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

* Far-infrared spectrometer employing
two parallel channels:

- Blue 50-125 um o manee
5x5 pixel field of view: 6" spatial _ s,
pixel F=
- Red 105-200 um
5x5 pixel field of view: 12" spatial
pixel

- Imaging spectrometer concept
- Each channel: 5x5 spatial pixels

- 16 spectral pixels per spatial pixels

- Spectral resolution: R=1000-2000
S o5Ton 2014
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Blue channels are

2D field of view concentric

becomes 1D slit
/

—— /’///
i ;&h/ //

-

1 2 3 4 5
spatial dimension

spatial dimension

12" x 12" 6" x 6"
(110-210um) (42-110um)

1.

spectral dimension
spectral dimension

focal plane

16 x 25 pixel detector array 16 x 25 pixel detector array

2D detector contains 3D data cube




Science Case
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Mapping of FIR fine structure lines in galactic and
extra galactic sources.

27 | ! l

Main cooling lines of the T o cenarsonpe

interstellar gas in the
FIFI-LS range:

 [CIT] 158um

+ [0I]63.18um, 145.4um £ | y

Log intensity (erg sec! em™2 sr_1)

Hollenbach & Tielens (1999)
i | ]

In ionized regions:
- [OITI]51.81um, 88.36um ' ‘eeersmom
But also high-J CO lines, OH-lines eftc.
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Fine Structure Lines

Among the brightest lines
in the FIFI-LS range

3
Forbidden transitions P2
between the collisionally
excited levels within the o1.8um
ground state.

\ 4 3p
88.4um l
3P,
2s2p?

Fine-structure levels izrl
the ground state of O
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Among the brightest lines
in the FIFI-LS range

Forbidden transitions
between the collisionally
excited levels within the
ground state.

Diagnostic lines/ratios:

+ Density indicator for
dense gas

« Thermometer for diffuse

gas
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Cetoreen durch
A0
[0 2 & B | Lo
PEICSS .o 9 | o erscoan
0.0.0. .. und Technoioge
£ .'.: 3 0.
SRR
sutgrund ciaes Beschiumes
03 Deatschen Bandestages

Among the brightest lines
in the FIFI-LS range

Forbidden transitions o}
between the collisionally ‘
excited levels within the
ground state.

[cH)/[o1]

Diagnostic lines/ratios:

- Density indicator for 0.10}
dense gas :
« Thermometer for diffuse o] _
gGS bm ¢ 10 1o0™ 10"“ 001 )
* Radiation field ([OT}+[CH) /L
° Abundances Kaufman et al. 1999
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Commissioning Flights
March 4 -13:
» 1stinstallation of FIFI-LS in SOFTA
* 2 nights of Line Ops (testing from the ground)
« 3 flights: commissioning
Data analysis and resulting bug fixes
April 14-26:
« 2nd Installation
* 1night of Line Ops
» 5 flights: commissioning and science

AAS Boston 2014



Preliminary Results: M42







SOFIA &

FIFI-LS
BN-KL

[OI] 63um line emissio

Orion Bar

BN-KL Position____
Continuum@ 63 tm

~



BN-KL Position____

SOFIA &
FIFI-LS Continuum®@ 63 um
] Continuum and oxygen :
BN-KL emission @ 63 ym

Oxygen emission @ 63

[OI] 63um line emissio

.

Orion Bar

I




SOFIA & BN-KL Posi’rion\

FIFI-LS Continuum®@ 63 um
BN-KL

Continuum and oxygen
emission @ 63 ym :

Oxygen emission @ 63

[OI] 63um line emissio
' -
I
Orion Bar

[cu]@ 157 um Oll@ 145um  [Ol] @ 63 um




SOFIA & M82 Galaxy Ionized Oxygen
FIFI-LS

Off Aw— 7 0 B

Location of SN, but a detection
was not to be expected.



SOFIA & M8?2 Gaia?(
FIFI-LS

‘Tonized Carbon
p .
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Background image: HST, Spitzer & Chandra



SOFIA & M82 Galax Tonized Carbon
FIFI-LS N
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Background image: HST, Spitzer & Chandra



SOFIA & M82 Galaxy Tonized Carbon
FIFI-LS , 1

Q' .

Background image: HST, Spitzer & Chandra



FIFI-LS

Tonized ?bon .
"”“ -

Background image: HST, Spitzer & Chandra



?;%E%i g M82 Galaxy Ionized Oxygen

[OIII] 52um line emission [OIII] 52um rotation speed



Dark Cloud

-3°58'00"

-4°00'00"

43m00s 505 18h42m30s
RA (J2000)




Dark Cloud

-3°58'00"

-4°00'00"

02'00"

04'00"

18h42m30s
RA ()2000)
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Cycle 3

FIFI-LS is offered as PI-instrument, but can be
proposed for like a facility instrument, i.e.

 No need to contact the instrument team.
 Fully supported in proposal tools with AOTs/AORs.
but

* Data reduction by FIFI-LS team, co-authors
publications.

SOFIA
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Minimum Detectable Continuum Flux

The commissioning data is & oo P
still being analyzed to e 5 oo -
updated the pre- 5 OF E
commissioning values. 3 E

e 50 100 150 200

Wavelength (um)
Minimum Detectable Line Flux

8| — - &+ T 1T T ]
The main calibration E} 107Wm2 [ e smommonee | -
uncertainty is the £ o targcrama -
atmospheric absorption. £ .f .

. ?O 100 150 200
40 in 15min on source Wwavelength (xm)
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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 highly
sensitive observations

BUT
FIFI-LS PACS-S
* Two gratings * One grating
» 6" and 12" pixels « 9.7" pixels

* Fast mapping of two lines . Single line, slower telescope

AAS Boston 2014 25 H



Summary

FIFI-LS

« is SOFIA's FIR (50-200um) imaging spectrometer.

* allows to efficiently map two spectral lines
simultaneously.

* probes the state of the ISM with FIR lines.

« successfully completed its first two commissioning/
science flight series.

« is offered in the Cycle 3 Call for Proposals.
http://www.sofia.usra.edu

Come To0 the SOFIA beeth!
Write some propesals!
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