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A B S T R A C T 

We take a sample of 94 ultraluminous, optical quasars from the search of o v er 14 486 de g 

2 by Onken et al. in the range 4.4 

< redshift < 5.2 and match them against the Rapid ASKAP Continuum Surv e y (RACS) observ ed on the Australian Square 
Kilometre Array Pathfinder (ASKAP). From this most complete sample of the bright end of the redshift ∼5 quasar luminosity 

function, there are 10 radio continuum detections, of which eight are considered radio-loud quasars. The radio-loud fraction for 
this sample is 8.5 ± 2.9 per cent. Jiang et al. found that there is a decrease in the radio-loud fraction of quasars with increasing 

redshift and an increase with increasing absolute magnitude at rest frame 2500 Å. We show that the radio-loud fraction of our 
quasar sample is consistent with that predicted by Jiang et al.,extending their result to higher redshifts. 

Key words: galaxies: quasars: general – radio continuum: galaxies. 
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 I N T RO D U C T I O N  

uasars were first disco v ered through their radio emission 
Matthews & Sandage 1963 ; Schmidt 1963 ). However, it was soon
ound that the majority of quasars had little or no detectable radio
mission (Sandage 1965 ). Quasars are often classified into two 
ategories: radio-loud and radio-quiet, based on the ratio of their 
adio to optical flux density. Some authors find a bimodal distribution
or radio-loud and radio-quiet quasars (Kellermann et al. 1989 ; 

iller, Peacock & Mead 1990 ; Visno vsk y et al. 1992 ; Goldschmidt
t al. 1999 ; Ivezi ́c et al. 2002 , 2004b ; White et al. 2007 ). Others find
o evidence for such a distribution (Lacy et al. 2001 ; Cirasuolo et al.
003 ; Singal et al. 2011 ; Balokovi ́c et al. 2012 ; Singal et al. 2013 ;
acfarlane et al. 2021 ). 
The spectral energy distributions of radio-loud and radio-quiet 

uasars are very similar (Elvis et al. 1994 ; de Vries, Becker & White
006 ; Richards et al. 2006 ; Shang et al. 2011 ; Shankar et al. 2016 ),
iffering only in the X-ray and radio bands. At low redshift, the
ast majority of radio-loud quasars are hosted by giant elliptical 
alaxies, while radio-quiet quasars are found to be hosted by both 
lliptical and spiral galaxies (Floyd et al. 2010 ; Tadhunter 2016 ;
usinek et al. 2020 ). At higher redshifts, radio-loud quasars have 
igher star formation than radio-quiet quasars (Kalfountzou et al. 
012 ), which is consistent with their role as the progenitors of the
ow-redshift, high-mass ellipticals. Radio-loud quasars are found in 
enser environments as well as having much more massive dark 
atter haloes and higher stellar masses than radio-quiet quasars 
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Mandelbaum et al. 2009 ; Shen 2009 ; Donoso et al. 2010 ; Wylezalek
t al. 2013 ; Rees et al. 2016 ; Retana-Montenegro & R ̈ottgering 2017 ).

Quasars are thought to be triggered by the high accretion associated 
ith galactic mergers (Hopkins et al. 2006 ). Most of the radio-loud
uasars and some radio-quiet quasars are thought to be due to mergers
f elliptical galaxies with disc galaxies, while the remaining radio 
uiet quasars are due to the mergers of two disc galaxies (Shen 2009 ;
essiere et al. 2012 ; Treister et al. 2012 ). The dependency of the type
f galaxy merger with the radio properties of the quasar can be tested
y comparing the fraction of radio-loud quasars with the cosmic 
istory of the different types of mergers. The fraction of elliptical-
piral mergers decreases with increasing redshift, while the fraction 
f spiral–spiral mergers increases with redshift as seen in semi- 
nalytical models (Khochfar & Burkert 2003 ) and in observations 
Lin et al. 2008 ). This suggests that the radio-loud fraction would
ecrease with increasing redshift. 
Indeed, man y authors hav e shown that the radio-loud fraction

oes decrease with increasing redshift (Peacock, Miller & Longair 
986 ; Miller et al. 1990 ; Schneider et al. 1992 ; Visno vsk y et al.
992 ; La Franca et al. 1994 ), although some authors have shown no
volution with redshift (Goldschmidt et al. 1999 ; Stern et al. 2000 ;
vezi ́c et al. 2002 ). Many authors have shown that the radio-loud
raction increases with optical luminosity (Visno vsk y et al. 1992 ;
 ado vani 1993 ; Goldschmidt et al. 1999 ), while a few authors find
o such trend (Stern et al. 2000 ; Ivezi ́c et al. 2002 ), and a few authors
how the radio-loud fraction increasing with luminosity (Hooper 
t al. 1995 ; Bischof & Becker 1997 ). These early results were often
omplicated by small sample sizes and the complex interplay of 
edshift, luminosity, and surv e y flux limits. 

Of particular rele v ance to this paper is the work by Jiang et al.
 2007 ), where they used 30 000 optically selected quasars from the

http://orcid.org/0000-0001-6841-6553
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loan Digital Sky Survey matched to the Faint Images of the Radio
ky at Twenty-Centimeters (FIRST) radio survey to examine the
roperties of the radio fraction of quasars. They found that the radio-
oudness fraction of quasars is a function of both redshift and rest
rame 2500 Å luminosity, with the fraction decreasing with redshift
nd increasing with luminosity. The work of Jiang et al. ( 2007 ) did not
xtend out to the redshifts probed by our work, reaching only out to
edshift ∼4.6. The conclusions of Jiang et al. ( 2007 ) were supported
y the later work of Kratzer & Richards ( 2015 ); Rusinek-Abarca &
ikora ( 2021 ). 
Yang et al. ( 2016 ) found for luminous quasars at 4.7 < redshift <

.4 that the radio-loud fraction may evolve with optical luminosity
ut that the fraction may not decline as rapidly with increasing
edshift as measured by Jiang et al. ( 2007 ). Ba ̃ nados et al. ( 2015 ), in
 sample of quasars at redshift > 5.5, found that there appeared to be
o evolution in the radio-loud fraction at these redshifts, as does Liu
t al. ( 2021 ) for a similar redshift sample. 

Ultraluminous quasars at high redshift are extremely rare, but these
bjects are of particular interest as the early Universe is the era in
hich supermassive black holes undergo their most dramatic and

east explained growth. Ultraluminous quasars are difficult to find as
he candidate lists are swamped by the tail-end distribution of cool,
ed stars from within our own Galaxy. To find these rare objects,
nken et al. ( 2022 ) used photometry from the SkyMapper Southern
urv e y (SMSS) Data Release 3 (Wolf et al. 2018 ; Onken et al. 2019 ),

he 2 Micron All-Sk y Surv e y (2MASS; Skrutskie et al. 2006 ), the
ISTA Hemisphere Surv e y (VHS) Data Release 6 (McMahon et al.
013 ), the VISTA Kilo-degree Infrared Galaxy (VIKING) Surv e y
ata Release 5 (Edge et al. 2013 ), AllWISE (Wright et al. 2010 ),

nd the CatWISE2020 Catalog (Marocco et al. 2021 ). (VISTA is
he Visible and Infrared Surv e y Telescope for Astronomy and WISE
s the Wide-field Infrared Survey Explorer ). In addition, they used
roper motions from the Gaia Data Release 3 (Gaia Collaboration
t al. 2021 ) to remo v e stars from their candidate lists. Spectroscopic
ollow-up was then done with the Australian National University
ANU) 2.3-m telescope to confirm the targets as quasars and to obtain
recise redshifts. This yielded a sample of redshift ∼5 quasars with
nprecedented completeness at the bright end. 
In this paper, we have matched the quasars from Onken et al. ( 2022 )

o the new Rapid ASKAP Continuum Surv e y (RACS; McConnell
t al. 2020 ; Hale et al. 2021 ) to measure the evolution of the radio-
oud fraction for these objects, as seen in previous work (e.g Jiang
t al. 2007 ). 

In Section 2 , the quasar data from the optical and infrared
ombined with the radio data is analysed to determine the radio-
oud fraction of the sample. In Section 3, the completeness of the
ample in both radio and optical mode is examined. In Section 4 , we
iscuss the radio-loud fraction, and its evolution with redshift and
ptical rest frame luminosity. In Section 5, the conclusions from this
ork are summarized. 

 ANALYSIS  

nken et al. ( 2022 ) searched for ultraluminous quasars at redshift
reater than 4.4 o v er 14 486 deg 2 of the whole sky from Dec < + 2 ◦,
alactic latitude | b | > 15 ◦ and excluding some regions around the
agellanic Clouds and other nearby galaxies in the local group as
ell as regions around bright stars. Quasar candidates were limited

o those with a SkyMapper z-band zPSF < 19.5 AB magnitude.
ross-matches were made with the large-area surv e ys Gaia , WISE,
nd VISTA and candidates with a neighbour within 5 arcsec were
emo v ed. The following selection criteria were used to remo v e
NRAS 525, 5291–5297 (2023) 
ontamination by cool, red stars, and lower redshift quasars: 

0 . 8 < G − Rp < 1 . 8 

1 . 8 < Bp, c − Rp 

0 . 9 < gPSF − rPSF 

0 . 7 < J − K < 1 . 8 

1 . 5 < J − W 1 < 3 

0 . 2 < W 1 − W 2 < 1 . 1 

2 . 3 < W 1 − W 3 < 4 . 7 

0 < ( J − K) + ( Bp, c − Rp) − ( zPSF − J ) − 1 . 8 

0 < ( J − W 1) − 1 . 4( zPSF − J ) + 0 . 1 

0 < 0 . 6 − 0 . 5( rPSF − iPSF ) − ( G − rPSF ) , (1) 

here gPSF , rPSF , and zPSF are passbands from SkyMapper;
 , Bp , c , and Rp are passbands from Gaia ; J , H , and K are
assbands from VHS and VIKING; W 1 and W 2 are passbands from
atWISE and W 3 is a passband from AllWISE. Bp , c is corrected for
agnitude-dependent biases. The next criterion was that the Gaia

roper motions and parallaxes for the objects were consistent with
ero within the errors (2 σ ). The quasar candidates were then followed
p with spectroscopic observations with the ANU 2.3-m telescope.
nown quasars from Milliquas v7.1 (Flesch 2015 ) in the search area
ere added to the quasar sample. 
This quasar list was matched to the radio continuum sources from

ACS from Hale et al. ( 2021 ). RACS was observed at a frequency
f 887.5 MHz with a bandpass of 288 MHz. The RACS sample
rom Hale et al. ( 2021 ) co v ers a Declination range from −80 ◦ to
 30 ◦ excluding Galactic latitudes | b | < 5 ◦, resulting in a good
atch to the region covered by Onken et al. ( 2022 ). RACS has a

esolution of 25 arcsec and a median RMS ∼0.3 mJy beam 

−1 . There
re ∼2.1 million radio continuum sources in RACS. 

The sample of optical quasars from Onken et al. ( 2022 ) chosen to
atch to RACS was limited to a range 4.4 < redshift < 5.2, where

he sample is most complete. A cut-off in the SkyMapper zband of
B magnitude < 18.7 was used, for which the sample was 78 per cent

omplete (Onken et al. 2022 ). The enhanced completeness relative
o the study of Yang et al. ( 2016 ) ( ∼55 per cent) is primarily due
o the recent availability of Gaia astrometry, which allowed further
xploration of the ( W 1 − W 2) colour space without suffering from
 v erwhelming stellar contamination. Below this magnitude cut, the
ample’s incompletness increases greatly. Incompleteness is calcu-
ated from the variation of Skymapper z-band number counts with

agnitude and spectroscopic follow-up of candidate quasar objects.
his gave an optical quasar sample of 94 quasars. These optical
uasars were matched to the objects in RACS with a maximum
atching radius of 10 arcsec. There were 10 matched objects, with

he maximum matching radius being 2.83 arcsec, and most being less
han 1 arcsec. 

The definition for radio loudness used in this paper is that used
y Jiang et al. ( 2007 ), which is based on earlier work by Stocke
t al. ( 1992 ). This differs from other definitions, as it is defined
n the ultraviolet rather than the optical (e.g. at 4400 Å used by
ellermann et al. ( 1989 ) from the original paper on radio loudness).
he advantage of using the ultraviolet is that the observed wavelength

or high redshift quasars is lower, making it easier to measure. 
The radio loudness has the form: 

 = 

f 5000 MHz 

f 2500 Å
. (2) 

Where f 5000 MHz is the flux density of the quasar at rest frame
000 MHz and f 2500 Å is the flux density at rest frame 2500 Å. 
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Table 1. The properties of the quasars with radio continuum detections in RACS. In the last two columns, a ‘–’ means that the object is outside the area 
co v ered by the surv e ys and and a ‘ ∗’ meant that the source was not detected in the surv e y. 

SkyMapper mag flux flux flux 
Southern Sky RA DEC z mag 2500 RACS NVSS VLASS 

R Surv e y ID ( ◦) ( ◦) Redshift mag 2500 abs (mJy) (mJy) (mJy) 

5 .2 035504.86–381142.5 58 .77027 − 38 .19514 4 .545 17 .44 19 .04 − 29 .11 2 .51 2.2 2.89 
6 .5 151443.82–325024.8 228 .68260 − 32 .84022 4 .810 17 .85 19 .09 − 29 .20 3 .24 ∗ ∗

15 .9 232952.75–200038.7 352 .46985 − 20 .01085 5 .030 18 .45 19 .92 − 28 .48 3 .88 ∗ ∗
33 .0 145147.04–151220.1 222 .94603 − 15 .20561 4 .763 17 .12 18 .71 − 29 .56 22 .94 28.5 44.82 
55 .9 013127.34–032059.9 22 .86391 − 3 .34998 5 .196 18 .03 19 .39 − 29 .10 23 .19 31.4 49.78 
93 .9 013539.28–212628.2 23 .91370 − 21 .44118 4 .940 17 .74 19 .21 − 29 .15 43 .23 25.3 31.48 

207 .4 043923.20–020701.6 69 .84667 − 2 .11710 4 .400 18 .68 19 .96 − 28 .10 41 .37 43.3 50.58 
264 .0 033951.43–473959.9 54 .96432 − 47 .66662 4 .450 18 .65 20 .59 − 27 .51 29 .97 – –
556 .3 052506.17–334305.6 81 .27573 − 33 .71823 4 .417 18 .18 19 .62 − 28 .45 152 .02 188.3 104.79 
745 .2 032444.28–291821.0 51 .18452 − 29 .30586 4 .622 17 .93 19 .58 − 28 .61 224 .03 236.5 161.21 
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Figure 1. The log of radio loudness of the radio detected quasars versus their 
apparent z-band magnitude. There is no correlation visible. 
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At the redshifts of the quasar sample, the redshifted 2500 Å is close
o the J and H bands ( J , H , and K are Vega magnitudes and come
rom the VHS and VIKING surv e ys). At the average redshift = 4.67
or the quasar sample, 2500 Å is observed at 1.42 μm ( J band is at
.22 μm and H is at 1.63 μm). To find the flux density at redshifted
500 Å, the spectral index was calculated using J and H band (after a
inor correction for interstellar foreground extinction using the map 

rom Schlegel, Finkbeiner & Davis ( 1998 )) using the equation: 

= 

log ( S1 / S2 ) 

log ( ν1 /ν2) 
, (3) 

here S1 and S2 are the flux densities at the frequency of interest
nd ν1 and ν2 are the frequencies of interest. The spectral index
as then used to estimate the flux density at 2500 Å, including a
 + redshift cosmological correction. In the cases where there was 
o J band due to a lack of co v erage by the surv e ys (one object in the
adio detections), a similar estimation was done using H band and 
 band (2.19 μm) instead and then extrapolating to the redshifted 
500 Å magnitude. In general where J , H , and K bands were all
v ailable, the v alue from his extrapolation from K band was close to
he interpolated value from J and H bands, so doing the extrapolation
s unlikely to significantly bias the results. 

At the redshifts of the quasar sample, the redshifted 5000 MHz 
s close to the RACS observing frequency of 887.5 MHz. At the
verage redshift = 4.67 for the quasar sample, 5000 MHz is observed
t 880 MHz. To estimate the flux density at exactly 5000 MHz an α =
0.5 was used for the quasars, which is the same as used by Jiang

t al. ( 2007 ), so that our measurements would be as similar to theirs
s possible. A spectral index of α = −0.5 is typical for quasars (e.g.
vezi ́c et al. 2004a ). 

The calculated radio loudness R along with the absolute AB 

agnitude at rest frame 2500 Å for the quasars with radio detections 
re shown in Table 1 . Here, we define radio-loud as meaning R > 10,
hich is the canonical value used by Kellermann et al. ( 1989 ) and
thers. Of the 10 quasars with radio detections, eight are radio-loud 
sing this definition. 
Also in Table 1 are the NRAO VLA Sk y Surv e y (NVSS; Condon

t al. 1998 ) and VLA Sky Survey (VLASS; Gordon et al. 2021 )
ux densities for the quasars where they are available. (NRAO is the
ational Radio Astronomy Observatory and VLA is the Very Large 
rray). Both surv e ys only e xtend down to Declination −40 ◦ so there

s an incomplete o v erlap in the quasar sample. The frequency of
bservation of NVSS is ∼1400 MHz, and the surv e y has a resolution
f 45 arcsec. NVSS has a flux density limit of ∼2.5 mJy beam 

−1 . A
aximum matching radius of 15 arcsec was used to match NVSS 
o the optical quasars. The worst match with the quasar sample
or NVSS is 13.5 arcsec away, the next being 1.15 arcsec. The
requency of observation of VLASS is 3000 MHz, and the surv e y
as a resolution of 2.5 arcsec. VLASS has a median RMS sensitivity
f 0.128 mJy beam 

−1 . A maximum matching radius of 1.5 arcsec
as used to match VLASS to the optical quasars. The worst match
ith the quasar sample was a matching radius of 1.09 arcsec. For

he RACS-detected sample, one object is not in the sky coverage of
VSS and VLASS and two objects were not detected by the surv e ys.

 SAMPLE  COMPLETENESS  

he optical quasar sample is 78 per cent complete with a SkyMapper
magnitude < 18.7 (Onken et al. 2022 ). There is no correlation
etween radio loudness and z magnitude for the sample (see Fig.
 ). Therefore in the missing 22 per cent of quasars, it is reasonable
o assume that there is the same ratio of radio-loud quasars as in the
8 per cent, though it should be noted that we are dealing with small
umber statistics. So in order to reach 100 per cent completeness, one
an scale up both the radio detections and the total quasar sample by
MNRAS 525, 5291–5297 (2023) 
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M

Figure 2. The absolute magnitude at rest frame 2500 Å for all the optical 
quasars in the sample plotted against their zapparent magnitude. The larger, 
red points are the radio-loud quasars. 

t  

o
 

a  

m  

c  

t  

1  

a  

n  

r  

b  

r
 

d  

d  

t  

q  

b  

n  

d

4

T  

o  

b  

T  

c  

o  

t  

f  

b

Figure 3. Radio loudness for the quasars without radio detections assuming 
that the quasars all have a RACS radio flux density of 1.5 mJy (5 times the 
median RMS of RACS). Radio loud quasars have R > 10. 
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he same amount, which will leave the radio-loud fraction, the ratio
f these two quantities, the same. 
Fig. 2 shows the absolute magnitude at rest frame 2500 Å for

ll the optical quasars in the sample plotted against their zapparent
agnitude. What one can immediately notice is that there is a strong

orrelation between the absolute magnitude at rest frame 2500 Å and
he apparent zmagnitude. Thus, the cut-off at z-band magnitude of
8.7 can roughly be translated to a cut in the absolute magnitude
t rest frame 2500 Å. This means that we are not missing a large
umber of quasars by using this cut at z-band magnitude of 18.7
ather than a cut in absolute magnitude. Only a few quasars may
e missing, which will have the effect of decreasing the measured
adio-loud fraction by a small amount. 

Fig. 3 shows the radio loudness for the quasars without radio
etections, assuming that the quasars all have a RACS radio flux
ensity of 1.5 mJy (5 times the median RMS of RACS), which would
herefore have been detected in RACS. The fact that most of the
uasars with this assumed flux density are below the cut-off for
eing radio-loud ( R = 10) means that we are not missing a large
umber of radio-loud quasars in our sample due to the RACS flux
ensity limit. 

 RESU LTS  

he number of radio-loud quasars in the sample is 8 out of a total
f 94, which gives a radio-loud fraction of 8.5 ± 2.9 per cent. A
inomial distribution was used to determine the error on this fraction.
o see if there was any evolution based on this fraction, the value was
ompared to the work of Jiang et al. ( 2007 ). They looked at 30 000
ptically selected quasars from the Sloan Digital Sky Survey matched
o the FIRST radio surv e y. From this data, they have the radio-loud
raction as a function of both redshift and optical luminosity as given
elow: 

log 

(
RLF 

1 − RLF 

)
= b 0 + b z log (1 + z) + b M 

( M 2500 + 26) , (4) 
NRAS 525, 5291–5297 (2023) 
here RLF is the radio-loud fraction, z is the redshift, M 2500 is the
bsolute magnitude at 2500 Å, b 0 = −0.132 ± 0.116, b z = −2 . 052 ±
 . 261, and b M 

= −0 . 183 ± 0 . 025. The work of Jiang et al. ( 2007 )
nly applies up to a redshift limit of ∼4.0, so our sample would be
xtrapolating their equation. 

The left-hand panel of Fig. 4 , using the equation of Jiang et al.
 2007 ) shows the radio-loud fraction as a function of redshift at
 2500 = −28 . 38, the average of the quasar sample. The light blue is

he error on this function. The black point is the radio-loud fraction
rom our quasar sample at the average redshift. The black lines cover
he range of redshifts co v ered in our sample with the dotted lines
howing the range of the error. As can be seen, the function from
iang et al. ( 2007 ) and the value from our work lie within 1 σ of each
ther. This indicates that our data is consistent with the equation of
iang et al. ( 2007 ) in showing that for increasing redshift, the radio-
oud fraction decreases for ultraluminous quasars. 

The right-hand panel of Fig. 4 , using the equation of Jiang et al.
 2007 ), shows the radio-loud fraction as a function of M 2500 at redshift
 4.67, the average of the quasar sample. The light blue is the error

n this function. The black point is the radio-loud fraction from our
uasar sample at the average M 2500 . The black lines co v er the range
f M 2500 co v ered in our sample with the dotted lines showing the
ange of the error. As can be seen, the function from Jiang et al.
 2007 ) and the value from our work lie within less than 1 σ of each
ther. This indicates that our data is consistent with the equation of
iang et al. ( 2007 ) in showing that for increasing optical luminosity
he radio-loud fraction increases for ultraluminous quasars. 

One obvious criticism of this result is that we are using a rather
arge absolute magnitude range in our sample of M 2500 = −30 . 00
o −27.51 to do our comparison. If we break the magnitude range
nto two bins ( M 2500 = −30 . 00 to −28.5 and M 2500 = −28 . 5 to

27.5), we get four and five radio loud quasars out of 35 and 59
ptical quasars, respectively. This gives a radio-loud fraction of
1.4 ± 5.4 per cent for the brighter range and 8.5 ± 3.6 per cent
or the fainter range, both of which are still in agreement with the
quation of Jiang et al. ( 2007 ). 
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Figure 4. The left-hand panel, using the equation of Jiang et al. ( 2007 ), shows the radio-loud fraction as a function of redshift at M 2500 = −28 . 38, the average 
of the quasar sample. The light blue is the error on this function. The black point is the radio fraction from our quasar sample at the average redshift. The black 
lines show the range of redshifts co v ered in our sample with the dotted lines showing the range of the error. The right-band panel, using the equation of Jiang 
et al. ( 2007 ), shows the radio-loud fraction as a function of absolute magnitude M 2500 at redshift = 4.67, the average of the quasar sample. The light blue is the 
error on this function. The black point is the radio fraction from our quasar sample at the average M 2500 . The black lines co v er the range of M 2500 co v ered in 
our sample with the dotted lines showing the range of the error. 

Table 2. The radio loud fraction of high redshift quasars from the literature with their redshift 
ranges and the minimum absolute 2500 mag of their sample. 

Radio loud Redshift Redshift Min mag 
Source fraction (per cent) min max 2500 abs 

This work 8.5 ± 2.9 4.4 5.2 −27.5 
Yang et al. ( 2016 ) 7.1 ± 2.6 4.7 5.4 −27.0 
Ba ̃ nados et al. ( 2015 ) 8 . 1 + 5 . 0 −3 . 2 5.5 6.4 −26.9 
Liu et al. ( 2021 ) 7.1 ± 2.7 5.5 6.5 −25.8 
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It is known that few galaxies at redshifts greater than ∼4 resemble
resent-day spiral or elliptical galaxies (Beckwith et al. 2006 ), and 
hat giant ellipticals or their progenitors are the main source of radio-
oud quasars (Floyd et al. 2010 ; Rees et al. 2016 ; Tadhunter 2016 ;
usinek et al. 2020 ). If these galaxies represent a smaller fraction
f galaxies at these redshifts, it suggests that the radio-loud fraction 
f quasars should also decrease. Thus, our observed evolution of the 
adio-loud fraction confirms current models of galaxy evolution. 

Table 2 shows the radio-loud fractions for quasars in the literature 
or high redshift samples. These values have been plotted in Fig. 5
long with the Jiang et al. ( 2007 ) function taken at M 2500 absolute
agnitude −28.38, the average of this work’s quasar sample. The 

alues from Liu et al. ( 2021 ) come from their luminous sample,
hich has a magnitude limit one magnitude fainter than the other 

amples. It is also their all-radio sample value. Taken as a whole,
hese literature values indicate that at the magnitudes they probe 
here is little evidence for evolution in the radio-loud fraction beyond 
edshift 5 though there is still reasonable agreement with the function 
f Jiang et al. ( 2007 ). Ho we ver, it should be noted that the Jiang et al.
 2007 ) function presented in the figure mo v es from 4 . 8 + 3 . 2 

−1 . 9 per cent
t redshift = 5 to 3 . 6 + 2 . 8 

−1 . 5 per cent at redshift = 6. These values
re consistent with no change therefore at these redshifts, there is
ittle evidence for evolution, even from the (extrapolated) function of 
iang et al. ( 2007 ). Larger differences between the literature values
nd the function of Jiang et al. ( 2007 ) are seen at a fainter M 2500 

bsolute value, which is particularly relevant for the Liu et al. ( 2021 )
ample. 

It is not clear why the radio-loud fraction appears flat near redshift
 6. This is unexpected, as the number and type of galaxies that

sually host radio-loud quasars (ellipticals and their progenitors) 
re still decreasing at these redshifts. This suggests a process 
hat is affecting the radio properties of these distant quasars. For
xample, since redshift = 6 is approximately the end of the epoch of
eionization, perhaps the gas supply for quasars is larger (or maybe
ust denser and more neutral) in this era so that quasars do not have to
ely solely on mergers to support their radio emission. More research
eeds to be done in this area, both in larger and deeper quasar surv e ys
t these redshifts and in theoretical models that predict the radio
oudness fraction of quasars at these redshifts. 

 C O N C L U S I O N  

 sample of 94 ultraluminous optical quasars from Onken et al.
 2022 ) in the range 4.4 < redshift < 5.2, with z- band magnitude
 18.7, were matched against the radio continuum surv e y of RACS.
en quasars had radio detections in RACS, of which eight are
MNRAS 525, 5291–5297 (2023) 
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M

Figure 5. The radio-loud fraction of high-redshift quasars from the literature. 
The values for each can be found in Table 2 . The value for this paper is the 
large red point. The blue line with the error range around it is the value from 

the Jiang et al. ( 2007 ) function taken at M 2500 absolute magnitude −28.38, 
the average of this work’s quasar sample. 

c  

o  

f  

f  

a  

r

A

C  

t
 

F  

6  

a
 

t  

s  

t  

t  

t  

M  

S  

U  

s  

a  

(  

(  

A  

(  

E  

s  

e  

A
 

p  

o  

1  

p  

H
 

f  

2  

S
 

N  

a  

G  

I  

S  

M  

c  

m  

t  

W  

s  

A
 

N  

b  

t  

3  

A

D

T  

(  

(
 

C  

o  

A
 

E  

.
 

c  

n

R

B  

B
B
B  

B
C  

C  

C
d
D  

E  

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/525/4/5291/7261737 by Library C
H

IFLEY Blg 15 user on 30 August 2024
onsidered to be radio-loud. The sample thus has a radio-loud fraction
f 8.5 ± 2.9 per cent. Jiang et al. ( 2007 ) modelled the radio-loud
raction as a function of redshift and absolute magnitude at rest
rame 2500 Å. The radio-loud fraction we measure is consistent with
n extrapolation of this function showing the predicted decrease with
edshift and an increase with absolute magnitude. 
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