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INTRODUCTION

 What Do Jets Do?
— Carry large quantities of energy, to feedradio lobes
— Significant part of black hole energy generatiorbudget

— Interact with gas in galaxies and clusters of galaxies

 What Do We Want to Learn

— Particle compositionand acceleration

— Jet accelerationand collimation

« Why Do We Need X-Ray Data?
— Spectral Energy Distribution (SED) gives mechanism

— Particle lifetimes change with observed band
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1. Observations of Quasar Jet! =g,

e Quasar jets are relativistic.

RIS

e X-ray surveys of Jets

2. Interpretation as IC/CMB
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1. Observation of Quasar Jets

2. Interpretation as IC/CMB
 Energy densities: B vs. kT(1+z)
* Broadband SED

e Profiles

3. Parameters and Implications
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1. Observations of Quasar Jets

o PKS 06375752

Doppler Factor ¢

g

2. Interpretation as IC/CMB A

L4 PKS 06374752
PKS 02084512

PKS 10304357

Kinetic Flux & Luminosity [1046 e

3. Parameters and Implications

Minimum Jet Distance [kpc]
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e Beacons at Large Redshift

Siemiginowska et al., 2003ApJ...598L..15S



The Jet Sample

« Flat Spectrum Quasars. Two Samples: Sy, > 1Jy2? or Sy76h; > 0.34 Iy

« Radio Maps with< 2”resolution have jets>2"with detection expected by analogy to

PKS 0637-752.
_ X—Ray Jet fluxes vs Scaled Predictions
» Detected 17 of the first 00

30 Observed.

aMurphy, Browne & Perley 1993
P ovell 1997
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A Survey for X-ray Jets — Cycle 3
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A Survey for X-ray Jets — Cycle 5
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PKS 1202-262
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Magnetic Field (uGauss)
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Magnetic Field (uGauss)

Synchrotron vs. IC/CMB
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Synchrotron vs. IC/CMB
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Magnetic Field (uGauss)

Synchrotron vs. IC/CMB
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Nnu Fnu

Spectral Energy Distribution often indicates against
Synchrotron X-rays

SEDs, PKS0208—512 PK>S 1202—2bc
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Spectral Energy Distribution often indicates against Synchrotron X-rays
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Spectral Energy Distribution often indicates against Synchrotron X-rays
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PKS 0637-752 Jet Spectrum
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PKS 0637-752
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X—ray counts
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Confront IC/CMB with Morphology
3C 273 Jet Naive Models

. Synchrotron X-ray
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Confront IC/CMB with Morphology

Naive Models

. Synchrotron X-ray
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Doppler Factor o
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Doppler Factor o
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Doppler Factor o
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Doppler Factor o

PKS 0637 K3

100 r "

B, transforms as

The intersection gives a solution
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for the magnetic field, B, in the
rest frame, and for the apparent
Doppler factor,

6 = (I'(1 - BcosP)).



Doppler Factor o

Uncertainties in the Magnetic Field Estimates
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Uncertainties in the Magnetic Field Estimates
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Doppler Factor o
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Doppler Factor o
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Doppler Factor o
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Doppler Factor o

Kinetic Flux

Structure of the Jels
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Doppler Factor o
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Kinetic Flux
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Kinetic Flux
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Kinetic Flux & Luminosity [10% erg s—!|
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Implications of the AGN Jets

e Eddington Luminosity might not limit
Accretion Rate

e Jets may Power Cluster Cavities — Stop
Cooling Flows

e |[C/CMB X-ray Jets Maintain Constant
Surface Brightness vs. z. We will detect
them at Arbitrarily Large Redshift.



Where ARE the bright X-ray Jets at High Redshift?
« Unidentifled ROSAT sources?
* Bright ROSAT, ASCA, EINSTEIN quasar identifications?

* Extreme X-ray/Optical sources (Koekemoer et al.
2004ApJ...600L.123K) in Chandra Deep Surveys?



Anonymous ROSAT source




Anonymous ROSAT source

1715+2146 Jet

Quasar 1715+2145

VLA 1.425GHz



Anonymous ROSAT source
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An Einstein and ASCA source

o— GB 1508+5/14
1000 g ---------o-- Point sources (MARX) | 3

3" = 20kpc

GB 1508+5714
z2=4.3

Chandra—VLA

Siemiginowska et al. 2003ApJ...598L..15S : : "
Cheung,2004ApJ:::600L..23C



Two more High Redshift X-ray Jets:
Cheung et al. Poster 1613
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There Could Be Radio Quiet X-Ray Jets!

Inverse Compton Lifetimes
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There Could Be Radio Quiet X-Ray Jets!

1 keV X-rays produced
by y = 1000/

e v=4.2%10%7 H[uG]
~ 10 MHz

o Age 3 ><1O4 years?
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Correlation of X-ray Jet and Radio Flux Densities

X-ray to radio jet X—ray to core radio
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Significance of the X-ray Emission

1. X-rays dominate power radiated by jet
2. SED through X-ray band provides clues
to structure.
* Acceleration sites
e Deceleration of bulk motion
* Proton content



Significance of the X-ray Emission
If emission Is inverse Compton on the Cosmi
Microwave Background
3. X-rays give the effective Doppler factor,
rest frame B, and electrony min

4. X-ray Jets will be detectable at arbitrarily
large redshift!



