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This research is devoted to the analysis of extragalactic jets structure using the multiwavelength data. We analyze
the core-dominated quasar 3C 273 using the Chandra, HST and VLA data. The attempt to resolve the perpendicular
jet structure is made. The data in X-ray, UV and radio wavebands are used to compare jet structure in different
wavelengths.

MYJIBTHXBHJIbBOBE JOCJII/I?KEHHA CTPYKTYPH [IO3ATAJTAKTHYHHX JI?KETIB, boedan A.B., Mapuenko B.B.,
T'namux b.1. — s cmammsa npucésuena aHaAi3y CMPYKmMypu nO3Q2AAQKMUYHUX O0Hemié 3 BUKOPUCMAHHAM OQHUX
pisnux dosacurn xeurs. Mu ananrizyemo cmpykmypy Oxacemy keasdapa 3C 273 suxopucmosyrouu dani Chandra, HST u
VLA. Byro nposederno ananiz ma nopieHaHHS nonepeuroi ckaadosoi 8y3rie Oxcemy 8 penmeeriscoKomy, yiompagio-
semosomy ma padiodiana3oHax.

MYJIBTHBOJIHOBOE HCCJIEJOBAHHE CTPYKTYPbhI BHETAJIAKTHYECKHX JI?KETOB, Boedan A.B., Mapuen-
Ko B.B., l'namoik 5.H. — 9ma cmames noceaujena aHaiudy cmpyKmypol BHE2ANAKMULECKUX 0Hemos ¢ UCNOAb308AHU-
em OauHbLX pasdAuyHbLx Oaur 804H. Mol anarusupyem cmpyxmypy Oxcema keazapa 3C 273 ucnoavdys dannvie Chandra,
HST u VLA. Boir npogeden aHaiu3 u CpasHeHue NOnepeurol coOCmasasiouleli yanoe 0xcema 8 peHmeeH08CKOM, Yib-
mpaguoremosom u paduoduanasoHax.

KuaioueBbie cioBa: KBasaphbl; I2KETbl; PEHTT€HOBCKOE, yJIpra(i)I/IOJIeTOG U paguo HU3JYy4YeHHE.
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1.INTRODUCTION

The active galactic nuclei (AGN) are one of the most interesting and remarkable objects for modern
astrophysics [1]. It’s generally accepted that the AGN jets are powered by central supermassive black holes
activity and this leads to the fact, that AGN jets are the longest collimated structures in the Universe [2].
The analysis of extragalactic jets structure in different wavelengths is an important task for modeling the
different astrophysical processes that take place in jets, like acceleration of cosmic rays and the related time
varying emission processes.

In this article we compare the actual size of the jet in different wavelengths, namely, radio, ultraviolet
(UV) and X-ray bands. Each energy band indicates about particles with different energy in the jet and
analysis of this regions help as to understand dynamic of jet.

In view of the fact that any resulting image is the result of a convolution of the real image with point
spread function (PSF) of a given telescope, the primary goal of our study was to restore the image of the
real jet. The importance of this procedure highly increases, if one take into account the fact, that the size of
knots in X-ray is comparable with the PSF size. This problem is solved simply enough for the radio and UV,
while for X-rays, this task is much more difficult because the PSF size is comparable to the size of the knot.
In our study, we used the radio data from VLA, UV data from Hubble Space Telescope and X-ray data from
Chandra X-ray Observatory. It would be more interesting to see the structure of the jet in the gamma range,
but unfortunately the resolution of the gamma-ray telescopes is not enough high to see the jet of the quasar
3C 273.

2.OBSERVATION DATA AND POINT SPREAD FUNCTION
2.1.X-ray data

Six Chandra observations of the core-dominated quasar 3C 273 and its jet are analyzed: four dedicated
observations (ObsIDs: 4876, 4877, 4878, 4879) with total exposure time of 160 ks [3] and two Chandra
calibration observations (ObsIDs: 1711, 1712) with the total exposure time of 56 ks. The merged data have
binned with binning factor of 0.125, that corresponds to the bin size of 0.0615” (Fig. 1).

The X-ray data analysis was processed with CIAO 4.5 — a software package for Chandra interactive
analysis of observations [7] and CALDB 4.5.6. Before analysis we reprocessed the data using chandra_repro
reprocessing script that makes all recommended data processing steps presented in the CIAO analysis threads.
The pixel randomization was removed during reprocessing.
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Fig. 1. The Chandra X-ray (top) [3], Hubble ACS/SBC ultraviolet (middle) [4] and VLA radio images of 3C 273 jet at
8.4149 GHz (bottom) [5]. Size of bin is 0.0615” x 0.0615".

1

0.8
c
2 0.04 4
71 From Hubble Handbook for ACS/SBC. —_ o
j Best-fit for data from Hubble Handbook. 00359 — V:rﬂtzncc;rlngro';:g -
=06 For Gaussian PSF profile with 0=0.06" 1px = 0.032"
E' 0.03
]
0.025
204 2
0.02
g ;
& § 0.015
02 | o
{ 0.005
ol o]
0 02 0.4 06 08 i 0 5 lDr{px)ls 20 25
Distance (arcsec)
Fig. 2. Encircled energy for the Hubble ACS/SBC. Fig. 3. Image of UV star (right) and different profiles for

this star (left) in original pixel size (1 px = 0.032”).
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Fig. 4. Restored data: X-ray data restored by forward-fitting algorithm (a), X-ray data restored by Lucy-Richardson
deconvolution algorithm (b), UV data restored by Lucy-Richardson deconvolution algorithm (c). Radio data (d). White
boxes indicate regions of knots A and B2 which were used for analysis. Size of bin is 0.0615"” x 0.0615".
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To proceed detailed ray-trace simulation and get the best available Chandra PSF we used the combination
of ChaRT [8] and MARX [9]. The “spectrum & exposure time” spectral specification were used in ChaRT
for modeling the ACIS PSF [10]. The source spectrum for modeling ACIS PSF was used with subtracted
background in the energy range 0.4 —8.0 keV including Galactic absorption Ny =1.71-10% atoms/cm? and
fitted using Sherpa [11].

2.2. Hubble ACS/SBC Point Spread Function

The HST far-ultraviolet observations at ~150 nm of the 3C 273 jet were obtained with the Advanced
Camera for Surveys (ACS) Solar Blind Channel onboard the Hubble Space Telescope [4] (Fig. 1 and Table 1).
Table 1. Observation log for analyzed ACS/SBC data. All data used the filter F150LP.

Target Dataset name  Start time, UT Exp. time, s
J122903+020318 J8P001010 04/08/2004 23:13:47 900
3C273-JET J8POO1TSQ 04/08/2004 23:32:12 1600
3C273-JET J8P001020 05/08/2004 00:45:39 2800
3C273-JET J8P001030 05/08/2004 02:21:37 2800

To estimate the PSF for ACS/SBC data several attempts were made. At first the encircled energy fraction
from Hubble Handbook for ACS/SBC were analyzed. Using the ACS Instrument Handbook for Cycle 12 [6]
one can find the encircled energy fraction for the ACS/SBC generated from data acquired during the servicing
mission orbital verification (Fig.2 and also Figure 4.11 and comments in [6]).

In order to restore the PSF profile we have fitted the ACS/SBC encircled energy distribution (Figure 2)
and reproduce the PSF profile from that fitted curve, taking into account the relationship between the
encircled energy distribution v(r) and PSF profile f(r).

We have checked different functions for PSF (Figure 2). According to Hubble encircled energy fraction
distribution the PSF profile can be described by Gaussian only in central region of PSF (up to 0.05”) but
the wings of PSF is not Gaussian (see Figure 2). We have figured out that the better fit for PSF profile
is with Lorentz function F(r) but still with some deviations from curve. In order to improve the fit we add
the polynomial function to Lorentz and finally obtained equation for f(r), that hereafter use for creating the
FITS-file of UV PSF (Figure 2).

One more attempt to find the PSF for ACS/SBC was made using the image of a distant point source from
exactly the same dataset as for 3C 273. We have used as such object an image of normal star from dataset
J8P001010 (see Table 1), that the authors tried to use for astrometry calibration [4]. The image of UV star
have been found to be quite consistent with the PSF, obtained from ACS/SBC encircled energy distribution.

2.3.Radio data
The radio data were obtained by VLA at 8.4149 GHz in 1995. The data was already deconvolved with the
Gaussian PSF, the parameters of which is listed in a Table 2.
Table 2. The radio data observed by VLA at 8.4149 GHz in 1995.

Generic Pixel size BMAJ> BMIN® BPA?
Name z Class! (" /px) @) (@) (deg)
3C 273 | 0.1583 CDQ 0.075 0.35 0.35 0

! CDQ = Core-Dominated Quasar;

2 The major axis of a beam (FWHM);

3 The minor axis of a beam (FWHM);

* The position angle of a beam measured from N through E.
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Fig. 5. The transverse sizes of the knots A and B2 in X-ray, UV and radio wavebands. The X-ray is recovered using
LR deconvolution and forward-fitting procedures, UV data is a result of LR deconvolution and radio data were also
deconvolved in AIPS (add reference for radio data). On the insert the considered regions are shown.
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3.RESULTS AND CONCLUSIONS

The two brightest knots A and B2 were taken for analysis. The transverse sizes of these knots in X-ray,
UV and radio wavebands were estimated. Different techniques were used for restoring the X-ray image,
namely the forward-fitting [13] and Lucy-Richardson deconvolution [12] algorithms (Fig.4 a,b). The UV
image was recovered by Lucy-Richardson deconvolution algorithm (Fig. 4 c).

One can notice from obtained profiles for knots A and B2 (Fig.5), that X-ray transverse profiles obtained
from two different methods (forward-fitting and Lucy-Richardson deconvolution) are in good correspondence.
The radio size of knots is significantly wider then X-ray and UV, while X-ray and UV knots have comparable
sizes in the central part of jet. But the outer part of UV knots seems to be wider then correspondent X-ray
knot.

A detailed study of extragalactic jets structure in all wavelengths is an important task for modeling
the different astrophysical processes that take place in jets. These results can be used for future analysis
of emission processes in relativistic jets and cosmic ray acceleration mechanisms in AGN. Taking into
account, that knowledge of geometrical size of acceleration region can lead us to a possibility to estimate
the different characteristics of particles and surrounding medium (e.g. the upper limit for parameters of
accelerated particles, the values and structure of magnetic fields etc), one can conclude that analysis of AGN
jet structure are of high importance and actuality.
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