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Debris discs are common

Dusty extrasolar analogues of the asteroid and Kuiper belts.


Dust IR excess around >20% of Solar-type stars.


Dust is short-lived due to radiation forces and collisions.


Dust is replenished by collisional cascade from um- to km-sized bodies. 


Gas can be present and released from solids or protoplanetary disc leftover

ExoKuiper belt
Asteroid belt

See reviews by Hughes+2018, Marino 2022 
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Why do we study them?

source:exoplanet.eu

10°1 100 101 102

Orbital radius [au]

10°1

100

101

102

103

P
la

n
et

m
as

s
[M

©
]

Earth

Mars

Venus

Neptune

Jupiter

Saturn

Uranus

Mercury

ExoKuiper belts probe the outer regions.


Unique constraints on:


• Presence of planets


• Dynamical history 


• Planet Formation

ExoKuiper belts

http://exoplanet.eu
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Why is the FIR-Submm so important?
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The panchromatic gallery of Fomalhaut observations

Supplementary Figure 12 The images are from the following studies: HST/STIS - [13,
18], JWST/MIRI - this work, SOFIA/FORECAST - [19], Herschel/PACS - [20], ALMA -
[16]. The gallery shows how di↵erent wavelengths highlight di↵erent regions within the disk
and how JWST is uniquely able to resolve structures within the inner regions. Images are
displayed at their proper orientations, with N to the top and E to the left.

view of dust scattered light and thermal emission from optical, through mid-
IR to radio wavelengths. In Supplementary Figure 12 we present the images
from HST/STIS [13, 18, this work], MIRI (this work), SOFIA/FORECAST
[19], Herschel PACS [20], and ALMA [16]. We note that these are not the
only images of the system [e.g. there are also HST/ACS images as well as
Spitzer/MIPS images; 14, 17], but are the deepest, highest spatial resolution,
and most complete observations at the given wavelengths. These images high-
light the unique diagnostic capability of each instrument/observatory and the
unparalleled opportunity we have with JWST to study such systems at mid-IR
wavelengths at high spatial resolution.
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Image credit: Gaspar+2023SED data collected by G. Kennedy
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10 years of ALMA have raised fundamental questions

• Are substructures common?                      

• How excited are exoKuiper belts?                                                  

• What is the origin, distribution and kinematics of gas?

The ALMA survey to Resolve exoKuiper belt Susbstructures (ARKS)

PI: S. Marino, co-PI’s: M. Hughes and L. Matrà


51 members, >30 institutions 


Sample of 18 new + 6 archival exoKuiper belts

ARKS meeting, Dublin 2023
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Only scratching the surface with ALMA

Spitzer/Herschel

ALMA

Kuiper belt
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Future FIR-submm could reveal gas composition -> origin

Gas mass distribution (predicted by Kral+2017)
Icy exocomets as the origin of gas in debris discs 7

Figure 4. CO mass (in M�) as a function of distance to Earth (d). Planetary systems with gas detections are labelled with their names.
If CO is detected, the label is in blue (black otherwise). The CO mass worked out from observations are shown as green points (see
Table 2). The red points are predictions from our model. The red downward arrows show systems that are in the blue hatched area on
Fig. 1, which cannot keep CO trapped on solid bodies. The thin orange lines show detection limits (assuming LTE and T=100K) with
APEX at 1.3mm and 870µm (5� in one hour) and the thin green lines are for ALMA at the same wavelengths and 2.6mm. We also
compute the detection thresholds in NLTE, assuming an ionization fraction of 0.1 and R0=85au. The corresponding thick lines are in
orange for APEX and green for ALMA and we keep the same line style for the di↵erent wavelengths.

Table 2. NLTE calculations of CO masses from observations (op-
tically thin assumption). We indicate as a footnote where the line
fluxes were taken from. The second column provides the assumed
electron density (computed from the model presented in this pa-
per) when computing the CO mass.

Star’s CO mass Electron Density
name (M�) (cm�3)

� Pic1 2.8⇥ 10�5 240
49 Ceti2 1.4⇥ 10�4 350
HD 219973 6.0⇥ 10�2 510
HD 322974 1.3⇥ 10�3 360
HD 1100585 2.1⇥ 10�5 500
HD 1318356 6.0⇥ 10�2 10
HD 1388135 7.4⇥ 10�4 1400
HD 1468975 2.1⇥ 10�4 5
HD 1566235 2.0⇥ 10�3 10
HD 1813277 1.8⇥ 10�6 130

1 Matrà et al. (2017), 2 Hughes et al. (2008), 3 Kóspál
et al. (2013), 4 Greaves et al. (2016), 5 Lieman-Sifry
et al. (2016), 6

http://www.eso.org/sci/meetings/

2016/Planet-Formation2016/Contributions/Oral/

planets2016-MoorA.pdf, 7 Marino et al. (2016)

3.5 Detection thresholds for APEX and ALMA

In this subsection, we first describe in 3.5.1 how we com-
puted the APEX/ALMA detection thresholds in Fig. 4. In
3.5.2, we then explain how we compute flux predictions from
our mass predictions. We can then assess in 3.5.3 the de-
tectability of the CO mass predicted for each system. In
3.5.4, we quantify the location of the LTE/NLTE transi-
tion. In 3.5.5, we explain in more detail the NLTE calcula-
tions used throughout the paper and describe how the NLTE
regime varies compared to LTE. Finally, in 3.5.6, we explain
how we compute the optical thickness of CO transitions.

3.5.1 Detection threshold calculation

To assess the detectability of each system in Fig. 4, we com-
pute the detection thresholds with APEX (orange lines) and
ALMA (green lines), assuming gas both in LTE (thin lines,
see subsection 3.5.4) and NLTE (thick lines, see subsection
3.5.5). While NLTE provides the most accurate estimate
of the line fluxes, LTE might be a valid approximation in
certain regions of parameter space and is much simpler to
calculate. Thus we plot both to emphasise their di↵erences
(see Matrà et al. 2015).

For an optically thin line, the integrated line flux seen
at Earth is

c� 2002 RAS, MNRAS 000, 1–27

CO in submm

ALMA

Icy exocomets as the origin of gas in debris discs 19

Figure 10. OI mass (in M�) as a function of distance to Earth (d). Planetary systems with gas detections are labelled with their
names. If OI is detected, the label is in blue (black otherwise). The OI mass for � Pic, derived from PACS observations (Kral et al. 2016;
Brandeker et al. 2016) is shown as a green point as well as the observed mass for HD 172555 considering the flux observed with PACS
(Riviere-Marichalar et al. 2012). The second green point (at a lower mass) for HD 172555 considers that some extra hydrogen comes
o↵ the grains at the same time as CO is released (see section 6). The red points are predictions from our model. The red downward
arrows show systems that are in the blue hatched area on Fig. 1, which cannot keep CO trapped on solid bodies. The purple points show
predictions from our model when the observed CO mass is used rather than the CO mass predicted from LIR/L?. Detection limits at 5�
in one hour are shown for Herschel/PACS (in red), SPICA/SAFARI (in orange) and FIRS (in green) for a 10m aperture. The thin lines
are for LTE calculations and thick lines for more realistic NLTE calculations (using the same assumptions as described in section 3.5).

Table 9. List of SPICA promising targets to look for OI and their predicted masses and fluxes without (2 first columns) and with
extra water released together with CO (2 following columns). The last column gives observed fluxes or upper limits when systems were
observed with Herschel.

Star’s OI mass FOI 63µm OI mass (with H2O) FOI 63µm (with H2O) FOI(obs) 63µm

name (M�) (W/m2) (M�) (W/m2) (W/m2)

� Pic 5.1⇥10�03 1.1⇥10�18 1.5⇥10�02 1.4⇥10�17 1.7⇥10�17a

HR 4796 2.5⇥10�01 3.7⇥10�19 7.5⇥10�01 4.4⇥10�18 < 4.7⇥ 10�18b

HD 172555 6.6⇥10�05 3.1⇥10�19 2.0⇥10�04 2.5⇥10�17 9.2± 2.4⇥ 10�18c

HD 121191 3.9⇥10�03 9.9⇥10�20 1.2⇥10�02 1.7⇥10�18 -
⌘ Tel 2.2⇥10�03 8.9⇥10�20 6.6⇥10�03 1.6⇥10�18 6.2⇥10�18d

Fomalhaut A 4.1⇥10�05 5.9⇥10�20 1.2⇥10�04 2.4⇥10�19 1.0⇥10�17e

HD 138923 1.6⇥10�05 4.3⇥10�20 4.7⇥10�05 2.7⇥10�18 -
HD 156623 9.9⇥10�02 4.2⇥10�20 3.0⇥10�01 3.0⇥10�18 -
49 Ceti 4.4⇥10�03 3.5⇥10�20 1.3⇥10�02 3.2⇥10�18 < 1.1⇥ 10�17f

HD 106036 1.8⇥10�04 1.3⇥10�20 5.5⇥10�04 1.1⇥10�18 -
HD 138813 1.4⇥10�02 1.2⇥10�20 4.3⇥10�02 1.2⇥10�18 < 1.3⇥ 10�17g

HD 181327 2.0⇥10�03 1.1⇥10�20 6.0⇥10�03 5.5⇥10�19 < 8.2⇥ 10�18d

a KWC16, b Riviere-Marichalar et al. (2013), c Riviere-Marichalar et al. (2012), d Riviere-Marichalar et al. (2014), e

Cataldi et al. (2015), f Roberge et al. (2013), g Mathews et al. (2013).

c� 2002 RAS, MNRAS 000, 1–27

OI in FIR

Herschel



ExoKuiper belts are common and trace outer regions of planetary systems

ALMA large program ARKS is revealing their detailed structure

- Very diverse 

- Radial structure can tell us about outer planets

- Vertical structure  —> wide range of dynamical excitation

Gas can be present, but its origin is still unclear

Future FIR-Submm facilities could allow to study the bulk population of belts

Summary 
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- arcsec or higher resolution

- FOV of 20” or larger (similar to ALMA)

- High continuum sensitivity: 3-10x Herschel or 3-10x ALMA

- High line sensitivity: 10x Herschel or 10x ALMA

Preferred capaibilities of FIR/Submm missions
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