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ABSTRACT

We present a detailed analysis of a néiM-Newtonobservation of the FRII radio galaxy
3C 452 and its environment. We detect X-ray emission fromhtbteintragroup medium and
measure its temperature as well as obtaining the surfagbthass and pressure profiles. We
provide evidence that 3C452 is currently heating its emritent, measuring a temperature
of 1.18 +:0.11 keV for the immediate environment of the radio source coep&w0.86 ™0 ;2
keV for the outer environment) . We also present evidendethigaouter regions of the lobes
are overpressured (internal pressure.6fx 10~13 Pa and external pressurelof 1 4-0.11 x
10~ Pa at the edge of the lobes) and therefore are driving a shdbk fobe edges (with a
temperature which we constrain to bé“_‘g;g keV), while the inner regions of the lobes are
underpressured and contracting. Taking into account the&se amount of energy stored in
the lobes, we show that this relatively low-powered FRIlioaghlaxy will have an extremely
significant impact on its group environment.

Key words: galaxies: active — galaxies: individual (3C 452) — galaxiS# — X-rays: galax-
ies

1 INTRODUCTION namics. This change has come about because the currenatiemer

of X-ray telescopes{MM-NewtorandChandra have the ability to
detect inverse-Compton emission from the lobes togethértiver-

mal emission from their hot gas environments, which arenaftéa-
tively poor (Croston et al. 2004; Kraft et/al. 2007; Hardtast al.
2007b| Belsole et &l. 2007). Detection and characteriaatfdthese
X-ray components allows us to describe the current dynaaofiite
radio lobes and gives us some idea what the energy input &xthe
ternal environment over the lifetime of the radio source nhase
been. The impact that the AGN outbursts have on the hot IGM has
implications for the history and evolution of the hot pha$ehe
baryonic matter and the nature of ‘feedback’ from radiodli@ac-

tive galaxies. When discussing the evolution of hot gass itri-
portant to understand that, although powerful radio-lo@@NAare
rare, their impact can be long lived: a single FRII outbuest bave

an effect on the IGM surrounding the AGN galaxy that exceeds
that of a large number of less violent, longer-lived low-gowa-

dio sources/ (Basson & Alexander 2003) and many groups that no
longer show signs of AGN may once have hosted FRII sources.

Understanding how a powerful radio galaxy interacts wittoarp
environment is important in exploring the impact of radidegées
on the properties of the group population. The most powetads

of jet-driven AGN outbursts that we know of are the FRII radio
galaxies |(Fanaroff & Riley 1974). X-ray observations of soof
these objects suggest that the energy input from the expgunalio
galaxy can be similar to the binding energy of the local igagaictic
medium (e.g. Kraft et al. 2007, Hardcastle et al. 2007a)s this
clear that in principle those sources will have a profouridatfon
their environments over their lifetimes.

The radio lobes in FRII radio galaxies are the result of the
interactions between the relativistic electrons that haassed up
the jet and the external medium, where the electrons gaiggia¢
the jet termination shocks and expand out into the exteredlinm
(Scheuer 1974). It has been known for many years that theianfla
of these lobes should affect the surrounding intergalangdium
(IGM). Even when the lobes expand at sub-sonic speeds (\ihere
internal lobe and ram pressures are comparable to the ekpras-
sure), they dpdV work on the hot gas. When the lobes expand at Detailed studies of the dynamics of radio galaxies using X-
supersonic speeds, we expect additional work to be doneoksh ~ ray observations rely on the capability of separating tresrttal
heat the gas. This is a non-adiabatic process that effectsiinopy and non-thermal emission from the source. Some of the non-

as well as the internal energy of the external medium. thermal emission comes in the form of synchroton and inverse
However, itis only recently that we have been able to make de- Compton emission from the jets and hotspots, which is gdigera

tailed statements about the internal and external pressiireRI| best studied at high resolution wihandra However, the domi-

radio galaxies in typical environments, which determingirtidy- nant non-thermal component in powerful radio galaxies\stise-

Compton emission from the lobes. This occurs when elections
the lobes scatter cosmic microwave background (CMB) plsoton
* E-mail:D.Shelton@herts.ac.uk to X-ray energies (e.d. Feigelson etlal. 1995; Tashirolet298
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Hardcastle et al
2005b). To be able to separate the non-thermal and thermmgda@o
nents, we need to study objects where we can obtain a significa
number of counts from both the lobes and the thermal enviesm

In particular, to avoid the inverse-Compton emission balomi-
nated by thermal bremsstrahlung (cf. Hardcastle & Cro<20a()))

we need to select objects that are powerful, close and inhelbt
tively poor environments.

In this paper we study the nearby, powerful radio galaxy

2002; Kataoka & Stawarz 2005; Croston et al bined these images to generate an exposure map for eachacamer

correct for chip gaps.

We used &handraobservation, first described by Isobe €t al.
(2002), to identify point sources in the image. These wesn th
removed from the combined image and Gaussian smoothing was
used. We experimented with a range of kernel sizes so stauctu
could be emphasized on different size scales (sed_Fig. dordf2
shows the X-ray emission from the lobes of 3C 452.

Finally, we made use of a radio map of 3C 452 from the online

3C452. 3C452 is an FRII radio galaxy which has a symmetrical 3CRR Atlaf], at a frequency of 1.4 GHz and with a resolution of 6

double-lobe morphology and a relatively uniform surfacighoe
ness distribution (Black et al. 1992); its largest anguize &~ 5
arcmin, which at its redshift of 0.0811 corresponds to aquisid
linear size of~ 450 kpc. Images from thélubble Space Telescope
and various sky surveys (such as 2MASS) suggest that thebanvi
ment is a poor group, with a clear excess of galaxies withérirth
strument’s field of view; however, group membership has eenb
confirmed spectroscopically for any of the nearby galaxies.
Isobe et al. (2002) discuss&thandraobservations of 3C 452,
showing that there is clear inverse-Compton emission frbe t
lobes. However, their observations were not sensitive gimda
make measurements of the properties of any extended thermal
vironment. In this paper we describe the results of a d€ei-
Newtonobservation of 3C452XMM-Newton’shigher sensitivity
and larger field of view when compared @handraallow us to
detect and constrain the properties of the group-scale mama

3C452 and to search for evidence both for shock heating and fo

other work done on the external medium by the radio galaxy.

In the cosmology used in this thesis, the luminosity distanc
to 3C452 is 369 Mpc, and 1 arcsec corresponds to 1.53 kpasErro
quoted on the results of X-ray fitting are 90 per cent confidenc
errors.

2 OBSERVATION & DATA REDUCTION
We observed 3C452 with the EPIC instrument on bo$hM-

Newton The exposure time for the MOS1 and MOS2 cameras were

69.587 ks and 69.621 ks respectively. For the PN, the expasne
was 54.024 ks. The observation began on 2008 November 30.

arcsec.

3 SPECTROSCOPIC ANALYSIS

In this section we discuss the two methods we used to ex{pact s
tra for the various components of the radio galaxy and itsrenv
ment and then go on to discuss our results. Throughout tletrepe
scopic analysis, we used events in the energy range 0.3 —8 keV

3.1 Background methods

We used two approaches to determining the appropriate back-
ground for our spectra: local background regions and a tulbte-
subtraction technique that takes account of the spatiahiable
particle background. Where possible we used a local baakgro
for simplicity. However, doing this for regions over whidhetpar-
ticle background might be spatially variable leads to biashie
results, and so for larger regions we used closed-filter détta
instrument modes matching our observations to constraipainti-

cle background properties. In this situation, we used thenateof
Maurin et al. (in prep); which is described |by Croston et2008).

As in|Croston et al! (2008), we calculated particle backgcbscal-

ing factors by comparing the 10-12 keV (MOS) and 12-14 keV
(PN) count rates for the source and closed-filter dafdste ex-
posure times for the data sets were 107 ks for MOS1, 83 ks for
MOS2 and 196 ks for PN. We used a circular region with a ra-
dius of 12,000 pixels in the energy ranges stated abover #fie

we extracted spectra for the source files and the backgrolesd fi
and measured the count rate. Our scaling factors (ratiodsgtithe
count rate of the source files and the count rate for the clfited

The datasets were processed using the Scientific AnaIySiSfiles) for the MOS1, MOS2 and PN cameras are 1.54, 1.70 and 1.63

Software (SAS) version 9.0 and the standard pipeline tasks
chain andepchain The data was filtered using PATTERNE= 4
(MOS) or PATTERN<= 12 (PN) and we used the bit-mask flags

respectively.
We chose a background region which was near the source,
but did not contain any emission from it (this region liesvietn

0x766a0600 for the MOS camera and 0xfa000c for the PN camera. 354 and 480 arcseconds from the source as shown in SEcipn 3.2

These are equivalent to the standard flagset #X MMBWP, but
they also include out of field-of-view events and exclude bag

columns and rows found in the data. We did not need to filter the
data in the time domain, as there were not any backgroundsflare

in the dataset. The dataset was also energy filtered betw2am@

The spectra for the X-ray background for the three camerdsrd
mined from this background region, were then modelledsrec
ignoring the energy range between 1.4 and 1.6 keV where &mins
mental line affects the fit. The X-ray background is modetsc
doubleapec+ absorbed power law, with the column density fixed

12 keV for the MOS cameras and between 0.2 and 15 keV for the to the Galactic value and abundance fixed at solar. Theapex

PN camera, usingmmselectWe then useevigweightto apply a
vignetting correction to the files and extracted spectranfemch
camera usingevselect Evigweightis a standard SAS tool which
properly propagates statistical errors. We use the SASatidgén
to create the ancillary response files. Vignetting is noemtainto
account when creating the ancillary reponse files as it adly
accounted for by the weighting factor applieddigweight

In order to identify suitable regions for spectral analygiss
first necessary to create an image. We ugathselecto create an
image for each camera in the 0.3—-8 keV energy band, and timen co

models account for the emission from the Galactic bubblethad
power law accounts for the cosmic X-ray background. The tem-
peratures were allowed to vary, as were the normalizatlmrtsthe
power law index was fixed df = 1.41 (Lumb et all 2002). The
normalizations were allowed to vary to help minimize intental
differences between the MOS and PN cameras and to account for

L http://iwww.jb.man.ac.uk/atlas/

2 http://xmm2.esac.esa.int/external/xmrsw_cal/background/filterclosed/index.shtml
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differences in the local X-ray background in different diens.
Finally, a scaled version of this spectrum, with all pararefixed,
was used in fits to the spectra for each source region. Talileviss
the parameters of the best-fitting model for the backgroegibn

we used. Our model is in agreement with the modeél of Lumblet al.
(2002).

3.2 Regions for spectral extraction
We extracted spectra for the following regions:

(i) Aninner region (radius 160 arcsec) surrounding the saur
(region 1 in Fig[d)

(ii) An outer annulus (radii between 160 and 320 arcsecoregi
2 in Fig.[d)

(iif) A region just outside the end of the E lobe (region 3 iig Fi

(iv) A blank-sky region for use in the double subtraction hoet
(an annulus between 320 and 480 arcsec as described innsectio
B, (region 4 in Fig1).

(v) The background region used for region 3 (region 5).

(vi) The AGN and lobes

We extracted the AGN spectrum by taking a circular region
with a radius of 25 arcsec (38.25 kpc) around the AGN and used a
local annulus with a radius of 59 arcsec (90.27 kpc) for thekba
ground. We also excluded a 12 arcsec (18.36 kpc) region to the
North-East of the AGN to remove a point source that would have
affected our results. The same method was used for the Ibbes,
instead of a circular region, we took a rectangular regiokeiogth
247 arcsec (378 kpc) by 130 arcsec (199 kpc). The regionséor t
AGN and the region to the North-East of the AGN were excluded
as well. We used the double subtraction method to deterrhime t
background for this region.

Double subtraction was also used for our two large-scale re-
gions, intended to measure the temperature of group-seae g
which can be detected by eye in heavily smoothed images out to
320 arcsec. Our choice of a 160-arcsec radius (taking the A&N
the centre) boundary between inner and outer regions wasdet
to separate material that could have been been directlyemfkd
by the radio galaxy from material that should still be in itgoal
undisturbed state. The distance of 160 arcsec just beyengrth
jected length of one lobe. We masked out point sources seée in
Chandradata for these two regions.

Finally, region 3 was a rectangular region just outside twt-e
ern edge of the eastern radio lobe. This rectangle was 1$g@ic
length and 70 arcsec in width. We then took a local circulakba
ground region with a 30 arcsec radius. There were no pointssu
in either region. This region was chosen to allow us to sefoch
any cluster gas that could have been shocked by the radioesour
We do not define a corresponding region on the western edge of t
source as there is a chip gap on thedetector that covers the edge
of the lobes on that side. For the western lobe we attemptedgo
a very similar region. However, we were only able to use theSViO
cameras for the western lobe and because of this the dati#yqual
was poor and we were not able to constrain the temperature.

3.3 Reslults

In this section we describe the results of spectral fittingaoh of
the regions described above.

3.3.1 The AGN

The model we used was a model that has been successfully fitted
for other NLRGs, consisting of a Galactic absorbed powerttaw
gether with an intrinsically absorbed power law and an iram K
line, which gives a very good fit to the data. Parameters oést-
fitting model are given in Tablg 2. We use a fixed photon index of
2.00 for the soft power-law component following (Hardcastt al.
2006), since the photon index is poorly determined.

3.3.2 Thelobes

To avoid having to mask out a large region, we extracted a-spec
trum for both the AGN and the lobes together and then fixed the
parameters of the AGN model to the best-fitting values found i
the analysis of the AGN spectrum (see previous section).néfe t
added to the model a power law to model inverse-Compton emis-
sion from the lobes. In addition, we tried the fit both with avith-

out anapecmodel intended to represent thermal emission from the
regions in front of and behind the lobes in our extractioriaeg

We found that the fit was marginally improved with the incarsi

of anapecmodel with Galactic absorption and abundance fixed at
0.3 solar {2 /dof was 1229/1049 with and 1241/1051 without the
apecmodel) and so, given that we expect some thermal emission
to be present in the extraction region and that this makesuoair

ysis consistent with that of Isobe et al. (2002), we chosedtude

it in our final fits. We find a photon index for the power-law com-
ponent of1.7175-12, and its normalization corresponds to a 1 keV
flux density 0f39.9%% % nJy. Parameters for the best-fitting models
are given in TablE]3. For completeness, we also attempteddeim
the lobes with arapecmodel alone, but this gave a significantly
poorer fit (¢?/dof of 1650/1051) so we do not consider this model
further. The temperature we find for the lobes is consistetttinv
the errors with the temperature we determine for region 1.

3.3.3 Regions outside the lobes

For region 1, we adopted the same approach as described above
for the lobes: the spectrum we extracted was for the wholiemeg
inside 160 arcsec and we then fixed the parameters of our best-
fitting model for the AGN and lobes in the fit. The spectrum for
the AGN, lobes and the environment is shown in Fiddre 3. The
spectrum for the outer region (region 4) is shown in Figuréhke
model for the extended emission in this region wagpecmodel

with Galactic absorption and abundance fixed to 0.3 solafpued

that a temperature df.18 & 0.11 keV provided a very good fit to

the data.

For region 2 we simply fitted aapec model with Galactic
absorption and abundance fixed to 0.3 solar to the background
subtracted data. We found a best-fitting temperature &3
keV.

Fitting the samepecmodel to the region at the edge of the
lobes (region 3) we find a best-fitting temperature af" ) keV.
Parameters for the best-fitting models of all three regioagen
in Table[3.

4 SPATIAL ANALYSIS
4.1 Radial Profiling

To characterize the extended, thermal emission around 3@v45
generated a radial profile of the X-ray emission in the 0.30- 8.
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Figure 1. A smoothed image of 3C452 in the energy band 0.3 - 8 keV afterémoval of point sources. The image has been binned to &2aper pixel
and smoothed with a 2-dimensional Gaussian ef 3 pixels. The image includes contours from the radio map deesitin Sectioi 2. The contour levels are
0.005, 0.001, 0.05, 0.021 and 0.21 Jy bedmThe regions described in the text are labelled: 1 for rediod for region 2 and 3 for region 3, 4 for region 4
and 5 for region 5. The smoothing scale is chosen so as to htitkvthermal and lobe related (inverse-Compton) emissidietseen.
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Figure 2. An unsmoothed X-ray image of the AGN and the lobes of 3C 45Rérenergy band 0.3-8.0 keV, binned to 3.2 arcsec per pixeioR@ntours are
overlaid as in Fig L.
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Table 1.Best-fitting spectral parameters for the background madrindance and redshift were fixed values.

Model Parameter Value

apec KT(keV) 0.05510 503
Normalization (04 cm—5) 3.05+1.95 x 104
KT (keV) 0.31 £0.01
Normalization (014 cm—3) 2.267020 x 1075

zwabs nH {0%2cm=2) 0.1130

powerlaw  Photon Index 1.41

Normalization (photons kev! cm—2s~1)  8.0875-37 x 10—5

x2/dof 789/468

Table 2.Best-fitting spectral parameters for the AGN

Model Parameter Value
wabs nH (1022cm—2) 0.1130 (fixed)
powerlaw Photon Index 2.00 (fixed)
Normalization (photons keV! cm—2s~1)  1.031093 x 10~
zwabs nH (1022cm—2) 43.597527
Redshift 0.0811
powerlaw Photon index 1261052
Normalization (photons kev! em—2s~1)  6.42%53% x 10—
Gaussian E(keV) 6.42 +0.02
o 0.08 +0.03
Normalization (photons cm? s—1) 1767035 x 10—5

Unabsorbed 0.5 - 10 keV luminosity (ergs’y:  (1.02 4 0.2) x 10**
x? /dof 1252/1058

keV band. We binned the data adaptively to give a similaraign  regions and this simple model provides an adequate repeden
to-noise ratio in each radial bin. We masked out the lobeoregi of the data here.

to avoid any contribution from inverse-Compton emissiorthte
radial profile, but the AGN was not masked out. We were able to
do this by using two boxes to exclude the lobes as shown by the on the count levels in the source and background annulusmegi

green boxes n Figufd 1. . It is important also to consider any systematic uncertaintso-
~ The particle background was modelled using the closed- gyced by the use of the filter-wheel closed (FWC) backgroues fi
filter images described in Section B.1. The files were vigmg:t in the double-subtraction process. The particle backgicsoal-
corrected and filtered in the same way as the 3C 452 obsersatio ing factors have a small associated uncertainty from trgetanb-
and were rotated to be at the same angle as the dataset using thgepyation and background file high-energy count rates usee-t
SAS taskattcalc Using the scaling factors described in Section iormine the scaling; however, the dominant systematic taiogy

The surface brightness profile presented in Fiflire 5 takes in
account only the statistical uncertainty in surface brigss based

3.1, we were then able to subtract a position-dependengbackd comes from spectral variation of the particle backgrounaivben
correction from each radial bin. The X-ray background dbation the 10-12 keV (MOS)/12-14 keV (pn) energy range used to de-
was subtracted using the outermost annulus of our profiggamet termine the scaling, and the 0.3-8 keV energy range usedein th
in figure[1) Finally, the radial profiles for each camera wesme profiles. Read & Ponmbanh (2003) investigated the spectrgiguro
bined to produce a profile of net count rate per unit area. ties of the particle background and report the varianceérbtck-

We then fitted a model consisting of a point source, with free ground level in several energy bands for a large numbehai-
normalization, and @ model with frees, core radius and normal-  Newtonobservations. Based on their calculations we estimate that
ization to the radial profile. Each component of the model ecas the systematic uncertainty on the particle background ke to
volved with anXMM-Newtonpoint spread function derived from  spectral variation is- 24% for the pn and~ 10% for the MOS.
the combined point-spread functions of the three cameuétsjoty The double-subtraction method used compensates almastyexa
weighted. The fitting process used a Markov-Chain MontdeCar  for any discrepancy between the “true” particle backgrolave!
algorithm described in detail In Goodger et al. (2011), adated in a particular profile bin and the estimated level based erFivC
version of the method used by Croston etlal. (2008). files due to this systematic uncertainty, because the “ldzatk-

The best-fitting3 model, §?/dof = 66/9) hasg = 0.53 + ground level we determine will include any deviation in treetp
0.02 and the core radius w&4.98 + 1.05 arcsec. FigurEl5 shows  cle background not accounted for by the scaling FWC comggonen
the surface brightness profile with the best-fitting modéthédugh however, because the vignetting correction in the locakdpaind

it would have been possible to fit more complex models (e.guad  differs slightly from that in the profile bins (by up &)%) a small
ble 8 model as used by Croston etlal. 2005b) to the data, our aim systematic effect can be introduced. This effect is nelgliéigin most
was just to characterise the density and pressure profitee inner profile bins (including the outermost few bins with the lotvesr-
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Table 3.Results from spectral analysis.

Region power law Apec x2/dof
Photon Index ~ Normalization (photons keV cm=2 s~ 1) T(keV) Normalization {04 cm~5)

Lobes  1.717013 5767982 x 10-° 1.3679:39 5.981582 x 10~5 1229/1049
Region 1 - - 1.18 £0.11 1017952 x 10~ 1146/1047
Region 2 - - 0.8610-03 7.6£0.5 x 1075 862/623
Region 3 - - 172739, 4.56 £1.23 x 107> 35/25
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Figure 3. Unfolded spectrum for the AGN, lobes and environment aftatigle background subtraction. The value for the redugédor the fit to this
spectrum was 1.17. The ironcKline at 6.4 keV is clearly visible in this plot. The green regents the PN data, the black is the MOS1 data and the red is the
MOS?2 data.
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Figure 4. Unfolded spectrum for the outer region (region 4). This hesrbrebinned ixsPECto clearly show the model components. We used an absorbed

apec model for fitting the data as described in Se€fioni3™&.reducedy? for the fit to this spectrum was 1.38. The green representBlthdata, the black
is the MOS1 data and the red is the MOS2 data.
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face brightness where the relative vignetting term is gmatid al- 5 DISCUSSION
ways< 5% (pn) or< 1% (MOS). We therefore conclude that the
reported statistical uncertainties on the surface brieggrprofile 51 AGN

accurately reflect the true uncertainty. The model that best fits otMM-Newtondata gives us an unab-
sorbed 0.5-10 keV luminosity for all components of the maafel
(1.4475-9%) x 10** ergs s*. This is not directly comparable to
the results of th€handraanalysis presented by Isobe et al. (2002)
and Evans et all (2006), since they used a slightly diffenesdel.

The dynamics of 3C 452 are determined by the relationship be- To make a direct comparison and search for any evidence of AGN

4.2 Pressure

tween the internal (lobe) and external (thermal) presssigfanc- variability, we used the same extraction regions that we &methe
tion of position in the group. AGN spectrum on th€handradata used by Isobe etll. (2002) and
To calculate the internal pressure we usex¥NCH Evans et &l/(2006). We found the unabsorbed 0.5-10 keV losrin

(Hardcastle et al.|_1998a).syNcH models inverse-Compton ity for the ChandraAGN spectrum to bé1.557035) x 10** ergs
scattering of the CMB and synchrotron photons. The inputs to s™. We directly compared key parameters of both datasets (e.g.
SYNCH are an electron energy spectrum, the geometry of the the absorbed column density) and found that there were ndfisig
source region (we modelled the lobes as a cylinder with lengt cant differences between tdandraandXMM-Newtordata. This
(incorporating both lobes) 280 arcsec and radius 35 arcuat) suggests that there has been very little variability in tiye&s be-
synchrotron flux density measurements (we used the 178-MHz tween the observations usi@handraandXMM-Newton

data from the 3CRR catalogue and 1.4-GHz measurements from

the image discussed in Sectith 2). The electron energy rsppect

was a broken power law, with = 2 at low energies steepeningto 5.2 Lobes

3 at high energiesymn to be 100y:mq. to be10® andyp,eqr to be
6,000.sYNCH fits the electron spectrum to the radio observations

and outputs an inverse-Compton prediction for a given mémne o\ is in excellent agreement with the results fr@nandradata:
field strength. The magnetic field strength is found by commgar ;5006 et 4 [(2002) give1 + 15 nJy whilel Croston et Al (2005a) ,

the observed X-ray emission at 1 keV and the predicted X-ray in their analysis of the same data, quate+ 2 nJy. Both previous
inverse-Compton emission; we measure a lobe magnetic field 55 ses fike ours, fitted a combination of thermal and pdae

strength 0f0.175 4 0.010 nT, significantly below the equipartition models to the spectrum of the lobe region. The differencebén
value of 0.52 nT. Assuming that only the relativistic eleos and error bars presumably arises in part because Isobe etateiithe

the magnetic field contribute to the lobe pressure (Crostali € G4jactic Ny to vary; we follow Croston et all (2005b) in keeping
2004 have tested this assumption) then the electron SPeCITU i fivoq Our measurement of the photon index of the power-law

and magnetic field strength give us a total energy density and ¢, nent is also very consistent with the resulfs of Crostal.
internal pressure in the lobes. We found the internal pressube (20054)

2.6 x 10~ '3 Pa (the systematic uncertainties dominate over the
statistical uncertainties and for this reason we presenirtternal
lobe pressure without errors). 5.3 Environmental impact

From the surface brightness profile and the measured temper-
ature of the external gas we can find the external pressurgizma We can make a rough estimate of the work done by the lobes on
radius from the AGN, using the method of Birkinshaw & Wofrall the environment. Modelling the lobes as a cylinder in thexglaf
(1993). Fig[® shows the pressure as a function of radius.atle s the sky (as described above, Secfiod 4.2) the total lobeneiis

Inverse-Compton emission from the lobes is clearly detkicteur
XMM-Newtordata. Our flux density measureme® & 4 nJy at 1

that the internal pressure is less than the external pressuadii 1.15 x 10°° m’. The energy stored in the lobes is then the energy

less than~ 80 arcsec; thus the source should be contracting in density times the volume, @r.1 x 10°* J. Roughly equating the

its inner regions. Further out, though, the source is oesgured, ~ Work done on the environment with 1/3 of this, we obtafi ~

and the difference is greatest at the far end of the lobesravhe 3-0 % 10°* Jor3.0 x 10 ergs.

pint/Pext = 2.4, high enough that the source should be driving As we saw in Section 3.3.3, the outer regions of the host group

a shock into the external medium. are cooler by0.32 £+ 0.14 keV than the regions at radii compara-
Projection affects both the size of the source (thus afigcti  ble to the extent of the lobes. We can use our estimate oPfie

the inferred internal pressure from the inverse-Comptonsuee-  Work done by the lobes to ask whether this temperature dffee

ments) and the environment in which it is embedded, so in gen- IS consistent with the idea that the radio source is heatindGM

eral the effect of projection on measurements of internaixter- in the inner part of the group.

nal pressure ratio is complicated (é.g. Hardcastle & WHRG00). Using the standard formulae for the proton number density in

In this particular case we expect that the source will be noemo a 8 model and the relation between the number of electrons and

than45° from the plane of the sky, since it is a narrow-line radio the number of protons (e.g. Birkinshaw & Worrall 1993), we ca

galaxy and the unification angle for these objects is of thdeo ~ Calculate the thermal energy stored in a sphere of gas wiigin

(e.g/Barthél 1989; Hardcastle etlal. 1998b). Investigatiifferent region that could plausibly have been affected by the radimce

projection angles in the ran@é < 6 < 45°, we find that although ~ (région 1).

an increase i means a drop in internal pressure, as expected, it N

tends to increase the ratio between the internal and ekteres: Y = npo (1 n r2 ) B

sures, up to a value of 3.2 &t= 45°: so if anything the expected ca

shock would be stronger, and our conclusions about the salyrc

namics are unchanged by plausible projection factors.
We discuss the implications of these results in Se¢tion 5. wheren, is the central proton number density which we obtain

ne = 1.18n, 2
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Counts arcsec

Radius (arcsec)

Figure 5. Surface brightness profile for 3C452 with the best fittinghpsburce +3 model which hag3 = 0.53 and core radius 21.98 arcsec.
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Figure 6. Pressure profile which shows the external pressure as adnmétradius. The straight line across represents thernat@ressure. Where the external
pressure lies above the line, the lobes are contractingnbible line, the lobes are expanding.

from the pressure profile ( Fid.6)3,andr... are the parameters of  keV. This is very consistent with the observed higher teraifpee in
the 5-model found by fitting to the surface brightness profile, and the centre of the group. There are several important caireats
np, andn. are the proton and electron number densities at a given ing this simple comparison: firstly, the estimatefo¥” work done

radius. is probably not accurate to within better than a factor oE2pmdly,
We then integrate equati@h 1 outite= 245 kpc (160 arcsec) we might expect that at least some of the work done by the radio
to determine the total number of particles in our spherefoiémce, source will go into lifting gas out of the centre of the groiye,
Niot = 3.247757 x 10°; multiplying this by 2 k7" (whereT" is the into potential and not thermal energy; and thirdly, we dokraiw
temperature of the gas in region 1 as found in the spectrea@xt  the original (undisturbed) temperature of the gas in redipand
tion) gives the thermal energy stored in the reglbfhﬁ%ﬁﬁ x 1052 observations of groups and clusters show that the temperpata-
Jor9.17158% x 10° erg. Effectively, this calculation also gives us ~ files are unlikely to be flat (e.g. Pratt eilal. 2007). Howeitevpuld
the heat capacity of the gas in the region, on the assumjitatrat obviously be possible for the estimate of AGN work done ara th
work done on the gas remains present as excess(heat% kNiot - temperature difference to be grossly inconsistent (etbeitentral

Using this, we find that the work done by the AGN (as calculated temperature had been significantly less than the outer tenype)
above) should increase the temperature of the inner regi@39 and this is not what we observe.



The dynamics and environmental impact of 3C452

Finally, we note that the energy stored in the lobes is very
comparable to théotal thermal energy in region 1, and thus com-
parable to the gravitational binding energy of a signifidaattion
of the mass in the group. If the energy stored in the lobeseéa-ev
tually thermalized, it will have a much more dramatic effect
the intra-group gas than the current work being done by t®ra
source.

5.4 Shock heating

Our results show that the ratio between the internal presand
the external pressure is greater than 2 at the edge of the. [dhis
suggests that the lobes should be expanding supersonitélyan
estimate the temperature of the post-shocked gas in ordmmte
pare it to what is seen observationally. Using the Rankingdthiot
relationships, we can derive equations for the pressureesmger-
ature in terms of the Mach number and the polytropic index. Fo
the pressure,

P, 2TM{ 4+ (1-T)
P r+1
whereP; is 2.64 x 1073 Pa (i.e. we assume that the post-shock
pressure is equal to the lobe pressufg)js 1.11 x 10~ '3 Pa (the

external pressure) aridis g Rearranging foiV/1, we find that the
Mach number is 1.6.

©)

AGN with a temperature of.18 + 0.11 keV. Region 2 has a ra-
dius of 320 arcsec, centered on the AGN with a temperature of
0.8670 o2 keV. Finally, region 3 is a box of length 111 arcsec and
width 70 arcsec intended to assess the temperature of aol aho
the leading edge of the eastern lobe and a temperatdr@f) 3

keV was found. Using the inverse-Compton detection of tiheso
(40 + 4 nJy), we have measured the internal lobe pressure, and
from that have been able to estimate the work done by 3C 452 on
its environment. If all of this work were put into heating t@up-
scale gas within a sphere defined by the size of the radio spuec
would see an increase in temperature in the central regibtieo
group which is in fact very consistent with what we observar O
pressure measuremengsgd x 102 Pa for the internal pressure
and1.11 x 1073 Pa for the external pressure (at the edge of the
lobes)) also imply that the outer edges of the lobes are oc&®rp
sured and driving a shock, while the inner parts of the lobres a
underpressured and contracting; temperature measureiettte
edge of the lobes are consistent with a shock model but oaradat

still not deep enough to claim a detection. Finally, we hawas

that the total energy in the lobes is comparable to the thHeema
ergy in the surrounding environment (the thermal energsestin

the lobes i9.177955 x 1052 J 0r9.17+559 x 10°° erg), so that

if the energy in the lobes is ever thermalized it will have achu
bigger effect on the environment than the radio source igigaat

the present time.

We can then determine the expected temperature using the re-

lation between pre- and post-shock temperatures:

T  [2PM?P+ (1-D)|[ — 1+ 2M7]
T (T'+1)

whereT; is 1.18 keV (pre-shocked gas temperatuie)js g and
M is 1.6. We find the post-shocked gas temperattisgto be 1.94
keV. In Sectiorl 3:313, we found that the temperature in tigéore
we defined at the edge of the lobes (region 3) wag™) ", keV,
which is at least consistent with the idea that the lobes aveng

a shock of the expected strength into the IGM at their overpre
sured tips. However, there is no direct evidence for suchoaksh
in the surface brightness profiles — unsurprisingly, sihesdensity
change in a weak shock like this is small. Much deeper observa
tions will be needed to detect shocks around sources likeb2af4
as our modelling suggests, they are confined to the outerdes t
of kpc of the lobes.

4)

6 SUMMARY AND CONCLUSION

We have presented a de¥pM-Newtonobservation of the AGN,
lobes and group environment of the nearby, powerful FRIlaad
galaxy 3C 452. This is the most sensitive X-ray observatiahie
source made so far and it has allowed us to measure the X-opy pr
erties of the source more accurately than has previously pes-
sible. We have compared the results frxidM-Newtorwith those
derived from an earlie€handraobservation, and shown that there
is very little variation in the AGN properties; there is n@rsiof
variability in this object. Our data give an excellent d¢iwt of

the inverse-Compton emission from the lobes; the flux dengit
measure is very consistent with earlier work. We have used ou
measurements of the properties of the group environmessjlge

for the first time with theXMM-Newtonobservations, to search for
any large scale heating caused by the radio source in theoanvi
ment of 3C 452. We measured the temperatures of three regions
Region 1 is a region with a radius of 160 arcsec, centred on the
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