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1. INTRODUCTION

Hereafter the term "quasar" is applied to both optically se-
lected (and/or spectroscopically confirmed) UVX objects, and
to radio-detected objects of that kind. A recent attempt to
model number-counts of radio-selected QSOs (Condon, private
communication) has revealed that the counts cannot be model-
led by simply translating the general radio luminosity fun-
ction (RLF) leaving the cosmological evolution unchanged.
While it may be true that the radio sources in QSOs evolve
in the same way as do all radio sources (i.e. translation
function), the radio sources are probably not always in QSOs.
In particular, it may be that increasing the luminosity (es-
pecially the core luminosity) of a radio source increases
the probability that it is in a QSO. If that is true a radio
detection rate of optical QSOs should be strongly dependent
on the optical (core) luminosity, i.e. on the absolute mag-
nitude.

Recently published data on faint optically- and radio-
selected QSOs (Sec.2) seem to provide a straightforward ob-
servational evidence fot the above hypothesis. In Sec.3 the
radio detection rate of QSOs at constant redshift is discuss-
ed. This detection rate, in a function of apparent magnitude,
can be considered as a ratio of radio-loud QSOs to all QSOs
in a function of their absolute magnitude M,. A question of
whether such detection rate is also dependegt on redshift is
considered in Sec.4.

2. THE DATA USED

(1) Optical QSO samples:

Bright QSO sample (BQS) of Schmidt and Green (1983) com-
plete to an effective mean limit of B=16.16 mag.

Medium-bright QSO sample (MBQS) of Mitchell et al.(1984)
complete to B=17.65 mag.
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"AB" and "BF" samples selected by Marshall et al. (1984)
complete to B=18.25 mag and B=19.80 mag, respectively.
Hoag and Smith's (1977) (HS) and Sramek and Weedman's (1978)
(SW% samples were partly used at high redshifts.
These complete samples were supplemented with QSO candidates
up to J=22.5 mag found in SA57 and SA68 (cf. Koo et al.1986).

(2) Radio QSO samples selected at 1.4 GHz:

"2-Jy" sample (BDFL) almost complete to B=20 mag, compri-
sing majority of 3CR quasars.

"GBR" sample of QSOs stronger than 0.25 Jy (Machalski and
Condon 1986) and with complete photometry up to B=18.0 mag.

"LBDS" sample “(Kron et al. 1985) with S21 mJy and comp-
lete to J=23 mag.

The Parkes %PKS) sample of Peacock et al. (1986) was pa-
rtly used.

3. DEPENDENCE OF RADIO EMISSION OF QSOs ON MB
This dependence can be determined for objects either with

radio luminosity higher than a chosen limiting luminosity,
Pli , or with/above chosen radio-to-optical luminosity ratio
R.TR meaning of both characteristics 1s different; the first
dependence specifies a probability of radio emission (at P>
Pl'm) as a function of My, the second one—a degree of cor-
reiftion between optical and radio luminosities.

a) Determination of the detection rate (at logP(W/Hz)>26.4)
on MB (Ho=50; qo=0.5) for 1<z<2.2 (Table 1 below) suggests

AMB Opt. N N(sr-1) Radio N N(sr-1) Ratio
Blin sample sample (%)
-23,-25 SA57 183 205000 LBDS 2.5+0.5 800 0.4
22.52
-25,=27 SA57 2 22800 LBDS 1 325 1.1
20.52 BF 18 34300 GB2 47 %240 >0.8
-27,-29  MBQS 8 >270
18.52 AB 5 440 GB2 7 >35 >8.0

that the probability of radio emission increases about 20
times if MB increases from -23 mag to -29 mag, reaching about
10% at the highest M. A straightforward confirmation of this
fraction comes from %he radio measurements of the BQS QSOs
(BQS sample is large one though not deep enough to detect a
QS0 with M,=-27 mag at z=2.2). There is one radio-loud QSO
among 13 Q§Os with -29<M,<-27 and within 1<z<2.2, i.e. "8%.
The GB2 data give only a lower limit to the detection rates
since the flux-density 1limit of the sample (250 mJy) is much
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greater than 52 mJy necessary to detect a source with logP=
26.4 at z=2.2. The numbers in Table 1 emphasize how the
existing QSO statistics are poor yet.

b) The data in Sec.?2 enable one to calculate the radio de-
tection rate for const R (hereafter the R-parameter is deter-
mined between 1.2 10'°Hz and 510°Hz). <Sky densities of the
optical and radio (logR>3) QSOs in a function of apparent B
or J magnitude, for z<1 and 1<z<2.2, are shown in Fig.1. The
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SA57+68 and LBDS survey's data indicate that there is arapid
change of differential sky density of both optical and radio
QS0s around 20—-21 mag. The detection rate decreases slowly
with decreasing magnitude, from about 10% for the brightest
objects to about 3% at the fainter end. A similar situation
is seen in 2z<1 range, though there are almost not radio-loud
QSOs fainter than B=20 mag at z<1. 10:3 ratio of the detec-
tion rates at different redshifts suggests a large degree of
correlation between optical and radio luminosities. After
appoximation that the curves in Fig.1 represent detection
rates at constant z, one can transform the N(<B) vs. B rela-
tion into the volume density vs. M, relation. Resultant op-
tical luminos ty functions for both optical and radio QSOs
in two redshift intervals are shown in Fig.4. These functions
clearly show very similar cosmological evolution of the both
populations in the optical domain.
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L. DEPENDENCE OF RADIO EMISSION ON REDSHIFT

Another aspect of the radio emission of QSOs is a problem of
the variation of detection rate with redshift. Again the data
in Sec.2 were used to look for this dependence. Observed sky
densities of the optical and radio (logP226.4) QSOs vs. mag-
nitude for two intervals of MB are shown in Fig.2. For lower
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Fig.2. Detection rate of QS0s with
logP(W/Hz)>26.4 in two intervals of /’?B

luminosities (-26<M ) the detection rate decreases from about
3% to less than 0.5%. For M <-26 it changes from 25% to about
2.5%. The cosmological evolfition (Fig.4) cannot explain these
differences; there must be an intrinsic dependence on both
optical luminosity and redshift. In fact, the dependence on
M, is proved in Table 1. It is also clearly seen in Fig.3
which shows N(<B) vs. zrelations for optical and radio QSOs
with two different M,s. Since some samples, used here, are
not complete in z, mean redshifts have been computed from B
magnitudes assuming constant M, in Fig.2. The sky density of
radio-loud QSOs with logPiW7Hz§;26.4, but with different M.,
are almost identical within statistical errors (bars in Fig.
3), though sky density of optical QSOs with the same optical
luminosities differ significantly. Thus, the dependence of

radio emission on MB is unquestionable.

https://doi.org/10.1017/5S0074180900159686 Published online by Cambridge University Press


https://doi.org/10.1017/S0074180900159686

ON COSMOLOGICAL EVOLUTION OF QUASARS 653

optical
Qso

logd (Gpc?)
(arbitrary scale)

logN (sr)

\ radio QSOs
Py, >10%4 W/Hz Fo

s I s 1 1 A
29 k4 5 K]

dshift
recs Fig.4. Luminosity functions
Fig.3. Sky density of 0S0s fZon two ranges of rnedshift
vs. nedshifi

A dependence on z can be interpreted (Peacock et 2l.1986)
either by different probability distribution of the radio
emission of QSOs at high redshift, or, having postulated two
distinct populations of quasars, by different proportion of
radio-loud to radio-quiet QSOs at high z. A paucity of data
on faint radio QSOs, especially uncompleteness of redshifts,
does not allow now to solve this ambiguity.

CONCLUSIONS

1. Probability of being radio-loud (const L const z)
is strongly dependent on M,; the detection raf® a% const R
only slightly decreases wi%h decreasing MB, implying some

radlo_ opt correlation

2. Probability of radio emission (at const Mp) decreases
with increasing redshift.

3. Evolution functions of radio-quiet and radio-loud QS0s
in the optical domain are almost identical, suggesting some
luminosity evolution also in the radio domaln.

REFERENCES

Koo, D.C., Kron, R.G., Cudworth, K.M.: 1986, Publ. astr. Soc.
Pac. 98, 285.

Kron, R.G., Koo, D.C., Windhorst, R.A.: 1985, Astron. Astrophys.
&’ 38.

Machalski, J., Condon, J.J.: 1986, Astron. J. 91, 998.

Marshall, H.L., Avni, Y., Braccesi, A., Huchra, J.P., Tananbaunm,
H., Zamorani, G., Zitelli, V.: 1984, Astrophys. J. 283, 50.

Mitchell, K.J., Warnock, A., Usher, P.D.: 1984, Astrophys..J.
(Lett) 287, L3.

Peacock, J.A., Miller, L., Longair, M.S.: 1986, Monthly Not.
R. astr. Soc. 218, 265.

Schmidt, M., Green, R.F.: 1983, Astrophys. J. 269, 352.

https://doi.org/10.1017/5S0074180900159686 Published online by Cambridge University Press


https://doi.org/10.1017/S0074180900159686

