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It is expected on theoretical grounds that the magnetic fildgls an essential role, not only in
the emission of synchrotron radiation, but also in the dyiecarof the production of the jets of
Active Galactic Nuclei (AGN). New evidence has emerged tppsut the idea that AGN have
helical magnetic fields, which could naturally collimate flets. Such helical magnetic (B) fields
would come about in a natural way as a result of the ‘windingaffan initial ‘seed’ field by
the rotation of the central accreting disk. Very Long Baselinterferometry (VLBI) polarization
observations have shown a tendency for the B fields in theojetertain AGN (e.g. BL Lac
Objects) to be perpendicular to the local jet directionelmss likely that many of these transverse
B fields represent the toroidal component of the intrinsicdbdf of the jets. In fact, systematic
gradients in the Faraday Rotation have been observed gbmpsarsec-scale jets of a number of
AGNSs, interpreted as reflecting the systematic change itinlkeof-sight component of a helical
magnetic field across the jet. We present here results of aareftional search for Faraday
Rotation Measure (RM) gradients transverse to the VLBI jegdion in a sample of BL Lac
objects. We discuss how these gradients could potentiallyded to infer the intrinsic magnetic
field configuration of the region surrounding the centrakkl&ole (e.g. dipolar, quadropolar).
The helical fields we have detected on parsec-scales shoypdgate outwards with the jets to
kilo-parsec/intergalactic scales.
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1. Introduction

BL Lac objects are Active Galactic Nuclei (AGNSs) characted by strong and varying po-
larization at ultraviolet through radio wavelengths, whare observationally similar to radio-loud
guasars in many respects, but display systematically wegtieal line emission. Very Long Base-
line Interferometry (VLBI) polarization observations of.B.ac objects have shown a tendency for
the magnetic (B) fields in their jets to be perpendicular ® ltital jet direction [1, 2]. It seems
likely that many of these transverse B fields represent tbered toroidal component of the intrin-
sic B fields of the jets, as discussed by Gabuzda et al. [2e8]akso references therein.

2. Faraday Rotation

Faraday Rotation of the plane of linear polarization oca@usng the passage of an electro-
magnetic wave through a region with free electrons and a etagfield with a non-zero component
along the line-of-sight, and is due to the difference in ttappgation velocities of the right and left-
circularly polarized components of the wave. The amounbtation is proportional to the density
of free electrons multiplied by the line-of-sight magnetic fieBl- dl, the square of the observing
wavelengtt 2, and various physical constants; the coefficiem dfs called the Rotation Measure
(RM):

A)(D)\z/neB-dIERM)\Z 2.1)
The intrinsic polarization angle can be obtained from tHe¥ang equation:
Xobs = Xo-+ RMA? (2.2)

where xops is the observed polarization angbg, is the intrinsic polarization angle observed if no
rotation occurred, and is the observing wavelength. Simultaneous multifrequesizservations
thus allow the determination of the RM, as well as identifythe intrinsic polarization angles.

Systematic gradients in the Faraday Rotation have beemvaosacross the parsec-scale jets
of several AGNs, interpreted as reflecting the systematimgh in the line-of-sight component of
a toroidal or helical jet B field across the jet [2, 3, 4, 5]. Biields would come about in a natural
way as a result of the ‘winding up’ of an initial ‘seed’ field Hye rotation of the central accreting
objects [6, 7].

3. Observations and Results

Polarization observations of 37 BL Lac objects were obtinsing the 10 25-m radio tele-
scopes of the VLBA, at 2.0cm, 2.3cm, 3.4cm, 3.8cm, 5.9cm abdn®, over 5 epochs (22 August
2003, 22 March 2004, 12 April 2004, 11 August 2004 and 2 Seipéer004), These objects were
chosen for this study because previous observations a8 B.@&nd 6.0 cm had revealed transverse
RM gradients in several sources [2]. The data were caliirated imaged in the NRAO AIPS
package using standard techniques.



Evidence for Helical Magnetic Fields in Active Galactic Naic Mehreen Mahmud

5 -10
MilliARC SEC

5
Grey scale flux range= -60.00 80.00 RAD/M/M
Cont peak flux = 4.2399E-01 JY/BEAM

Levs = 2.000E-03 * (-0.250, 0.250, 0500, 1, 2,
4,8, 16, 32, 64, 128, 256, 512, 1024)

Figure 1: Shown above, clockwise, starting from top left, are RM maijith wverlaid Intensity maps of
0003-066 (epoch 22 March 2004), 0256+075 (epoch 11 Augu®t)20820+225 (epoch 22 August 2003)
and 0954+658 (epoch 12 April 2004), each showing trans\Rkégradients, shown by the arrows.

Results for four of the BL Lac objects in which we have detédr@ansverse RM gradients
are presented here (Fig.1). After matching the imagingmatars and beam sizes of the final
images at all the wavelengths, we constructed maps of theaibt, first subtracting the effect of
the integrated RM (presumed to arise in our Galaxy) from theeoved polarization angles [8, 9],
We observe an extended RM gradient in the jet of 0820+225u@#h Murray & Cronin [2] also
observed a gradient in the jet of this source, with the samsesdout somewhat closer to the core,
possibly suggesting that the electron-density distrdsuthas changed between our observations.
The gradient in 0954+658 is confirmed by O’Sullivan & GabuZii@] and the transverse RM
gradients in 0003-066 and 0256+075 were detected by usddirghtime. For additional transverse
RM gradients detected in the jets of 0716+714, 0735+17864295, 1749+096 and 2155-155 and
reversal of the gradient in the core regions as comparecketfeth in 0716+714 and 2155-152, see
Gabuzda et al. [3] and Mahmud & Gabuzda [11]. See Mahmud, Z8kb& Bezrukovs [12], for a
source (1803+784) showing reversal of the gradient in thevjer time.

4. Discussion

The presence of transverse RM gradients has been confirmseveral sources, evidence for
new transverse RM gradients have been detected in the jetsytérous other objects. This clearly
demonstrates that this is a widespread phenomenon whidhrrinsuggests that helical B fields
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Jet Counter-jet

Figure2: lllustration of how a source with a detected counter-jet in@aysed as a diagnostic for determining
the polarity of the central Black Hole. The arrows mark theediion of the B-Field. Depending on the
direction of the RM gradient in the jet and counter-jet, tbarse has a Quadrapole or Dipole Black Hole
B-Field.

are common in AGN jets. These RM gradients have recently bsed by Gabuzda et al.[3] to
understand the sign of the circular polarization produgethe core regions of AGN, providing
more evidence for the presence of helical magnetic fields.oBservations have also revealed new
features not previously observed, such as reversals i teglients with distance from the core
[11], and with time [12]. The mechanisms behind these ph&manare not yet fully understood,
but may provide information about the intrinsic magnetitdfieonfiguration that is ‘wound up’ by
the rotation of the central black hole. A possible explamatf the ‘flips’ in these gradients that
are sometimes observed, could be a change in the polarityedblack hole, or a change in the
direction of the azimuthal magnetic field component due teidmal oscillations of the jet [13].
The detection of RM gradients in counter-jets could po#diytidistinguish between Dipolar or
Quadrupolar magnetic fields of the central black hole [1sirated in Fig. 2. High sensitivity,
high-dynamic-range observations with the eVLA, eMERLINIgmototypes of Square Kilometer
Array (SKA) could be used for detection of counter-jets tméght test this prediction.

Furthermore, the helical fields we have detected on parssess should propagate outwards
with the jets to kilo-parsec/intergalactic scales. Theaedverse RM gradients have been detected
at out to scales of tens of parsec [15]. With the high serigitiof the upcoming instruments
above, leading up to the SKA, we will have the capability tadgtthe Faraday Rotation gradients
on larger scales and probe regions that have not been adabgfere. This will be crucial in
providing substantial new evidence for helical magnetid&i¢hroughout the jets of AGN.

This publication has emanated from research conductedtigtfinancial support of Science
Foundation Ireland.
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