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M17 SW

»M17 SW, the Omega or Swan Nebula (in Sagittarius
., constellation) is one of the most massive and dense
o S molecular cloud cores of the Galaxy.

s [lluminated by UV radiation from young, massive stars ~
6 times hotter and 30 times more massive than the Sun.

2(H,) ~ 10*- 105 cm™ and T, ~ 50 — 300 K
=Mass: ~ 1.5x10* M__(Stutzki & Giisten 1990)

= Gas dominated by magnetic pressure rather than thermal
pressure (Pellegrini et al. 2007)

= Geometry: nearly edge on

=Distance~1.98 kpc (Xu et al. 2011) — 1"~0.009 pc

g =Location: 18h20m27s -16°12'00" (J2000.0)

=Image size ~ 5x5 arcminutes

Stellar Nursery in M17
(NTT+SOFI)

+
ESO PR Fiaoio 24200 (L4 September 2000) © Europein Southem Obsenvaton
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M17 SW

H I Zeeman observations B -
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, IR . 1 . Gas dominated by magnetic pressure rather than thermal
L ‘ PR * pressure (Brogan & Trolland 2001, Pellegrini et al. 2007)

i . . » The ~1 Myr old OB open cluster
Stellar Nursery in M17
(NTT+SOFI)

E No signs of shocks!
© Europein Southem Olsenvaton
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ESO FR Fluotor 24200 (14 September 2000)

4 November 2015 SOFIA Tele-Talk




APEX/CHAMP™ previous results

CO /=6-5 color map BCO J=6-5 color map
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CO J=7-6 contour map [C I] 370 pm contour map

FWHM (661 GHz) ~ 9.4" (~0.08 pc) Map size ~ 3x3 pc?

Pérez-Beaupuits et al. (2010) - A&A, 570, A87

4 November 2015 SOFIA Tele-Talk




SOFIA/GREAT previous results

[C 1] 158 um

[C II] @1.9THZ
«FWHM ~ 15.6"
«Sampling step = 8"

=Pixel size = -4" x 4"

>Pérez-Beaupuits et al. (2012)
12CO ]:13_12 A&A, 542, L13

@ 1.4 THz
«FWHM ~ 19.8"

=Sampling step = 8"

=Pixel size = -4" x 4"
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2CO J=16-15 @1.84THz 2CO J=12-11 @1.38 THZ

CO J=16-15
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Integrated line intensity |K km/
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Pérez-Beaupuits et al. (2015) A&A, 583, A107
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New IRAM 30m/EMIR OTF Survey
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New IRAM 30m/ EMIR OTF Survey

n: 22.62 x 22 F._ PA 0°
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/ Channel 623 (K ( Tmh))\
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Full maps ~2.8 x 3.6 pc?

Pérez-Beaupuits et al. (2015), A&A, 575, A9 12C0O, 3CO J=1-0, J=2-1

HCN, H®CN, HCO*, H3CO* J=1-0
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New APEX/FILLASH & A2 results

HCN & HCO™ [=3-2 HCN & HCO™ |=4-3
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Integrated line temperature

also HBCN J=3-2, J[=4-3 & HBCO™ J=3-2
Pérez-Beaupuits et al. (2015) A&A, 583, A107
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New APEX/CHAMP+ results

HCN /=8-7 @ 708.8 GHz HCO™ |=9-8 @ 802.5GHz
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Integrated line intensity [K km/s
Integrated line intensity [K km/s
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Pérez-Beaupuits et al. (2015) A&A, 583, A107
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Context of the Excitation Conditions
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HCN J=8-7 (grey scale)

Hco' J=9-8

crosses: H2O masers (Johnson et al. 1998)
blue circles: X-ray sources (Broos et al. 2007)

Pérez-Beaupuits et al. (2015) A&A, 583, A107
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Beam Dilution Effects

Spectra from a 200” (2 pc) diameter region

Average spectra

CO J=1-0
CO J=2-1
CO J=4-3
CO J=6-5
CO J=7-8

CO J=12-11
€O J=13-12
O J=16-15

(=40, +18)

—-150

Pérez-Beaupuits et al. (2015) A&A, 583, A107
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Beam Dilution Effects

Spectra from a 200” (2 pc) diameter region

—-150

Pérez-Beaupuits et al. (2015) A&A, 583, A107
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Extragalactic connection - ALMA

Molecular clouds of ~2 pc diameter can be
resolved by ALMA with the current finest
angular resolution of 0.03” (Cycle 3) in nearby
galaxies like NGC 1068 ~14 Mpc (z ~ 0.0038)

NGC1068
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Radiative Transfer Model

Line intensities (from RADEX) RADEX: van der Tak et al. (2007)
‘." %, Fi=Fin;, T; N, dv) &8 free parameters

[ = cold, warm

¢; = filling factor

ni=ni(Hz) [cm™]

T; = kinetic temperature [K]

N; = column density [cm™]
alvv= velocity line width [km/s]

4
*

Constraints of the parameters %

From Gaussian fit
$i(1°C) = $i(12C)

(I)warm < (I)cold <1

Same n; and 7; for CO, HCN, HCO™ and isotopologues

* L 2
* o

Filling factors [0,1]

N(3C) = N(2C)/Risjis  Ruzpis = [2COY[13CO] = 50
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Line Spectral Energy Distributions (LSEDs) - I

CO-peak

Cold
Warm
Combined

Cold
== Warm
—— Combined

Flux [Wm 2]
s

HCN-peak

Cold
Warm
Combined

Cold
== Warm
= Combined

Cold
Warm

Combined

HCN-peak

Cold
Warm
Combined
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Line Spectral Energy Distributions (LSEDs) - 11

Cold

Cold
== Warm

== Cold
== Warm 16 == Warm
—— Combined —— Combined

= Combined

Flux [Wm 2]
s

Cold
== Warm
= Combined

--- Cold --- Cold
== Warm 16 == Warm
—— Combined —— Combined
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Flux [W m~?)

Line Spectral Energy Distributions (LSEDs) - 111

Cold
== Warm
—— Combined
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Cold
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HCN

Cold
== Warm

Combined

Flux [Wm 2]
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Line Spectral Energy Distributions (LSEDs)

Line intensities (from Gaussian fit)

(~40, +18)
CO-peak

(-40, +18)
CO-peak

Cold
Warm
Combined

(-40, +18)
CO-peak

Flux [Wm ?]

(~40, +18)

== Warm
— Combined

Flux [Wm 2]

HCO' J=1-0 —o (-40, +18)

HCO" J=3-2 ———
4 CO-peak
HCO" J=9-8

(-40, +18)

H'°c0* J=1-0
) CO-peak

H'%co* J=3

Cold

== Warm

— Combined
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Excitation Conditions at Selected Positions

CO-peak

HCN-peak

Parameter CcO HCN HCO*

Parameter CcO HCN HCO*

De1q(12C) 0.50 £ 0.05 0.40 £ 0.05 0.40 +0.04
Nea(Hz) [em™3]  4.80 = 0.61 4.80 + 046 4.80 +0.58
Teota [K] 90.00 £ 12.59  90.00 =821 90.00 +10.18
Neod [cm™2] 1880+ 035 1530+095 1440+133

Dyam (12C) 0.10£001  010£001  0.10 £0.01
Nyam(Hp) [cm™]  5.70£035  570£062 570 £0.50
Twarm (K] 240.00 £ 29.77 240.00 £ 26.55 240.00 + 26.54
Noam [cm2] 1850+ 123 1530+ 110  15.10 + 0.87

®caa(PC) 0.50 £ 0.06 0.40 £0.04 0.40 £0.04
Dyam (B C) 0.10 £ 0.01 0.10 £0.01 0.10 £ 0.01

AV(2C) [kms™!] 4.60 4.60 4.30
AV(PO) [kms™] 3.90 3.60 3.20

D a(12C) 1.00 £ 0.09 0.40 £0.05 0.40 £ 0.05
Nega(Hs) [em~3] 4.50 + 0.47 4.50 + 047 4.50 +0.46
Toqa [K] 40.00 £3.78 40.00+5.37 40.00 + 4.83
Neoa [cm™2) 1890+ 1.12 1660+ 1.06 16.40+ 1.08

D (2C) 0.35 + 0.04 0.15 £0.01 0.15 £0.02
Nwam(H2) [cm™]  6.00 = 0.73 6.00 £0.52 6.00 +0.48
Twam [K] 130.00 + 11.59 130.00 + 15.33 130.00 = 14.03
Noyarm [cm~2] 1840+ 0.37 1540+ 054 1520+ 081

D4 PC) 1.00 £ 0.11 0.40 = 0.05 0.40 £0.03
D (P C) 0.35 + 0.04 0.15 £0.02 0.15 £ 0.01

AV(*2C) [kms™!] 4.60 7.50 6.00
AV(3C) [kms™!] 3.50 3.90 3.70

Parameter CO HCN HCO*

Deoia( 12C) 0.90+007 035:004 0.35:0.04
Nea(Hy) [em™]  530+036  530+£049  5.30 £0.62
Tooa K] 60.00+532 60.00+682 60.00+7.09
Neaa [em~2] 1895+ 047 1540+085 14.80+ 1.13

Dy (12C) 0.20 + 0.01 0.15 £ 0.02 0.15 £ 0.02
Nwarm(Hz) [cm™3]  5.80 + 0.37 5.80 +0.65 5.80 £0.56
Twarm [K] 110.00 = 11.56 110.00 £ 12.33 110.00 + 13.42
Nyarm [cm~2] 1860+ 0.31 1510+ 1.10 1470+ 1.11

@, q(12C) 0.90 + 0.09 0.35 +0.04 0.35 +0.04
Vi (26 0.20 = 0.02 0.15 £0.02 0.15 £0.02

AV(*2C) [kms™!] 4.30 5.00 4.50
AV(3C) [kms™!] 4.30 3.80 3.90

Parameter CO HCN HCO*

Doa(12C) 1.00 £000 0.80+0.06 0.80 +0.09
Neaia(Hz) [cm~3] 410000 4.10+£035 4.10+0.49
Tooa [K] 6000+ 0.00 6000+517 60.00+7.12
N.ga [cm2] 1900 £ 0.00 1620+ 053 1540+ 101

Do (C) 0.40 £0.00 0.20 £0.02 0.20 £0.02
Nywam(Hz) [cm™3] 5.80 £0.00 5.80 £0.39 5.80 £0.54
Toam [K] 80.00 £ 0.00 80.00+861 80.00+8.79
Nyam [cm™2] 1890+ 0.00 15.10+ 1.21 15.00 £ 0.56

Deata(PC) 1.00 £000 0.80£0.08  0.80 £0.09
Oy (2C) 0.40 +000 020+0.02 0.20 £0.02

AV(*2C) [kms™!] 6.90 : 7.10
AV(PC) [kms™!] 5.50 .1 4.40
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Excitation Conditions at Selected Positions

CO-peak

HCN-peak

Parameter CcO HCN HCO*

Parameter

CO HCN HCO*

De1q(12C) 0.50 £ 0.05 0.40 £ 0.05 0.40 +0.04
Nea(Hz) [em™3]  4.80 = 0.61 4.80 + 046 4.80 +0.58
Teota [K] 90.00 £ 12.59  90.00 =821 90.00 +10.18
Neod [cm™2] 1880+ 035 1530+095 1440+133

0.10 £ 0.01 0.10 £ 0.01 0.10 £ 0.01
5.70 £ 0.35 5.70 £0.62 5.70 £0.50
240.00 £ 29.77 240.00 + 26.55 240.00 + 26.54
1850+ 1.23 1530+ 1.10 15.10 + 0.87

(I)“'Sml(lzc)
Nyarm(Hy) [cm™3)
Tyam [K]

Nyarm [cm™2]

0.50 £ 0.06
0.10 £ 0.01

0.40 £0.04
0.10 £0.01

0.40 £0.04
0.10 £ 0.01

Ocoa(PC)
(D“'arn\ ( 13 C)

AV(2C) [kms™!] 4.60 4.60 4.30
AV(PO) [kms™] 3.90 3.60 3.20

(Dco]d(llc)
Na(Hy) [cm—3]
Tcold IKI
Neoa [em™)
Oyam (2C)
Nywam(H2) [cm‘3|
Twam [K]

Nyam [cm™2]

(I)co]d( DC)
(Dwarm(uc)

AV(*2C) [kms™!]
AV(3C) [kms!]

1.00 + om 0.40 +0.05 0.40 +0.05
450+047 | 450+047  4.50+0.46
40.00+3.78| 40.00+537  40.00 + 4.83
1890+ 1.12] 1660+ 1.06 16.40 + 1.08

0.35 £ 0.04 0.15 £0.01 0.15 £0.02
6.00 £ 0.73 6.00 £0.52 6.00 £0.48
130.00 = 11.59 130.00 = 15.33 130.00 + 14.03
1840+ 037 1540+ 0.54 15.20 £ 0.81

0.40 £0.03

1.00 £ 0.11 0.40 £0.05

0.35 £ 0.04 0.15 £0.02 0.15 £0.01
4.60 7.50 6.00

3.50 3.90 3.70

Average Spectra

Parameter CO HCN HCO*

Parameter

CO HCN HCO*

Deoia( 12C) 0.90+007 035:004 0.35:0.04
Nea(Hy) [em™]  530+036  530+£049  5.30 £0.62
Tooa K] 60.00+532 60.00+682 60.00+7.09
Neaa [em~2] 1895+ 047 1540+085 14.80+ 1.13

0.20 £ 0.01 0.15 £0.02 0.15 £0.02
5.80 + 0.37 5.80 £0.65 5.80 £0.56
110.00 £ 11.56 110.00 + 12.33 110.00 + 13.42
18.60 + 0.31 15.10 £ 1.10 14.70 £ 1.11

(Dwarm(lzc)
"waxm(HZ) [Cﬂ'l—3]
Tyam [K]

Nyam [cm™2]

0.90 + 0.09
0.20 £ 0.02

0.35 £0.04
0.15 £0.02

0.35 £0.04
0.15 £ 0.02

(Dco]d( 13C)
Oyam(PC)

AV(*2C) [kms™!] 4.30 5.00 4.50
AV(3C) [kms™!] 4.30 3.80 3.90

Deora(*2C)
Neoa(Ha) [em—3]
Truh/ |KI

Neotd |cm‘3]

Dyarm 2¢ )
Ryarm( I l_‘_ ) lClI]m} ]
Twarm 1K)

Nyarm [cm 2 ]

G (2C)
Qe (C)

AV(*2C) [km s71]
AV(*3C) [kmsT1]

0.60 +0.07
4.80 +0.54
42.00 + 4.38
14.20 + 0.88

0.60 +0.07
4.80 +0.49
42.00 + 3.91
1540 + 1.19

r 1.00 + 0.13 \

4.80 + 0.25
42.00 + 3.71
19.50 + 0.48

0.10 + 0.01 0.10 + 0.01 0.10 £ 0.01
6.00 + 0.60 6.00 +£0.77 6.00 +£0.48
135.00 + 8.46] 135.00 + 12.09 135.00 + 15.51
18.10 + 0.36 14.70 + 0.94 14.40 + 0.50

0.60 + 0.05

1.00 £ 0.12 0.60 + 0.06

0.10 £ 0.01 0.10 £ 0.01

\ 0.10 = 0.00 J

8.00 6.00 6.00
6.00 6.00 4.00
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Energy Balance in the Cloudlets

Gravitational Energy Magnetic Wave Energy
"“ S M= T Equipartition with

internal motions

L4

[ ]
[
|
L4 - 'S
]

External Pressure Static Magnetic Energy Kinetic Energy
(radiation pressure from stars)

2 i ce
P star — Q( H O) < hV) / 4 T Ri__{ C k Ry : distance from the star cluster to the position in the cloud

</hv> : mean photon energy of an O star, assumed 15 eV

§ L 50 -1 Total luminosity by number of ionising H photons per second,
Q(H ) i 239 X 10 S at a distance of 1.98 kpc
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Energy Balance in the Cloudlets

Gravitational Energy Magnetic Wave Energy
’ . Equipartition with
“ .. (ﬂ = (1-] -q p o
2, K internal motions
0i I. i *
o - ”0
~ . *e
L 4 [ ] L 2
External Pressure Static Magnetic Energy Kinetic Energy

(radiation pressure from stars)

” Mg M, 2 3 |W|
Position* Warm Warm Cold Warm Cold Warm Cold Warm
[ergs] lergs]  [ergs]  [ergs]  [ergs]  [ergs]  [ergs]  [ergs]

HCN-peak | 1.3x10¥| 2.3x10% | 1.0x10*7 | 1.0x10*" 1.1x10% 1.3x10% 2.3x10* 2.5x10* 1.2x10%* 1.5x10%
CO-peak | 2.0x10%| 1.3x10% | 6.6x10* | 1.7x10*> 4.6x10* 4.6x10* 9.1x10* 9.1x10* 4.9x10* 7.8x10*
PDR 24x10%| 2.5%10% | 1.6x10% | 4.6x10* 1.0x10* 1.0x10%* 2.0x10%* 2.0x10% 7.1x10% 4.9x10*
M17-W 3.4x10%) 2.7x10% | 3.3x10* ) 1.3x10** 3.2x10%* 1.0x10% 6.5x10%* 2.1x10* 6.2x10% 3.9x10%
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Ongoing Studies
MHD simulations with ENZO (enzo-project.org)

“Champaigne flow” (York 1986)

Box 8 pc (643 base grid)
Ambient T, =100 K

n(H,) = 290 cm-?

150 kyr

10 kyr 40 kyr 100 kyr
"_#"
| -
. O ‘ Y '
\
!T‘L

3 D D

Over density of 10 and 1
pc radius.

( o

Radiation source:
104° photon s~' and
T = 10° K black body

spectrum.

Density

~32-10 12 3 4
No self gravity!

Pérez-Beaupuits et al., in prep.

S M17 LABOCA

£ Asce
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Ongoing Studies
MHD simulations with ENZO (enzo-project.org)
“Champaigne flow” (York 1986)

Box 8x8 pc
Ambient T, = 100 K

n(H,) = 290 cm-?

Over density of 10 and 1
pc radius.

~—

Density

Radiation source:
104° photon s~' and
T = 10° K black body
spectrum.

~32-10 12 3 4
x (pc) No self gravity!

) 2
S
S
) 2
2

Pérez-Beaupuits et al., in prep.

= Radiation pressure!

it~ b

A g H, self-shielding
#M17 LABOCA
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Ongoing Studies
MHD simulations with ENZO (enzo-project.org)

“Champaigne flow” (York 1986)

Box 8x8 pc
Ambient T, = 100 K

n(H,) = 290 cm-?

100 kyr 150 kyr

10 kyr 40 kyr
H, He, e+ O

i@ O O D

BMH, He, e+, H,, D

4 32-10123 4

Over density of 10 and 1
pc radius.

(g/cm’

,_.
=}
(]

Radiation source:
104° photon s~ and
T =10° K black body
spectrum.

Density

No self gravity!

{ Pérez-Beaupuits et al., in prep. Ye

x (pc)

S
) 2
S

i M17 LABOCA
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ESO NTT+SOFI

Previous Results

Ionizing energies:

H: 13.598 eV
0O:13.61, 35.12 eV
C: 11.26, 24.38 eV
N: 14.53, 29.60 eV
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SOFIA/GREAT Results

PDR stratification?

C* CcC —€0

CO J=13-12
[C 1] 158 u
[C I] 370 pum

-50 -100 -150 -200 -250 -300
Ax | "
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SOFIA/GREAT [O I] 63 um

PDR scheme revisited

C* - C/O —CO

.
S
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J
b1
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L
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D
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20
=
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21 21.5
log(N,,) [em 7]

PDR model

(from Meijerink & Spaans 2005)
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