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these observations is of order 18, which corresponds to
1.4 kpc at a distance of 5 Mpc.17

Figure 36 shows the infrared spectrum from the cen-
tral 700 pc of M82, with the emission lines from HII
regions removed. The derived average gas densities in
the PDR clouds for these bright starburst regions (Table
II for M82) are ;104 cm23, and the incident far-
ultraviolet flux G0;1032104. Büttgenbach et al. (1992)
observed [CI] 609-mm emission in IC342 and Stutzki
et al. (1997) observed both [CI] lines in M82 and found
similar cloud densities and far-ultraviolet fluxes in these
starburst galaxies. The atomic (C1) temperatures are
;200–300 K, and the mass in the C1 component is very
significant, ranging from 2 to 10% of the total gas mass.
The gas-phase silicon abundances are high, xSi;2
31025 (;0.5 solar), in M82 and NGC 253. This may
result from starburst activity that produces shock waves,
which partially vaporize interstellar grains and raise the
gas-phase abundances of refractories like silicon. A sig-
nificant amount of [SiII] emission, and to a lesser extent
[CII], may originate from relatively diffuse (ne
;100 cm23) HII regions in these nuclei (Carral et al.,
1994, Lord et al., 1996). Figure 37 shows the relative
contribution of HII regions and PDRs to the [CII] as a
function of the electron density in the HII region; pres-
sure equilibrium between the HII region and the sur-
rounding PDR is assumed. The Wolfire et al. (1990)
models compared to the IR observations derive a sur-
prising number of clouds and cloud sizes; there are nu-

merous (N;105) small (R&1 pc) clouds present. These
‘‘clouds’’ are individual entities in the sense that they
cannot shadow each other from the far-ultraviolet flux.
Nevertheless, they may be clustered together in sheets
or filaments. Aalto et al. (1991a, 1991b, 1995, 1997) also
derive small, dense, warm clouds from observations of
CO isotopes and HCN in the nuclei of merging and
infrared-bright galaxies. Figure 38 schematically illus-
trates the derived interstellar medium conditions in the
central 500 pc (diameter) of the representative starburst
galaxy NGC 253. The average conditions in the central
regions of these starburst galaxies are far different from

17Results have been obtained for M82 by Watson et al.
(1984), Crawford et al. (1985), Lugten et al. (1986), Wolfire
et al. (1990), Harris et al. (1991), Schilke et al. (1993), White
et al. (1994), Lord et al. (1996), and Stutzki et al. (1997) and for
NGC 253 and NGC 3256 by Aalto et al. (1991a), Stacey et al.
(1991), Carral et al. (1994), Harrison et al. (1995), and Israel
et al. (1995).

FIG. 36. The infrared spectrum from the central 700 pc of the
starburst galaxy M82. The spectrum of M82 is taken from Gen-
zel (1992) with the [CI] emission from Schilke et al. (1993)
added. The line emission from HII regions has been excluded.

FIG. 37. Ratio of [CII] 158 mm PDR luminosity to [CII]
158 mm HII region luminosity as a function of the electron
density in the HII region (Carral et al., 1994). Thermal pres-
sure equilibrium between the PDR and HII region is assumed,
and the HII region is ionization bounded. The effective tem-
perature of the central star Teff and its Lyman continuum pho-
ton luminosity NLyc are indicated. The values at 10 cm23 are
upper limits. The horizontal dotted line indicates where
LCII(PDR)5LCII(HII); PDRs dominate [CII] emission except
in very diffuse regions.
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Main Science Application	
Mapping of FIR fine structure lines in galactic and 

extra galactic sources.	

Main cooling lines of the�
interstellar gas in the�
FIFI-LS range:	

•  [CII] 158μm	

•  [OI] 63.18μm, 145.4μm	

In ionized regions:	

•  [OIII] 51.81μm, 88.36μm	

But also high-J CO lines, OH-lines etc.	

Hollenbach & Tielens (1999) 
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Orion: Bar & Trapezium Region	
Orion is a standard location to test new instruments: 

important PDR region and overall template for Star 
Formation	

We used to verify mapping and observing procedures with 
FIFI-LS and to create a compelling data set	

Whole region in: �
[OI]63µm, [OI]145µm, �
[CII]158µm, CO 118µm	

BN/KL: CO lines at: 69, 77, 87, �
163, 186, and 200µm	

BN/KL, Trapezium and Bar: �
[OIII] 52 & 88 µm, [NIII] 57µm, �
CO 118, 153 & 163µm	
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Orion Nebula	



5 

Hubble 

Becklin- �
Neugebauer�
Object	

Trapezium Stars	

Orion Bar	
Hubble Space Telescope	

Background image Spitzer by Thomas Megeath  	

Orion Nebula	
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Object	

Trapezium Stars	

Orion Bar	

Orion Nebula	
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Becklin- �
Neugebauer�
Object	

Trapezium Stars	

Orion Bar	

Background image Spitzer by Thomas Megeath  	

[CII] Emission �
@ 157.8 µm	

April 2014 & �
March 2015	

Orion Nebula	

© FIFI-LS Team	4 3 2 1 0 -1
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The Orion Nebula by FIFI-LS	

The continuum shows 
BN/KL, the bar and more 
of the cloud surrounding 
the HII region.	
	

The [CII] emission is 
prominent in the PDRs. 	

Preliminary results of the 
M42 observations.	
	
	
Below:	
The [OIII] line ratio �
varies from the HII �
region into the bar.	
Te ~104K; Ne ~ 103cm-3	

Increase towards the bar�
indicates increase in �
density	
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M17	
Omega Nebula at ~2 kpc is classic layered PDR region– nearly 

edge on (importance of feedback on star formation)	

	

More recently, testbed of clumpy �
structures, especially with large �
magnetic field measurements �
(e.g., Pérez-Beaupuits et al. 2015)	

 	

Our observations use multiple �
transitions to derive physical �
parameters of region.	
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M17-SW	
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M17-SW	
Normalized Line Intensities
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Krabbe et al. in prep. 
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Observations: 2016 New Zealand 
[CII] 157.741 µm parallel with 
[OI]    63.184 µm 
Modified FIFI-LS Pipeline (B.Vacca/C.Fischer) 
Fluxer by C. Iserlohe 
à Line: Intensity, Velocity, Width 
à Narrow Band Continuum: Level, Tilt 
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Lau	et	al.	2013	

FORCAST	19.7,	31.5,	37µm		Con=nuum	

SOFIA	

90
“	

Circum Nuclear Disk FIFI-LS 
red: 158µm NB Continuum 
blue: 63µm NB Continuum 
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90
“	

FIFI-LS 
red: 158µm NB Continuum 
blue: 63µm NB Continuum 
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PACS	Bolometer	 red:	160µm	BB	Con=nuum	
blue	70µm	BB	Con=nuum	

Circum Nuclear Disk 

Krabbe et al. in prep. 
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15 Krabbe et al. in prep. 
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FIFI-LS	

FIFI-LS 
red: 158µm NB Continuum 
blue: 63µm NB Continuum 
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Bryant et al. 2017 

- Emission everywhere 
- Much more detail than KAO 
- Emission ears N & S of CND 

FIFI, KAO 
Poglitsch et al. 1991 
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Stretch	±108	km/s	
FIFI-LS	

Iserlohe et al. in prep. 

Flux 0 – 24 a.u. 

Flux 0 – 3 a.u. 
 

Flux 0 – 5 a.u. 
 

Flux 0 – 10 a.u. 

Bryant et al. in prep. 
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Stretch	±108	km/s	
FIFI-LS	

Stretch ±100 km/s 

- Rotating ring  at center 
- Peculiar motions outside 
  (not a big rotating disk) 
- Ring-Bar supported by v-field 
   & CND rotation 

Iserlohe et al. 2017 

Flux 0 – 24 a.u. 

Flux 0 – 3 a.u. 
 

Flux 0 – 5 a.u. 
 

Flux 0 – 10 a.u. 
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Bryant et al. in prep. 
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90
“	

FIFI-LS	

FIFI-LS 
red: 158µm NB Continuum 
blue: 63µm NB Continuum 
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Bryant et al. in prep. 

Krabbe et al. in prep. 
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Stretch	±108	km/s	
FIFI-LS	
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Krabbe et al. in prep. 
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Stretch	±108	km/s	
FIFI-LS	
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Iserlohe et al. in prep. 

- Rotating structure  at center 
- Peculiar motions outside 
- Ring–Bar supported by v-field 
- Similar to [CII] v-field 
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Krabbe et al. in prep. 
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M82	
Good example of galactic outflow, which are important 

for feedback and also the evolution of the super 
massive blackhole	

	

Hershel observations imply clouds �
from disk are captured by �
outflow into the wind	

	

Clouds in outflow evaporate into �
small, dense cloudlets	

	

 	

Contursi et al. 2012	
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Supernova 

Red and blue  
Fields of View 

Background image: HST, Spitzer & Chandra 

M82 Galaxy SOFIA & 
FIFI-LS 

© FIFI-LS Team 

North up, east left 
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Ionized Carbon @ 157 µm 

© FIFI-LS Team 

[CII] 11.3 eV  

M82 Galaxy 

Background image: HST, Spitzer & Chandra 
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Velocity from -200 km/s to +200 km/s 
Ionized Carbon @ 157 µm 

© FIFI-LS Team 

[CII] 11.3 eV  

M82 Galaxy 

Background image: HST, Spitzer & Chandra 
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Position-velocity diagram 

Position 
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Velocity from -400 km/s to +400 km/s 

Ionized Carbon @ 157 µm 

M82 Galaxy 

Background image: HST, Spitzer & Chandra © FIFI-LS Team 
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Background image: HST, Spitzer & Chandra 

M82 Galaxy 

Oxygen [OIII] @ 52 µm 

© FIFI-LS Team 
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Background image: HST, Spitzer & Chandra 

M82 Galaxy 

© FIFI-LS Team 

Oxygen [OIII] @ 52 µm 
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Summary	
•  FIFI-LS can observe all the important cooling 

lines in the FIR	
•  With its two independent spectrometers it 

can observe two wavelengths simultaneously	
•  FIFI-LS maps large regions quickly, providing 

continuum and line fluxes	
•  As facility instrument on SOFIA, FIFI-LS is 

available to the astronomical community.	
   You!	

Thank You	


