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Context: The European astronomical community has 
free access to world-leading optical facitilities (ESO/VLT)
+ HST + ALMA + VLA + …



The	Historical	European	FIR	Land	Scape

1983:	NASA	(US)	+	
NIVR	(NL)	+	SERC	(UK)

Complementary:(Sub)millimeter

1996-1998:	ESA	+	
NASA	+	ISAS	(JP)
Photometry	(+	Polari-
metry)	+	Spectrosco-
py 2.5	–204	(198)	µm
Imaging	(2.5	–17	µm)

Herschell

2009	–2013l

IRAM 1984–2024

JCMT 1987–

ALMA 2011–

APEX 2006–2022



HIFI (Heterodyne Instrument for the Far Infrared) 
480 – 1910 GHz,  7 bands
Very high resolution heterodyne spectrometer 

PACS (Photodetector Array Camera and Spectrometer)
1.4 – 5 THz: photom. 1.75 x 3.5’ / spec 50×50”@ 5”
Imaging photometer / medium resolution grating spectrometer

SPIRE (Spectral and Photometric Imaging Receiver)
0.58, 0.83, 1.2 THz,   4’ ×4’
Imaging photometer / imaging Fourier transform spectrometer 



Herschel/HIFI: 480–1250 and 1410–1910 GHz 

De Graauw+ 2010SOFIA/GREAT: 1.25 –2.5 THz + 4.7 THz  

http://www3.mpifr-bonn.mpg.de/div/submmtech/heterodyne/upgreat/upgreatmain.html

Channel Frequencies	
(THz)

Lines	of Interest

4GREAT-1	(HIFI-1) 0.492– 0.635 [CI],	CH, H2
18O,	NH3

4GREAT-2	(HIFI-2) 0.892–1.100	 Many

4GREAT-3	(GREAT-L1) 1.2	–1.5 [NII],	CO,	H2D+

4GREAT-4	(GREAT-L2) 1.81–1.91 NH3,	OH,	[CII]



The Herschel Multi-tiered 
Extragalactic Survey: HerMES
Oliver+	2012

HDF	SCUBA	870	µm
Hughes+	1998

The	beginning	of	
submm cosmology





Weiß+	2007

Ao+	2009

From	the	Early	Universe	back	to	the	Milky	Way:
CO	Spectral	Line	Energy	Distributions

NGC	3256
High	z

Local	ULIRGs

CO Spectral Line Energy Distributions in 
Galactic Sources: Empirical Interpretation 
of Extragalactic Observations

Indriolo+	2017



Filaments	everywhere:	
the	Turbulent	ISM

Herschel	PACS	70,	160,	
+	SPIRE	500	μm

Andre+	2010	



PDRs:	Photodissociation Regions	
Tielens &	Hollenbach 1985



SOFIA/GREAT:	Perez-Beaupuits+	2015

PDR	Example:	The	physical	conditions	in	the	prominent	PDR	M	17	SW





Light Hydrides before Herschel
• Building blocks of larger molecules

• For a very long time, optical absorption lines from CH, CH+ and CN have 
been important probes of diffuse and translucent interstellar clouds

• CH, CH+, CN (1935–37)

• H2 (UV 1970)

• HD (UV) 

Then came radio/mm (1960s/70s)
• OH (1963), NH3 (1968), H2O (1969), CH (1973), HDO, H2S

and (sub)millimeter (since late 1980s) 

• H2D+, D2H+

• NH2

• HDO, D2O, H3O+

After 2000:

• CH2 (ISO)

• HF (ISO)

Needs bright optically visible 
stars as background sources à
Restricted to a few kpc from Sun

Needs radio/(sub)mm 
background sources à
Can be done Galaxy-wide

Completely new view of 
diffuse ISM chemistry 
since 2010!



Compilation: Gerin et al. 2012

PRISMAS: PRobing Interstellar Molecules with 
Absorption Line Studies



The Atacama Pathfinder Experiment: a European 
Submillimeter telescope

… with maximal synergy with SOFIA



The	Atacama	Pathfinder	Experiment	(APEX)
Built	and	operated	by
• Max-Planck-Institut	fur	Radioastronomie
• Onsala Space	Observatory
• European	Southern	Observatory
on
Llano	de	Chajnantor (Chile)
Longitude:	67° 45’	33.2”	W
Latitude:				23° 00’	20.7”	S
Altitude:	5098.0	m

•Æ 12	m
• l =	200	µm	– 2	mm
• 15	µm	rms surface	accuracy
• In	operation	since	July	2015
• Initial	PI	and	facility	instruments:

• 345	GHz	heterodyne	RX
• 295	element	870	µm	Large	APEX	
Bolometer	Camera	(LABOCA)

http://www.mpifr-bonn.mpg.de/div/mm/apex/



ATLASGAL: 
APEX Telescope Large Survey of the Galaxy

- Main goals:
• To have a complete 350 GHz census of high mass 

star formation in the Galaxy (= whole part of Galactic 
plane visible with APEX)
• To detect protostellar condensations down tens of solar

masses throughout the Milky Way
Total observing time: ~1000 hours







Expected in 
2017:

A-MKID (MPIfR + SRON, 
NL)
3520 pixel at 870 µm
21600 pixel at 350 µm 
(filling 15’ Field of View)
à 2016

+ArTeMiS (CEA, 
Orsay/ESO)
5760 pixel 250+350+450 
µm each
à2016



Note: 1800 different co-investigators used APEX so far!

APEX is very international!
Home countries of ESO/APEX proposal principal investigators

xxssssssss
ssssssss



GREAT	European	Collaborations

Compiled by H. Wiesemeyer



Interactions
Between the German and the Larger European FIR Communities

• There are lots of scientist to scientist/group to group collaborations
• Driven by scientific interest, concentration on

• ISM physics and chemistry, galactic and (nearby) Galaxies 
• star formation
• The Galactic center and the central molecular zone
• Planetary nebulae
• …

• SOFIA covers broad science, but doesn’t do major FIR areas
• Large scale continuum imaging, ISM and cosmology deep fields

• On a formal level, German institution are involved in the planning of 
(far) future FIR space missions









European	(ESA)		ex	officio	members	of	NASA	study	group:
• Susanne	Aalto	(Onsala Space	Observatory,	Sweden)
• Maryvonne Guerin	(Observaoire de	Paris,	France)
• Frank	Helmich (SRON,	Netherlands	Instute for	Space	Research)
• Karl	Menten	(MPI	for	Radio	Astronomy,	Germany)







Long	duration	balloon	flights
...	an	additional	option	for	FIR	stronomy



APEX and SOFIA Workshops (in alternating years)
• at Ringberg Castle, Bavaria
• organized by Friedrich Wyrowski
• Next SOFIA workshop March 5-8, 2017



Thanks for your 
attention





http://www.mpia.de/homes/decarli/science.html

The “negative K-correction”



FIRSPEX	payload:	High	spectral	resolution	H/D	spectrometer


