2
2

AMSNITHNITINUW

v
WNTW

ity i

v

WRIAYAY

T

PRI o e
il & Sl

[y

N
w4

T
AN

£y
Divad

TIATAR
EYS e

AND D
Wb Yol &

e

LD
;
o bt

NETIC Fi

AL

SN

Vs
yi

¥oeg

!‘\'\;'\
ALY .
LA

R

TUAY
FPRS.¢

o
EAS

Y

N

o9
P
><"'

v
.‘Ju"-»

AQ AN
A AN A

yni oy
i At

AN

A
o O
P9

4

¥
&

R

3
¥

70
et o &

NS
I VRTL

N vy

{

[ ¥s b
49@9



ALt F 10" L4 v
L0155 4L 3 saeiyaewiSu dninawanenaninieiSunvhend

T

MAGNETIC FIELD AND DYNAMIC STRUCTURE OF
STAR-FORMING REGIONS: S140-IRS1 AND W49 A

MISS KITIYANEE ASANOK

A THESIS FOR THE DEGREE OF DOCTOR OF PHILOSOPHY
KHON KAEN UNIVERSITY

2010



MAGNETIC FIELD AND DYNAMIC STRUCTURE OF
STAR-FORMING REGIONS: S140-IRS1 AND W49 A

MISS KITIYANEE ASANOK

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF THE
REQUIREMENTS FOR THE DEGREE OF DOCTOR OF PHILOSOPHY
IN PHYSICS
GRADUATE SCHOOL KHON KAEN UNIVERSITY
2010



it

|

U Iduaduuny

THESIS APPROVAL

KHON KAEN UNIVERSITY
FOR
DOCTOR OF PHILOSOPHY
IN PHYSICS

Thesis Title: Magnetic Field and Dynamic Structure of Star-Forming Regions:
S140 — IRS1 and W49 A
Author: Miss Kitiyanee Asanok

Thesis Examination Committee
Assoc.Prof.Dr. Boonrucksar Soonthornthum  Chairperson

Assist.Prof.Dr. Nipon Gasiprong Member
Assoc.Prof.Dr. Wiwat Youngdee Member
Assist.Prof.Dr. Eakpan Sawasitrank Member
Dr. Suwit Nammahachak Member
Thesis Advisors: \
............... NFPOV@ﬂQ‘PYOM Advisor

(Assist.Prof.Dr. Nipon Gasiprong)
.......... MM#L{WV”{{’C’ Co-Advisor

Buoaba. (leen

............................................. Co-Advisor
(Dr. Busaba Hutawarakorn Kramer)
Co-Advisor
(Dr. Malcolm D. Gray)
/—Pq. ’q}q_ S}jl\ Lo S NC B e
......................................... Co-Advisor

(Assoc.Prof.Dr. Lampang Manmart) (Assist.Prof.Dr. Kiat Sangaroon)
Dean, Graduate School Dean, Faculty of Science

Copyright of Khon Kaen University



aan =1 ] o Vv d a a
ARETT §IIUBN. 2553, aviuuaniazlnsIa s 1aNMIaNamans veIuINMNAAI S140-
a a d (a s o o a a aa 4
IRS1 Haz W49 A . IeninusisyanlSyarquiinga avamand
VUNAINGINY WHIINGIAIYDULNY.

a v

dd' =2 a a J a o a vy ¢ v
mmstmﬂsnm’a‘nmuwuﬁ: WA, AT, UNWUDT NAWIDY, IA. AT. ITU 83A

UNAAELD

EA

T 11089

Y= % a o A
mAteit 1ddnu Ina lsiwduvedleasenFammesaniziu  (ground  state) ™
AWD 1.6 GHz UATAN1IZNTZAU (exited state) B AIWD 6.0 GHz TUUTIAUAAATI S140-IRS]
v ' .
az W49 A aasadudnpimuiAvesuesUszamiianug 22 GHz luySnaiann
vy A ' v Ia da -
s140-IRS1  Taglddoyainniovisnaod Insnsseiingmesauy  (MERLIN: The Multi-
Element Radio-linked Interferometer Network) UsemAans 1¥eIININLN
v
Tuysnauiaa1l S140-IRS1, aunsansniaduanuvesleasendamaesaniziiu
. v
o ANMUDIAEIAD 1665 MHz winiu mwiwesogrinin RSl linuiaaguandeaniio
Uszina 25 Wadawazuonduegilugesnguinoiniudszina 1 Wdder anmun
azupenisanile-azYuanifodld  nnmsaimsgiveyalwan lsduveslaasendanm
Id 1 Y 9 [] o [ [} aa [ 9 9 o
wosnunlimanuduanuuimanegluyig 5.2 - 6.9 mG @nAUIMIETUNg) yuInan
o aa a o o ¢ 4 "V R v W dw
Tsduiinannvuin l)awirvesdimamsveusouond laa  (CO) WISHWIFIFURUTAY
= o /e JE s - a S e ] ¢
USAUAAAT IRS 1 wiwesondsemnuiaian luySnumanitifnomwso sy Nnmsos
: ~ 1 § A o [ (] a = 'd g
iaigaidumisegneluuiong IRS 1 uazugaumuans@ouinnuminastnloslu
a @ ~ v a [ =} d : 1 4 dyd 1
nuiaaz Juanmeunile lidiaag Juoenifivald e Uszinmingumariiiiainms
A4 , - P s
([AABUARNIE (proper motion) Ysvanas 18 AarAwi T luiamaRoriu dewSouiouns
v v
nsz1edvedleasendamaesuazmmesiimuiegriiuuinndi 2 Advar uensimiuds
4 4:‘ [ [] a = () a
Tadunumesiuvalmi e uSnahegreen ldszinm 0.5 dda
a a a '3 o ' a
TwSnaiaann w49 4, ldlmsizvdeyaninmsdunamsalmniz laasonda
v v
o144 (satellite line) 84 AUA 1612 A 1720 MHz wunusnaunaaiiiusnudes
o wisesndiy 3 USHaMdn 9 1dun W49 N, W49 SW taz W49 S msnsyaioduimiaiaz
< A v a v RX— v w @ s Y A [ Y
AN IVBUNYDS HanBaLAAAeAdIn U URavINMTdanamsal laglaTouiondos
da a
Tnsnssmiangiuoa (VLA: Very Large Array) JAU Argon et al. (2000) THu3ias W49 S

I v A ] = ' < a A
mwesnanymzmiﬂ'izmamugﬂmgmuwnﬂumua:uummmaummmmmnﬁmua



ii

E 11049

v a § o o a < o 1 o W U
TdsialdgsmivayuuuusiassmsiiaTuidealdifuesnd  wenvimiudslddunungu

o ] a a2 9y &£ 0 [} d Ao Y g ] dyt:l
LML“BE]SIHMG!U‘USL’JQJ W49 N 1ag W49 S ananeg mmammmmanmﬂ"lmnﬂmmaimmun

v o < @ o w 1 3 a < = a [} <
anuvunevziuilavednyastuneumsiiaasiu lutimsasunavesamnumiman

amnsmh iy iguinnugndesveauimanguiaie q dell1dlueuiaa

a 4

b ]
nAMsANEIUINaAaaRaes ifiusnalaiaunsaasndadyanaleasendan

o

'
A 3

I = Y& oy ¥ A S ' @ U dy o
IEDINANIND 6 GHz ulﬂ “XNEﬂ111ﬂ1‘]ﬂﬂ50\111E)VliJﬂ’J1iJvhﬂﬂﬂ1iﬂi’Ji]’Jﬂ YYIUNINNITU WU

<] a1 =® = a . 2
wiilulse Tominons AN IMINGBHV0IN5IAA pumping iwoT 16



Kitiyanee Asanok. 2010. Magnetic Field and Dynamic Structure of Star-
Forming Regions: S140-IRS1 and W49 A. Doctor of Philosophy in
Physics, Graduate School, Khon Kaen University.
Thesis Advisors:  Assist. Prof. Dr. Nipon Gasiprong,
Assoc. Prof. Dr. Wiwat Youngdee

ABSTRACT

The sfar-forming regions, S140-IRS1 and W49A, have bef stt?diag&l?y
making use of observations with the Multi-Element-Radio-Link-Interferometer-
Network (MERLIN). Polarization observations have been made of the 1.6 GHz and
6.0 GHz OH masers in both sources, and also of the 22 GHz H,O masers in S140-
IRSI.

In S140-IRS1, OH masers have only been detected in the ground-state 1665
MHz line. They lie in two distinct regions separated by approximately 1 arcsec along
a north-east / south-west axis. Analysis of the OH maser polarization reveals magnetic
field strengths of 5.2 - 6.9 mG (directed towards us). Two features show pure circular
polarization and the linearly polarized features can be divided into two groups. The
polarization position angles attest to a magnetic field which is preferentially
orientated along the directions of the CO outflow associated with IRS1. The brightest
H;O masers coincide in position with IRSI, and show a gradient of increasing
Doppler velocity from NW to SE. These water masers also have proper motions of
~18 km s in a similar direction. The closest OH and H,O masers are separated by
more than 2 arcsec. H,O masers have also been detected for the first time at several
locations up to distances of ~0.5 arcmin from the already known masers.

W49 A can be divided into three regions, W49 N, W49 SW and W49 S.
Observations of the OH-maser satellite lines at 1612 and 1720 MHz in these three
regions have been analysed. The results show good agreement with the positions and
velocities determined from previous observations with the Very Large Array (VLA)
by Argon et al.. The distribution of OH masers in W49 S shows a parabolic shape and
a velocity gradient from north to south, supporting a bow-shock model. New masers

have also been discovered in W49 N and W49 S. The magnetic field strengths



v
deduced from Zeeman measurements have been found to be strong egxé% 1tc9 glgy
important roles in the star-formation process. The evidence for field reversal can be
used to constrain the theoretical models.

No OH emission has been detected at 6.0 GHz, which, if it had been, would
have been very useful in constraining the OH maser pumping model. Additional

more-sensitive observations would be invaluable in this respect.
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