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ABSTRACT 
We measured the proper motions of many H20 maser spots associated with the star-forming region, Sgr 

B2(N), which lies close to the Galactic Center. We used five VLBI observations spanning 1.5 yr and achieved 
relative positional accuracies of about 20 microarcseconds (¿tas) across a 4" field, yielding relative transverse 
velocities with uncertainties of a few km s_1. 

The proper motion information shows that the dominant motions of the Sgr B2(N) masers are expansion, 
with evidence for some rotation. We have modeled the source as an expanding (and rotating) flow and esti- 
mated parameters including the source distance, the expansion center, and the expansion and rotation velo- 
cities by fitting the kinematic data in a least-squares sense. The expansion velocity is ~45 km s-1, suggesting 
that the outflow in Sgr B2(N) is more energetic than the outflow associated with IRc2 in Orion. The rotation 
velocity at a radial distance of 1" is ~20 km s-1, indicating a mass enclosed by the 2" masing region of 
~2x104Mo. 

We find the distance to the Sgr B2(N) H20 masers, and hence the distance to the Galactic Center (R0), to 
be 7.1 kpc with a one standard deviation uncertainty, including systematic sources of error, of 1.5 kpc. 
Subject headings: galaxies: The Galaxy — galaxies: nuclei — interferometry — interstellar: molecules — 

masers — stars : proper motions 

I. INTRODUCTION 
The distance to a star-forming region can be determined by 

measuring the proper motions within a cluster of H20 maser 
spots surrounding a newly formed star. Velocity components 
toward the observer are determined from Doppler shifts, and 
angular motions across the plane of the sky are measured by 
very long baseline interferometric (VLBI) imaging. Since, in the 
context of a geometric model, the transverse velocities are 
related to the line-of-sight velocities, the distance to the maser 
cluster can be determined by comparison of the angular and 
line-of-sight velocities. Results for the H20 masers associated 
with Orion-IRc2 (Genzel et al 1981a) and with W51 (Genzel et 
al. 1981h; Schneps et al 1981) have demonstrated the power of 
this technique. Distance measurements in principle can be used 
to estimate R0, the distance from the Sun to the center of the 
Galaxy. For example, the W51 distance of 7 kpc, determined 
from H20 proper motions, yields R0 = 10.8 ± 4.8 kpc (see the 
Appendix for details). 

Three strong sources of H20 maser emission are seen 
toward the giant molecular cloud Sgr B2. Since Sgr B2 is close 
to the dynamical center of the Galaxy, a measurement of the 
distance to any of the H20 maser clusters yields a direct esti- 
mate of R0. Because of the fundamental importance of R0 in 
astrophysics, we conducted a series of VLBI observations of 
Sgr B2 and other galactic H20 maser sources designed to 
measure their internal proper motions. In this paper we 

present our results for the northernmost H20 source in Sgr B2, 
denoted Sgr B2(N). 

II. OBSERVATIONS AND DATA ANALYSIS 

We conducted VLBI observations on 1980 December 10, 
1981 March 31 and December 1, and 1982 March 8 and June 7. 
Four telescopes in the United States were used: the Haystack 
37 m telescope in Westford, Massachusetts; the NRAO 43 m 
telescope in Green Bank, West Virginia; one of the VLA 25 m 
telescopes near Socorro, New Mexico ; and the OVRO 40 m 
telescope in Big Pine, California. Receivers at telescopes 
usually employed maser preamplifiers, and typical total system 
temperatures were 150 K for the low elevations of the Sgr 
B2(N) observations. 

Figure 1 is a total power spectrum of the Sgr B2(N) H20 
maser taken during the first observations with the Haystack 
telescope. For the VLBI observations we recorded three 2 
MHz bands, centered at local standard of rest velocities, i>LSR, 
of 31, 56, and 81 km s-1 (assuming a rest frequency of 
22235.080 MHz for the H20 transition) on the Mkll video 
cassette system by switching every second among the three 
bands (i.e., time multiplexing with a 3 s cycling period). We 
chose not to record a fourth frequency band known on 
occasion to contain weak features with LSR velocities near 
113 km s-1. The recorded data were processed on the NRAO 
Mkll correlator in Charlottesville, Virginia, mostly between 
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1981 and 1983. The correlator yielded 96 point spectra of 
cross-correlations and autocorrelations, affording 25 kHz 
resolution for uniform weighting of the correlation functions. 

The 1 s averaged data for each band were calibrated in both 
amplitude and phase using procedures described by Reid et al. 
(1980). Observations of compact continuum sources (e.g., 
QSOs) with positions known to better than ~0"01 were used 
to determine the locations of the telescopes (to better than 1 m), 
the absolute position of the maser source (to ~0'.T), and the 
offsets of the hydrogen-maser clocks for each station (to -10 
ns). Corrections for atmospheric propagation effects assumed 
an elevation-dependent zenith delay (for each site) with a sea- 
sonal component for the “wet” term. Values of polar motion 
and UT1-UTC from the Bureau International de l’Heure 
(BIH) Circular D were adopted. 

Systematic errors in the determination of the positions of 
individual maser spots relative to a single reference maser spot 
caused by errors in the interferometer-source geometry, station 
clocks, and atmospheric model are less than 10 micro- 
arcseconds (pas). The absolute position of the reference feature 
at 41.0 km s“1 was found to be: R.A.(1950) = 17h44m10s283 
± 0!003, Decl.(1950) = — 28°2T16"97 + 0'.'06. The same refer- 
ence maser spot was employed for maps at all five epochs. 
Many systematic sources of error remain constant over the 
series of observations and, hence, cancel when motions are 
determined by differencing positions at different epochs. The 
largest nonconstant source of systematic error probably comes 
from variations in the atmosphere and station clocks at 
approximately the 10 nsec level. These variations are not 
accounted for in the simple models we use and result in non- 
repeatable systematic errors in the determination of relative 
positions of about 10 pas for maser spots separated by 2 MHz 
( ~ 27 km s_1) in Doppler shift. 

Crude maps of the locations of all maser spots for each 
epoch were made by fringe-rate mapping techniques (see 
Walker et al. 1981; Thompson, Moran, and Swenson 1986). 
Maser spots stronger than about 3 Jy were detectable in this 

manner, and positions accurate to better than 5 milli- 
arcseconds (mas) were obtained. Synthesis maps were made at 
all five epochs at the position of any spot detected (even if the 
spot was detected at only one epoch) for the spectral channel in 
which the spot was detected and also for the adjacent spectral 
channels. The calibrated interferometer data were phase- 
shifted to the position determined by fringe-rate mapping and 
then analyzed using the Astronomical Image Processing 
System (AIPS) software from NR AO. Maps covering ± 19 mas 
in the right ascension and declination directions were made 
and “cleaned.” The synthesized interferometer beam had a 
full-width at half-maximum of 0.4 mas east-west by 2.4 mas 
north-south. A two-dimensional Gaussian model for the inten- 
sity distribution was fitted to significant peaks in these maps. 
The central position of the Gaussian model defined the maser 
spot position at the epoch of observation. All positions were 
then converted to epoch 1950 coordinates, to account for dif- 
ferential precession, nutation, and aberration, and corrected 
for gravitational deflection by the Sun prior to determining 
motions. We estimate that uncertainties in the relative posi- 
tions from the effects across the 4" field are ~ 1 pas. 

in. RESULTS 
Maps for individual spectral channels typically had an rms 

noise level of 0.1 Jy giving a secure detection threshold of 
slightly less than 1 Jy. Most maps exhibited a dynamic range of 
about 10 to 1 (peak intensity to rms sidelobe) which limited our 
ability to find weak spots close to (i.e., within ~20 mas of) 
stronger spots. However, it is unlikely that we failed to identify 
many independent masers motions, since (1) the dynamic range 
limit applies only to maser spots with nearly the same LSR 
velocity as well as sky position and (2) when two maser spots 
were located close to each other they typically exhibited similar 
three-dimensional motions and were considered part of the 
same physical condensation when proper motions were 
analyzed. 

Figure 2 displays plots of position versus time for a sample 
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Fig. 2.—Examples of proper motions of H20 maser spots in Sgr B2(N). Plotted are eastward (left-hand panel) and northward (right-hand panel) positions 

measured with respect to a reference maser feature as a function of time. A vertical scale of 1 mas is indicated in the upper left-hand comer. The data points are 
plotted with error bars and enclosed in rectangular boxes. In some cases the error bars are smaller than the symbol indicating the position of the maser spot. The 
vertical size of the rectangular boxes is 0.3 mas, a characteristic size of the maser spots. The horizontal size of the boxes is arbitrary. 
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of maser spots. The spatial-temporal “matrix” of maser spots 
was sufficiently sparsely populated that incorrect pairing of 
maser spots at different epochs is highly unlikely. Only maser 
spots (1) with the same LSR velocity and (2) whose positions at 
different epochs implied motions of less than 200 km s“1 in 
both the right ascension and declination directions (for an a 
priori source distance of 8 kpc) were considered as proper 
motion candidates. 

We determined motions for all spectral channels by fitting 
straight lines to the right ascensions and declinations as a func- 
tion of time. In the fitting procedure all data were variance 
weighted according to their expected position uncertainty, <t0. 
given by the formula 

(Td = (í)1/4e<!, 
W V8 ln 2 s ’ (i) 

where 0 is the apparent full-width at half-maximum size, and S 
and (Ts are the peak and rms flux density, respectively, of the 
maser spot in the map. Usually similar proper motions were 
derived for many nearly contiguous spectral channels. Since 
the proper motions from such channels probably reflect the 
motion of a single physical maser condensation, we averaged 
them together and report only the averaged motion here. The 
spectrum of a single physical condensation sometimes was 
more complex than a single spectral line, probably due in part 
to the presence of hyperfine splitting of the H20 line (cf. 

Walker 1984). We assigned the intensity-weigh ted average of 
the line profile as the LSR velocity of the condensation. Table 1 
gives the locations and motions of the 24 maser condensations 
for which we were able to determine motions. 

The maser motions are well modeled as moving along 
straight line trajectories. The deviations of the measured maser 
positions from a best-fit straight line to the position versus 
time data are small, typically ~20 /¿as. Deviations of this mag- 
nitude cause velocity errors of a few km s'1. These deviations 
are within a factor of 2 of those expected from signal-to-noise 
considerations and nonreproducible systematic errors (e.g., 
clock errors). Also, it is possible that refractive effects in the 
interstellar medium cause a wandering of the apparent differ- 
ential position of maser spots (Gwinn et al 1988). 

The H20 proper motions in Sgr B2(N) are illustrated in 
Figure 3. The maser spots predominantly trace an expanding 
flow, presumably from a newly formed star (or stars) near the 
position indicated by the X in the map. Such spot motions are 
analogous to the H20 maser outflow asociated with Orion 
IRc2 (Genzel et al. 1981a). The angular extent of detectable 
H20 maser spots in Sgr B2(N) is about 4", compared to about 
60" for Orion IRc2, consistent with Sgr B2(N) being roughly 15 
times more distant than the Orion Nebula. 

The Sgr B2(N) H20 proper motion vectors in Figure 3 also 
indicate departures from a uniform spherical outflow which 
greatly exceed the measurement errors of typically a few km 
s . This result suggests a “ turbulent ” velocity component of 

TABLE 1 
Sagittarius B2(N) H20 Maser Data 

Ida No. of 
chansb Ad' A6J 

1 .. 
2 .. 
3k . 
4 .. 
5a . 
5b . 
6 ... 
7 ... 
9 ... 
10 . 
15 . 
17a 
17b 
18 . 
19k 

21 . 
24 . 
25 . 
26 . 
27k 

29k 

31 . 
35 . 
36k 

7 
17 
2 
1 

17 
2 

18 
1 

14 
6 
2 
2 
1 
3 
2 
3 
2 
1 
2 
3 
3 
2 
2 
2 

0.000 
0.057 

-2.172 
-2.053 
-2.053 
-2.034 
-2.046 
-1.974 
-1.931 
-2.619 
-2.914 
-2.836 
-2.831 
-1.133 
-2.087 
-2.091 
-2.007 
-2.115 
-2.262 
-2.428 
-2.129 
-2.428 
-2.960 
-4.019 

0.000 
-0.004 
-0.237 
-0.100 
-0.280 
-0.272 
-0.303 
-0.105 
-0.113 

0.144 
1.458 
1.596 
1.594 
2.199 
0.004 

-0.128 
-0.084 
-0.152 
-0.219 

0.792 
0.681 
0.793 
0.001 
1.029 

-1.2 
-6.3 
16. 
10.0 
54.1 
52.7 
20.0 
22.1 
16.3 

-9.3 
-79.1 
-85.1 
-36.9 
-31.9 

31. 
10.4 
21.2 
31.8 

-9.8 
-20. 
-28. 
-11.6 
-41.0 
-41. 

0.1 
0.2 
5. 
0.6 
0.2 
2.6 
0.1 
2.5 
0.2 
0.4 
2.3 
1.3 
2.3 
0.3 
5. 
4.2 
3.1 
3.7 
5.5 
5. 
5. 
1.4 
2.9 
5. 

-1.4 
5.7 

-52. 
-40.5 
-72.6 
-22.7 
-55.2 
-54.1 
-39.4 

8.3 
72.5 
25.3 
38.8 
29.6 

-58. 
-25.0 
-10.9 
-38.5 
-54.4 
-24. 
-7. 

-14.9 
-17.6 
-53. 

0.3 
1.3 

30. 
3.6 
1.3 

15.3 
0.4 

15.0 
1.5 
2.3 

99.9 
7.7 

13.7 
2.0 

30. 
24.9 
18.9 
22.0 
33.2 
30. 
30. 

8.6 
17.6 
30. 

41.0 
65.2 
74.6 
47.8 
36.3 
31.7 
22.5 
56.0 
69.8 
92.1 
50.4 
77.5 
76.5 
57.1 
44.0 
38.3 
50.0 
57.7 
88.5 
59.1 
22.6 
59.3 
71.6 
78.5 

0.1 
0.2 
5. 
0.6 
0.2 
2.6 
0.1 
2.5 
0.2 
0.4 
2.3 
1.3 
2.3 
0.3 
5. 
4.2 
3.1 
3.7 
5.5 
5. 
5. 
1.4 
2.9 
5. 

‘ Maser feature identifier. 
b Number of spectral channels averaged together. 
® x-offset in arcsec eastward from reference feature position of R.A.(1950) = 17h44m10?283. 

y-offset in arcsec northward from reference feature position ofDecl.(1950) = — 28°2ri6"97. e x-velocity for a priori distance of 8 kpc (km s “1). 
f Measurement uncertainty in ^ (km s “1). 
g y-velocity for a priori distance of 8 kpc (km s “1). 
h Measurement uncertainty in vy(km s-1). 
1 z-velocity (i.e., i>LSr) (km s-1). 
j Estimated uncertainty in vz (km s_ 1). 
k Maser feature detected only at two epochs. 
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A0X ( arcsec) 

FIG. 3—Proper motions of the H2 O masers in Sgr B2(N). Circles indicate the positions of maser spots on the sky with north upward and east leftward; the size of 
the circles is much greater than the maser spot size and is arbitrary. The length and orientation of the arrows indicate the speeds and directions of the maser features, 
respectively. The length of the horizontal arrow in the upper left-hand corner of the figure corresponds to a speed of 45 km s 1 for a source distance of 7.1 kpc. The 
motions plotted are from Table 1 with the velocity offsets {vxo, vyo) listed in Table 2 subtracted. The center of expansion and its uncertainty is indicated by the X 
symbol and surrounding error bars. 

about 15 km s-1 (in each dimension), which is similar to, but 
smaller than, that of the H20 masers in the source W51(M) 
(Genzel et al 1981h). Many maser spots varied greatly in 
strength between observations 3 months apart. Thus, although 
~ 50 maser spots could be detected at one epoch, less than half 
that number could be detected on the two or more epochs 
needed to measure motions. The characteristic time for the 
maser spots to vary by more than a factor of 2 is comparable to 
the sound crossing time of the amplification length of ~1014 

cm (see Tarter and Welch 1986). This result suggests that con- 
ditions for strong maser amplification may be linked to the 
conditions which give rise to the significant turbulence 
observed in the motions. 

IV. THE KINEMATIC MODEL 

The distance to an expanding H20 maser source can be 
estimated from proper motion and radial velocity data (Genzel 
et al 1981a). We take as observable data the three components 

of velocity (t;x, vy, and vz), and as independent variables the sky 
positions (x and y). For a uniform outflow we must solve for 
seven global parameters: the source distance, D; the expansion 
velocity, Fexp; the three components of the velocity of the 
center of expansion with respect to the reference feature, vxo, 
vyo, and v20 ; and the sky position of the center of expansion, x0, 
and y0- I*1 addition the z-coordinate (i.e., radial coordinate) 
offset, z, of the maser spot from the center of the flow must be 
estimated. Explicitly, the model for a uniformly expanding flow 
is 

K*e (x — xo) 
R + VX0 ’ 

Vv = KxP (y - To) _ 'exp 
+ vyo ’ 

(2) 

(3) 

^2 ^exp R 3" ^zi (4) 
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where R = [(x — x0)2 + (y - y0)2 + z2]1/2. In this formula- 
tion, the source distance is given by D0d where D0 is the a 
priori source distance (assumed when converting angular to 
linear motions) and d is a dimensionless parameter. 

This model can be generalized by adding other terms to 
equations (2), (3), and (4). For example, a component of veloc- 
ity due to “solid body” rotation can be included by adding 
vxrot’ vyrot5 and vzTOt 

t0 the right-hand side of equations (2), (3), 
and (4), respectively, where 

vxroi = - Kot(y cos a cos ß-z sin ß), (5) 
vyrot = Vrot(x COS a - z sin a) cos ß , (6) 
vzTOt = - Koti* sin ß- y sin a cos ß) . (7) 

In the above equations, Vrot is the rotation speed at a distance 
of 1" from the rotation axis which is tilted by an angle a about 
the y-axis and an angle ß about the (rotated) x-axis. 

a) Initial Estimates of Parameters 
The following procedure was used to provide initial esti- 

mates for the parameters assuming uniform expansion of the 
source (i.e., eqs. [2], [3], and [4]). 

1. Adjust vxo and vyo so that the proper motion vectors refer- 
enced to the center-of-outflow (i.e., vx — vxo) best converge 
back to a single sky position (x0, y0). 

2. Estimate vZQ and Fexp from the midpoint and width of the 
radial velocity spectrum, respectively, or from other molecular 
line data. 

3. Solve the vz equation for the z-parameter for each maser 
feature. 

4. Plot (x - x0)/R versus (vx - vxo)/Vexp and measure the 
slope which gives the x-component distance parameter esti- 
mate. A similar plot for the y-component data yields another 
distance estimate. 

The radial velocity of the center of the outflow, vzo, is well 
established by recent high-resolution observations of NH3 at 
the VLA (Vogel, Genzel, and Palmer 1987) and of SO with the 
Hat Creek millimeter-wavelength interferometer (J. Carlstrom, 
private communication). These studies detected strong molecu- 
lar emission from a compact cloud with the same position and 
extent as the H20 masers. Both the NH3 and SO lines peak at 
64 km s~1 with respect to the LSR, which is also the midpoint 
of the H20 maser spectrum. Because of the similarities in 
extent, position, and velocity of the NH3, SO, and H20 mol- 
ecules, it is likely they are components of the same physical 
cloud with an LSR velocity i;zo = 64 km s ~ L 

The expansion velocity, Fexp, can be estimated from the 
width of the H20 maser spectrum. The H20 spectrum of Sgr 
B2(N) contains features from rLSR of about 15 to 115 km s-1. 
This is well centered on the adopted vzo of 64 km s“1 and 
indicates an expansion velocity of close to 50 km s-1. We 
would then expect Fexp = 45 km s_1, which allows for some 
broadening of the spectrum from nonradial motions. Follow- 
ing steps 1 through 4 above yields the following initial esti- 
mates for the other five global parameters :D = D0d = 7.9 kpc, 

= -25 km s'1, vyo = -25 km s“1, x0 = -2:67, and y0 = 
0:00. We note that this is not the optimum solution. The 
process needs to be iterated and all parameters adjusted simul- 
taneously as described in § IVh below. 

b) Final Parameter Estimates 
We examined the residuals to the initial fit for systematic 

trends that might indicate a deficiency in the uniformly 

expanding model. A plot of the proper motion residuals on the 
map of the source indicated that the maser spots appeared to 
have a measurable component of rotation. The rotation speed 
appeared greater for maser spots farther from the center of 
expansion. Therefore, we generalized the model to include the 
components of velocity due to “ solid-body ” rotation given by 
equations (5), (6), and (7). Solid body rotation is appropriate for 
a constant-density mass distribution. 

The fitting procedure minimizes the sum of the squares of 
the “ observed-minus-model ” weighted residuals. Three 
aspects of the fitting process deserve mention: First, based 
upon our experience with other H20 maser sources and also 
from the residuals to the initial fit, we expect turbulent motions 
intrinsic to the source [~15 km s-1 for Sgr B2(N); see dis- 
cussion below] to exceed the measurement uncertainties 
(typically 3 km s-1). Therefore, we assigned weights to the 
velocity data by combining the measurement uncertainties in 
quadrature with 15d km s_ 1 for vx and vy and 15 km s“1 for t;z 
data. Thus, the relative weighting of the proper motion and 
radial velocity data depends on the distance estimate. Second, 
in order to restrict the parameter estimates to physically rea- 
sonable values as well as to incorporate our knowledge of 
some parameters, we added a priori weights to the solutions. 
This allowed us to incorporate the information that vzo = 64 
± 3 km s_1, based upon other molecular data (see discussion 

above). Other parameter estimates were assigned large a priori 
uncertainties (e.g., Fexp = 45 ± 30 km s_1 and D = 8.5 ± 3.5 
km s“1) so as not to overly constrain the solutions. Third, the 
z-offset from the center of expansion (z-parameter) appears 
directly in the vz data equation, but only weakly in the proper 
motion data equations through R (see eqs. [2] through [4]). 
Thus, there are more degrees of freedom associated with the vz 
data equations than with the vx and vy equations. In practice 
this allows the least-squares minimization technique to “ over- 
fit ” the vz data by having nearly one adjustable parameter per 
equation. Therefore, we attempted solutions both in the stan- 
dard manner and also by incorporating a constraint on the set 
of z-parameters. The constraint chosen was to make the 
average magnitude of the z-parameters equal to the average 
magnitude of the x- and y-ofifsets from the center of expansion. 

The global parameters and the z-parameters for each maser 
spot were adjusted to minimize the sum of the squares of the 
weighted residuals. Table 2 gives the best estimates for the 
global parameters of the expanding-rotating model. The 
expansion speed is more than twice that seen in the “low- 
velocity” outflow in the Orion H20 maser. Assuming similar 
densities are required to excite the H20 masers in both 
sources, this suggests a more energetic outflow for Sgr B2(N). 
The (solid-body) rotation speed of 20 km s_1 at a 1" radius 
(~1017 cm) indicates that the mass enclosed by the masing 
region (2" radius) is -2 x 104 M0. This is close to the mass of 
~5 x 103 M© estimated by Vogel, Genzel, and Palmer (1987) 
for the Sgr B2(N) core based upon NH3 observations. 
Assuming at most a small number of O stars excite the H20 
masers, nearly all of the mass enclosed by the masing region is 
not contained in stars, but is still in the molecular cloud 
material out of which the exciting star(s) formed. 

V. THE DISTANCE TO THE GALACTIC CENTER 
In addition to the parameter estimates, we calculated formal 

errors for the parameters of the expanding-rotating model. 
While formal errors take into account parameter correlations, 
they can in some cases underestimate the uncertainties often 
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TABLE 2 
Kinematic Model of Sagittarius B2(N) H20 Masers 

Parameter3 
Best 

Value Uncertaintyb Units Comment 

D . 

Mn 

K., 

7.1 +1.5 kpc Distance to source 
— 2.85 ±0.2 arcsec Center of expansion0 

—0.20 ±0.2 arcsec 
-23 ±10 krns"1 

-55 ±11 kms"1 

63 ±3 kms-1 

45 ±9 kms-1 

20 ±6 kms-1 

0.2 ±0.2 radians 
—0.6 ±0.2 radians 

Velocity offsets 

Expansion speed 
Rotation speed at 1" radius 
Orientation of rotation axis 

3 See test for definitions. 
b Estimated 1 a uncertainty including systematic errors. 
c Offsets (east and north) from reference position of R.A.(1950) = 17h44m10s283 ± 0S003, 

Decl.(1950) = — 28°21T6"97 ± 0"06. 

associated with fitting real data with a simple mathematical 
model. In order to assess the sensitivity of the distance estimate 
to different treatments of the data, we ran a series of solutions 
in which we did or did not use (1) a priori weights, (2) the 
z-parameter constraint (discussed above), (3) rotation in the 
model, and (4) certain data points. Estimated one standard- 
deviation uncertainties for the parameters based upon the 
formal errors and the parameter variations seen in the different 
treatments of the data are given in Table 2. In general, the 
variations of the parameters in the series of solutions were less 
than the formal errors for the parameters. 

The distance parameter (d) exhibited correlation coefficients 
of up to ~0.8 with the expansion (FexD) and rotation (Frot) speed 
parameters. The correlation of d with Fexp occurs because the 
parameters appear as a ratio in the proper motion equations 
(2) and (3), and because of the need to solve for the z- 
parameters in equation (4). The formal error for the distance 
parameter typically was about 20% of the estimated distance. 
The range of distance parameter estimates for the different 
treatments of the data clustered near 7 kpc and varied between 
5 and 8 kpc in these tests. We conclude that the best estimate of 
the distance to Sgr B2(N) and one standard-deviation uncer- 
tainty is 

D = 7.1 ± 1.5 kpc . (8) 

In principle the “ velocity ellipsoid ” of the post-fit residuals 
contains information about the source distance. Provided that 
random motions of the maser spots are the dominant com- 
ponent in the velocity residuals, the dispersion of the vx and vy 
residuals can be compared to the dispersion of the vz residuals 
to obtain a statistical parallax. In practice, however, estimating 
the z-parameters “over-fits” the vz data and reduces the dis- 
persion of its residuals compared to the vx and vy data. We 
tested this effect on simulated data and found the rms of the vz 
residuals typically was about 60% of the rms of the vx and vy 
residuals. The real data for Sgr B2(N) also exhibited a similar 
reduction of the radial velocity residuals compared to the 
proper motion residuals. We feel this gives additional support 
for the accuracy of our modeling and of the distance estimate. 

Several arguments can be given that Sgr B2 is within a few 
hundred parsecs of the center of the Galaxy. First, Sgr B2 is 
projected less than 80 pc from the Galactic Center. It would be 
highly unlikely for such a unique molecular cloud to be at 
some random distance and by chance projected so close to the 

Galactic Center. Second, the high LSR velocity of ~ 64 km s 1 

for Sgr B2(N) can only occur if the cloud is at a galactocentric 
distance, RSgTB2(N), given by 

_ © sin / 
Rsgr B2(N) < > (9) 

^LSR 

where we assume circular rotation and where 0 is the rotation 
speed of the Galaxy and / is the galactic longitude for Sgr 
B2(N). For © < 250 km s 1 and l = 0.7, RsgrB2(N) ^ 0.05Rq. 
Third, atomic and molecular absorption studies place Sgr B2 
within the “270-pc expanding shell” (Scoville 1972). We con- 
clude that the Sgr B2 cloud containing Sgr B2(N) is within 
~0.3 kpc of the dynamical center of the Galaxy and that hence 
our estimate of the distance to Sgr B2(N) implies 

K0 = 7.1 ± 1.5 kpc . (10) 

VI. CONCLUSIONS 

We have measured the distance to Sgr B2(N) by modeling 
the proper motions of the H20 maser spots. Since Sgr B2 is 
very close to the Galactic Center, we find R0 = 7.1 ±1.5 kpc. 
This result is two standard deviations lower than the “ round 
number” value of 10 kpc commonly used and one standard 
deviation lower than the value of 8.5 kpc recently adopted by 
the I AU (Kerr and Lynden-Bell 1986). The I AU value was 
obtained by averaging, in an unweighted fashion, previous esti- 
mates of R0. Most of the previous estimates of R0 rely on 
knowledge of intrinsic source luminosities and/or extinction to 
the sources. Our method of measuring distances does not 
depend on such knowledge and, hence, gives a truly indepen- 
dent estimate of the size of the Galaxy. 

The following is a list of some of the effects of reducing R0 : 
1. decrease all kinematic distances; 
2. reduce the mass of the Galaxy and of the Galactic Center; 
3. decrease some extragalactic distances (i.e., increase H0) 

by: 
a. favoring recent revisions of the absolute magnitudes of 

RR Lyrae variables (Frenk and White 1982) which in turn 
affect distances in the Local Cluster; 

b. bringing spiral galaxies closer to match the Milky Way 
size (e.g., de Vaucouleurs 1983); 

4. decrease the luminous mass in the Milky Way and 
increase the “dark matter” in the Local Group (see Trimble 
1986); 
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5. reduce the total luminosity of X-ray bursts, some of which 
appear super-Eddington for R0 = 10 kpc (see Ebisuzaki, 
Hanawa, and Sugimoto 1984). 

Improvements in the distance to the Galactic Center can 
come from proper motion measurements for the two other 
strong H20 masers in the Sgr B2 complex and from the strong- 
est maser source in the Galaxy, W49(N). In particular, W49 is 
fortuitously located near the Solar Circle (t>LSR = 9 km s'1); 

and an estimate of R0 from its distance is not sensitive to 
details of the kinematic model of the Galaxy. W49 is a very 
strong source with hundreds of maser features and data cur- 
rently being analyzed should yield a very accurate distance. 

We thank A. Harris for his help during the observations and 
J. Burch and R. Vernon for their tireless efforts at the VLBI 
correlator in Charlottesville. 

APPENDIX 

Previous H20 proper motion distance estimates are 0.48 ± 0.08 kpc for the Orion-IRc2 H20 masers (Genzel et al. 1981a) and 
7'®.— for the W51 H20 masers (Genzel et al. 1981h; Schneps et al. 1981). The Orion result agrees with optical distance 
estimates which range from 0.4 to 0.5 kpc; however, this source is too close to the Sun to be used to estimate R0. The W51 result can 
be used to determine R0, but it is very sensitive to the assumed kinematic model of the Galaxy. Given a kinematic distance to a 
source, Dk, and a measured distance, D, the distance to the center of the Galaxy can be estimated as 

where R0a is the assumed value of R0 used to derive the kinematic distance. If ©0 = 220 km s'1 and R0a = 8.5 kpc (IAU values) 
then circular rotation of the Galaxy gives uLSR < 53 kms“1 for/W51 = 49?5. The measured uLSR = 57kms_1 for W51 (Genzel et al. 
1981h) exceeds the maximum velocity allowed by circular rotation and suggests a distance close to the tangent point, i.e., Dk = 5.5 
kpc. Using this value and the measured distance to W51, equation (Al) yields an estimate of R0 = 10.8 kpc The uncertainty in this 
estimate comes mostly from the uncertainty in Dk. Assuming that streaming motions and/or peculiar motions can cause t>LSR to 
differ from pure circular motion by 10 kms-1, and that ©0 is uncertain by 20 kms'1, the kinematic distance to W51 can range from 
3.5 to 7.5 kpc that is, Dk = 5.5 ± 2.0 kpc. Combining the uncertainty in the measurement of the distance to W51 and the 
uncertainty in the estimate of Dk, the uncertainty in the estimate of R0 via equation (Al) is 4.6 kpc. Thus, the proper motion results 
for W51 yield R0 = 10.8 ± 4.6 kpc, a value consistent with the more accurate estimate obtained for Sgr B2(N). 
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