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| describe the first and best yet observatio te of the current flow along the axis of a jet
that extends from the nucleus of the active elliptical galaxy in 3C303. This is / ~ 10’8 Ampeéres at a
projected 40 kpc from the AGN. This points to the existence of cosmic scale electric circuits. The
power flow is P = [?Z, watts, where Z~ 30 Ohms, which is O the impedance of free space Z (&, ,14,),
(& ,44) being the permittivity and magnetic permeability. These, in turn, uniquely determine c. The
electrical potential drop (~ 102°V) across the jet diameter (which is = a few times rg of the SMBH)
is, interestingly ~ that required to accelerate the Ultra High Energy Cosmic Rays (UHECR).

Jets and high energy outflows have different progenitors, forms, sizes, luminosities, and ambient
environments

This talk focuses on



magnetic + CR

n (photons), ~ 10%of Mg,,c?> (not captured) appears
comparable to n (CR + B),

2147+816 giant radio galaxy

Analysis of #70 GRG images
Kronberg, Dufon, Li, Colgate
ApJ 2001

8 FRII-like GRG’s, w. detailed,

multi-A obs. & analysis

Kronberg, Colgate, Li, Dufton ApJL 2004

*Willis & Strom, 1978,80

*Kronberg, Wielebinski & Graham.1986,

*Mack et al. A&A 329, 431, 1998

*Schoenmakers et al. 1998,2000

*Subrahmanian et al. 1996

*Feretti et al 1999

-Lara et al. 2000 AUI/NRAO/VLA image
.

Palma et al. 2000




Indicatio distributed acceleration pe volumes
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Freshly accelerated.and Kronberg, Wielebinski & Graham 5 .
“starved” of thermal plasma A&A 169, 63, 1986 Eer = 1019[3;1(;}[1 Mpcj eV




Adapted from Kronberg, Dufton, Li, and Colgate, ApJ 560:178 (2001)
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Jets and lobes
good candidates for

k Hole(SMBH) are
ighest energies

Why measurements of jet current are currently difficult at resolution
scales of e.g. the NRAO JVLA.



Knots and Hotspots of 3C303 (z=0.141, D ~ 600 Mpc)
(VLA) and (CHANDRA)

P. Kronberg, Can.J. P i

0s, F. Takahara,
P. Leahy & R. Perley, Astr. %A 399, 91, 2003
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PLot file version & created 02-MAY-2011 18:51:05%
ALL: 3C303 IPOL 1408.750 MHZ 3C303L.ICL3.A
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Grey scale flux range= -1.3 385.7 MilliJY/BEAM

Cont peak flux = 3.9566E-01 JY/BEAM

Levs=5.000E-04* (-1, 1,2, 3. 4, 6. 12, 24, 48,

100, 200, 300)

Pol line 1 arcsec = 2.5000E-03 JY/EEAM



4.9GHz VLA image at 0_3” resolution

3C303 4866 MHz 0.35” angular resolution
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Lapenta & Kronberg ApJ 623, 37-50, 2005

(2) Jet’s total photc @ erg s

— Radiative dissipation from the jet
is ~10% of the energy flow along iet!

(3) Measure knots’ — Bknot =103G

(4) Measure Isolated in the knots, RM « X X Dynot
gives in knots for 3C303) — n,, =~ 1.4x10> cm-3 (1 low, extragalactic - level
density!)

(3)& (4) — oo Vo withinknots: /. "«

RESUL™: \/ kot » ¢ j.e. in the relativistic range - V,'®




1. Need encies,

2. Faraday R

2. High resolution X- surrounding the jet

4. Need nearby sky RM’s to esta
i.e. subtract <RMp,qong sources™ from the RM’s in the jet image
(normally only feasible outside a galaxy cluster)

P.P. Kronberg Can J. Phys 64, 449, 1986 (original results)
P.P. Kronberg, R.V.E. Lovelace, G. Lapenta, & S.A. Colgate, ApJL 741, L15, 2011
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Poynting jet’s

p= < 1, where rl, r2 are the inner & outer transmission line radii (Lovelace & Ruchi, 1983)






Relativistic Poynting Flux Jets

/p/hz//

ext

vy

Lovelace &
Romanova,
AplJLett, 596,
L159-L162, 2003




Pre 190C pagation
over \ ions

Time and space-dependent perturbations of a Poynting-Hux
jet are described by the Telgrapher’s equations,

JdAV 1 JAT JAI 1 9AV (20)
ot C dz ot L 0z '
where (AV, AT) represent deviations from the equilibrium
values (Vi, In). The equations can be combined to give the

wave equations

O. Heaviside, Electromagnetic Theory 1893

Van Nostrand NY,

92, 0 -
— U, AV, Al)=10. 21
(f)af:’- e 92 )( ) =0, (21

where

o = = 14— (™ . (22
U, = JIC = ¢ |1+ T2 o2 1 , : 22)
Lovelace & Kronberg MNRAS 430, 2828, 2013
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If an electromagnetic jet encounters a “load” with
an inductive component, the reflected Al and AV
are no longer exactly in phase. This can create |E|
> |B|, for some distance and time period At,---
e.g. ~1000yr in the 3C303 jet, --



Jet—as

They also n
and ambient (e.

en for 1 ~10'% A

example: ARM only ~ .
only 25° at 1 GHz.

at z=0.14, & 10rad m=2,the ang

This detectability problem gets worse at higher z

A I ., o _ 4
e.g. for 3C9 at z=2.012, ARM =10rad m= becomes 20127 1.1 rad m~2 - undetectable!

LOFAR frequencies down to ~200MHz can detect RM's at low n,; and B, < 10° G



Futu
requi

1. Much
“spine”.
2. higher brig
3. frequency rang

Imaging.

Low freq. telescopes (S1GHz) will achieve these goals



We have developed a simple transmission line model for
extragalactic Poynting flux jets.

Introduced the concept of magnetic insulation, relevant
to VHE particle acceleration, and applied it for a jet-
ambient plasma £ = 10/-5,

Philipp Kronberg, Texas Symposium, Geneva 2015







