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Abstract. The sample of 1157 radio-identified galaxies fromf radio sources of different morphological types, e.g. FRI and
the Las Campanas Redshift Survey (LCRS) (Machalski & CoRRII (Fanaroff & Riley 1974), has been undertaken by Jackson
don 1999) is used to derive the 1.4 GHz luminosity functior& Wall (1999). In all these papers, the determination of RLF
of both star-forming (starburst) galaxies with the mean redshifas based on radio-selected objects (radio sources), for which
(z) = 0.07, and AGN-type ones witlz) = 0.18. These func- their distance and luminosity were specified, generally after op-
tions are used as a direct measure of their evolution inferrgchl identifications and follow-up spectroscopic measurements
from the evolutionary models of the entire population of rasf their redshift.
dio sources. Comparing these measured functions with the cor-The key characteristics, to which the amount of evolution is
responding local luminosity functions determined by Condarsually compared, is a ‘local’ RLF. One of the first local RLF,
(1989) and Cotton & Condon (1998), we found that assuminljrectly determined for nearby galaxies at 1.4 GHz by Condon
the ‘translation evolution’ form of Condon (1984) (also Saur{1989), was based on the radio data of optically-selected objects,
ders etal. 1990), the amount of luminosity and/or density evoloamely galaxies from the Uppsala General Catalog of Galaxies
tion in the LCRS sample is of the same order as the uncertaifiilson 1973, hereafter UGC). A low-luminosity extension of
in determination of the local functions, although the data avaihat function, using a cross-correlation of UGC galaxies with
able do not exclude mild evolution at the rate predicted by tif@nt radio sources from the NRAO-VLA Sky Survey (Condon
evolutionary models. The above is supported by the starburstal. 1998, hereafter NVSS), isin progress (cf. Cotton & Condon
type and AGN-type LCRS galaxies from the bright part of thelr998). The NVSS survey is deep enough to detect radio emission
luminosity functions which produce a spectral power densifyom about five times more distant galaxies than those in the
evidently higher than corresponding UGC galaxies, though th&C catalogue, and thus very useful for direct determination
spatial densities of these UGC and LCRS galaxies are compathe RLF at redshifts beyond the local space volume around
rable. This is consistent with luminosity evolution of galaxiegur Galaxy.
at least those very luminous within their type. The mean redshift of radio identified UGC galaxies is only
(z) = 0.014. The optically-selected data, ideally suited to in-
Key words: surveys — galaxies: active — galaxies: evolution erease the redshift range and lookback time over which the
radio continuum: galaxies 1.4-GHz RLF can be determined directly, come from the Las
Campanas Redshift Survey of galaxies (Shectman et al. 1996,
hereafter LCRS). The relevant photometric LCRS catalog con-
tains over 90000 galaxies to limiting isophotal magnitudes of
1. Introduction 18.2-18.5. Its photometric scale is closeRdand magnitude

The radio luminosity functions (hereafter RLF) of distant galat? the Kron—Cousins (Cousins 1978)RI system. Spectro-
ies, directly determined in a possibly narrow redshift range, a1e°PIC redshifts were measured for more than 26000 galaxies
still needed to specify the amount of cosmological evolution ofulfilling strict photometn’c-selecyon criteria (cf. Shectman et
perienced by them, and to verify evolutionary functions mostf)-)- MOst of these redshits are in the rang@5 < = < 0.20,
estimated from the observed number counts of radio sourc¥dh @ mean value of about 0.10. The survey covers 0.21 sr of
Usually RLFs at different frequencies were determined for rii€ SKY in six elongated strips, eatls deg x80 deg in size, at

dio sources in general, or for their particular types, e.g. radigeclinations-3 deg, —6 deg, —12 deg, —39 deg, —42 deg, and
loud quasars (e.g. Petrosian 1973; Wills & Lynds 1978), radiot? deg. The area 0f0.1438srin theﬁrst four'st'rllps is govered
galaxies and quasars (e.g. Windhorst 1984), or flat-spectrmhthe NVSS with 43FWHM resolutlt_)n toa Iw_nmng b”g_ht'
and steep-spectrum sources (e.g. Peacock & Gull 1981; DIfSS of 2.5 mJy beam at 1.4 GHz. This resolution and bright-

lop & Peacock 1990). Recently, an attempt to estimate the RIESS limit are sufficient to detect radio emission from nearly
all LCRS galaxies with radio luminosities; 4 > 10224 W
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Fig. 1. aAbsolute optical magnitude of
LCRS galaxies powered by starburstand
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calculations are performed witd, = 50kms~* Mpc~! and is discussed there. Resultant (L) and¢(L) functions, deter-

Q, =1. mined for starburst-type and AGN-type galaxies with no ac-
A preliminary 1.4-GHz RLF of LCRS galaxies, based omount on the galaxy clustering (below), are presented in Sect. 4.

very limited radio data released up to June 1997, was comnhuSect. 5, these functions are compared with the corresponding

nicated by Machalski & Godlowski (1998). Recently, the contecal functions, and amounts of possible luminosity-evolution

plete NVSS catalog and maps, the Digitized Sky Survey (DS&)d density-evolution are discussed there.

images, and the IRAS Point-Source Catalog and Faint-Source

Catalog (Moshir et al. 1992) have been used by Mgchalskiz?f Absolute optical magnitude and redshift estimates

Condon (1999) to search and present the global optical, radio,

and far-infrared (FIR) properties of LCRS galaxies brighter thahl. Optical absoluté-band magnitude

miso = 18.0 mag (hereafter Paper I). Of these galaxies, 11%

_r:jave_?egn i.dﬁlnéi:(;d with radi1<_)hsources, a?ohq]cg tr]le'r? 263 flich were not observed spectroscopically, we investigated the
identified wit sources. The mean redshiit of the radiOg;qip, tions of absolute optical magnitudez, of about 420

identified galaxies§z> ~ 0..14,.is higher than the mean redshi CRS radio galaxies with spectroscopic redshift, separating
of the optical sample, which indicates that, statistically, the rg-

fliose powered by starbursts and AGN. These two distributions
dio emission was detected from galaxies with the highest opti%%? P Y '

inositi ; ; . 2 ing obviously different, are shown in Fig. 1a. Their mean val-
luminosities. Paper | gives (1) details of the identification Procgag (Mp), are—22.49 +0.076 mag and-23.27 £ 0.045 mag
dures and criteria, (2) criteria used to classify the principal radig_. o, .. .. ' ' ~ : ,

@spectively. Though these means differ significantly (the dif-
energy source either as ‘starburst’ or ‘AGN’, and (3) the tab P 4 g g y(

inina full optical. radi q q £ all | rence is 8.8 times combined error of the means), both distri-
containing full optical, radio, and FIR data of all 1157 gala putions overlap to a high degree. This difference is comparable

ies, as well as examples of extended radio structures relategto, . corresponding difference for nearby starburst-type and
LCRS galaxies. AGN-type UGC galaxies whose radio emission was studied by

gal;':(igsaggﬁg’c\g;g;ﬁzg:tﬁ; ?E:gﬁgg;n;hz Icz)fclj:g%ondon & Broderick (1988) and Condon etal. (1991). The latter
istributions are shown in Fig. 1b for the sake of comparison.
determined by Condon (1989) and Cotton & Condon (1998). g P

Although the fraction of LCRS galaxies observed spectroscop- _ _
ically varied from 50 per cent to 71 per cent of those fulfill2.2. Redshift estimates

ing the photometric selection criteria (cf. Lin etal. 1996), onlge 5 se of the large overlap of théz—distributions for star-
about 35 per cent of the radio-identified galaxies have SPggists and AGN, and thus a large overlap of these galaxies on
troscopu:. rgdshn‘t gvallablg. Therefor'e, photometric r,edSh'f'FS e Hubble diagrams —in order to estimate photometric redshift
the remaining radio galaxies are estimated from their precisgly oiher | CRS galaxies, we decided to apply a smooth increase
measured original isophotal magnitudes and a Hubble diagrggy ;.\ \ith redshift rather than two different fixed values of
constructed from 421 identified LCRS radio galaxies with spe{:MR> for starbursts and AGN. The resultant Hubble diagram
troscopic redshifts. The optical absolute magnitudes of these 5 Nvss.identified galaxies with spectroscopic redshift is
galaxies are given, and their Hubble diagram is presentedspﬂ‘wvn in Fig. 2. The luminosity-distance modulus foy = 1
Sect. 2 along with the discussion of errors in the photomettig, y, — 0,i.€. A(z) = 2(1 + z — VI T 2) is used instead
redshift estimates. In Sect. 3, we briefly summarize the mefy e yshift (cf. Paper I). A best-fitted curve to the data points
ods used to derive both the RLF [hereafigr(L)] and so called i, £ig 5 \vas found by minimizing the sum of squared residu-

‘visibility’ function [hereaftere(L)], very useful to interpret the als, A log[A(2)], between the points and the line. Therefore, the
observed number-counts of galaxies. Aninfluence of the redstﬁi[flted function
errors on the space volume, and thus on the derived functions,

log[A(z)] = —0.0140 mZ, + 0.6997 Mg, —

order to estimate redshift for the NVSS-identified galaxies

8.647 1)
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L L B B BN B Schmidt (1968) and/or least-chi-squared fitting of their assumed
parametric forms (e.g. Lynds & Wills 1972; Wall et al. 1980;
i Condon 1989; Dunlop & Peacock 1990). These methods are
: susceptible to two serious biases. First, methods using binned
7 data usually give incorrect RLF at the lowest and highest lumi-
nosities because of non-uniform distribution of the data across
the bins. Secondly, the method will be biased if density fluctu-
| ations of objects are present. For example, the optical galaxy
. population (at least, up t850.2) forms spatial structures, far
7 from uniform distribution.
The binning and clustering biases are eliminated by the
‘parametric maximum likelihood’ (PML) method of Sandage
i et al. (1979). In this method, a parametrically defined shape of
- the luminosity function is assumed, and the maximum likeli-
: hood solution is a set of the shape parameters for which the
observed densities of objects are the most probable. However,
no certain way of determining whether or not a chosen form is
i really the proper one is a major disadvantage of the method.
- The ‘stepwise maximum likelihood’ (SWML) method of
: Efstathiou et al. (1988) is a generalization of the PML method,
Y A T wherein a functional form for the luminosity function is not
1% —1.50 -1.25 —1.00 —-0.75 -050 —0.25 requi_red._ In both met_hods a normalization of the luminosity
log[A(7)] fuqctlon is not dett_armmed, but can be found from the counts of
objects (e.g. galaxies). The PML and SWML methods were used
Fig. 2. Combined Hubble diagram for the radio-detected LCRS galaf@ determine the optical luminosity function of LCRS galaxies
ies: Starbursts (asterisks), AGN (triangles). The continuous line shoflssn et al. 1996; Bromley et al. 1998).
the best fit to the data points The 1.4-GHz RLF of galaxies in the LCRS sample is de-
termined using two methods: SWML and BIN. The SWML

accounts for the Malmquist effect in the data: optically brightéfethod is used to ensure a proper account for any density inho-
galaxies powered by AGN dominate the LCRS sample at higHepgeneities of galaxy distribution in this sample. The general
redshifts. For the sake of simplicity, Eq. (1) was numerically apormalization of resultant Luminosity Functions for starburst-
proximated by the forrog z ~ —0.0114 m2_+0.6182m;,, — yYPe and AGN-type galaxies is provided by the BIN method,
8.016 given in Paper |. For an easier comparison with other pupyhich also allow to be directly compared with the correspond-
lished Hubble diagrams (e.g. that of Eales et al. 1997), we calé@ local functions of UGC galaxies (Condon 1989). The basic
late residualsAm, between the points and the fitted line. Th@SPects of both methods are shortly summarized below, and
distribution of these residuals is Gaussian with rms deviati§@me modifications needed in the analysis of the LCRS sample
Om... = 0.59 mag, though the corresponding rms deviatior® pointed out.

for star-forming galaxies and AGN are even smaller, 0.45 mag

and 0.41 mag respectively. These rms deviations are compa&a- The SWML method

ble to the corresponding deviations of 0.47 mag and 0.54 mag ] .
resulting from thek -band Hubble diagrams of 3C and 6C/BZ-0llowing Condon (1989), we defing, (L) as the comoving
galaxies studied by Eales et al. [cf. their Figs.5(a),(b)]. TH®ace density of galaxies with radio luminositieks**L to
spread of\/;; magnitudes of alladio-identified LCRS galaxies 10”L. i.e. per ‘magnitude’ unitog,,, (L), wherem = 10°.

causes an error in the redshift estimates, which in this consgf. in Efstathiou et al. (1988) and Saunders et al. (1990), the
vative approach is RLF is parametrized a¥, steps:

@) pm(L) = pr, 107°2L, <L <10%?L;, j=1,...,N, (3)
. The maximume-likelihood solutio for eachk is:

and varies from about 0.005 to about 0.060. It corresponds to o}
relative error ranging betwedn38z., and0.24z.4. An influ- N N, -1
ence of this error on the luminosity functions is discussed j — ;,, Z fir Z fiip; , ()
Sect. 3.4. | e

18~

17—

Miso(mag)
T

16 —

15+ *

0, = (—0.026 Migo + 0.718) zest

-1

where: N is the total number of galaxies in the samplg,is
their number in the luminosity step, anfd, (0 < fix < 1)
Practically all published radio luminosity functions (RLF) werés the fraction of the step contained in the luminosity range
determined using the simple binn@l1/V,,.. ;) method of [Luin(2;i), o).

3. Methods
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However, the radio-identified sample of LCRS galaxies &4. Errors of the solutions
limited both by the radio and optical flux densities. The limitin
fluxes areSy,, = 2.5 mJy andFj;,, = 0.22 mJy[corresponding
to (miso )im = 18.0 mag], respectively. Thug, i, (2;) is calcu-
lated as follows: leL(z;) = LandL,p (%) = Lopt be theradio
and optical luminosities ath galaxy, whiler,\”) (Stim, i) and

min

grhe estimates of;, and¢y, derived as above, are biased by two
statistical errors. The first one is the error of SWML solution
which is mainly dependent on the number of objects in a bin.
This error is strongly asymmetric when the numbers are small,
and s calculated like thatin Saunders etal. The second one arises
L) (Fiim, 2;) are the minimum radio and optical luminositiesrom the redshift errors in the calculation of space volume.

of a galaxy at the redshitt;, respectively; then In order to estimate the second error, we have performed

) a large number of Monte Carlo simulations in which, for each
Lo = Lipins R < Riim galaxy without spectroscopic redshift, an absolute magnitude
mm Lfgi)nﬂ R > Riim was drawn by chance from th&/; distributions shown in
Fig. 1a. We found that these statistical errorsppf(and ¢;)
where:R = L/ Loy, Riim = LEQH/LE?BH. due to erroneous redshift are also dependent on the number of
galaxies inkth bin, and their values are similar to those of the
3.2. Visibility function SWNML solutions themselves. Therefore, to calculate the statis-

tical error ofp;, and¢, we combine both errors quadrically.

In order to compare our results with those obtained by Con- we have also checked our luminosity and visibility func-
don (1989) and Cotton & Condon (1998) for UGC galaxies, Wgns for eventual systematic errors. The fraction of spectro-
calculate also the visibility function for starburst-type and AGNscopic redshift is the lowest for radio-detected LCRS galaxies
type LCRS galaxies. The visibility function is the weighted luwith apparent magnitudes close to 18.0 mag, thus these galax-
minosity function which has an advantage that it can be directs may introduce a systematic error ipio However, they are
related to the normalized counts of galaxies and cosmologiggbstly identified as the AGN-type (cf. Machalski & Condon).
evolution of the RLF (cf. Condon 1989). Assuming that theid/z magnitudes do not differ significantly

The function ¢(L) can be calculated with the SWMLfrom corresponding magnitudes of 3C and 6C radio galaxies,
method by multiplication op,,,(L;) timest’/2 for ith galaxy, one can see that the redshift estimate of a LCRS galaxy with
but our test calculations showed no practical difference betweer, ~ 18.0 mag, computed from Eq. (1), is compatible with
results obtained with the iterative algorithm and those from tlieat fromRmag — redshift relation given by Eales (1985). There-

relationship given by Condon (1989) fore, we claim that systematic errors in our results are rather
372 = 5 unlikely.

log(¢r[Jy™'"]) ~ log(pm[mag™ Mpc™])+

+ (3/2) log(L[W Hz™']) — 28.433 (5) 4. 1.4GHz luminosity and visibility functions

The resulting estimates of thg,, (L, zs) and ¢(L, z) func-
3.3. Normalization of the maximum-likelihood solutions tions for starburst-type and AGN-type LCRS galaxies, com-

The RLFs derived by the SWML method are normalized g3Ht€d from Eas. (4) and (5) and normalized using the prescrip-
requiring that the 1.4-GHz spectral power density of galaxi@@nS givenin Sect. 3.3, are tabulated in Tables 1 and 2. The rms
with luminositiesZ, > 10236 W Hz—! and > 10228 WHz-1 ©Tors of these estimates are computed as described in Sect. 3.4.
for AGN-type and starburst-type galaxies, respectively, shoyld Anumber of parametric forms for luminosity functions were

be equal to that found by the BIN method. The spectral pongFEd to these estimates. As a result, we found that Schechter’s
density, defined as ' functionis not satisfactory, asitis too narrow for radio-identified

galaxies. Likewise descriptions using single power-law, as well
as the Gaussian form proposed by Sandage et al. (1985), are not
suitable. The best fit either to starbursts or AGN galaxies has
been achieved by the function given by Saunders et al.

U= /OOO Lp(L)dL = In(10) /OO L=Y2¢(L)d(log L)  (6)

—00

(cf. Condon 1989) has the dimension of [W HMpc—3] and

gives the total radio power per unit volume of space produced L\ 1 [log(1+ L/Ly) 2
by the population of sources.dflog L) = 0.4, U is computed m\&) = (L*> XPY 75 [g] , (8)
from
N, which behaves as a power-law fbr< L, and as a Gaussian in
~ 1.0857 x 0.4 Z L_1/2¢k(L). (7) logL for L > L.. Besides, its logarithmic form, transformed
340 x 10720 &=k T to the logarithm of visibility functionlog ¢(L) by Eq. (5) is

. . . almost identical, within the luminosity range involved, with the
This procedure give& = 2.1 x 10" WHz 'Mpc—2 in the parabolic form

luminosity range from 023:6 t0 1025-¢ WHz~! andU = 3.5 x
10'8 W Hz~! Mpc—3 inthe range from 0228 t0 10240 W Hz log L — X] 2

for AGN and starbursts, respectively. log¢(L) =Y — { W ©)
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Table 1.1.4 GHz luminosity functions based on LCRS galaxies

ALL STARBURSTS AGN
log 1.4 N log pm N log pm N log pm
(WHz™) (mag 'Mpc3) (mag 'Mpc3) (mag *Mpc—3)
20.2 1 —2.8271052 1 —2.8210:83
20.6 0 < —2.88 0 < —2.88
21.0 5 —-3.1870% 5 —3.18%9%

21.4 3 —3.737031 3 —3.737531

21.8 25 —3.49%513 25 ~3.491912

22.2 68 ~3.6619:09 68 ~3.6619:99

22.6 120 —4.13%907 119 —4.1379:57 1 —6.4070 83
23.0 151 —4.6570:9¢ 138 —4.687997 13 —5.847015
23.4 182 —5.1719%8 112 —5.3870:98 70 —5.5870:98
23.8 223 —5.48+5:05 27 —6.53101% 196 —5.52+9-0
24.2 169 —5.7319:5° 4 ~7.43102¢ 165 —5.74+5:05
24.6 120 —5.870:08 0 < —7.72 120 —5.871005
25.0 62 —6.167998 62 —6.167998
25.4 18 —6.707913 18 —6.707913
25.8 9 —7.0050:37 9 —7.00%%-47
26.2 1 ~7.951952 1 ~7.957952
26.6 0 < —8.04

Total 1157 502 655

Table 2.1.4 GHz visibility functions based on LCRS galaxies

ALL STARBURSTS AGN
log 1.4 N log ® N log ® N log ®
(WHz™) y*?) y*?) 9y*?)
20.2 1 —0.96198 1 ~0.967952
20.6 0 < —0.51 0 < —0.51
21.0 5  —0.1179% 5 —0.1179%

21.4 3 —0.067931 3 —0.067931

21.8 25 +0.78513 25 +0.787012

22.2 68 +1.21599 68 +1.2170-99

22.6 120 +1.340 07 119 +1.3490:0% 1 —0.93%0%
23.0 151 +1.42008 138 +1.395°07 13 40.23%512
23.4 182 +1.500 05 112 +1.289:08 70 +1.0970-08
23.8 223 +1.79902 27 +0.747913 196 +1.7400°
24.2 169 +2.143:08 4 +0.44028 165 +2.1300°
24.6 120 +2.597-09 0 120 +2.599-00
25.0 62  +2.919% 62  +2.91°0%%
25.4 18 +2.97913 18 +2.97012
25.8 9 +3.27037 9 +3.27°05]
26.2 1 +2.910:83 1 +2.9170-52
Total 1157 502 655

cal functions directly determined for UGC galaxies by Condolvg ¢(L W (10)
(1989) and Cotton & Condon (1998), we also fit the hyperbolic

form

In order to compare the RLF for LCRS galaxies with the lo- L=y {32 FOgL _ Xr}l/z
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Fig. 3. a1.4 GHz luminosity function of LCRS galaxies: Starbursts (stars), AGN (filled circkesprresponding visibility functions. Their
parametric representations by the Saunders’ and hyperbolic functions are marked by the solid and dashed curves, respectively

Table 3. Parametric solutions for starburst-type and AGN-type LCRS galaxies

Function Parameter[dimension] STARBURSTS AGN

Saunders et al. logW Hz~']) 21.73 £0.37 23.77 £1.03
a 1.22 +£0.27 1.24 +0.38
o 0.61 £ 0.05 0.95 & 0.08
log(C[mag ™' Mpc~?]) —3.40+0.17 —5.51 £+ 0.30
X° 0.77 0.82

parabola XW Hz ] 22.83 +£0.05 26.50 £ 0.18
w 1.36 £ 0.07 2.1140.12
Y [mag ™' Mpc™?] 1.40 £ 0.03 3.37 £ 0.08
X? 0.90 0.79

hyperbola XW Hz ™! 22.84 +0.05 26.39 +0.16
B 1.78 £1.14 3.23 4+ 0.45
w 0.64 & 0.24 0.70 £ 0.35
Y [mag™*Mpc™?] 3.20+1.74 6.65 & 0.46
x> 0.87 0.96

to our log ¢(L) estimates. The best-fitted parameters of thef the RLF atits bright ends. To determine this for the AGN sub-
Saunders’, parabolic, and hyperbolic functions are given siample, we selected all powerful radio galaxies, lying on 4.1 sr
Table 3. The errors quoted in Table 3 are uncertainty for of the northern sky and fulfilling the LCRS selection criteria,
particular parameter when all others are optimized for maxie. withz < 0.27andR < 17.75 mag, and used them to extend
mum likelihood. The non-parametric estimates ofdhg€ L, z;,) thep,, (L) andé(L) functions for AGN to 1.4 GHz luminosity
ando(L, z,) functions, and their parametric representations anéabout1027-¢ W Hz~!. The estimates of relevant luminosity-
plotted in Figs. 3a and 3b, respectively. The function estimaitasd visibility-function derived from these data are plotted in
for starbursts are shown by the star symbol, while those for AGHYs. 3a and 3b with open squares. Vertical bars indicate the
— by filled circles. statistical error of each estimate, quoted in Table 2 and 3. The
The sky area surveyed by the LCRS is 0.14 sr only, thus thelid curves denote the best fit to Saunders’ function, while the
space volume involved is insufficient for a proper determinati@ashed curves — the equivalent hyperbolic representation.
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5. Comparison with the local 1.4 GHz RLF -1
and the evolution
oL i

In the previous sections we did not account for possible effects
of evolution that might be present in the LCRS sample. No
significant amount of evolution can be expected in this sample
because redshifts of the most luminous LCRS galaxies do not _
exceed 0.27. Nevertheless, itis tempting to compare the RLF for
LCRS galaxies to the local RLFs based on UGC galaxies. Tﬁg)
only 1.4 GHz luminosity functions of galaxies determirgid £
rectlyare those by Condon (1989) and Cotton & Condon (1998),
The corresponding parametric forms of the two local function§ -
(given in the original papers) are referred here to as LLF(89ﬁ
and LLF(98), respectively. The latter one, however, is ratheg
preliminary (W.D. Cotton, private communication). S

To quantify the evolution, we follow Condon (1984), Saun-  ~8[
ders et al. (1990) and others, assuming that the RLF evolves
without changing its shape according to -9r

pm(LvZ) :g(z)pm[L/f(z),Z%O], (11) -10

whereg(z) and f(z) represent evolutions of density and lumi-

nosity, respectively. These two evolutionary functions can be ~!/g" T . . o 20
found by fitting the local function (in its logarithmic form) to log(Ly J[W/Hz])

thelog[pm (L, )] with some horizontal and vertical shifts

-7

Fig. 4. Comparison of the 1.4 GHz luminosity functions of LCRS
log[pm (log L, 2)] = log[pm(log L — AX)] + AY galaxies with the corresponding local functions based on UGC galax-
) ) . . ies. Saunders’ and hyperbolic functions for LCRS galaxies are shown
The fitted horizontal shift in théog(L) axis, AX, corre- yy the solid and long-dash curves, respectively: the original hyperbolic
sponds talog(fs), while a vertical shift in thdog(p.») axis, functions for UGC galaxies are indicated by short-dash curves (LLF89
AY, corresponds tdog(g,). Here the suffixs stands for the model) and asterisks (LLF98 model)(cf. the text)
sample. The fitting procedure by thé method revealed that
the formalbest-fit solutions are not always reliable in the case of
the UGC and LCRS samples. In Fig. 4, we compare the luminds-effect, AX = 0.21 £+ 0.06; AY = —0.23 + 0.09 and
ity functions for starburst-type and AGN-type LCRS galaxie®\X = 0.12 £ 0.12; AY = 0.02 £+ 0.08 were found for the
parametrized using Saunders’ and hyperbolic forms with thetarburst-type and AGN-type galaxies. The quoted formal errors
parameters given in Table 3, to the local luminosity functions fof the above shifts are rms errors in tpfitting method. The ac-
UGC galaxies represented by the models LLF(89) and LLF(98)al errors of these shifts are greater than the vdbges ~ 0.16
Saunders’ forms are indicated by the solid curves, while the lgndlog g ~ 0.06, expected from the evolutionary model of Con-
perbolic forms — by the long-dash curves. The local functiom®n (1984) at ~ 0.14. Thus, we have to conclude that LCRS
are marked by short-dash curves and asterisks for the LLF(§8)axies do not show any detectable cosmological evolution in
and LLF(98) models, respectively. the form described by Eqg. 11. A similar conclusion was recently
The plots in Fig. 4 show that the local 1.4 GHz RLF is indrawn by Mobasher et al. (1999) on the basis of 1.4-GHz lu-
conclusive. Evidently, the extention of radio detections of UGRiinosity functions of faint star forming and elliptical galaxies
galaxies to the NVSS flux-density limit of 2.5 mJy, has resulteglith mean redshift of about 0.3, detected during the Phoenix
in an expansion of the low-luminosity range of the LLF. MatchDeep Survey (Hopkins et al. 1998).
ing these two local functions between themselves, the formal However, it should be emphasized that the above conclu-
best-fitsolutionsareA X = 4+0.16£0.03, AY = —0.19£0.04 sions about the absence of significant cosmological evolution
for starbursts, anch X = +0.31 +0.08, AY = —0.10+ 0.10 inthe redshiftrange < z < 0.3 have resulted from the analysis
for AGN galaxies. Hence we conclude that the actual error @fi RLFs of the local (UGC) and more distant (LCRS) galaxies,
AX and/orAY is about 0.2-0.3, and any displacement (i.einder assumption that the shape of these functions does not
luminosity or density evolution function) less thanx 10%2 change. In other words, the same evolution, either luminosity
— 3 x 10°3 remains uncertain in view of the statistics proer density, was assumed for a given type of galaxies (cf. Eq. 11),
vided by the UGC data. Therefore, in order to compare thespite of their radio luminosity. Some indications that this may
RLFs of LCRS galaxies to a LLF, we averaged the LLF(89)ot be the case come from a comparison of the spectral power
and LLF(98) functional forms, and then fitted these averagddnsity (defined in Sect. 3.3) and the radial density of UGC and
functions of UGC starbursts and AGN to the RLF estimaté<CRS galaxiedimited to their highest luminosities, fulfilling
of the corresponding LCRS galaxies withX andAY shifts. L > L,,;,, whereL,,;, is the minimal luminosity of a galaxy
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Table 4.1.4 GHz spectral power density and radial density of starburst-type galaxie€.with> 10?*¥[W Hz~'], and AGN-type galaxies
with L 4 > 10**°[W Hz™ ]

Sample UGC LCRS
Starburst Redshift range z < 0.01 0.01 < z<0.075
galaxies Sky area|sr] 4.87 0.1438
Volume V[10°Mpc?] 0.343 3.710
No. galaxiefV + /N — 2] 4+14 53+ 7.1
u[10'dw Hz‘lMpc‘S] 0.87 +0.44 1.67£0.32
U(LCRS)/U(UGC) 1 1.92 4 0.60
o(LCRS)/p(UGC) 1 1.23 +0.27
AGN Redshift range z < 0.04 0.04 < z < 0.26
galaxies Sky arealsr] 4.87 0.1438
Volume V[10”Mpc?] 2.055 10.704
No. galaxie§N + /N — 2] 58 £ 7.8 354 +18.8
U[10*°W Hz *Mpc?) 1.93 £0.65 2.92 £ 0.61
U(LCRS)/U(UGC) 1 1.51 4+ 0.19
o(LCRS)/p(UGC) 1 1.17 £0.12

attained with the flux-density limit of a given sample at the redhis effect reflects some real clustering of radio galaxies or is
shift z. If a chosenz is close to the highest redshifts in thisonly a statistical fluctuation of their spatial density. The radial
sample, the Malmquist bias in it is completely eliminated. Thaensity and clustering of radio galaxies inthe LCRS sample will
radial density is determined in a broad range of luminosities lag analysed in a separate paper (in preparation).

N N
0=V T WAV ) (12) 6. conclusions

whereN is the number of galaxies in a sample with> L, The 1.4 GHz luminosity functions of star-forming (starburst)
a[sr] is the sky area of the survey, aidz)[Mpc?] _ space and AGN galaxies in the LCRS sample (Paper ) are well de-
volume within the redshift. scribed by Saunders’ functional form, though the hyperbolic
In Table 4, the spectral power density and radial density g}rm of the weighted Igminosity function, i.e. visibility func-
starburst galaxies withi; 4 > 10228 WHz~! and AGN-type tion (cf. Condon 1984) is equally acceptable.
galaxies withL; 4 > 10249 W Hz-! in the UGC and LCRS Their evolution in the ‘translation’ form, given by Eq. (11),
samples are compared. These limiting luminosities are cho&&!ncertain at redshifts characteristic for the LCRS sample:
to assure thatall starbursts with 1.4 GHz luminosity aogé®  (2) = 0.07 for starbursts andz) =~ 0.18 for AGN. This is
W Hz~! in the UGC and LCRS samples could be detected l[‘g&cause an amount of luminosity and/or density evolution in-

to the redshift of 0.01 and 0.075, respectively, as well as AGRT€d from the evolutionary models is of the same order as
galaxies more luminous than40 W Hz~! — up to the redshift uncertainties of the local luminosity functions determined from

of 0.04 and 0.26, respectively. The last two lines in Table 5 i CC galaxies (Condon 1989; Cotton & Condon 1998). How-
dicate that both starburst-type and AGN-type galaxies from tR4E": the direct comparison of the spectral power density and
brighter part of their luminosity functions show a discrepand?dial density of UGC and LCRS star_bur;szt Sand AEN galax-
between the variations of spectral power density and radial dé‘?%4vg'th 1'i116HZ luminosities exceeding”**W Hz™" and

sity of nearby (UGC) and distant (LCRS) galaxies. While thi) W Hz ™", respectively (i.e. galaxies from the brighter part

radial densities (within the broad luminosity range) are statisflf their Iumino.z,ii)l/ functions) agree with a luminosity evolution
cally comparable, the spectral power density for both types bf?) oc (14 2)7=

LCRS galaxies is evidently higher than those for correspondipgknowledgementsauthors acknowledge the support from the
UGC galaxies. Although a statistical significance of the diffestate Committee for Scientific Research (KBN) under contract PB
ences in spectral density is not too high, its increase of ab@as6/P03/99/17.
50%, relative to the local value for AGN, corresponds to the
expected luminosity evolution of ordg(z) ~ (1 + 2)3*1, i.e.
(1+0.18)3+! = 1.64 for (z) ~ 0.18 for LCRS AGN galaxies. _ _

An intriguing fluctuation can be seen if 354 AGN galaxie§romley B.C., Press W.H., Lin H., Kirshner R.P., 1998, ApJ 505, 25
in Table 4 are divided into two redshift rangeso4 < » < condonJ.J. 1984, Ap) 287, 461

. Condon J.J., 1989, ApJ 338, 13

0.18 and0.18 < z < 0.26. In this case the U(LCRS)/U(UGC) -;ndon J.J.. Broderick J.J., 1988, AJ 96, 30
ratios equal t®.87 + 0.06 and1.62 + 0.05, respectively, while Condon J.J., Frayer B.T., Broderick J.J., 1991, AJ 101, 362

o(LCRS)/p(UGC) ratios equal td.25 + 0.07 and1.12+ 0.08.  Condon J.J., Cotton W.D., Greisen E.W., et al., 1998, AJ 115, 1693
The data, available here, are not sufficient to specify whether (NVSS)
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