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Context: debris disks

❖ We all live in a debris disk 
❖ 2nd generation dust 

(asteroids, comets) 
❖ Dust is luminous (much 

more than planets) 
❖ Dust is expected in all 

planetary systems

Kuiper belt, 40 K, 50 AU

Zodiacal disk, 300 K, 1 AU



Inner vs. outer debris disk
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❖ Prominent far-IR excess 
❖ Easy to resolve (>1")

❖ Small near/mid-IR excess 
❖ Difficult to resolve (<0.1")

T ~ 40 K

T > 300 K



Exozodis with interferometry
❖ Disk larger than λ/B → visibility drop 
❖ Best detected at short baselines (~10-30 m)

Resolved at ~10 m

Resolved at ~200 m



2005: 1st detection with CHARA/FLUOR
Absil et al. 2006



Morphology?
Defrère et al. 2011



Deduced properties
❖ Hot grains  

(> 1000 K) 
❖ Grains smaller 

than blowout 
❖ Distance ~ 0.1 

to 0.5 AU 
❖ Steep density 

power law 
(ring-like?) 

❖ Small mass 
(~10-9 MEarth)
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2006-2011: the CHARA survey

❖ FLUOR instrument 
❖ Magnitude-limited sample 

(K < 4) 
❖ Equal amount of stars with 

and without cold dust 
❖ 40 stars, evenly spread 

between type A, F, G-K 
❖ Avoid all types of binaries 
❖ Mean sensitivity: 0.27% (1σ)

Absil et al. 2013



Statistical trends
Absil et al. 2013
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Figure 10: Example of laboratory 

temporally encoded interferogram. 

One per each baseline. 

 

 
Figure 11: Example of  dispersed outputs on the detector. 

Channeled spectra is the signature of  the ABCD encoding 

scheme. 

 

 

The output of the beam combiner has 24 outputs, 4 outputs per baseline. The piezo-electric 

modulation allows to temporally encode the signal.  An example of laboratory interferograms 

can be found in Figure 10.  

In low resolution mode three out of four arms will be modulated at different scanning 

velocities to allow fringes to be coded on all baselines. 

 

 Table 4 shows typical fringe modulation ramp speeds for an H band fringe sampling of  4 

measurements per fringe (1 ms sampling time). 

 

Beam Scanning speed 

(mic/ms) 

1 0 

2 -0.41 

3 0.41 

4 0.82 

Table 4: Piezo electric optical path scanning speeds. 

In low resolution mode the scanning frequency will be adjusted to allow the best compromise 

between accuracy (fast recording) and sensitivity to be found. Table shows the corresponding 

minimum and maximum fringe modulation frequencies for the different PIONIER modes 

described in Table 1. Note that in R~40 mode the fringe frequencies might be somewhat too 

low to freeze atmosphere. However since we are using ABCD encoding with spectral 

dispersion we can extract complex visibilities in one sample time and therefore should not 

rely on the fringe scanning to extract information. 

 

 Broadband 

 Fmin (Hz) Fmax (Hz) 

Precision 490 1470 

Sensitivity 87 263 

Comes PIONIER…

❖ First high-accuracy 
interferometer at VLTI 
❖ Single-mode fibers, fringe 

scanning à la FLUOR 
❖ 4 telescopes  
→ 6 baselines at a time 

❖ Low spectral resolution 
❖ Limiting magnitude H ~ 6 

for high accuracy



2011: early results
❖ 3n (GTO) 
❖ Validate PIONIER 

performance 
❖ Start scientific 

observations 
❖ First spectrum of 

hot exozodi (β Pic) 

❖ Mostly scattered 
light?

Defrère et al. 2012



2012: the PIONIER survey
❖ 4 runs of 3n (GTO) 
❖ 89 stars observed 

❖ Magnitude-limited at H < 5 
❖ Same selection criteria as 

CHARA/FLUOR survey 
❖ One non-dusty star for each 

dusty star 
❖ Avoid « bloated » stars 

❖ Huge gain in observing 
efficiency wrt FLUOR

S. Ertel et al.: Near-infrared interferometric observations of exozodiacal dust with VLTI/PIONIER

Fig. 2. Excess distribution (left) and distribution of uncertainties on the disk-to-star flux ratio (right). The Gaussian overplotted on the excess
distribution has a width of σ = 1 and is only to guide the eye and illustrate that the data are consistent with being distributed following this ideal
behavior. Vertical, dashed lines are plotted at −3σ and +3σ for the excess distribution and at the median uncertainty (0.25%) for the uncertainty
distribution.

3.6. Analysis of closure phase data

The closure phase data obtained in the context of the present
project together with those obtained in other, related observing
runs (e.g., cite Ertel et al., in prep.) constitute a valuable sample
for other projects such as the search for unknown, faint com-
panions around nearby main sequence stars. Furthermore, the
detailled analysis of the cp data is not the scope of the present
paper. We rather intend to use the cp data solely to rule out
companions as a source of the potential excesses detected by our
analysis of the V2. Thus, we analyze the cp data in detail in an-
other paper (Marion et al. 2014). Here, we rely on the results of
this work and only discard for our further analysis the systems
in which companions have been detected.

Of the 92 targets observed, four of our targets – HD4150,
HD16555, HD29388, and HD202730 – show clear closure
phase signal that can be attributed to the presence of a pre-
viously unknown (sub-)stellar companion and thus have to be
removed from the subsequent analysis. Six more targets –
HD142, HD15798, HD23249, HD178253, HD219482, and
HD224392 – show tentative cp signal, but a conclusive detec-
tion was not possible for HD15798, HD23249, and HD178253,
while for HD142, HD219482, and HD224392, Marion et al.
(2014) found that the presence of a companion responsible for
the tentative signal is very unlikely. We do not discard any of
these tentative detections from our sample, as these data do not
provide evidence for the presence of a companion. In the sub-
sequent analysis, we consider the targets without clear cp signal
only and also rejected HD23249 (δEri) due to potential post-
main sequence evolution (Sect. 4.1), which leaves us with 87
stars.

3.7. Fitting of exozodiacal dust models

In the previous sections, the general detection strategy of ex-
ozodiacal dust with near-infrared interferometry as well as the
acquisition and calibration of the V2 data have been described.
In the present section, we describe the details of the exozodia-
cal dust model (i.e., a simple model of the instrumental response
to extended, circumstellar emission) and the fitting strategy used
to combine all V2 data of a given object, to measure the visi-
bility drop caused by a potential circumstellar emission, and to
convert this visibility drop to a disk-to-star flux ratio (here after:
flux ratio).

3.7.1. Model description

Denis, could you please give me the details about the model you
find relevant? What I mean is: So far, we used the uniform disk
model around a star. How exactly is the star characterized? What
is the extent of the disk considered? What is considered in the
model of the instrumental response and what not? For example,
the FOV is modeled as a Gaussian (as described in the beta Pic
letter?) and the disk can be arbitrarily extended outside the FOV
and only the flux captured by the Gaussian is measured, right?
So it’s basically just scaling a Gaussian up and down in addition
to the stellar model? What else (e.g., filter functions)?

3.7.2. Code description

Denis, could you write a few sentences about your code, please?
You can be as detailed as you like/think is reasonable and also
advertize your code, if you like. Could also go into the next
section if you think details about the code are not too relevant
and the full text is only two or three sentences long.

3.7.3. Fitting strategy, bootstrapping

The model described in Sect. 3.7.1 has the flux ratio as its only
free parameter. To derive the value and uncertainties of this pa-
rameter for each target, we use a bootstrapping algorithm. This
means, that the individual uncertainties on the data points are
not considered directly but rather their scatter. In addition, a sys-
tematic uncertainty on each data point due to the uncertainty of
the V2 of the calibrator used for this point (due to the uncertain
diameter of the calibrator) is considered. Finally, a systematic
uncertainty due to the chromatcism of 0.1% on each V2 point
has been considered (Sect. 3.5.2).

For the bootstrapping, we investigate several possible corre-
lations among the data. Possible correlation could be present,
e.g., among the different spectral channels in which data have
been obtained simulatneously, the baselines sharing one tele-
scope, or data calibrated together (i.e., all data obtained in one
OB, as these are sharing the same calibrator). Assuming differ-
ent correlations in the data, we fit the whole sample. The level of
correlation left in the data after the fit (i.e., not considered when
doing the fitting) is estimated by the width of the distribution of
excesses weighted by their uncertainties (i.e., the distribution of
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Fig. 2. Excess distribution (left) and distribution of uncertainties on the disk-to-star flux ratio (right). The Gaussian overplotted on the excess
distribution has a width of σ = 1 and is only to guide the eye and illustrate that the data are consistent with being distributed following this ideal
behavior. Vertical, dashed lines are plotted at −3σ and +3σ for the excess distribution and at the median uncertainty (0.25%) for the uncertainty
distribution.
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for other projects such as the search for unknown, faint com-
panions around nearby main sequence stars. Furthermore, the
detailled analysis of the cp data is not the scope of the present
paper. We rather intend to use the cp data solely to rule out
companions as a source of the potential excesses detected by our
analysis of the V2. Thus, we analyze the cp data in detail in an-
other paper (Marion et al. 2014). Here, we rely on the results of
this work and only discard for our further analysis the systems
in which companions have been detected.

Of the 92 targets observed, four of our targets – HD4150,
HD16555, HD29388, and HD202730 – show clear closure
phase signal that can be attributed to the presence of a pre-
viously unknown (sub-)stellar companion and thus have to be
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sequent analysis, we consider the targets without clear cp signal
only and also rejected HD23249 (δEri) due to potential post-
main sequence evolution (Sect. 4.1), which leaves us with 87
stars.

3.7. Fitting of exozodiacal dust models

In the previous sections, the general detection strategy of ex-
ozodiacal dust with near-infrared interferometry as well as the
acquisition and calibration of the V2 data have been described.
In the present section, we describe the details of the exozodia-
cal dust model (i.e., a simple model of the instrumental response
to extended, circumstellar emission) and the fitting strategy used
to combine all V2 data of a given object, to measure the visi-
bility drop caused by a potential circumstellar emission, and to
convert this visibility drop to a disk-to-star flux ratio (here after:
flux ratio).
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find relevant? What I mean is: So far, we used the uniform disk
model around a star. How exactly is the star characterized? What
is the extent of the disk considered? What is considered in the
model of the instrumental response and what not? For example,
the FOV is modeled as a Gaussian (as described in the beta Pic
letter?) and the disk can be arbitrarily extended outside the FOV
and only the flux captured by the Gaussian is measured, right?
So it’s basically just scaling a Gaussian up and down in addition
to the stellar model? What else (e.g., filter functions)?
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Denis, could you write a few sentences about your code, please?
You can be as detailed as you like/think is reasonable and also
advertize your code, if you like. Could also go into the next
section if you think details about the code are not too relevant
and the full text is only two or three sentences long.

3.7.3. Fitting strategy, bootstrapping

The model described in Sect. 3.7.1 has the flux ratio as its only
free parameter. To derive the value and uncertainties of this pa-
rameter for each target, we use a bootstrapping algorithm. This
means, that the individual uncertainties on the data points are
not considered directly but rather their scatter. In addition, a sys-
tematic uncertainty on each data point due to the uncertainty of
the V2 of the calibrator used for this point (due to the uncertain
diameter of the calibrator) is considered. Finally, a systematic
uncertainty due to the chromatcism of 0.1% on each V2 point
has been considered (Sect. 3.5.2).

For the bootstrapping, we investigate several possible corre-
lations among the data. Possible correlation could be present,
e.g., among the different spectral channels in which data have
been obtained simulatneously, the baselines sharing one tele-
scope, or data calibrated together (i.e., all data obtained in one
OB, as these are sharing the same calibrator). Assuming differ-
ent correlations in the data, we fit the whole sample. The level of
correlation left in the data after the fit (i.e., not considered when
doing the fitting) is estimated by the width of the distribution of
excesses weighted by their uncertainties (i.e., the distribution of
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Preliminary survey results

nificantly from H to K band. Another possibility would be time
variability of the excess, significantly reducing the total excess
flux between the two observations (October 2008 and December
2012 for the FLUOR and PIONIER observations, respectively).
Another FLUOR observation confirming or ruling out the excess
being still present would help clarifying about that.

4.2. Statistics from the PIONIER sample
4.2.1. Over-all detection rate

We find from our survey a total detection rate of H-band ex-
cesses that can be attributed to hot exozodiacal dust 12.6+4.4

−2.7%.
This detection rate is by a factor of two lower than that found by
Absil et al. (2013), a fact we will discuss in Sect. 5.1. Our detec-
tion rate is consistent with the result found byMillan-Gabet et al.
(2011) using KIN in N-band, while this fact is most likely coin-
cidental given the different wavelength, methode, and sensitivity
to different dust populations.

Note here Wyatt et al. 2007. Write a few lines about how
this detection rate compares with theory (dynamical simulations,
local steady state collisional evolution). Amy?

4.2.2. Detection rate vs. spectral type

Fig. 3 shows the detection rate of exozodiacal dust for the dif-
ferent spectral type bins considered in our sample. The detection
rate is decreasing towards late type stars, similar to the behaviour
of debris disks. However, given the large statistical uncertainties
(based on binomial probability distribution function), this trend
is only tentative.

4.2.3. Detection rate vs. presence of a debris disk

The fact that the potential correlation between stellar spectral
type and detection rate of exozodiacal dust is similar to that of
debris disks raises the question whether the dust in debris disks
and exozodiacal dust have the same origin (i.e., the same pop-
ulation of colliding asteroids, while part of the dust is dynam-
ically drawn to smaller distances from the star). While we al-
ready noted that our over-all detection rate is too high compared
to what is expected from theoretical investigation of different
scenarios (Sect. 4.2.1), not all possibilities might have been ex-
plored, yet, and potentially important mechanisms such as dust
trapping in a planetary system or in stellar magnetic fields might
have not been sufficiently considered. The hypothesis of both
phenomena having the same origin can be tested by checking the
correlation of the detection rate of exozodiacal dust and a debris
disk. In the case of a common origin of the two dust populations,
exozodiacal dust should only be present in systems with debris
disks.

The incidence of hot exozodiacal dust as found by our work
vs. the presence or not of a normal debris disk is shown in Fig. 4.
Given the statistical uncertainties of the detection rates derived
there is no significant correlation of the incidence of hot, exo-
zodiacal dust and that of a debris disk. In particular, there is a
significant number of exozodiacal dust systems detected around
stars with no debris disk detected. This would suggest that the
two phenomena are not produced by the same mechanism. How-
ever, it is important to note that we only detect the brightest ex-
ozodiacal dust systems and that a significant population of sys-
tems with less dust is expected to be present but undetected by
our observations. Similarly, a large fraction of faint debris disks
might remain undetected by present observations. Depending on

Fig. 4. Detection rate of exozodiacal dust vs. the presence of a de-
tectable debris disk.

the environmental conditions such as trapping or not of dust in
a planetary system or by stellar magnetic fields, a faint, unde-
tected debris disk might be able to produce enough exozodiacal
dust to be detectable in case of strong trapping and accumulation
of the dust, while even a bright debris disk is unable to produce
enough exozodiacal dust to be detected in the case of absense of
such trapping (the latter has been shown by Bonsor et al. 2012,
2013b).

4.2.4. Detection rate vs. stellar age

Another well known correlation of the detection rate and bright-
ness of debris disks is the one with the stellar age (cite). The
decreasing dust mass with stellar age has been attributed to the
continuous mass loss due to the collisional evolution of the disk
during which large bodies are ground down to small dust grains
that are eventually removed from the system through radiation
pressure or Poynting-Robertson drag (cite Wyatt, Krivov). This
is the direct consequence of a steady state collisional evolution of
the disk. While we already concluded that the large brightness of
the detected systems (actually allowing us to detect any exozodi-
acal systems) is likely inconsistent with steady state collisional
evolution, this hypothesis can be tested in addition by searching
for a correlation of the detection rate of exozodiacal dust and
the brightness of detected exozodiacal systems with stellar age
similar to that of debris disks.

We do this in two different ways. First, we plot the flux
ratio for the stars in our sample (significant excess detected or
not) over the age of the host star. We divide our sample in early
type stars (spectral type A) and stars of later spectral type. This
way, we account for different properties such as luminosity, stel-
lar winds, magnetic fields of the stars that might affect the dust
evolution. Moreover, the exozodiacal dust phenomenon might
be depending on stellar evolution rather than on time in general
(i.e., is a stellar phenomenon rather than a circumstellar one). In
any case, the time evolution of the dust might be different for the
two types of stars. The result is shown in Fig. 5.

Second, we investigate the excess detection rate with respect
to the stellar age. Here, we use the usual spectral type bins (A,
F, and G/K). For each bin we divide the samlpe in stars younger
than and stars older than the median age in the bin. The median
ages are 0.34Gyr, 1.91Gyr, and 4.47Gyr for the A, F, and G/K
type stars, respectively. For each bin the detection rate in the
young and the old stars samples are compared (Fig. 6).
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Fig. 9. Statistics performed on the preliminarily merged sample.
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Open questions / follow-up
❖ Colors and physical properties of exozodiacal disks 

❖ Do H and K bands trace the same phenomenon? (5n in 2013) 

❖ Connection with « warm » (~300 K) disks? (9n GTO in 2014) 

❖ Origin of hot exozodiacal disks still very mysterious 
❖ All « standard » dynamical models fail to reproduce their properties 

and occurrence rate 

❖ Trapping mechanisms = promising solution 

❖ Are hot exozodiacal disks variable? 
❖ Variability survey on-going, may shed light on dust origin


