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FIFI LS: the Field-Imaging 
Far-Infrared Line Spectrometer 

•  Far-infrared spectrometer employing 
two parallel channels:   
–  Blue 50-110 µm  

 5x5 pixel field of view: 6”  per 
spatial pixel 

–  Red 110-200 µm 
 5x5 pixel field of view: 12” per 
spatial pixel 

•  Imaging spectrometer concept 
–  Each channel: 5x5 spatial pixels 
–  16 spectral pixels per spatial pixels 

•  Spectral resolution: R=1000-3000 

Beam 
rotator 
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Integral Field Concept 
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2D field of view 
becomes 1D slit 

Footprint of Red and 
Blue channels are 
concentric 

2D detector contains 3D data cube 
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FIFI-LS and PACS 
FIFI-LS and the PACS spectrometer (was on Herschel) 
are sister instruments sharing many design features. 
•  Same detector, same IFU 
•  Similar optical layout 
Herschel’s cold telescope in space allowed more sensitive 
observations (by a factor of 5-10) 

BUT 
FIFI-LS 
•  Two independent gratings 
•  6” and 12” pixels 
•  Fast mapping of two lines 

PACS-S 
•  One grating 
•  9.7” pixels 
•  Single line, slower telescope 
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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.

207D. J. Hollenbach and A. G. G. M. Tielens: Photodissociation regions in galaxies

Rev. Mod. Phys., Vol. 71, No. 1, January 1999

Science Case 

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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Becklin- 
Neugebauer 
Object 

Trapezium 

Orion Bar 

M42 Orion 
Nebula 
 
A sampler 
of the first 
FIFI-LS 
data ever 
taken. 

Background image Spitzer by Thomas Megeath   
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63 µm [OI] 
Becklin- 
Neugebauer 
Object 

Trapezium 

Orion Bar 

M42 - Orion Nebula 

SOFIA & 
FIFI-LS 

Background image Spitzer by Thomas Megeath   
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Continuum@ 63 µm 

Continuum and  
[OI] emission @ 63 µm 

[OI] emission @ 63 µm 

SOFIA & 
FIFI-LS 
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Continuum@ 63 µm 

Continuum and  
[OI] emission @ 63 µm 

[OI] emission @ 63 µm 

SOFIA & 
FIFI-LS 

Total observing 
time incl. all 
overheads: 80min 

CO 22-21 @118µm 
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SOFIA & 
FIFI-LS 

M82 Galaxy          Ionized Oxygen 

Location of SN, but a detection 
was not to be expected. 
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SOFIA & 
FIFI-LS 

M82 Galaxy          Ionized Carbon 

Ionized Carbon @ 157 µm 

Background image: HST, Spitzer & Chandra 
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SOFIA & 
FIFI-LS 

M82 Galaxy          Ionized Carbon 

Ionized Carbon @ 157 µm 

Background image: HST, Spitzer & Chandra 
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SOFIA & 
FIFI-LS 

M82 Galaxy          Ionized Carbon 

 Velocity of ionized Carbon @ 157 µm  
from -130 km/s to +130 km/s 

Background image: HST, Spitzer & Chandra 
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Plans for Cycle 3  

•  About 70h of open time has been approved with 
FIFI-LS.  

•  Improvement of the data reduction. 
•  Development of a Data Reduction Pipeline. 
•  FIFI-LS will transition from PI-instrument to 

Facility instrument 
•  Preparing Cycle 4 Call 
 
 


