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Physical Properties

3.5.2 Absorption Mechanisms

Absorption by a slab (see Bohren and Huffman, 2004, p. 37f)

Thermal Emission of a Debris Disk:

F
tot

�,disk
=

2⇡2

D2 �
dTg r (Tg)

dr (Tg)

dTg

� ds s2 ⋅N (r, s) ⋅Qabs

�
(s, Tg) ⋅B� (Tg) (3.23)

3.5.2.1 Lorentz Oscillator as Model for Permittivity

3.5.3 Resonance Absorption

J. Greif 13
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Figure 3 -  Emissivity spectrum for HD69830 excess, as measured by the Spitzer IRS. The data and model 

shown are for the smallest photospheric subtraction, demonstrating the upper limits to the abundance of PAHs, 

amorphous carbon, and sulfides in the system. Error bars are ±2σ. Black : SST excess spectrum, divided by a 400K 

blackbody. Orange dashed line: best fit model spectrum. Colored curves: emission spectra for the constituent 

species, scaled by the ratio Bλ(Tdust(a)i)/Bλ(Tcontinuum), with Tcontinuum = 400K. The best-fit model individual species 

curves have been scaled by a factor of two versus the data for emphasis. Purples - amorphous silicates of pyroxene 

or olivine composition. Light blues - crystalline pyroxenes: ferrosilite, diopside, and orthoenstatite, in order of 20 

µm amplitude. Dark blues - crystalline olivines, forsterite and fayalite, in order of 20 µm amplitude. Red - 

amorphous carbon. Deep orange - water ice. Light orange - water gas. Yellow - PAHs. Bright greens - carbonates: 

siderite and magnesite, by order of 7 µm emissivity amplitude. Olive green - sulfides.  

 

 
 

Figure 4 - Spectrum after subtraction of the best-fit silicate components, the dominant species in the emission. 

Scale, color and labels are the same as in Figure 3. The sinusoidal features at 15 - 20 µm  are artifacts ('fringes') of 

the IRS instrument. The true signal is near the average of the excursions.  

Protoplanetare Scheibe von HL Tau

HD 34700 
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Star–planet–debris disc alignment 901

Figure 2. Herschel 70 µm images of HD 82943, North is up and East is left. The left-hand panel shows the raw image with contours at 3, 5, 10 and 20 times
the pixel rms of 1.6 × 10−2 mJy arcsec−2. The right-hand panel shows the same image and contours after a peak-scaled point source has been subtracted,
leaving near-circular residuals as a clear sign of a near face-on disc.

from quadratically subtracting the PACS 70 µm beam full-width at
half-maximum (FWHM) of 5.75 arcsec from the major and minor
components of the fitted Gaussian FWHM (smaj is also an estimate
of the characteristic disc size, about 100 au). To estimate the un-
certainty we then added the Gaussian fit image into an off-centre
position in nine other 70 µm observations from our programme (all
observations have the same depth). A Gaussian was then fitted at
this position and the position angle and inclination derived. This
method is a simple way of estimating how the disc geometry can
vary due to different realizations of the same noise level. The incli-
nations vary from 25 to 31◦ with a mean of 28◦, while the position
angles vary from 133 to 153◦ with a mean of 147◦.

As a second method we fit a physical model for the disc struc-
ture and estimate parameter uncertainties in a more traditional
way. These models have been used previously to model Herschel-
resolved debris discs (e.g. Kennedy et al. 2012b; Broekhoven-Fiene
et al. 2013), and generate a high-resolution image of an azimuthally
symmetric dust distribution with a small opening angle, as viewed
from a specific direction. These models are then convolved with a
point spread function model for comparison with the observed disc.
The best-fitting model is found by a combination of by-eye coax-
ing and least-squares minimization. We found that the HD 82943
disc could not be well modelled by a simple ring, and hence use a
dust distribution that extends from 67 to 300 au, with the face-on
optical depth distributed as a power law that decays as r−1.6 and is
normalized to be 3.98 × 10−4 at 1 au. The temperature distribution
is assumed to decay as r−0.5 (i.e. like a blackbody, which is 278.3 K
at 1 au), but is required to be hotter at the same distance by a factor
fT = 1.8 (i.e. 567K at 1 au) to reconcile the temperature of the SED
with the observed radial location of the dust (see Lestrade et al.
2012; Wyatt et al. 2012). That this factor is larger then unity is
consistent with the result that the inner disc radius is significantly
larger than the radius implied by the simple blackbody SED model,
because it is also a signature of inefficient long-wavelength grain
emission and small grains dominating the disc emission. The best
disc model is inclined by 27◦ at a position angle of 152◦, and the
residuals when the best-fitting model are subtracted from the data
show no significant departures from the background noise elsewhere
in the map.

Figure 3. χ2 contours for varying disc normalization (×104), inner radius
(in au), inclination and PA (both in degrees). Each panel shows contours
for two parameters when marginalized over the other two.

To estimate the uncertainty in several parameters, we then calcu-
late a grid around the best-fitting location, varying the disc normal-
ization, the inner radius, the inclination and the position angle. Each
parameter is calculated at 12 values, giving a grid with 20 736 mod-
els. For each model we calculate the χ2 from the model-subtracted
residuals, accounting for correlated noise by increasing the noise
by a factor of 3.6 over the pixel-to-pixel rms (see Fruchter & Hook
2002; Kennedy et al. 2012a). The results of this grid calculation are
shown in Fig. 3, where the white contours show "χ2 values corre-
sponding to 1, 2 and 3σ departures from the best fit. The inclination
is constrained to 27 ± 4◦, while the PA is 152 ± 8◦. These estimates
agree well with the simple Gaussian fitting, with the difference in
the range of position angles most likely because the PACS beam
is slightly elongated, which will influence the results from naive
Gaussian fitting. While the position angle is not particularly well
constrained, we conclude that the inclination is.

The disc inclination is therefore similar to that of both the star
and the planets. While the line of nodes has only been derived for
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is relatively small, and that the planet masses are both quite hefty
at 4.8 Jupiter masses. If the assumption of mutual alignment of the
planets is relaxed, Tan et al. (2013) found that no useful inclination
constraints could be made, but they argued that mutual alignment
is more plausible, essentially because the mutually aligned model
has fewer free parameters. The similar inclination measured for the
debris disc below adds strength to their conclusion of mutual planet
alignment.

The inclination derived for the coplanar configuration is consis-
tent with the stellar inclination derived above. However, because
neither the position angle of the stellar pole nor the planetary line of
nodes can be derived from the current observations, the conclusion
of alignment relies on the argument that it is unlikely that both incli-
nations would be similar and close to face-on (there is a 0.5 per cent
chance that two systems randomly drawn from a distribution uni-
form in cos i will be between 20 and 30◦.). To independently derive
the inclination of the planets would require either direct imaging or
astrometry, the latter being more likely given the small angular size
of the planetary orbits (though the perturbation is of the order of
hundreds of micro-arcseconds).

2.3 The debris disc

The debris disc around HD 82943 was first discovered by Beichman
et al. (2005), as part of a program to observe planet-host stars, with
photometry using the Multiband Imaging Photometer for Spitzer
(Rieke et al. 2004; Werner et al. 2004). An infrared excess above
the stellar photosphere at 70 µm was seen, with the excess attributed
to the presence of a significant surface area of small grains in a debris
disc. The excess was not detected at 24 µm so the disc temperature
and fractional luminosity were not constrained (see their fig. 9).
The system was subsequently observed with the Spitzer Infra-Red
Spectrograph (IRS; Houck et al. 2004), though the spectrum has
never been published. Here, we use the CASSIS-processed version
of these data (Lebouteiller et al. 2011), which show a significant
excess beyond about 25 µm.

In November 2011, HD 82943 was observed by Herschel
(Pilbratt et al. 2010) using the Photodetector and Array Camera
& Spectrometer (PACS) instrument (Poglitsch et al. 2010, see
Table 1) as part of the Search for Kuiper Belts around Radial-
velocity Planet Stars (SKARPS). The overall goal of the survey is
to look for correlations between debris disc and planet properties by
observing systems known to host planets discovered by radial ve-
locity. The observations used the standard ‘mini scan-map’, which
comprises two sets of parallel scan legs, each taken with a 40◦ dif-
ference in scan direction. The raw timelines were projected on to a
grid of pixels (i.e. turned into images) using a near-standard HIPE
pipeline (Ott 2010). The fluxes at 70 and 160 µm were measured us-
ing aperture photometry (radii of 15 and 20 arcsec), yielding fluxes
of 129 ± 4 mJy and 87 ± 7 mJy at 70 and 160 µm, respectively.

Fig. 1 shows the spectral energy distribution for HD 82943,
including the Spitzer and Herschel data. We fit PHOENIX mod-
els from the Gaia grid (Brott & Hauschildt 2005) to optical and
near-IR data using least-squares minimization, finding a stellar ef-

Table 1. Herschel observations of HD 82943. Each Obs ID
represents a single scan direction, and the two differ by 40◦.

Obs ID Date Instrument Duration (s)

1342232212 2011 Nov 10 PACS 100/160 1686
1342232213 2011 Nov 10 PACS 100/160 1686

Figure 1. Spectral energy distribution for HD 82943. Dots are fluxes and
triangles 3σ upper limits. Black symbols are measured fluxes and grey
symbols are star-subtracted (i.e. disc) fluxes. The 5990 K stellar photo-
sphere model is shown in blue, the 57K blackbody disc model in red, and
the star+disc spectrum in black. The green line shows the observed IRS
spectrum, and the green dots show the star-subtracted spectrum.

fective temperature of 5990 K and a radius of 1.15 R⊙. We then
use the stellar photosphere model to predict the flux density at
longer wavelengths (e.g. 7.2 ± 0.2 and 1.35 ± 0.03 mJy at 70 and
160 µm), thereby demonstrating that the Spitzer and Herschel data
are significantly in excess of the level expected. We fit a simple
blackbody model to the excess fluxes, finding a fractional luminos-
ity of Ldisc/L⋆ = 10−4 and a temperature of 57 ± 2 K, with the
small uncertainty due to detection over a reasonably wide range of
wavelengths (20–160 µm). In Fig. 1 we have multiplied the black-
body disc spectrum by (λ0/λ) beyond λ0 = 210 µm (Wyatt 2008),
to account for inefficient long-wavelength emission by small grains
and ensure a more realistic prediction of the far-IR/sub-mm disc
brightness. Assuming that it lies in a single narrow ring, the black-
body temperature implies that the disc lies at a stellocentric radius
of 30 au. We show below that the disc actually lies farther away,
consistent with the bulk of emission coming from grains that emit
inefficiently at wavelengths longer than their size, which must emit
at hotter-than-blackbody temperatures to maintain energy equilib-
rium.

In addition to yielding photometric measurements, the disc is
well resolved by Herschel at 70 µm, but less so at 160 µm. There is
in addition some apparent low-level background contamination to
the NE at 160 µm. Such contamination is in fact fairly common for
Herschel observations at this wavelength; here we are less than a
factor of 2 above the confusion limit of 1.4 mJy (as predicted by the
Herschel Observation Planning Tool). The 70 µm image is shown
in the left-hand panel of Fig. 2. To show that the image is resolved,
the right-hand panel shows the image after a peak-normalized point
source (calibration star γ Dra, processed in the same way as the data
and rotated to the same position angle) was subtracted, leaving a
clear ring of extended emission. In addition to showing that the disc
is resolved, the azimuthal symmetry of the remaining ring shows
that the disc is near to face-on.

To estimate the inclination and position angle of the disc we use
two independent methods. The first is simple; we fitted a 2D Gaus-
sian to the star-subtracted image of the HD 82943 disc, finding
a position angle of 147◦ and an inclination of 30◦. The inclina-
tion is found using cos i = smin/smaj, where smaj and smin are found
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Fern-Infrarotabsorption von Silikatgläsern

• Synthese durch Glasschmelze und Abschrecken 
• Zusammensetzungen: Mg,Al,Ca,Fe,Si 
• Messung mit IR- oder THz-Spektrometer im  
        LHe-gekühlten Kryostaten

10 K

300 K
Messung von 1997 
(Reflexion)



Fern-Infrarotabsorption von kristallinen 
Pulvern mit struktureller Unordnung

• Käufliche und selbst präparierte Pulver, z.B. Quarz, Forsterit 
• Vergleich natürliche – synthetische Proben 
• Erzeugung struktureller Unordnung z.B. durch Mahlen 
• Messung der Absorption mit FTIR- oder THz-Spektrometer 
• Vergleich der Messungen mit Simulationen

Messung an Olivinpulver (Imai et al. 
2009)

Time-domain THz-Spektrometer



Strukturanalyse und FIR-Messungen von 
Kohlenstoffhaltigen Staub-Analoga
• Vergleich verschiedener Kohlenstoffhaltiger Proben   
• Bestimmung der Graphitisierung (La parameter) aus Ramanspektren


