
Herschel‐PACS observa2on of the 10 Myr 
old TTauri disk TW Hya 

Planets are formed in disks around young stars. With an age of ∼ 10 Myr, TW Hya is one of the nearest 
T Tauri stars that is still surrounded by a relatively massive disk. In addition a large number of 
molecules has been found in the TW Hya disk, making TW Hya the perfect test case in a large survey 
of disks with Herschel–PACS to study directly their gaseous component. We aim to constrain the gas 
and dust mass of the circumstellar disk around TW Hya. We observed the fine-structure lines of [O I] 
and [C II] as part of the Open-time large program GASPS. We complement this continuum data and 
ground-based 12CO 3–2 and 13CO 3–2 observations. We simultaneously model the continuum and the 
line fluxes with the 3D Monte-Carlo code MCFOST and the thermo-chemical code ProDiMo to derive 
the gas and dust masses. We detect the [O I] line at 63 µm. The other lines that were observed, [O I] at 
145 µm, [C II] at 157 µm, are not detected. No extended emission has been found. Preliminary 
modelling of the photometric and line data assuming [12CO]/[13CO]=69 suggests a dust mass with 
grain radius < 1mm of ∼ 1.9 × 10−4 M⊙ (total solid mass of 3 × 10−3 M⊙ ) and a gas mass of (0.5–5) 
× 10−3 M⊙ . The gas-to-dust mass may be lower than the standard interstellar value of 100. 

PACS photometry 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Figure 1 above shows our best fit to the SED and 
Fig. 2 on your left shows the three observed fine-
structure lines. The fluxes and comparison with 
published predictions are summarized below. 

We modelled the SED and line fluxes with the combined MCFOST-
ProDiMo codes. The best fit to the SED is overplotted on the observations 
in Fig. 1. Fig. 3 shows the results for the line data. The disk parameters 
for our best model are given in Table 2 below. 

Ref. GH08: Gorti & Hollenbach 2008 ApJ, 683, 287; M08: Meijerink et al. 2008, ApJ,
676, 518; MCFOST: Pinte, C. et al. ,2006, A&A, 459, 797; ProDIMo:  Woitke, P. et al. 
2009, A&A, 501, 383 
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Fig. 1. H-PACS spectrum centred around the OI 63 µm line on
the upper-left panel.

Table 1. Lines observed by Herschel-PACS. The errors and upper limits
are 3 σ. The calibration error adds an extra ∼ 30% uncertainty. The CO
data also have uncertainties of 30%.

Line Cont. flux Obs. GH08 M08

(Jy) (10−18 W m−2)

OI 3P1 →3P2 2.9 ± 0.14 36.5 ± 12.1 124-161 412

OI 3P0 →3P1 7.0 ± 0.05 < 5.5 25-41 11

CII 2P3/2 →2P1/2 8.2 ± 0.08 < 6.5 0.8-12 0.06
CO 3–2 n.a. 0.43 0.3-0.6 n.a.
13CO 3–2 n.a. 4.4 × 10−2 n.a. n.a.

2. Observations and results

We obtained photometry in the “blue” (70 µm) and “red”
(160 µm) band of the PACS camera by doing mini scan maps
with a scan speed of 20′′ and a scan length of 2′ (obsid
1342187342). The total duration of this map was 731 sec, with
an on source time of 146 seconds. The results are 3.903± 0.015
Jy and 7.384 ± 0.038 in the blue and red band respectively
and have an absolute accuracy estimated to be 5% for the
blue channel and 10% for the the red channel. These val-
ues agree very well with the observed IRAS flux densities and
also with the continuum flux densities measured with the PACS
spectrometer (Table 1). We also used the PACS spectrometer to
target the [OI] line at 63 µm in line scan mode, and the [OI]
and [CII] lines at 145 and 158 µm, respectively in range scan
mode (obsid 1342187127 PacsLineSpec and obsid 1342187238
PacsRangeSpec). Only the [OI] line at 63 µm was detected and
we report upper limits for the other two lines; see Table 1.
The absolute accuracy of PACS spectroscopy is currently esti-
mated to be about 30%, but is expected to improve in the future.
Figure 1 shows the spectrum centred at the position of the OI
line at 63 µm of the central pixel.

3. Modelling and discussion

As there is no evidence for an outflow from TW Hya, we as-
sume that all the fluxes arise from the circumstellar disk (see
also the discussion in Mathews et al. 2010). The interpretation
of the observations with the DENT grid of models is detailed in
(Pinte et al. 2010). In this Letter, we performed a more detailed
analysis.

Table 2. Disk parameters for the modelling.

Fixed parameters

Inner cavity Outer ring
Stellar mass M∗(M') 0.6
Stellar luminosity L∗(L') 0.23
Effective temperature Teff(K) 4000

Solid material mass density ρdust(g cm−3) 3.5
Inner radius Rin(AU) 0.25 4
Outer radius Rout(AU) 4 196
ISM UV field χ 1.0
α viscosity parameter α 0.0

Turbulent velocity vturb(km s−1) 0.05
Disk inclination i 7

CO isotopologue ratio [12CO]/[13CO] 69

MCFOST best fit parameters

Column density index ε 1
Reference scale height H0(AU) 2.0 10.0
Reference radius 100 100
Flaring index γ 0.6 1.12

Minimum grain size amin(µm) 3 × 10−2

Maximum grain size amax(cm) 10
Dust size distribution index p 3.4

Dust mass (a <1 mm) Mdust(M') 1.2 × 10−9 1.9 × 10−4

Solid mass Msolid(M') 2.0 × 10−8 3.0 × 10−3

PDM parameter range

Disk gas mass Mgas(M') 3 × 10−4–0.3
UV excess FUV 0.018
Fraction of PAHs w.r.t. ISM fPAH 0.01, 0.1

Cosmic ray flux ζ(s−1) (1.7–17) × 10−17

We first augmented the H photometric data with
continuum measurements from the literature. We also retrieved
and reduced archival SCUBA data for TW Hya obtained dur-
ing two nights with very good sub-millimeter transmission
(Fν(450 µm)= 4.25 ± 0.85 Jy and F ν(850 µm)= 1.38 ± 0.14
Jy). The disk around TW Hya has an internal cavity from up to
4 AU where the gas and dust density are very low. Most of the
mass is located in the external ring. The inner (R in) and outer ra-
dius (Rout) of the external ring are well constrained by imaging
studies and are fixed at 4 AU and 200 AU respectively (Roberge
et al. 2005; Qi et al. 2004; Hughes et al. 2007). We fitted the
Spectral Energy Distribution (SED) with the 3D Monte-Carlo
radiative transfer code MCFOST (Pinte et al. 2006). We chose
to restrict to a parametric disk model for this Letter. The disk has
a radial density profile with index ε. The flaring is characterized
by an opening angle H0 at a given radius Rref and a flaring index
γ such that the gas scale-height is given by H = H0(R/Rref)

γ.
The low continuum flux in the 30–100 µm region suggests that
the outer disk flaring is weak. Amorphous olivine grains were
used (Dorschner et al. 1995) with a power-law size-distribution
defined by a minimum radius amin, maximum radius amax, and
power-law index p. The dust size-distribution and mass are well
constrained by the continuum emission at long wavelengths. The
fit to the long-wavelength photometric points including the new
H-PACS data is shown in Fig. 2 and the disk parame-
ters constrained by the fit are listed in Table 2. The inferred
dust mass in grains with radius < 1 mm is Mdust=1.9 × 10−4

M' and the total mass in solids (pebbles) up to amax = 10 cm
is Msolid=3 × 10−3 M'. However, the fit fails to account for
the flux at ∼25 µm, which may stem from our assumption of
a unique temperature for grains of all sizes. The flux around 20-
30 µm is strongly inclination-dependent because we adopted a

4 Thi et al.: Herschel observations of TW Hya

-4 -3 -2 -1 0
log10(Mgas/MSun)

10-17

10-16

F
lu

x
 (

W
 m

-2
)

Observed OI 63
+/- 3! error

series 2, 3

series 1

a

-4 -3 -2 -1 0
log10(Mgas/MSun)

10-18

10-17

10-16

F
lu

x
 (

W
 m

-2
)

OI 145 3! upper limit

b

-4 -3 -2 -1 0
log10(Mgas/MSun)

10-20

10-19

10-18

10-17

F
lu

x
 (

W
 m

-2
)

CII 3! upper limit
c

-4 -3 -2 -1 0
log10(Mgas/MSun)

10-19

10-18

F
lu

x
 (

W
 m

-2
)

Observed CO (3-2)
30\% total error

d

-4 -3 -2 -1 0
log10(Mgas/MSun)

1

10

F
lu

x
 r

at
io

Observed 12CO/13CO (3-2)
30\% total error

e

0.1 1.0 10.0 100.0
Radius (AU)

0.0

0.2

0.4

0.6

0.8

1.0

n
o

rm
al

iz
ed

 c
u

m
u

la
ti

v
e 

fl
u

x OI 145
OI 63
13CO 3-2
CO 3-2
CII

f

Fig. 3. Three series of model results compared to observations. The blue boxes enclose the model outputs for disk gas mass between 5 × 10−4 M#
and 5 × 10−3 M#. Panel a shows the predictions and observation of the OI 63 µm line. The 3σ uncertainty range is plotted as dashed lines. Panel
b and c show the predicted fluxes and the 3σ upper limits for the OI 145 µm and CII lines. The two lower panels (d and e) are the comparison
between observations and model outputs for 12CO 3-2 emission and the 12CO/13CO 3-2 ratio. Panel f shows the normalized cumulative fluxes for
a 10−3 M# model (series 1). The diamonds ($ Rout=174 AU model, $ Rout=120 AU model) show the predictions for TW Hya from GH08.

the dust mass (amax < 1mm) of 1.9 × 10−4 M#. The gas-to-dust
mass ratio is ∼5–26, lower than the standard interstellar value of
100. The ratio gas-to-total-mass in solids is ∼0.3–1.7. Although
the disk is still massive, a significant fraction of the primordial
gas has already disappeared. A large fraction of the primordial
gas may have been evaporated due to the strong X-ray flux from
TW Hya. TW Hya is the first example where the disk gas mass
around a transitional T Tauri star can be determined accurately
and directly from gas phase lines. However, more detailed mod-
eling that includes X-ray physics and 13CO photochemistry is
needed to confirm the low gas mass.
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