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Introduction & Background
o

-1 Extragalactic jets morphology =2 physical structure
and emission sites

Image courtesy of: cxc.harvard.edu



Introduction & Background
B

-1 Inverse Compton (IC) Scattering

1 Cosmic Microwave Background (CMB) — relativistic velocity
creates higher energy density in jet frame

Inverse Compton scattering

V>V
High energy e- initially
e- loses energy

Images courtesy of: venables.asu.edu , map.gsfc.nasa.gov



Introduction & Background

1 Chandra X-ray Observatory
O Increased known X-ray jets from a few to 120

0 Highest angular resolution (<1 /2 arcsecond:s)

Chandra ACIS-S

5 arcsec

Image courtesy of: Siemiginowksa 2003; www.physics.udel.edu



Motivation
- ———

Current ways of detecting X-ray jets:
0 CIAO algorithms: wavdetect!, vptdetect? & celldetect

0 By eye using smoothing and radio contours®

Low-Count Image Reconstruction and Analysis
(LIRA)
O Bayesian analysis

O More quantitative way to detect finite jet features

(1) Freeman et al. 2002

(2) Ebeling & Wiedenmann 1993
(3) Cheung et al.2012

(4) Conners & van Dyke 2007



Goal

To study effects of the IC effect due to
CMB scattering on X-ray jet radiation in
high redshift quasars by focusing on
quantitative detection of X-ray jets and
exploring the X-ray to radio emission
properties.



GB 1428+217

Chandra X-ray Observatory with ACIS-S

11 quasars
Jets detected by radio
2.1 <z<4.72




LIRA - Statistical Methods
S

©1 Bayes Theorem

p(X[A)p(A)

p(AIX) = (X

71 Multiscale Component

O Two Poisson processes:
% Predicted by known point source

= Unknown secondary structure

-1 Markov Chain Monte Carlo



LIRA - Application to X-ray Images

INPUT: OUTPUT:

Observed image Multiscale counts

5x Null Simulations
Baseline Model
PSF

Start Matrix




Regions of Interest ROI

GB 0730+257




Significance Test
N

Multiscale
component is better

Multiscale counts
too great to occur

Reject null model
&

fit to real data
than null simulations

through statistical
fluctuations

Claim jet detection

10 Significant Jet Detections
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Jet v. Quasar X-ray Emission
S
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Lorentz Factor v. Redshift
S
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Luminosity Ratio (L, / L;)
]
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Conclusion
T
Detected several jet features using LIRA

No relationship between intensity of jet/quasar
emissions and redshift

Calculation of jet beaming factors in high redshift

Radio/X-ray luminosity consistent with CMB
predictions
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Multiscale Representation

(reproduced from Esch 2004)
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Properties of Jet Features v Quasar
S

Source Name z Region Jet Strength' Source Intensity *
GB 1428+4217  4.72 qso” 69.20 2236
jet 3.81 2236
GB 1508+5714 4.3 knot 98.36 5139.5
qso® 88.78 5139.5
07304257  2.686 3 6.11 269
1 11.26 269
1311-270  2.260 3 8.79 920
1318+113  2.179 3 8.87 370
JI8344-612  2.274 ¥ 51.86 2513.9
08334585 2.101 knot 1 8.32 623
knot2 9.45 623
J1421-0643  3.689 1.87 98
knot2 11.24 1)

! Average multiscale counts after burn-in for regions of interest that have signifigant jet features

“Intensity of the source according to the baseline (null) model in counts. We assume that the exposure maps arc
uniform within the emasured quasars/feature regions.

3These regions are ignored in final discussion because they contain the point source represented by the baseline matri»
(null model).



Beaming Parameters

Table 8: Beaming Parameters of Jet Features

105 Source Name 7 Region Max# T Range'
GB 142844217 4.72 jet 7.5 3.8-6.5
102 GB 150845714 4.3 knot 8.0 3.7-6.3
' 0730+257  2.686 3 12.0 2.5-4.0
> 4 17.5 1.8-2.9
10%: 1311-270  2.260 3 16.25 1.9-3.0
13184113 2.179 3 1625 1.9-3.0
Py 0833+585 2.101 || knotl 575  5.0-9.42
f knot2 7.25 3.9-6.1
J1421-0643  3.689 || knotl 5.25 5.3-8.7
— knot2 7.0 4.1-7.5

1@0 1'01




Luminosity of Jet Features:

Xray v Radio
-—

Reap = (4 x 107931+ 2)1(1 + o)*[I% — (1/4)))/(BZ /87)

Source Name z Region Lx 'V Lp "% CxW /

(0% eree)  [1044emee]
GB 142844217 4.72 jet 8.19 0.035 1.12
GB 150845714 4.3 knot H.42 0.022 0.63
07304257 2.686 3 2.27 0.667 0.08
4 1.61 2.584 0.03
1311-270  2.260 3 0.954 0.620 0.09
1318+113 2.179 3 0.560 5.945 0.01
0833+585 2.101  knotl 4.60 0.053 1.15
knot2 297 0.036 1.96
J1421-0643  3.689  knotl 34.8 0.081 1.06
knot2 14.4 0.039 1.65

X-ray luminosity
?Radio luminosity at 4.85 GHz. They were estimated from their original observed frequency using the index for the
observed synchrotron spectrum o = 0.8,

*Normalization constant for CMB radiation. A function of the beaming parameters (I', #) and the equipartitior
magnetic field.



Links

1 M87 Jet
O http:/ /cxc.harvard.edu/newsletters /news 13 /jets.html




