On behalf of the LOFAR Surveys Cosmology Team .l_.
memLOFAR

NS cRiC

UNIVERSITAT
BIELEFELD Notably: C. Hale, S. Nakoneczny, J. Zheng, M. Pashapour-Ahmadabadi

I Faculty of Physics

Cosmology with
LOFAR SKky Surveys

Images from Shimwell+ 2019

Lukas BOhme




One-Point statistics Radio Dipole Angular Clustering LOFAR x CMB LOFAR x eBOSS

LoTSS Data Release 2 (Shimwell+ 2022):
* 5600 sq. degrees 144 MHz observations

e ~4 million sources 6” resolution

e ~70-100 ply/beam rms ~8-hour pointings
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LoTSS Data Release 2 (Shimwell+ 2022):
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~4 million sources 6” resolution
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Radio Dipole An LOFAR x CMB LOFAR x eBOSS
Pashapour-Ahmadabadi, B6hme+ in prep Work in progress
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Radio Dipole An LOFAR x CMB LOFAR x eBOSS
Pashapour-Ahmadabadi, B6hme+ in prep Work in progress

vNegative binomial distribution
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Radio Dipole Angular Clustering LOFAR x CMB LOFAR x eBOSS

Pashapour-Ahmadabadi, B6hme+ in prep Work in progress
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Radio Dipole Angular Clustering LOFAR x CMB LOFAR x eBOSS

Pashapour-Ahmadabadi, B6hme+ in prep Work in progress
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Radio Dipole Angular Clustering

Pashapour-Ahmadabadi, B6hme+ in prep

Poisson distributed physical objects

4

O Numb ts of object j

. | umber components of object j,

/N - ZCJ distributed logarithmic with p
g=1

Count of radiosources in cell

— 1 L :
- Poissonianlimit, p < 1 : Clustering

T — OO

LOFAR x CMB LOFAR x eBOSS
Work in progress
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ular Clustering LOFAR x CMB LOFAR x eBOSS
Work in progress
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COBE, NASA
Fixsen+ 1994
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Radio survey dependent

= 0.5% effect at max and min
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Angular Clustering LOFAR x CMB LOFAR x eBOSS

Work in progress
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Béhme+ in prep

RACS-low (Smin = 16 mJy, 888 MHz)
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LOFAR One-Point statistics Angular Clustering LOFAR x CMB LOFAR x eBOSS
Béhme+ in prep Work in progress
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LOFAR One-Point statistics
Béhme+ in prep
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Work in progress
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LOFAR One-Point statistics
Béhme+ in prep
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LOFAR One-Point statistics Angular Clustering LOFAR x CMB LOFAR x eBOSS

Béhme+ in prep Work in progress

* Same source density « Consistent with CMB dipole
* Fix direction towards CMB dipole

e Cross-match RACS-low with RACS-mid * Excess dipole still possible
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LOFAR One-Point statistics Radio Dipole LOFAR x CMB LOFAR x eBOSS

Hale+ 2024 . : :
Excess probability to observe galaxies at a given

angular scale comparedto if no large-scale structure

Landy & Szalay 1993

DD(8) + RR(6) — 2DR(0)
RR(6)

w(8) =

Normalised pairs of galaxies in the data (randoms or data-to-randoms) at an angular separation 6

Creating survey-specific random catalogues is crucial!




LOFAR One-Point statistics Radio Dipole LOFAR x CMB LOFAR x eBOSS
Hale+ 2024

P(z) from deep fields Smin > 1.5 m]y
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LOFAR One-Point statistics Radio Dipole Angular Clustering LOFAR x eBOSS
Nakoneczny+ 2024

* LoTSS-DR2 and CMB lensing maps (Planck Collaboration+ 2020) measure angular power spectrum

* Detection of cross-correlationatS/N of 26.6 o
LoTSS x LoTSS LoTSS x CMB
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LOFAR One-Point statistics Radio Dipole Angular Clustering LOFAR x eBOSS
Nakoneczny+ 2024

* Constrain bias evolution models = evolving bias

* Fix certain parameters, able to constrain og L5mly, 7.5 SNR |
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LOFAR One-Point statistics Radio Dipole

Zheng+ in prep
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the shape of the power spectrum)

auto 0.6 <z<0.66
auto + cross 0.6 <z<0.66

1.0
a

(Angular location of observed BAO relative to
fiducial cosmology.
a # 1 means deviation from fiducial cosmology)

Angular Clustering LOFAR x CMB
Work in progress

* LoTSS-DR2 x eBoss (Ross+2020) LRG
* Constrain angular BAO parameter a

* Improve constraints on cosmological parameters

auto = eBoss x eBoss
auto + cross = LoTSS-DR2 x eBoss




LOFAR One-Point statistics Radio Dipole Angular Clustering LOFAR x CMB LOFAR x eBOSS
LOFAR High Resolution (matches Euclid res.)
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Future with LOFAR




LOFAR One-Point statistics Radio Dipole LOFAR x CMB LOFAR x eBOSS
LOFAR High Resolution (matches Euclid res.) LOFAR Follow up Redshift Survey: WEAVE-LOFAR

46° 445 425 405 13h40m38° - et a Sis0 ez > 100 ply

-
=]
8
=)

55°05'40"

8
=]

dN/dz per square degree

55°05'00"

fas:. |\ L o8 : 1.0
10 arcsec © Gavin Dakeryy). Oxford/ST ‘G\RAL Space Smith+ 2016

55°05'40"

Combination of High-resolution imaging (better
classification + host galaxy association = more reliable
photo-z) and spectroscopic redshifts (for all S > 8 mly
sources) will be crucial in improving cosmology studies

with LOFAR in the future.
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LOFAR

One-Point statistics Radio Dipole
LOFAR High Resolution (matches Euclid res.)
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LOFAR x CMB LOFAR x eBOSS

LOFAR Follow up Redshift Survey: WEAVE-LOFAR
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Combination of High-resolution imaging (better
classification + host galaxy association = more reliable
photo-z) and spectroscopic redshifts (for all S > 8 mly
sources) will be crucial in improving cosmology studies

with LOFAR in the future.

+ LOFAR 2.0 Upgrade (and associated surveys)

+ LoLSS (54 MHz wide area survey)

Future with LOFAR
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Summary

* Radio Surveys with LOFAR are great for cosmology studies:

* Combination of large area observations + deep fields with a wealth of ancillary data
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Summary

* Radio Surveys with LOFAR are great for cosmology studies:

* Combination of large area observations + deep fields with a wealth of ancillary data

* Pashapour-Ahmadabadi et al. (in prep.) studied the one-point statistics and
distribution of radio sources

 Bohme et al. (in prep.) studied the radio dipole with different radio surveys
* Hale et al. (2024) studied evolving bias in the LoTSS DR2 wide area survey

* Nakoneczny et al. (2024) and Zheng et al. (in prep.) use cross-correlations with
other data to improve such measurements = ag
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Summary

Radio Surveys with LOFAR are great for cosmology studies:

* Combination of large area observations + deep fields with a wealth of ancillary data

Pashapour-Ahmadabadi et al. (in prep.) studied the one-point statistics and
distribution of radio sources

Bohme et al. (in prep.) studied the radio dipole with different radio surveys
Hale et al. (2024) studied evolving bias in the LoTSS DR2 wide area survey

Nakoneczny et al. (2024) and Zheng et al. (in prep.) use cross-correlations with
other data to improve such measurements = og

Heneka et al. (in prep.) combines all these studies to measure a set of
cosmological parameters.
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