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Overview

Tracing Large Scale Structure with galaxy surveys

LOFAR surveys: Systematics and observational biases

Cosmology with LoTSS-DR2:
* Angular Clustering (Hale et. al 2024)
* One-Point statistics (Pashapour-Ahmadabadi et al. in prep)
e Cosmic Dipole (Bohme et al. in prep)
e Cross-Correlation with CMB (Nakoneczny et al. 2024) and eBOSS (Zheng et al. in prep)
* Flux dependent Clustering (Bhardwaj+ in press)

Bias evolution of AGN and SFGs in the LOFAR Deep Fields
* Hale etal. in prep

Future for cosmology studies with LOFAR
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Tracing Large Scale Structure with galaxy surveys

Credit: ESO/M. Kornmesser
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Large-Scale Structure of the Universe

53 2dF Galaxy Redshift Survey ”Q

12h

13"

2dF Galaxy Survey; Colless+ 2001
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Tracing Large Scale Structure with galaxy surveys

Large spectroscopic surveys provide an excellent opportunity to trace the
large-scale structure of the Universe
See e.qg. 2dFGS (Colless+ 2001), SDSS (York+ 2000), GAMA (Driver+ 2011)

Using accurate redshifts allows precise observation of the location of
galaxies and to observe clusters, filaments and voids

One way to quantify the large-scale structure is by tracing how clustered
galaxies appear in the survey at different scales compared to if there was

no large-scale structure

This can be quantified by the two-point correlation function
See e.qg. Hauser & Peebles 1980, Peebles+ 1980, Davis & Peebles 1983
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Tracing Large Scale Structure with galaxy surveys

See e.g. Peebles+ 1980

Two-Point Correlation Function

dP = n[1+ &(r)]dV

Probability to Volume
observe galaxy pairs element
at a given separation Mean

number
density

If we measure () then we quantify the excess
probability to observe galaxies at a given separation.
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Large-Scale structure of the Universe
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Large-Scale structure of the Universe
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Large-Scale structure of the Universe
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But radio continuum surveys can’t provide
redshifts, so we typically rely on
photometric redshifts from multi-
wavelength catalogues and measure the
angular clustering
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Angular Clustering
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Angular Clustering

To calculate this we use:

o ST
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Normalised pairs of galaxies in the data (randoms or data-to-randoms) in an o0 o :)N :.'},,": . ..‘ ?
angular separation n'd.z‘. 3’% Po o
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To link angular clustering to galaxy bias we need to know redshift ' :" ’ R o; Se y
distribution and can use this to de-project the clustering. ] o ¢o
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Angular Clustering

To calculate this we use:
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distribution and can use this to de-project the clustering.

Creating accurate random catalogues are crucial to this work!
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-|
LOFAR Two-metre Sky Survey (LoTSS) Wide Area

H . e Distribution of sources are very non-Uniform due to a )
Data REIease 2 (Shlmwe"+ 2022)' combination of observational factors
° 5600 Sq. degrees e.g. loss of sensitivity with elevation, bright sources,
. ~4 m||||0n SOUICEs mosaicking effects.
~ Need to account for such observational biases in the
* 70_1OOUJy/beam rms \_ generation of random catalogues -

: : : Source Density of Sources Hale+ 2024
330° 300° 270° 240° 210° 180° 150° 120° 90° 60° 30°
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Systematics to Account For

Take simulated catalogues of radio sources and account for:

Smearing
Elevation Dependence
1.341 | &50°-55° Po£:65°-70°
£55°60°  § £70°-75°
1.32 £:60°-65°
I
o130 i
5128 [
® 1.26
[ 1 3
S1.24 C
=i i + ; ¥ 5 "
1.22 ; S
1.20
1.18
107t 10°

Separation from pointing centre (°)

Use comparisons with FIRST (Helfand+ 2015) to account for
smearing in the sources as a function of elevation
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Systematics to Account For

Take simulated catalogues of radio sources and account for:

Smearing Incompleteness Measurement Errors
Elevation Dependence 1.0 2.00
1.34 } &50°-55° t  £65°-70° 1 75
12| Soae ST ,08 >0 3 / .
1.30 vy o 25 E £1.50 ot
2 0.6 2 - Q 2
§1.28 I 3 45 ) g 10— . § 1.254 ‘é.
gl T = g 10 © 5 =
£ g0.4 Qo5 a % 1.001 &1
g12¢ AL § ] 3
1.22 S 05 2 0.75 1
120 b 0.2 8%%55 50 75100 -
| s il 0-25 0-0 101 102 101 102
1.18 |
1071 10° 0.0 2 5 10 20 50 SNR SNR

Separation from pointing centre (°) SNR

Use comparisons with FIRST (Helfand+ 2015) to account for
smearing in the sources as a function of elevation

Use simulations from Shimwell+ 2022 to investigate:
- Incompleteness (as a function of SNR)
- Differences between simulated and measured flux densities
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Generation of Randoms

1) Simulated radio source
* Integrated and peak flux density from Wilman+ 2008
e Assign random position in the DR2 area
e Obtain rms from map
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Generation of Randoms

1) Simulated radio source
* Integrated and peak flux density from Wilman+ 2008
e Assign random position in the DR2 area
e Obtain rms from map

o 2) Apply systematics
* Use smearing vs elevation to determine the peak flux density of the source
* Use this to obtain a SNR of the source
* Measure the completeness and sample to determine if the source is detected
* For detected sources determine the measured integrated and peak flux densities
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Generation of Randoms

1) Simulated radio source
* Integrated and peak flux density from Wilman+ 2008
e Assign random position in the DR2 area
e Obtain rms from map

o 2) Apply systematics
* Use smearing vs elevation to determine the peak flux density of the source
* Use this to obtain a SNR of the source
* Measure the completeness and sample to determine if the source is detected
* For detected sources determine the measured integrated and peak flux densities

3) Apply additional cuts
* Apply additional SNR and flux density cuts on the measured
properties and the data
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Simulated Random Catalogues

Flux Limit: 0.5 m)y Flux Limit: 0.8 m)y Flux Limit: 1.0 m)y Flux Limit: 1.5 m)y

. ¥

1.2

Uniform Randoms
Varying Randoms

1.1

SNR: 5.0 .

Ratio of Fraction
of Randoms to Data

0.91 % | <1+ SNR: 7.5 . e
~f- SNR:10.0 % .
0.8 - - - ' - y — , ' — y - '
20 40 60 20 40 60 20 40 60 20 40 60
Declination (°) Declination (°) Declination (°) Declination (°)

Dotted lines = Random sources uniformly distributed (i.e. not accounting for systematics)

Solid lines = Random sources accounting for systematics
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Flux Density Scale

75°

.
2 g
-

150 o Y St
3 330° 300° 270° 240° 210° 180° 150° 120° 90° 60° 30°
) i T

090 095 100 105 110 LI5
Ratio between §; values of neighbouring fields

Shimwell+ 2022
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Cosmology Studies with LoTSS-DR2
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Angular Two-Point Correlation Function (Hale+ 2024)
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10-3 1 logio (A) = —2.47%38%
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Angular Two-Point Correlation Function (Hale+ 2024)

10° : s s
e At the smallest angular scales there is an
lo-1 -_— § ‘? uptick in the angular two-point
*
.~:1 . | correlation function
-2.5 -2.4 -2.3
0910 (A) o . Y
1072 4 : : : This likely has a significant contribution
= logio (A) = —2.50%3:91 f Iti —
S B ..o ith cov) rom multi-component radio sources.
10-% logao (A) = —2.47333}
logao (A) = — 2.52#3:92 (with cov) The value-added catalogue (Hardcastle+
10910 (A) = ~2.382553 2023, i.e. with cross-matched multi-
logig (A) = —2.42+3:93 (with cov) .
1074 e o component sources) is for >8 mJy
logio (A) = —2.50%5:0; : :
logio (A) = — 2.54*3:91 (with cov) sources.
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Angular Two-Point Correlation Function (Hale+ 2024)

10° : : + Use Redshift Distributions to model the
Yt clustering and infer galaxy bias using PyCCL
_ \* 5 5 }Q{ (Chisari+ 2019)
10714 &
: .r-l.l . .
: 2.5 —2.4 -2.3
10-2 |09§10 (A)
= logio (A) = — 2.50+3:3 '
3 logio (A) = —2.54%3-91 (with cov)
1634 010 (A) = —2.47+441
logyo (A) = —2.52*3:92 (with cov)
logio (A) = —2.38%3-02
10-4 log1g (A) = —2.42%3:83 (with cov)
logio (A) = —2.50+33%1
logio (A) = —2.54*3:31 (with cov) : :
¥ Data I
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Redshift Distribution of Sources

Cross-matched catalogue from

All Sources Hardcastle+ 2023 provides host ID
500000 - : . .
Sources with z and redshifts for a large fraction
of sources
400000 -

40-50% of sources do not have
redshifts

300000 -
We don’t know how these may be
preferentially biased e.g. are we
missing high redshift sources, or
certain populations

200000 +

100000 A

We therefore use the more
complete LOFAR Deep Fields data

10° 10t 02 10° (Duncan+ 2022)
Flux Density (m]y)
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Redshift Distribution of Sources

Bhardwaj+ in press

6
Deep Fields data have Z_Best — Bootes
) Example sources —— Bootes
values in the catalogues but can s
have wide ranging p(z) 2 LH
distribution. --- LH
al --- LH
EN1
Therefore, we create resampled —— EN1
full p(z) by random sampling from e 5l EN1
the p(z) of the sources in the ot
three fields which are above the
flux limit being considered. 27
We repeat this numerous times 11
and use the spread in the p(z) to
give uncertainties to the p(z).
% 4 5 6
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Angular Two-Point Correlation Function (Hale+ 2024)

10° : : + Use Redshift Distributions to model the
Yt clustering and infer galaxy bias using PyCCL
_ A % ? (Chisari+ 2019)
10714 &
: .r-l.l . .
_2.5 _2.4 _2.3 1.4
logio (A)
10-2 - 2 : : 1.2 A
= logio (A) = — 2.50+3:3
3 logio (A) = —2.54%3-91 (with cov) 1.0 {é
1 5~3 logo (A) = —2.47+0:01
. ~ 0.8 A1
log1o (A) = —2.52%3:82 (with cov) o)
|Og10 (A)= —238t88% 0.6 1
4 logio (A) = —2.42*3:33 (with cov) : :
1074 logio (A) = —2.50+3:3} 0.4
log1o (A) = —2.54+331 (with cov) : :
¥ Data : : I 027
105 = S o 00
10 10 10 10 9% T p : X g
6 (°) z

> 1.5 mly, =7.50
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Angular Two-Point Correlation Function (Hale+ 2024)

109 Fitting, 6:0.50 — 5.00° - With Covariance To agree with N(z) predictions from previous cross

| 1 correlations with CMB (Alonso+ 2020) we must
. |
Use 2 models: | have evolving bias model

W | I
1) Constant bias model, b(z) = b, !
* . . | :
10-1 _:~‘\§~*~ 2) EVOlVIﬂg bias :model, b(Z) = bO/D(Z) 4.0 b(z) Fitting - P(z) Resampling Method 2
‘\\\ ~\\ . i . //
\*\
3:51
/] S—— M : .
e
- Nusser & Tiwari 2015

6:0.03 -5.00, linear
6:0.10 -5.00, linear
6:0.50 —-5.00, linear
6:0.03 —5.00, halofit
6:0.10 — 5.00, halofit
6:0.50 —5.00, halofit
Lindsay+2014
Hale+2018
Chakraborty+2020
Mazumder+2022
Limber - Comoving
Limber - linear
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Work in progress

One-point statistics (Pashapour-Ahmadabadi et al. in prep)

Use the counts of radio sources in cells to investigate the distribution of sources and see it is not well modelled
by a Poisson process alone.

Can use counts in cell to estimate the angular clustering, assuming a power law

S>2mjy,maskd,N =827 362

0.14+
0.12
0.10-

0.08

PDF

0.06

0.04

0.02-
0

[ LoTSS-DR2
Randoms

Poisson
compound Poisson
negative binomial

0.00-1+*+

catherine.hale@

Source per cell

hysics.ox.ac.uk

|w(8)

See Morteza’s poster in
the coffee/lunch breaks!
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Work in progress

Radio Dipole (Bohme+ in prep)
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wn | 0TSS-DR2, 5mJyI|44
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e
Cross-Correlation with CMB (Nakoneczny+ 2024)

* Combine LoTSS-DR2 with CMB lensing maps from Planck (Planck Collaboration+ 2020) to
measure power spectrum

* Use this to place constraints on bias evolution models by using cross correlations helping to avoid
any potential remaining systematics in the radio data.

* By fixing certain parameters, was also able to place constraints on g

6
HALOFIT best-fit shot noise fi — = 2 I
f ' . HALOFIT best-fit === (e bestfit. by(2)=bo +b1z+b,2* (1 Hale+ 2018
i HALOFIT best-fit, f range 107% 4 . p prediction bg(2) x by/D(2) O ¢ Chakraborty+ 2020
linear prediction | LoTSS DR2 HALOFIT best-fit, f range b(z) = b $ Alonso+ 2021
- linear prediction 54 9{2) = by > I Mazumder+ 2022
10-5 —— linear best-fit —— linear best-fit t LoTSS DR2 x Planck median redshift “ Hale+ 2023
__ linear best-fit, @ Nusser & Tiwari 2015
HALOFIT prediction
4 |
o x 17 (B L
(ST S ) I l
-6 = ¢
10 S 3 w
| ol
1078 2
10774 ¢
1 -4
0 200 400 600 800 1000 1200 1400 1600 0 200 400 600 800 1000 1200 1400 1600 T T T T T
JJ ! 0.0 0.5 1.0 1.5 2.0 2.5
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Work in progress

Cross-correlating with eBOSS (Zheng+ in prep)

5

—— cross 4 bins combined
cross 0.6<z<0.66

—— auto+cross 0.6<z<0.66
20

2 .
min

xX° =X

0_.

lo

0.80 0.85 0.90 095 1.00 1.05 1.10 1.15 1.20

(Represents how the BAO wiggles in the

a

power spectrum shift with scale)

Cross-correlate luminous red galaxies from eBOSS
(Ross+ 2020) with LoTSS-DR2 in different eBOSS
redshift bins

Use this to put constraint on the angular BAO
parameter ass bias evolution

Using cross-correlations helps reduce systematics
in both fields and improve constraints on

cosmological parameters

Jinglan presented this earlier in the week!
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Flux Dependent Clustering (Bhardwaj+ in press)

1071 . .
T 2mly Investigate the flux dependent clustering of

3 4my LoTSS DR1 using the cosmological analysis of
8 m)y Siewert+ 2020.

Using the method to obtain redshift
distributions from resampling the p(z) this can
see how spatial clustering models varies with
flux density

--- es, 2
1 mly LH, 3256

LLLLLL

101‘3_0.8
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Limitations in bias constraints from LoTSS-DR?2
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Limitations in bias constraints from LoTSS-DR?2

The study into the angular clustering relies on a
number of assumptions:

1) The bias evolves using one of the two models
considered

2) The SFGs and AGN have similar bias
evolution over time
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Limitations in bias constraints from LoTSS-DR?2

The study into the angular clustering relies on a AGN + SFG

number of assumptions: Ph, Tye, o TF
1) The bias evolves using one of the two models -* -~

Rt BN
considered A *# @ e ‘

2) The SFGs and AGN have similar bias | -
evolution over time
Hale+ 2018
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0]
LOFAR Deep Fields

* Deep (~20-30 uly/beam) observations over 3 deep
fields: ELAIS-N1, Lockman Hole, Bootes (Sabater+
2021, Tasse+ 2021)

* Source association presented in Kondapally+ 2021

* Redshifts/Stellar masses in Duncan+ 2021

* Source Classifications in Best+ 2023
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0]
LOFAR Deep Fields

* Deep (~20-30 uly/beam) observations over 3 deep
fields: ELAIS-N1, Lockman Hole, Bootes (Sabater+
2021, Tasse+ 2021)

* Source association presented in Kondapally+ 2021

* Redshifts/Stellar masses in Duncan+ 2021

* Source Classifications in Best+ 2023

No small-scale Split source
clustering from populations and
multi-component investigate bias
sources, only 1-halo evolution
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Randoms per Source Type

SFG Luminosity Function SFG Luminosity Function parameter evolution
—e— 01 <2 <04 —8— 16 <z <20 25.0F ' ! ' ] o * ' ' T ]
—8— 04 <2 <06 —8—20<z<25 ol E | 7 RS Biootas
—— 06 <z < 038 25 <z £33 TA_ ” ‘ 12.0 = 2‘; —3.0F * t *  Lockman Hole |
-— (08 <z £ 1.0 33 <z < 46 T 2.0k » H ;-' f ‘ t e All fields
—— 10 <z < 13 46 <z < 5.7 -3 } 115 2 _35k } i
—— 13 <z < 16 < 23.51 } & = t
IE 4 4102 3 i |
20 S S —4.0 +
= 23.0F ‘ [] é}j ‘%
-3 Jo.5 g L |
2251 § =R !
1 Il 1 | Il 1 L 1
1 2 3 ! 1 2 3 I
—4

* Use modelling of LOFAR luminosity function (LF; Kondapally+ 2022,
Cochrane+ 2023) parameters to construct LFs in small z bins (dz = 0.025)

|
=)

o(¢/Mpc™? logyo L)

1
|
-

|
0
|

22 24 26
log(Lisomuz/W Hz ™)

Figures from Cochrane+ 2023
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Randoms per Source Type

uminosi unction SFG Luminosity Function parameter evolution
Yy
—— (0.1 <z <04 —O— 16 <2z <20 25.0F ' ; I 1I—2..3 95k * | | ;‘:N' ‘—
—— 04 <z <06 —— 20<z <25 ol . - = i ——
—— 06 <z < 0.8 25 <z £33 TA_ .‘) ‘ —2.(]—; iﬁ _3.0k * t . L()('k-nuullh)lv_
—— 08 <z < 10 33 <z < 46 il o 3 Z ‘ t « Al fields
—— 10 <z < 13 46 <z < 5.7 = N 11555 2 35k * .
—— 13 <z < 16 3 23.5F H & = t
2 ¢ 0L g gl i
20 S S —4.0 +
= 23.0F ‘ [] ;:E =
S E
-3 105 =g | |
29 )_; —4.5 #
1 1 1 1 1 1 ] 1
1 2 3 f 1 2 3 |

* Use modelling of LOFAR luminosity function (LF; Kondapally+ 2022,
Cochrane+ 2023) parameters to construct LFs in small z bins (dz = 0.025)

 Down sample the LF from the input random catalogue so they agree with
the model LF

|
=)

1
|
-

log;o(¢/Mpc™® logy L")

|
0
|

22 24 26
log(Lisomuz/W Hz ™)

Figures from Cochrane+ 2023

catherine.hale@physics.ox.ac.uk LOFAR Family Meeting, Leiden 2024



Randoms per Source Type

uminosi unction SFG Luminosity Function parameter evolution
V4
—— (0.1 <z <04 —O— 16 <2z <20 25.0F ' ; I 1I—2..3 95k * | | ;‘:N' ‘—
—— 04 <z <06 —— 20<z <25 ol . - = i ——
—— 06 <z < 0.8 25 <z £33 TA_ .‘) ‘ —2.(]—; iﬁ _3.0k * t . L()('k-nuullh)lv_
—— 08 <z < 10 33 <z < 46 il o 3 Z ‘ t « Al fields
—— 10 <z < 13 46 <z < 5.7 = N 11555 2 35k * .
—— 13 <z < 16 3 23.5F H & = t
2 ¢ 0L g gl i
o0 1 ~ —l.“
< 23.0f ; ‘ e = }
S E
-3 105 =g | |
29 )_; —4.5 #
1 1 1 1 1 1 ] 1
1 2 3 f 1 2 3 |

* Use modelling of LOFAR luminosity function (LF; Kondapally+ 2022,
Cochrane+ 2023) parameters to construct LFs in small z bins (dz = 0.025)

 Down sample the LF from the input random catalogue so they agree with
the model LF

| | |  Combine the z bins together to get randoms over the full z range

. e & (dz =0.2-0.5 depending on source type)
log(Lisomuz/W Hz ™)

|
=)

1
|
-

log;o(¢/Mpc™® logy L")

|
0
|

Figures from Cochrane+ 2023
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Randoms per Source Type

SFG Luminosity Function SFG Luminosity Function parameter evolution
—— 01 <2< 04 —o 16<z< 20 25.01 ' ' ' $ 1o e ' ' ENI ']
—8— 04 <z <06 —0— 20 <z <25 L . _ = * } Bootes
—~ 24.5F = A

—— 06 <z <038 25 <z < 33 N ‘ 42.0 = 20 _3 0k i f ¢ Lockman Hole |

—— 08 <z < 1.0 33 oz = 4b = 04 0k ’ ¢ ; = ‘ t 5 nlieds

—— 10 <2z < 1.3 46 <z < 5.7 =2 } L5~ o _35l ‘ i

—— 13 <z < 16 5 23.5F H = = t

= ¢ 10 S —4.0f .

7 2 23.0f ‘ . B ‘% f
'-T-\ _3 22—)_‘ 1 | 1 I_”.l) B —-4_)— L L L tl—
*2 1 1 2 3 { 1 2 3 I
EO
T 2 * Use modelling of LOFAR luminosity function (LF; Kondapally+ 2022,
i 6 Cochrane+ 2023) parameters to construct LFs in small z bins (dz = 0.025)
= -  Down sample the LF from the input random catalogue so they agree with
i the model LF

-8 | | |  Combine the z bins together to get randoms over the full z range
e b iﬁ (dz = 0.2-0.5 depending on source type)
log(Lysovm,/ W Hz™") * Gives input source distribution with the LF, n(z) and dN/dS which
Figures from Cochrane+ 2023 matches the intrinsic distribution for the given source type in the z bin
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Results

SFG LERG QLERG All Types - CC
SKADS - RQQ Chakraborty+2020 -« b(z) from z: 0.50 - 1.00 -« b(z) from z: 0.50 - 1.00 B SFG t
54 SKADS - SFG Mazumder+2022 e AC AC 4 % LERG
SKADS - SB ® AC B cc B cc ’ QLERG
SKADS - FRI B cc AC - Linear AC - Linear ¥ SFG - Linear
SKADS - FRII AC - Linear Il CC-Linear Il CC-Linear I LERG - Linear
4 1 Nusser & Tiwari 2015 Il CC-Linear 71 # LERGs - Hale+ 2018 LERGS - Hale+ 2018 J QLERG - Linear
®
#

=+ b(z) from z: 0.10 - 0.40
Lindsay+2014

® SFGs - Hale+ 2018

Hale+ in prep

'

SFGs - Hale+ 2018

*ii'” 1

o M

S

02 04 06 08 10 12 14 16 02 04 06 08 10 12 14 16 02 04 06 08 10 12 14 16 02 04 06 08 10 12 14 16

LERGs appear more clustered than SFGs and quiescent LERGs more clustered than full LERG
population.
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Hale+ in prep

Results

SFG LERG QLERG All Types - CC
SKADS - RQQ Chakraborty+2020 ««+« b(z) from z: 0.50 - 1.00 t «es+ b(z) from z: 0.50 - 1.00 B SFG t
54 SKADS - SFG Mazumder+2022 e AC E AC 4 % LERG
SKADS - SB ® AC B cc B cc ’ QLERG
SKADS - FRI B cc AC - Linear AC - Linear ¥ SFG - Linear
SKADS - FRII AC - Linear T CC - Linear I CC- Linear ¥ % LERG - Linear

4 1 Nusser & Tiwari 2015 Il CC-Linear 7 3 LERGS - Hale+ 2018 7 LERGS - Hale+ 2018 71 ¢ QLERG - Linear
«+ b(z) from z: 0.10 - 0.40 ® SFGs - Hale+ 2018 SFGs - Hale+ 2018

*ii'” 1

o M

S

B2 8

Lindsay+2014

'

02 04 06 08 10 12 14 16 02 04 06 08 10 12 14 16 02 04 06 08 10 12 14 16 02 04 06 08 10 12 14 16

LERGs appear more clustered than SFGs and quiescent LERGs more clustered than full LERG
population.

Good agreement between Hale+ 2018 SFGs and this work and Hale+ 2018 LERGs and the QLERGs

(which are more similar based on selection function used in Smolcic+ 2017)
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Results

Hale+ in prep

SFG LERG QLERG All Types - CC
SKADS - RQQ Chakraborty+2020 -« b(z) from z: 0.50 - 1.00 -« b(z) from z: 0.50 - 1.00 B SFG t
54 SKADS - SFG Mazumder+2022 e AC AC 4 % LERG
SKADS - SB ® AC B cc B cc & QLERG
SKADS - FRI B cc AC - Linear AC - Linear ¥ SFG - Linear
SKADS - FRII AC - Linear I CC- Linear [l CC- Linear I LERG - Linear
4 1 Nusser & Tiwari 2015 Il CC-Linear 71 # LERGs - Hale+ 2018 LERGS - Hale+ 2018 J QLERG - Linear
«+ b(z) from z: 0.10 - 0.40 ® SFGs - Hale+ 2018 ® SFGs - Hale+ 2018
Lindsay+2014 # LERGs - Hale+ 2018 .
a3 *] * | il .
¢ t P } :
2 A - ) gl - 1
| “w ;l %‘
. !1; LN g T
i 2 X ¥ [ 2
1 g S [
02 04 06 08 1.0 1.2 14 1.6 02 04 06 08 10 1.2 14 1.6 02 04 06 08 1.0 1.2 14 1.6 02 04 06 08 1.0 1.2 14 1.6

LERGs appear more clustered than SFGs and quiescent LERGs more clustered than full LERG
population.

Good agreement between Hale+ 2018 SFGs and this work and Hale+ 2018 LERGs and the QLERGs

(which are more similar based on selection function used in Smolcic+ 2017)

SFG bias evolution is steeper than the evolving model assumed for LoTSS DR2 — but good
approximation for LERGs
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Future of Cosmological Studies with LOFAR
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Future with LOFAR

LOFAR High Resolution
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LOFAR Follow up Redshift Survey: WEAVE-LOFAR

Future with LOFAR
o 1000.0
(0]
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z Smith+ 2016
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catherine.hale@physics.ox.ac.uk LOFAR Family Meeting, Leiden 2024



LOFAR Follow up Redshift Survey: WEAVE-LOFAR
Future with LOFAR
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Morabito+ 2022 ESA/Euclid/Euclid Consortium/NASA, image processing

LUDO proposal, Best, Morabito et al. by J.-C. Cuillandre (CEA Paris-Saclay), G. Anselmi
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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

e Systematics are key to understand to accurately trace the large-scale structure:
* We use a combination of simulations and account for systematic effects e.g. incompleteness,
smearing, measurement errors
* Numerous studies of the evolving bias in the LoTSS DR2 wide area survey from the
auto-correlation (Hale+ 2024) and cross-correlations (Nakoneczny + 2024, Zheng+ in
prep) with other data to improve such measurements.

* The deep fields allow us to more accurately trace the bias evolution for different
populations (AGN vs SFGs).

* Future is exciting:

* Spectroscopic surveys (i.e. WEAVE-LOFAR, Smith+ 2016) will allow us to directly measure the spatial
correlation function, not use projected angular clustering

* High resolution and LOFAR 2.0 will improve 1-halo studies and cross-correlating with optical/IR data
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