X-RAY RELIC COUNTERJET OF CYGNUS A
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Abstract

We present a deep 200 ks co-added ACIS-1 image of Cygnus Aoiilydinear bright X-ray feature, which does not trace theent counterjet, Is identified with

a relic counterjet; visible in X-rays due to inverse-Conmstattering of the microwave background (ICCMB) radiatiblo relic jet is observed in the western,
l.e. nearer lobe. The nearer and further lobes are sepdmgté@s of kpc and therefore by 10s of thousands of years in-trgliel time, giving us temporal
resolutionGas well as spatial resolution. From the lack b jet emission on the near side, we constrain the timedosteen successive episodes of jet activity
to be~ 10° years.

1 Introduction
Figure 3:Upper: This is a schematic lightcurve for a fading jet. The timessddelow indicate what we expect to

v(\:/%?cnhulj:; \i\;]aes :glsse_r\sle ddetleoctth)TseZnV(\:I”;gra\fvlhei;S]tV\?en oeri(lsoussueretleilzifsl,:iz O{ \;th(;ws l:ﬁg ;? ?a’;‘/‘(i:rlnsaglgsz:‘eé;cgh 2 see at the telescope for_ th_e counterlobe (i.e. _the sideemrttvx{ay from us) and the nearer Io_be due to Iight-t_ravel

A, with the linear feature in the counterlobe. From its positi.e oﬁ thelline between the hotspots in the | b%Ime effects. Lower: This Illustrates the possible c_ombmatlon_s of on/off S‘tdtH a fading .Jet and c_ounterjet.

ar’ld counterlobe and the nucleus. this is Iikeiy a jet feature, e The sqguares coloured black are not formally possible, Imcatilight-travel time effects while those in grey are
! formally possible but excluded for this object by obsewatiThe squares labelled “poss™ and “obs” are allowed

betection of X-ray photons that arise from inverse Comptqnscattered Cosmic Microwave Bac “solutions. For the square labelled “obs” it is possible fowate magnetic field strength of the relic counterjet
ground (ICCMB) photons mandate the presence of relatviparticles with Lorentz factors of ordein’ ' . P g 9 Jet.

[Harris & Grindlay 1979]. Such particles have lower Lorefdztors than ambient synchrotron-emitting pariti- L tool
cles radiating at the typically-observed radio waveleagdssuming the magnetic field strengths in the lobes of | = -
radio galaxies are nT in size or lower. Thus, co-spatial ysi@an reveal information about the lower-energy pop-
ulation, possibly present as a relic (that is previously,fmlonger detectably synchrotron emitting) plasma (e.qg.
[Erlund et al. 2008], and [Blundell et al. 2006]). The spanir(see Fig. 2) shows that the X-ray relic counterjet
cannot be fit with a thermal plasma model, and that most of thisson is non-thermal. All, the other bright
X-ray features in the image are well fit with a thermal plasnwaet [Wilson, Smith & Young 2006].

| - 7
For a redshift of 0.05607 [Owen et al. 1997] the physical,sm® correcting for possible line of sight angle, of 91 to =3
Cygnus A is 130 kpc. Therefore, the light-travel time betwepposite lobes exceeds: § x 4 x 10° years, where _ (1_5(;%9) d
6 is the angle between the axis of the radio source and ouplsaght. Since the light we observe from opposite L+ feost/ v
lobes Is received at the same telescope time, this meanartlwiserver on Earth sees the nearer lobe at a more _d
recent epoch than the further lobe, which is seen at an eanle in the radio galaxy’s history. The implications ’
of the light-travel time on the observed luminosity are shawFig. 3.
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Figure 1. The 0.210 keV ACIS-I image, with a transfer function clearly shogithe linear counterjet-like "
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feature delineated by the green box and the non-detectianything corresponding to this on the jet side.
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8 ] Figure 4. Detall of the ACIS-I image with a transfer functioptimised to show the relic X-ray counterjet. The
N 10 contours are from the 15 GHz image, indicating the flux betw@@08 and 0.05Jy. Note how the transversely
2 00 ] extended X-ray counterjet goes through a low luminosityaadgion, seemingly pushing radio lobe plasma
- ] north. Furthermore, note that the radio counterjet, shawgreen contours, is detected to the south of the X-ray
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2 Discussion

Figure 2: Flux spectrum for the energy interval 6.5 keV from the 10 different observations for the X-ray Coungyom the light-travel time and an assumed hotspot advareedspf 0.1c one can calculate that the last episode
terjet within the eastern lobe. The best fit power-law plesrial model in red, the blue curve indicates the be%tfjet activity was~ 10° years ago, which is also the age of the current jet. This simescale can plausibly be

fit thermal model. Note that the 6.4 Fewine is severely over-predicted in the latter fit. The slightess around explained by adiabatic expansion causing the jet to cooltaaaby fade in the X-rays. The upper limit for ob-

6.4 keVis due to the thermal emission from the cluster surdog Cygnus A. The small difierence between thge e radio emission due to the relic counterjet allows aetiuce an upper limit for the magnetic field strength
fits at shorter wavelengths is a direct result of the diffecaibrations for the different set-ups of the instruments ithin it: this is well below the equipartition value.

used. Its power-law spectrum, with photon index of 1.7, indicatest the feature is due to emission from jet plasma
S having spectral index 0.7. Comparing the X-ray detectad celunterjet with the observed radio counterjet in the
15-GHz radio image (Fig. 4), we conclude that the countelgeected in X-rays does not overlay the counterjet
detected in radio images. Instead, it forces the curreribjbend over by an angle of about®2&nd pushes the
lobe plasma northwards, creating a very radio luminousktioloe edge.

We conclude that the X-ray counterjet is a relic from thedwihg observations: (i) the curvature of the outer
parts of the X-ray counterjet is significantly differentidnaghat of the current radio counterjet; (ii) this featurekdsc
any directly associated radio emission implying a lack ghrenergy synchrotron particles; and (iii) the width of
the X-ray counterjet is significantly broader than the rgdtar counterjet implying expansion.
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