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Blandford & Payne, Lovelace, Contopoulos, Begelman, Li...

J ×B → (∇×B)×B → B2

ρeE → (∇ · E)E → E2 → B2
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‘Battery’!

Lynden-Bell 2013

µB · Ω > 0



Christodoulou et al. 2015 (in prep.)



Deriving structure of the Galactic Magnetic Field 7

On the other hand, there is strong evidence that some
sort of ’screen’ is present in the direction of these high lat-
itudes (Stil et al. 2011) and eventually it could produce
this bias; even small a priori unknown contribution from
the extra-galactic component of the total RM could have
relatively strong impact on the fit (Schnitzeler 2010). All
bins with |b| < 10◦ were excluded because we could not
trust NVSS values in case of expected large values of RM
(see above). Our fits were mainly based on the bins of
the Northern hemisphere because, due to the limitations
of NVSS survey there is a large ’blind spot’ in the South-
ern hemisphere at the very position of the maximum of
the predicted RM values — That coincidence makes the
fit in this hemisphere less sensitive to the features of the
GMF models under test. Finally, we excluded all bins
where the number of observed sources was smaller than
30. Fig. 5 shows the excluded bins in gray.
The same prescription was adopted for the analysis

of the 1-degree strip along the Galactic plane using the
RM set by KNM11, with the following changes. As the
area in this case is ten times smaller (∼ 10 deg2 instead
of 100 deg2) we set our lower limit to 3 sources in the
bin. Also we increased the assigned error value to σqso

instead of σqso/3, thus trying to reproduce the enhanced
uncertainty in the disk due to the presence of a large
number of local structures and very long propagation
path length inside the disk (of order of tens kpc). In
the 1-degree strip, after visual examination, we removed
20 sources out of total number of 259. RM values of
the removed sources clearly demonstrate large differences
with RMs of the nearby sources.
Our fitting strategy was as follows. The Northern and

Southern Galactic hemispheres do not come on equal
footing because of the blind spot in the Southern sky.
As the first step, we performed the fit using the NVSS
data for the Northern hemisphere only, thus obtaining
the preliminary set of models. Next, we fitted the NVSS
data in the Southern hemisphere. We chose only the
models that performed well in both tests and had the
same value of the disk field. Note that this allowed for
different halo fields in the Northern and Southern hemi-
spheres. In these tests we imposed the additional re-
quirement that the amplitude of the disk field α (com-
mon to both hemispheres) be larger than 0.9 (this corre-
sponds to the magnetic field strength at the Earth loca-
tion B > 1.8 µ G; this fact follows from other observa-
tions). All models satisfying this requirement and having
χ2/χ2

min < 1+
√

2/N.d.o.f (that is, with the parameters
lying within ∼ 1σ from the best fit values) were selected
as acceptable.
Independently, we fitted the sources from the compila-

tion by KNM11 in the narrow strip of the galactic plane
|b| < 1◦. This imposed additional constraints on the
structure of the field in the thin disk to which our fit of
NVSS data is insensitive. Requiring that fits to both the
NVSS and KNM11 data be good, we performed the final
selection of the models.

5. RESULTS

Fig. 8 shows the comparison between one of the best
fit models and the binned NVSS data. Positive average
RMs are shown shown by red circles, negative — by blue
squares. The intensity of color indicates the absolute
value of RM. It is seen that the general structure of the

Fig. 8.— Average rotation measures in bins. Red circles (blue
squares) represent positive (negative) RMs. The color intensity
reflects the absolute magnitude. Top: NVSS data. Bottom: best
fit model.

Fig. 9.— Best-fit model (blue solid line) vs. NVSS data (red
points) in the Northern hemisphere. Bins not included in the fit
are shaded with light blue.

field is reproduced quite well.
The results of the fits are as follows:

North: The absolute minimum value of χ2 was equal to
227 for 105 degrees of freedom, χ2

red = 2.16. A bin-by-
bin comparison between the data and the best-fit model
is shown in Fig. 9. Parameter ranges that were obtained
from the fits are presented in Table 4. The fit was most
sensitive to parameter p (pitch angle); the vertical scale
of the disk magnetic field z0 and distance to the nearest
reversal d affect the fit less. There was no significant
influence of the Rc parameter, so we excluded it from
the further studies fixing at Rc = 5 kpc value.
We could not make a successful fit using the disk com-

ponent only. The addition of the halo component de-
creases χ2

min by a factor of 1.5. Due to the weaker effect
of the halo MF, its parameters are estimated with larger
uncertainties than the disk ones. In addition, there is a
problem of degeneracy between the height of the halo zH0 ,
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Gabuzda, Contopoulos, Kazanas, Christodoulou

“The largest electric current in the 
Universe” flows away from the 
origin of the jet (Kronberg et al. 13)

Centaurus A 3C303



• 10 monotonic transverse Faraday RM

• All gradients Counter ClockWise (CCW)!

• Electric current flows AWAY from core

kpc-scale Faraday RM
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Gabuzda, Reichstein, O’Neill 2014



Gabuzda and collaborators

“There are currently 27 reports of 
monotonic RM gradients with 
significances >3σ in the literature, 
of which 20 are CW (1% probability 
that this came about by chance!)”

The electric current flows mostly 
toward the origin of the jet

‘Battery’?



Christodoulou et al. 2015 (in prep.)



• 27 (36) monotonic transverse Faraday RM

• 20 (26) CW    7 (10) CCW   ~1%  (0.5%)

pc-scale Faraday RM



• 4 (5) pc - deca-pc scale:

• Inner: CW

• Outer: CCW 

pc-scale Faraday RM



 A Cosmic Battery
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 A Cosmic Battery



“spine” jet

Bz || Ω
Bz || -Ω

jet (disk wind)

current sheets
sheath





Magnetism along Spin:
evidence for a

Cosmic Battery!


