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Abstract—The results of a comprehensive analysis of continuous radio spectra of a sample of Gigahertz-
Peaked Spectrum (GPS) sources are reported. The sources are selected from a flux-density-complete
sample (S, > 200 mJy at 4.8 or 5 GHz) using multifrequency measurements of the RATAN-600 radio
telescope and data from the CATS astrophysical catalogs support system. The analysis revealed a very
small number (1—2%) of “classical” GPS objects, which is significantly less than the expected fraction of
10%. GPS galaxies are found to have narrower and steeper radio spectra than quasars. The low-frequency
part of the spectrum is seen to become steeper with increasing redshift. Galaxies and quasars at the same
z have comparable angular sizes, whereas their luminosities may differ by one order of magnitude. At large
redshifts there is a deficit of objects with low (several GHZ) peak frequencies. The number of GPS galaxies
decreases sharply with redshift, and most of them are found at z between 0.01 and 1.81. GPS quasars are
found at large redshiits, from 0.11 to 3.99. A quarter of the sample consists of blazars whose spectra may

temporarily have a convex shape when the object is in active state.
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1. INTRODUCTION

GPS (Gigahertz Peaked-Spectrum) galaxies and
quasars are powerful radio sources with a convex
radio spectrum that peaks between 0.5 and several
tens of GHz (observer’s frame) [1—4]. GPS objects
are characterized by a small size (less than 1 kpc)
and low variability amplitude. Because of their small
angular sizes the structure of these sources can be
resolved only partially even in VLBI observations.
For a detailed description of the properties of GPS
objects see [3, 4]. Most of our knowledge about GPS
objects was obtained statistically. The samples stud-
ied often include quasars with a peak in the radio
spectrum [5, 6] (hereafter referred to as FSRQ—Flat
Spectrum Radio Quasars). The conclusions so far
obtained are influenced by selection effects due to
natural restrictions on increasing the sample size si-
multaneously with expanding the frequency interval.
Analysis of the nature of GPS sources are further
complicated by the lack of homogeneous samples
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covering a wide frequency range and allowing their
intrinsic properties to be determined.

GPS galaxies are characterized by low red-
shifts (0.1 < z <1) and they have a rather low
radio variability compared to the GPS quasars [7—9].
Furthermore, GPS galaxies have spectra peaking at
lower frequencies [9] and it is more common for them
to have a symmetric structure when observed with
VLBI. Quasars of this type usually exhibit a more
complex or a core—jet type structure[10, 11].

The currently favored view is that the galaxy-type
GPS sources are intrinsically small due to their young
age [3, 12—15]. These objects are believed to be the
progenitors of extended radio sources, as corrobo-
rated by kinematic and spectral studies, which yield
ages on the order of 103—10° yr. Another scenario
explains the small linear sizes of GPS galaxies by
their dense environment [3, 16]: such sources are not
young, but remain small because of the external pres-
sure preventing their expansion. Small linear sizes of
GPS quasars are sometimes explained by projection
effects [17].

The results of simultaneous measurements in
many parts of the electromagnetic spectrum are used
extensively in recent studies. This brought about
the emergence of new techniques and approaches to
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AGN studies. Bai and Lee [18] suggested, based on
X-ray measurements, that GPS quasars are blazars
in a dense gas and dust environment. That is why,
although their jets are oriented at a small angle
to the line of sight, these sources do not exhibit
blazar properties (flat radio spectrum and radio-
emission variations with amplitudes up to several
tens of percent). The nature of GPS quasars is not
yet entirely understood. Most of the conclusions and
hypotheses were based on small samples, detailed
studies of several objects, or samples contaminated
by objects of other types because of classification
errors.

Studies of GPS objects usually involve the anal-
ysis of the following parameters of their radio spec-
tra: peak frequency in the observer’s (vong) or rest
(Vintrinsic) frame; spectral indices below (apelow ) and
above (apove) the peak frequency, which charac-
terize the optically thick and thin emission region,
respectively, and the full width at half maximum
FWHM of the fitted spectra in frequency decades [3].
In some cases constraints are imposed on the peak
frequency for GPS objects: 0.5 < vops < 10 GHz.
Objects with peak frequencies below 0.5 or above
10 GHz belong to the CSS (Compact Steep Spect-
rum) [19—21] and HFP (High-Frequency Peakers)
classes [22], respectively. Researchers often use the
notion of a “classical” or “canonical” spectrum of
a GPS object [5]. These are spectra whose form is
most similar to that of the theoretical spectra corre-
sponding to synchrotron emission of a homogeneous
object with self-absorption at low frequencies [23].
For example, Vries et al. [5] adopt as the “canonical”
GPS spectrum the radio spectrum with apelow and
Qabove €qual to +0.5 and —0.7, respectively. O’Dea et
al. [3] consider the spectral width FWHM < 1.2 to be
one of the parameters of the “classical” GPS.

In 2006—2011 systematic monitoring of 122 can-
didate GPS was carried out at the RATAN-600 radio
telescope. As a result, simultaneous broadband radio
spectra(at 1.1,2.3,4.8,7.7,11.2, and 21.7 GHz) and
some preliminary results [24—26] have been obtained.
Only 25% of the objects of this sample were found to
have the properties of a “classical” GPS [5]. High-
frequency spectral indices and widths of radio spectra
differ statistically for GPS galaxies and quasars [26].
[t is possible that different physical mechanisms or
ambient conditions, rather than only the jet posi-
tion angle, play the crucial role in the formation of
the spectra of GPS galaxies and quasars [17, 27].
We expanded the sample of GPS objects to perform
a further comparison with our results obtained in
2006—2011. To this end, we selected GPS candidates
from a flux-density complete sample (S, > 200 mJy
at 4.8 or 5 GHz) based on the CATS database [28].
In total, the sample contains about 5000 sources. We
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selected 467 objects with convex radio spectra, which
we considered to be GPS candidates. We adopt the
spectral parameters for the GPS candidates observed
at the RATAN-600 during the 2006—2011 period
from our previous paper [26].

In this paper we report the results of a comprehen-
sive study of a sample of GPS candidates, which in-
cludes bright objects of both the Northern and South-
ern hemisphere. The weak point of this study is the
use of inhomogeneous observational data obtained
with different instruments and at different epochs.
Some of the bright objects were observed system-
atically at several frequencies within the framework
of AGN monitoring programs, whereas some objects
are poorly represented at low and high radio frequen-
cies. We study various observational parameters of
the objects in order to try to separate GPS galaxies
and quasars.

2. SAMPLE PROPERTIES

We selected objects with convex radio spectra
from a flux-density complete sample: .S, > 200 mJy
at 4.8/5 GHz (we define the spectral index o such
that S ~v®). As a result, we selected 467 GPS
candidates by spectral type, with redshift data avail-
able for 249 of these objects. The sample contains
118 galaxies, 187 quasars, and 162 sources without
optical counterparts. We list the objects in Table 1.
Notes for the columns:

(1) source name in J2000 coordinates;

(2, 3) the optical counterpart and redshift
(NASA/IPAC Extragalactic Database);
(4) the peak frequency v in the observer’s frame,
in GHz;
(5) the spectral flux density at the peak frequency,
in Jy;
(6) value of FWHM in frequency decades;

(7,8) the spectral indices below (apelow) and above
(@above ) the peak frequency;

(9) the angular size of the emitting region in mas;

(10) the blazar type according to the BZCAT cata-
log[29]: FSRQs—flat spectrum radio quasars,
BL Lac—BL Lac-type objects, BL.Lac cand.—
candidate BL Lac-type objects, Blz.un.t—
unknown-type blazars;

(11) the morphological type based on VLBI data;

(12) the flux density variability index in percent:
>25 and <25 for higher and lower than 25%
variability indices, respectively, “lack” for ob-
jects with insufficient experimental data for
variability index estimates;
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(13) objects with classical GPS properties (“g”),
the asterisk (“g*”) denotes the objects iden-
tified as GPS in [2].

We adopt the morphological
from [3, 10, 30—38], where:

cd = compact double structure;

type data

cso = compact symmetric structure;
ct = compact triple structure;

cx = complex structure;

cj = core—jet structure;

¢ = core dominated structure;

unres = unresolved.

The full text of Table 1 is available at the Stras-
bourg astronomical Data Center (CDS).

Information about radio morphology is known only
for a small part of the sample, however, the galaxies
usually have a compact symmetric or complex struc-
ture (cso and cx), and quasars, the core/core—jet (¢/cj)
or unresolved (un) structure. This means that the
powerful radio emission of most of the GPS galaxies
is their intrinsic property and not a result of Doppler
boosting radiation.

Figure 1 shows the relation z—vjpgrinsic between
redshift and the intrinsic peak frequency for sample
objects with observed peak frequencies (see Sec-
tion 5)0.5 < vyps < 10 GHz (see Table 1). The intrin-
sic peak frequency range grows with a (1 + z) factor.
The dashed line in Fig. 1 shows the peak frequency
evolution.

3. REDSHIFT DISTRIBUTION

We adopt the redshifts of sample sources from the
NED/IPAC database. We found them to be available

for 53% of the objects. The redshift distribution is
presented in Fig. 2.

The Roma-BZCAT catalog [29] contains some
sources from our sample (132). This catalog is an
extensive list of blazars based on the results of mul-
tifrequency surveys and a careful examination of pub-
lished studies, and contains 3149 objects to date. The
inclusion of GPS candidates in the blazar catalog is
due to the problem of identifying their nature, which
still remains a topic of extensive debate. Accord-
ing to the generally adopted classification, sources
whose spectra peak at high frequencies (several tens
of GHz) are the so-called High-Frequency Peakers,
or HFP objects [22]. HFP and GPS sources are a
mix of galaxies and quasars including BL Lac type
objects. Multifrequency observations revealed that
some of these sources are indeed variable and that
their spectral shapes vary from convex to flat [6, 26].
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Fig. 1. Variation of the intrinsic peak frequency vintrinsic
with redshift z for objects of the entire sample with
observed peak frequencies 0.5 < vons < 10 GHz. The
dashed line shows the evolution for the 0.5 and 10 GHz
frequencies as a function of redshift.
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Fig. 2. Redshiit distribution for the entire sample (the thin
line); the black bars show the distribution of redshifts for
BL Lac type objects and blazars of unknown type accord-
ing to the classification of Massaro et al. [29](14 sources),
and the gray bars show the redshift distribution for FSRQ
objects (118 sources).

Such variations led the authors of the above catalog
to suggest the existence of a link between GPS/HFP
and blazars. Experimental data for most of the radio
sources are insufficient in terms of frequency and time
coverage. That is why the GPS objects exhibiting
blazar properties [29] were included in the Roma-
BZCAT catalog.

Figure 2 represents separate redshift distribution
histograms for the FSRQ and BL Lac type objects.
As is evident from the figure, our sample is contam-
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Fig. 3. The redshift—peak Irequency—radio-spectrum
width (2—Vintrinsic— FWHM) relation for all the objects of
the sample whose spectra peak at radio frequencies. The
peak frequency is in the rest frame of the source. Most
of the radio sources with narrow spectra (FWHM < 1.1)
are located in the redshift domains z < 1 and z > 3.

inated by a large fraction of blazars, which include
BL Lac and candidate BL Lac type objects at small
redshifts (three sources), FSRQ type objects at larger
redshifts (118 sources), and 11 blazars of unknown

type.

Figure 3 shows the redshift—peak frequency—
radio-spectrum width (z—viptrinsic—F WHM) diagram
for all the objects of the sample whose spectra peak
at radio frequencies. This relation is characteristic
of the distribution of compact objects with relatively
uniform synchrotron emission. The relation covers all
objects (467), including those caught at the time of
activity, when radio emission from a compact nuclear
region dominates, and the radio spectrum becomes
temporarily convex. [t can be clearly seen in the figure
that the radio sources with the narrowest spectra
(FWHM < 1.1) are located at the redshift domains
z<1landz > 3.

Figure 4 shows the redshift—peak frequency re-
lations for galaxies and quasars, and Fig. 5 shows
the corresponding relations for FSRQ, BL Lac type
objects, blazars of unknown type, and objects that
exhibit no blazar properties. The characteristic fea-
ture of blazars is variable radio emission and therefore
the sample contains a substantial number of objects
with temporarily convex radio spectra. The similarity
of Figs. 4 and 5 is immediately apparent: the redshift
distribution of the objects is such that most of the
quasars coincide with FSRQ objects of the BZCAT
catalog, and most of the galaxies, with objects ex-
hibiting no blazar properties. It is therefore possible
that a large fraction of the sample quasars might not
be the genuine GPS sources.

MINGALIEV et al.

4. RADIO VARIABILITY

We use the spg module of the FADPS [39] data
processing system to compute the parameters of the
radio spectra of the objects studied. We compute the
spectral indices aapove aNd apelow Dy fitting linear re-
lations to the portions of the radio spectrum above and
below the peak frequency, respectively. For simplicity,
we compute the peak frequency and spectrum width
by fitting the spectrum to a parabola. To quantify
the flux-density variability, we compute the variability
index by the following formula adopted from [40]:

(Smax - Ui)max - (Sz + Ui)min
(Sz - Ui)max + (Sz + Ui)min

where S; and o; are the flux density and its error at
the i-th observing epoch, and max and min are the
indices corresponding to the maximum and minimum
flux density, respectively. The observed flux-density
data at various frequencies found in the available
catalogs are inhomogeneous. In order to estimate the
radio variability, we calculate the variability index at
the frequencies where observations were repeatedly
made: 960, 1400, 2700, 4800, 5000, 7700, 11200,
15000, 31400, and 95600 MHz. Almost half of the
objects have variability amplitudes no greater than
25%. For about 42% of the sources the variability
amplitude cannot be estimated because of insufficient
observational data. The maximum variability ampli-

tude (53 %) is observed for J 1558—1410 at 15 GHz.

) (l)

Varg =

5. GPS CANDIDATES

We use the following criteria adopted in [3, 5, 41]
to select GPS candidates:

— spectral indices apelow > +0.5 and aapove <
— FWHM < 1.2 frequency decades;
— peak frequency vyps > 500 MHz;

— variability index Varg < 25%.

The authors of the above studies estimated the spec-
tral indices by the mean radio spectrum normalized
to maximum flux. They constructed the normalized
radio spectrum for an individual object by scaling
both the peak frequency and flux density to unity [5].
The normalized radio spectra of GPS candidates were
then averaged. The additional parameter that allows
distinguishing between GPS and CSS (Compact
Steep Spectrum) objects [19—21] is the observed
peak frequency, which is below 500 MHz for CSS
objects. The variability index constraint serves to par-
tially exclude variable quasars with flat spectra [6, 26].
In this paper we pay special attention to the flux-
density variability at the most commonly used fre-
quencies: objects with variability amplitudes greater

—0.7;

ASTROPHYSICAL BULLETIN Vol.68 No.3 2013
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10

Peak frequency, GHz

Redshift

Fig. 4. Redshift—peak frequency vons relations for galax-
ies (triangles), quasars (crosses), and unidentified ra-
dio sources (squares) among the sample objects with
known z.

than 25% at more than two frequencies appear to
be blazars, quasars with flat spectra, or BL Lac type
objects.

Our analysis of the radio spectra of all 467 sources
revealed only 44 objects with the properties of a clas-
sical GPS. This makes up about 10% of all the
sources with a spectral maximum (467) and only
about 1% of our entire sample (about 5000 objects).
Given the inhomogeneity of the data and the possibil-
ity of missing some of the objects because of inaccu-
rately measured parameters, we relaxed the selection
criteria and expanded the candidate list by including
objects with FWHM < 1.4, and apelow and apove
of about +0.5 and —0.7, respectively. In Table I the
GPS candidates so selected are marked by letter “g.”
This is 2% of the total sample (5000 objects). We
identified a total of 112 objects with the properties of
classical GPS and possible candidates. These include
43 quasars, 18 galaxies, and 48 unidentified objects.
The estimates of the parameters of the radio spec-
tra used to select GPS candidates are based on the
CATS database or RATAN-600 data (such objects
are marked by an asterisk (“g*”)in Table 1).

6. PEAK FREQUENCY VS. RADIO
LUMINOSITY

There is an obvious deficit of objects in the domain
of large redshifts and small vjptrinsic 0n the plot of the
redshift dependence of the intrinsic peak frequency
(Fig. 1). Distant objects may have unknown redshiits
and insufficiently high radio luminosities with their
steep radio spectra and low peak frequencies. Such
objects should then fill the bottom right part of
the z—Vintrinsic diagram in Fig. 1. To distinguish
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Fig. 6. Intrinsic frequency vintrinsic as a function of radio
luminosity for galaxies (triangles) and quasars (crosses).

high and low radio luminosity objects with low
peak frequencies, we analyzed the radio luminos-
ity log(vLsgu,)—peak frequency Viginsic relation
(Fig. 6). We use standard relations with the adopted
cosmological constants Hy =71 kms~! Mpc1,
Q. = 0.27, and Qp = 0.73 to compute the 5 GHz
luminosities. In our analysis we use the data for the
sample of GPS candidates (“g” in Table 1), which
includes 112 sources. Because of the lack of redshiit
data for some objects, the plot features 17 galaxies
and 41 quasars.

The anticorrelation between the peak frequency
and angular size (equation (2)) [23, 45, 46] suggests
that the deficit of objects in the bottom right corner
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Fig. 7. Angular size of the emitting region vs. the redshift
of GPS candidates. Designations are the same as in
Fig. 6.

of Fig. | means that at large z there are no large
self-absorbed synchrotron components. If we assume
that free-free absorption might cause the spectrum
turnover at low frequencies, we again confirm the
presence of high-density matter in circumnuclear re-
gions of young objects. Vries et al. [5] analyzed a
sample of 72 GPS candidates and found their sizes
to sharply decrease and vipgrinsic to increase with in-
creasing radio luminosity (the converse is not true).
This results in the deficit of large objects with high
radio luminosities at large redshifts.

7. ANGULAR SIZES

GPS sources may consist of several components.
Registered emission is the sum of the contributions
of all components (if the object does not differ from a
point source for the power beam pattern considered).
We can infer an upper estimate for the size of the
emitting region assuming that synchrotron (and not
free-free) absorption is responsible for the formation
of the peak in the spectrum of the GPS source. The
peak frequency for a self-absorbed radio source with a
power-law distribution of electron energies, homoge-
neous structure, and magnetic field can be computed

Table 2. Parameters of the normalized radio spectrum of
GPS galaxies and quasars
Type FWHM
G +1.014+0.002 —0.81£0.002 14
QSO +0.90 £0.002 —0.59£0.001 1.6

Obelow Qabove

MINGALIEV et al.

as[23]
Umax = 8BY2S2/5 9=4/5(1 4 2)1/5, (2)

where B is the magnetic field strength in Gauss; Spax
is the flux density at peak frequency in Jy; 6 is the
angular size in mas, and vy is the peak frequency
in GHz. We set the magnetic field strength for com-
pact radio sources equal to 100 G [42] to derive the
following formula for the angular size of the source

1/4
\/Smax (51/4‘“ Z) ' (3)

Vmax

0~ 1.345

This relation determines the upper limit for the size of
the emitting region (that produces the “convex” radio
spectrum) and has nothing to do with the physical
size of the object. We obtained the dependence of
angular size 6 on redshift z for the objects with
known redshiits from the sample of GPS candidates
(Fig. 7). The angular sizes of the selected GPS
objects do not exceed 10 mas, which agrees well
with the results of VLBI measurements of the sizes
of compact objects [43, 44]. On the average, the
angular sizes of quasars in our sample are smaller
than those of galaxies, but they are of the same order
of magnitude for objects of both types at the same z.
The anticorrelation between linear size and peak
frequency [45, 46] means that more luminous and
larger-redshift quasars (see Fig. 4) are more compact,
because they have higher rest frame peak frequencies

Vintrinsic ( Flg 6)

8. NORMALIZED RADIO SPECTRUM

To compare the shapes of the spectra of GPS
galaxies and quasars (“g”), we constructed the
normalized radio spectra of these objects (Figs. 8
and 9). Normalization to the observed peak fre-
quencies and flux densities allows the radio spectra
to be compared to each other [5]. Redshift binning
makes apparent the evolutionary effects on the shape
of the radio spectrum. Theoretically all the spectra
should pass through the same point: v/vy.x = 1 and
S(v)/S(Vmax) = 1. Variations of flux densities ob-
served on different instruments and the approximate
determination of the peak (via a parabolic fit) result
in a certain scatter of data points at the peak of the
normalized spectrum. We model the normalized radio
spectrum by two straight lines (in logarithmic scale)
that intersect at the maximum (peak). We define the
peak as described above in Section 4. Table 2 lists
the parameters of the normalized radio spectrum of
GPS galaxies and quasars. On the whole, the average
radio spectrum of GPS galaxies is steeper at the
frequencies above and below the peak. As a result,
galaxies have a more narrow average normalized radio
spectrum FWHM = 1.4 than quasars FWHM = 1.6.
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Fig. 8. Normalized radio spectrum of GPS quasars
based on our sample of candidate objects (marked as
“g” in Table 1). The least squares method yields the
following spectral indices: apelow = +0.90 £ 0.002 and
Qabove = —0.59 £ 0.001.

The sample was subdivided into two redshift bins
z = 0—1 and 1-5 to find the differences between GPS
galaxies and quasars. To reveal the evolutionary ef-
fects on the shape of the spectra, we subdivided the
GPS candidates into the redshift bins z = 0—2 and
2—5. We present the results in Table 3, from which
it is apparent that apeow varies by about 0.2 start-
ing from z = 1. Note that earlier studies reported
finding no statistical differences between the mean
Ohelow indices for the subsamples of GPS galaxies
and quasars [3, b, 6]. The spectral index a,pove Varies
in the process of evolution and differs by 0.04—0.07
for the two types of objects. Thus galaxies have, on
the average, greater a,pove indices. The apelow index
increases in absolute value with z.

9. DISCUSSION

In this study we find about 2% of the sources to
be “classical” GPS objects, which is significantly less
than the expected 10% [2]. This is due to the fact
that major studies of GPS objects [2—5] are based on
the results of non-simultaneous observations carried
out over a too short time span. Our classification is
based on heterogeneous observational data (CATS)
and on the results of simultaneous long-term obser-
vations made with the RATAN-600 radio telescope.
The resulting list of selected candidates includes one
third of FSRQs—37 objects, which may prove not to
be GPS. Information about their variability remains
inconsistent. Long-term monitoring [26] shows that
a substantial fraction of GPS objects are variable
at radio frequencies (tens of percent), whereas weak
variability is a rather rare phenomenon, which is more
often found in GPS galaxies and is possibly due to the
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Fig. 9. Normalized radio spectrum of GPS galaxies
based on our sample of candidate objects (marked as
“g” in Table 1). The least squares method yields the
following spectral indices: apelow = +1.01 £ 0.002 and
Qabove = —0.81 £ 0.002.

lack of observations at different frequencies [6, 25, 47].
In this paper we estimate the variability index Varg.
For a substantial part of the objects it does not mea-
sure the real variation of spectral flux density S, at
all frequencies because of the inhomogeneity of the
available observational data.

[t is obvious that GPS sources are an inhomo-
geneous group of objects. Similar properties are ob-
served within subgroups or for single sources. GPS
quasars are not as popular as galaxies among the
authors of published studies. Currently, GPS quasars
are known to have smaller linear sizes (possibly due to
the orientation of the jet with respect to the observer),
larger redshifts, higher peak frequencies, and stronger
variability. Based on his study of a small quasar sam-
ple (21 objects), O’Dea [8] found that half of ultra-
distant (z > 3) quasars are GPS type sources and
half of GPS quasars are located at large z. Barthel
and Miley [48] attribute this to the dense gas and
dust medium surrounding the quasars located at large
redshifts, which prevents the propagation of radiation
through the interstellar medium. The unusually steep
radio spectra of GPS quasars compared to those of

Table 3. Spectral parameters for different redshift intervals

Redshift interval Qbelow Qabove FWHM
0—1 +0.73£0.04 —0.87+0.06 1.16
1-5 4+0.93£0.06 —0.80+0.04 1.16
0-2 +0.79+£0.05 —0.85+0.05 1.16
2-5 +0.93+0.06 —0.81 £0.05 1.17
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ordinary quasars suggest that for the synchrotron
emission, energy losses play the crucial part in the
case when the source is tightly confined.

Our study established that the number of GPS
galaxies decreases sharply with increasing redshift,
starting from z = 1. We found neither GPS galaxies
nor objects without optical counterparts in a rather
large redshiit interval from 1.8 to 4.5 (Fig. 3, 4). How-
ever, we found in this redshift interval a substantial
number of quasars with no blazar properties (Fig. 5).
The most distant GPS object in our sample is the
galaxy J 1606+31 (z = 4.56, # = 0.37 mas). It is the
only high-redshift GPS galaxy in the sample. The
lack of distant GPS galaxies may also be due to the
fact that, unlike brighter quasars, they were not found
in the corresponding radio-source surveys because of
their steep spectra. Possibly, the physical conditions
of the ambient medium have to be studied at high and
low redshifts.

We found differences between the spectral prop-
erties of GPS galaxies and quasars. Their common
feature is a rather simple form of the radio spectrum.
Unlike other compact extragalactic radio sources,
they have no close-to-zero spectral indices. Spectral
parts above and below the peak frequency for GPS
sources are typically steep. The absorption mecha-
nism in the optically thick emission region is not yet
entirely understood. There is a general assumption
that the low-frequency cut of the spectrum is due to
synchrotron self absorption caused by the high den-
sity of the emitting electrons [27]. However, the free-
free absorption has also been suggested to be able to
produce the turnover at GHz frequencies as well as
the peak frequency vs. size—anticorrelation observed
in many of these sources [49]. Such a form of the
radio spectrum can be described fairly well in terms of
the model of synchrotron emission of an extragalactic
radio source [23]. This model associates the convex
form of the radio spectrum with the compactness, ho-
mogeneity of the structure and magnetic field. How-
ever, according to VLBI measurements, GPS ob-
jects have neither a homogeneous radio structure (see
Table 1) nor a homogeneous magnetic field. There-
fore observational data are somewhat inconsistent
with theory and the parameters of the radio spectra
never reach the computed values of apelow = +2.5
and FWHM = 0.7 [2, 3].

There are statistically significant differences in the
average values of aupove and FWHM between the
subgroups galaxies and quasars of our sample. This
result confirms the average spectral parameters found
earlier based on the monitoring of a limited list of GPS
sources at the RATAN-600 radio telescope [26]. The
mean value of the y index of the electron energy spec-
trum [23] is 0.4—0.5 higher for the galaxies (i.e. their
energy spectra are steeper) than for the quasars [26].

MINGALIEV et al.

Here ~ is the exponent in the energy distribution
N(E) = KE~7 of relativistic emitting electrons. This
may be due both to the additional energy losses in
galaxies [50] or to the possible presence of a flat-
spectrum component in quasars. An analysis of this
difference should become the subject of a separate
study.

We find the low-frequency spectral index apelow t0
increase with z, and practically not to differ for galax-
ies and quasars. This may be due, e.g., to the increase
of the ambient density with increasing redshift [8],
lack of systematic measurements at low frequencies,
or the use of non-simultaneous observational data.

The angular size of the emitting region in selected
GPS candidates does not exceed 10 mas. At the same
z the angular sizes of galaxies and quasars are on the
same order of magnitude, whereas the luminosities
of these objects may differ by one order of magni-
tude. Direct and indirect size estimates indicate that
GPS quasars are more compact than GPS galaxies,
suggesting the presence of a dense ambient medium.
Note that because of the large redshifts of quasars the
possible emission of their extended regions is below
the detection limit for aperture synthesis systems[17].

Are GPS galaxies and quasars the same objects
in terms of the Unified Scheme Models [51] scenario,
or do their radio spectra just happen to have a similar
form? The hypothesis that these are two different pop-
ulation types has been repeatedly discussed [11, 52].
Our results argue for the different physical nature
of GPS galaxies and quasars. Within the frame-
work of this study we formulated a number of specific
problems, which require a separate investigation of
GPS galaxies and quasars (the study of the physical
conditions in circumnuclear regions, accretion rates,
etc.), as well as modelling of synchrotron emission
mechanisms in homogeneous objects with the given
spectral parameters determined in this paper.

10. CONCLUSIONS

We compiled a new flux-density complete sample
of GPS candidates (112 objects) based on an anal-
ysis of the data obtained with RATAN-600 and the
available catalogs (CATS). A comprehensive study of
these objects led us to the following conclusions:

We selected a total of 112 GPG candidates among
the 467 objects with peaked spectra, which makes
up about 2% of the entire sample of objects with
fluxes S, > 200 mJy at 4.8/5 GHz. Only 45 of the
selected GPS candidates strictly satisfy the criteria
for classical GPS. This amounts to about 1% of
the entire sample, which is significantly less than
expected: GPS objects are believed to constitute
about one tenth of the bright extragalactic sources
(at centimeter-wave frequencies).
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Our analysis of the parameters of the radio spec-
tra revealed that GPS galaxies have narrower spec-
tra and higher high-frequency spectral indices than
quasars. The low-frequency spectral index increases
with redshift z and its values are comparable for the
two types of objects.

The number of GPS galaxies in the sample de-
creases sharply with redshift, starting with z = 1.
Galaxies and quasars have comparable angular sizes
at the same z, whereas their luminosities may differ
by one order of magnitude. We find a deficit of objects
with low peak frequencies (several GHz) at large red-
shiits. It is possible that there are no objects with large
synchrotron self-absorbing components at large z.
Various indirect estimates confirm the presence of
medium with high density of emitting particles in the
circumnuclear regions of GPS objects.

The sample is substantially “contaminated” with
FSRQs objects (Flat Spectrum Radio Quasars). As a
result, the list of GPS objects includes blazars, which
we plan to analyze more thoroughly because of the
still unresolved problem of the GPS nature.
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