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Introduction

* Giga-Hertz Peaked Spectrum (GPS) sources have compact radio morphology
peaking at 1 GHz in the radio spectrum.

© We present the Chandra observations and analysis of a sample of 17 GPS
sources: 14 quasars and 3 galaxies.

« The GPS galaxies are highly himinous (> 10'° erg/sec) and show little intrin.
sic galactic absorption.

Analysis

 All sources were observed with Chandra, using ACIS-S.
« The data were processed with CIAO 3.2 and CALDB 3.0 calibration files
« Figure 1 is a histogram of number of sources versus redshif
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Figure 1: Histogram of number of sources vs. redshift. Galaxies denoted by filled
regions: empty regions are quasars

Image Analysis

» Figure 2 shows the raw Chandra ACIS-S images of several sources which
have extended X-ray emissions: Q0740+380, Q1250+568, Q1328+254, and PKS
BI345+125.

 An Xeray image of PKS 13454125 with Xeray contours overlaid is shown in
Figure 3. The X-ray data were smoothed nsing a Gaussian fanction

« Figure 4 depicts an adaptively smoothed X-ray image of Q0740+380 in both
the soft band (0.5-2 keV) and the hard band (2-7 keV).
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Figure 2: Raw Chandra ACIS-S images of 4 GPS/CSS sources that have extended

X-Ray emission. The pixel size is the standard ACIS pixel of 0.492 arcseconds.

Figure 3: Smoothed X—ray image of PKS B1345+125 with X—ray contours overlaid.
ginowska et al. (2005)] The X-ray extension corresponds to the VLBI jet
ng in the South-West di

ection [Stanghellini et al. (2001)].
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Figure 4: Adaptively smoothed image of Q07404380 in two x~ray bands: soft 0.5-2 keV

on the left and hard 2-7 keV on the right. Contours represent a surface brightness of
(0.036,0.066,0.11, 0.3, 0.66. 6.635, 33.175) x 10photons em arcsec™. 1" = 8.2 kpe
nowska et al. (2005, Apl)]

Abstract

Giga-Hertz Peaked Spectrum (GPS) radio sources are powerful radio and
X-rays emitters. Their radio properties have been extensively studied leading
to two possible explanations of the compact nature of the GPS sources: (1)
Jrustrated source scenario in which the expansion of the radio source is con-
fined by a dense environment; (2) evolution scenario in which the source is at
an early stage of its expansion to a typical large scale radio source. Measure-
‘ments of the expansion velocity of the radio components in several GPS sources
(Compact Symmetric Objects) suggest that these sources are young, while there
has been no evidence for a dense medium required for the source confinement,
Here we consider a sample GPS sources, containing both galaxies and quasars,
observed with Chandra and XMM-Neuton. Chandra observations allow for de-
tailed studies of the source morphology on arcsec scale and we discuss different
type of observed X-ray morphology for our sample. Spectral modeling of Chan-
dra and XMM-Newton data indicate that the GPS galaxies are more obscured
than quasars. We discuss the implication of this finding on our understanding
of the nature of GPS sources.

Spectral Analysis

® The spectra were fit with an absorbed power law model in Sherpa
N(E) = AE T s exp Ni'7(8) N o(Bltnn)] photons cm 2 sec ! keV !
« Ais the normalization at 1 keV
« T is the photon index of the power law
 We assumed two components for the absarption:
« Galactic absorption due to the equivalent neutral Hydrogen column
« Absorption intrinsic to the quasar.
o Results of the fit are presented in Table 1
» Three sources with non-negligible pileup were fit with JDPILEUP in Sherpa.
Results of this fit are shown in Table 2.
o Histograms for the mumber of sources versus absarption are shown in Figure
5; GPS galaxies, including sources from Guainazzi et al. (2005), are represented
in the plot on the left and GPS quasars are depicted in the plot on the right.
« Figure 6 is a plot of the ratio of the X-ray luminosity to the radio luminosity
(at 5GHa from Stanghellini et al, 1998 and O'Dea, 1998) against redshift. The
typical values for blazars, radio loud quasars, and FRI regions are demarcated
on the plot.

Table 1: Absorbed Power Law Model Fits.

zal abs abs. L. ¥
i Radantt 0kev)  {boF)
3 10 jrieei
O]
ma maon
1 o i ma
3 1.08 s s60(rs)
e asL w00
] o e 107)
] e ase e
o 2 w28 amcsn
Besis® I a1
7 oz 120
14 it} Las a5
PKS B o® 37 s
QT T = T
2 a5 <om 105 a0
22 sty H 1843 o83 uoacen
Table 2: Pile-up Fits
T 3 Pieur
with japitews _without ipitewy _ Fract
QT T e o
Quasiam [
Quioionr_1oprdd B 00 oo
QL6067 included abs.uH i the pile-up it since it was
detected in the previous it. Q1231451 and QUL+ 329
id o include this sbsorption parameter for the pile-up
it since only an upper Timit was found
* From Sherpa
® From the POG
250 T
Galaxies Quasars
20F- 4
H
g1s - e .
3 10f —
5
os -
0 1 2 3 4
oob 1 Il hu
@ -5 10 -05 00 05 10 15 2C
log(N,, 10" cm’) loq(My 10 cm™)

Figure 5: Histogram of number of sources vs. absorption. Plot on the left is for GPS

axies [Guainazzi
etal (2005)] and plot on the right represents GPS quasars. Absorption detection is indicated by the filled
regions and upper and lower limits are denoted by the left-facing and right—facing arrows, respectively.
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Figure 6: Ratio of X-ray luminosity to radio luminosity at SGHz vs. redshi
for FRI sources, radio loud quasars and blazars [Guinazzi et al, 2005] are indicated.

The standard ra

Spectral Energy Distributions (SEDs)

points for the

i

the NASA/TPAC

Extragalactic Database (NED).
« These points, as well as the X-Ray flux at 1 keV calculated through Sherpa,
were plotted in units of vL, (erg/s) along with the model SED for a radio quiet

quasar (Ely

et al., 1994)

© Figure 7 shows the SEDs for 4 of the quasars in our sample: QU131+329,
QO740+380, Q1416+067, and Q1328+254. The Elvis SED was normalized to
match the data at 1 micron for these sources.
« A plot of the SED for galaxy PKS B1315+125 is depicted in Figure 8. The
Elvis SED was normalized at 4.85 GHz for this source.

Q0134+329 Q0740+380
YETTIT e ETT T
wE iy A E f\/ E
- L TN R A\
@ / VAT I
5 asE / 773 e E
3 4
=" A 3 . E
2 g
43 - 43 =
Bl b P S T PR P P

8 10 12 14 16 18 20 3 10 12 14

log v (H2) log v (Hz)

Q1328+254 Q1416+067
ETTT T S ETTT T

IR
TE i E e r‘if‘ A E
T agE =N
K SasE /
= sk 3 =
3 3 E ,-h._-.-l{ E
B agE R /.
L

435 e “E E
2Bl B A e
8 10 12 14 16 18 20 8 8 10 12 14 18 18 20

Figure 7: SED plots for a sample of quasars in our survey. Data indicated by black
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les. Elvis model for

a radio loud quasar denoted by red line, normalized at 1 micron. Sources (from top left to bottom right):
Q0134+329, Q0740+380, Q1328+254, and Q1416+067.
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8: SED plot of GPS galaxy PKS B1345+125;

data denoted by black circles and Elvis model for
a radio loud quasar indicated by the red line. The

model

was normalized at 4.85 GHz.

Results

o The GPS galaxies in this sample were more absorbed than the
quasars.

« Three out of the 17 sources exhibited siguificant pileup; adding
the pile-up model into the analysis resulted in a stecper spectrum
for these sources.
o The SEDs indicate the sources are more radio loud than the stan-
dard radio loud quasar in Elvis et al 1994 sample.
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