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LAUNCH vs. COLLIMATION vs. PROPAGATION
Asymptotic propagation:r(> 10MRqp;) vs. launch regionr (< 50Rqp;)

Observations resolve scates 50Rq,. Need microarcsec resolution to
study launch region. Current resolution in radio: at 0.1Hliamtsec.

Theoretical \consensus" thaB - elds are dominant in launch region €
5(R,yp;) for all formidable astrophysical jets.

Observationsndirectly support this theoretical consensus

\Best" evidence for MHD launch: rotation in YSO jets100 AU scales.
(Bacciotti et al. 2002-05; Co ey et al. 2004,2005; Woitad. €2004)

DoesB dominate in propagation region @t SO qp;?
I 'YSO and PNe jets: probably ow dominatedrat 100AU

I AGN (galactic BH engine) and GRB, Microquasar (stellar Béirers)
might be B-dominated to largebut how far from engine?
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AGN Uni ed Model
(e.g. Urry & Padovani 1995)
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Fig, 1—A schemanc diagram of the cumrent paradigm for radio-louwd AGN
(il o scale). Suwownding the ceniral bleck hole oa luminous aceretion
disk. Broad emission lnes are produced i clouds cabiting above the disk
amd perhaps by the disk atself. A thick dusty tores {or warped disk]) obscures
the brosd-Dine egion from trnsverse fives of sight; some contimaom
hroaud-line emssion can be scatiered inte those lnes of sight by hot elec-
trons that pervade the region, A het corona above the pecretion disk may
also play o role in producing the hard X-ray continoum. Marmw lines are
produced in clowds much farther from the central source. Hadio jets, shown
here s the diffuse jets characeeristic of kow-luminesity, or FR 1-type, radio
sotirces, emanate from the region near the black hole, initiaily ar relativistic
speeds, For a 10°M o Black hole, the black hole radius (s ~3% 10" em, the
accretion disk emits mostly from - 130010 cm, the brosd-line clouds
are Tocated within —2-205 10" em of the black hole, and the inoer mdius
of the dusty torus is perhaps — 10" cm. The narrow-line region extends
approximately from 10"— 107 ¢m, and mdic jets hove been detected on
scules from 10" to several times 107 em, o factor of ten larger than the
largest gulexies.
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AGN Jets:

Relativistic (superluminal motion; 1-sided jets); typjjca < 30, though
degeneracies. Flows collimated up t800kpc; Radio, X-ray, Opt,-ray,

Radiation pressure from extended base cannot supply naadsedropic
momentum for relativistic jets. \Compton drag".

Magnetic domination in source is natural theoretical attgve

Evidence for accretion+coronal paradigm in X-rays sugpoté of B- elds
and some dissipation in engine.

Polarized radio emission down to sub pc scales; Rapidilreegaln radio
down to 20 min in Mk 421 (e.g. Gaidos et al. 96; Cui 04); Flaring

To 10YF=1Jy)(= cmP(d=Mpcy(1+z) %(tya=sed 2 31 cos ) 3K
Above this temp, inverse Compton cooling produces largg X4kes not
detected. (e.g. Wegner & Witzel). Relativistic motion,ezeht emission,
scintialltion, or some combination of the aboveél{bfightness temps require
too-high gammas.)

Shorter intraday variability in blazars; Mk 421; 3C279%éar in Blazars
and BL Lacs.



Beyond launch region: magnetic domination is debated

to parsec scales? (LCrg)
to kiloparsec scales? (LCrg)
to few 100 kpc scales? (0 )

Essential problem: proton content, and thermal particle vs. magnetic
energy density is hard to constrain

Types of constraints : polarization, inertial/morphological, spectral
need more.



Parsec Scale ( 1CPrg) AGN Jets

VLBI polarization measured in a number of sources.e.g. 3C 27

not inconsistent with magnetic helix; (is helix moving ?)

e not necess? to B;. For relativistically moving helix; toroidal jet eld
enhanced in lab frame. (Lyutikov et al.03,04: \..obsesieosid repore."”)

evidence for change in polarization orientation and RMsagro scale jets;
consistent with helix (Asada et al; Lyutikov et al)

e.g. Gabudza 03e remaingjj to jet even as jet follows bends; arguably
suggestive of magnetic rather than shock structure; alieqjj; ? along jet

However : unconstrained parameters: (emissivity distributioid strength
variation, jet direction wrt sight line,, helix motion)

Conical + planar shocks can give similar polar.; Cawthobndu@hes 05

(Pariev 05; per. comm.) Observed synchrotron emissivityash between
supposed shocked regions and unshocked regions predlibtedJones 88)

(pg=p.)>2 for nearly adiabatic hydro shock lab frame (upstream frame)

Stronger contrast than seen in radio, but in optical (?)

[Implications of mechanism for particle acceleration needs| w

[Form./propag. of knots in PFDO, MHD, HD (Nakamura & Meierythze])
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Lyutikov, Pariev, Gabuzda 2003,2004
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Fig. 1. (a) Example of observed electric field in the wave and magnetic field for helical
field with ¢ = 7 /4, I' = 2, #,, = 7/3.(b) Polarization fraction for unresolved cylindrical
shell as a function of the observer angle # for p = 1. I' = 10 as a function of the pitch
angle v/, Positive values indicate polarization along the jet, negative — polarization
orthogonally to the jet.
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Jets on Kiloparsec Scales (more ambiguities)

Tavecchio et al.2004: kpc jets \simple" extension of kpes¢&handra
obs.) same ambiguities apply.

Opitcal knots typically show more contrast than radio kn@8parks et al.
1996 for M87)

Bicknell and Begelman (96): detailed model of kpc emissilorequipar-
tition 40 G elds + shocks. Appeal to helical K-H modes to produce wbliq
shocks, but need ambient medium to<b&00 times the density of jet.

| larger scale kpc lobes are overpressured and under-dense with respect
to ISM.

I claimed knots are transient overpressures from shockseedofor B-
elds to collimate.

Reynolds et al. argue that M87 is pair dominated; based oas{iimates
of total integrated jet power (to get density; lower for prs) (2) synch self
absoprtion x-ray ux limits to get upper limits omninfromF / n nin (3)
absence of observed synch cuto at 100GHz
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Important : questionableninimum pressurearguments are often used
in the analysis of AGN jets which gives equipartition batwaagnetic and
synchrotron emitting particle energy densities.

Need constraints that do not invoke such minimum presssure.

Fabian et al. (2002) argue that X-ray obs of kpc holes in BPerdaster
from 3C 84 are not magnetically dominated, and elds aregsubartion.

BUT : (1) Assumed balance between cavity, and x-ray surrougciagres-
sures and (2) that there is no local reacceleration of [etraithin cavities.
I Maybe both (1) and (2) are incorrect:
| e.g. Reacceleration, is needed in a range of sources wittn®tsgn
life times are much shorter than travel distances (e.g. 3M&8enheimer
and Roser 86; kpc scale optical synch emission).
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Jet Radio Lobes (50-100s of kpo
Interesting evidence for ordered magnetic elds (Kronkigegke..)

Faraday rotation shows constant sign in some sources fes schA00kpc
in cluster radio sources

Colgate et al. emphasize the importance
30 G elds, 16° %9 ergs of mag energy

20-30G elds, 16° ergs of mag energy; 1% of the BH rest mass fof 10
hole.
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Constraints on Blazar Power from
Multiwavelength Spectral Modeling;
Ghisellini

& Celotti 2002
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Ghisellini & Celotti point out that 10 20 even on 100s of kpc scales
in the core of blazars to explain X-ray emission via inv Comptattering
o the microwave background.

Ghisellini & Celotti 98,02 also point out that ray variability demands
origin of rays are at 10%pc ( 1C'rq) but not much smaller due to pair

production opacity.
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Lessons from Microquasars (stellar BH accretors) and GRB

GRS 1915+105 obs. superlum> 2, jet power: < 30.
Masses 10: 1 times less than AGN: time scales much shorter.

\low-hard" state hard: x-rays to 100keV power law; lasts apnonths;
steady weakly polarized low speed, opt. thick jet; LFQPO%Xhz); inner
disk 200 km

\high-soft" state: thermal emission 1-2keV; weak powernavsteady jet,
inner disk at 20 km;

\very high-soft" state; shows HFQPOs

bright, transientrelativistic jet ejectionsassociated with hard to soft
state transitions

relativistic ejection up to % 20 polarized; optically thirt aw

relativistc ejecta form ih< 1day; steady on inner rotation time scales

X-ray emission shows variabilites from many days down wesahd time
scales. transition from soft to hard state in response tati@r in accretion
rate could be 100 sec from viscous time scale at 200km.

linear and circular polarization as complicated as in AGN je
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Gamma-Ray Bursts
indirect evidence for jets
most relativistic sources in the universe
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MAGNETIC FLING/ STEADY
(gs from Shu et al. 94; Pelletier & Pudritz 92)
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MAGNETIC SPRING EXPLOSION/ TIME-DEPENDENT
(picture from Meier et al. 01; Matt et al. 03; 05)
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POYNTING FLUX DOMINATED OR HYBRID
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Issues:

Case for magnetic domination in core 100 4 not proven but not disputed.

Case for magnetic domination on larger scales is more\estad

\Minimum pressure" argument, which gives near equipartibetween mag
and relativistic particles often pollutes the estimates

Lots of ambiguity. Better diagnostics and a real e ort fontegsis and
review needed.

Particle acceleration theory is a possibly promisingttbreccompare shocks
to PFDO

Also, study of instabilities along the jet to distinguishgmetic kinks from
K-H case. What moves and what remains xed?

Something to learn from microquasars because the tims scalenuch
shorter.

Inner region of eld fomration and relaxation is perhaps rmosg¢ssible from
laboratory.

Must keep in mind the actual mapping of scales fromxlab> simulation
< > experiment.
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