[Frmp— TAP CHi KHOA HOC HO CHI MINH CITY UNIVERSITY OF EDUCATION

DAl HOG - .
B SP TRUONG PAI HOC SU PHAM TP HO CHi MINH JOURNAL OF SCIENCE
TP. H) CHI MINK
_,.J Tap 17, S6 6 (2020): 1042-1047 Vol. 17, No. 6 (2020): 1042-1047
ISSN:
1859-3100 Website: http://journal.hcmue.edu.vn

Bai bao nghién ciru

UOC TINH KHOI LUQNG CUA TIEN SAO LUN NAU GIAI POAN |
[GKH94] 41 TU DU LIEU QUAN SAT VOI HE KINH VO TUYEN SMA

Nguyén Thanh Pgt"?, Phan Bdo Ngec®”
1B mén Vit ly, Truong Pai hoc Qudc té, PHOG TPHCM, Viét Nam
2Khoa Vdt ly va Vdt ly Ky thugt, Truong Pai hoc Khoa hoc Ty nhién, DHQG TPHCM, Viét Nam
“Tac gia lién hé: Phan Bdo Ngoc — Email: pbngoc@hcmiu.edu.vn
Ngay nhdn bai: 06-8-2019; ngay nhdn bai siza: 24-8-2019, ngay chdp nhén dang: 12-6-2020

TOM TAT

GKHY94] 41 di dwoc xac nhdn 1a mét tién sao lin ndu giai dogn | ¢ vung hinh thanh sao
Taurus véi khéi lirong cudi cung thdap hon nguong khoi luwong dudi sao trong bai bao ciia Dang va
cong sw (2016). Tuy nhién, khai lwong cudi cing cua vt thé chi dieoe woc tinh dua trén ba diém dir
lieu trong khodng budc séng tir 70 um dén 2,9 mm. Nghién citu tién sao lin ndu giai doan | gop
phan quan trong dé hiéu vé qué trinh tién hoa cua sao 1un nau ¢ nhiing giai doan sém nhdt. Do dé,
ching t6i thu thdp thém diz liéu quan sat & vimg mm dé xac nhdn khéi lwong cudi cling cia
[GKH94] 41. Ching t6i quan sat [GKH94] 41 tai tan s6 230 GHz (budc séng 1,3 mm) véi hé kinh
vd tuyén SMA va két hop véi cac dir liéu sdn c6 dé xay dung phé phan bo phé nang heong cia vt
thé. Théng lwong ciia [GKH94] 41 duwoc do ¢ buéc séng 1,3 mm 14 2,6 + 0,5 mdy. Khai leong cudi
clng ciia [GKH94] 41 dwoc woc tinh 1 42758 Muge inn. Khéi liwong woc tinh cia chdng toi trong
bai bao nay phi hop véi két qud trong bdi bdo truéc va khang dinh [GKH94] 41 sé tré thanh mét
sao lin ndu vao giai doan cudi cua qué trinh hinh thanh.

Tir khoa: sao 1un nau; su hinh thanh sao; tién sao

1.  Médau

Sao lun nau (SLN) Ia nhitng vat thé c6 khéi luong nam trong khoang tir 13 dén 75
lan khéi lugng Mac tinh. Khdi lwong nay qua bé so vai khéi luong téi thiéu Jeans (~1 Mt
i) dé khoi dau qua trinh hinh thanh ngdi sao tir sy sup d6 hap dan cua cac dam may phan
ta. Do do, SLN thuong duoc dé xuét duoc hinh thanh theo cac co ché khac nhau, trong do
goém hai md hinh chinh 1a mé hinh giéng sao va mé hinh day ra. Trong mé hinh giéng sao,
SLN hinh thanh gidng céc sao théng thuong c6 khéi lwong thap qua qua trinh phan manh
hdn loan (Padoan, & Nordlund, 2004) hay phan manh hap din (Bonnell et al., 2008). Con
trong mod hinh day ra, SLN chi 12 nhitng nhan c6 khéi luong rat thap bi day ra tir mot hé
goém nhiéu tién sao khdng 6n dinh do su tuong tac dong hoc giira chiing (Bate et al., 2002).

Cite this article as: Nguyen Thanh Dat, & Phan Bao Ngoc (2020). Estimating the final mass of the class i
proto brown dwarf [GKH94] 41 from sma observation. Ho Chi Minh City University of Education Journal of
Science, 17(6), 1042-1047.
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Mot s6 18i tién SLN (Oph B-11 & ving rho Ophiuchi trong André va cong su (2012),
tién SLN giai doan 0 (L328-IRS trong Lee va cong su (2013) va IC 348-SMM2E trong
Palau va cong su (2014)) va giai doan | ([GKH94] 41 va IRAS 04191+1523B trong Dang
va cong su (2016)) da duoc phat hién va xac nhan cd khdi luong cudi cung nim duéi
ngudng khéi lugng dudi sao (dudi 75 M tinh). Nhitng phét hién nay da khing dinh sy ton
tai ctia SLN trong céc giai doan sém nhat ciia qua trinh hinh thanh. Diéu nay chung té riang
cac SLN hinh thanh chu yéu qua co ché twong tu nhu cac sao thong thuong.

[GKH94] 41 Ia tién SLN giai doan | c6 kiéu phé M7.5x1.5 (Luhman et al. 2003) &
viing hinh thanh sao Taurus va khéi lugng cudi cting 49F55 Mupiter dwoc uéc tinh trong
Dang va cong su (2016). Khéi lugng cubi cung duge udce tinh caa vat thé ndy cho thay tién
SLN s& tro thanh mot SLN vao giai doan cudi caa qué trinh hinh thanh. Tuy nhién, khéi
lwong cudi cling cua [GKH94] 41 trong nghién ciu cua Dang va cong su (2016) chi duoc
uéc tinh dya trén ba diém dir liéu quan sat trong viing budc song tir 70 pm dén 2,9 mm. Vi
viy, trong bai bao nay, chung t6i udc tinh lai khéi lugng cudi cung cua [GKH94] 41 dwa
trén dit liéu quan sat mai tir hé kinh vo tuyén SMA va cac dir liéu da co sin nhiam xac nhan
lai két qua nghién ctu caa Dang va cong su (2016). Trong phan 2, ching tdi trinh bay quan
sat vai hé kinh SMA va xtr i dit liéu. Két qua va thao luan dugc ching ti trinh bay trong
phan 3, va phan 4 tong két lai két qua nghién ciru cua ching toi.

2. Quan sat va xw i dir liu

Chung t6i quan sat [GKH94] 41 tai tan s6 230 GHz (hoic budc song 1,3 mm) véi hé
kinh v tuyén SMA (Ho et al., 2004) vao ngay 25 thang 7 nam 2017. Hai dai bang tan rong
8 GHz, cach nhau 16 GHz duoc st dung dé quan sat vat thé. Dir liéu quan sat dugc ching
t6i hiéu chinh dé loai bo anh hudéng cua khi quyén va cac dung cu do theo thoi gian va tan
s6 bang cach quan sat chuan tinh 3C 111. Thién Vuong tinh dwoc dung dé hiéu chinh
thong luong caa ngudn. Dir liéu quan sat duoc xt I bang hai phan mém MIR va MIRIAD.
Hinh 1 md ta 8 dng-ten, mdi ang-ten duong kinh 6 mét cua hé kinh vd tuyén SMA.

Hé kinh SMA 1a hé kinh hoat dong & budc séng vo tuyén nam trong khoang tan sé tir 180
GHz dén 420 GHz véi céc ciu hinh khac nhau bao gdm: Subcompact, Compact, Extended va
Very Extended. Mdi ciu hinh s& twong (mg véi cac vi tri khac nhau cia 8 ang-ten trong hé
nham quan sat nguén c6 do phan giai khdng gian khac nhau. Cau hinh Subcompact c6 d6 phan
giai thap nhét, c& 5 gidy cung tai tn sb 345 GHz trong khi cdu hinh Very Extended c6 do phan
giai cao nhat ¢& 0,25 gidy cung.

1043



Tap chi Khoa hoc Trwdng BPHSP TPHCM Tdp 17, 86 6 (2020): 1042-1047

Hinh 1. Hé kinh vd tuyén SMA gom 8 dng-ten, méi dng-ten dwong kinh 6 m
dat tai dinh nli Mauna Kea, bang Hawaii,‘ M7
(Nguon: www.cfa.harvard.edu/sma)
Dé quan sat nguon [GKH94] 41 ching t6i str dung cau hinh Compact dé thuc hién
quan sat va thu dugc beam tong hop cé kich thudc 5,07x4,1” véi goc vi tri la -62,1°.
Bang 1 thé hién cac thdng s ciu hinh quan sat SMA cho [GKH94] 41.
Bdng 1. Thong sé ciia kinh SMA ding dé quan sat nguon [GKH94] 41

Toa dd CAu hinh Kich thwoc Thong lweng
RAC (J2000) DEC (J2000) beam (*x”) tai 1,3 mm
04" 19™ 46,57° +27° 12’ 55,2” Compact 50x4,1 2605

3. Két qua va thao luan
Chung t6i da phat hién birc xa lién tuc tir vo bui boc ngoai [GKH94] 41 ¢ budc song
1,3 mm. Thong luong do duoc tir birc xa nay 1a 2,6 + 0,5 mJy. Vai dir liéu nay cung cac dir
liu quan s&t ngudn trude ddy (xem Bang 2), chiing toi xay dung phd phan bd ning luong
ctiia ngudn [GKH94] 41.
Bdng 2. Cac di liéu quan sat cua [GKH94] 41

Buéc s6ng Théng lirgng Sai sb N .
(um) (my) (mdy) Tai liéu tham khao
3,4 15 0,4 5
3,6 27,3 0,5 4
4,5 34,2 0,7 4
58 41,8 0,9 4
8 37,5 0,9 4
12 46 1, 5
22 196 5, 5
24 172 10, 3
70 269 5,0 1
160 279 66 1
1300 2,6 0,5 Bai bao nay
2940 2,5 0,2 2

Nguén : (1) Bulger et al. (2014); (2) Dang et al. (2016); (3) Harvey et al. (2012);
(4) Luhman et al. (2010); (5) Wright et al. (2010)
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Chuing t6i sau d6 uéc tinh khdi luong vo bui boc ngodi [GKH94] 41 bang phuong
phap tim mo hinh vat den tuyét ddi phd hop cia ngudn trong khoang gia tri théng luong tir
budc song 70 pm dén mm (Bang 2). Phuong phap nay da duoc m ta chi tiét trong bai béo
truéc cua chung tdi (Dang et al., 2016). Tu dix liéu méi cia SMA va ba diém dir liéu da c6
(6 cac bude song 70 um and 160 um tir kinh Herschel, 2,94 mm ta kinh CARMA), mé
hinh vét den phu hop nhit ma ching t6i tim duoc cho cac gié tri tham sé nhiét do bui Ta =
31 K, chi s6 btic xa bui p = 0,9 va khdi luong vo bui khoang 1 Mwgc tinh (Hinh 2).

[CKH94] 41

I
N
I

log(AF, )(erg em™2 9“1)

log(d) (um)

Hinh 2. M6 hinh phan bé phé néng leong cua tién sao lin ndu giai dogn | [GKH94] 41.

Diz lidu ciia SMA tai bude séng 1,3 mm do trong bai dwoc ki hiéu bang hinh ngéi sao.
Puong dirt doan biéu dién md hinh vdr den twong 1ing véi vé bui ciia [GKH94] 41

Tuy nhién, chi s6 phat xa bui ma ching t6i thu dugc van nho hon dang ké véi gia tri
thong thuong p = 1,4 cua cac tién sao giai doan | trong ving hinh thanh sao Taurus
(Chandler et al. 1998). Vi viy, chung t6i da wéc tinh truc tiép khdi lwong vo bui dya trén
dix liéu SMA tai 1,3 m theo cong thac sau (Liu et al., 2004):

YL )

k B (1)
trong d6, M, 1a khdi lwong vé bui, F la thong lugng buic xa lién tyuc tai tan s6 quan sét,
d 1a khoang cach ctia vat thé, & 1a hé s6 chan sang, B,(7))la cong thuc Planck tai nhiét do
bui Tq.

Néu ching toi ding cac gia tri B = 1,4 va Tq = 31 K thi khdi lugng vé bui duge wdc
tinh khoang 1 Mwge tinn. Gid tri ndy bang véi gié tri dugce duge udce tinh tir mé hinh vat den
cua vo bui.

Tir khdi lugng trung binh hién tai cuia [GKH94] 41 1a 41758 Mwaec tinn (Xem Dang et
al. 2016) va khdi lwong cua vo bui ma ching t6i wéc tinh trong bai nay 12 1 Mwac tinn, chling
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t6i suy ra khdi luong cudi cuing cua vat thé 12 42758 Mwmec tinh. Ngudng khéi luong nay xéac
nhan lai 1an nira két qua trong bai bao truéc cua ching toi 1a [GKH94] 41 s& tré thanh mot
sao 10n nau vao giai doan cudi caa qua trinh hinh thanh.
4. Kétluan

Tu dir liéu quan sat mai vai hé kinh SMA, chiing t6i da wéc tinh lai chinh xac hon
khéi lwong cudi cuing cua tién SLN giai doan | [GKH94] 41. Két qua cua ching tdi chi ra
rang [GKH94] 41 s& tro thanh mot SLN vao giai doan cudi qué trinh hinh thanh. Piéu nay
cung cap thém bang chirng cho thiy SLN hinh thanh tuong tu nhu cac sao théng thudng co
khéi lwong thap. Trong céc quan st vai ¢ phan giai cao hon sap t6i, ching t6i s& nghién
ctiu c4c tinh chat khac cua [GKH94] 41 (chang han nhu hién twong ludng phut) dé mé ta
hoan chinh hon vé céc giai doan tién hoa dau tién caa SLN.

% Tuyén bé vé quyén loi: CAc tac gid xac nhan hoan toan khéng cé xung dét vé quyén loi.

% Loi cdm on: Nghién ciu nay duoc tai tro béi Quy phét trién Khoa hoc va Céng nghé
Qudc gia Viét Nam (NAFOSTED), ma sé dé tai 103.99-2015.108.
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ABSTRACT

[GKH94] 41 was previously identified to be a class | proto brown-dwarf in Taurus with an
estimated final mass below the substellar boundary in a study by Dang Duc et al. (2016). However,
in their study, the current final mass of [GKH94] 41 was estimated based on only three
photometric data points in the wavelength ranging from 70 um to 2.9 mm. Studying class | proto-
brown dwarfs is very important to understand the evolutionary process of brown dwarfs at the
earliest stages. Therefore, in this study observations were used for the source at different
millimeter wavelengths to improve the estimated final mass for [GKH94] 41. We observed
[GKH94] 41 at 230 GHz (or 1.3 mm) with the Submillimeter Array and then combined with other
available data to reconstruct the spectral energy distribution of the source. The flux density of
[GKH94] 41 is measured at 1.3 mm to be 2.6 £ 0.5 mJy. Our estimated final mass of [GKH94] 41
is 427355 Maupier. The estimated final mass in this paper is in agreement with our previously
estimated mass of [GKH94] 41. Our result confirms that the source will end up as a brown dwarf.

Keywords: brown dwarfs; star formation; proto-stars
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