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Physics of the ISM

Galactic Context
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First Herschel Results

For nearby galaxies only:
~ 31 preprints on astro-ph (till June 15t

Of those used data from:
88 % PACS and/or SPIRE photometry
6 % PACS spectroscopy
6 % SPIRE FTS spectroscopy

[no HIFI spectroscopy yet]




First Herschel Results

Main areas:

- infra-red SED: dust temperature, location
(dust composition)

- dust/gas relation
- star formation rate (SFR) tracers

- (ISM cooling lines)




Dust Model SEDs
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Dust SEDs from Herschel: Global
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Dust SEDs from Herschel: Global
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Starburst Rings: NGC 1097

KINGFISH target (Pl Kennicutt)
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Starburst ring dominates IR emission :

/5% at /0um
60% at  100um
55% at  160um




Starpurst ngs NGC 1097

Sonds’rrom et al. (201 0)

a) PACS 70
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Dust properties unexpectedly uniform,
ISM cooling lines arising from ring (seirao et al. 2010)




Dust SEDs from Herschel: Resolved

Kramer et al. (2010)
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Dust SEDs from Herschel: Resolved _
o




Dust SEDs of Nearby Galaxies:

- are now very well sampled
- resolved studies now possible (contfaminants)

- presence of very cold (T ~ 10K) dust: TBD

- Is line contamination a worry?




SF Law: Schmitt-Kennicutt Revisited
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Best SFR Tracers are at A < 160

- 100 um vs. SFR(Hao,24pum)

HIl regions in M33

Boquien et al. (2010)




FIR as Proxy tor Gaseous ISM
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Herschel will:

- map dust in many (!) nearby galaxies (~ 900)

- usually at MIPS/PACS + SPIRE wavelengths

=2 Will need follow-up instrument w/ large FoV
to test physics (lines, velocity, etfc.)
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Moorwood (1997)
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Brunner et al. (2008

The Case for a (mid-)IR Analog: H,
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ISM cooling lines: Outtlows, Rotation, efc.

Herschel (SHINING):

- [CII],[Ol] from PDRs
(neutral ISM)

- main cooling lines

- [ClI] also lonized ISM

- [Olll] only ionized ISM

Contursi et al. (in prep.)




N coolmg ines: Outflows, Rotation, etc.
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ISM cooling lines: Outtlows, Rotation, efc.
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ISM coolmg Ilnes Outflows, Rotation, etc.
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N coolmg ines: Ou’rflows Rotation, efc.
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Far-IR emission lines:

CO & friends




High-J Transitions in Galaxies
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Most CO line SEDs for high-z Objects

Cloverleaf z=2.6
BR1202 z=4.7
MGO751 z=3.2
J1148 z=6.4

BR1335 z=4.4 APM0827 z=3.9

F10214 z=2.3

SMM14011 z=2.5

SMM16359 z=2.5 RXJ0911 z=2.8
SMM04431 z=2.5

ERO16450 z=1.4
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Mrk231: X-ray driven excitation

2 photon (UV) dominated regions (PDRs) = SF disk
X-ray dominated region (XDR) = AGN
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Resolved CO Line SEDs in Nearby Galaxies
Using COBE (Fixsen et al 1999) data for MW:

-Dame, Hor’rm@nn & Thadeus (2001) | | |

280 270 260 250 240 230 220 210 200 190 180

=) mUH'i-thge ISM WeiB et al. (in prep.)




LSEDs: Tool to Study Multi-Phase ISM
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SPIRE/FIS: Heated by Turbulence

Wavelength [pm] ward et al. (2003)
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SPIRE/FIS: Heated by Stellar Wmds/SN

Ward et al. (2003)
SPIRE/FTS

Very warm component:
Log(n(Hy)) ~3.7 _
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Synergy with ALMA & EVLA

ALMA

Band 10 (787-950 GHz)
Band 9 (602-720 GHz)

Band 7 (275-370 GHz)
Band 6 (211-275 GHz)
Band 4 (125-163 GHlz)

Band 3 ( 84-119 GHz)

EVLA

Q 0.7cm (40-50 GHz)
Ka 1.0cm (26-40 GHz)

10
Redshift

Walter & Carilli (2008)




SOFIA’s niche: Full Line SEDs

Herschel SPIRE/FIS & PACS/IFS:

CO(5-4) > CO(13-12): no spatial information
CO(14-13) 2 CO(43-42): line cubes only

My wish Instrument:

A full infra-red SED scanner
w/ limited spatial information
needs to start at (2-1) as low-J's are crucial

Possible?




[CII]: Important SFR Tracer @ high-z
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[CII] resolved at z=6.4: 0.35" ~ 2 kpc
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Direct evidence for formation of stellar disk/

bulge in host galaxy < 1Gyr affer big bang
SFRD = 1000 M, yr! kpc2




Synergy with ALMA & EVLA

ALMA

Band 10 (787-950 GHz)
Band 9 (602-720 GHz)

Band 7 (275-370 GHz)
Band 6 (211-275 GHz)

Band 4 (125-163 GHz)

Band 3 (84-119 GHz)

EVLA
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[CII] In local galaxies: SO

I IIlIIIlI I o rrrrl I IIIIIIII I lllllIVl
7

- IRAS 20100-4156
€ Mkn 231

= IRAS 17208-0014
¥

b 4

]

I T 1T
1 1 111N

IRAS 19297-0406
IRAS 12071-0444 (30)
Arp 220

IRAS 1520643342
Mkn 273

IRAS 2336543604
IRAS 22491-1808 (30)
IRAS 05189-2524
IRAS 192547245
IRAS 20551-4250
IRAS 23128-5919
IRAS 1525043609 (20)
Arp 299

NGC 6240

NGC 7552

NGC 4945

M 83

M 82

IC 342

NGC 253

NGC 1068

IllllllI 1 | I N I

8!
~
+o s
| | Illlll

L1 IlllIlI

—

o
-
5

—
Ol
—
(@)
I T TTTTH I T TTTTH
\ l\\ l

L1 IlllllI

‘n
o
e
(&)
D
)
(2]
o
A
O,
(o)
)
X
L

@ Circinus
% NGC 6946
¥ NGC 4038
O NGC 4039
Y* NGC 3256
7 M51

1 1 11 llllI 1 1 L1 lllll 1 1 L1 Illll 1 1 L1 1 llll
10714 1071 1071¢ Tk 10719 107 1078
F(FIR) [10° erg cm™@ s7] Luhman et al. (2003)

| Illllll

FRANOEAPSOY X kA XA

—

o
-
\l




Herschel: No [CII] deficiency
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High SFE 2> compact star formation = high U
= low line/FIR ratio




A [CIl] iImager for nearby galaxies
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SOFIA’s Future Potential:
Utilizing SOFIA's large FoV of 8': =

- (mid-)IR integral field spectrometer
sampling full disk of nearby galaxies

- a [CIll] imager
(~ similar resolution to ALMA high-z objects)

Utilizing SOFIA’s large wavelength coverage:

- a full (far-)IR SED scanner
(resolved) line SEDs in local galaxies




