
H20 MEGAMASER IN ORION KL 

L.I·MATVEYENKO 
Space Research. Institute 
Profsojuznaja 84 
Moscow V 485 
U.S.S eR. 

ABSTRACT. The region of the H 2 O megamaser emission in Ori-
on KL had been studied by VLBI method. The structure is a 
chain of the compact components oriented under the angle 
X = -80°, The size of the components i s ^ Q . 1 A.U. , the bri-
ghtness temperature T b ^ 1 0 'K, the linewidth of each com-
ponent is f ^ 7 kHz. The emission has linear polarizati-
on Ρ ψ 80 and position angle is changed by 9 · 2 degree / 
A.U. The velocity of the components has a gradient Q . A 1 
km/sec A.IT. The masers are unsaturated, the kinetic tempe-
rature T^. ̂  120 K. The structure corresponds to an expan-
ding protoplanet rings, radius of which is equal R = 6 A . U . 
The rotation and the expanding velocities are equal 5 and 
3.8 km/s accordingly. Mass of a protostar is ~ 0 . 7 M© . 

INTRODUCTION. In a number gas-dust complexes of our Gala-
xy it has been processed a star formation, which accompa-
nied by a hydrocsi1 and a water vapor maser emission. 
Α Η£θ megamaser outbursts observed in a two cases : in a 
object ¥ k9 and Orion KL,(Matveyenko, ( 1 9 8 1 ) ) . The active 
period of the megamaser emission had been observed in Ori-
on KL nebula at 2 5 . 0 9 . 1 9 7 9 to end 1 9 8 7 · The maximum flux 
density was equal to F = 8 χ 1 0 ° Jy and linewidth a f = 40 
kHz (Abraham et a l . , ( l 9 8 6 ) , Matveyenko et al., ( 1 9 8 8 ) , Ga-
ray et a l . , ( 1 9 8 9 ) ) . 

OBSERVATIONS AND RESULTS. To study this fenomena one needs 
measuring a structure of the emission region. But the ma-
ser sources are very compact and can be measured by VLBX 
method only. The H 2 O maser outburst in Orion KL observed 
from a moment, when emission began to grow (Matveyenlco , 
( 1 9 8 1 ) , Matveyenko et al., ( 1 9 8 2 ) ) , and continued each year 
at different interferometers. The Fig 1 shows results of 
this observations. The megamaser region has a complex st-

271 

L. V. Mirzoyan et al. (eds.), Flare Stars in Star Clusters, Associations and the Solar Vicinity, 271-274. 
© 1990IAU. Printed in the Netherlands. 

https://doi.org/10.1017/S0074180900187844 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900187844


272 

1979.7^ 

1979.88 

— ^ — 
•lai 

βϋ τ 7 δ 

1982.92 <®2ig γ6Φ°-^ψ^ 
"β?ι '8.1 w.9 IM 

1983.78 (ψΠΓψΓψ1Τψ 
Hl V977 ' 77 

1985.76 ( 5 Γ ρ " ' ( p t o - ^ p 

1986.41 ( ψ Π Γ ψ i£—dh§> 
\ θ h 7 16.97 

1987.13 » (ψ> 7.89 
A . U . 

Fig. 1. Relative position of* the compact components and 
ν el o ci ty. 
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Fig # 2. Reletive posi-
tion ( a L . A . U . ) pLotted 
against velocity ( V , 
km""2 s^) . 
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ructure, which, consists of a few compact components dist-
ributed along a direction X = - 7 9 ° . The size of the com-
ponents is equal to ^ 0 , 1 Α.II. A distance between them is 
equal to 0 . 4 - 1.4 A.U. One can observe 3 - 4 compact bri-
ghtness components inside ~ 2 . 5 A.U. . The velocity of the 
components are V = 7 + 2 - 8 » 7 km/s and correlated with the-
ir location. The gradient velocity is equal to dV/dL = 
0.41 + 0 . 0 5 km/s A.U. . The linewidth of each component is 
equal to A f = 1 0 kHz, or ^ V = 0 . 1 3 5 km/s. The linewidth 
corrected by the differential velocity inside the emission 
region would be Δ f = 7 kHz. A brightness temperature of 
the compact components is T D = 1 0 1 6 - 1 7 Κ and changes gra-
dually. Correlation of the with time of the components 
is not observed. Such a high brightness temperature is de-
fined by a high directivity of emission < 1 0 " ~ ^ , which is 
determined by a geometry of the maser source. The shape of 
source looks like a cylinder by length -1 and diameter -d. 
In this case = ( d/l ) 2 . For d = 0 . 1 A.U. 1 =? 1 0 A.U. . 
A chain of the components corresponds to the parallel cy -
linders, which are observed along its axis, or a protopla-
net rings, a plane of which is parallel to a beam of view. 
A radius of the rings are equal to R = 6 A.U. 

MODEL OF THE MEGAMASER. The masers are unsaturated or sa-
turated only partialy. Thus, the variability of the flux 
density would be ΐ/ϊο = e~" · The optical depth is *L = 
In Tfc / (Tg + Tg ) , where Tg and T$ correspond to the 
background and spontaneous emission. Tg + T g = 100 Κ for 
Orion KL and Τ = 35· -A- few percent variation of ΤΓ changes 
the maser emission strongly. 
The dependence of velocity of the components from the loca-
tion (Fig 2 ) corresponds to Kepler > s low Δ L V ~ 2 , In 
this case Rj<=* VAR/2&V. The velocity of region, where the 
maser is located is V = 5·5 km/s and R = 3·5 A.U. A dis-
crepancy R and R K can be explained by rings expansion and 
rotation V e x p = 3*8 km/s and V r o t = 5 km/s. 
The slope of line Fig 2 corresponds to c* = MG = 570 and 
M = 0.7 M @ , ( G = 6 . 6 7 Χ 10~ ö Din.cm 2*g"^ ) . 
The temperature of the rings from the linewidth is equal to 
T k = A f 2 T / 2 = 120 K. The Low kinetic temperature proposes 
IR pumping. The IR source can be a pro to s tar. The IR emis-
sion relative to the protoplanet rings would be isotropic 
and a polarizatian of the maser emission would be strong 
linear (Western and Watson (1983))· The emission of the 
compact components is linear polarized Ρ -> 80 $ (Matveyen-
ko and Romanov (1983))· Position angle of the polarization 
is changed in dependence with its location. The gradient 
is equal to dX/dL = 9·2 deg./A.U. and corresponds to the 
expanding rings with a magnetic field, (Matveyenko et al. f 

(1988)). 
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A non-homo geni ou s de s tri bu ti on of H 2 O molecules in the rin-
gs would change optical depth in the tangential directions 
of rings and a maser emission would be variable with rota-
tion. For the change of the emission on the order Τ would 
be change by 2 * 3 or Gfo of Έ · This model explaned why 
correlation of tlie variability emission of the components 
is absent. The number of molecules in colomn is equal 
to ~ 1 0 ^ " cm"^ and the density is ~1GH" c m 3 . 
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