Detecting the Universe’s structure with the SKAO precursor
MeerKAT In cross-correlation with galaxy surveys
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SKAO precursor: MeerKAT

» 64 dishes to merge with SKA-MID
» 0.2 <z<0.58(L-band)
» 0.4 <2z<1.45 (UHF-band)
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Challenges for 21cm inter

& Cosmological fluctuations

Extra-galactic point sources

-

Galactic free-free
Galactic synchrotron

Instrumental noise
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Detecting cosmological clustering with
MeerKLASS pilot intensity mapping survey

J.Wang+21 [arXiv:2011.13789] Cunnington,Li+23 [arXiv:2206.01579]
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|+ Positive ion (7.70) between galaxy survey |
| and array of dishes in single-dish mode

Py o (k) [mK h —Mpc*]

|+ The first detection of its kind

' Important milestone for doing LSS cosmology
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Mb@FKLASS Public data releases here: meerklass.org/data
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Parameter constraints (Hl abundance)
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Multiple cross-correlation detections now obtained

® MeerKLASS L-band pilot x WiggleZ (Cunnington+23 - arXiv:2206.01579)
10 MeerKLASS L-band pilot x WiggleZ re-analysis (Carucci+25 - arXiv:2412.06750)
B MeerKLASS L-band deep-field x GAMA (MeerKLASS+25 - arXiv:2407.21626)

Chen+25 (arXiv:2504.03908)
stacking detection
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Exciting times ahead...

VILLTKLASS
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Higher-redshift signal with MeerKLASS UHF-band

Averaged DESI cross-correlation (0.4 <z<1.4)
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O Probing ultra-large scales can be
In Summary' "= efficiently achieved with 21cm intensity mapping

® MeerKLASS L-band pilot x WiggleZ (Cunnington + 23 - arXiv:2206.01579)

o |L-band surveys with MeerKLASS are now e KLASS L nd plot  Wighe. o amlyos (Caro 35 axkin:2412.08750)

B MeerKLASS L-band deep-field x GAMA (MeerKLASS + 25 - arXiv:2407.21626)

consistently demonstrating this —m

o UHF-band observations aiming for a
~10,000 deg? survey are underway...

UHF-band

=
N
n
o
Q
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o First higher redshift (z<1.4)
detections already made -
next steps: probe cosmology
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Backup Slides
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Single-dish mode observations Map obtained
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Observati()ns on the SIW 3D Fourier-space clustering analysis

require observations in Cartesian
* comoving (Mpc/h) space

= Require transformation

Analysis In Cartesian sSpace of voxel intensities
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Monte Carlo sampling
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Testing regridding pipeline with simulations

Input simulation dy(x) (z-averaged) Regridded FFT field ég(x) (z-averaged)
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= https://github.com/stevecunnington/gridim
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Mitigating with modelling
and higher-order mass assignment

CIC == No interlacing
—— TSC = Interlaced

- PCS

Results include:

» modelling power damping from
HEALPIX pixelisation
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rr?

* modelling power damping from
frequency channels

[Pc(k)/ P

* higher-order mass-assignement
to test suppression of aliasing
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Foreground cleaning MeerKAT HI intensity maps

ldealised simulation demo:
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* We utilise smooth foreground spectra to distinguish them from
cosmological signal
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How much (HIl) signal is lost -
] ] Ratio of slgnal
in foreground cleaning? remaining

0 0.25 050 0.75 ]

Inject mocks into

real observational

data and clean to
estimate signal loss
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Testing signal loss reconstruction with simulations

Constructing a foreground cleaning transfer function for signal reconstruction:

Inject mocks into real m _ _
observational data and clean: clean Xf"'s"‘m Uf"‘S"‘mSUf+s+me"'S'|‘m

1.10

“Cleaned” mock
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SC+2023 [arXiv:2302.07034 ]
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+57% Foreground cleaning signal loss
o 0% reconstruction for precision cosmology
o
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HI auto power spectrum MeerKLASS L-band deep-field

“lowest upper-limit”...

-+ HI model (no noise)

— Noise estimate
- = Model 4+ noise

® MeerKAT auto
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Results from MeerKLASS deep-field
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