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Abstract. We presentresults from 86 GHz vLBobservations regions in active galactic nuclei (AGN). Several detection and
of 28 compact radio sources made in April 1993. All but two dfmaging surveys have been undertaken, with the total number
the observed objects are active galactic nuclei. The remainimfgletected sources nearing 100 (see Beasley et al. 1996; Lons-
two objects are the galactic center Sgr#@nd the X-ray binary dale et al. 1998; and Rantakyet al. 1998). These observations
star Cygnus X-3. Ofthe observed sources, 26 have yielded frifgve enabled studies of the morphology of the parsec-scale jets
detections. We present correlated flux densities, estimate ¢imesub-milliarcsecond scales, and revealed increased curvature
maximum observed brightness temperatures, and provide sir(@lantakyd et al. 1998) and significant misalignment (Lons-
Gaussian component model fits. Out of the 17 sources withle et al. 1998) of the jets on these scales, compared to the
gooduv-coverages, 3 are without detectable structural detalisger scale structures observed with VLBI atlower frequencies.
(0642+449, 0716+714, and Cygnus A), 3 have little closuMultiple epoch VLBI observations at 86 GHz have been made
phase information (4C67.05, 1823+568, and 1928+738), dfiod several sources, including most notably 3C 111 (Doeleman
the remaining 11 have been imaged. We study the brightn&s€laussen 1996), 3C 454.3, (Krichbaum et al. 1995, 1996),
temperatures]y,, of the observed sources, and apply a basMRAO 530 (Bower et al. 1997). The intrinsic size and structure
population model with a single value of the intrinsic brightnessf the Galactic Center have been studied in several VLBI obser-
temperature]y, in order to reproduce the observed distributiomations at 86 GHz (Krichbaum et al. 1994a; Krichbaum 1998;
of Ty,. Our data are consistent with a population of sources tHadeleman et al. 1998).
haveT, < 5 x 10'°K in the jets, andl, ~ 1-4 x 10'' K in In this paper, we present 86 GHz VLBI observations of 28
the VLBI cores. The observeti, are also correlated with theradio sources which constitute one of the two parts of a co-
apparent speeds measured in the jets. For comparison, we appiynated millimeter VVLBI campaign in April 1993. Results
the same population scenario to a larger sample of 132 A@Gm the other part of the campaign have been presented by
observed with VLBI at 15 GHz, and show that the distributioRantakyd et al. (1998). The main aim of the observations was
of brightness temperatures from that sample is consistent withdetermine the number of sources suitable for imaging with
the intrinsic brightness temperaturef = 5.3 x 10'! K. The VLBI at 86 GHz. The observations were one of the first sys-
observed decrease @f, along the jets can be reproduced byematic studies of a large sample of radio sources with VLBI at
adiabatic losses in relativistic shocks embedded in the jet. 86 GHz, albeit limited by uncertainty of amplitude calibration
and a small number of participating radio telescopes. Inclusion
Key words: galaxies: active — galaxies: jets — galaxies: nuclef larger radio telescopes in Europe has improved the sensitiv-
— galaxies: quasars: general — radio continuum: galaxies ity of the data from the April 1993 campaign by a factor of 3,
compared to the observations of Beasley et al. (1996) and Lons-
1. Introduction dale et al. (1998). For many of the observed objects, however,
we could only obtain “snapshoti\-coverages, which limits the
VLBI continuum observations at 86 GHz (3.5 mm) have begfynamic range and structural sensitivity of the data.
made since 1988, and have enabled probing the most compactpreliminary results from the survey have been presented by
Send offprint requests té.P. Lobanov Krichbaum et al. (1994b, 1995, 1996), Schalinski et al. (1994),

* Figs.25 to 30 are only available in elec.and Standke et al. (199_4). For several of_the observed sources,
tronic  form with the On-line publication at the presented data are first VLBI observations at 86 GHz. We de-
http://link.springer.def/linl/service/journals/00230/tocs/t0364002/.  Scribe the observations and post-processing inSect. 2. Particular
Tables 1,4,5 are also available at the CDS via anonymous ftpatiention is paid to the discussion of the antenna gain calibration
cdsarc.u.strasbg.fr(130.79.128.5) or via http://cdsweb.u.strasbg.fri@escribed in Sedi. 2.1) and procedures employed for analyzing

bin/gcat?J/A+A/(vol)/(page). the structure of the observed objects (Ject. 2.2). The results and
1 Very Long Baseline Interferometry
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Table 1.Source list

Name Q2000 82000 Status ZJr TypeT ml Tb,max
1) 2 @B @ 5) (6) )
0016+731 00 19 45.78675 +73 27 30.0189 — 1.781 LPQ 18.0
0212+735 0217 30.81339 +73 49 32.6233 + L 2367 HPQ/BL 19.0 >0.6
0224+671  4C67.05 02 2850.05172 +672103.0310 ++ ... >27
0235+164 0238 38.93006 +163659.2789 + L 0.940 BLLac 19.0 >1
0420-014 04 23 15.80059 —01 20 33.0627 — RL 0915 HPQ/BL 17.8
0528+134 053056.41665 +133155.1484 + L 2.06 LPQ/BL 20.0 29
0552+398 DA193 0555 30.80564 +39 48 49.1654 + 2365 LPQ 18.0 4
0642+449 06 46 32.02621 +44 51 16.5903 ++ 3.396 LPQ 18.5 47
0716+714 07 2153.44791 +7120 36.3611 +4+ 0.300 HPQ 15.5 2
0836+710 4C71.07 08 41 24.36799 +705342.1770++ L 2.17 LPQ 16.5 3
0923+392  4C39.25 0927 03.01375 +390220.8505+ + L 0.699 LPQ 17.9 3
1226+023 3C273B 1229 06.69970 +020308.5958 + RL 0.158 LPQ 12.9 50
1228+126  3C274 1230 49.42358 +122328.0440 + L 0.004 E/Sy 9.6 6
1253-055 3C279 1256 11.16667 —0547 21.5392 + + RL 0.538 HPQ/BL 17.8 110
1641+399 3C345 16 42 58.80967 +394836.9954 + RL 0594 HPQ 16.0 15
1730-130 NRAOS530 17 33 02.70566 —13 04 49.5442 ++ 0.902 LPQ/BL 185 15
1742-289 Sgr A 17 45 40.08483 —29 00 27.7795 + .. Sa/Sy 4
1749+096 17 51 32.81846 +09 39 00.7315 ++ 0.322 HPQ/BL 16.8 9
1803+784 18 00 45.68364 +782804.0206 ++ L 0.680 BL Lac 17.0 1
1823+568 1824 07.06809 +565101.4939 ++ L 0.664 BLLac 18.4 10
1928+738 1927 48.49468 +735801.5723 ++ L 0.302 LPQ 16.5 16
1957+405 Cygnus A 195928.35839 +404402.4249 +4 0.056 E/Sy 15.5 14
2005+403 2007 44.94499 +40 29 48.6113 + 1.736 LPQ 195 >0.5
2007+777 2005 30.99883 +77 52 43.2493 + 0.342 BLLac 16,5 >0.1
2030+407 Cygnus X-3 203225.76740 +4057 28.2794 + .. Star >1
2145+067 DA 562 2148 05.45857 +06 57 38.6061+ + RL 0.990 LPQ 16.5 17
2230+114 CTA102 22 3236.40937 +114350.9024+ + RL 1.037 HPQ/BL 17.3 4
22514158 3C454.3 225357.74786 +16 08 53.5655 + RL 0.859 HPQ/BL 16.1 9

Notes:T — information obtained from NASA/IPAC Extragalactic Database, http://nedwww.ipac.caltech.edu. Column designation: 1,2 — source
coordinates3 — status: “—" — not detected; “+" — detected; “++" — detected and imagBt— observed by Rantakgret al. (1998); L" —
observed by Lonsdale et al. (1998)- redshift 5 — type 6 — optical magnitude? — highest brightness temperature (in unit$®{°K) measured

from our data.

images obtained from the observations are presented if$eatefrences to other VLBI observations of these objects made at
In Sect{#, we discuss the distribution of brightness temperatuB&sGHz.
measured in the observed sample of sources, and relate this disFringes were detected on baselines between 5 participating
tribution to the intrinsic brightness temperatures and apparéegiescopes (listed in Tablé 2). The data were recorded with a
speeds in parsec-scale jets. We also provide a comparisonlde MHz bandwidth, using the MK 11l VLBI system (Rogers
tween the brightness temperatures measured in our sampleetnal. 1983) in mode A. The observations were made in left
those reported in the sample of radio sources monitored witincular polarization (LCP). We recorded 3-4 scans per hour,
the VLBAR at 15 GHz (Kellermann et al. 1998). using the time between VLBI scans for focus checks, pointing
Throughout the paper, we use the positive definition aihd calibration.
spectral indexp (S o« v®), and assume a Hubble constant The datawere correlated atthe MK III VLBI correlator of the
Hy = 100km s~ *Mpc~! and deceleration parametgr= 0.5. MPIfRﬁ, using a pre-integration time of 1 s. The data were sub-
sequently fringe fitted, edited, and calibrated using the MPIfR
correlator software (Alef 1989), the CalTech VLBI package
(Pearson 1991), and Difmap software (Shepherd et al. 1994). To
The observations presented in this paper were part of a coordduce the detection threshold, the scans with weaker detections
nated millimeter VLBI campaign in April 1993. We have obwere re-fringe fitted, using smaller search windows centered
served 28 objects: 26 AGN, the Galactic Center S§r #nd around rate and delay values extrapolated from adjacent scans
the X-ray binary star Cygnus X-3. The basic information aboutith stronger detections (for details of the method, see Krich-
the observed objects is summarized in Table 1, including thaum et al. 1992). In order to confirm the weaker detections

. ) ) found, we applied also the new method of incoherent fringe
2 Very Long Baseline Array, operated by National Radio Astronomy

Observatory, USA 3 Max-Planck-Institut fir Radioastronomie, Bonn, Germany

2. Observations
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search (programs AVERAGE and SEARCH) implemented iFable 2. Technical parameters of participating telescopes
the HOPS-package (Rogers et al. 1995).

The procedure described above has yielded fringe detsizime Code D Gain T%. i
tions for 26 objects. Fringes have not been found in the data [m]  [KAy] [K]
for 0016+731 and 0420-014 (most likely due to poor weathgfrelsberg 66 013 350 0.13

E

conditions during the observations). Onsala S 20 0.056 250 0.49
Pico Veleta P 30 0.14 180 0.55

Quabbin Q 14 0.024 320 0.43

Haystack K 37 0.058 200 0.15

The fringe fitted data were amplitude calibrated using reg”'ﬁBtesa—diameter‘o—systemtemperature—

measurements of the system temperatures and antenna temRfinated diameter at 86 GHz.

atures. Where possible, time-dependent factors in the antenna

power gains were accounted for by applying atmospheric opagble 3. Average antenna gain corrections

ity corrections. We have also made corrections for pointing er-

2.1. Amplitude calibration

eficiency, d —efective

rors of the Effelsberg antenna, applying total flux density mea- Unrestriced Restricted

surements made during the observations, in the gaps betwesascope corrections corrections

the VLBI scans. o _ Effelsberg ()  1.17€0.288 1.15%0.362
In order to check the visibility amplitudes, we have compnsala (S) 0.8190.144 0.89%0.128

pared, where possible, cloge-points from different baselines, Pico Veleta (P) 1.0280.153  0.984-0.043
attempting to solve for the antenna gains. As an additional chétkystack (K) ~ 1.0320.149 1.02#0.057
for the accuracy and consistency of the amplitude calibration, @gabbin (Q) 1.0150.303  1.012:0.044
have tested (independently for each of the detected sources) the

calibrated visibility amplitudes against single Gaussian compo- )

nent models obtained from the data (the corresponding mod&i@: Structure analysis

are given in Tablel4). For each of the sources, the antenna gaifg yv-data available for each of the observed sources is de-
were allowed to be scaled by a constant factor so as to optimiggined in Tablél (Columns 2—-10) which lists the number of
the fit by the Gaussian model. In one set of the trials, variatiopgibimy and closure phase datapoints, the time span covered
of the antenna gains were unrestricted. In the second set ofgieypservations, and the correlated flux densities measured on
trials, the antenna gains were assumed to have 20% errors.gflerent baselines. The distributions of visibility amplitudes
then inspected the corrections obtained, searching for possike presented in Appendix C for several objects in which the
systematic offsets or singular cases of exceedingly large corrggservations have enabled detailed analysis of compact struc-
tion factors. ture. Because of the small number of baselines and visibility
The obtained corrections are within 10% for most of thgatapoints and relatively high uncertainties of the amplitude
sources, which is also reflected inthe average corrections fact4fpration, we have adopted a three-step procedure intended to

listed in Tabl€ B. On the average, the gain factors for Pico Velefginimize the possibility of introducing errors into the structural
Haystack, and Quabin remain essentially unchanged. The g@formation derived from the survey data.

eraged gain changes for Effelsberg and Onsala suffer from
the substantial corrections required by the trials for 4C39.25, .
1823+568 and 3C454.3. The larger corrections obtained fof-1- Single-component models

4C39.25, 3C454.3, and 1749+096 are most likely due to thg the first step, we model the visibility data for each object
presence of extended structures not accounted for by the sirtg)ea single elliptical Gaussian component, and examine the
Gaussian component models, and therefore are not likely tog@eemem between the model and observed visibility ampli-
dicate calibration errors. The only source in which we expegides and (where available) closure phases. The resulting single-
to have serious calibration errors is 1823+568. If we exclu@gmponent modelfits are presented in Columns 11-14 of Ta-
4C39.25, 1823+568, 3C454.3, the average corrections for bgiZ. For seven of the objects observed (0212+735, 0528+134,
Effelsberg and Onsala fall within 5%. We therefore concludga193, Sgr A, 2005+403, 2007+777, and Cygnus X-3), a
that systematic gain errors are not likely to compromise Okliingle-component model is the only kind of structural informa-
data. Time-dependenterrors may still be presentin the calibragggh that can be obtained from the survey data. For the other eight
data, which results in overall expected calibration accuracy(ggjects (0224+671, 0235+164, 0642+690, 0716+714, 3C274,
20-30%. The absence of larger calibration errors can also 1¥3+568, 1928+738, and Cygnus A), imaging is possible, but
inferred from Figl and Columns 6-10 of Table 4 which showe amount of data available is too small to localize reliably the
that in all of the observed sources, the correlated flux densiti8gended structures. For all these objects (except 0224+671),
are always smaller than the reSpeCtive total flux denSity. we app|y the Sing]e_component model fits as Starting models
and make images, comparing the noise level in the images with
the RMS-noise for the Gaussian models. For 0224+671, a two-
component model listed in Takll[é 5 was used as a starting guess.




Table 4. Correlated fluxes, single Gaussian component modelfit parameters, and CLEAN image parameters of the survey sources

Source Database Description Total and Correlated Flux Densities Modelfit Parameters Image Parameters
Array Nyy Nao Ns Stot SB B SB B S a bla 10} St Sp Sh o Beam

&) 2 G @& ©6 (6) () (9 (0 (11) (12) d3) @14 (15) (16) @17 (18) (19

0212+735 EPK 76 2 14 02+01 440 0.24+0.1 1600 13 035 10

0224+671 SPK 148 37 2 22 03+0.1 700 0.2+0.1 1600 05 013 03 162 033 0.16 35 1.8.15;0.06;—3

0235+164 ESKQ 149 3 31 08+03 20 05402 1400 0.8 032 0.2 3 092 061 6.9 2.2.64;0.08;2

0528+134 EK 114 3 51 0.5+£04 1500 41 011 0.6 69

DA193 EPK 112 3 1.4 0.3+0.1 1400 05 0.08 10

0642+449 ESPK 185 4 1.1 04+02 700 0.24+0.1 1150 0.3 0.04 04 47 0.39 0.32 34 1.3.21;0.11; —61

0716+714 ESPK 113 3 0.8 044+0.2 430 0.2+0.1 1550 04 0.06 1.0 0.36 0.30 5.2 1.70.21;0.08; 65

0836+710 ESPK 181 62 4 11 04+£02 680 0.24+0.1 1550 09 029 03 78 1.05 0.46 3.5 1.70.24;0.07; 78

4C39.25 ESPKQ 299 74 4 54 03+0.1 230 01+0.1 1600 19 008 09 42 3.13 0.51 10.2 2.8.15;0.11;19

3C273B EPK 226 75 3 20.1 12.0£1.0 330 3.44+0.1 1550 164 049 0.2 3 1222 6.74 33.2 10.D2.28;0.07; -2

3C274 EPK 106 1 1.1 024+0.1 380 0.2+0.1 1600 0.3 003 1.0 . 0.32 032 6.0 2.00.27;0.06;4

3C279 EPK 111 36 2 130 3.14+0.2 370 0.8=£0.1 1600 79 008 04 94 792 451 9.0 3.10.38; 0.06; —1

3C345 ESPK 300 74 2 6.3 084+0.2 720 0.3+£0.1 1200 56 068 0.7 295 289 135 140 5.9.18;0.09; —32

NRAO530 ESPK 1260 310 11 6.3 45+03 80 1.0+0.3 1600 46 0.06 0.8 8 4.67 245 73.0 28.3.35;0.07;—2

Sgr A* EP 114 3 21 1.04+0.5 300 1.3 0.22 1.0

1749+096 ESPK 1792 741 11 3.0 0.8+0.2 200 0.4-0.8 1600 0.8 0.07 04 24 146 0.66 20.0 6(122;0.06; 3
0.5-1.0 540

1803+784 ESPK 443 37 8 15 08+£0.2 490 0.24+0.1 1600 1.0 014 0.6 70 0.63 0.25 6.4 2.3.14;0.07; —31

1823+568 ESPK 298 73 2 28 1.3+£03 720 0.74+0.1 1550 0.8 0.05 1.0 1.30 1.02 10.0 3.3.15;0.06; —23

1928+738 ESPK 334 7 1.3 0.3+£0.1 360 0.2+0.1 1600 0.3 005 1.0 030 022 40 1.2.17;0.08;11

Cygnus A ESPQ 149 2 1.8 0.8+£0.2 460 0.6+0.3 1600 08 0.03 10 081 0.73 21.0 11.9.17;0.06;—19

2005+403 EP 38 1 1.3 0.24+0.1 485 1.2 0.32 1.0

2007+777 ESP 149 4 14 0.6+0.2 470 11 050 1.0

Cygnus X-3 SPK 74 2 0.2 0.2+0.1 1450 0.2 0.05 1.0

2145+067 ESPKQ 410 73 4 54 12+£02 355 034+0.1 1600 1.2 010 01 172 126 0.60 12.0 3.9.31;0.08;5

CTA102 ESPK 699 37 8 15 05+02 600 0.2+0.1 1600 05 010 06 351 128 050 126 3.4.21;0.06;3

3C454.3 ESPKQ 1798 784 13 8.2 22+0.2 15 0.1-1.0 1600 1.8 008 0.1 92 276 070 245 7®18;0.07;5
0.5-2.0 480

Note: names of the sources for which an image is presented in this paper are given in bold. Column destyrgi#ticipating telescopes (see Table 2 for technical details); 3 —
number ofuv-datapoints4 — number of closure phase datapaifts- number of 6.5-minute long observing scais- total flux density [Jy] (obtained from pointing and calibration
scan measurements made at Effelsberg); 7,9 — correlated flux density [Jy] measured on baselines] 8116-IM — model fit by a single Gaussian component: 11 — flux [Jy], 12 —

6¢€
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major axis [mas], 13 — axial ratio, 14 — position angle of the major &jislb—19 — image parameters: 15 — total CLEAN flux density [Jy], 16 — peak flux density [Jy/beam], 17 —
lowest positive contour in the image [mJy/beam], 18 — off-source RMS in the image [mJy/beam], 19 — restoring beam major axis, minor axis, P.Aoo&iti® [majs,mas).
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Fig. 1.4C39.25. Model fit and CLEAN relativg®-agreement factors Fig. 3.2145+067. Model fit and CLEAN relative’-agreement factors

for the entire dataset (bold lines and filled symbols) and individugdy the entire dataset (bold lines and filled symbols) and individual
baselines (thin lines and open symbols). The agreement factors g8elines (thin lines and open symbols). The agreement factors are
normalized to their respective largest values. normalized to their respective largest values.
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Fig. 2.1749+096. Model fit and CLEAN relativg*-agreement factors Fig. 4. 3C454.3. Model fit and CLEAN relativg?-agreement factors

for the entire dataset (bold lines and filled symbols) and individu%r the entire dataset (bold lines and filled symbols) and individual

baselines (thin lines and open symbols). The agreement factors @leqines (thin lines and open symbols). The agreement factors are
normalized to their respective largest values. normalized to their respective largest values.

The image parameters obtained are listed in Columns 15-19 of

Table[4, for all objects which have been imaged. model. The modelling is stopped whenever the introduction of
an additional Gaussian component does not lead to a sensible
improvement of the fit (expressed quantitatively by the reduced
x2-agreement factors). The resulting multi-component models
We obtain multi-component Gaussian models for the remainiagd corresponding?-agreement factors are presented in Ta-
11 objects (printed in bold face in Talile 4) in which the respeble[5. FigsTOLE4 present relative changes of fReagreement

tive single-component model has a very small axial ratio tactors depending on the number of the model components. The
does not represent the data satisfactorily. The multi-componagteement factors are shown for the 4 objects in which more
models contain 2-5 circular Gaussian components, dependimgn 3 Gaussian components have been identified (4C39.25,
on the complexity of the source structure. The complexity of ti&49+096, 2145+067, and 3C454.3). For each object, we plot
final multi-component model is determined for each of the mothe agreement factors for the entire dataset, as well for individual
elled objects from monitoring of the changes of the agreemédratselines. All plotted quantities are normalized to their largest
factors with increasing number of Gaussian components in tedue. The x-axis gives the number of Gaussian components in

2.2.2. Multi-component models
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the respective models. For comparison, we also show the agreeg’O
ment achieved by the CLEAN-component model from the
hybrid image of the respective source (see next section rega\gdho i
ing the imaging procedure). Fig$[1—-4 show convincingly tHe-
presence of extended structure in each of the presented obje§ts:
the agreement factors of multi-component models are 2—7 timgszp - i
better than the values obtained for the fits by single—compone‘ﬁt
models. IS

[0)

20

c

5]
2.2.3. Hybrid images §
-
We produce hybrid maps of the 11 sources for which multi- 101 i
component model fits have been made. For each object, its re-
spective multi-component model is used as a starting guess. To 0
improve image quality, we apply the self-calibration method 0.0 0.2 0.4 0.6 0.8 1.0
(see Cornwell 1995) to the visibility phases. We do not modify VLBI/total flux density
visibility amplitudes, except for introducing an overall, time-

tant qai tion fact h e ired for i Fig. 5. Fractions of objects with given ratios of VLBI flux density to
constant gain correction factor wherever it 1s required 1or Il5, density (Column 2 of Table 4). Open rectangles denote the

provmg the agreement t_’etwee” the model "’.md the data. Fﬁﬂb of the correlated flux densities on long baselines (Column 9 of
images are produced using the CLEAN algorithm (Clark 198@3pje 4) to the total flux densities. Filled rectangles show the ratio
within tightly restricted areas. In several cases, we also pitween the modelfit flux densities (Column 11 of Table 4) to the
duce images containing both elliptical Gaussian componemiil flux densities. Both distributions indicate that roughly 75% of the
and CLEANJ-components. observed sources are resolved at 86 GHz.

The procedures described above have allowed us to control
and verify the quality of the results at each of the step of the

analySiS, and we view them sufficient for eStabliShing the reliéeak flux densitySp' off-source RMSg, and parameters of the
bility of the structural information we have obtained (within theestoring CLEAN beam. For each of the imaged sources, the
limits determined by the quality of the data obtained for eaghyiti-component modelfits and corresponding brightness tem-
of the observed objects). peratures are given in Talile 5. Circular Gaussians were used for
all of the multi-component modelfits. Below, we discuss briefly
the results for selected sources from our list. The same naming
convention is adopted for all of the sources except 0224+671
For the detected sources, Table 4 lists the correlated flux demsid 4C39.25. We designate the “core” to be the most compact
ties measured on mediurd (700 M) and longest¥ 1200 M) and bright component, and call it the component “C”. Other
baselines. A single-component modelfit is also presented fetected components are called J1, J2, and so on, in decreasing
each source in Tablg 4. For the sources with sufficient amownder for increased separation from the core. In 0224+671, we
of data, formal image parameters are also listed (including taee not able to distinguish the “core” component. For 4C39.25,
sources in which the available closure phase information prge adopt the naming convention used by Alberdi et al. (1997).
cludes unambiguously locating the emission). The flux den§i224+671

ties obtained from single component modelfits (Column 7 @he uv-coverage obtained does not allow to locate unambigu-
Table 4) and the correlated flux densities measured on longassly the position angle of the secondary component. We can
baselines (Column 5 of Table 4) both indicate that more thamaly infer that the two components are separated-Byl mas.

half of the observed sources are resolved, and only one quaftee model fit (see Tablg 5) givés= 26° + 52" for the position
remains unresolved (Fig. 5). We would like to emphasize thaitgle of the secondary component. This agrees roughly with
Fig.Hreflects only the general properties of tivedistributions the north-south elongation reported in the 1.4 GHz VLBI im-
observed, and does does notimply that the resolved objects ragg of 0224+671 (Bondi et al. 1996). The inferred fluxes may,
not contain a very compact and possibly unresolved core regibnwever, be too low, suffering from the lack of short baseline
data.

0235+164

No closure phase information is available. The source appears
In Figs[6£16 and Tablél5, we present images and muli> be resolved, as deduced from the measured correlated flux
component modelfits obtained for the sources with sufficiedénsities and the single component modelfit given in Table 4. At
amount of data available. In all of the images, the contoumwver frequencies, the source is typically found to be unresolved
are drawn at -1, 1, 1.5,...,I.®f the lowest flux density level, (Kellermann et al. 1998; Gabuzda & Cawthorne 1996). At the
Sy, indicated in each individual image (and also listed in Teepoch ofthe observation (1993.27), the 88 GHz light curve ofthe
ble[4). For each image, Taljle 4 lists the total CLEAN fldx, source has just passed through a maxinfum (Reuter et all 1997),

3. Results

3.1. Images and notes on individual sources
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Table 5. Multi-component modelfits

geak Séyot Tc 0(1 d(’ Tg Ximp leo Xgot
1) &) 3 4 ®) (6) () ® (9 (10
0224+671
C1 158+16 159+23 . 0.0%0.01 16+4 0.93 1.53 1.26
C2 165t21 14G£28 0.1Gt0.01 26£52 0.010.01 2H8T7 125 1.19 1.24
0836+710
C 461 + 65 957 4+ 149 . 0.124+0.03 1.54+0.5 1.98 1.50 1.85
J1 404 + 45 566 £ 78 0.12+0.02 199.0£2.2 0.08 £0.02 3.2+ 0.8 1.20 1.06 1.15
4C39.25
A 486 £ 73 630 + 119 ... 0.0740.02 3.0£1.0 3.07 8.16 4.03
B 653 £115 1543 +£362 0.24 £0.03 —40.9+6.5 0.24 £0.06 0.24+0.1 1.88 1.16 1.74
C1 144 £+ 36 42075 0.78 £0.07 —66.2+2.7 0.12+0.03 0.4£0.2 1.39 1.17 1.35
C2 66 £ 10 106 £18 1.82+£0.12 —-75.2+23 0.12+0.04 0.24+0.1 1.26 1.17 1.25
D 60 £ 10 116 £20 3.11£0.18 —81.1+2.1 0.04£0.01 1.1+04 1.12 1.13 1.12
3C273B
C 6750 £380 7880 £ 580 ... 0.06£0.03 50+6 20.40 1.33 17.69
J1  6170+470 4400£580 0.05+0.02 —90.9+15.0 0.05+0.02 46 £ 8 459 0.92 4.42
3C279
C 4510 £650 5050 £ 970 ... 0.03£0.01 110+37 10.26 1.46 8.94
J1  2320+290 2630 +450 0.07+0.02 —81.1+5.1 0.04+£0.02 36 £10 9.07 1.30 7.91
3C345
C 2070 £220 2610 %+ 350 ... 0.06 +£0.04 15+4 4.03 2.60 3.79
J1 655 + 72 970 £ 130 0.17£0.03 —62.9+3.7 0.04+£0.02 11+ 2.7 359 120 3.26
NRAO530
C 2450 £200 2380 % 280 ... 0.07+£0.03 15+4 8.10 1.49 7.28
J1  1562+£150 1920+£244 0.27 £ 0.06 —0.9£80 0.10£0.03 5.1£1.1 414 141 3.76
1749+096
C 708 £ 151 530 £+ 188 .. 0.04£0.01 9.1£4.3 238 1.32 2.12
J4 653 £ 115 451 +140 0.06 £0.10 —-9.8£6.9 0.08£0.02 24+£09 1.76 1.30 1.62
J3 144 + 36 156 £53 0.38£0.04 0.2£21 0.06£0.02 0.8£04 142 1.30 1.40
J2 142 + 34 337+£86 1.31+0.06 13.1+6.2 0.12£0.05 0.2+0.1 136 1.19 1.32
J1 64 £ 20 65+29 2.13£0.08 222429 0.06 +0.04 0.4£0.3 1.27 1.19 1.26
1803+784
C 254 £ 31 448 + 63 ... 0.08+0.03 1.2+0.3 138 191 1.42
J1 221 + 28 376 =56  0.27 £ 0.06 —0.9£80 0.08£0.03 0.8£0.2 1.07 1.88 1.15
2145+067
C 600 £+ 89 647 £ 125 .. 0.03£0.01 17+ 6 724 1.78 6.20
J3 32775 439 £126 0.09 £0.02 106.2+4.0 0.06 = 0.01 32£16 4.62 3.00 4.31
J2 268 £+ 61 431 +115 0.294+0.06 107.0+£1.9 0.08 £ 0.02 1.24+0.6 209 174 2.02
J1 31£11 53 +£22 0.46 £0.06 105.0£0.9 0.03 +£0.02 1.0£0.8 205 1.75 1.98
CTA102
C 503 £ 67 638 4+ 108 ... 0.0740.02 3.5£1.0 224 135 2.13
J2 150 £ 30 213 4+£525 0.08 £0.02 92.1+5.8 0.08 £0.02 0.7£0.3 202 1.38 1.96
J1 224 £ 40 464 +92 0.18 £ 0.07 157.0+4.1 0.14+0.04 0.4+£0.2 199 1.32 1.90
3C454.3
C 700 £ 92 866 + 146 ... 0.05+0.01 8.7+25 2335 347 1782
J4 142 4+ 20 266 £42 0.22+0.02 —28.8+ 1.7 0.09=£0.02 0.5+0.2 501 1.48 4.03
J3 747 £98 1076 =171 0.36 £0.03 —60.9+0.7 0.07£0.02 46+1.3 428 1.66 3.55
J2 265 + 37 313+£57 0.97+0.10 —81.4+0.7 0.05+£0.02 29+09 3.59 1.56 3.02
J1 76 £ 19 125 +£37 1.46=£0.11 —786+1.0 0.20+£0.05 0.05%£0.03 294 1.46 2.53

Column designatiarl — component nam — peak brightness of the component measured in the image) [mJy/i®amjodelfit flux density
of the component [mJy} — radius [mas]5 — position angleq]; 6 — size [mas] 7 — measured brightness temperaturé(§*°K]; 8—10 —y? of
the fit after introducing the respective component into the model (top-to-bottom, beginning from th&coagplitude9 — closure phase; 10
— combinedy?.
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Fig. 6.Image of 0836+710. The image parameters are given in Table 4. Relative RA. [mas]

Parameters of the components identified in the jet are given in Tablq:t'-'gj_ Images of 4C39.25 based on a 5-component (top) and 3-

Shaded ellipse represents the FWHM of the restoring beam in &§nponent (bottom) Gaussian models of the source structure. The pa-

Image. rameters of the image in the top panel are given in Table 4. Shaded
ellipses represent the FWHM of the restoring beams. The locations
of the Gaussian components are marked in each image. Parameters

6the components identified in the top image are given in Table 5.

the latter possibly indicating the ejection of a new plasmon mE th images are produced in a similar way: the visibility phases have

:Eg Jse;h\r'\ézl(:h would agree well with the observed extension Bgen calibrated with the respective Gaussian model, and 200 iterations

of the CLEAN algorithm have been applied within a set of windows
0642+449 and 0716+714 surrounding the Gaussian components. The sets of windows, shown
Both sources are resolved, and each is observed during a fiis€ach panel, are identical for both images. In the bottom image, the
of its total flux at 88 GHz/(Reuter et al. 1997). However, botéff-source RMS noise is:30% higher, and there appears to be missing
sources appear essentially without structure, probably becafisebetween the components B and D. The top image accounts for this
of the insufficientuw-coverages. flux.
0836+710
We have reanalyzed the data for 0836+710, and improved the
original image presented by Krichbaum et al. (1996). The new
image is shown in Figl6. A secondary component “J1" is seérequencies. We have reanalyzed the data, and found evidence
at ~0.1 mas separation from the core “C". The position angfer emission between the components “B” and “D". This emis-
of J1 is poorly constrained by our data. J1 can be identifistbn is also present in the images at 43 GHz. We represent this
with the jet feature B3 studied by Otterbein et al. (1998), whemission by two additional components (“C1” and “C2”, in the
have related this feature to a broad-band flare which occurmatation of Alberdi et al. 1997).
in ~1992.1((von Linde et al. 7993). The further evolution of B3 In Fig.[4, we compare our 5-component model with the orig-
can be explained by Kelvin-Helmholtz instabilities developinipal 3-component model of Alberdi et al. (1997). Both images
in the parsec-scale jet of 0836+710 (Lobanov et al. 1998). shown in FigLY are produced using the same procedure: we first
4C39.25 calibrate the phases with the Gaussian model, and then apply
The modelfit agreement factors are presented iriFig. 1. The itne CLEAN algorithm inside the windows shown in £i§y. 7. The
age of 4C39.25 shown in the top panel of Fig. 7 reveals a bémiage obtained with the 3-component model has a higher noise
jet outlined by 5 enhanced emission regions. We are ableléwel, and shows evidence for additional flux between the com-
locate these regions by model fitting the visibility data and apenents B and D. The image obtained with our 5-component
plying the CLEAN algorithm to small areas tightly embracingnodel accounts well for the flux between B and D, and has the
the locations of the model fit components. The model fit compBMS noise reduced by 30%.
nents are presented in Table 5. The observation was originally Alberdi et al. (1997) identify the component D as the core of
presented by Alberdi et al. (1997), who fitted a model with the jet, and argue thatthe increased brightness of the components
Gaussian components (“A”, “B”, and “D”) to the visibility data,A and B is caused by Doppler boosting. In ourimage (Big. 7), the
and compared the model with images of 4C39.25 made at lowemponent A has the highest brightness temperdiyre= 3 x



A.P. Lobanov et al.: 86 GHz VLBI survey of compact radio sources 399

: : : : : : : — : : : : : : : L
0 lowest contour: 33.2mJy v
o[ 7 0 | lowest contour: 9.0mJy |
. N ) =
) 0! I
! 0! I
! [ B
V! ] " ]
Sl
E \U/ 1 E
H SR |
O o+ i 5]
2 8ot B
5 ¢ o L
E z ¢ ;
e ) |
- ) 9
[3) N ,/y [3)
e J‘\ ) ~
J1 ‘\’ | ;
0 T J1
o V e
| 1 pc S kb |
I 1 pc
\ ‘ ‘ ‘ ‘ \ ‘ ‘ ‘ ‘ \ ‘ L. ‘ ‘ ‘ \ ‘ ‘ ‘ ‘ \
0.5 0 —-0.5 0 —-0.5
Relative R.A. [mas] Relative R.A. [mas]

Fig. 8. Image of 3C273B. The image parameters are given in TableMg. 9. Image of 3C279. The image parameters are given in Table 4.
Parameters of the components identified in the jet are given in Tablé®arameters of the components identified in the jet are given in Table 5.
Shaded ellipse represents the FWHM of the restoring beam in tBleaded ellipse represents the FWHM of the restoring beam in the
image. image.

10'9K. The measured brightness temperature of the componduting a second component into the model while preserving, in
Dislower: T, p = 1.1 x 10*°K. both components, the axial ratio of unity. Rantakgt al. (1998)
3C273B also observed 3C279 in April 1993, during the same observing
In the image in Fid.B, the secondary component J1 is poodgssion of the CMVA. Theirimages show a more extended struc-
constrained by the data. 3C273 was observed nearly at the peem& (owing to a bettanv-coverage on short baselines), but lacks
of a flare reaching in April 1993 a flux density ef28Jy at the resolution of our image.

88 GHz|(Reuter et al. 1997). Both the core C and the compon&a345

J1 have a very high brightness temperature®% 10'! K. The The image in Fid_10 shows clearly a double structure, with the
component J1 can be identified with the feature C13 obsenjeticomponent J1 separated b).2 mas from the core. J1 is

at later epochs at 43 and 86 GHz (Krichbaum et al. 1996). most likely the result of the preceding flare which occurred in
3C274 1991 (Lobanov & Zensus 19099). This component can be asso-
Our data do not allow to detect any structure in the source. Ttiated with the jet component C8 detected at later epochs at
single component modelfit given in Table 4 should be taken wibwer frequencies (Ros et al. 1999; L&men et al. 1995).
caution. NRAO530

3C279 The distribution of the visibility amplitudes is presented in
For 3C279, we have reanalyzed the data, originally presentéd. 25 of Appendix C. The image in Fig.]11 shows a north-
in Krichbaum et al. (1996). The source was observed nearlyedrd extension, with a secondary component J1 separated by
the peak of a strong flare. In the image shown in[Big. 9, we ax®.3 mas from the core. The position angle of the secondary
able to identify a secondary component located at a distarmmemponent is poorly constrained by the data. We expect that
of ~0.07 mas from the core. Tha-coverage is insufficient for 6y, is in the range of=10°. We are not able to find a satisfac-
imaging structures larger tharD.3 mas. Our data consist essertory model with the source structure extended aléng —90°

tially of two adjacent scans, and the structural sensitivity of theported at the epoch of 1995.3 at 86 GHz (Bower et al. 1997).
dataset is obviously very poor. After a very careful examinatioffe find this apparent discrepancy acceptable, since substantial
of the calibration for 3C279 and several thorough cross-cheaksuctural changes have been previously reported in NRAO530,
of the procedures applied, we are convinced that the obserwath the position angle of extended emission varying between
extension is real. We have chosen a two-component represefi- and~ —180° (Marscher & Broderick 1981; Bondi et al.
tation for modelling this extension, in order to keep the cori996). We do not detect the low brightness halo inferred from
sistency of all of the models produced. In the case of 3C2798@aGHz VLBI observations made in 1994/3 (Doeleman 1995)
single-component modelfit cannot be made satisfactory unlessa 1995.3 (Bower et al. 1997). Our estimated brightness tem-
significant ellipticity is allowed for (see the respective numbeperature of the corg, ~ 1.5x 10! K agrees well with the value

in Columns 11-14 of Tablg 4). Therefore, we resorted to intré;, = (2.2 4+ 2.5) x 10! K obtained by Bower et al. (1997).
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100 ‘ Fig. 12.Image of 1749+096. The image parameters are givenin Table 4.
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70 £
60 [
%0 At about 2 mas distance from the core, the jet appears to turn
to P.A~25 , which agrees well with the observations at lower
frequencies (Gabuzda et al. 1996; Kellermann et al. 1998).
1803+784
A preliminary image was presented by Krichbaum et al.
(1994b). The image in Fig._13 shows a secondary component,
: : : ‘ J1, located to the West of the brighter core. We also detect traces
0 5 10 15 20 25 30 of fainter emission farther away from the core, but are not able to
Brightness temperature [10"10 K] constrain unambiguously its location, owing to insufficiamt

Fig. 11. Image of NRAO530. The image parameters are given in TROverage of our data. Similar eastward extension of the jetis ob-
ble 4. Parameters of the components identified in the jet are giverSfrved at lower frequencies (Kellermann et al. 1998). Our esti-
Table 5. Shaded ellipse represents the FWHM of the restoring beaniate of the brightness temperature of the core is smaller than that
the image. derived from VLBI observations at 8.4 GHZ( ~ 1.3 x 10K,

Airapetyan & Matveenko 1997).

1823+568
Recent space VLBI observations made at 5 GHz indicate Appears to be unresolved. The data, however, may have been
even higher brightness temperature of the core in NRAO5aflected by substantial calibration errors (see Sect. 2.1).
(T, ~ 3 x 1012 K, Bower & Backer 1998). 1928+738
1749+096 No closure phases are available. The visibility distribution and
The distribution of the visibility amplitudes is presented ithe results from model fitting indicate that the source is resolved
Fig.26 of Appendix C, and the modelfit agreement factoend has a size of about 0.05 mas.
are shown in Fig.12. The obtained-coverage allows imaging Cygnus A
of fairly extended structures in the jet (Figl 12). ConservativEheuv-coverage is not sufficient for imaging the source. Model
model fitting yields 4 components in the jet, with indications dftting gives a size of 0.03 mas, and a brightness temperature of
additional, however ill-constrained, emission on larger scalds, = (1.4 + 0.4) x 101!K.

40 -
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Fig. 13.Image of 1803+784. The image parameters are given in Tablé4g. 14.Image of 2145+067. The image parameters are givenin Table 4.
Parameters of the components identified in the jet are given in Tablé®arameters of the components identified in the jet are given in Table 5.
Shaded ellipse represents the FWHM of the restoring beam in tBleaded ellipse represents the FWHM of the restoring beam in the
image. image.
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2145+067 J lowest contour: 12.0mdy
The distribution of the visibility amplitudes is presented in | ]
Figs. 27-28 of Appendix C, and the modelfit agreement factors« |
are shown in Fig13. Inthe image in Figl14, we identify three fea- = |
tures in the jet which extends along the RA10". Ourresults c
are substantially different from the conclusions of Ranti‘akyrg
et al. (1998), who do not detect extended structures in thetr” |
86 GHz observation made at the same epoch. The agreer@nt I
factors listed in TablEI5 strongly suggest the presence of at legst, J2
two features in the jet, apart from the VLBI core “D”. The exteng or
sion of the jet along the P.A. 110 is supported by the projected &
visibility distribution plotted in Fig. 28. The position angle of ,
the jetin ourimage in Fi§14 is similar to that observed in VLBI & | -
images made at 15 GHz (Kellermann et al, 1998), 8.4 GHz (Ai- '

rapetyan & Matveenko 1997), and 43 GHz (Lister, priv. comm.). Lo tee

The outermost feature in the jet (J1) is poorly constrained by the: ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

data. Our estimated brightness temperature of the core is abouto.6 0.4 0.2 0 -0.2 -0.4

5 times lower than that reported by Airapetyan & Matveenko Relative RA. [mas]

(1997). . _ L
CTA102 Fig. 15.Image of CTA102. The image parameters are given in Table 4.

C o . . . Parameters of the components identified in the jet are given in Table 5.
The visibility amplitude distribution of the data is presenteghaded ellipse represents the FWHM of the restoring beam in the

in Fig. 29 of Appendix C. The image in F[g.]15 shows a be%age_
jet in which we are able to identify two emitting components.

The direction of the jet is in a good agreement with VLBI im-

ages of CTA102 obtained at 22 GHz (Rantaket al. 1996) and We have improved the image by calibrating the visibility phases
15 GHz [(Kellermann et al. 1998). by a model consisting of 5 circular Gaussians, and applying the
3C454.3 CLEAN algorithm within small areas surrounding each of the
The distribution of the visibility amplitudes is presented imodel components. The resulting image is shown in[Elp. 16.
Fig. 30 of Appendix C, and the modelfit agreement factors asgr A*

shown in Figl4. The data for 3C454.3 have been reanalyzed; Tie results of this single-baseline detection have been re-
original image was presented by Krichbaum et al. (1995, 1996prted by Krichbaum et al. (1994a). Our reanalysis of the data
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lowest contour: £5.0mly 4. Brightness temperature and jet physics

Despite the sparse~coverages at 86 GHz, the brightness tem-

J2 J1
‘ peratures measured in our VLBI images provide a useful base
for studying the general properties of compact jets. We com-
bine the measured brightness temperatures, and apply a basic
| model of brightness temperature distribution, in order to deduce
the collective properties of the 24 AGN observed. The range of
conclusions that can be drawn from such a study is, however,
., 00 O ° ‘ limited, since a substantial fraction of the measured values are,
-1

-15 in fact, lower limits of brightness temperature (SECi. 4.2).

0.5
T

Relative Dec. [mas]

0

Relative R.A. [mas]

Fig. 16.Image of 3C454.3. The image parameters are given in Tablegq Population model for the jet brightness temperatures
Parameters of the components identified in the jet are given in Table 5.

Shaded ellipse represents the FWHM of the restoring beam in & model the distribution of the measured brightness temper-
image. atures by a simple population model based on the following
assumptions:

a) all jets have the same Lorentz factey & 10 in our cal-
culations, but the results depend weakly on the choice of this
] factor);

b) all jets have the same spectral index= —0.7, and the

] intrinsic brightness temperaturg,, is the same for all jets;

c) the jets are assumed to be straight within the spatial scales
(~0.5-10 pc) probed by the observations;

d) the jets are oriented randomly (within the limits of viewing
angles required by Doppler boosting bias), and the observed
distribution of measured brightness temperatufgsis caused
solely by relativistic boosting of the emission.

1 For each measuréef,, the corresponding Doppler factor is

Size [mas]

107 ‘ ‘ ‘ 6= (Tv/To)" - @)
1 10 100 The powerindexis1/(2—a) foracontinuous jet, ant)/ (3—a)
Frequency [GHZ] for a single emitting plasmoh (Blandford &dfigl 1979).

Fig. 17. Measured size of Cygnus X-3 at different frequencies. The FOr such a population of radio sources, one can readily see
measurements at 0.4-43.2 GHz are provided by Krichbaum & Schalihat the probability to find a radio source with the brightness
ski (unpublished data). The datapoint at 86.2 GHz is from this papgmperaturdly, is oc (2701 — 672 — 1)1/2 (see Appendix A
Solid line represents the scattering law (size-~?), indicating that for details of the derivation). If (as one may expect) the Lorentz
Cygnus X-3 remains scattered even at 86 GHz. factors, intrinsic brightness temperatures, and spectral indices
vary in the jets, the corresponding probability density distribu-
yields a slightly weaker§ = 1.3 + 0.4Jy), more compact tions should be used in place of single values as adopted in our
(d = 0.22 + 0.5 mas) Gaussian component, corresponding tgigscription. The analysis for this case becomes similar to the
slightly higher brightness temperatifg = 4 + 2 x 10°K. The approach described by Vermeulen & Cohen (1994). However,
derived size is in better agreement with the values obtainedtg small size and obvious incompleteness of our sample force
Rogers et al. (1994) and Krichbaum et al. (1998). us to use single values of the model parameters.
Cygnus X-3 Under the assumptions outlined above, we obtain the prob-
Cygnus X-3 is a well known X-ray binary with strongly vari-ability distribution of brightness temperatures
able radio emission, possibly originating from a relativistic out- /2
flow (Newell et al. 1998). Our data for Cygnus X-3 consist Ty)
weak detections on two long baselines of almost equal lengt

ﬁ:e;?g(l:\g;‘g tg?ﬁecgtﬁlﬁ? (222 _Ta%;;uif dV\;)e nﬁ?c;tf;irt():ﬁe- Since the observed sample is biased by Doppler boosting,
) %‘e lower end of the observed distribution of brightness temper-

Gaussian to the visibility data, and obtain a formal estimate o
0.05 + 0.02 mas for the size of the object. The radio emissio%tures depends on the sensitivity of VLBI data. To account for

from Cygnus X-3 is strongly scattered, and the obtained S.th|s, we use an estimate of the lowest brightness temperature

ize :
S AN at can be measured from our dafg,, = 5 x 10®K. Objects
indicates that at 86 GHz scattering is still present (sed_Flg. 1\%Ith brightness temperatures lower thiin, would not be de-

tected, implying that the distribution described by (2) includes

1
2%i(To /Tv)* — (To/Tp)* — 1
71

(@)
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Fig. 18.Distribution of the measured brightness temperatures. The Ifiig. 19. Distribution of the brightness temperatures measured in the
size is5 x 10'°K. Shaded areas mark the VLBI cores, open areas get components. The bin size fsx 10'°K. Curved lines show the
the jet components. Curved lines show the predicted distributionspredicted distributions in a sample of randomly oriented jets with the
a sample of randomly oriented jets with the given intrinsic brightnegéven intrinsic brightness temperatufg,. The observed distribution
temperaturely. The best approximation of the observed distribution isas most of the objects concentrated in the first bin, allowing to obtain
produced by a population of jets with intrinsic brightness temperaturesly a crude upper limit of ; < 5 x 10'°K.

To ~ 0.1-1.0 x 10"'K.

----------- 5410710 K =
12 ¢ ——- 1*10M1 K y=10 1
only those sources in which the approaching jet is ejected at a o—o 2*10M1 K
iawi ---- 3*10M1 K
viewing angle smaller than o 107 T ok ,
° e 5410M1 K
% = (To/Thim)¢ 2 gl o0 6*10M1 K i
Blim = arccos RNV (3) ©
(Viim — 1) 5
@

We normalize the results obtained frof (2) to the numb& or

of objects in the lowest bin of the histogram. We choose a hin
size of5 x 10'°K and plot, in Figl’IB, a histogram of the distri-
bution of all measured brightness temperatures (including both )
the cores and the jet components). For several valugég, tfie
corresponding model distributions are indicated by the curves :
in Fig.[I8. The data allow only a crude estimate of the range 0 0 20 40 60 80 100 120
of intrinsic brightness temperatures which provide the best ap- Brightness temperature [10"10 K]

proximation of the observed distribution. We obtdin~ 0.1- _. o . .
11 . L L Fig. 20. Distribution of the brightness temperatures measured in the
1.0 x 10**K. For this range ofl,, no significant intrinsic evo- L 10 X
uti fthe i - h | bed b VLBI cores. The bin size i$ x 10""K. Curved lines show the pre-
utiono _t e jetemission (ont _e scales probe y'ou'r m?asuafc'ted distributions in a sample of randomly oriented jets with the given
ments) is needed for reproducing the observed distribution. jytinsic brightness temperatutg,. Shaded areas reproduce the distri-
Fig[I8 suggests, however, that there may be a differenggion of brightness temperatures in the same sample of objects mea-

between the distributions of brightness temperatures measw@@d with the VLBI at 15 GHz (taken from Kellermann et al. 1998).
in the cores (shaded rectangles) and in the jet components (ope#best approximation of the observed distribution at 86 GHz is pro-
rectangles). For the jet components alone, our model indicatiesed by a population of jets with intrinsic brightness temperatures
To < 5 x 1019 K (Fig.[19). For th ly, sh i To ~ 1-4 x 10*K.

n < g.[19). For the cores only, shown in Fig]20706
we obtainTy ~ 14 x 101 K. ForT > 5 x 10! K, the peak in
the predicted distribution shifts rapidly toward higher brightness
temperatures (for instance, the peak is found & x 10''K, 4.2. Shortcomings of the population model

for Ty = 10'2K). Given such rapid changes of the distributionz h d ab b ial fraction of the derived
obtained with high values dfj, we conclude that the intrinsic S we have stated above, a substantial iraction of the derive

brightness temperature in the cores is not likely to be mu tht”e_ss temperatures may, in fact, represent only _the lower
higher tharb x 10! K. imits (since many of the observed VLBI cores are likely to

be unresolved). We make several comments with regard to the
results obtained in the previous section:
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. . . . 00 05 10 15 20 0.0 0.1 0.2 0.3
1) The obtained model distributions cannot be made steeper, :

even if some of the measurdg are only lower limits of the | . [ = . 1749+096 | [ 2145+067

brightness temperature. The intrinsic brightness temperature, E 3 110"

Ty, therefore should not be lower than the values we have @e- EM;; 3 1

rived. TheT, may still be higher than our estimates, if most o,fllo“’ L T . E

the lower limits of the brightness temperatures are concentrated | .. E E Jlj 3 EJZ 110°
J2

in the few lower bins of the observed distribution. In that case,
the trueT; can be higher than we have derived. However, one *% ©
may expect that the lower limits are distributed rather evenlylol
over the entire range of derived brightness temperatures, based (] c
on the correlation between the derived temperatures and mea-
sured flux densities (thg2-test yields a 94% probability that=10° | P 1
the two distributions are correlated; see Appendix B for the for E

mal derivation). In this case, the derived values of the intrinsic JlE i PEE 10
brightness temperatufg, should not be affected significantly ;¢ | o i

by including the lower limits of brightness temperature into our 00 01 02 00 05 10 15
data. Distance [mas] Distance [mas]

2) We expect that the incompleteness of our sample is #§. 21. Changes of the brightness temperature along the jets of sev-
largest factor contributing to the uncertainties of the derifigd eral sources. Filled squares are the measured values. Open circles are
For a population of sources which have the safrendT;, one the predicted brightness temperatures in shocks with adiabatic losses

CTA102 3C454.3]

11

10

L 32

10

can estimate the size of a complete sample to be dominating the radio emission. The initial brightness temperature in
9 . each jet is assumed to be equal to that measured in the VLBI core of
N ni(v —1) {Tanl} (4) thatjet
tot — )
¢ T‘lE - T‘lim 1o

wheren, andT’ are the number of objects and the upper bound-

ary of the brightness temperature in the first bin of the distribfRat the jet emission should evolve substantially already on the
tion. In our data for the cores,, = 10, andNy.; ~ 100, for Sub-milliarcsecond scales probed by our observations. We in-

~; = 10. Since, for our modelN;o; %_QTO1/2-7, the assump- vestigate below a very basic evolutionary scheme in which the

tion made about; affects strongly the predicted total numbefhanges observed in_the_jet emission are caused by adiabatic

of sources in a complete sample. FoE= 5, Nyo; ~ 25, which €N€ray losses in relativistic shocks. o

implies that the observed sample is a complete one. For higher W€ Postulate that each of the jet components is an indepen-

~:, the number of observed objects must be increased by a gsnt relativistic shock with adiabatic energy losses dominating
_], . . .

nificant factor, in order to obtain a complete sample. We nellif €mission (see Marscher 1990). The jet plasma has a power

a bigger sample to be able to give more definite statementsI%WenergydiStribUtiOW(E)dE o B7*d £, and the magnetic

the plausibility of our scenario with a uniform intrinsic bright{1€!d iS approximated a8 oc ¢, whered is the transverse di-

ness temperature in compact jets. We therefore will for nd\T,]vension of the jet (for which we will take.the measured sizes of
view such a scenario only as an example of possible appli¢3€ et components). The Doppler factor is assumed to be chang-
tion of the measured brightness temperatures to studies of fWeakly throughoutthe jet. In this description, the brightness
physics of compact extragalactic jets. We shall now discuss sf/Perature’s,;, of each jet component can be related to the
eral implications of such a scenario, not insisting anywhere liwghtness temperature of the cdfg,c, through the following

the course of the arguments that our data are sufficient for ruliRgePortionality:
out the more likely possibility of wider distribution of intrinsic

_ —£
brightness temperatures in compact jets. Tog =Thc(dy/dc) ™ )
whered denotes the respective measured sizes of the core and jet
4.3. Evolution of brightness temperature in the jets feature, and = [2(2s+ 1) + 3a(s+ 1)]/6. We take the energy

. . spectral index = 2.0 (corresponding to synchrotron emission
As shown n SecEflll, .thg(’ indicated by our popula- iy spectral indexy = —0.5) anda = 1. In Fig.[21, we com-
tion model differs significantly (t,)y a factor of 2_10,) benare the measured brightness temperatures with the predictions
tween the VLBI cores and the jet components. It IS P&y Eq. [B). The agreement between the measured and predicted
haps rather fortuitous that the VLBI cores have tﬁelr 41, in the jet components is remarkable, in particular if one re-
rived Tj close to the mverse-Compto_n limit-( 5 ><_10 K. calls that the predictions for all the components are obtained
Kellermann & Pauliny-Toth 1969), while thé, derived for g, 5 single set of model parameters. The agreement can be

the jet colgnponents is consistent with the equipartition IinTlrtnproved by adjusting individual spectral indices or magnetic
(~ 5 x 10'°K, Readhead 1994) for the brightness temperatuie, i< of the jet components

Whether or not the core and jef§’s are related to equipartition
and Compton loss limits, the difference of thigderived implies
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F|g 22. RatioY K, between the predicted Jet speeﬂ&,edl calculated Flg 23.Measured (reCtang|eS; VLBI data at15GHz taken from Ke”er-
from Eq.[8), and apparent speedk,..s, measured from VLBI ob- Mann etal. 1998) and predicted (lines) distributions of brightness tem-

servations available in the literature. The ratio represents the sippeeratures. The population model is the same as the one applied for the
of linear correlationdmeas o £Bprea. The ratio is calculated for jet 86 GHz VLBI data presented in Figs. 15-17. The bin siZeds.0"K.

populations with different intrinsic brightness temperatures. The r&be limiting brightness temperature is estimated te-b&0°K.
stricted fits are produced by requiring that the fits must pass through
the point(Bpred, Bmeas) = (1, 1). For each type of fit, the horizontal

line represents the range of acceptabiéor which Bpred / meas & 1. nesstemperatures at 15 GHz. We use the measurements reported

by Kellermann et al. (1998) for a sample of 132 AGN. The reso-

' lution of their observations is roughly 5 times lower than in our

4.4. Brightness temperatures and jet speeds sample, which should result in an even larger fraction of lower
The population model described in Séctl 4.1 can be also relalfgats amongthe obS(_arved br'|ghtn<_ass temperature.sj. However, as
e have argued earlier, the inclusion of the lower limits should

to the apparent speeds in the jets. For a jet with the intrin i : o
brightness temperatuf, the predicted apparent speed is: not distort the picture significantly, unless the measured lower
' limits are found only in the lower bins of the brightness temper-

e = [27(T0 /To)E — (T /To)2 — 117 . ) ature distribution.
ored [ T/ To)" = (To/To) } ©) Fig.[23 shows the results of applying our population model

In Fig.[22, we compare th&,,.q calculated for our sample with to the data of Kellermann et al. (1998). The normalization factor
the measured speeds available from the literature. Since the(#me number of sources in the first bin)A& = 29, in this case.
hanced emission regions in jets (for which measurementsTdfe lowest value of the brightness temperature measured in
apparent speeds are normally done) are expected to travel altveg1l5 GHz data is estimated to Bg,, = 108K. With this
curved trajectories, we use the speeds measured in the immesiiimate, the expected size of a complete sampigjs~ 130

ate vicinity of the VLBI core (determined from measuremeni$or v; = 10). This implies that the 15GHz data are likely
at frequencies of 15 GHz and higher). We use averaged valt@sonstitute a complete sample. As one can see froni_Hig. 23,
for those jets which show wide ranges of observed speeds etlen range ofl;, providing a satisfactory representation of the
on the scales of a few milliarcseconds. We then study a liebserved distribution is significantly narrower, as compared to
ear correlation between the measured and predicted speedgh@results obtained from our sample at 86 GHz (see[Figs. 18—
several values df}. The linear slopes determined between tliZ0). The model distributions shown in Higl 23 imply that the best
predicteds,.q and measured,,..s are plotted in Fid. 22. One fit value of T should be betweeh x 101 K and6 x 10! K.

set of the fits is unrestricted; for the second set, we require tRatquantify this statement, we study the distribution of {ie

the fits must pass through the poift(as, Sprea) = (1,1). The parameter of the fit for a range @ and N. The results are
latter requirement has an increasingly stronger effect at largéotted in FiglZ#. One can see immediately that all ploftéd
values ofTy. Both types of the fits imply thaty should not curves have a very distinct minimum, and that curves Witk

be significantly smaller thah0'® K. The upper limit ofTy is 29, 30 give the lowest values of?, with the corresponding best
not well determined by the fits, and is likely to be higher thaiit intrinsic brightness temperatuig = (5.3 & 0.6) x 10! K

10M K. (where the uncertainty given is the-Heviation estimated from
thex2). This value is in good agreement with the upper limit of
4 x 10! K inferred from the data at 86 GHz. On the other hand,
if the difference between thg, determined at 15 and 86 GHz
Finally, we provide a brief comparison between the results ols-real, this may have serious implications about both VLBI
tained from our 86 GHz data and VLBI measurements of brighibservations at sub-millimeter wavelengths and physics of the

4.5. VLBI data at lower frequencies
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w0l 1 15GHz data yieldl;, = (5.3 & 0.6) x 10K for the VLBI
E 1 cores, which is basically coincident with the inverse-Compton
30 N=40 1 limit. We stress that this method should be further explored by
20 b - | considering larger samples of sources observed with VLBI at
several frequencies, and in particular by combining the bright-
15 S ] ness temperature and apparent speed measurements in those
10 E "0" . samples. With such improved databases, one may hope to be
=~r \ ’Q’O’Q"" ] able to test more complex population models in which the in-
7r \\\ “0’0‘%:0‘%' " N=20 | trinsic brightness temperatures and Lorentz factors in the jets
. I \%&k&‘&:’:”%'m"l"m/ 1 are distributed over arange of values. With improved population
| \\§{t\“0&"ﬂll"’ll;ﬁ ] models, it should be ultimately possible to distinguish between
. \\Qtt&:‘:bzlzgl;’ the accelerating and decelerating jet models.
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Brightness temperature

5. Summary

The 86 GHz VLBI survey presented here provides a significanppendix A: brightness temperature distribution
amount of new information about the most compact regions of

parsec-scale jets. For the 26 compact radio sources detectetf f PoPulation of sources with observed brightness tempera-
the survey data, we have measured correlated flux densities,tl'ff)QSTb has thg same intrinsic brightness temperatmset.he
tained Gaussian component modelfits, and estimated brightrigd0® Spectralindex, and the same bulk Izc/nzrentz factoy, with
temperatures in the VLBI cores and closest jet components. THE corresponding jet speed= (1 —+;7") /*. The sources are
observations have allowed to study the properties of compactfiServed at random viewing anglésand the observed distri-
dio emission at a 50-microarcsecond resolution in individual oB4tion OfTh, is determined by the distribution of Doppler factors

— . _ A, —1 H
jects as well as for the entire sample of sources. We have shdWn [ (1 =73 cos§)]™ . Inthis case, Eql{1) relates the Doppler

that the changes of brightness temperature observed in the jef@oPr t0 the observed and intrinsic brightness temperatures. The

several sources (1749+096, 2145+067, CTAL02, and 3C454£9jresponding viewing angle for a source with observed bright-
are consistent with relativistic shocks in which the emission 1€5S €mMPperaturs, is then found from

dominated by adiabatic energy losses. We have modelled tg ¢ = (7 — 1)~/2[y; — 671 (A1)
observed distribution of brightness temperatures at 86 GHz b

a population of jets moving at the same intrinsic speed and dil

ented randomly in the space. The model allows to estimate #1@6 = (v? — 1)~ */2[2y0~ " — 672 — 1]1/2. (A.2)
intrinsic brightness temperaturg, in the moving jet compo-

nents asTy < 5 x 101K, and it givesT} ~ 1—4 x 101K We assume that only approaching jets are observed. For a sam-

for the VLBI cores. These values are close to the equipar‘ﬁl-e without Doppler_boostlng bias, t.h's implies< 6 < 7/2,

tion limit (~ 5 x 10'°K, Readhead 1994) and inverse-Comptoﬁnd the corresponding observed brightness temperatures rang-
limit (~ 5 x 10''K, Pauliny-Toth & Kellermann 1969), respec-"Y from

tively. The same analysis applied to brightness temperatuigs, = 7T'|yp—-/> = ij%a (A.3)
measured in a larger database of 132 objects observed (i)th

VLBI at 15 GHz (Kellermann et al. 1998) improves the esti-

mate of intrinsic brightness temperature of the VLBI cores. THgign = T]g—o = To[y; — (7 — 1)/ (A.4)
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If the sample is biased by Doppler boosting, tHggn, should and variance

be substituted by the lowest brightness temperafirg, that Ny
can be measured from observatioffg,{ > Tiow in biased , _ 1 Z(“i —R)2. (B.2)
samples andii, < Tiow in unbiased samples). EQl (3) gives Np —1

=1
the largest possible viewing angtg,,,, for the sources from the ,
biased sample. A valid distribution can therefore be derived for OUr Statement thav (S) and N(T5,) are correlated with a

all Ty > Ty 5* 2. The probability density of the brightnesgProbability of 94% implies that:

temperature distribution is them(T},)dé = sin6d#, and the Ny 2
probability P(T, < Ty, < T5) is given by r (2, 2> =0.94, (B.3)
0(Ty) . i .
P(Ty, Ty) = 27nr / sin 06, (A.5) W2h_ere1_“ is the truncated Gamma-function of ordergf/2, and
0(Ts) x* is given by
where the normalization factor Rl %b: [Ni(S) — N:(T},))? 6.4
. 2 Ni(S) + Ni(Th) '

Olim
nr = (27 / sinfdf) = ——————— (A.6)
0 2m(1 — cos fhim) For our case, we can denaté = o2 + o2, and give the fol

lowing estimate:

is determined from the conditioR(0, 6);,,) = 1. For a com-

plete sample consisting aV.; objects, the source density, ) (62 — 1)?
p = 11 Niot, Should be used for normalization. From EGS{A.1)~ ~ Ntm : (B.5)
and [A.5),

With this estimate, we obtain, from Ef.(B.3)~= 0.523. Then,

Niot (77 — 1)1/2 using the measured; = 0.468, we gets, = 0.234. This

P= 27((7 = D)YV2 — 45 + (To/Thim)] (A7) implies that the measured 94% probability’é{S) and N (7;)
to be correlated requires that the fraction of the upper limit
Then, the number of objects in a Hif, 7] is given by measurements does not vary by more than 23% from one bin to
another.
0(Ty)
N(Tl,Tg) = NtotP(ThTQ) = p/ sin 6d6 . (A8)
0(T2) Appendix C: visibility distributions

For an incomplete sampléyi,; is unknown, and the normal-|n this Appendix, we present auxiliary information about
ization factor has to be determined from the number of objegigyeral objects in the survey in which complex structures

of sources required for the sample to become complete candi:tronic form via http:/link.springer.de/link/service/journals/

estimated, in this case, using Hd. (4). 00230/tocs/t0364002/. Figs. 25-30 show tiesampling and
visibility distributions of the 86 GHz data for 5 objects in which
Appendix B: the N (S)-N (Ts,) correlation complex structures are implied by both model fitting and imag-

ing. The 5 objects are: NRAO530, 1749+096, CTA102, and

If the measured sizes are distributed over a range of val@#454.3. For each object, the observed radial distribution of
d1 < dmeas < da, itis not necessarily true that the distributionghe visibility amplitudes is shown in the main panel, and the
N(S) andN(173,) have to be correlated. The degree of correlgorrespondingiv-plane sampling of the datapoints is given in
tion between these two distributions will depend on the formgtle inset. For 2145+067, we also show a plot of visibility am-
variancer? of the measured sizes. Since we also include objegiiitudes and phases projected onto R:A10°, to illustrate the
with upper limit estimates for the size, the lower boundahy ( reliability of the structures detected in the image of this object
of the distribution of measured sizes is unknown. As a resuféee Figl TH).
the N(S)-N(T}) correlation must also depend on the binned
distribution of the objects with upper limit size estimates. References
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