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CHAPTER1
Introduction

1.1 Star formation in a nutshell

! 104 M⊙ ∼

M⊙

M⊙

MJ =

(
π k T
µmH G

)1.5
ρ−0.5 = 0.5

( T
10

)1.5 ( n
104 −

)0.5
M⊙,

k ρ T
n

https://ui.adsabs.harvard.edu/#abs/2018Natur.555...67B
https://ui.adsabs.harvard.edu/#abs/2007ARA&A..45..565M
https://ui.adsabs.harvard.edu/#abs/2007ARA&A..45..565M
https://ui.adsabs.harvard.edu/#abs/2007prpl.conf..165B
https://ui.adsabs.harvard.edu/#abs/2000prpl.conf...97W
https://ui.adsabs.harvard.edu/#abs/2007ARA&A..45..339B
https://ui.adsabs.harvard.edu/#abs/2007prpl.conf..165B
https://ui.adsabs.harvard.edu/#abs/1928asco.book.....J


∼

∼ 106

107

" M⊙
∼ 2−10 M⊙

https://ui.adsabs.harvard.edu/#abs/1998ApJ...495..346M
https://ui.adsabs.harvard.edu/#abs/1998ApJ...495..346M
https://ui.adsabs.harvard.edu/#abs/2000ApJ...531..350M
https://ui.adsabs.harvard.edu/#abs/2018A&A...618A..95B
https://ui.adsabs.harvard.edu/#abs/2018A&A...618A..95B
https://ui.adsabs.harvard.edu/#abs/2005fost.book.....S
https://ui.adsabs.harvard.edu/#abs/1960ApJS....4..337H
https://ui.adsabs.harvard.edu/#abs/1972PASP...84..745S


1.2 High-mass stars

! 8 M⊙ M⊙

M⊙

M∗/M⊙ > 8

η

∼ 1.5 × 103 L⊙

https://ui.adsabs.harvard.edu/#abs/1993ApJ...406..122A
https://ui.adsabs.harvard.edu/#abs/1987IAUS..115....1L
https://ui.adsabs.harvard.edu/#abs/1993ApJ...418..414P
https://ui.adsabs.harvard.edu/#abs/2019MNRAS.489..268S
https://ui.adsabs.harvard.edu/#abs/1973ARA&A..11...29M
https://ui.adsabs.harvard.edu/#abs/2007ARA&A..45..481Z
https://ui.adsabs.harvard.edu/#abs/2005IAUS..227..389C


η

∼ η

N/ (M) ∼ M⊙ M⊙

M⊙
M⊙ M⊙

1.3 Barriers to high-mass star formation

https://ui.adsabs.harvard.edu/#abs/2019MNRAS.489..268S
https://ui.adsabs.harvard.edu/#abs/1955ApJ...121..161S
https://ui.adsabs.harvard.edu/#abs/1986FCPh...11....1S
https://ui.adsabs.harvard.edu/#abs/2002Sci...295...82K
https://ui.adsabs.harvard.edu/#abs/2003PASP..115..763C
https://ui.adsabs.harvard.edu/#abs/1955ApJ...121..161S
https://ui.adsabs.harvard.edu/#abs/2010ARA&A..48..339B
https://ui.adsabs.harvard.edu/#abs/2011IAUS..270..159H
https://ui.adsabs.harvard.edu/#abs/2011IAUS..270..159H
https://ui.adsabs.harvard.edu/#abs/2015ApJ...806..198W
https://ui.adsabs.harvard.edu/#abs/2015MNRAS.447.3880R
https://ui.adsabs.harvard.edu/#abs/2007ARA&A..45..481Z
https://ui.adsabs.harvard.edu/#abs/2007ARA&A..45..481Z
https://ui.adsabs.harvard.edu/#abs/1987ARA&A..25...23S
https://ui.adsabs.harvard.edu/#abs/1987ARA&A..25...23S
https://ui.adsabs.harvard.edu/#abs/2000prpl.conf...59A
https://ui.adsabs.harvard.edu/#abs/2007ARA&A..45..565M
https://ui.adsabs.harvard.edu/#abs/2007ARA&A..45..339B


M⊙
M⊙
M⊙ a

M⊙ b

a)

b)

1.3.1 Jeans fragmentation

∼ M⊙

ρ ∝ r−1.5

M⊙ ∼

ρ ∝ r−2

∼

https://ui.adsabs.harvard.edu/#abs/2007ARA&A..45..481Z
https://ui.adsabs.harvard.edu/#abs/2002AJ....123.2754W
https://ui.adsabs.harvard.edu/#abs/2002AJ....123.2754W
https://ui.adsabs.harvard.edu/#abs/2007ARA&A..45..177C
https://ui.adsabs.harvard.edu/#abs/2005MNRAS.360....2D
https://ui.adsabs.harvard.edu/#abs/2011MNRAS.413.2741G
https://ui.adsabs.harvard.edu/#abs/2006ApJ...641L..45K


∼105 L⊙
∼
∼

+ ∼105 L⊙

∼

1.3.2 Radiation pressure

t =

(
3 π

32G ρ

)0.5
= 4.3 × 105

( n
104 −

)−0.5
,

t =
3G M2

∗
5R∗ L∗

,

https://ui.adsabs.harvard.edu/#abs/2011A&A...529A..35C
https://ui.adsabs.harvard.edu/#abs/2013ApJ...766...97M
https://ui.adsabs.harvard.edu/#abs/1993ApJ...412..222N
https://ui.adsabs.harvard.edu/#abs/2017A&A...603A..10B
https://ui.adsabs.harvard.edu/#abs/2019A&A...621A.122B
https://ui.adsabs.harvard.edu/#abs/2013ApJS..208...11L
https://ui.adsabs.harvard.edu/#abs/2018A&A...620A..31M
https://ui.adsabs.harvard.edu/#abs/2019A&A...627L...6M
https://ui.adsabs.harvard.edu/#abs/2018A&A...617A.100B
https://ui.adsabs.harvard.edu/#abs/1978ppim.book.....S
https://ui.adsabs.harvard.edu/#abs/1993ApJ...412..222N


M∗ R∗ L∗
104 − 105 100 − 10 M⊙

∼ M⊙

1.3.3 Disk fragmentation

! 10−4 M⊙ −1

Q

Q ≡ cs Ω

πG Σ
< 1,

cs

Ω

Σ

https://ui.adsabs.harvard.edu/#abs/2007ARA&A..45..481Z
https://ui.adsabs.harvard.edu/#abs/1993ApJ...418..414P
https://ui.adsabs.harvard.edu/#abs/1993ApJ...418..414P
https://ui.adsabs.harvard.edu/#abs/1971A&A....13..190L
https://ui.adsabs.harvard.edu/#abs/1974A&A....37..149K
https://ui.adsabs.harvard.edu/#abs/1987ApJ...319..850W
https://ui.adsabs.harvard.edu/#abs/1987ApJ...319..850W
https://ui.adsabs.harvard.edu/#abs/1989ApJ...345..464N
https://ui.adsabs.harvard.edu/#abs/2002ApJ...569..846Y
https://ui.adsabs.harvard.edu/#abs/2009Sci...323..754K
https://ui.adsabs.harvard.edu/#abs/2010ApJ...722.1556K
https://ui.adsabs.harvard.edu/#abs/2011ApJ...732...20K
https://ui.adsabs.harvard.edu/#abs/2013ApJ...772...61K
https://ui.adsabs.harvard.edu/#abs/2016ApJ...823...28K
https://ui.adsabs.harvard.edu/#abs/2016MNRAS.463.2553R
https://ui.adsabs.harvard.edu/#abs/2018A&A...616A.101K
https://ui.adsabs.harvard.edu/#abs/2006MNRAS.373.1563K
https://ui.adsabs.harvard.edu/#abs/2006MNRAS.373.1563K
https://ui.adsabs.harvard.edu/#abs/1960AnAp...23..979S
https://ui.adsabs.harvard.edu/#abs/1964ApJ...139.1217T
https://ui.adsabs.harvard.edu/#abs/2010ApJ...708.1585K


> 70

Q ∼ 1

β

β = Ω t ,

t

β

β

β 1 − 5

1.3.4 Other feedback mechanisms

Photoionization

https://ui.adsabs.harvard.edu/#abs/2017MNRAS.464L..90M
https://ui.adsabs.harvard.edu/#abs/2018MNRAS.473.3615M
https://ui.adsabs.harvard.edu/#abs/2018ApJ...869L..24I
https://ui.adsabs.harvard.edu/#abs/2018ApJ...869L..24I
https://ui.adsabs.harvard.edu/#abs/2012MNRAS.424.1925C
https://ui.adsabs.harvard.edu/#abs/2001ApJ...553..174G
https://ui.adsabs.harvard.edu/#abs/2003ApJ...597..131J
https://ui.adsabs.harvard.edu/#abs/2016ARA&A..54..271K
https://ui.adsabs.harvard.edu/#abs/2016ARA&A..54..271K
https://ui.adsabs.harvard.edu/#abs/2017ApJ...848...40B
https://ui.adsabs.harvard.edu/#abs/1995RMxAC...1..137W
https://ui.adsabs.harvard.edu/#abs/1995RMxAC...1..137W
https://ui.adsabs.harvard.edu/#abs/2003ApJ...599.1196K


Winds

∼ ×104

107

1.4 The formation of high-mass stars

1.4.1 Formation through accretion

Turbulent core accretion model

∼10−3M⊙

Competitive accretion model

https://ui.adsabs.harvard.edu/#abs/2015HiA....16...51V
https://ui.adsabs.harvard.edu/#abs/2002Natur.416...59M
https://ui.adsabs.harvard.edu/#abs/2003ApJ...585..850M
https://ui.adsabs.harvard.edu/#abs/1997MNRAS.285..201B
https://ui.adsabs.harvard.edu/#abs/2001MNRAS.323..785B
https://ui.adsabs.harvard.edu/#abs/2004MNRAS.349..735B
https://ui.adsabs.harvard.edu/#abs/2007prpl.conf..149B


HII regions

1.4.2 Formation through collisions

104

M⊙ ∼

1.5 Stages of high-mass star formation

https://ui.adsabs.harvard.edu/#abs/2003ApJ...599.1196K
https://ui.adsabs.harvard.edu/#abs/2006ApJ...637..850K
https://ui.adsabs.harvard.edu/#abs/2008ApJ...678L.109K
https://ui.adsabs.harvard.edu/#abs/2018A&A...611A..99K
https://ui.adsabs.harvard.edu/#abs/1998MNRAS.298...93B
https://ui.adsabs.harvard.edu/#abs/1999A&A...348..117P
https://ui.adsabs.harvard.edu/#abs/1999A&A...348..117P
https://ui.adsabs.harvard.edu/#abs/2015HiA....16...51V
https://ui.adsabs.harvard.edu/#abs/2015HiA....16...51V
https://ui.adsabs.harvard.edu/#abs/2007ARA&A..45..481Z
https://ui.adsabs.harvard.edu/#abs/2006A&A...445..979P
https://ui.adsabs.harvard.edu/#abs/2003ApJ...585..850M
https://ui.adsabs.harvard.edu/#abs/1998MNRAS.298...93B


100 − 1000 M⊙

> 8 M⊙

104−106 L⊙

< 0.01

< 0.1

105 − 106 M⊙

1.6 Disks in high-mass star formation

https://ui.adsabs.harvard.edu/#abs/2007prpl.conf..165B
https://ui.adsabs.harvard.edu/#abs/2003ApJ...585..850M
https://ui.adsabs.harvard.edu/#abs/2003ApJ...585..850M
https://ui.adsabs.harvard.edu/#abs/2007ARA&A..45..481Z
https://ui.adsabs.harvard.edu/#abs/2007A&A...473..493B
https://ui.adsabs.harvard.edu/#abs/2002ApJ...566..931S
https://ui.adsabs.harvard.edu/#abs/2003ApJ...599.1196K
https://ui.adsabs.harvard.edu/#abs/2007prpl.conf..181H
https://ui.adsabs.harvard.edu/#abs/2018ARA&A..56...41M


https://ui.adsabs.harvard.edu/#abs/2018ARA&A..56...41M
https://ui.adsabs.harvard.edu/#abs/2002ApJ...569..846Y
https://ui.adsabs.harvard.edu/#abs/2009Sci...323..754K
https://ui.adsabs.harvard.edu/#abs/2010ApJ...722.1556K
https://ui.adsabs.harvard.edu/#abs/2011ApJ...732...20K
https://ui.adsabs.harvard.edu/#abs/2013ApJ...772...61K
https://ui.adsabs.harvard.edu/#abs/2016ApJ...823...28K
https://ui.adsabs.harvard.edu/#abs/2016MNRAS.463.2553R
https://ui.adsabs.harvard.edu/#abs/2018A&A...616A.101K
https://ui.adsabs.harvard.edu/#abs/2007prpl.conf..197C
https://ui.adsabs.harvard.edu/#abs/2016A&ARv..24....6B
https://ui.adsabs.harvard.edu/#abs/2018ARA&A..56...41M
https://ui.adsabs.harvard.edu/#abs/2002A&A...387..931B
https://ui.adsabs.harvard.edu/#abs/2009A&A...504..127F
https://ui.adsabs.harvard.edu/#abs/2011A&A...530A..12L
https://ui.adsabs.harvard.edu/#abs/2011A&A...530A..12L
https://ui.adsabs.harvard.edu/#abs/2014prpl.conf..451F
https://ui.adsabs.harvard.edu/#abs/2015MNRAS.453..645M
https://ui.adsabs.harvard.edu/#abs/2019A&A...623A..77S
https://ui.adsabs.harvard.edu/#abs/2007prpl.conf..277P
https://ui.adsabs.harvard.edu/#abs/2008ASPC..387..216B
https://ui.adsabs.harvard.edu/#abs/2018A&A...620A.182K


V ∝ R−1/2

> 105 L⊙ ′′

https://ui.adsabs.harvard.edu/#abs/2019A&A...621A..76M
https://ui.adsabs.harvard.edu/#abs/2019A&A...621A..76M
https://ui.adsabs.harvard.edu/#abs/2009apsf.book.....H
https://ui.adsabs.harvard.edu/#abs/2016A&ARv..24....6B
https://ui.adsabs.harvard.edu/#abs/2005A&A...435..901B
https://ui.adsabs.harvard.edu/#abs/2015ApJ...813L..19J
https://ui.adsabs.harvard.edu/#abs/2016MNRAS.462.4386I
https://ui.adsabs.harvard.edu/#abs/2018ApJ...869L..24I
https://ui.adsabs.harvard.edu/#abs/2016ApJ...823..125C
https://ui.adsabs.harvard.edu/#abs/2017A&A...602A..59C
https://ui.adsabs.harvard.edu/#abs/2018A&A...617A..89C
https://ui.adsabs.harvard.edu/#abs/2018A&A...618A..46A
https://ui.adsabs.harvard.edu/#abs/2018A&A...620A..31M
https://ui.adsabs.harvard.edu/#abs/2018A&A...620A..31M
https://ui.adsabs.harvard.edu/#abs/2019A&A...627L...6M
https://ui.adsabs.harvard.edu/#abs/2019A&A...623A..77S
https://ui.adsabs.harvard.edu/#abs/2019ApJ...872..176Z
https://ui.adsabs.harvard.edu/#abs/2017A&A...602A..59C
https://ui.adsabs.harvard.edu/#abs/2017A&A...602A..59C


https://ui.adsabs.harvard.edu/#abs/2016A&ARv..24....6B


1.7 Structure of this thesis

∼

https://ui.adsabs.harvard.edu/#abs/2018A&A...617A.100B


CHAPTER2
Observational Techniques

2.1 Chasing disks in high-mass star formation

∼
′′

https://ui.adsabs.harvard.edu/#abs/2005ApJ...630L.181R
https://ui.adsabs.harvard.edu/#abs/2007A&A...467.1125U


cold molecular core
hot molecular core 

MYSO
UCHII

µ

S 12µm µ S 8µm

S 12µm/S 8µm

2.1.1 Continuum

https://ui.adsabs.harvard.edu/#abs/2008PhDT........37M
https://ui.adsabs.harvard.edu/#abs/2013ApJS..208...11L
https://ui.adsabs.harvard.edu/#abs/2007prpl.conf..197C
https://ui.adsabs.harvard.edu/#abs/2016A&ARv..24....6B


M⊙
K µ

N µ

2.1.2 Masers

https://ui.adsabs.harvard.edu/#abs/2010Natur.466..339K
https://ui.adsabs.harvard.edu/#abs/2013A&A...558A..24B
https://ui.adsabs.harvard.edu/#abs/2018RAA....18...93Z
https://ui.adsabs.harvard.edu/#abs/2017ApJ...843...33D
https://ui.adsabs.harvard.edu/#abs/2013A&A...558A..24B


2.1.3 Thermal emission

>

<

2.2 Molecular transitions

ψ

ψ = ψ ψ ψ ψ ,

https://ui.adsabs.harvard.edu/#abs/2002A&A...390..289B
https://ui.adsabs.harvard.edu/#abs/2010MNRAS.401.2219B
https://ui.adsabs.harvard.edu/#abs/2016A&A...585A..71M
https://ui.adsabs.harvard.edu/#abs/2018IAUS..336..201M
https://ui.adsabs.harvard.edu/#abs/2017NatPh..13..276C
https://ui.adsabs.harvard.edu/#abs/2017ApJ...837L..29H
https://ui.adsabs.harvard.edu/#abs/2004A&A...427L..13B
https://ui.adsabs.harvard.edu/#abs/2010MNRAS.408.1840W
https://ui.adsabs.harvard.edu/#abs/2013MNRAS.429.2960I
https://ui.adsabs.harvard.edu/#abs/2007prpl.conf..197C
https://ui.adsabs.harvard.edu/#abs/2007prpl.conf..197C
https://ui.adsabs.harvard.edu/#abs/2005ASSL..324..105B


EJ =
h2

8π2I
J(J + 1),

J I h
J = 0

∆J = ±1

Dense gas and outflow tracers

(x, y) v

µ0x, y =

∫
I (v, x, y) v.

µ1x, y =
1

µ0x, y

∫
I (v, x, y) · v v,

https://ui.adsabs.harvard.edu/#abs/1994ARA&A..32..191W
https://ui.adsabs.harvard.edu/#abs/1993ApJ...403L..21C
https://ui.adsabs.harvard.edu/#abs/1993ApJ...403L..21C
https://ui.adsabs.harvard.edu/#abs/1997A&A...321..293S
https://ui.adsabs.harvard.edu/#abs/2007prpl.conf..197C


µ2x, y =

√√√∫
I (v, x, y)

(
v − µ1x, y

)2
v

µ0x, y
,

CH3CN as a dense gas tracer

J K
J K = 0, 1, ..., J

K J > K J
K J = K

J K J = K J
K J

K J +1→ J K
K

K = 3n n
K = 3n ± 1

J K
K = 0

nu

nl
=
gu

gl
e−Eul/kT ,

Eul u l T
n g

https://ui.adsabs.harvard.edu/#abs/1980JPCRD...9..659B
https://ui.adsabs.harvard.edu/#abs/1984ApJ...286..232L
https://ui.adsabs.harvard.edu/#abs/1998ApJ...494..636Z


J
J = 12 K = 0 − 6

K

n

K J
K

106.5 −

(12K −11K) K = 0−6

Eu/k =

70− 325

https://ui.adsabs.harvard.edu/#abs/2006ApJ...639..975C
https://ui.adsabs.harvard.edu/#abs/1984ApJ...286..232L
https://ui.adsabs.harvard.edu/#abs/1984ApJ...286..232L


2.3 Radiative transfer modelling

Iν
s

jν
κν

Iν(s)
s

= jν(s) − κν(s) · Iν(s).

τν

τν(s) = κν(s) s.

Iν(s)
τν(s)

= S ν(s) − Iν(s),

S ν ≡
jν
κν
.

Iν(τν) = I0ν e−τν + S ν(1 − e−τν),

τν = 0 I0ν

I0ν S ν

Bν(T )

S ν = Bν(T ) =
2hν3

c2
1

ehν/kBT − 1
,

kB T

hν ≪ k T

Bν(T ) ≃
2kν2

c2
T.



Iν =
2kν2

c2
T ,

Iν ! Bν

I0ν

Iν(τν) − I0ν = I0ν e−τν + S ν(1 − e−τν) − I0ν
= [S ν − I0ν ] (1 − e−τν).

Jν(T ) = [Jν(T ) − Jν(T )] (1 − e−τv),

Jν = 1
4π

∫
Ω

Iν Ω Iν Ω

T T > T
T < T

T (v) =
hν
k

( 1

ehν/k T − 1
− 1

ehν/k T − 1

)
(1 − e−τv).

XCLASS: The eXtended CASA Line Analysis Software Suite

K

χ2

t

https://ui.adsabs.harvard.edu/#abs/2017A&A...598A...7M
https://ui.adsabs.harvard.edu/#abs/2017A&A...598A...7M
https://ui.adsabs.harvard.edu/#abs/2011A&A...526A..47M
https://ui.adsabs.harvard.edu/#abs/2013A&A...549A..21M
https://ui.adsabs.harvard.edu/#abs/2017A&A...598A...7M


τ(ν) =
∑

t

⎡
⎢⎢⎢⎢⎢⎣

c2

8πν2
At

ul N
gt

u e−Et
l/k T

Q (T )

(
1 − e−h νt/kB T

)
× φt(ν)

⎤
⎥⎥⎥⎥⎥⎦.

Aul gu El

Q(T ) νt

φ(ν)∫ ∞
0
φ(ν) dν

φ(ν)t =
1√
2πσt

· e−
(ν−(νt+δνt ))

2

2(σt)2 ,

σ δνt

v

δνt = −δv
c
· νt.

σt =

∆v
c ·

(
νt + δνt

)

2
√
2 2

,

∆v

T (v) = η · T (v),

η

η =
θ2

θ (ν)2 + θ2
,

θ θ

η = 1

https://ui.adsabs.harvard.edu/#abs/1994A&A...291..943O


χ2

χ2

Details of our XCLASS modelling

∼ ′′

K = 0−6 (12K −11K) K = 0−3
12 13

K
K K

K
(12K − 11K) K = 4 − 6 (12K − 11K) K = 0 − 3

K
13

K K

K
K K

K

https://ui.adsabs.harvard.edu/#abs/1982A&A...109..344H
https://ui.adsabs.harvard.edu/#abs/2015ApJ...803...39Q
https://ui.adsabs.harvard.edu/#abs/2015A&A...581A..71F


(12K − 11K) K = 0 − 6 (12K − 11K) K = 0 − 3

(12K − 11K) K = 4 − 6
(12K −11K) K = 0−3

K
K K = 4

2.4 Interferometry

Θ

D

Θ ∝ λ

D
.



2.4.1 Basic theory

b⃗
ŝ

τg

τg = (b⃗ · ŝ)/c c

ν = ω/2π ω

E A φ

E = Aeiφ Eν(t) = E (ωt + φ)

V2 = V (ωt)
V1 = V (ω(t−τg))

R = ⟨V1V2⟩ =
(
V2

2

)
(ωτg).

V2

V2/2

φ = ωτg =
ω

c
b (θ),

φ

θ
=
w

c
b (θ) = 2π

(
b (θ)

λ

)
.

https://ui.adsabs.harvard.edu/#abs/2013tra..book.....W
https://ui.adsabs.harvard.edu/#abs/2014ira..book.....B
https://ui.adsabs.harvard.edu/#abs/2014ira..book.....B
https://ui.adsabs.harvard.edu/#abs/2017isra.book.....T


∆φ = 2π ∆θ = λ/(b θ)

N N(N−1)/2

Iν(ŝ)

◦

Vν =
∫

Iν(ŝ)e−2πi⃗b·ŝ/λ Ω,

u

https://www.cv.nrao.edu/course/astr534/Interferometers1.html
https://www.cv.nrao.edu/course/astr534/Interferometers1.html


v

b (θ) =
√

u2 + v2

l m b⃗ · ŝ = ul + vm

V(u, v) =
∫ ∫

T (l,m)e2πi(ul+vm)dl dm

T (l,m)

T (l,m) =

∫ ∫
V(u, v)e−2πi(ul+vm)du dv.
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CHAPTER3
IRAM Large Program: CORE

Partially based on Ahmadi et al. (2018) and Beuther et al. (2018)
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3.1 Sample selection
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3.2 NOEMA observations and data reduction
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3.2.1 Spectral line setup
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3.2.3 Imaging
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CHAPTER4
The Curious Case of W3 (H2O)

Based on Ahmadi et al. (2018)
published in Astronomy & Astrophysics (618, A46)

4.1 Motivation

4.2 Introduction
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4.3 Observations
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4.4 Observational results

4.4.1 Continuum emission
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4.4.3 Outflow structure

12 13

5σ

13

12 13

∼

12

◦

13

12

13

https://ui.adsabs.harvard.edu/#abs/1982A&A...109..344H
https://ui.adsabs.harvard.edu/#abs/2011ApJ...740L..19Z
https://ui.adsabs.harvard.edu/#abs/2011ApJ...740L..19Z
https://ui.adsabs.harvard.edu/#abs/2011ApJ...740L..19Z
https://ui.adsabs.harvard.edu/#abs/1995ApJ...443..238R
https://ui.adsabs.harvard.edu/#abs/1999ApJ...513..775W
https://ui.adsabs.harvard.edu/#abs/2004A&A...418.1045S


−40 −20 −80 −55
5σ 5σ 1σ

13 −40
−20 −80 −55
3σ 2σ 1σ

−45 −25 −75 −55 5σ
5σ 1σ

13

−41 −30 −70 −53
3σ 3σ 1σ

https://ui.adsabs.harvard.edu/#abs/2011ApJ...740L..19Z
https://ui.adsabs.harvard.edu/#abs/2011ApJ...740L..19Z


6σ 6σ

0.21′′ × 0.19′′ ◦

4.5 Analysis and discussion

4.5.1 Dense gas kinematics
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4.5.2 Temperature distribution
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4.5.3 Mass estimates
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4.5.4 Toomre stability
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4.5.5 Cooling
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CHAPTER5
Linking Simulations and

Observations
Based on Ahmadi et al. (2019)

accepted for publication in Astronomy & Astrophysics (in press)
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5.3 Radiative transfer post-processing

M⊙
≈ 9 ⊙ 17 700

≈ 2000

12K−11K ,K = 0−8

2 10−10 ≤ 5 × 10−9

> 10−8 >

±247.8

400 × 400 8400 × 8400
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5.5 Analysis and results
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5.5.2 Kinematics
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5.5.3 Temperature distribution
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CHAPTER6
Kinematics and Stability

of the CORE Sample

Based on Ahmadi et al.
to be submitted to Astronomy & Astrophysics
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6.3 Dense gas kinematics
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6.5 Temperature distribution
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0.45 × 0.31 ◦ −7.0 −15→ 2
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6.6 Mass estimates

6.6.1 Gas mass
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6.6.2 Protostellar mass
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6.7 Disk candidacy

6.7.1 Timescales
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6.7.2 Specific angular momentum
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B.2 Molecular outflows
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B.3 XCLASS maps
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B.4 Specific angular momentum

r < 40

a a b b

◦ 0.56 ± 0.06 0.56 ± 0.06 −3.16 ± 0.06 −3.16 ± 0.06
◦ 0.54 ± 0.07 0.54 ± 0.07 −2.71 ± 0.07 −2.71 ± 0.07
◦ 0.56 ± 0.09 0.56 ± 0.09 −2.6 ± 0.1 −2.6 ± 0.1
◦ 0.75 ± 0.08 0.75 ± 0.08 −2.51 ± 0.08 −2.51 ± 0.08

40 < r < 400

a a b b

◦ 0.14 ± 0.05 −0.01 ± 0.08 −3.36 ± 0.03 −3.77 ± 0.05
◦ 0.15 ± 0.04 0.26 ± 0.04 −2.96 ± 0.02 −3.04 ± 0.02
◦ 0.35 ± 0.03 0.54 ± 0.05 −2.69 ± 0.02 −2.7 ± 0.03
◦ 0.52 ± 0.04 0.48 ± 0.03 −2.58 ± 0.02 −2.83 ± 0.02

r > 400

a a b b

◦ 0.78 ± 0.03 0.6 ± 0.1 −3.12 ± 0.01 −3.53 ± 0.02
◦ 0.74 ± 0.05 1.0 ± 0.1 −2.76 ± 0.01 −2.85 ± 0.02
◦ 1.30 ± 0.05 1.75 ± 0.09 −2.45 ± 0.01 −2.45 ± 0.01
◦ 1.45 ± 0.03 1.75 ± 0.05 −2.34 ± 0.01 −2.34 ± 0.01

a b
j (i) = 10b ( r

1000 )a
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