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INTRO & MOTIVATION

Why HI, and what to do with it



Numerical simulations The neutral cosmic web
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The HI 21-cm line

Spin-flip transition (HI ground state)
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low integration time

large angular coverage
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Combining HI maps and galaxy catalogs

Typically in Fourier space (cross-correlation power spectrum)

Chang+10 GBT x DEEP2 z €[0.53,1.12] ~2 deg?
Masui+13 GBT x WiggleZ z €[0.6, 1.0] ~41 deg?
Anderson+18 Parkes x 2dFGRS z € [0.06, 0.10] ~1,300 deg?

Li+20 Parkes x WiggleZ z € [0.73, 0.78] ~380 deg?
Wolz+22 GBT x WiggleZ, eBOSS z € [0.6, 1.0] ~100 deg?
Cunnington+23 MeerKAT x WiggleZ z € [0.400, 0.459] ~200 deg?

Our goal: measurement in real space (positional stacking)
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DATA SET

Parkes HI maps + 2dFGRS galaxies



The HI maps

arkes Multibeam Recelver (Anderson+1
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Footprint and resolution
Ve = 1.3155 GHz z ~ 0.08
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PCA foreground removal: both 10 and 20 removed modes cases



The galaxy catalog

2dFGRS (spectroscopic catalog, Colless+01) queried to match maps volume

Separate centrals and satellite

galaxies based on magnitude 2000 Al
All 48,430 1500
Centrals 13,979 =
= 1000
Satellites 34 361
500-
Explore dependence on local
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SEARCHING FOR HALOS

Stacking individual galaxies on the HI maps
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Stacking results

HI halo emission clearly detected
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HIl temperature profiles

Resolved profiles

~130 detection

Satellites > All > Centrals

PCA dominant issue
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Profiles extended over a few Mpc

These are not galactic HI profiles
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Theoretical modeling

HIl mass for halo virial mass LoS integration

Instrumental effects
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Radial HI distribution Ideally: comparison

data-theory to predict
model parameters...
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... In practice: we don’t Fix scaling Fit for halo virial mass
—_— —_— .
know the halo masses parameters and HI concentration
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(caveat: galactic models for supergalactic scales)
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SEARCHING FOR FILAMENTS

Stacking pairs of galaxies on the HI maps



ldentifying and stacking filaments
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10 modes

20 modes
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log(Neutral Fraction)

Upper limits on filamentary HI
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HI brightness
temperature

T < 7.5 pK

T ~ 1 -10 pK
(Horii+17)

T~ pK
(Takeuchi+17)

Hl column
density

Nu < 3.4x1015 cm-2

Ny~ 1015 - 1076 cm-2

(Takeuchi+17)

Neutral barvon
fraction

XH Op < 6x10-4

XHi ~ 106 - 10
0o ~ 10 - 100
(Takeuchi+17)

Filament
thickness

As < 3 Mpc

As ~ 1 Mpc
(Kooistra+19)
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CONCLUSIONS

.. and what’s next



Stacks on IM maps useful technique beside traditional cross-correlations

Effective detection of halo HI / possible benchmark for theoretical models

Upper limits on filamentary HI consistent with simulation

New generation maps (FAST, SKA) to constrain halo Hl models
(down to M.ir~1011Msun at z<0.03) and possibly detect filamentary HI

Proper foreground removal still major issue in IM analysis
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