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Large scale magnetic fields
along astrophysical jets

Do they exist?
Can we observe them?



Electric currents
along astrophysical jets

Can we observe them?
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Universe’s highest electric current
found

3C303 1406.75 MHz
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A COSMIC jet 2 billion light years away is carrying the highest electric current ever seen: 10'® amps, equivalent to a
trillion bolts of lightning.

Philipp Kronberg of the University of Toronto in Canada and colleagues measured the alignment of radio waves
around a galaxy called 3C303, which has a giant jet of matter shooting from its core. They saw a sudden change in
the waves’ alignment coinciding with the jet. “This is an unambiguous signature of a current,” says Kronberg.

The team thinks magnetic fields from a colossal black hole at the galaxy’s core are generating the current, which is
powerful enough to light up the jet and drive it through interstellar gases out to a distance of about 150,000 light
years (arxiv.org/abs/1106.1397).
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Figure 8. Average RMs in bins. Red circles (blue squares) represent positive
(negative) RMs. The color intensity reflects the absolute magnitude. Top: NVSS
data. Bottom: best-fit model.

37,543 VLA sources, Pshirkov et al. ApJ 2011



Christodoulou et al. 2015: Outflowing Electric Currents in Extragalactic Jets

Table 1. Transverse RM gradients on decaparsec to kiloparsec scales

No. Object z RM gradient  Projected distance Instrument References’
name direction from core (pc) and frequencies
(1) (2) (3) 4) (5) (6) (7)
Firm Gradients, Significances > 3o
1 0716+714 0.127 CCW* 335 VLBA, 46-15 GHz Mahmud et al. (2013)
1.4-1.7 GHz Healy (2013)
2 0923+392 0.695 CCw* 20 VLBA, 4 6-15 GHz Gabuzda et al. (2014b)
3 5C4.114 (N) = 0.023¢ CCW > 2000 VLA, 14-49 GHz Bonafede et al. (2010);
Gabuzda et al. (2015b)
4 5C4.114(S) > 0.023¢ CcCW > 1500 VLA, 14-49 GHz Bonafede et al. (2010);
Gabuzda et al. (2015b)
5 A2142A 0.091 CCW to = 10,000 VLA, 45-85GHz Govoni et al. (2010); this paper
6 16524398 0.034 CCW 20 VLBA, 84-1.7GHz Croke et al. (2010)
7 17494701 0.77 CCw* 75-100 VLBA, 1.4-1.7 GHz Mahmud et al. (2013)
8 3C380 0.692 CCW 70-210 VLBA, 1 4-50 GHz Gabuzda et al. (2014a)
9 20374511 1.687 CCW* 40 VLBA, 4 6-15 GHz Gabuzda et al. (2014b)
Tentative Gradients
1 0156-252 209 CCW 4000 VLA, 1 4-85GHz Athreya et al. (1998)
2 3C120 0.033 CCW 25-80 VLBA, 1.4-1.7 GHz Coughlan et al. (2010); this paper
3 M87 0.004 CCW 60, 960, 1400 VLA, 8-43 GHz Algaba et al. (2013)
4 5C4.152 LA CCW 15" VLA, 4.5-8.3 GHz Bonafede et al. (2010); this paper
5 Cen A 00018 CCW 130,000 ATCA, 1.3-1.5 MHz Feain et al. (2009); this paper
6 3C303 0.141 CCW 20,000 VLA, 1.4-85 GHz Kronberg et al. (2011)
7 3C465 0.0313 CCW 40,000-100,000 VLA, 4.5-89 GHz Eilek & Owen (2002)
" References in bold indicate papers that present quantitative analyses of the statistical significance of the

corresponding RM gradients.
*RM gradients in the CW direction are present closer to the jet base.
4 Exact redshift not available.

Christodoulou et al. A&A 2016



Christodoulou et al. 2015: Outflowing Electric Currents in Extragalactic Jets

Table 1. Transverse RM gradients on dccaparsec to kiloparsec scales
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*RM gradients in the CW direction are present closer to the jet base.
“ Exact redshift not available.
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Large scale magnetic fields
along astrophysical jets

Do they exist? Yes!
Where do they come from?



The Cosmic Battery

Contopoulos & Kazanas 1998



Koutsantoniou & Contopoulos ApJ 2014, 17
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The conservation laws for gas density, energy and momentum,
radiation energy and momentum, and photon number can be written
in covariant form,

(pu"),, =0, (7)
(T%)., = G,. (8)
(R = =Gy, 9)
(nu'')y, = i, (10)

where p is the gas density in the comoving fluid frame, " is the gas
four-velocity, 7% is the MHD stress-energy tensor.,

. 1,
TH =(p+up+p+ by u, + (p + Ebg )X, — bb,, (11)

with u;,, and p = (yi — Duyy representing the internal energy
density and pressure of the gas in the comoving frame with adi-
abatic index, iy, and /- the magnetic field 4-vector (Gammie et
al. 2003). R stands for the radiative stress-energy tensor and n for
the photon number density.

where /y = &, + u"u, is the projection tensor, and u* is the gas four-
velocity. The new components of the dual electromagnetic field ten-
sor, therefore, are

m

Fly = —e"P(Ecp)aitg = —€"Phy, Gl uy : P, (18)
pec

which leads to the modified induction equation

d,(\J=gB") = —d; ( V=g — by + —geiﬁrﬁ(ECB}ﬂ,uﬁ)

. m
= —d; ( V—g(b'u' — b'w + E””’B,-'z'ﬁ,yG?'uﬁ P )) . (19)

pec

It is interesting that the CB term involves the radiation four-force
density G* which is already calculated in the numerical code, and
does not require the calculation of extra quantitities. Therefore, its
inclusion has no extra computational cost for an MHD+radiation
simulation.

This is the first time that the extra CB term appears in the
general relativistic form of the induction equation. Our goal in the
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Electric currents
along astrophysical jets

They exist and they are observable!
Always flowing outward on kpc scales!
Inner or outer? Core or sheath?
How can we observe more of them?



Koutsantoniou &
Contopoulos ApJ 2017
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