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* spectroscopic nature

* large volumes (for cheap)

21cm intensity maps

»  Cosmology using HI as tracer!
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MeerKAT 21cm IM tests (courtesy of Mario Santos)
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Recovering 21cm intensity maps
from post-reionization epoch

* modelling

e synergies with other probes
e foreground cleaning and instrumental effects



modelling
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https://arxiv.org/abs/1804.09180

Distribution of Hi
In the post-reionization universe

» the clustering of HI selected
galaxies at z ~ 0 from the ALFALFA
sSurvey (Martin+ 2012, Guo+ 2017)

* the bias of the Damped Lyman-a
boLas = 1.99 + 0.11 systems (DLAs) at z ~ 2.3 by BOSS

at z~2.3 collaboration (Perez-Rafols+ 2017)

.  H| cosmic abundance times its linear
QHi x bHI = 0.62 x 10 - bias, from 21cm IM observations at

at z~0.8 z = 0.8 performed with the GBT by
(Switzer+ 2013)
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CQHi x bHI = 0.62 x 10 -3
at z~0.8




Distribution of HI
In the post-reioniz;

Time since Big Bang (Gyr)
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GGG (this work) - Lagos et al. 2014, GALFORM
z~0 » » + Bird et al. 2014, Moving mesh
Lah et al. 2007 = Tescari et al. 2009, SPH

Rao et al. 2006 = = Dave et al. 2013, SPH
Noterdaeme et al. 2012

Redshift Crighton+ 2015

CQHi x bHI = 0.62 x 10 -3
at z~0.8




Distribution of Hi
In the post-reionization universe

Halos (DLAs, i.e. galaxies)
Dense, selt-shielding —> Hl
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Distribution of Hi
In the post-reionization universe

Strategy 1:
HIl resides in DM halos

Mui = Mri(Mnaio)

If Mhaio > Mmin




Distribution of Hi
In the post-reionization universe

Strategy 1: 11 AGN
HI resides in DM halos o gﬁf‘nso
—...= HOD A
- — HOD B
g 10 Mt = Mui(Mnaio)
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Distribution of Hi
In the post-reionization universe

LFALFA galaxies with SDSS groups

Strategy 1: ~
: . 1 Combined best-fit
HI resides in DM B
* MW
B I M)
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Distribution of Hi
In the post-reionization universe

 assuming photo-ionization [Tuv
Strategy 2: equilibrium, setting the HI/H ! !
Hydro sims fraction in order to reproduce
the Lyman-a mean transmission % &
flux

* mimicking HI self-shielding for
high enough density regions

* |etting Ho forming for even
denser regions

Dave+ 2013, Rahmati+ 2015, ...



Distribution of Hi
In the post-reionization universe

—19¢ . . . . . . . . .
\ \ — - halo based A HH HH Noterdaeme 2012
50 \\ ACDM \\ — particle based \\ @1 H@1 Zafar 2013 :I co_lumn
How can we N T ‘ ensity
test these methods? ol distribution
function
=22
=
= 2
=
= HI cloud
E:'? —24 oh 'S Cé /
server_ | |
g O OO
-26 V ——
/ A—>
—27

19 20 21

Carucci + 2015




Distribution of Hi
In the post-reionization universe

cheap Nbody
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Recovering 21cm intensity maps
from post-reionization epoch

* modelling

e svynergies with other probes
e foreground cleaning and instrumental effects



Cross correlating with the
Lyman-a forest flux

21cm radiation in IM

+ same epoch (high z probes!)
- different systematics

- different foregrounds

- future promising observations

(Ly-a flux already well measured at z >2)

Lyman-a forest flux



Cross correlating with the
Lyman-a forest flux

Carucci, Villaescusa-Navarro & Viel 2017
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Simulations from the Sherwood suite (Bolton+ 2017): State-of-the-art sims for the low density Universe:

converging properties for intergalactic medium



Cross correlating with the
Lyman-a forest flux

Carucci, Villaescusa-Navarro & Viel 2017
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ross correlating with the
yman-a forest flux
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Cross correlating with the
Lyman-a forest flux
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Recovering 21cm intensity maps
from post-reionization epoch

* modelling
e synergies with other probes
e foreground cleaning and instrumental effects




21cm Intensity mapping
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foreground removal

Chang+ 2010 * Polynomial fitting.

Green Bank Telescope
X WiggleZ galaxies

208 * “Instrumental effects such as passband calibration

and polarization leakage couple bright
foregrounds into new degrees of freedom [...]. The
Switzer+ 2013 spectral functions describing these systematics

cannot all be modelled in advance, so we take an
21cm IM auto-P(k) empirical approach to foreground removal by
estimating dominant modes from the covariance
of the map itself.”

Anderson+ 2018
Parkels telescope X 2dF optical . Principal Component Analysis (PCA). Number of
galaxies modes estimated from simulation.

e Also tested on simulations: independent component analysis (ICA) methods (e.g. most
recently Cunnington+ 2019), and also GNILC (Olivari+ 2016) and ‘Robust’ PCA (Zuo+ 2018)

e Alonso+ 2015: ICA and PCA give equivalent results, and better than polynomial fitting.




GMCA: Generalised Morphological
Component Analysis

e BSS with sparse representation

Bobin + 2007, 2008, 2012

* |terative thresholding algorithm

e No parameters to tune ng;':t
. 1 y
min |[A © SW|| + - || X — AS||%
A.S p 2
Tested on CMB (data, v v
e.g.Bobin+ 2016) Sparse regularisation Data fidelity
And for EoR signal (sims,
Chapman+ 2013)
mixing
matrix
signal SOUrces
(foregrounds)

Codes are made publicly available at www.cosmostat.org



testing GMCA
on post-reionization 21cm IM

Jéerome
Bobin

actic free-free. channel 10: nu = 1005.0 MHz z =041
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testing GMCA on 21cm IM

Input FRG GMCA
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testing GMCA on 21cm IM PRELIMINARY
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testing GMCA on 21cm IM
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testing GMCA on 21cm IM

Norm of components failed to be modeled
resGMCA nom obsSky345 mask25 ch20 ns8 mints0.10 nmax100 LO white0.001 fixingFF
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Next

e | - GMCA: using GMCA locally

 Maybe adding a prior on the cosmological signal could help
(so far we haven’t used any)

e Start using the channels > 1.4 GHz in a wise way



Summary

.
. -
. . N | ™
* We will soon start doing cosmology e awwn | -
with 21cm IM at z<6 N il
= <y ok
< 10 . ‘ - |
* High complementarity with the T o~
other LSS probes 0TS 0 15

e \We are testing/optimising GMCA to perform foreground
subtraction on 21cm IM: the sparsity based component
separation is very well adapted to capture galactic foregrounds.




