PUBLICATIONS OF THE KOREAN ASTRONOMICAL SOCIETY
29: 029 ~ 034, 2014 September

(© 2014. The Korean Astronomical Society. All Rights Reserved.

AL

B XI=Ql DR21(OH) Ao ofgt S423HE M E=(CH;0D)

pISSN 1225-1534
eISSN 2287-6936
http://dx.doi.org/10.5303/PKAS.2014.29.2.029

BEHT

DEUTERATED METHANOL (CH;OD) IN THE HOT CORE OF THE MASSIVE
STAR-FORMING REGION DR21 (OH)

oy M2
qr 09

ot

=

=
AT

YOUNG CHOL MINH
Korea Astronomy and Space Science Institute, Daejeon 305-348, Korea
E-mail: minh@kasi.re.kr
(Received June 27, 2014; Accepted July 21, 2014)

ABSTRACT

We have observed the deuterated methanol,

CH;0D,

toward the hot core MMI1 in the massive

star-forming region DR21 (OH) using the Submillimeter Array with a high angular resolution of about 1

arcsecond. The position of the hot core associated with the sub-core MMla was confirmed to coincide

with the continuum peak where an embedded young stellar object is located. The column density of
CH;OD was found to be about (2 + 1) x 10' cm” toward the MMla center. The abundance ratio

CH3;OD/CH30OH was measured to be ~ 0.45, which is about the median value for low mass star-forming

cores but much larger than those of the massive star-forming cores. The ratio is believed to change

depending on, for example, the chemical condition, the temperature and the density of the source. This

ratio may further depend on the evolutionary phase especially in the massive-star-forming cores. The

sub-core MM1la is thought to be in the very early phase of star formation. This large abundance ratio

found in this source indicates that even the massive star-forming cores, during a relatively short period in

the very early stage of star formation, may also show a chemical state resulted from the cold and dense

pre-collapsing phase, the enhanced deuteration as found in low mass star-forming cores.
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Aol ek Hte] BSolE 2 H7F oF 1 x 100 2

uj$- Ykol(Peng et al, 2012; Neill et al., 2013) 2]

EA4d gt Z zpolE HAFLh Yy o5 EA4S

olgfist7] g #HS AuE ofA AA FHIH 53

71E9] e =7t F7F Eilse] e addd
]

5 A8E, 1§ S53sta 2 ~AdY st 54
=94 A7t JFEo de AR 3o, 53]
A o] gAstE Fojoll A FEasted gk AT
= g FHE9n o)A AlFeAlel lth.

oyl = AE WERAYX 5F Add A5k
%+ DR21(OH) Al diste] &3k &5 ¢ 17 A
T2 B35 S54sd vEke CH:0D A Hold9
AR A5 AnE =93 o] AA N o 1l
T A gojglEse] JeEe] lon e H gAY
o] dojuti d= Aoty wWehES s H-ghA
A 9] ghzolol] EAG = A 2] WMElA ]33}

grba oA o] A= Agow o Al o
v e Sgsta, A AL B
Aol A o) AAlel BEA G20l ¢

DR21(OH) H A= EfFOoZHE 1.4 kpe Bold A
of glom, F7% Hol s A e B
g FolEo] EAEta  UtHRygl et al, 2012
Schneider et al., 2006; Motte et al., 2007). ©] HA|& X
gratar e AW ZAE AFo] 100 peE He
FAE 4 x 10° Mool o231, §-8 23tAlelA 73
A OB AFA Cyg OB29} Azl gl
DR21(OH)+= H ©HAle] A o= o AX] = OH, H:0, 1
23l CH;0H 59 &4 wWelx WwEMEe] #5+
9 TH(Norris et al,, 1982; Argon et al, 2000; Genzel &
Downes, 1977; Batrla & Menten, 1988; Plambeck &
Menten, 1990; Kogan & Slysh, 1998; Kurtz et al., 2004;
Araya et al., 2009; Fish et al, 2011). o] HAolA B
= oy aeE ks gojelee A= k307 - 507
Holz EAStL o o5 HFL ~ 10° Mo A=,
BA A-nH)E ~ 10° em™ol] ©o] 2vH(Mangum et al.,
1991). o] 7} QoleEelM = Az HEo] A4H7
U AdE Aoz AZEY. L FAAE P e F
7hel Folel MMI1¥ MM2E A2 87 AXE "olx 9l
oZol 14 mm A% #EAdA FAsHgc
(Woody et al., 1981). IHA #Z2 o5 Fo7} o
M) MBE-Fol® o] Folx] AFE FRI5HS il (Araya et
al., 2009; Zapata et al., 2012), ©] MM19] A H.FJEL
A Zo] MMla, b, cZ °]&F &% HMinh et al., 2012).
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Figure 1. Total integrated intensity map of the CH3;OD 5(1,4) -

4(2,2) E transition (black contours, 10, 15, and 20 K km’!
levels). The background false color image is the 230 GHz
continuum map and its scale is shown on top of this figure.
The inset on the upper right is the observed spectrum toward
MMla. Its x-axis is velocity (km s"), and its y-axis is flux
(K). The ellipse in the lower left corner shows the synthesized
x 09”7, PA = -74°). The
asterisk is the H,O maser position and the sub-cores are
indicated (Minh et al., 2012, Woody et al., 1989).
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MMla, b, ¢7} FAIEO] Atk (Minh et al, 2012). MMla
o b AHE-Foe] JtagojE s v vd A7]9F 4
TS VA e Rolwu(dgn wE i A7) ~
17, A% ~ 05 Mo) °]59 384 5AS A= <zt
2 oz Yelhuy ot 13} w@Ae] ol A ]
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Table 2+= ©o|H #Fo 4 3 CH;0D9| &3} <kA
#=¥ CH;0HS &% Hlo|th(Minh et al, 2012). 7%
TS A5 FAAW A7) <rellA Htstd grolth F

5 A FshH zlolrh Avha spAsta
™ CH;OH 339 Z9-= wr} AAg do] o
A =Fo) =959 QItHMinh et al., 2012). AFEE 3

Table 1. Spectrum parameters observed toward MMla
Tpeak” Voeak Avp” Flux RMS(10)
K] [km s'] [km s'] [K km s'] K]
10.7 -4.7 1.7 21.2 1.5

*Gaussian fit values.

Table 2. Abundances of CH;0D and CH;OH

Tt Neo(CH:OD) Neo(CH:OH)" CH,0D CH;0D CHOH

K] o] [en’)  CHOH - H
50 7.6(15) 1.7(16) 044  09(-8) 2.1(-8)
100 1.3(16) 2.8(16) 0.45 1.5(-8)  3.3(-8)
150 1.9(16) 4.2(16) 0.45 23(-8)  5.1(-8)
200 2.7(16) 5.9(16) 045  32(8) 72(8)

x(y) means x X10”.
*CH;0H 5(1,4)-4(2,2) E transition (frequency: 216.945559 GHz)

was used.
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2012). Table 20|14 H o] CH;0D®} CH;OHS| #HA| 4=
2 Pl W v F o2 25 o 107 - 100 A=
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* The Submillemeter Array is a joint project between the
Smithsonian Astrophysical Observatory and the Academia
Sinica Institute of Astronomy and Astrophysics and is
funded by the Smithsonian Institution and the Academia

Sinica.
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