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АЬstrасt. VLA maps obtained at 1,4 GHz with а resolution of 2'.|5х2" fоr three sources and
6'.'5х2'!3 for two Sources detected in the RATAN-600 Zenith Surчеу of i988 have been analyzed.
Al1 fivе objects have an extended Struсturе. Coritinuous radio spectra of these objects prepared
Ьу using the CATS database and RATAN-600 observations аrе gil,en. Ail fir,e objects have linear
steep sресtrа (о < *0.65). Using APYi database and DSS ц,е halre found thrее candiclates fоr
identification. Trvo radio sources have been observed vlith the б m telescope. The паturе of the
studied objects, one of which is ciassified as QSO (BSo) and t,п,о others as galaxies, is cliscusset].
One of the radio Sources, ЛZ5, being а merging gгоuр of orre 1аrgе and several smal1 galaxies,
mау have appeared in this pl.ocess,

Кеу words: radio continuum: galaxies - radio continuum - quasars - SurYеу catalogs

1. Introduction
Iп 1988 а survey rvas саrriеd out at thе RATAN,600
in the right ascension rапgе between 8h and 14h at
declination 47"7l of 1/ width with the use of the епtirе
ring surface of the radio telescope (N{ingaliev et al.,
1991). А catalog of 70 objects (ЛZ sources) has been
compiled at the wavelength of 8.0 сm. Ali the detected
sources belong to а population of radio sources rvith
fluх densities frоm 14 to 70 mJy. Gепеrаl statistical
investigation, estimation of spectral indices and lumi-
nosity calculation (in the assumption of z *1) ot RZ
sоurсеs have Ьееп rероrtеd Ьу Verkhodanov (1994).
Several ýources of this surчеу wеrе studied using new
RATAN-600 observational data obtained Ьу \'еrkhо-
danov апd Verkhodanova (1997-1999) in 1995 at fоur
rvaveIengths.

То reveal morphology and select candidates fоr
study with optical telescopes, one has to investigate
thе radio struсturе of the objects. Ву using mоrрhо-
Iogical properties and selecting FRII objects (Fanaroff
and Riley, 1974), one cou]d extend the ]ists of the оЬ-
jects being candidates fоr distant radio galaxies stud-
ied in the рrоglаmmе "Big Тriо" (Parijskij et а1.,
i996). Detection and investigation of this tl.pe оЬ-

1 The National Radio Аstrопоmу ОЬsегr,аtоrу is орегаtеd un-
dеr license Ьу Associated tiniversities, Inc. uпdеr cooperative
аgrееmепt with the National Science Foundation.

jects plav an imроrtапt rоlе in the understanding of
ttre origin and evolution of galaxies at early еросhs of
the UniveTse. Ву studying faint rаdiо sources that аrе
close doubles (dou,n to 2'l) we can also select gгavita-
tionally Iensed candidates which belong to the most
interesting objects in the present da1, astrophysics
(Fletcher. i998). These objects сап Ье fоuпd аmопg
radio sоurсеs extended but uпrеsоIчеd rvith а beam
of 2l'5.

\ve studied t}ie structure of 5 sources of the zenith
surчеу for the purpose of revealing morpirology from
the images obtained with \rLA in intermediate con-
figurations (BnA) in 1994. Besides, rve have obtained
continuous radio spectra of the objects using the пеw
rаdiо sky surveys IýVSS (New VLA Sky Survey),
FiRST (Faint Images of the Radio Skl, at Trventy-cm)
and WENSS (The WЪstеrЬоrk Northern Skv Survey),
and the data of other surveys. \\rе hаvе made identi-
fication of the studied sources orr the optical images
of the Digitai Sky Survey (DSS) and with the Au_
tomized Plate \4easuring machine (АР\а) database
via Internet. Two Rz objects have Ьееп observed at
the б m telescope. Classification of all fir.e objects has
Ьееп carTied оut after the optical and radio investi-
gation.
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ТаЬlе 1: И1,4 data fоr RZ sоurсеs

о + d(J2000) оа
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os N{ajor N4inor
а ll llm.l\-

Об// mJ
RZ5N 082346.18+465200.3
RZ55 082347.37+465148.6
RZ5int 082З.17.13-t465150.4
R.Zg 084141.23+46б234.5
RZ1.1 08.181Е.21+46515з.1
RZ55 131217.54+46510б.0
RZ70 135751.31+465130.5

082074.22+470L42.0 .02

082015.42+470130.4 .01

082015.18+4701,32.2 .04

083812.66+470318.2 .01

084451.01+470258.7 .02
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2. \/LA maps

Maps of thTee Zenith suIчеу radio sоurсеs, RZ5
(Fig.1), RZ9 (Fig.2) алd RZ1| (Fig.3), with а reso-

lution of У!5х2" at 1425 \IEz and of two sources,

RZ55 (Fig.4) апd RZ70 (Fig.5), with а resoiution
of 6|'5х/.'3 at 1455 \IHz вэrе obtained with VLА
in 1994. These objects \r-еrе selected from the gen-

еп1 RZ list as the brightest ones with steep spectra
(с < -0.6. S- и") and proposed to the VLA obser-

r,ations iп the tlnified Ьt of the "Big Тriо" objects.

Ъophotes shоrгп on the mарs of these sources (Figs.

1-5) аrе dтапт Ьт ler-eb ргорогtiопаl to а factor of 2

staгting пith 1.2. 1-0. 0.6. 1.0. 1.2 mJy, respectively.
Positir-e Lюрhоtеs аrе shот-п Ьу the solid 1ines, and
negati\-e Ьч the dotted lines. Table 1 contains the data
fоr these objects. In the columns ате given the object
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Гlgurе I: Radio sоurсе RZ5 (J 0S234'l+/,65150),

паmе, coordinates at the epoch of 2000.0 and coordi-
nate еrrоrs, flux densities and their еrrоrs in mJy, de-

convolved major and miпоr axes of the radio sоurсеs
irr аrсsес, positional angle in degrees, Coordinates of
the integrated source (RZ\i,nt) have been taken from
the NVSS data. The major and miпоr axes and the
positional angle fоr all sources have been Ьоrrоwеd
frоm the FIRST cataiog.

3. Radio source spectra
То рrераrе the radio spectra of the sources, we have

used the catalogs of the database CATS (astrophys-
ical C,A,TaIogs Support system) (Vеrkhоdапоч et ai.,
1997) and the data of the surчеу саrriеd out at the

North sector of RATAN-600 in 1995 (Verkhodanov
апd !Ътkhоdапо\rа, 1998, 1999).
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Figurе 2: Radio sошrсе RZg (J 084141+46523/|).
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Figure 3: Radio sошrсе RZ1l| U 08/|818+/+65153)
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Figurе 4: R,аt]iоsаurсе, RZ55 (,i 1ji2]7+лi651Гl{i).
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5 RдDIо SOI/RCES оF тнЕ ZENITH SURчЕY Ат RАтАN-600

Taille 2: Мult,ifrеquепсу d,ato fоr 5 RZ radi,o sоurсев. Fi,tti,ng сuтчеs аrе deriued m,ith ч: logS апd r: logy,
ulhеrrэ S ,is the fl,ur dепsitу iп Jy, u is tlte frеqu,епсу iп MHz

а оа б об у S os Cataiog-ты ý }tHz Jy J1,

|2345678

Р.7,5 y:1.478-0.736r
tl8 23 .16.2 0.5 +46 б1 .10 5 151 0.т2 0.04

08 23 45 1.8 +46 51 56.5 24.7 232 0.28 0.05

08 23 47.0 3 +46 51 52.7 325 0.465 0.0055

08 23 46.779 0.12t +46 51 50.,18 0.62 365 0.4.15 0.042

08 2З .16.8 +.16 51 54 ,108 0.38 0.05

08 23 47.13 0.04 +46 51 50.4 0.б 1400 0.1522 0.0054

08 23 46.84 +46 51 53.05 1400 0.128

08 23 46.18 0.02 +46 52 00.3 0,2 1400 0.03357 0.00014

08 23 47.37 0.01 +46 51 48.6 0.1 l.trOtj 0.11003 0,00014

0В 23 50 +i16 51 18 1,х00 0.17

08 23 47.9 0.2 +.1tj 52 09 ]5 2308 0.i2з . 0.03з
08 23 47.1 0.i +.trб 51 55 2 3750 0.055 0 00fi

08 23 47.9 0.1 +.Хб 52 09 15 З9б0 0.052 .ф.008

08 23 46.0 0.8 +46 5] 51 9 4850 0.075 0ru07

08 2З 46.7 1.1 +46 51 56 \2 4850 0л069 0Р09
08 23 47.9 0.2 +46 52 09 15 7700 0.05 0;010

08 23 47.9 0.2 -,[46 52 09 15 11111 0.035 0i010
,*

R,Z 9 у : -1.663 ,]- ().001;г * 11.190r:r;l(-r) i

08 41 ,13.0 0"5 -t,16 52 08 5 15] 0.З7 0.02

08 41 ,14.9 0.5 +46 52 19 5 151 0.41 ,0.02

08 41 ,11.i5 +,16 52 33.9 32о 0.182 ,J:0,0036

08 41 41 0.2 +16 52 а2 1.7 з27 0.i9531 $, 0.00834

08 41 40.з 1-46 5,2 52 +08 0.12 0.05

08 41 41.24 0.01 +46 52 34.7 0.1 1.100 0.07445 0.00t]i,i

08 41 41.28 0.05 +46 52 3-1,9 0.6 140U 0.0737 0.0016

08 41 41.8 0.1 *46 о2 Гlс 2 37;U 0.0]4 0.0(]б

08 41 .tr2.1 0.2 +46 53 04 15 3950 0.043 0,008

08 41 41.9 1.1 -t46 52 56 |2 ,4850 0 !l3,5 0"()05

08 ,11 42.4 1.5 +46 53 43 17 ,1850 0.057 0,006

08 41 42.1 в.2 +46 53 04 15 7700 0.0з9 0.010

RZL4 y=1.512-0.914r
08 48 19.6 0.5 +46 52 34 5

08 48 22.5 0.5 +46 51 54 5

08 48 18.18 +46 5] 53.9

08 ,1в 18,6 +46 51 ,12

08 48 18.21 0.01 -.1-46 б1 53.1 0.1

08 48 18.24 0.05 +46 51 53.2 0.6

08 ,18 22,5 0.3 ,|46 52 21 4

0В 48 ]7.6 0.2 +46 52 01 15

RZ5б y:\.470-0"775r
13 12 18.8 0.5 +46 51 22 5

15] 0.3 0.02
15] 0.37 0.tJ2

325 0.17 0.0036
-108 0.12 0.0rj

1400 0.05126 0.00014
1400 0.0503 0,0008
3750 0.016 0.006
3950 0.03 0.008

151 0.6 0,03

бсVI
\1IYLrN
WENSS
TxS
I]3
NVSS
\\rB92
FIR.Sт
FlRS,г
GB
RATAN
RZ
RAT,-\N
GIJб
87GB
RAIAN
RATAN

бс\,i
бсII
WENSS
\vSRT\\,
tsз
FTRST
NvSS
R,Z
RATAN
Gвб
87GB
RATA|{

бсVI
бсII
\VENSS
вз
FTRST
Nvs-q
RZ
RATAN

бсII
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Table 2: Mu,lti,frequency data fоr 5 RZ rаd,iо sоurсеs. Fi,tting сurчеs аrе deriued шithу: logS апd r: Logy,
шhеrе S i:s the fl,ur rlеп,si,tу ,iп Jy, v is the frеquепсч iп MHz (сопtiпu,еrl)

mS

72
\,tHz J1,
56
232 0.51
325 0.36
365 0.2в
408 0.29

1400 0.119в8
1400 0.1146
1400 0.09
3750 0.035
3950 0.0.1
4850 0.05
4850 0.053

11111 0.046

8

N,IiYLTN
\\itr};SS
TxS
вз
FIR,ST
NYSS
GB
RZ
RATAN
Gвб
87Gв
ItATAN

l)r

7
13 12 18 L4
Iз 12 |т.22
1,3 12 17.297 0.153
13 12 16.9
13 12 i7.40 0.01
13 12 17.43 0.05
13 12 22
iз 12 20.1 0.1
13 12 18.9 0,2
13 12 17.0 1

13 12 17.з 1.6
13 12 18.9 0.2

+46 51 04.7 18.8

+46 51 09.5
+46 51 07.77 0.67
+46 5i 08
+.16 51 07.4 0.1
+46 51 07.9 0.6
+46 51 42

+46 51 06 2

].46 52 20 15

+46 51 18 11

+46 51 19 22
+46 52 20 15

0.0036
0.018
0.05
0л00013
0.0005

0,006
{J.O0E

0.005
0.007
0.010

RZ70 9:2.11з-0.9збr
13 57 51.1 0.5 +.16 51 24 5 151 1.2З 0,(_jб бСII
13 57 50.6 0.8 +46 52 02 10.В 232 0.67 0.05 \,IIYI]N
13 57 53.1 0.9 +46 51 39.6 12 232 0.6 0.05 \,,IIYU]ý
13 57 51.04 +46 51 32.8 325 0.607 0.0031 \VE\SS
13 57 51.164 0.089 +4б 51 31.86 0.36 365 0.471 0.016 TxS
13 57 51..1 +46 51 36 408 0.46 0.05 1lз
13 57 51.13 0.1 +46 51 31.45 0,01 1400 0.16628 0.00014 FIRST
13 57 51.2 +,16 51 30.3 1400 0"1.1 UCC R.
13 57 51 +46 52 20 1400 0.15 GB
13 57 ,,19.34 +46 5] 51.45 1400 0.16i \VB92
13 57 51.11 0.0.1 +46 51 31.87 0.Cj 1400 0.167.1 0.0004 I,IYSS
13 57 54.0 0,2 +46 52 3.1 15 2308 0.075 0.033 RATANr
13 57 54.6 0.1 +,16 51 29 2 з750 0,024 0.006 RZ
13 57 5.1.0 0.2 +.16 52 34 15 3950 0.068 0.008 RдтдN
13 57 51.3 1.1 +]6 5i 37 i3 4850 0,039 0.005 GВб
13 57 19.9 1.9 +16 51 47 25 4850 0.035 0.006 s7GB
13 57 54.0 0.2 +46 52 34 15 7700 0.054 0,010 RATAI,I
1З 57 5.1.0 0.2 -+-16 52 3,1 ]5 11111 0.037 0.0i0 R,ATAN

Among the basic catalogs stогеd in the CATS
database several largest ones (NYSS, FIRST,
\VENSS. Texas) соr,еr entirelr. thе area of the Zenith
Sirг\:е)'.

Using these cataiogs rTe have detected the fir,e оЬ-
jects to have соuпtеrрагts in the N\,'SS (Condon et
а1.. 1998). п,hiсh has а sensltir-itl. as high as 2.5mJy,
and а геsоlutiоrr of ]5" at 1-100 \IHz.

In the ГIRST suг\,е\, 1\\-hite et ai., 1997) r,",hich
is сагriеd out at \-LA in the B-configuration at
1,100 \IHz iтit}i а геsоlutiоп of 51'4 and а sensitivity
1imit of 1 mJ1- at 5о level. rтe hat,e detected all fir.e
ЛZ sоurсеs. Тhе соогdiпаtеs of the objects coincide
,,vith those оf 199-1 \-L_\ obserr-ations rvithin 0l'05. Al1
the basic components of the соmрlех sоurсеs (except
the tai.l of the оЬjесt RZg (Flg.2)) аге confirnred Ьу,

the ГIRST data. Irnages of the FТRSТ sources аrе
shorr-n in Figs. б 10.

T}re WENSS suтче}, (Rengelink et al.. 1997) саr-
riесi out at 325 YIHz ц,itlr а sensitil,it}. of atlclut
1 8 rnJy at 5о level and а resoiutitln оf 54" х 54" . cosecd
ilas соuпtеrраrts fоr а11 fir,e sоurсеs, 'Itre 'rexas surче.у
саrгiеd out at 365 \,\Hz on the Texas radio interfer-
оrпеtег (Douglas et а1., 1996) п,ith а sensitir.ity as
hig}r as 150 mJy,, but complete to 250 mJy, contains
counterparts of oniy three sоurсеs: RZS, RZ55 апd
RZ70.

'Iable 2 contains а list of identrfications r,vith the
cataiogs of the CATS da+.abase (\Ъrkhоdапоr. et al.,
1997). The data of |lrc RZ catalog hаче Ьееп taken
Гrоm N,Iingaliev et а1. (1991) and the ones marked
a-s RATAN аrе from the рареr Ь), Verkhodanov and
Verkhodariola (1999).

The rаdiо spectra hаче lэeen fitted v:ith the pack-
age ,9РG uпdеr OS Linux (\Ъrkhоdапоl., 1997). As
the rnain fitting function of the radio spectra the
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Iigurе 7: The FIRSТ,irпа,ре of t|t,e rаd,i,о sоur,се RZg (J аS41]1+4б52,|3J) ouerlaid оп, ihe'!x!DSS irrtлge.
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Figure 8: The FIRST i,mage ot the rаdi,о sошrсе RZ1]| (J 08l|818+465153) ouerlai,d оп the ! х! DSS ,image.
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5 RЛDIО SOURCES ОF ТНЕ ZENITH SURVЕY А? .RATAi\I-600
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Figure l0 The FIRST,i,mage of the radiю sоurсе RZ70 (J 135751+465130) ouerlai,d оп the !x!DSS,image.
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authors have used the сurче а : А * Br, where
л : log v, а : log S, z is the frequency in MHz,
S is а flux density in Jy.

The fitting procedure took into account weights
of each point in proportion to the value 1/с2, whеrе
с is the ratio of the flux density еrrоr os апd the fluх
density S. If а point of the sресtrum is appreciably
away foоm the spectrum line, its weight is decreased
ten times.

Automatic selection using the least square crite-
гiоп from the fitted сuтче taken from the set

у:л+Вr,
а:А*Вr*Сr2,
а : A-l Вr -| С х exp(r),
a:A*Br*Cxexp(-r),

sholмs the liпеаr fitting fоr four sources, andfor RZ9
пith the сuIче у : -1.663 -t 0.001r * 11.190exp(-r).
In the case of linear approximation, the best fit for
RZ9 radio spectrum is done with the line у : 1.024 -
0.678r. Whеп we fitted the ДZ9 spectrum, we took
into account that а corresponding point of the 87GB
surчеу is likely to Ье wrong and the RATAN point at
2.7 сm may Ье too high because of the noise.

The steep linear spectrum due to synchrotron rа-
diation is typical of radio galaxies and sоmе quasars.
If the object RZ9has а concave spectrum, it could Ье
explained in the frames of а model of superposition

of two spectra: а flat spectrum of а соrе, and а steep
spectrum of component(s).

The spectra of the radfr sources аrе shown in
Fig.11,

4. The sеаrсh for optical candidates

Eiectronic чеrsiопs of t}re Palomar Observatory Sky
Surчеу have been used to search for candidates for
optical identification. We used the APN{ catalog
(see, e.g. Irwin, 1998), to ýе exact, the modified
client рrоgrаm of Т. McGlynn apmcat, for the stream
identification of the sources via Internet and esti-
mation of magnitudes in the R and В filters, and
the DSS2 (Digitized Sky Survey), accessible via the
Web-page of the Space Telescope Science Institute
(http://stdatu.stsci.edu/dss/) for the identification of
the Zenith surчеу sources.

DSS frаmеs of 2'х2' in size' with the overlaid
FIRST mарs are shown in Figs. 6-10 for all five
sources. The candidates for optical identification of
the first three sources аrе situated inside the cen-
tral isophote. Тhеrе аrе no optical candidates brighter
than 21- in E-band fot RZ55 апd RZ70 оп DSS.

Two radio sources RZ\ апd RZ70 were observed
with the б m telescope in FebTuary, 1994. Three 400"
CCD frames rMere acquiredfor RZ\ and six 400" ones

RZ 70 (jlЗ5751+465130)
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for RZ70 with а seeing of 31'1. Isophotes of thе RZS
CCD image але shown in Fig. 12. There is an empty
field in the zone of RZ70 in the R band.

The results of identification with the АРМ catalog
and DSS адd the uрреr limits estimated with the 6
m telescope data але given in ТаЬlе 3.

5. Discussion

Table 3 contains the results of opticat identification
of the objects Trith the АРМ data. In the соluЙпs
аге listed the object паmе (for RZ5 \hе northern and

southern components, and а gravity center Ьу NVSS),,
АРМ coordinates at 2000.0, the magnitude and obl
ject class оп the Е plate, the magnitude and object
class on the О plate (the class is described iп tеrms of
APL4, with -1 (stellar like), 0 (noise like) and 1 (ех-
tended)), likelihood ratio, calculated Ьу the following
formula (de Ruiter et aI., 1977):

LR(r): (1l2x)exp[0.5r2(2) - 1)],

whеrе А : тоRлоDе"р, р is the density of back-
ground objects equal to 5.16х10-а sec-2 (Соhеп et
al., 1977), r : [(АЛА lопд)2 + (ЬDесlолр"")2]0,5,

о
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JЛ,4, ADec аrе differenceý of radio and optical posi-
_ions, оЛ,4 and оDес аrе Ioot-mean-sqrrare errors of
:he radio and optical coordinates, respectively. The
:dentification is considered rеliаЬlе if LR>2.

Analyzing the VLA maps (see ТаЬlе 1) one can
5nd that ali five objects аrе not point-Iike. Two оЬ-
'с.сts (RZ5 алd RZ55) have distinguished radio соm-
эопепts. Identification of the objects with DSS and
_\РМ shows only 3 radio souтces identified with а high
;rоЬаЬilitу with the opticai objects visible оп DSS.
Despite the fact thаt RZ5 is identified T,ith а rеd

=tar-like object of 19Р5, ВТА olэservations of 1994
]_ave shown that it is rаthеr an eillptical galaxy. An
ar-eraged б m CCD image (F'ig. 12) af R 25 shows that
Tierging of galaxies is probatrly оЬsеrчеd 1п this оЬ-
'ect. Actually", it is not merging of equaI galaxies, but
;ге have а case of "cannibalism", i.e. а giant galaxy
"eats uр') surrounding galaxies of iоwеr mass. Radio
.nrission of this merged group of at least 8 galax-
:.s. r.vith the largest опе at the сепtеr, mау Ье рrо-
:rced Ьу active processes working during the merg-
::g. which mау have an explosive сhаrасtеr (Коп-
.огочiсh et а1., 1992).

The sоurсе RZ9,whl,ch is slightly extended at 1400
_'rIHz, is identified with an extended one in optics (О-
plate) and, mау Ье, with а galaxy оr а QSO, i.e. а
:adio core. If the 21l5-wide taiI on the left side ot RZ5

9о 10о 1 1о tzo
l0U=2 Smооth=4

(Fig. 2) is not а false structure, then it mау Ье а jet
flying out from the соrе.

The sоurсе RZ1], hачiпg an extended but unre-
solved into components structure and а steep radio
spectrum, coincides with а star-like otlject with а чеrу
blue О-Е color index, which is most likely а QSO
(blue star-like object, BSO). Taking iцtо account that
it has an extended structuTe (рrоЬаЬlу two close rа-
dio components) we can suppose it to Ье а candidate
for а gravitationally lensed object (Fletcher, 1998).

The sоurсеs RZ55 апd RZ70, showing an extended
structure (although RZ70 is not resolved into соmро-
nents) and having steep spectra, аrе not visible оп
the Раlоmаr Observatory Sky Survey plates. Тhеrе-
fоrе, they mау Ье selected as candidates fоr distant
radio galaxies and objects fоr further investigation.

6. Conclusions
VLА mарs with а resolution of 2'!5х2" for three
RATAIý-600 Zenith radio sources, RZ5, RZ9 апd
RZ1/1, and with а resolution of б1'5х2']3 fоr two
sоurсеs) RZ55, RZ7Щ have Ьееп analyzed.

AIl five objects аrе extended and two of them
(RZ\ алd RZ55) аrе сlеаrlу resolved. All the sources
have liпеаr steep spectra (о ( -0.65), and one of
thеm (RZl4) has an ultrasteep spectrum.

5о бо 7о 8о
R. А. (агсSес)

Figure !2: The rпар of the 6,m telescope CCD i,rпаgе of rаdi,о зоurсе RZ5 (J 0B2347+1t65150).
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Confident opticaI counterparts hаче Ьееп found in
the Palomar Digitized Sky Surчеу fоr 3 radio sources.

The radio source ЛZ5, being а merging grоuр of
опе large and sечеrаl small galaxies (as б m telescope
observations show), mау have appeared in this рrо-
ceSS.

The radio souIce RZ1"4 is рrоЬаЬlу а BSO and
could Ье а candidate to а gravitationally lensed оЬ-
ject.

Two radio sources, RZ55 апd ЛZ70, which have
по optical counterparts up to 21Р5 (RZ70 up to 24-),
mау Ье distant radio galaxies (z > 0.5).
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