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ABSTRACT. Mil l imeter wave interferometric images of HL Tau show a 
c lear disk morphology with a nearly keplerian v e l o c i t y curve. A few 
a few tenths of a so lar mass are in orb i t around the s t a r . 

With the angular reso lut ion provided by mi l l imeter wave radio 
interferometers , one can d i r e c t l y image the gas in the c ircumste l lar 
regions near young s t a r s . HL Tau and R Mon are two pre-main sequence 
s tars that appear to be surrounded by disks of gas and dust (Cohen 
1983; Beckwith e t a l . 1 9 8 4 ) . We recent ly observed CO emission toward 
these s tars and found i t to be s p a t i a l l y (< 5") and s p e c t r a l l y (< 3 
km/s) unresolved in both cases (Beckwith, Sargent et a l . 1986) ; the 
gas probably res ides in the d isks . Uncertaint ies about the amount and 
d i s t r i b u t i o n of the gas motivated further observations with be t ter 
s e n s i t i v i t y and spectral reso lut ion , a l o g i c a l choice being the 
isotope 13C0. This ta lk i s a b r i e f synopsis of the 13C0 observations 
of HL Tau. 

We observed the J = l - 0 13C0 l ine (110 GHz) with the Owens Val ley 
Mil l imeter Interferometer in 1985. Five interferometer configurations 
produced a synthesized beam of about 6" χ 10" (R.A. χ Dec) in each of 
t h i r t y two spectral channels ( 0 . 1 3 km/s reso lut ion) and a broad 
continuum channel. A descr ipt ion of the instrument and the observing 
procedures i s given in our previous paper. 

Figure 1 shows maps of the v e l o c i t y integrated 13C0 emission ( l a ) 
and the continuum emission ( l b ) . A cross marks the s t e l l a r pos i t ion 
in each f igure . The continuum emission i s completely unresolved and 
coincident with the s tar ; i t s d i s t r ibut ion reproduces the synthesized 
beam almost exact ly . Most of the 13C0 in tens i ty comes from a bright 
core at the s t e l l a r pos i t ion with the more extended emission looking 
very much l i k e an edge on disk. The disk i s oriented along pos i t ion 
angle 147 degrees s imi lar to the angle of 146 degress of the polarized 
l i g h t near HL Tau (Hodapp 1984) and nearly orthogonal to the nearby 
j e t (Mündt and Fried 1 9 8 3 ) , and the outflow direct ions from several 
other nearby s tar s : L1551 1RS 5 (Sne l l , Loren, and Plambeck 1 9 8 0 ) , DG 
Tau and HH 30 (Mündt and Fried 1 9 8 3 ) . 

Figure 2 show maps of the 13C0 emission versus v e l o c i t y . The 
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ro ta t ion curve derived from pos i t ions of maxima i s consis tent with 
keplerian v e l o c i t i e s . The gas at the s t e l l a r v e l o c i t y (2c , 6 .60 km/s) 
peaks up at the s t e l l a r pos i t ion , gas which i s at low red (2b, 7 .12 
km/s) and b luesh i f ted (2d, 6 .08 km/s) v e l o c i t i e s peaks at about 10" 
from the s tar on opposite s ides , and the highest red (2a, 7 .64 km/s) 
and b luesh i f t ed ( 5 . 9 km/s, not shown) v e l o c i t i e s are seen once again 
c lose to the s t a r . This general pattern i s charac ter i s t i c of 
v e l o c i t i e s in a central p o t e n t i a l . 

Assuming the distance to HL Tau i s 160 pc and i t i s a 1 so lar 
mass s t a r , the s h i f t of + / - 0 . 5 km/s at pos i t ions + / - 1 0 " from the s tar 
corresponds to the o r b i t a l v e l o c i t y for material at 1600 A.U. radius. 
Uncertaint ies in the s t e l l a r mass and peak pos i t ion make i t impossible 
to show th i s gas i s in precise keplerian motion, but the d i s tr ibut ion 
and magnitude of the v e l o c i t i e s are persuasive evidence that the gas 
i s bound to the s tar , and s t e l l a r gravity dominates the po tent ia l . 

In the central p i x e l , the 13C0 has almost the same brightness 
temperature as the CO - T(13C0) - 5 .2 Κ and T(C0) = 5 . 4 Κ - y ie ld ing 
an o p t i c a l depth of about 3 for 13C0. Using a previous estimate for 
the gas exc i ta t ion temperature of 50 Κ (Beckwith, Sargent et a l 1986) , 
the unknown f i l l i n g factor reconci l ing the exc i ta t ion and brightness 
temperatures, the t o t a l gas hydrogen mass in the central beam is 0 .3 
so lar masses. While the re su l t i s uncertain ( fac tor of three, say ) , 
i t i s c l ear that the disk contains a substant ia l f rac t ion of a s t e l l a r 
mass. 

The continuum radiat ion i s thermal emission from s o l i d par t i c l e s 
in the disk. Following the arguments in our e a r l i e r paper and using an 
emiss iv i ty c o e f f i c i e n t f a l l i n g as frequency squared ( e . g . Hildebrand 
1 9 8 3 ) , the equivalent molecular hydrogen mass implied by the continuum 
radiat ion i s 0 . 3 so lar masses, in good agreement with that implied by 
the CO emission. 

The disk structure and large mass indicated by the 13C0 
observations guarantee the s t a b i l i t y of the gas against disruption by 
s t e l l a r winds or radiat ion pressure (Beckwith et a l . 1 9 8 4 ) . I t 
c er ta in ly contains enough mass to form a planets s imi lar to those 
around the sun. With nearly as much mass in the disk as in the s tar , 
i t i s even poss ib le the disk i s s e l f - g r a v i t a t i n g and influences 
further accret ion of cloud mater ia l . I t should be poss ib le to d i r e c t l y 
map the gas d i s t r ibut ion in the outer parts of the disk with 
mi l l imeter wave interferometers , and we expect future observations to 
play a ro le in deciding how these disks form and evolve. A more 
de ta i l ed analys is of these data w i l l be presented in a longer a r t i c l e 
th i s year (Sargent and Beckwith 1 9 8 6 ) . 

REFERENCES 
Beckwith, S . , Sargent, A . I . , S c o v i l l e , N . Z . , Masson, C .R . , Zuckerman, 

Β . , and P h i l l i p s , T.G. 1986, Ap. J . , in press . 
Beckwith, S . , Zuckerman, Β . , Skrutskie, M . F . , and Dyck, H.M. 1984, 

Αρ. J . , 287, 793. 
Cohen, M. 1983, A p . J . ( L e t t e r s ) , 270, L69. 
Hildebrand, R.H. 1983, Quart. Journ. R . A . S . , 24 , 267. 
Hodapp, K.W. 1984, Astron. Α ρ . , 141 , 255 . 

https://doi.org/10.1017/S0074180900156013 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900156013


INTERFEROMETRIC IMAGES OF 1 3CO EMISSION TOWARD HL TAU 83 

Mündt, R. and Fried, J.W. 1983, A p . J . ( L e t t e r s ) , 274, L83. 
Sargent, A . I . and Beckwith, S. 1986, in preparation. 
Snel l , R . , Loren, R . , and Plambeck, R. 1980, A p . J . ( L e t t e r s ) , 239, L17. 

15" 

18°8' 

ο 45" 
σ 
•S 30' 
υ 

Ο 15" 

18β7' 

—ι r 1 ι -ι r 1 1 — 1 1 1 • 1 1 

.'1b 6 
0 

. * I ο \ 

Q \\ 0 

• & ; 

a où 
L - 1 I 1 I 1 I 

ο 
I 1 I I ("t I I 

4β28'47" 45" 43" 41" 47" 
Right Ascension 

45" 43" 

Figure 1: Maps of integrated 13C0 ( l a ) and continuum emission ( l b ) towa 
HL Tau. The continuum emission i s unresolved and maps the beam. 
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Figure 2: Maps of 13C0 emission in d i f f erent v e l o c i t y channels. 
2a - 7 . 6 4 km/s; 2b - 7 .12 km/s; 2c - 6 .60 km/s; 2d - 6 .08 km/s. 
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