0.001 I

0.001 T T T T S T T S S S S 0Aa PR | | 1 L L i 1 I T S T
50 100 150 200 0.1 0.2 0.3
Separalion k (h Mpc 1)

Weinberg, D.H. et al, 2013

Pirsa: 18110083 Page 11/68



Years after the Big Bang

The Dark Age Tha First Galax|es Present day

L |
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2l cm cosmology

fo = 1420 MHz

Ao = 21 em
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We can use this to map the distribution
of neutral hydrogen

Mobs(2) = Ao(1 + 2)

Tegmark et al, 2009
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2l cm cosmology

fo = 1420 MHz

Ao = 21 em
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We can use this to map the distribution
of neutral hydrogen

)\ol")s(z) = )\('_)(1 + 3)

Tegmark et al, 2009
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21-cm Cosmology

—
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* Promising probe of LSS | x5 =3k
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(~Smik)
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* Many probes are targeting the BAO peak at
2<3: SKA, CHIME, HIRAX, Tianlai, FAST,
BINGO, BAOBAB etc.

- radio galaxies
and clusters

PRI treafrea amission
“"SNRs
:yn(lwmtum emiszion
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At the linear level:

Power spectrum of HI
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Power spectrum of HI ..
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Questions we try to answer

* How to perform BAO reconstruction with 21cm IM
using single dish antenna?

* What could we learn about the growth, BAO, neutrino

e o e e 72 A T T Hh TR e e i e M s T et epm e e e e T e

masses etc. using 21cm IM studies in the redshift range
2.5<z<5?

P

* What is the HI content of dark matter haloes at z = 0
from real data (ALFALFA & SDSS)? What is the HI bias

at z =~ 0?
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2|1 cm Intensity Mapping with single dish
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Effect of 2D smoothing in linear theory

2D smoothing introduces anisotropy in the power spectrum
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We continue the analysis using Legendre multipoles:
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+ Smooth the density field (_S’(E) — S(E)&(E) S(E) _ o (kRy)?/2

« Compute negative E‘

Zel'dovich displacement =\ — i q 7 S T
field on a grid s(k) = —i E2" (k)o(k)

- Displace original — 3 ik —-iE-(\lj((f)+§((f))
particles by s - (M(kﬁ) = d qge (6’. A =
“displaced” .

+  Shift spatially uniform - i T et e T

e 3 . —itk-qg¢_ —ik-s
grid of particles - ds(k) = /d ge i (e "9 1)
“shifted” ~

+ Reconstructed density (S.,.ri(;_(,,,,,_ — 54 g 5,,.

field

Padmanabhan et al, 2009
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Standard BAO reconstruction
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How to reconstruct 2D smoothed maps?
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How to reconstruct 2D smoothed maps?
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Reconstruction algorithm

+ Smooth the density field (_S(E) — S(k)5(k)

+ Compute negative E‘
Zel'dovich displacement HD — i Q(DAN(L
field on a grid S(A) =t 2 S(k)é(k )

- Displace eriginal-particles - i S, s =5
grid cells by s - “displaced” (Sd(k:) = /d‘aq(:“"k'q(e ik (\11((?)+:_»((f)) —

F ] I e I .F In > P 3 B A' - __‘E." —
apply uniform weights to (55(1[{:) — d qge LR q(e ik-5(q) l)
displaced grid positions .

* Reconstructed density field (S.,.ri(f_(,,r,,. — 5(1 = (55
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N-body simulations

We ran 500 L-PICOLA simulations (Howlett et al, 2015)
BoxSize — | Gpc/h
Number of particles 51273, number of timesteps to z=0 — 50

We simulate the intrinsic resolution of 21cm maps by applying a
2D Gaussian filter to the overdensity field: & (k) = d(k)e ¥ (1-#7"/2

We call these mock maps: matter and halo maps

The case of no angular smoothing corresponds to “galaxy” survey
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h 'Mpc

Initial vs reconstructed field




Comparison for a “galaxy survey”
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Matter map
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Halo maps
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What about the BAO peak position?

D4(2)0

Anisotropic
shift

f[f(fj) DA,JU(Z)] L/3 9

e [ H(z) Dal:
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Constraints on the peak position:
matter maps in real space

z =0, Matter maps in real—space z =0, Matter maps in real—space
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Main conclusions

+ We have tested a modified reconstruction method
intended for extracting BAO from future 21cm IM
surveys

* We find this method is able to decrease the uncertainty
in the BAO peak position by 30-50% over the typical
angular resolution scales of 21 cm IM experiments

 This method is faster and more general and can also be
applied to galaxies and other low angular-resolution
observations
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High-redshift post-reionization cosmology with 21cm
intensity mapping
with E. Castorina, F. Villaescusa-Navarro & M. Viel

arXiv:1709.07893
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HI IM at 2.5<z<5
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HI IM
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