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Abstract

In December 1997 the Orion-KLwater maser source was discovered

to be undergoing an outburst and, in February 1998, a VSOP ob-

servation successfully yielded fringes on the source from HALCA

to several VLBA antennas (see Color Figure 10). This con�rmed

the capabilities of the 22GHz VSOP observing system elements,

i.e. phase transfer, onboard frequency stability, and orbit determ-

ination accuracy. Following the VSOP observation, we monitored

the Orion burst maser with VLBA-only observations at 2 week in-

tervals. The outburst peaked at 5�10

6

Jy in September 1998, and

then declined to a few times 10

5

Jy, which is its normal intensity.

By tracing the structure and velocity changes of the maser spots

from the outburst phase to the declining phase, we �nd there are

two velocity components at the region of the aring water maser

with a 0.2 km/s velocity di�erence. The separation of two com-

ponents is observed to decrease as the maser intensity increases

and, at the time of the outburst peak, the position of two maser

components coincide. This strongly suggests that the overlapping

of the two masers causes the luminous outburst.

1 Introduction

An ultra-luminous outburst of an Orion-KL water maser was �rst ob-

served from 1983 to 1984 (Matveyenko et al. 1988, Garay et al. 1989). At

that time, the total ux density reached values as large as �6.7�10

6

Jy

| around 200 times stronger than usual. In December 1997 another

outburst of the Orion-KL water masers was discovered using the 6m

telescope of the University of Kagoshima (Omodaka et al. 1999). Two

theoretical models have been proposed for such outbursts. One is a
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coplanar model, in which a thin plane passes through the line of sight

and the optical depth of the maser emission becomes larger (Elitzur et

al. 1992). The other is an overlapping maser spot model, in which two

maser spots lie along the same line of sight, with the background maser

emission being ampli�ed by the foreground maser. For this model, the

two maser spots must coincide not only in position but also velocity

(Boboltz et al. 1998). There has not been observational clear evidence

to support either model, mostly because there were no VLBI monitoring

observations during the last burst!

After the previous outburst, a VLBI image was obtained (Matveenko

et al. 1998). For the investigation of the maser burst mechanism, it is

very important to obtain frequent VLBI observations with high spatial-

resolution during the outburst.

2 Observations

Monitoring observations were performed with the VLBA. Observations

were carried out from 1998 May 10 to 1999 February 10 at two week

intervals. In total, 16 days were used with a 3 hour observation each day.

The typical synthesized beam size is 0.3mas� 0.7mas with a position

angle of around 0

�

. The velocity resolution was 0.05 km/s. Fringes were

detected on all VLBA baselines, con�rming that the maser spots are

compact.

3 Results

In Figure 1, the intensity pro�le of the water maser outburst is shown.

It increased from December 1997 to September 1998, reaching a peak

of 4.8� 10

6

Jy, a little less than the previous outburst. In the previous

burst, the maser intensity oscillated during the increasing phase, however

this time the intensity changed more smoothly. This suggests the latest

burst was simpler than the previous one.

Figure 2 shows three maps of the maser region at the velocity of

peak intensity from the epochs 1, 2, and 3 indicated on Figure 1. They

show that there are two components at the position of the maser burst,

with the weaker component apparently passing through the stronger

component. As the absolute position is uncertain, it is impossible to

know which is stationary. When the two components coincided, the

intensity of the burst maser was at its peak.
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Figure 1: Time pro�le of peak ux of the bursting 7.6 km/s maser

component.
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Figure 2: Three epoch maps of the bursting 7.6 km/s maser components.

The dates are indicated on Figure 1. The maps shows the apparent pas-

sage of the weaker component across the stronger component. Contour

levels are 2, 4, 8, 16, 24, 32, 64 and 128 by 10

4

Jy/beam. The peak

uxes are 3.5�10

5

, 9.2�10

5

and 4.7�10

5

Jy/beam, respectively.
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4 Discussions

The maps of the Orion-KLmaser burst show two components interacting

with each other. This result therefore seems to support models in which

overlapping masers produce strong bursts. The position of the current

maser burst is the same as that of the previous burst. The apparent

transverse velocity of one maser with respect to the other is 7.4 km/s. If

the two maser components constitute a binary system, the total mass is

around 0.1M

�

and the separation length is around 3AU. Such values

are typical for the usual parameters of water maser spots.
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