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Observations of Extradalactic X-I Jets
BC: 3 Clear Detections

Cen A: Feigélso

M87: Biretta et al.

Chandra Launched: Jets start rolllng TR
CE: 3 Fields of Investigation

e Interactions with gas in Seyferts, radio galaxies, clusters.

 FR | and BL Lac jets.

e Quasars, Powerful Radio Sources, ant
Cosmology.



Observations of Extragalactic X-ray Jets
BC: 3 Clear Detections

Chandra Launched: Jets start rolling in. W H Y?

Angular Resolution!
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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
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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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Spectral Energy Distribution often indicates against Synchrotron X-rays
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Energy Distribution often indicate
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Spectral Energy Distribution often indicates against Synchrotron X-rays
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X—ray counts
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Confront IC/CMB with Morphology
3C 273 Jet Naive Models

. Synchrotron X-ray

1000

>
.
I
| S o -
%)
/) | go
—+ “
— -~ 0.01 e
— | @ - . 4
j l @ g Radio Profile
(:> 4 %%0'001 E X—ray Profile
o 1 © <
_/ 1 3" 5" 7" 9" |
i @ 00001 7 ‘2.(‘)0‘ | ‘4(‘)0‘ | ‘6(‘10‘ "800
| ) Distance (kpc)
| i
© -
— 4 N IC/CMB X-rays
1 Z & — ' _Radio Profile, z=1
] 2 X Profil
N ppa— X—ray rrofile
N A i = )
1 %)
L ® | T o1 i
, O x
i Distance (kp@) 7 ’ = Radio Profile, 2=5
() Y-
s—
62 124 186 249 310 g 0.01
1 | \ | \ | | \ | | \ | | \ | | ;
0 2 4 6 8 10 12 %5
Distance along jet, arcsec = |« s s = #
) ooof b b o L L
0 200 400 600 800

Distance (kpc)



Confront IC/CMB with Morphology

Naive Models

. Synchrotron X-ray
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PKS 1421-490 Images
Gelbord et 4.

ATCA 20 GHz Magellan 1’ Chandra0.5 — 7 keV
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Doppler Factor o

Kinetic Flux

Structure of the Jels
+ K=I?rr?BcU
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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.
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Synchrotron vs.
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Synchrotron vs. IC/CMB
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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?



Where ARE the brlght X-ray Jets at —Iigh Redshift?
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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

e 1 keV X-rays
produced by y ~ 1000/T

e v=4.2%10%72 H[uG]
~ 10 MHz
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There Could Be Radio Quiet X-Ray Jets!

Inverse Compton Lifetimes

e 1 keV X-rays

produced by y ~ 1000/T

e v=4.2%10%72 H[uG]
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A Radio Quiet X-Ray Jet?
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Correlation of X-ray Jet and Radio Flux Densities
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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!



