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The X-ray and radio structure of extragalactic jets
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The internal structure of jets from active galaxies is explored using the X-ray and radio data. The transverse intensity
distributions of X-ray knots in jet are calculated and compared with corresponding intensity distributions for radio
knots. It is shown that for selected active galaxies the internal structure of radio knots can be resolved while X-ray
knots are almost point-like.

CTPYKTYPA TO3ATAJTAKTHYHHX CTPYMEHIB HA OCHOBI PEHTIEHIBCbKHX TA PAMIO AAHHX, Mapuen-
ko B.B., Cykau K., Cokonos [., Komok I., Cyuwoe O. — B pobomi docaidxyemocs 8HYympiuiHi cmpykmypa cmpymeris
8i0 AKMUBHUX eALAKMUK, BUKOPUCMOBYOUU peHmeeriscoKi ma padio 0ari cnocmepexcers. byro ompumaro nonepeunull
pPO3NO0INL IHMEHCUBHOCMI BUNPOMIHIOBAHHS 8 PEHMEEeHIBCOKUX B8Y3AAX 8 CMPYMeHi ma NopieHAHO ix 3 8i0n08i0HUMU
padio sysramu. Tlokasarno, w0 043 BUOPAHUX AKMUBHUX 20NAKMUK BHYMPIUHA cmpyKkmypa padio 8y3aie moxce bymu
docaidxcena, npome peHmeeHiBCbKI 8Y3AU MALidte MOUKOB8I.

CTPYKTYPA BHETAJIAKTHYECKHX CTPYH HA OCHOBE PEHTTEHOBCKHX H PAJTHO JAHHBIX, Mapuenko B.B.,
Cyxau K., Cokonos /., Komox H., Cywes A. — B pabome uccaredyemcs 8HYMpenHas CMPYKmMypa Cmpyti om aKxmueHbLx
2QNAKMUK, UCNOAb3YA peHmeeHos8cKue u paduo Oaunvle Habarolenuti. buino noayueno nonepeurnoe pacnpedenerue
UHMEHCUBHOCMU UBAYUEHUS 8 DEeHMEeHOBCKUX Y3AAX 8 cmpye u npo8edeHo CPasHeHue ux C COOMEemcmsyroujumu
paduo ysramu. [Tokasarno, umo 04 8blOPAHHLLX AKMUBHBLX 2AAAKMUK BHYMPEHHASL CIMPYKMYpPa paduo y3i08 moxcem
Goimo uccae008ana, 00HAKO PEHMeeHOB8CKUE Y3Abl NOUMU MOUEUHbLE.

KunroueBbie ciioBa: BHerajJakTHUeCKHe CTPYH; UHTEHCHBHOCTb U3Jy4YE€HHA B PEHTIT€HOBCKOM M paguoararnasoHe.
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1.INTRODUCTION

In spite of great progress in exploring active galactic nuclei (AGN) these objects remain one of the most
interesting and remarkable issues in modern astrophysics [1]. One of the representations of AGN activity is
the existence of extragalactic jets that constitute the longest collimated structures in the Universe [2]. The
detailed study of extragalactic jets in all wavelengths is important task for modeling of different astrophysical
processes that are believed to take place in jets; namely, acceleration of ultra high energy cosmic rays,
generation of electromagnetic radiation of different wavelengths, neutrino generation etc.

Extragalactic jets are widely believed to be the cosmic rays accelerators up to the ultra high energies
due to Fermi acceleration mechanisms [4,5]. At the same time acceleration on the jet boundary can lead to
efficient acceleration of particles [6]. In this mechanism acceleration on tangential discontinuity between jet
and surrounding medium is taken into account. In some papers two-zone inverse Compton emission model
for internal jet structure is discussed [7]. In this model the jets have highly relativistic spines to produce the
X-ray emission via upscattering of cosmic microwave background photons with outcontributing significant
radio synchrotron emission. The slower sheath around the spine produces the bulk of radio synchrotron
emission. According to this model acceleration on the jet boundary can be more efficient due to existence of
two tangential discontinuities: between spine and sheath and between sheath and surrounding medium. The
purpose of this research is to analyze the X-ray structure of the jet and to compare it with radio data of the
same region.

2.OBSERVATIONAL DATA

In this research we explore some active galaxies with clearly seen jet structure in both X-ray and radio
wavelengths. We consider core-dominated quasar (CDQ) 3C273 and Fanaroff & Riley type I radio galaxy
(FRI RG) 3C274. For further analysis of jet structure we have chosen some bright knots in these galaxies,
namely, knots Al and Bl in 3C273 and knots D and A in 3C274. The X-ray data for these objects were
obtained by Chandra X-ray Observatory and radio data were get by Very Large Array (VLA). The X-ray and
radio images of 3C 273 and 3C 274 with selected knots are presented in Figure 1.

3.RESULTS AND CONCLUSIONS

The X-ray data analysis was processed with CIAO 4.2 — a software package for Chandra interactive
analysis of observations [8]. The distribution of intensity across the knot, i.e. transverse profiles, were
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Table 1. Parameters of radio data

Object z Class Pixel size ("/px) | BMAJ (") | BMIN (") | BPA (deg)
3C 273 | 0.1583 CDQ 0.075 0.35 0.35 0
3C 274 | 0.00427 | FRI RG 0.02 0.17 0.15 30.45

Core-dominated quasar 3C 273

Fig. 1. X-ray (left) and radio (right) images of 3C273 and 3C 274.

investigated for X-ray and radio data. In order to estimate the real size of knots one have to analyze the point
spread function (PSF) for these objects. To perform simulations of the Chandra PSF for selected knots the
Chandra Ray Tracer (ChaRT) was used [9]. The final best available PSF were get with the combination of
ChaRT and MARX 4.5 — a suite of programs for detailed ray-trace simulation.

The PSF for radio data were modeled with Gaussian function:

)= (- ;)

X or exp |53

where 0 = Lyeam/2.355, Lpeam is a full width at half maximum (FWHM) of the beam width, which can be
calculated knowing major and minor axes of a beam and its position angle (see Table 1). The parameters for
radio data are presented in Table 1. In this table the parameters BMAJ and BMIN are the major and minor
axes of a beam (FWHM), BPA — the position angle of a beam measured from North through East.

The transverse intensity distributions for all knots are presented on Figures 2 and 3. Also these figures
contain the corresponding PSF profiles for X-ray and radio. One can see that for the radio images in some
cases the PSF profiles are narrower than radio knot transverse intensity distributions. It makes possible the
exploration of internal structure of radio emitting region in knot. While for X-ray images the PSF profiles
have almost the same shape as X-ray knot intensity distributions. One can conclude that for the selected
X-ray knots the resolution is not enough to explore the detailed internal structure of X-ray knots and they
are visible for us almost as point-like source.

The obtained results determine the upper limit for the size of X-ray emitting region in knots. These
results can be used in modeling the particle acceleration in the jet’s surrounding medium up to ultra high
energies and subsequent propagation of accelerated particles in galactic and extragalactic magnetic fields, in
interpretation of electromagnetic radiation from AGN jets etc.
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Fig. 2. X-ray and radio profiles of knots in 3C273.
1 T T 1 T T
Source Source
3C 274 (knot D) PSF —— 3C 274 (knot A) PSF ——
0.8 Radio (VLA) , 0.8 |  Radio (VLA) 1
> 2
£ 0.6 | | 2 4
f= Q
] €
£ o
g 04f 1 8 i
= s
©
E 5 ]
S o2} 12
0
0.2 . . . . . . .
0.2 s s w s w s s 2 <15 -1 -05 0 0.5 1 15 2
-2 -1.5 -1 -0.5 0 05 1 15 2 Angular Distance (arcsec)
1 T T T T 1 T T T
Source Source
09 |  3C 274 (knot D) PSF —— 09 | 3C 274 (knot A) PSF —— |
0.8 X-ray (Chandra) 4 0.8 X-ray (Chandra) 4
2 07+ 1 2 07¢f 1
[ 2]
=4 =
L 0.6 1 L 06 1
£ £
B 05¢f R B 05} R
N N
= L g s H ]
IS 0.4 £ 0.4
S S
z 03 q z 03 q
0.2 q 0.2 q
M ] oty ]
0 . . . . . . 0 T . . . . .
-2 -15 -1 -0.5 0 0.5 1 15 2 -2 -15 -1 -0.5 0 0.5 1 15 2
Angular Distance (arcsec) Angular Distance (arcsec)
Fig. 3. X-ray and radio profiles of knots in 3C 274.
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