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Herschel Space 
Telescope 
•  ESA + NASA far-IR observatory 

(60 - 600 µm) launched in May 2009 

•  Largest mirror ever built for an 
astronomy space telescope: 
3.5 meters diameter 
 

•  Three instruments onboard: 
PACS, SPIRE, HIFI 
 

•  This talk: 
•  PACS Spectroscopy and 

70, 100, 160 µm imaging modes 
•  SPIRE : 250, 350, 500 µm imaging mode 
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From Clouds, 
 to Envelopes, 
  to Disks 
   to Planets 
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See also talks by:  
•  E. van Dishoeck 
•  K. Su 
•  J. Marshall 
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Outline of this talk 
• The protoplanetary period 

TTauri (~ 1 Msun), Herbig Ae/Be (~ 3-10 Msun)  stars, < 10 Myrs 
PACS/spectrocopy 

• Disk clearing phase 
PACS/spectroscopy, SPIRE photometry 

• Young debris disks in the β Pic 
moving group (12-20Myrs) 
PACS/spectroscopy & photometry 

• Debris disks imaging (up to Gyrs) 
PACS imaging mode 
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Herschel Key Programs on Disks 

• Protoplanetary disks : 
• GASPS (PI: W. Dent) : 400h, PACS survey (250 disks) 
• DIGIT (PI: N. Evans) : 250h, PACS full range scan, 

mineralogy, includes embedded objects 
• WISH (PI: E. van Dishoeck) : water in star forming 

regions, includes a dozen sources with disks 

• Debris disks: 
• DUNES (PI: C. Eiroa) : 140h, sensitivity limited survey 

for debris disks (130 FGK nearby stars) 
• DEBRIS (PI: B. Matthews) : 140h, flux limited survey 

for debris disks (350 A to M stars) 
• GTO (PI: G. Olofsson) : 6 debris disks 
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THE PROTOPLANETARY 
PERIOD 
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Gas in protoplanetary disks 
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1. Description of the proposed programme (cont.)

compared with molecular content. Water molecules are formed from the reaction of oxygen atoms with H2 in
the dense, warm regions. Simple disk chemical models predict a large water vapour abundance in the inner disk
up to the “snow line” and all water frozen onto grains beyond. However, non-thermal desorption mechanisms
(Dominik et al., 2005) and vertical mixing models (eg Aikawa 2007) predict a significant abundance at much
greater radii in some cases. Water is predicted to be the main oxygen reservoir in the gas phase at temperatures
above the water-ice sublimation temperature (100− 150 K). After disk gas dispersal, icy planetesimals become
the main water reservoir. Water ice will evaporate in bodies that cross the snow line; molecules can also be
released into the gas phase at larger distances by the sublimation of CO and other volatile molecules, and may
even be detected after the dispersion of the primordial disk gas.

Fig. 1: Detectability of gas in a T Tauri disk, illustrating regions responsible for the [CII] 158 µm, [OI]
and water line emissions, based on chemical concentrations from Kamp & Dullemond (2004; KD04).
Effects of critical densities, optical depths and temperature are taken into account schematically (see
Table 1 for details). For less massive disks, line forming regions are geometrically thicker, stretching
deeper into the midplane. For more luminous stars, the gaseous H2O region will extend to larger radii.

1.1.5 Gas in protoplanetary disks: observations
Protostellar accretion indicates the presence of circumstellar gas. However, although the accretion rate falls
over the same timescale that hot dust is dissipated (e.g. Sicilia-Aguilar et al. 2005), this does not necessarily
indicate that the final stages of gas clearing occur on this time scale. Disks with embedded gas giant planets
will halt stellar accretion even though the outer disk may be gas-rich. Further, disks with gas surface densities
large enough to circularize terrestrial planets may not register detectable stellar accretion rates.
The hot inner few AU of disks emit in the near-infrared (Fig. 1) and the gas content can be studied via high
resolution ground-based spectroscopy. CO and H2O have been detected in both T Tauri stars (Najita et al.
2003; Carr et al. 2004) and their more massive counterparts, Herbig Ae/Be (HAeBe) stars (Brittain et al.
2007). The cooler, outer disk can be studied in (sub-)millimeter lines of CO (e.g. Dent et al. 2005) and a
few other molecules (Thi et al. 2004). However, molecular dissociation and sensitivity issues limit detection to
all but the youngest, most massive disks. UV spectroscopy has shown the presence of hydrogen, carbon and
some metals in the inner regions of disks (Roberge et al. 2006) but only in a handful of objects with favorable,
nearly edge-on, inclinations. Recently, the 12.8 µm line of [NeII] was detected by Spitzer in four protoplanetary
disks (Pascucci et al. 2007). However, Neon ionisation requires X-ray or EUV photons which might not be
present in non-accreting disks; also the [NeII] line only probes the ionised component in a thin disk surface
layer very close to the star. Warm H2 emission has been detected from a few disks in the mid-IR (Lahuis et
al. 2007; Martin-Zäıdi et al., 2007), but again this is from close to the star. Hot H2 is also seen in some cases
(eg Ramsay Howat & Greaves, 2007), but it seems to be only detectable in the more massive disks. Measuring
gas abundances in circumstellar disks was one of the primary goals of two Spitzer Legacy programs and several
GT programs. Few disks were detected, however, due the low line-to-continuum ratio, high excitation levels of
the mid-IR lines, and Spitzer’s relatively low spectral resolution (Gorti & Hollenbach 2004). The FEPS mid-IR
survey of gas in non-accreting disks (mainly � 10 Myr) suggested that most primordial gas is dispersed within
this timescale (Pascucci et al. 2006). Clearly it is necessary to conduct a systematic survey of young
disks with a sensitive and reliable gas tracer. Lines in the far-IR regime have the advantage of being
both highly sensitive and of tracing emission from disk radii of ∼ 5− 500 AU, where giant planet formation is
expected to occur and where most of the disk mass is located.
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• Gas evolution : 
•  Time scale for gas dispersal and gas-giants formation ? 
•  Relative evolution of gas and dust (dynamics of solids, chemistry) ? 

 

• Uncertain gas mass estimates: 
•  Gas: ~ 99% of initial mass in disks 
•  but notoriously difficult to assess 

 

• Herschel: 
•  New gas diagnostics: 

atomic & molecular tracers 
•  Sensitivity allows surveys 

=> statistics 
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Atomic Oxygen [OI] 63µm: first results 
•  4 example sources : 

 

•  HD169142 (A5, 6Myr)  
•  TW Hya (K7e, 10Myr)  
•  RECX15 (M2e, 9Myr)  
•  HD181327 (F5, 12Myr, 

debris disk) 
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Mathews et al. 2010 

PACS spectroscopy 

PACS photometry 
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The sample at [OI] 63.2 micronThe sample at [OI] 63.2 micron
[OI] 63µm : Herbig Ae/Be & Young Debris Disks 
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Meeus et al. 2011, in prep. 
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[OI] 145µm & CO J=18-17 : Herbig Ae/Be 
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Meeus et al. 2011, in prep.   

[OI] 145 micron: already challenging[OI] 145 micron: already challenging
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[OI] 63µm in TTauri stars: 
Disk and/or Outflows? 
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Howard et al. 2011, in prep. 
Podio et al. 2011, in prep. 

Known 
Outflow 
Sources 

No or low-
outflows 

Transition 
Disks 
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[CII], Herbig Ae/Be 

•  Caution: possible 
background 
contamination 

•  TTauris: C+ 
mostly found 
toward outflow 
objects 
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[CII] 157.7 micron[CII] 157.7 micron

Meeus et al. 2011, in prep. 
Howard et al. 2011, in prep. 
Podio et al. 2011, in prep. 
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CO, OH, H2O, … 
• HD100546 :  
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Strum et al. 2010, Thi et al. 2011 
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Modeling 
•  Interpretation of line observations is complex ! 
→ need for detailed modeling 

•   Interfaced modeling tools: 
•  MCFOST: 3D continuum & line Radiative Transfer (Pinte et al 2006, 2009) 
•  ProDiMo: thermal balance & chemistry (Woitke et 2009, Kamp et al 2010) 
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A case study : 
HD 169142 

•  Young Herbig Ae/Be star (6Myr) 

•  Dust modelling (SED + images)  
→ geometry, gap at 10 AU 
→ dust properties 
→ amount of PAHs 

 
•  Input for gas modelling  
→ low UV excess 
→ PAH = main gas heating source 

•  Gas dust ratio 
≈ 20-50 
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HD 169142: summary of the modeling

GASPS modeling team
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1. Modeling approach

Far-IR lines emerging from a circumstellar disk are affected
by many parameters (e.g. Woitke et al. 2010): stellar radiation,
disk mass, structure and geometry, as well as dust content. e.g.
grain size, composition, amount of PAHs. In order to interpret
the lines observed with Herschel, it is crucial to obtain a solid
knowledge of the dust disk structure. A multi-technique ap-
proach combining several continuum observations (SEDs, spec-
troscopy, images) has proven successful in constraining the dust
disk (Wolf 2003; Pinte et al. 2008; Duchêne et al. 2010). We use
the Monte Carlo radiative transfer code MCFOST (Pinte et al.
2006, 2009) to interpret the large continuum data set available
for HD 169142: SED, including an Spitzer/IRS spectrum, scat-
tered light image at 1.1 µm with the HST (Grady et al. 2007)
and visibilities at 1.3 mm with the SMA (Panić et al. 2008). Each
of these observations provide complementary views of the disk
structure and the dust properties. The best model reproducing the
continuum observations is then fed into the gas thermal balance
and chemistry code Pʀ�DɪM� following the pipeline described
in Woitke et al. (2010, see their figure 1) to interpret the line
observations.

We consider an axisymmetric flared density structure with
a Gaussian vertical profile assuming power-laws for the sur-
face density and scale height. Dust grains are defined as ho-
mogeneous and spherical particles (Mie theory) with sizes dis-
tributed according to the power-law dn(a) ∝ a

−3.5 da, where
amin = 0.03 µm and amax is fit for. The star is reproduced by
an uniformly radiating sphere with the previously determined
parameters: Teff = 7 800 K, log(g) = 4.1, [Fe/H] = -0.25 and
a stellar radius of 1.6 R⊙. Models are calculated with an incli-
nation of 15◦ consistent with the scattered light image and CO
velocity pattern.

2. Continuum modeling

The dust model was constrained by simultaneously fitting the
SED (Fig 1), 1.1 µm HST image and 1.3 mm SMA visibilities
(not shown here). The scattered light image mainly constrain the
flaring index to a low value around 1.0 and the mm visibilities in-
dicates a surface density varying as r

−1. The SED of HD 169142
presents a few remarkable features: strong millimeter emission
with a shallow spectral emission (Dent et al. 2006), a lack of
emission in the range ≈ 3 − 20 µm, the absence of silicate fea-
tures and the presence of strong PAHs bands at 6, 8 and 11 µm.

The millimeter emission is reproduced in our model by a dust
mass of 1.5 10−4 M⊙ and a grain size distribution extending up
to 1 cm. The lack of emission around 10 µm implies that there
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Fig. 1. SED of HD 169142. Black crosses are photometric points from
the litterature, blue crosses are PACS photometric observations and
red crosses are PACS continua derived from the spectroscopic obser-
vations. The green line represents the best MCFOST model. The blue
dot-dashed and pink dashed lines are the contributions (scattered light
and thermal emission) from the inner and outer disk respectively.

is a discontinuity in the disk τ = 1 surface, for instance due to
a shadowed area or a gap. In this paper, we explore a solution
with a gap. With our dust properties, we find a solution with two
sub-disks. The first one, extending from 0.1 to 5 AU with a mass
of 2 10−9 M⊙ is responsible for the near-IR emission, and the
second (Mdust = 1.5 10−4 M⊙), from 20 to 235 AU, produces
the mid-, far-IR and mm emission.

The lack of silicate emission features at 10 µm cannot be re-
produced by pure silicate grains and we use a mixture of 70 %
silicates (Draine 2003) and 30 % amorphous carbon (Zubko et al.
1996). HD 169142 shows strong PAHs features around 10 µm.
Due to the lack of continuum emission in the regime, these fea-
tures can be reproduced even with a low PAH abundance. For the
sake of simplicity, we modeled the emission with a single PAH
(54 carbon atoms) and ionized PAHs uniformly distributed in the
outer disk. We do not try to reproduce in detail the various bands
observed in the IRS spectrum but rather estimate the amounts of
PAHs, as input for the gas thermal balance modeling. We obtain
a relative mass fraction of PAHs of 5 10−4 (compared to the to-
tal dust mass). Assuming a gas-to-dust mass ratio of 100, this
corrsponds to a PAH abundance1 of fPAH = 0.03.

1 compared to the ISM abundance of 10−6.52 particules/H-atom.
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red crosses are PACS continua derived from the spectroscopic obser-
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is a discontinuity in the disk τ = 1 surface, for instance due to
a shadowed area or a gap. In this paper, we explore a solution
with a gap. With our dust properties, we find a solution with two
sub-disks. The first one, extending from 0.1 to 5 AU with a mass
of 2 10−9 M⊙ is responsible for the near-IR emission, and the
second (Mdust = 1.5 10−4 M⊙), from 20 to 235 AU, produces
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tures can be reproduced even with a low PAH abundance. For the
sake of simplicity, we modeled the emission with a single PAH
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outer disk. We do not try to reproduce in detail the various bands
observed in the IRS spectrum but rather estimate the amounts of
PAHs, as input for the gas thermal balance modeling. We obtain
a relative mass fraction of PAHs of 5 10−4 (compared to the to-
tal dust mass). Assuming a gas-to-dust mass ratio of 100, this
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Adapting the modeling strategy to large 
numbers of detections: the DENT Grid 

•  Inverting gas lines or flux ratios to derive disk parameters 
requires a good understanding of disk structure and 
diagnostic potential of various tracers. 
→ Only possible for well-documented objects. 

•  For statistical analysis: DENT grid 
•  A numerical experiment to investigate the influence of stellar, disk, 

and dust properties on continuum and line observables 
•  Study to what extent these dependencies can be inverted 
•  > 300,000 disk models, 

11 free parameters, 
200,000 CPU-hours 
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Woitke et al. 2010, Kamp et al. 2011, Pinte et al. 2010 
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DENT grid: diagnostic power of lines 
Gas mass estimation with the [OI] 63µm and 12CO 2-1lines 
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TW Hya, 10 Myr old 
TTauri star: 
Mgas =  2x10-3 Msun, 
vs. 0.5-5x10-3 Msun 
from modeling 
(Thi et al. 2010) 
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HD 169142, 6 Myr 
old Herbig Ae 
Mgas = 6x10-3 Msun, 
vs.   3-7x10-3 Msun 
from modeling 
(Meeus et al. 2010) 

log([OI]63/12CO 2-1) 

Kamp et al. 2011 
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DISK CLEARING 
PHASE 
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Inner DUST(!) disk dispersal timescale 
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• Young stars 
loose their 
inner dust disk 
within 10 Myr 

• What about 
the gas? 

Wyatt et al. 2008 

May 2nd, 2011 - Flagstaff 



Inner GAS disk dispersal timescale 
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= [OI] 63 µm 
detection 

frequency 
Taurus 

Upper Sco 

TWA 

Beta Pic 

Herbig Ae/Be 

Debris Disks 

See also talk 
by I. Pascucci 
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Transition (Cold) Disks 

•  Transition disks around 
young stars identified 
as objects lacking warm 
dust based on SED 
shape 

• Cold disks : 
•  A Gap, not a Hole 
•  Planet(s) carving a gap?  
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From Review by Williams & Cieza 2011 
Figure 6.4 Schematic of pre-transitional disk structure. The central circle is the star.
Progressing outward the components of the disk consist of the following: the inner
wall at the dust destruction radius (light gray), the inner disk (brown), a disk gap
(white) with a small amount of optically thin dust (dots), the outer disk wall (light
gray), and the outer disk (brown). Based on Piétu et al. (2006) and Espaillat et al.
(2007b), LkCa 15’s optically thick inner disk is located between 0.12 AU and 0.15
AU and the optically thin dust extends out to 5 AU. Between 5 and 46 AU the disk
is relatively clear of small dust grains and the outer disk is inwardly truncated at 46
AU. The spectrum of LkCa 15 shown in Figure 6.1 arises from both the star and the
inner wall of this schematic; the near-infrared excess emission (Figure 6.3) originates
only from the inner wall.
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T Cha : 
a gapped disk with a sub-stellar companion 

•  Size of the gap 
(0.2 – 7.5 AU) from 
modeling of Spitzer + 
VLTI observations 
(Olofsson et al. 2011) 
 

•  Detection of a 
companion: < 80 MJup 
@ 6.7 AU (detection in L’, 
upper limit in K) 
(Huélamo et al. 2011) 
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See also talks by Kraus & Eisner 

ESO press release 

Video at : http://www.eso.org/public/videos/eso1106a/ 
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T Cha: Herschel observations 

• PACS + SPIRE 
photometry rules 
out previous 
model for the 
outer ring: 
•  Geometry? 
•  Dust properties? 
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Cieza et al. in prep. 
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T Cha: Herschel observations 

• PACS + SPIRE 
photometry rules 
out previous 
model for the 
outer ring: 
•  Geometry? 
•  Dust properties? 

• Need resolved 
observations to 
measure the size 
of the cavity 
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(Full) ALMA prediction, 1.3mm, 
4h integration time, 

4 AU resolution 

Cieza et al. in prep. 
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HD 100546 : 
another gapped disk, with a proto-planet at ~10AU ? 

•  Silicate enter protoplanetary disks as 
amorphous grains, and are then 
partially annealed 

•  Herschel: 69 µm solide-state feature 
from crystalline silicate grains 
(forsterite) 

•  This feature is a thermometer: 
T ~ 150 – 200 K. 
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Sturm et al. 2010, 
Mulders et al., 2011, submitted 
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HD 100546 : 
another gapped disk, with a proto-planet at ~10AU ? 

•  Silicate enter protoplanetary disks as 
amorphous grains, and are then 
partially annealed 

•  Herschel: 69 µm solide-state feature 
from crystalline silicate grains 
(forsterite) 

•  This feature is a thermometer: 
T ~ 150 – 200 K. 
Locates the silicate crystals at the rim 
of the outer disk, and abundance 
enhanced by ~ 10. 

•  Too low temperature for local 
crystallization. 
Crystallization by collisional cascades 
or shocks induced by the suggested 
giant planet? 

Dusty Disks with Herschel - J.-C. Augereau 26 

Sturm et al. 2010, 
Mulders et al., 2011, submitted 
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YOUNG DEBRIS DISKS IN 
THE BETA PIC MOVING 
GROUP (12-20 Myr) 
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Debris disks 
•  Dust (and Gas?) are “second-generation”. Kuiper belts analogs 
•  Collisions between asteroids, and comet outgasing 
•  Planetesimals are formed, possibly planets too 
•  β Pic Moving Group is 12 – 20 Myr: 

terrestrial planet formation period? 
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Inclined ring Edge-on ring 
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β Pictoris disk in the far-IR 
•  Inclination consistent with optical image 
•  No asymmetry 
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Vandenbussche et al. 2010 
de Vries et al., in prep. 
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β Pictoris disk in the far-IR 
•  Inclination consistent with optical image 
•  No asymmetry 
•  69 µm crystalline forsterite feature. 

Also detected with Spitzer (< 35 µm), and spatially resolved at 10 µm 

Dusty Disks with Herschel - J.-C. Augereau 30 

Vandenbussche et al. 2010 
de Vries et al., in prep. 
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The β Pictoris puzzle 
•  Herschel: 

•  [OI] 63 µm detected 
•  [CII] also detected, but emission 6 times stronger than expected 

•  Analysis of FUSE data by Roberge et al. 2006 suggests that the gas is produced 
from C-rich material compared to solar analogues. 

•  Detailed modeling of Herschel data rather suggests C/O < 1 (Brandeker in prep.) 
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HD 172555 : 
a giant hyperbolic velocity collision, at 12 Myr ?  
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•  Spitzer (Lisse et al. 2009):  
•  hot dust within the 

terrestrial planet formation 
region (5.8 ± 0.6 AU), 
mass equivalent to ~ 150 – 
200 km-radius asteroid 

•  silica species + tentative 
detection of SiO gas 
 

•  Herschel: tentative 
detection of [OI] 63 µm 
feature 
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6.3.2. HD 181327 
 
The “sharpness”, as well as relative narrowness, of the HD 187327 debris ring, particularly as 
best seen in the Visit 67 image (Fig 5.3.4, left) is quite striking, more so than in the original 
presentation of the light-scattering ring by Schneider et al 2006 (henceforth S06) wherein a 
smaller set of template PSFs were originally employed. S06 estimated a characteristic 
(photometric FWHM) of the ring of 0.538” (~ 29 AU) after sky-plane deprojection medianed 
over all azimuth angles and suggested a steeper falloff from the radius of peak surface brightness 
inward toward the star than outward.  Given the improved quality of the HD 181327 image with 
our now more rigorous reprocessing, we use these data to reassess the width, and brightness 
profile, across the light-scattering debris ring. In particular, as illustrated in Figure 6.3.2, after 
sky-plane deprojection we measure the azimuthally medianed radial surface brightness profile 
within the 90° sector that contains the southeast ring ansa (the better imaged of the two ansae; to 
the “lower left” in the inset image in Fig 6.3.2). 
 

 
Fig 6.3.2. The radial surface brightness profile of the HD 181327 debris ring (black line) deprojected from the plane 
of the sky as shown in the left image inset (with diffraction spikes masked and shown with a linear stretch of ± 5 
ADU sec-1  pixel-1 and, additionally, with compensation for the r-2 falloff of the stellar radiation field (gray line). The 
disk image is compared to an identically scaled  median of PSF template-minus-template images (see section 5.3.2) 
along with its (“no disk”) radial profile (black dotted line).  The 3-! upper limit for disk detection (exceeded here by 
a factor of ~ 8 at the radius of peak SB; SNR ~ 25) using this PSF template set is indicated by the gray dotted line.  
Error bars on the HD 181327 radial profile include both the uncertainty in the background and random measurement 
errors (added in quadrature) in 1-pixel wide annuli circumscribing the coronagraphically occulted star. 

HD 181327 
•  No gas detected: < 14 MEarth 

•  A Kuiper Belt analogue, resolved 
with HST and Herschel/PACS 

•  SED fit: significant amount of 
water ice, and porous grains 

10 Lebreton et al.: Detailed study of the debris disk surrounding HD 181327
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Fig. 9. Bayesian probabilities for the grain composition and disk mass, and best SED models (lower-right panel) for 3- and
4-material mixtures.

Table 7. Gas line fluxes. The gas to solid mass ratios assume a solid mass of 0.164 M⊕. The PACS 1-σ upper limits do not include
the 30% flux calibration uncertainty.

Gas to Solid [O I] 63µm [O I] 145µm [C II] 158µm CO J=3 → 2 CO J=2 → 1
mass ratio (W m−2) (W m−2) (W m−2) (W m−2) (W m−2)

Herschel-PACS (1σ)

3.3×10−18 2.8×10−18 2.7×10−18 - -

ProDiMo predictions with fPAH=10−5

103 2.9×10−18 1.6×10−18 2.6×10−20 1.7×10−19 5.6×10−20

102 6.7×10−19 1.2×10−20 4.1×10−20 1.5×10−19 5.3×10−20

10 2.1×10−18 8.2×10−21 2.2×10−19 1.3×10−19 3.8×10−20

1 2.4×10−18 4.0×10−20 6.2×10−19 3.4×10−22 6.1×10−23

0.1 6.4×10−19 5.0×10−20 1.9×10−19 1.0×10−23 1.6×10−24

10−2 2.8×10−20 2.9×10−21 1.5×10−20 1.1×10−24 2.7×10−25

ProDiMo predictions with fPAH=0.1

103 2.7×10−17 6.4×10−18 4.1×10−20 4.8×10−19 1.6×10−19

102 7.1×10−18 2.0×10−19 6.0×10−20 3.1×10−19 1.0×10−19

10 3.2×10−18 1.5×10−20 1.4×10−19 1.4×10−19 3.9×10−20

1 2.4×10−18 4.0×10−20 4.2×10−19 2.6×10−22 4.6×10−23

0.1 6.3×10−19 4.8×10−20 1.8×10−19 1.0×10−23 1.5×10−24

10−2 2.8×10−20 2.9×10−21 1.5×10−20 1.1×10−24 2.7×10−25

5. Limits on the Gas Content

Although none of the oxygen and ionized carbon fine-
structure lines ([O I] at 63 and 145 µm, and [C II] at 158

µm) were detected by Herschel (see Table 7), we attempted
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Herschel/PACS: 70 microns 

HD 181327 PSF 
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DEBRIS DISKS 
(aka PLANETARY 
SYSTEMS) 
The resolving power 
of Herschel 
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Resolved debris disks: early highlights 
•  Measuring the size for some nearby debris disks for the first time 
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Matthews et al., 2010 See also talks by Millan-Gabet and Hinz 
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Vega’s Kuiper Belt 
•  The Vega prototype: 

•  a planetesimal birth ring at 
85 AU (Kuiper Belt) 

•  an external halo of barely bound 
grains due to radiation pressure 

•  No sign of asymmetries contrary to sub-mm images: 
disk emission still dominated by small blown-out dust grains at 
FIR wavelengths 
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q1 Eri : a nearby star with a radial velocity planet 
•  A Jupiter-mass planet at 1 AU 

and a Kuiper Belt at 75-85 AU 
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Liseau et al., 2010, 
Augereau et al. in prep. 
Stapelfeldt et al. in prep. 
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q1 Eri : a nearby star with a radial velocity planet 
•  A Jupiter-mass planet at 1 AU 

and a Kuiper Belt at 75-85 AU 
•  Ring-like structure evidenced by 

modeling and deconvolution 
•  Possible recent dynamical stirring 

of the disk if age of 2 Gyr confirmed 
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q1 Eri : a nearby star with a radial velocity planet 
•  A Jupiter-mass planet at 1 AU 

and a Kuiper Belt at 75-85 AU 
•  Ring-like structure evidenced by 

modeling and deconvolution 
•  Possible recent dynamical stirring 

of the disk if age of 2 Gyr confirmed 
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Liseau et al., 2010, 
Augereau et al. in prep. 
Stapelfeldt et al. in prep. 
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HD207129 
•  Unusually extended 

ring (140 – 160 AU 
radius) for a solar-
type star 
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HST/STIS for comparison 
(not to scale) 

See also talk and paper by J. Marshall 
+ Loehne et al. in prep. Krist et al. 2010 
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Conclusion 
• Some specific conclusions: 

•  Herschel/PACS gives a wealth of Far-IR 
lines. [OI] 63 µm is the strongest (by factor 
5-10) 

•  Combining fine-structure lines, CO sub-mm 
lines and dust observations + detailed 
modeling is a powerful diagnosis 

•  Herschel resolves nearby disks, and breaks 
degeneracy in debris disk modeling 
 

• Modeling and interpretation are 
ongoing, and data reduction is still 
improving. More to come soon. 
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Thank you for listening 

•  Thanks to the GASPS, DIGIT, DUNES and GTO team members for their contribution to this talk, 
and especially (in random order): W.F. Thi, G. Meeus, C. Howard, G. Mathews, J. Olofsson, C. 
Pinte, F. Ménard, P. Rivière, J. Marshall, I. Kamp, C. Dominik, A. Brandeker, B. Vandenbussche 
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Herschel Meeting on Star 
and Planet Formation in 
March 2012, Grenoble, 

French Alps 
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