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Abstract
We present VLBA observations of the Zeeman effect in the 22 GHz H2O maser line toward the star forming region W3(OH). After our first imaging pass (on a 
reduced range of velocity channels), we have detected the Zeeman effect in 3 masers in this source, with values of –75.9, +16.9 and +31.1 mG. These values are 
typical of magnetic fields traced by H2O masers in star forming regions.

Introduction
W3(OH) is a region lying ~15' southeast of W3 Main. It has an ultracompact (UC) H II 
region of diameter 2.5", with associated OH maser emission. The H2O masers in this region 
are located 6" east of this UC H II region, and are believed to trace an outflow along the 
east-west direction, centered on a warm, high-density, compact molecular clump first 
detected in HCN emission (Turner & Welch 1984). In order to study the Zeeman Effect in 
H2O masers at high angular resolution, we have carried out Very Long Baseline Array 
(VLBA) observations at 22 GHz.  In this poster, we report on the detection of the Zeeman 
effect in 3 H2O masers in W3(OH).  We are continuing work to detect the Zeeman effect in 
other H2O masers in this star forming region.

Observations and Data Reduction
Observations of the 22 GHz H2O maser line were carried out on 2002 May 5 using the 
VLBA telescope of the National Radio Astronomy Observatory (NRAO). We observed in 
dual circular polarization for 10 hr with four left and right channel pairs of 4 MHz 
bandwidth, for a total velocity range of 54 km/s. The observations were centered at an LSR 
velocity of –49.1 km/s. The data were correlated at the Array Operations Center in Socorro, 
NM with an integration time of 2 s, and a field center at α2000 = 2h 27m 4.88s, δ2000 = 61° 52′
24.35″. After identifying the most promising pair of baseband channels, we performed a 
high resolution correlation with 512 spectral channels, yielding a velocity resolution of 0.11 
km/s. The data were calibrated and imaged at DePaul using standard techniques in the AIPS 
software package of the NRAO. We used the strongest maser feature near –49.1 km/s as a 
reference feature for (phase) self calibration procedures. The Stokes I and V images have 
been made with a synthesized beam of 0.57 mas × 0.31 mas (P.A. = 6.3°) for a smaller set 
of 51 channels for this conference. The rms in the (Stokes V) line channels is about 20 
mJy/beam.

Discussion
Our detected fields range from 31-76 mG, and are typical of the 
magnetic fields found in the postshock environments in star forming 
regions traced by H2O masers. The reversal in the sign of the field 
over such a small scale of 30 mas is also observed in a number of 
other regions (e.g., Sarma et al. 2008; Vlemmings et al. 2006) – such 
reversals may indicate that the magnetic field is enhanced differently 
in each of the clumps where the shock encounters the ambient 
material. Gusten et al. (1994) detected a magnetic field of 3.1 mG in 
the highly excited (thermal) OH line at 13.4 GHz toward W3(OH). 
Such gas is typical of the pre shock environments in star forming 
regions. Together, these fields and projected densities provide a self 
consistent picture of H2O maser action in star forming regions.
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Position (mas) vLSR (km/s) Intensity (Jy) BLOS (mG)
(0, 0) − 48.36 1024.4 −75.9 ± 2.5

(−15.2, 26.9) − 48.15 622.1 +16.9 ± 0.7
(5.2, −29.6) − 48.15 308.9 +31.1 ± 1.9

Results

Detected Magnetic Fields

Figure 2.⎯Stokes I (top; histogram) and V
(bottom; histogram) profiles of the strongest H2O 
maser in W3(OH).  The curve superposed on V
in the lower frame is the derivative of I scaled by 
a value of Blos = −75.9 ± 2.5 mG

Figure 3.⎯Stokes I (top; histogram) and V
(bottom; histogram) profiles of the maser located 
at (5.2 mas,−29.6 mas).  The curve superposed 
on V in the lower frame is the derivative of I
scaled by a value of Blos = +31.1 ± 1.9 mG

Analysis
The Zeeman analysis of H2O maser spectra has been described in 
detail in Sarma et al. (2002), and more recently in Sarma et al.
(2008). Basically, we fit the Stokes V spectral profile with the 
equation

The fit parameter a represents the scaled-down replica of the I profile 
in the V profile. For thermally excited lines, b = zB cos θ, where z is 
the Zeeman splitting factor in Hz/mG, B is the magnetic field and θ
is the angle of the magnetic field to the line of sight. Although the 
situation is more complicated for H2O masers with one or more of six 
closely spaced hyperfine components, Nedoluha & Watson (1991; 
1992) have shown that the thermal equation gives accurate results 
regardless (see discussion in Sarma et al. 2008), and we have used 
the equation for thermally excited lines with z = 2.1 Hz/mG.

V = aI +
b
2

dI
dv

Figure 1.⎯Upper panel: Continuum emission from the 
W3(OH) region at 8.44 GHz from Wilner et al. (1999). The 
lowest contour levels are at 30 and 60 µJy beam−1, then the 
levels increase in steps of 60–360 µJy beam−1, followed by 
the four highest levels of 5, 10, 15, and 20 mJy beam−1. The 
synthesized beam is 0.21"× 0.19" (P.A. 68°). The (0,0) 
position is at α = 02h27m03.876s and δ = 61°52′24.63"
(J2000). 
Lower panel: Expanded view of the jetlike emission from the 
Turner-Welch (TW) object. The positions and proper 
motions of the H2O masers from the VLBI study of Alcolea 
et al. (1992) are indicated by arrows. 
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