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Many Radio Galaxy Properties Change Near
Peztended ~ 10245 W.Hz-! at 1.4 GHz

Below this power:

TSI TR A o

e Most extended structures are edge-darkened

e Steepest spectra are in outer extended regions

e Jets are prominent and mostly two-sided

e Jets widen rapidly, are soon B | -dominated

e Jets merge smoothly into plumes, trails (C,S shapes)
e Hosts tend to be “big, round, pink and friendly”

e Hosts tend to have weak emission lines

Above this power:

e Most extended structures are edge-brightened

e Steepest spectra are in inner extended regions

e Jets are less prominent and mostly one-sided

e Jets widen slowly, stay Bj-dominated

e Jets end near bright emission, hot spots at high P

e Hosts tend to be “disturbed and lonely”

e Hosts tend to have strong emission lines (eqCﬁ@a«wf\I erel. bos'er
gestedy )’

At about this power:

e “Break” in galaxy radio luminosity function
e Many “transitional” cases, e.g. WAT's, and giants
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MEAN JET SPREADING RATE

e -= St}bmdmﬁ Rele = .5{9
Spreading Rate vs Extended Power
1465 MHZ
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LOG P(JET) 1465 In W/HZ

LOG(Jet PO'Wer). vvsi“LOC.(Extended Power)

1465 MHZ
28
)
OO
- 8 Q
Q
QOQ
26 — Q Q 2
"
C? agq
Q 6 Q
25 - B
G Q ¢
G G
Gg G ¥
24 . G
GG((;%G G G
& G
¢ Sc & %
23 — G 8
(R (‘t% §¢
G GG
¢ G
G
22 - é;c
G
g
21 T T T T T T T
21 3 25 27

LOG P(EXT) 1465 in W/HZ

Gy

Q = quosar

,,/ A3 Scuweg ‘FAY Wewch 1nveg reled J‘e'r\
\ ‘Flmx densifiey era 2 <hif(s knmm/

ATOAD So.\ax/j

——




LOG P(JET) 14658 In W/HZ
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LOG(Jet Power) vs LOG(Extended Power)
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| (Plausible) Outflow Dynamics

Below P..: ~ 10245 W.Hz~1:

e Jets transonic, turbulent, mass-entraining

e Low Mach numbers, rapid spreading — B.IL dominates
e Adiabatic deceleration helps to keep jets “lit up”

e Density p; — prem. prsm as jets propagate, until:

e Jets “poop out” as subsonic plumes, trails

Above P,..; ~ 10245 W.Hz1:

e Jets stay light (ps < prea) and hypersonic until:

e Jets end at complex shock structures — hot spots

e Slow advance velocity — wide lobes

e Flows beyond the jets ?
— Nonax1symmetrry — oblique ﬁrst shock
— Jets deflect — “splatter spots
— qualitatively like observed multlple hot spots”
— light jets can self-cocoon in hot backlow ?
— jet-cocoon instabilities — X-shocks — knots ?
— deflected backflows — L and X shaped lobes ?
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IS WHAT WE THINK WE SEE

(via synchrotron radiation)

WHAT'S REALLY GOING ON 7

e What flow properties are “visualized” by radio images ?
— where are particles and fields energized ?
— and how efficiently 7
— do the energy and mass flow paths always radiate 7
— are there “invisible” jets, cocoons ?
— do radio shapes map flow shapes ?

e How much of what we “see” is relativistically moving ?
— do brightness, time delay, aberration distort
kpc-scale sources significantly ?
— how randomly oriented are flux-selected samples ?

e How important are classical projection effects ?
— are filling factors = 1 and depths = widths ?
— how many large angles in 2-D are small in 3-D 7

e Does centimeter-decimeter chauvinism matter ?
— do sidedness, sizes, shapes vary with wavelength ?
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LOG P(JET) 1468 In W/HZ

LOG(Jet Power) vs LOG(Extended Power)

1465 MHZ
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Tales from the Dark Side
or, Counter-jets in Powerful Sources

e In powerful radio galaxies:
— 3C 219, log Pe;: = 26.44, log P.; = 23.22
— 3C 288, log P.;: = 26.36, log P.; = 23.68
— both “ interrupted” jets ?
— counterjets bright tips, closer to core than jet
— 3C288 counterjet steep-spectrum ?
— all properties of “born-again” relativistic jets ?

— 3C 341, log Pey: = 26.78, log P; = 25.1
— 3C 438, log P.;; = 26.84, log P.; = 25.0
— Cyg A, log Pege = 2774, log P; = 242
— all extended, but confused with lobe emission

e In 3CR QSRs LAS >10 arcsec (systematic study at VLA):
— no clear continuous counterjets cores—lobes
— but “bits and pieces” in 30% to 50% of cases:
— 3C 68.1, Iog Pezt = 2774, IOg Pc_') ~ 24.5
— 3C 334, log Pezt = 26.93, log P.j =~ 24.5
— 3C 9, log Pzt = 28.15, log P; > 24.3

e Conclude:
— there is something for VLA, MERLIN etc. to see !

— frequency dependence may be important (3C288) ?
— no clear pattern vs. LLS, core prominence, yet.

Also, tounter{et W core~dominafed Subedumiial QS

— 2B X113, \09 Posk = 26-32, '.09 ?Qj ~ 24 .5
(acT13.18)
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LOB P(JET) 1465 In W/HZ

DOES JET PROMINENCE CORRELATE WITH
LoBE MORPHOLDAY IN STRONG SEVRCES 7

LOG(Jet Power) vs LOG(Extended Power)
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The Small, Bright, Kpc-scale Jet Show |

e Barthel, Lonsdale, Miley, Schilizzi sample:
— jets in steep-spectrum QSRs at z > 1.5
— many prominent, bent jets
— jet-to-lobe ratio increases with curvature
— but not with core-to-lobe ratio
— epoch dependence at z > 1.5 (if ID’s “normal”)

e All jets, Pogtended > 10> WHz 1,025 <z < 15
— classical doubles show few trends, but:
— iif lobes are mot clearly classical doubles,
— kpc-scale jet-to-lobe ratios increase at small 1L1S
— kpc-scale jet-to-lobe ratio increases with core ratio

e Conclude:
— if small LLS, morphology together — projection,
some kpc-scale jets at z < 1.5 may be beamed
— if mot, “some small sources have bright jets” !
— young sources, all redshifts ?

e Work needed: _
— samples small when selection effects minimized
— need larger samples with integrated jet fluxes - -
— need better maps of weak, small Jobes
— need still more diagnostics for orientation
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LOG (UVET/LOBE) at 14853 MHZ
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LOG (Jet Power/Lobe Power) vs LLS
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| Evidence for Structured Faraday Screens
| Around Radio Galaxies

1. EVIDENCE FROM ROTATION MEASURE DATA

e Extreme rotation measures (1000's rad.m~?)

— Cyg A RM mapped at VLA (Dreher, Carilli, Perley)
— RMs from —4000 rad.m~2 to 43000 rad.m~?

— VRM up to 400 rad.m~2 kpc—?!

— no internal depolarization of lobes, jets

— screen outside source (sheath or ICM)

— others with net RMs >1000: M87, 3C295, 3C218
— cluster (cooling flow) related ?

e Modest rotation measures (10’s to 100’s rad.m™?2)

— MB4, NGC1265, NGC6251, 3C449, 3C66B

— linear scales 1 to 100 kpc if in host galaxy

— symmetries — host galaxy related

— no internal depolarization of lobes, jets

— screens outside sources (sheath or ISM)

— Faraday depths not smooth et

— kpc-scale substructure |

— VRM typically 10 to 20 rad.m~2.kpc—!

— depolarize across radio beams at decimeter A\
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Evidence for Structured Faraday Screens
Around Radio Galaxies

2. EVIDENCE FROM DEPOLARIZATION DATA

e Systematic depolarization gradients at 49cm

— Jagers Ph.D. thesis, Leiden (1986)
— Strom and Jagers preprint (1987)

— Pagcm Systematically < paicm in inner parts
of radio galaxies

— P49cm/P21em increases away from galactic muclei

o Conclude:

— structured Faraday screens round many radio galaxies
« - «—— |if screens are symmetric, depolarization data can
distinguish front side of source from back
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Depolarization Asymmetry

e Laing (1987), Nature, in press:
— 10 powerful 3CR radio galaxies synthesized
— 1.4, 2,7 and 4.9 GHz data
— 9 of 10 depolarize faster on counterjet side
— also, integrated data (Strom and Conway 1985)
— 8 of 12 jetted sources show same effect
— one “counter-example” disagrees with VLA data

e Garrington, Leahy, Conway and Laing (1987)
also Nature, in press:

— VLA images of 25 sources with one-sided jets
— 1.4 and 4.9 GHz

— 23 depolarize faster on counterjet side
— one has no polarization on counterjet side
— one “wrong way round”, but small depolarization

e Conclude, for sources with one-sided jets:
— Jetted sides usually depolarize less than unjetted
— (statistics about 33 out of 35)
— if screens symmetric, pné-sided Jets are toward us
— comforting result for Doppler-boost model
— intrinsic-asymmetry models will soon follow !

e Work needed:

— map VRM, test location, symmetry of screens
— study depolarization gradients of twin-jet sources
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