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Observing Example FIFI-LS
Mapping M82 in [CII]158 µm



A. Contursi et al.: Spectroscopic FIR mapping of the disk and galactic wind of M82 with Herschel–PACS.
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Fig. 2. Integrated line emission of the 4 observed lines at their original spatial resolution. Typical PSF widths are shown for
the shortest and longest wavelengths. Units are in W m�2. The black cross corresponds to the adopted center of M82, i.e.
9h55m52.2s 69d40m46.6s (J2000) (Dietz et al 1986). North is up and East is towards the left.

fitted continuum plus Gaussian profile. These errors contain the
noise of the spectrum as well as systematic deviations from a
perfect fit. These errors were quoted in the same units as the
fitted line fluxes, i.e., W m�2 per each spaxel. The line flux er-
ror maps were generated with exactly the same drizzle scheme
as for the line map. In order to create the error maps by the
same method as for the flux, we used the intermediate quan-
tity 1/errors2 which can be drizzled as an extensive variable.
However, caution must be taken when interpreting the resulting
errors for the following reasons. In principle, if we were deal-
ing with statistical noise only, by observing the same spot in the
sky several times, as we e↵ectively do when we combine dif-
ferent rasters in the drizzle, the error of the combined measure-
ments would go down. If there is a systematic error it will al-
ways be the same in sign and magnitude and will not cancel with
repeated measurements. Furthermore, the errors in the regions
where the error/signal ratio is better than the calibration accu-
racy (explained in detailed in Section 3.4) should not be quoted
as absolute measurement errors. This explains why we have an
increase of the estimated ”errors” where the signal is stronger.
Therefore, these maps are meaningful only in the ”outskirts” of
the galaxy but not in the starburst region and for this reason we
masked the starburst regions in the ”error” maps shown in the
right column of Figure 1. In order to give a complete picture of

the final ”noise” levels we reach in each map, we show in Figure
1 also the S/N maps.

3. Results

3.1. FIR line intensity and continuum maps

Figure 2 shows the line intensity maps of the 4 lines in their
original spatial resolution. All maps are North-South oriented.
The crosses represent the center of M82. The brightest integrated
line emissions are very similar at all wavelengths but at the faint
emission level, some important di↵erences are noticeable. The
two lines tracing exclusively the neutral atomic gas, namely [OI]
63 µm and [OI 145] µm, show a spherical morphology, while the
[CII] emission, that arises mainly in the neutral atomic medium
but also from the ionized medium, shows a weak elongation to-
wards the minor axis. This elongation becomes more evident in
the [OIII] 88 µm line intensity maps, that traces purely ionized
gas. In all maps, emission up to 1 kpc on both sides of the disk
along the minor axis is detected. From these maps it is evident
that the ionized medium has an emission elongated along the mi-
nor axis of the galaxy while the emission arising from the neutral
medium is more spherically distributed, although still detected
along the minor axis of the galaxy.
Figure 3 shows the continuum map derived from the observation
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• Expected flux e.g. from KAO, ISO, or Herschel observations 
• From Herschel PACS-S: Central 2’x2’ with PACS-S

Contursi et al. A&A 549, A118 (2013)
• Expected integrated line flux for [CII]:

~2x10-17 W/m2 per PACS-S 
spaxel in outer regions
• PACS-S spaxel is 9.7”x9.7”
• FIFI-LS red spaxel:

12”x12” -> 1.5 times larger
• Expected flux per FIFI-LS

spaxel: 3x10-17 W/m2 
• Linewidth: up to 400km/s
• Centroid shift up to 250km/s

SOFIA Helpdesk: sofia_help@sofia.usra.edu

Flux Estimates

https://www.aanda.org/articles/aa/pdf/2013/01/aa19214-12.pdf


• FIFI-LS SITE:  input for Bandwidth = width of spectrum required
• Compare expected line width to spectral resolution
• 400km/s vs 260km/s spectral resolution for [CII]

SOFIA Helpdesk: sofia_help@sofia.usra.edu

Width of Line and Spectrum

https://dcs.arc.nasa.gov/proposalDevelopment/SITE/index.jsp
https://www.sofia.usra.edu/science/proposing-and-observing/observers-handbook-cycle-8/3-fifi-ls/31-specifications


• If the bandwidth is set to 0 you’ll get the minimum bandwidth –
instantaneous spectral coverage For [CII]: 1560km/s
• Width + shifts + baseline = (400 + 250 + 2x400)km/s=1450

SOFIA Helpdesk: sofia_help@sofia.usra.edu

Time estimates

https://www.sofia.usra.edu/science/proposing-and-observing/observers-handbook-cycle-8/3-fifi-ls/31-specifications


Use SITE to estimate on-source exposure time
• Wavelength: 157.741 (Sources for wavelength e.g. Splatalogue)
• Bandwith: 0km/s (instantaneous coverage was sufficient here)
• Observer Velocity can be ignored typically
• SNR: 5
• Source Flux: 3e-17 W/m2

• Source Velocity: 203km/s (e.g. NED)
• Use default Observing Conditions

SOFIA Helpdesk: sofia_help@sofia.usra.edu

Time Estimate

Calculate

https://dcs.arc.nasa.gov/proposalDevelopment/SITE/index.jsp
http://www.cv.nrao.edu/php/splat/index.php


• Result 16min on-source integration time per position!
• 20min if bandwidth is increased to 2000km/s 

SOFIA Helpdesk: sofia_help@sofia.usra.edu

Time Estimate



Only entries with stars are required!
• Consider overlap of different sized FOVs: 

30”x30” grid leads to a 4x overlap for the red array.
→ 16/4min = 4min per raster point for [CII] on-source
• 30sec on-source per cycle times 8 cycle → 4min per raster point
• Total time with overhead: Observation Est… 5772 sec = 1.6h
• 3x3, 30”x30” grid: 
• 1’x1’ full coverage – 16min, 
• 4 fields 1’x30” – 8min
• 4 fields 30”x30” – 4min

• The larger the map the smaller the edge effects
• Detailed mapping strategies including dither → Phase II

SOFIA Helpdesk: sofia_help@sofia.usra.edu

Create Phase I AORs in USPOT



In the blue channel: 4min per point at [OIII]52µm
Use SITE: sensitivity of 3 10-17W/m2 per FIFI-LS spaxel

SOFIA Helpdesk: sofia_help@sofia.usra.edu

What about the second line?


