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Cycle	of	the	ISM	in	galaxies	
From	diffuse	clouds	to	stars	and	eventually	back	to	diffuse	clouds



White	papers, total	9	:		3	UV	,	3	FIR,	(1+1)	THz and	1	in-situ	

Author Title
Hendrik Linz		et	al. Bringing high spatial resolution to	the Far-infrared - A	giant leap for astrophysics

Astrochemistry

Martina	Wiedner et	al.	 Origins Space Telescope:	 From First Light	to	Life (Mission of	Opportunity)

Vianney Lebouteiller et	al. A	complete	census of	the gas	phases in	and	around galaxies:	far-UV
spectropolarimetry as	a	prime	tool for understanding galaxy evolution and	star
formation

Ana	Inés	Gómez	de	Castro	et	al. Closing gaps	to	our Origins.	The UV window to	the Universe

Miriam	Garcia Massive Stars in	Extremely Metal-Poor	Galaxies:	a	Window into the Past UV

Dimitra Rigopoulou et	al.	 The Far Infrared Spectroscopic Surveyor

Leonid Gurvits et	al.	 TeraHertz Exploration and	Zooming-in	for Astrophysics (THEZA)

Robert	F.	Wimmer-Schweingruber
et	al.

In-situ Investigations of	the Local	Interstellar Medium

Jean-François	Lampin LUNES	:	LUNar tErahertz teleScope Expanding the electromagnetic window



FUV (912 - 2000 Å) absorption spectropolarimetry: HI, H2, D, CO, CH, CII, CII*, OVI... 

Chemistry and physics of the diffuse ISM:
• How is the ISM structured? How do phases interact? 
• What are the gas ionizing and heating mechanisms?
• What drives the chemistry?

Precision measurement of magnetic field:
• What is the role of magnetic field in the ISM phases and star formation?

The ISM properties in external galaxies and gas flows in the CGM
• Is there evidence of metal-free gas accretion?
• Does star formation proceed in cold atomic gas in quasi-pristine environments at redshift~0?
• Are there enough CGM clouds to sustain star formation through accretion?
• How are the galactic halos energized?

Large	samples	of	line	of	sights	in	the	Galaxy,	other	galaxies and	QSO

A	complete	census of	the gas	phases in	and	around galaxies:	far-UV	spectropolarimetry
as	a	prime	tool for understanding galaxy evolution and	star formation

Vianney Lebouteiller et	al.	&	(Ana	Inés	Gómez	de	Castro et	al.	)



Vianney	Lebouteiller	et	al.:
Mission:  L-type, Effective area > 40 000 cm2 , spatial resolution 10 mas, 
                 spectropolarimetry capabilities with  spectral resolution R > 120000 -200000
                 ESA contribution to LUVOIR.  The POLLUX instrument supported by CNES

Ana	Inés	Gómez	de	Castro	et	al.	
Mission:  L-type, 6-10 meter telescope with	angular	resolution	10	mas,	
																											spectroscopy	with	R=20,000-100,000,	spectropolarimetry,	R=80,000,	
																											Integral	field	spectroscopy	R=500-1000	

A	complete	census of	the gas	phases in	and	around galaxies:	far-UV	spectropolarimetry
as	a	prime	tool for understanding galaxy evolution and	star formation

Vianney Lebouteiller et	al.	&	(Ana	Inés	Gómez	de	Castro et	al.	)



Massive Stars in	Extremely Metal-Poor	Galaxies:	a	Window into the Past UV
Miriam	Garcia et	al.	

Stellar evolution: Breaking the frontier of the SMC metallicity (0.2 Zo)

What are the physics processes in massive stars in pristine systems?

How does the feedback change as a function of metallicity? 
• GRBs,	SNe,	SLSNe progenitors
• Formation	of	>30M� black	holes	in	binary	systems	(GW150914)?
What is the effect of metallicity in the IMF?

Mission: L	type	:	10	m	class	telescope	operating	in	the	UV-optical-NIR
ESA	contribution	to	LUVOIR	with	a	multi-object	optical	spectrograph	with	R	=	1000,	8000	and	50000.

Kudritzki (2002)

Zo
0.2 Zo

10-2 Zo
10-3 Zo
10-4 Zo

WINDS

SMC

Spectroscopy	in	the	3600-7000	A	with	spectral	resolving	powers	of	1000,	8000,	50000
Characterization	of	a	significant	sample	of	XMP	massive	stars	(from	galaxies	at	1-4	Mpc)	with	Z	<0.	2



The Far Infrared Spectroscopic Surveyor
Dimitra Rigopoulou et	al.

Large scale mapping in 4 selected far-IR lines (CI, OI, CII and NII) at very high spectral resolution
Galactic plane, nearby Galaxies and blind fields

How the gas transforms into stars  and  how their feedback impact the ISM: 
• How does the Interstellar Medium vary with environment?
• How do molecular clouds form?
• What regulates Star Formation in galaxies ?
• How much gas is in `CO-dark’ clouds and how does it impact on modes of SF?
• What is the impact of radiative feedback on the ISM?

Mission: M-type, 1-2 meter class telescope operating in the 4 bands in the  63 to 370μm range 
high resolution spectroscopy with multibeam heterodyne receivers



In-situ	Investigations of	the Local	Interstellar Medium
Robert	F.	Wimmer-Schweingruber et	al.

Measure:
• Composition	of	the	local	interstellar	medium?
• Properties	of	the	interstellar	magnetic	field?	
• Properties	and	dynamics	of	the	interstellar	neutral	component?	
• Properties	and	dynamics	of	interstellar	dust?	

How	do	they	relate	to	the	diffuse	ISM?

Mission:	L	type	with	international	collaboration.	
Figure 1: The positions of the Voyagers in the helio-
sphere. In August 2012 Voyager 2 entered a region
likely to be associated with the heliopause. Voyager
1 has just recently entered this region. Neither Voy-
ager will be able to probe the interstellar medium
proper, necessitating an Interstellar Probe.

2 Introduction

After the exciting in-situ observations of the termi-
nation shock and the entry of the Voyager 1 space-
craft into the inner regions of the outer heliosheath
(see Fig. 1), there is a growing awareness of the sig-
nificance of the physics of the outer heliosphere. Its
understanding helps to clarify the structure of our
immediate interstellar neighborhood (e.g., 12), con-
tributes to the clarification of fundamental astro-
physical processes like the acceleration of charged
particles at a stellar wind termination shock (e.g.,
34) and beyond, and also sheds light on the ques-
tion to what extent interstellar-terrestrial relations
are important for the environment of and on the
Earth (38) and exoplanets.

In order to explore the boundary region of the he-
liosphere, it is necessary to send a spacecraft to per-
form advanced in-situ measurements particularly in
the heliosheath, i. e., the region between the solar
wind termination shock, and the heliopause, as well
as in the (very) local interstellar medium (VLISM).
Solar activity is decreasing to “normal values” be-
low those of the Grand Solar Maximum (4) which
was typical of the space age so far (Fig. 8). This is
likely to reduce the size of the heliosphere and al-
lows us to study a “normal” heliosphere by launch-
ing an Interstellar Probe (IP) which will also pro-
vide within a shorter time than previously believed
the first comprehensive measurements of key pa-
rameters of the local interstellar environment such
as its composition, state, and magnetic field. To-
gether with an accurate determination of the state
of the heliospheric plasma across the heliosphere,
these quantities are crucial to understanding how
the heliosphere, and, much more generally, astro-

spheres, are formed and how they react to varying
interstellar environments. Our current understand-
ing of the interstellar medium and heliosphere is un-
dergoing dramatic changes. Today, we understand
the interstellar medium as a turbulent environment
with varying degrees of ionization, highly variable
composition and dust-to-gas ratio interacting with a
complex magnetized and highly ionized heliospheric
plasma - all in a complex background field of UV,
cosmic rays, and neutral particles which is modi-
fied by the interaction itself. Thus, the heliosphere
and its boundary regions serve as the worlds largest
laboratory for complex plasmas. This complex re-
gion strongly modulates the flux of galactic cosmic
rays which account for one half of the natural back-
ground radiation that life is exposed to on Earth
and shields Earth and solar system from highly re-
active neutral hydrogen atoms, thus ensuring the
habitability of Earth (and, in analogy, of potential
life-supporting exoplanets). How does this shielding
function depend on the strongly varying interstel-
lar environment? How does this shielding depend
on the solar activity-induced heliospheric structure
(Fig. 2)? What is the role of (anomalous) cosmic
rays in these interstellar-terrestrial relations?

The ongoing Voyager Interstellar Mission (VIM)
and recent observations from the Interstellar
BoundaryExplorer (IBEX) (67) and Cassini mis-
sions (57) have revealed the interaction of the helio-
sphere with the VLISM to be much more complex
than heretofore assumed. With new observations
have come significant new puzzles for describing
the physics of the interaction between solar (stel-
lar) wind and the surrounding interstellar medium.
In-situ instruments on Voyager 1 and Voyager 2 up
to very recently have revealed significant fluxes of
energetic particles in the heliosheath, including a
well-defined suprathermal ion “tail” in which the
differential intensities fall off ⇠ E�1.5 above ⇠30
keV (25). At higher energies (⇠100 MeV), there
is no “unfolding” of the energy spectrum of the
anomalous cosmic rays (ACRs), thus pointing to
a more remote location for the modulation region
and source (91; 94). Most strikingly, direct mea-
surements of the shocked solar wind flow speed ob-
tained from Voyager 2 revealed that the flow re-
mains supersonic in the heliosheath beyond the ter-
mination shock (90). All of these particle obser-
vations, taken together, unambiguously imply that
the bulk of the energy density in the plasma re-
sides in a non-thermal component that extends to
very high energies. Strong implications, both quan-
titative and qualitative, follow from this fact for
the overall heliosheath structure. We have never
encountered a large-scale plasma regime in which
the non-thermal ion pressure dominates the thermal
pressure and overwhelms the magnetic field stresses.
The closest known analogies are regions of planetary
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TeraHertz Exploration and	Zooming-in	for Astrophysics (THEZA)
Leonid Gurvits et	al.

Water	in	protoplanetary	disks:	

• ice	lines	– tracers	of	dust	grains	dynamics	

Cold	water	vapour	reservoirs	:

• understanding	the	``disk	– protoplanet’’	dynamics

Water	in	exoplanets:	

• from	planet	formation	to	biospheres	

Mission:	L-type,	Space	interferometer	with	2-3	medium	size	antennas
operating	from	300	μm to	1.5	mm	with	heterodyne	receivers
Medium-Earth	orbits and	very	high	spectral	resolution

VY	CMa

High	resolution	imagining		(0.01”	to	0.1”)	of	water	lines	at	sub-mm	wavelengths



LUNES	:	LUNar	tErahertz	teleScope	Expanding	the	electromagnetic	window
Jean-Franco̧is	Lampin	

Observatory	on	the	moon:
Telescope	:		>	10	m		(target	30m)		operating	at	THz	(1- 10THz	/30-300	μm)		
High	spectral	resolution	provided	by	heterodyne	receivers	

Scientific	potential:	
Astrochemistry: from	light	hydrides	(e.g H2O,	OH+,	.)	to	very	complex	molecules	organic	molecules	
ISM	: main	coolant	lines	(CI,	CII,	OI,	OII,	NII,	..),	CO-dark	gas	(HD)		

Explore	a	wide	range	of	objects	from	protoplanetary	discs	to	high-z	galaxies


