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MeerKAT Large Area Synoptic Survey
Observations:

* Area: 236 deg?

* Time: 62 hours (41 scans with 64 dishes)

Frequency and redshift range

* 971.2 MHz < v <1023.6 MHZ — 0.388 < Z < 0.403

MeerKLASS 2021 deep survey
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Hi cosmological signal detected in
cross-correlation with GAMA galaxies

[MeerKLASS Collaboration: Cunnington, Wang et al. (2025)
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Single dish technique

 All the antennas of the array observe the same region at the same
* Low angular-resolution survey of the total 21cm flux from unresolved sources
* High signal-to-noise ratio

* Large cosmic volumes covered
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Single dish technique

 All the antennas of the array observe the same region at the same
* Low angular-resolution survey of the total 21cm flux from unresolved sources
* High signal-to-noise ratio

* Large cosmic volumes covered

X 41 times
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Single dish technique

 All the antennas of the array observe the same region at the same
* Low angular-resolution survey of the total 21cm flux from unresolved sources
* High signal-to-noise ratio

* Large cosmic volumes covered
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Single dish technique

All the antennas of the array observe the same region at the same

Low angular-resolution survey of the total 21cm flux from unresolved sources

High signal-to-noise ratio

Large cosmic volumes covered

Block
20

X 41 tIMES =——pp-

40

30

10

‘ﬁﬁhﬂ

S "N =1 "Il' H.-l -|-

g— ENNE EEEENE B N 0 . I—-

'::r."‘ et

30 40 50
Dish number

Matilde Barberi Squarotti

Number counts (X10°)

—

Combined
calibrated map



Splitting the data set

* Building independent data sets from the same survey [Wolz et al. (2021)]
 Contaminants not correlated between subsets
* Noise free cross-subset power spectra

* Definition of subset with an equivalent signal-to-noise ratio

Matilde Barberi Squarotti



Splitting the data set

Chess-board division Stripe division

Block- and dish-wise splitting: s4, S5, S¢, Sp Block-wise splitting: s¢, $5, 53

Block ID

1631552188
1631982988
1640540184
1632069690
1640712986
1631379874
1632184922
1632760885
1632077222
1633365980
1631818149
1631732038
1631990463
1638386189
1631724508
1638294319
1638639082
1638301944
1631559762
1631659836
1630519596
1640799689
1637346562
1639935088
1631810671
1638898468
1631387336
1634835083
1634402485
1633970780
1638647186
1639331184
1634252028
1637354605
1637691677
1638130295
1639157507
1631667564
1634748682
1637699408
1632505883
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[MeerKLASS Collaboration: MBS et al. (in prep.)]

~ amount of
information



Foreground cleaning: mPCA

Blind cleaning method: PCA applied on large and small scales independently

Scale separation through a wavelet filtering (using starlets) on the observed map of the subset s;

Large scale fluctuations

Siobs — lobs n SobsL

Small scale fluctuations
PCA analysis of the coarse and fine maps: removal of the first eigenmodes at large and small

scales (Vg1 and Ny, g)

Siclean,L — Siobs,L . ALSL
1 q ) A —_— Siclean _ ScleanL Siclean,S
S-C ean,> __ SO S, S ASSS

l

Successfully adopted for MeerKLASS 2019 L-Band data

Optimal cleaning level identified through guidance fits
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Power spectrum estimation

. clean regridding clean FFT ~
* More processing: s, (R.A.,dec.,v) — s577(X) —— F/(Kk)

» Power spectrum estimator (applied on the subsets i and /)

A _ Veell = 1N P

* Scale range
¢ nk — 9 k—binS
+ 0.095hMpc~! <k < 0.245 hMpc™!

* kymin = 0.07h Mpc™! & 1.min = 0.02 A Mpc~! to avoid the region where signal loss and
potential foreground residuals are more prominent

[MeerKLASS Collaboration: MBS et al. (in prep.)]
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Global fits

* Multi-tracer formalism translated to the multi-subset formalism to enhance the constraining
power and robustness of the analysis

» Cross-P;(k) combined in a single data-vector

* Auto-P;(k) excluded from the analysis because noise dominated
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Global tits: Chess-board division

» Multi-subset data vector including only "super” cross-P; (k)

* Power spectra involving subsets that do not share nor blocks nor dishes

* Most robust combinations available

chhess — {PBD9 PAC}

[MeerKLASS Collaboration: MBS et al. (in prep.)]
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Global fits: Chess-board division

» Multi-subset data vector including only "super” cross-P; (k)

* Power spectra involving subsets that do not share nor blocks nor dishes

* Most robust combinations available s

chhess — {PBD’ PAC} - T
(Sou" M

N TR T T TR T T TR T
mS3e = -

[MeerKLASS Collaboration: MBS et al. (in prep.)]
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Global fits: Chess-board division

» Multi-subset data vector including only "super” cross-P; (k)

* Power spectra involving subsets that do not share nor blocks nor dishes

* Most robust combinations available

chhess — {PBD’ PAC}
C (PBD9 PBD) C (PBD9 PAC)

C (P ac b AC)

C (Pychesss P =

xchess? xchess)

[MeerKLASS Collaboration: MBS et al. (in prep.)]
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Global fits: Stripes division

e Multi-subset data vector including all the three available cross—Plj(k)

* Potentially more prone to residual (dish-dependent) systematics

Pstripes = {P129 P13’P23}

Dishes
[MeerKLASS Collaboration: MBS et al. (in prep.)]
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Global fits: Stripes division

» Multi-subset data vector including all the three available cross-P, (k)
* Potentially more prone to residual (dish-dependent) systematics
Pstripes = (P12, P13, Pp3}
C (Plza P12> C (Plza P13> C (Plza P23>

C (Pstripes9 Pstripes) — C (P13’ P13) C (P13’ P23)
C (Py3, Py3)

[MeerKLASS Collaboration: MBS et al. (in prep.)]
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Global fits

* MCMC fits of the multi-subsets data vectors against the model

T7bi:; = HI brightness temperature ( & Q)

_ , and linear bias
P, (k) = D (k) _%z(k)TéIbéI (1 +f//iz) P m(k)] where 4 93%(k) = instrumental damping (mostly beam)

p
D (k) = (hMl;c—l ) = signal loss damping

» P;(Kk) spherically averaged — P,(k)
* Signal loss taken into account with a forward model approach

* No reconstruction of the signal at the power spectrum level

» Extra nuisance parameter in the model: f
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Global fits

* MCMC fits of the multi-subsets data vectors against the model

T7bi:; = HI brightness temperature ( & Q)

_ , and linear bias
P, (k) = D (k) _%z(k)TéIbéI (1 +f//iz) P m(k)] where 4 93%(k) = instrumental damping (mostly beam)

p
D (k) = (hMl;c—l ) = signal loss damping

» P;(Kk) spherically averaged — P,(k)
* Fit parameters

* Qpby; common to all cross-Pi(k)

« One nuisance f for each cross—Pl-j(k) in the data vector

e Jackknife covariance matrix
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Results

High detection significance

Good internal consistency (but chess-board

division confirmed to be more robust than the
stripe division)
Positive outcomes from stress tests performed

: : : T
Agreement with previous detections: <.

: G
* MeerKLASS 2019 L-band survey in cross- =
correlation with WiggleZ galaxies

* MeerKLASS 2021 L-band survey in cross- 0

—— Chess-board division

—— Stripes division

correlation with GAMA galaxies
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Results

High detection significance

Focus on the chess-board division

Good internal consistency (but chess-board

2
division confirmed to be more robust than the Zrea ~ 100 SNR ~10.1
stripe division) — —  Hi1 best_fit
.. T | B Ssuper Cross
Positive outcomes from stress tests performed % 200 L\ resadich and or6-block
Agreement with previous detections: §
* MeerKLASS 2019 L-band survey in cross- e 200
correlation with WiggleZ galaxies [Cunnington, Li £ N\ -
et al. (2022), Carucci et al. (2024)] 100 | - L
<2 =
* MeerKLASS 2021 L-band survey in cross- = E [
. . . ¥ |
correlation with GAMA galaxies [MeerKLASS 0
Collaboration: Cunnington, Wang et al. (2025)] 0.10 0.15 0.20

k [hMpc ]
[MeerKLASS Collaboration: MBS et al. (in prep.)]
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MeerKLASS in the Hilandscape

* A comparison with other measurements of the abundance of Hi

 Other intensity mapping measurements (but in cross correlation with galaxies) — Q7 by FoxHI

* Direct measurements — 2y * Damped Lyman-a measurements — €2
 Staking measurements — L2y * Hiabsorption measurements — 2y
2.0
¥ MeerKLASS auto
1.5F $ MeerKLASS cross by(z) = 0.89 + 0.69z — 0.05z>
. | - ¢ CBT estimated 7,
.
S R | § CHIME
"é 1.0 R T + | direct
B T ! ¢ | stacking
05k - 4% ¢ DLA (or Hr1 absorption)
. : |
00 05 10 15

z [MeerKLASS Collaboration: MBS et al. (in prep.)]
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Conclusions

* 21 cm intensity mapping is challenging but it has a great potential for probing the large scale
structure of the Universe

* The MeerKLASS collaboration is successfully demonstrating the feasibility of such a
technique, paving the way for SKAO

* Development of calibration pipelines

* Development of optimized foreground cleaning techniques and methods
to extract the information embedded in the data

* Detections of the Hi signal in cross-correlation with galaxies

* Detection of the Hi signal independently on external data sets

Matilde Barberi Squarotti



