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1. Introduction

* How do Herbig Ae/Be stars link low- and

High-mass star formation

Two basic processes in surrounding gas:
Formation:
low-mass stars: accretion-disk-outflow
High - mass stars: Problem:
when forming stars with 10 M® radiation
pressure can halt spherical infall

(Wolfire & Cassinelli 1987)
Two opposing views:
Still via infall -outflow-accretion
Collision- coalescence of less massive stellar objects
These years observational evidences found mostly
support the accretion model, but to detect high-mass
young stellar system is difficult.
Herbig Ae/Be: Mass < 10 M®

Their formation -- same with low-mass stars
Great superiority to investigate high -mass star

forming -a bridge of the two kind star fOrmation
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Do HAe/Be stars link low- and high-mass star feed back?

Feed back is different for the two kinds of stars:

Surrounding regions: Structure molecular outflow HH object* Water masers* Trigg
ered SF

Low-mass stars simple common 90% rare
no evidence
high-mass stars clusters common rare 61%
found

* compare with molecular outflows

* QOur investigation:

A search for their surrounding molecular gas

Mapping gas regions - so far 12 sources were mapped



2. Statius of surrounding molecular gas

A survey for 54 H Ae/Be stars
KOSMA 2-1, 3-2 lines of CO (41)
2-1, 3-2 lines of 13CO (28)

Sample: Chosen from Thé et al (1994)
Dec > -200
Age: 104 to 107 yr
24 Be, 27 Ae, 3 Fe

Results:.  Physical parameters were derived _

Systematic velocity., line widths, NH2
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Derived Parameters of the Lines

2eaiz—1

Name Visp Tooi=1) T15coi2=1) T12coi2=1) Tex 2, T:'F—J': Ny
(km s~ 1) (K} (" (108! em~2)
MacC HI2 —4.7 16 033 2896 2093 179 0.95 549
LkHA 198 —0.2 il 0.39 3466 1576 530 0.68 5809
RNO & —36.0 28 044 39.32 1020 230 077 .06
XY Per —4.2 7.4 0.15 1292 11.24 133 .64 1.55
WEO2 Tan 12 4.2 027 24.20 1205 310 .64 276
AB Aur .1 2660 1529 188 0.72 1.40
T Oni 1.5 4.4 0.26 2205 8679 74 0.87 3981
11.0 A4 017 15.12 44.65 141 0.7 1347
13.2 59 0.12 1051 3299 162 0.52 6.6
W3AB0 Ori 7.0 2660
a0 22 061 5305 16.36 200 .65 1283
W3EE Ori 6.5 2660 536 300 0.72 1.23
8.7 2660 24.12 153 0.a2 368
BF Ori 6.2 4.1 028 2488 17.12 285 072 442
a2 34 035 3100 14.57 164 1.00 31509
109 2.6 049 4321 155 300 0.54 1 .66
Haro 13A Sk 4.3 0.26 2356 14.25 &00 (.68 4.11
V399 Ori 50 52 0.21 19.01 11.43 0,70 2 Ak
12 2660
RE Tau —54 4.5 025 237 21.09 126 (.50 343
W50 Ori 44 f.3 017 [5.38 .84 (.60 1.20
MW T80 2.6 38 031 27.18 T.06 (.50 1.33
LkHA 208 —0.1 29 042 3763 10.05 200 045 228
LkHA 339 11.3 a8 0.31 27.1%8 =127 T7.53
LkHA 215 2.5 51 022 19.42 2066 170 036 4.08
E Mon 96 10.1 010 923 1258 250 .61 091
VE00 Mon 52 .2 018 1565 1016 .08
2.9 1.8 0i0a 7.88 18.24 207 0.33 1.09
114 749 0.14 1208 17.88 152 (.82 1.26
WV Ser 54 2660 623 270 044 093



« SED of 53 sources were obtained
Except MWC 614 for un-complete data

Archive data : UBV, JHK,
IRAC and MIPS
MSX, AKARI
SCUBA 450 and 850 um
1.3 mm wavelength

(Liu et al. 2012 and the references therein)
2D radiation transfer Robitaille et al. (2006, 2007)

0 Parameters of envelopes, disks, stars
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r 306 £ 009 £.99 281 193 1.75 4.06 =571 —202 786l £ 292 277 —2.81
Ir L4 514 .10 6.73 1.10 a2 —1.33 =5.65 =212 31.79 215 —-7.34
480 033 £ 035 633 £ 006 A0 £ 033 447 2 LI0 LTS £ 092 386 £ 019 —6.13 £ 0.33 —1.20 £ 025 5475 £ 1935 238 £ 025 —6.36 £ 067
020 024 £ 016 636 £ 0,19 310 £ 047 510 £ 005 181 £023% 385+ 003 287 +£0.2 —4.87 £ 063 5630 £ 1964 361 £ 072 —1066 £ 0.71
112 060 £ 004 696 £ 005 1.95 £ 0.05 1.83 4+ .05 L1l £ 0.02 391 —586 £ 044 —1.78 £ 040 3505 £ 1145 258 &£ 033 —8.23 £ 0.14
5185 0.00 6.13 374 5.68 217 393 —6.84 —141 51.37 229 —7.19
147 £ 0.l6 669 £ 0.28 372 £ 051 233 £ 0351 227 £ 018 413 £ 004 542 + 046 —1.26 £ 0.51 5380 £ 1554 260 £ 071 —6.54 + 043
1l 231 £ 0013 685 £ 015 282 £ 027 207 £ 003 178 £ 006 40 4+ 004 —4.50 £ 032 =203 £ 047 4741 £ 3150 267 £ 0.23 =747 £ 0.54
i 287 £ 142 587 £ 001 468 £ 005 662 4 205 262 £ 021 403 £ 0013 088 £ 021 5664 043 =351 £ 020 4512 £ [8.54 223 4 0.39 —8.52 £ 048
i 1.00 .01 3.86 7.62 1.93 380 —0.08 —7.56 —1.60 8137 224 —6.86
1 131 £ 0,31 672 £ 017 3209 £+ 0.31 210 £ 029 194 £ 016 407 £ 0.4 —4.60 &£ 0938 =294 +£ 057 4903 £ 21.24 258 £ 053 —8.08 £ 0.59
111 11.65 663 035 L.04 —15 3.55 —8.77 —2.233 63.26 2.09 —7.18
3A 0,00 a0z 347 2448 .34 £ 0.32 3l —0.25 £ 065 —4.71 —1.24 64,16 £ 21.08 0.a7 =562 £ 0.36
i 204 4+ 162 564 £ 030 L83 £ 119 520 &£ 150 120 £ 031 365 £ 006 —1.36 £0.52 5764 035 124 4+ 027 4247 4 2422 250 4 044 —6.71 £ 0.37
| 1.82 £ 0,27 653 £ 028 368 4 042 260 £ 049 230 £ 017 412 £ 003 =571 £ 046 =112 £ 024 4372 4 1052 260 £ 032 —6.41 £ 0.32
i 169 + 0,47 673 £ 0106 273 £ 039 205 £ 031 175 £ 019 405 £ 006 348 £0.30 =252 £ 050 4320 £ 1930 3230 £ (.52 —7.20 £ 0.73
T8G9 242 4+ 077 624 £ 017 290 £ 0537 281 £ 029 236 £ 010 412 £ 0,02 —6.47 £ 0.18 —1.02 £ 0,13 2265 £ 639 243 £+ 0.05 —6.49 + 0.37
208 530 £ 008 597 4.23 669 232 393 —0.93 —7.23 —1.00 5580 &£ 14.537 306 -7.71
339 206 £ 012 660 £ 031 342 4 060 225 £ 025 217 £028 41011 £ 005 238 +£0.76 —1.78 £ 036 4020 £ 21.08 373 £ 0.52 —8.67 £ 0.38
215 1.34 &+ 0.35 574 5.12 846 2.59 395 1.05 —5.01 —2.15 4640 £ 21.09 365 —0.19



e Column density: .
4.9x1021 cm-2 Age<106 yr 1t
2.5x1021 cm-2 Age>106 yr

o Cold cores
A |RAS-Wang

Methanol
o |IRDCs
o EGOs

e Low-mass cores:

~ 1022 cm-2 (Myers et al. 1983)

Cumulative fraction

« High-mass cores: --

Except Planck Clumps in the right Figure. 20 21 2 23 24

log(N,, ) (log(cm™))
> 1022 cm-2 2
Oless dense than low- and high -mass cores
Line width: 1.87 km/s

0 between those of low- and high mass cores (1.3 and 3.5 km/s, My
ers et al 1983, Wu et al. 2001)
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CO gas seems to be correlated with envelope ma
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Envelope: masses,

accretion rates

decrease with age ¢ _|

after 105 yr

Disk accretion
rates decrease
with age, but more
slow than

that of envelopes
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3. Structures of surrounding gas
- Effects of central stars

Observations:
« Mapping with J=1-0 lines of CO, 13CO and C180
« 13.7 m telescope
Purple Mountain Observatory
HD200775 observed with CO 3-2 and 13CO 2-1 at KOSMA
« Mapped sources: 12
* One of them observed with Ha emission
2.16 m telescope
National Astronomical Observatories

Results: divided into 6 groups:
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Group Il: 2 sources Core+outflow, jet + star(s)
LkHo 198
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Group llI: 3 sources, Core + jets +star(s)
MacC H12
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Group IV: 1 source VI: diffuse core+ optical line chang

e
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Group V: 3 sources, core+semi-cavity or cavity+stars
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HD200775
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MacC H12 0007 02.6 65 38 38.2 Core+ HH jet star group

LkHa 198 0011 26.058 49 29.1 Core + Outflow + HH jet two stars
MWC 789 06 01 60.0 16 30 56.7 Core single star
LkHa 208 06 07 49.5 18 39 26.5 Core two stars
MWC 790 0607 23.9 3011 46 Diffuse + optical variety single star
LkHa 215 06 3241.81009 33.6 Core + Sub mm cores group stars
Par 22 20 24 29.5 42 14 03.7 Core + HH jet group stars
LkHa 234 21 03 54.2 5015 10.2 H20 masers HH Jet + Half Cavity group s. YSOs
HD 200775 2101 36.968 09 47.8 cores, outflow, infall, Cavity group s. YSOs, IRAS,
BD 46 2152 34.147 1343.6 core, Outflow + HH jet, group stars, YSOs
V375 Lac 223441 404004.5 Core + HH Jet, star group
lIL Cep 22 5315.6 62 08 45 core, Half Cavity, single star

Cores 3

Core +outflow + HH jets 2 Single star 3

Core + HH jets 3 Two stars 2

diffuse core, single star, optical change 1 Groups stars 7

core, half cavity 2, one with HH Jet
cores, outflow, infall, cavity 1



4. Summary

¢ Gas: less dense comparing with low- and high mass cores
e Line width: between that of low - and high mass cores
* CO represents surrounding gas and related envelope gas

Envelope and disk accretion rates change with age

M (Mg)

« Gas cores dense or diffuse, isolate or a number coexist

¢ Outflow: mm outflow: detection rate: low, consistent with a 10-1;_
statistics using large sample (Wu et al. 2004) w0 E
Optical jet: with high detection rate- similar to low-mass 1” a0
regions but usually appear as a string e ! 1ot o 10°

 Group stars > 50% , including isolated and clustered

« Cavity exists- similar to high-mass stars, possible triggered star formation was found
but without strong HIl region
0 For feed back HAe/Be stars also link low- and high-mass stars

e Further: Map more samples

Probe typical sources such as disk in MWC 789 with high resolution observation



Thank You for
Your Attention!
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