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Faraday rotation gradients
helical B fields



Faraday rotation — rotation of the

polarisation angle ¥ when polarised
passes through a magnetised plasma, d
different propagation velocities of RCP an
components of the wave.

Line of sight B field




If jet has a helical B field, should observe a Farada
gradient across the jet — due to systematically changi
of-sight component of B field across the jet (Blandford
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Reports of transverse RM gradients across a number
of pc-scale AGN jets — but concerns were expressed
about their reliability, as jet structures are usually
arrow compared to beamwidth.



Recent Monte Carlo simulations have resolved this 1SS

Hovatta et al. (2012) — considered
model maps without RM gradients
— fewer than ~1% of runs gave
spurious 3¢ gradients, even for
narrow jets

Mahmud, Coughlan et al. (2013), Murphy & Gabuzda
(2013) — considered model maps with RM gradients — RM
gradlents clearly Vlslble even when jet width << beam

Jet width 1/10 beam  Jet width 1/20 beam




Thus, 1t 1s not necessary to impose a wi
gradients — the best test of reliability 1
of gradient and RM range spanned > 3G.

Monte Carlo simulations by Hovatta et al. (2012)
demonstrated that typical on-source uncertainties
about twice usual assumed value (c_ ).

work (Gabuzda et al. 2014, 2015, 1n prep):
1ignificance of previously published results

transverse RM gradients



The generation of a helical field in the innermos
of the jets 1s expected according to standard model

MODEL OF A QUASAR o
HELICAL MAGNETIC FIELD . o0

In Alan MarSCher’S /O q COEITCANDH;I-I%CK SHOCK/SUPERLUMINAL KNOT
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... but RM gradients show that a helical field compo-
nent survives to scales well outside VLBI core.

odeling of Marscher (2015) suggests a picture with
ical (ordered) + chaotic (turbulent) B components:

= RM gradients  Chaotic B = variability



Evidence for the “return”
jet B field



“Reversed” RM gradients now detected in four AGN
(Mahmud et al. 2013, Gabuzda et al. 2014):
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Grey scale flux range= -250.0 100.0 RAD/M/M
Cont peak flux = 1.3306E+00 JY/BEAM

Levs = 2.000E-03 * (-0.500, 0.500, 1, 2, 4, 8, 16,
32, 64, 128, 256, 512, 1024)

2-6 cm RM map of 0716+714 on pc scales
(Mahmud et al. 2013)




Can be explained if “outgoing” B field 1n jet/inner
accretion disc closes 1in outer disc

Winding up of field / 1
lines due to Integration path

differential rotation ¢~ —, passes through both

—— regions of helical field

Provides direct evidence for the presence of a “return
I 1n a more extended region surrounding the jet




The azimuthal field must reverse when the fieldret
get an RM gradient reversal:
Contopoulos et al. 2009

Lynden—Bell
1996

1S model will not give a reversal ... this one will!

iScan place new constraints on the B-field structure
boundary conditions for theoretical models!



Asymmetries in RM gradi
orientation on sky



Combination of rotation direction + direction o
initial axial field that 1s wound up determines
resulting azimuthal B-field direction:

Initial axial field direction

Rotation direction




Can describe observed RM gradients as “Clock=wis
(CW)” or “Counter-clockwise (CCW)” on sky, relative
to base of the jet:
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Jet base located somewhere upstream
of observed “core”




If direction of rotation and direction of axialfi
are random and independent, we expect equal
numbers of and CCW gradients.

Arrows show Axial field direction

direction of RM
gradients

Rotation direction

-



We can also think about this 1n terms of the
direction of the axial current implied by the
observed RM gradient (azimuthal B field) —

or outward.

Axial field direction

Arrows
show
direction of
implied
current

Rotation direction




What 1s observed?

There are currently 27 monotonic transve

with verified significances > 3o (e.g. Gabuz
2015):

20 CW (Lin), 7.CCW (I out)

ability of 20 or more of 27 gradients being CW by
(unweighted binomial probability distribution):

P~0.95%

that there 1s an asymmetry — which must



Understanding the origin of this a
amounts to 1dentifying a system ol ¢
and associated B fields that leads to thiss

preference for a particular orientation of th
sverse RM gradients 1s equivalent to a

ed direction for the axial current —
outward.



One mechanism that can provide this asym
“Cosmic Battery” model of Contopoulos et al.

e Charges 1n rotating accretion disc absorb photons fr
central AGN

e Photons are re-radiated 1sotropically 1n rest frame of
charges, radiation 1s “beamed” in direction of their
motion 1n observer’s frame

The charges feel a reaction force:

Force on electrons

e >> force on p because 6. oc m™



Rotation and axial B field are —cu
in accretion disk provides initial axial B ficld tha
1s wound up:

Axial field direction

otation direction
(current direction)




Resulting azimuthal components
helical B fields have specific directio
rotation:

Christodoulou
et al. (2015)

inward current near jet axis,
In region surrounding jet.



Action of this “Cosmic Battery” ca
predominance of CW RM gradients (1
currents), if the inner part of the nestCaN
structure usually dominates the overalF'obSe
Faraday rotation on pc scales.

May be other mechanisms that can yield a similar
tem of magnetic fields and currents. Needs work!

obtaining results for additional AGNs with
Ic, transverse RM gradients aimed at
e statistics (Gabuzda et al., in prep).



We are also searching for significant transverse RV

gradients on kpc scales — one found so far (Gabuzda,
Knuettel & Bonafede 2015):
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1S umplies that a helical field component can sometimes
asionally) survive all the way out to kpc scales!
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Relative orientation of transverse RM gradients in 5C4.114
iIs'consistent with expectation of winding up an initially
lar-type B field.




Summary

* Transverse RM gradients can provide
evidence for helical/toroidal jet B fields; re
detected in 27+ AGN on parsec scales so far,

monotonicity and RM differences > 3c. This
eans that a helical field component survives to
ances well beyond the VLBI core.

ation of RM gradient reversals provides
ational evidence for a “return B field”
ed helical-field structure



Summary

* Evidence for a predominance
currents on parsec scales. Places €
system of fields and currents in and @
accretion disk!

Scales recently obtained

ds carried outward by jets could acta
tields that are subsequently
dynamos



this experiment with your cat at home!



Extra slides



MC simulations with reversals also give detectable gradic
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Murphy & Gabuzda (2013): 1.36, 1.43, 1.49, 1.67.G

" 0.0z " 0.0z
2 0015 15 015 [

Jet width 0.40 beam

=Sl 98%, or more of simulated
S maps showed transverse
RM gradients > 36 when
intrinsic jet width was at

least 0.20 beam widths.

0 02505075 1 12515 1.76 2 225 25 275 3 3.26 35 3.75 4
Sigma Value of Cbserved Gradients
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Fitting transverse polarization profiles for MrkS01 using
simple helical B field model yields fits with

Jet rest frame pitch angle y' ~ 53°

Jet rest frame viewing angle o' ~ 83°
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T st T 0 Upper curve: Stokes I

Peak contour flux = 5.2043E-01 JY/BEAM
Levs = 5.204E-03 * (0.500, 1, 2, 4, 8, 16, 32, 64,

Pol line 1 milll arcsec = 6.2500E-03 JY/BEAM LOWCI' CUI'VC: StOkeS Q




Fitted value for o' plus measured superluminal speed 555

gives solution for intrinsic jet speed B (Lorentz factor I')
and viewing angle in observer rest frame o:

sin§’ = __simndo

- T'[1 — Bcosd]
sin o

1 — Bcosd

Bapp

ields for Mrk501 3 =0.96 and 6 = 15°

istent with results of Giroletti et al. (2004), 3 > 0.88
70



Plot file version 1 created 05-MAR-2014 11:11:55
1226+023 IPOL 15365.459 MHZ 1226+023 D2.ICL001.1
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Peak contour flux = 8.7492E+00 JY/BEAM
Levs = 8.749E-02 * (-0.250, 0.250, 0.500, 1, 2,
4, 8,16, 32, 64, 95)

3C273 has rich, asymmetrical polarization structure,
making it a good source to study in this way.
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Plot file version 1 created 05-MAR-2014 11:11:55
1226+023 IPOL 15365.459 MHZ 1226+023 D2.ICL001.1
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Peak contour flux = 8.7492E+00 JY/BEAM
Levs = 8.749E-02 * (-0.250, 0.250, 0.500, 1, 2,
4, 8, 16, 32, 64, 95)

Fitting transverse polarization
profiles for 3C273 yields

v' ~45°, 0" ~ 84°
0 =3.8°, 3 = 0.997, "I =N
Hovatta et al. (2009) also

estimated

5=4°, [ NEl
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Fitting transverse polarization profiles
for 3C273 yields

450 5 ~ 84°
§=3.8°B=0.997, I =13.6

Intensity (Jy)

vatta et al. (2009) also estimated
° T = 14!







	Evidence for Helical Magnetic Fields Associated with AGN Jets Denise Gabuzda University College Cork
	PowerPoint Presentation
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Understanding the origin of this asymmetry amounts to identifying a system of currents and associated B fields that leads to this. A preference for a particular orientation of the transverse RM gradients is equivalent to a preferred direction for the axial current — inward or outward.
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42

