
IAU Colloquium 164: Radio Emission from Galactic and Extragalactic Compact Sources 
ASP Conference Series, Vol. 144, IS98 
J. A. Zensus, G. B. Taylor, & J. M. Wrobel (eds.) 

Magnetic Field Configuration in 4C 39.25 

A. Alberdi et al.1 

IAA-CSIC, 18080-Granada, Spain and LAEFF-INTA, 28080-Madrid, Spain 

A b s t r a c t . We have performed simultaneous multi-frequency polarization VLBA observations 
of the compact radio sources 3C395 and 4C 39.25 which show both stationary and superluminal 
components in their parsec-scale structures. Those of 3C 395 have been reported elsewhere. 
Here we report on high resolution maps of the total intensity and polarized radio emission of 
4C 39.25, trace the magnetic field configuration along the jet, and explore different possibilities 
for the nature of the components within the framework of the bent shocked relativistic jet 
model. 

VLBI observations performed during the last 15 years (Marcaide et al. 1994 
and references therein), revealed the presence of a superluminal component (b) 
moving between the western (c) and the eastern components (a). Components 
a and c have steep spectra and remained constant in flux density and stationary 
relative to each other, while component b brightened and slowed down as it 
approached component a (Alberdi et al. 1993a). VLBI observations at 22 and 
43 GHz showed the presence of a fourth, weak and inverted spectrum component 
(d), located ~2.7±0.2 mas west of a (Alberdi et al. 1997a). The distance between 
a and d has not changed significantly during the last 6 years. 

We have performed polarimetric observations at 15 and 22 GHz with the 
VLBA. Figure 1 shows the polarization maps at 15 GHz (left) and 22 GHz 
(right) overlaid to the total flux density images. Intercomparison of these maps, 
and others already published, leads to the following conclusions: 

• Component d: It shows an inverted spectrum, suggesting that d is the 
self-absorbed core of the radio source, although the low degree of flux density 
variability of d casts some doubts. Component d is unpolarized at both frequen
cies. 

• Component c: It is usually explained as a bend in the jet trajectory. It 
is slightly polarized, with the magnetic field mainly aligned to the jet trajectory. 
The orientation of the B-field suggests that the interaction with the surrounding 
medium is not significant. 

• Component b: Over 10 years it brightened and its proper motion pro
gressively decreased. The spectral index of component b is steep, although it 
flattens with time. The comparison of the time evolution of the total flux den
sities of 4C'39.25 and of component b at 22 GHz and lower frequencies yields a 
strong one-to-one correlation. 

Component b is strongly polarized both at 15 and 22 GHz. The orientation 
of the field is similar at both frequencies. The B-field forms an angle of 42 degrees 
with the overall jet ridge line, but it progressively rotates to an orientation 
perpendicular to the jet axis. If component b consists of a plane perpendicular 
shock moving down the jet, there will be enhanced flux emission and stronger 

'A. Alberdi 1 ' 2 , L. Lara \ J.L. Gomez \ J.M. Marcaide 3, M. A. Perez-Torres 3, A. Kemball 
\ K. Leppanen 5, A. P. Marscher 6 , A. Patnaik 7, R. Porcas 7; 'IAA-CSIC, 18080 Granada, 
Spain; 2LAEFF-INTA, 28080 Madrid, Spain; 3Universitat de Valencia, Burjassot 46100, Spain; 
4NRAO, Socorro, NM 87801, USA; 5JIVE, 7990 AA Dwingeloo, Netherlands; 6Department of 
Astronomy, Boston University, Boston, MA 02215, USA; 7MPIfR, D-50131 Bonn, Germany 

115 

https://doi.org/10.1017/S0252921100044778 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100044778


116 ALBERDI ET AL. 

4CM.2SA tPOL 1SU7.M0 MHZ 4C30.2IA.ICLN.1 4CH.» IPOC 2222S.4M MHZ4C30.».ICLN.t 

0 
SEC 

C*nt*ratRA0027 03.01M2 DECM03 20.UH 
Pol Hn* 1 i r a « . S.0000E*02 JY/BEAM 
PMK mil • S.UTOEtOO JY/BEAM 
L*v«- *.0a70E-OZ'{ -0.500, O.SOO, 1.000, 
2.000, 4.000,1.000,1S.O0, 32.00, M.OO, 
00.00) 

0 
_ 1 _ _ 1 _ _ J _ 

-1 
MilllARC IEC 

Contor at HA M 27 0].01»2 OEC » 02 20.IB21 
Pol llm 1 aroMC - S.0OOOE.O2 JV/BEAM 
Pvaklfcixa 1.U00E.O0JY/BEAM 
L*v« - 1.03O0E-02 * ( -0.000, O.SOO, 1.000, 
2.000, 4.000,1.000,10.00,12.00, M.OO, 
90.00) 

Figure 1. Polarized flux density images of 4C 39.25 at 15 (left) and 22 GHz (epoch 
1995.8) overlaid to the total flux density images. E-vectors are shown. 

polarized emission (the main orientation of the field should be parallel to the 
shock front). Since the magnetic field is not strictly perpendicular to the jet 
trajectory, it could happen that the jet is bending in this region or the shock 
wave is oblique. 

• Component a: It exhibits a steep spectrum and is also usually inter
preted as associated with a bend in the jet trajectory. This bend may be caused 
by ram pressure, or intrinsic curved -helical- trajectory of the jet. In both cases, 
an oblique shock should reside in the bent region, resulting in polarized flux. In 
fact, component a is polarized at both frequencies: the B-field is perpendicular 
to the jet trajectory probably due to the interaction of the jet with the medium. 

The comparison of the global degrees of polarization and of the angles of 
4C 39.25 with those determined in the VLBA-images indicates that the polariza
tion of the source as a whole is mainly due to the compact radio source and, in 
particular, to component b. There is a one-to-one correspondence in polarization 
properties between the compact component b and the source as a whole. 

Similar results have been obtained for 3C 395 and have been reported in the 
"Blazars, Black Holes and Jets" conference (Alberdi et al. 1997b). 
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