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ABSTRACT

We refine the gap size measurements of the disk surrounding the Herbig Ae star HD 100546 in the N
band. Our new mid-infrared interferometric (MIDI) data have been taken with the UT baselines and
span the full range of orientations. The correlated fluxes show a wavy pattern in which the minima
separation links to a geometrical structure in the disk. We fit each correlated flux measurement with
a spline function, deriving the corresponding spatial scale, while assuming that the pattern arises
interferometrically due to the bright emission from the inner disk and the opposing sides of the wall of
the outer disk. We then fit an ellipse to the derived separations at their corresponding position angles,
thereby using the observations to constrain the disk inclination to ¢ =47 4+ 1° and the disk position
angle to PA =135.0+2.5° East of North, both of which are consistent with the estimated values in
previous studies. We also derive the radius of the ellipse to 15.7 £ 0.8 au. To confirm that the minima
separations translate to a geometrical structure in the disk, we model the disk of HD 100546 using a
semi-analytical approach taking into account the temperature and optical depth gradients. Using this
model, we simultaneously reproduce the level and the minima of the correlated fluxes and constrain
the gap size of the disk for each observation. The values obtained for the projected gap size in different
orientations are consistent with the separation found by the geometrical model.

Keywords: Protoplanetary disks — star: HD 100546 — techniques : interferometric

1. INTRODUCTION

The protoplanetary disks surrounding Young Stel-
lar Objects (YSOs) evolve by various physical mech-
anisms such as photoevaporation (Hollenbach et al.
1994; Alexander et al. 2006; Armitage 2011), accre-
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tion/ejection (Lynden-Bell & Pringle 1974; Armitage
2011; Alexander et al. 2014) and dust growth and planet
formation (Crida & Morbidelli 2007; Espaillat et al.
2014; Testi et al. 2014). These processes can occour
at the same time with timescales of up to a few million
years and can cause substantial evolution in the disks
such as clearing disk cavities. In this case, the disks are
named the transitional disks.

The first transitional disk was recognized as a sub-
class of protoplanetary disks by Strom et al. (1989) and
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Skrutskie et al. (1989) from near-infrared (NIR) ground-
based photometry and IRAS (MIR) photometry. De-
tailed studies of these objects became feasible as pro-
gressively more sophisticated instruments, the Spitzer
Space Telescops (Werner et al. 2004) identified a new
class of disks called pre-transitional disks around stars
LKCa 15 and UX Tau A (Espaillat et al. 2007). The
spectral energy distribution (SED) of such disks, which
provide indirect evidence of gaps have lack of MIR flux
(5-20 pm ) and a significant excess at NIR (2-5 pm) and
longer wavelengths compared to the full protoplanetary
disks. The specified shapes of these SEDs demonstrates
that pre-transitional disks are comprised of an inner disk
and an outer disk separated by a gap. One of the pro-
posed formation scenarios of the gapped disks are the
disk-planet interaction while the geometrical structure
of such gaps are still under debate.

HD 100546 (110+0.6 pc from the second Gaia Data
Release, Gaia Collaboration et al. 2016, 2018) hosts
a widely studied pre-transitional disk, which was first
identified by Bouwman et al. (2003) modeling the spec-
tral energy distribution (SED). They concluded that
HD 100546 has a small inner disk of a few au and a
more massive outer disk beyond ~ 10au. They specu-
lated about the presence of a planetary companion in
the gap. The gas and dust-rich disk of HD 100546 is
one of the best laboratories to study forming planetary
systems. Direct and indirect observations reveal that
the disk hosts two embedded companion candidates (e.g.
Quanz et al. 2013, 2015; Bouwman et al. 2003; Brittain
et al. 2014; Currie et al. 2015).

The geometrical structures of the disk around
HD 100546 were widely studied in multi-wavelength ob-
servations. The results of the various studies are listed
in Table1l. Please note that in the literature the dis-
tance of 97 pc is commonly used. In this work, we use
the updated distance of 110 pc, measured by GATA.

As a complementary study, in this paper, we present
our mid-infrared interferometric data, consisting of 15
independent two-element baseline measurements ob-
tained with the Very Large Telescope Interferometer
(VLTI) and its instrument MIDI (Leinert et al. 2003).
With a large span of the projected position angles, these
data provide a unique measurements of the gap geom-
etry in the mid-infrared in unprecedented detail. It is
unique since we have multi-epoch N-band data, which
has not been done before. These data give us more in-
formation about the geometry of the disk than previous
N-band observations on HD 100546. Constraining the
precise size of the gap of HD 100546 at various wave-
lengths is important to learn about the processes at
work that form this gap. Moreover, HD 100546 exhibits

( North )
T T ™ T T
100} i .
L - Xk J
S o
50 L
L ! x
—_ | *
E 7 | x
‘>" 8 0*”;{”;{”””’”"””””””*’”*”“
= i} « |
L * :
8 % | *
L * |
| *
fox
—100f | .
N R T S R R
-100 =50 0 50 100

Figure 1. The uv-coverage of our UT data from 2012/2013
(blue) and 2004/2005 (red; Pani¢ et al. 2014; Leinert et al.
2003).

multiple signposts of planets and will be a prime target
for all future instruments.

2. OBSERVATIONS AND DATA REDUCTION

HD 100546 was interferometrically observed in the N
band (8—13 ym) in 2012 and 2013 using the MIDI/ VLTI
(ESO GTO program 090.C-0931(A)-(E), PI: O. Pani¢).
In this paper, we focus on our observations carried out
with the 8 m Unit Telescopes (UTs). We performed
the observations with the prism as dispersive element
(R~30) and in the HIGH-SENS mode, i.e., the total
fluxes and the correlated fluxes were measured consec-
utively. Table2 gives the log of observations and Fig. 1
presents the corresponding uv-coverage. For the cali-
bration of the correlated fluxes and the determination
of the transfer function, calibrator stars were observed
within about half an hour before or after the target in
the same region of the sky. We used the calibrator stars
before and after the target and then averaged the re-
sults. In the cases for which the transfer function of one
of the calibrators was peculiar we used only one calibra-
tor (Table A).

To reduce the data, we used v2.0 of MIA+EWS!. For
weak correlated fluxes the EWS branch with its shift-
and-add algorithm in the complex plane is more accu-
rate. In this paper, MIA with its power spectrum anal-
ysis was only used to check the EWS results.

We present some of the calibrated correlated fluxes
(black lines) with better quality in Fig.2 and the re-

L http://www.strw.leidenuniv.nl/~nevec/MIDI/
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Table 1. A comparison between the geometrical parameters of the disk of HD 100546 from various studies. Listed are the
inclination, i, the position angle,PA, and the cavity size of the disk. The absolute sizes of the cavity have been derived for a
common distance of 110 pc (for further details see text).

Reference Instrument wavelength i(°) PA(°) physical corresponding

range Cavity Cavity size at
size (au) 110 pc (au)

Quanz et al. (2011) VLT/NACO H and K band 47.0+£2.7  138.0£3.9 ~15.0 ~16.9

Avenhaus et al. (2014) VLT/NACO L band — 138+3 14.0£2.0 15.8+2.3

Garufi et al. (2016) VLT/SPHERE Visible — — 11.0+£1.0 124+1.1

Brittain et al. (2014)  VLT/CRIRES NIR spectroscopy 42 — 129713 14.6 177

Mulders et al. (2013)  VLTI/MIDI MIR 53 145 ~ 10.0to 25.0 ~ 11.3to0 28.2

Panié et al. (2014) VLTI/MIDI MIR 53+ 8 145+5 11.0+1.0 12.44+1.2

Menu et al. (2015) VLTI/MIDI MIR — — 18.8+ 1.2 212414

Pineda et al. (2014) ALMA 870 pm 41.944+0.03 145.144+0.04 — —

Wright et al. (2015) ATCA 7 mm 40+£5 140£5 25.0 28.2

Follette et al. (2017) MagAQO and GPI optical and NIR 42 145 15.0 15.0

Our work VLTI/MIDI MIR 47+1 135+£2.5 15.7£0.8 15.7+£0.8

maining measurements in Fig.4 in the online material.

3. RESULTS
3.1. Geometrical model

The observed correlated fluxes show a wavy pattern
with clear minima, which vary with baseline length and
orientation. In interferometric observations a sinusoidal
signal in the correlated flux is a sign of binary-like struc-
ture in the sky (see Ratzka et al. 2009; Chesneau et al.
2006). Therefore, the most elementary interpretation of
the minima in our data are two separated point sources
in the sky, i.e., a binary or a structure similar to a binary
that causes the minima. If the wavelength-dependence
of the separation is weak, the separation can be directly
accessed. The only parameter influencing the location
of the minima is the angular separation. Here the inner
disk and the opposite sides of the disk wall can mimic a
binary when observed with an interferometer.

For each observation, we constrain the position of
two consecutive minima and derive the angular gap size
along the baseline direction. Afterwards, we fit an el-
lipse to all the separations with the aim to derive the
position angle, the inclination and the size of the gap.
For the given distance, the angular separation can be
converted to au.

The identification of the minima locations requires
some efforts since the sampling of the MIDI data is quite
low and the minima are not always symmetric. There-
fore, we try to fit a spline function to the correlated
fluxes in each dataset before identifying its correspond-
ing minima. The spline function enables us to predict
the correlated flux also in wavelength ranges affected by
noise. We found that by different selection points used

in our spline fit around each minimum, the minima po-
sitions change slightly. We repeat this process 100 times
and each time record the minima from the fit. The mean
of these 100 minima is taken as the best minimum, their
standard deviation provides the uncertainty of this min-
imum. The minima of the spline fit are then taken as the
minima of the corresponding correlated flux. The spa-
tial frequencies at which two consecutive minima occur
are then subtracted and converted to au for the given
distance.

An example of a spline fit on a correlated flux is shown
as the green curve in panel (a) of Fig. 2.

We present in Fig.3 the separations and their corre-
sponding error bars as blue points. The ellipse fit to
the data points gives i=47+1° and PA =135+ 2.5°.
Note that the uncertainties are only the formal ones in
the framework of the specific model. We derive a ra-
dius of the ellipse of 15.7+0.8au. These results are
roughly consistent with the values found in previous
studies listed in Table1. Please note that the PA and
the cavity size we derive is not consistent with the value
derived in the MIR study by Panié¢ et al. (2014). The
actual difference of the cavity size along PA of 30° is
1.5au, i.e., the separations found for the old data are
not consistent with the new data (Fig.3). The reason
for this may be the variability of the source in the 7 year
period (Sect. 3.2).

The determination of the minima locations with the
spline method, however, does not take into account an-
other restriction of the binary model. The periodicity
of the binary signal has to be consistent with a max-
imum at spatial frequency 0. To justify and confirm
the minima determination of the correlated fluxes, we
use a simplistic binary model of two point sources with
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equal brightness. In this model the correlated flux only
depends on the angular separation along the baseline
direction. The data points and the ellipse fitted to the
derived separations are shown in red in Fig.3. We find
i=4640.5° and PA =134+ 1° as well as a semi-major
axis of 15.3+0.7au. This confirms that the previous
results are robust and shows that the two approaches
are consistent with each other. Please note that the
two older measurements (2004, 2005) represented by the
red points in Fig. 1 are not included in our geometrical
model described above.

3.2. Two-component disk model

For a more detailed interpretation of our data, we
use a semi-analytical model (Jamialahmadi et al. 2015a,
2018). This model of protoplantary disks around Young
Stellar Objects (YSOs) (Jamialahmadi et al. 2015Db)
takes the temperature and surface density power law
into account. Pre-transitional disks can be modeled with
two components separated by a gap.

In a first step, we start, however, with constructing
an one-component disk model, which only comprises an
inner rim and an inner disk at less than 1au both with
a temperature and optical depth power law (Table2).
The outer disk is added later. The inclination ¢ and
the position angle PA of the disk are fixed to the values
constrained by our ellipse fitting (on data points fitted
by spline function; see Sect.3.1). The temperature at
the inner radius of the rim (T, yim) in the rim tempera-
ture power law, is a free parameter, ranging from 600 K
(Pani¢ et al. 2014) to 1750 K (Tatulli et al. 2011). The
exponent ¢,;,, varies between 0.1 to 1.5.

The temperature of the inner radius of the inner disk
(Tin,ia) is equal to the temperature of the inner rim at
inner radius of the inner disk (7 4). The exponent g;q
varies again between 0.1 to 1.5.

As shown in Table2, we fix the rim location to the
value of 7ip rim = 0.24 constrained by Benisty et al.
(2010) and Tatulli et al. (2011). We also set the in-
ner radius of the inner disk, r;; ;4, which is equal to the
outer radius of the inner rim as well as the outer radius
of the inner disk to the values measured by Pani¢ et al.
(2014), i.e., 0.34 au, and 0.7 au, respectively.

In our disk model, the observer receives the following
flux for each disk elementary surface area A, i.e., the
area defined by our pixel size in the simulated brightness
maps of our model :

ansi) = By 1= eon (<) (5) )

where, B) is the Planck function, which depends on
the temperature of the disk at each radius, the quan-

Table 2. The best parameters obtained for an inner disk
and outer disk separated by a gap. The parameters marked
with a, b and c¢ are the ones constrained by the geomet-
rical model, the one-component disk model and the two-
component disk model respectively. The parameter marked
with ¢ * is constrained for each individual observation by our
two-component-disk model with all other parameters fixed.

Geometry

Inclination 47+1° a
PA 135.0+2.5°
Inner rim

Tr,rim == in,rim(r/rin,rim)_q”m

ﬂn,rim 1200 K b
Tin,rim 0.24 au
Tout,rim 0.34 au

Tr,rim = Tin,rim(r/rin,rim)iprim

Tin,rim 0.15 b
Inner disk

Tria = Tinid(7/7in,ia) ~ %4
T’in,id = En,rim(Tin,id/rin,rim)_qu

Tin,id 0.34 au
Tout,id 0.7 au
Qid 0.2 b

Trid = Tin,id(7/Tin,id) 71

Tinyid = Tin,rim (Tin,id/Tin,rim )~ 774™

Pid 1.4 b
Outer disk

Tr,od = T’in,od (T/Tin,od)7QOd

T‘in,od 300K C
Tin,od (10-16.5)au  c*
Tout,od 35au

qod 1.5 C

(Tfrin,od) )

T = sin(7w/2
r,od ( / (Tout,od —Tin,od)

tity A/D? represents the solid angle of each elementary
surface area as seen at the distance D, i is the disk in-
clination and 7, is the optical depth as a function of
radius.

We first used an optically thick rim and an inner disk
where 7T,;m = T;q=1. Since using this definition we
could not reproduce the slope of our correlated fluxes,
we then assumed a power law for the optical depth,
7o = Tin(r/rin) P for which the value decreases with
increasing distance from the central star. For the inner
rim, iy is assumed to be Ty rim at Tin rim. For the inner
disk, 73, is calculated from the optical depth of the inner
rim at 7, ;4. The slope of the correlated fluxes are very
sensitive to the value of 7,. We vary this parameter in
a range between 0 to 1 to obtain the best slope. The
exponent of p in the optical depth power-law is defined
as Prim for the inner rim and piq for the inner disk. We
vary these parameters between 0.1 to 1.5.
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Figure 2. The bottom-right plot is the synthetic image of HD 100546 at A =10 um, using our best model. With the projected

baselines indicated we derive the correlated fluxes shown in panels (a) to (e).

Overplotted on the measured correlated fluxes

(black) is the slope of the correlated fluxes (solid magenta) and the best model of the slope of the correlated fluxes (dashed
magenta), including the inner disk and its inner rim. The blue lines represent the best model including the inner and the outer
disk. The green curve in panel (a) is the spline function fitted to this measurement. We list the separations derived from spline
fitting (S, ), full binary model (Ss), and from our two-component disk model (Sm = Tin,0d), respectively. Panel (e) corresponds

to the observation in 2005 (Pani¢ et al. 2014).
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Figure 3. The separations derived from spline fitting (blue),
full binary model (red), and our two-component disk model
(green), respectively. The corresponding ellipse fits on these
data points are also overplotted with the same color codes.
The result quoted is that of the spline fitting. The two mea-
surements that deviate from the other points have been ob-
tained in 2004/2005 (Pani¢ et al. 2014). We do not include
them in our ellipse fitting.

After creating the image of the disk (including the
star) for each wavelength, we calculate the correlated
flux. The correlated flux is the modulus of the Fourier
transform for the observed spatial frequency. The inner
disk in our model only creates a slope with which we can
reproduce the slope of our data. To do so, we first define
the slope of each correlated flux using the lower and the
upper wavelengths and their corresponding correlated
flux value as shown in Fig. 2 and Fig. 4 by the solid ma-
genta lines. Exploring the range of free parameters in
our model, we could reproduce the slope of the corre-
lated fluxes assuming an inner disk smaller than 1 au.
The reduced x? of our best model, which is the differ-
ence between the model and the data weighted by the
number of elements of the data is 1.4. We summarize
the parameters constrained in our best model marked
with b in Table2. We present the best model by dashed
magenta lines in Fig. 2 and Fig. 4.

In a next step, we use a two-component disk model
adding an outer disk to the inner one, separated by a
gap. The temperature of the inner radius of the outer
disk (Tin,oq) in the outer disk temperature power law is
a free parameter and varies in a physical consistent tem-
perature range 200-300 K as used for an illuminated wall
by Mulders et al. (2011). The exponent g,q in the power
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law varies between 0.1 to 1.5. We set the outer radius of
the outer disk (7out,0a) to a high enough value of 35au
to provide a gradual decrease in the radial brightness,
as doing otherwise may introduce spurious interferomet-
ric signal. For the optical depth we use the expression
introduced by Pani¢ et al. (2014). Since the contrast be-
tween the wall of the outer disk and the gap causes a high
contrast in the flux, they introduced a sine function (see
Table 2) to gradually smooth the peak of the flux behind
Tin,od- With respect to the inner disk we kept the best
parameters obtained for the one-component disk model
reproducing the slope of our correlated fluxes (see Ta-
ble 2).

The temperature of the outer disk and the exponent
q affect the level of the correlated fluxes and the inner
radius of the outer disk 74, o4 affects the location of their
minima. Therefore, we first adjust the level of the cor-
related fluxes for all observations exploring the range of
the temperature and ¢ for a given 7y, oq. Then, we vary
Tin,od for each observation between 7 to 17 au assuming
that the other parameters presented in Table 2 are fixed.
The results vary between 10 and 16.5au. This step is
done manually. The correlated fluxes are presented in
Fig.2 for five different baseline configurations. The re-
maining plots are presented in Fig. 4. Adding the outer
disk to the one-component disk model causes the wavy
pattern of our correlated fluxes. Using our best model,
we successfully reproduce the minima separations and
roughly the level of each correlated flux for the specific
value of r;;, o4 for the given distance. The data points
and the corresponding fitted ellipse are represented in
Fig. 3. The under predicted flux in our model compared
to some of the observed data in Fig.2 and Fig.4 could
be due to an asymmetry at the corresponding orienta-
tions, which has not been included in our symmetrical
model.

We see also a pronounced signal in the differential
phases, which is produced by an asymmetry in the outer
edge of the gap as detected by Pani¢ et al. (2014). This
asymmetry may be caused by a bright wall of the outer
disk, which is tilted away from the observer. We find
a flux ratio of less than 0.25 in the observed differential
phases. We will discuss this issue in a forthcoming paper
in detail.

Indeed, the separations as derived from our data are
representative of the geometrical structure of the disk
and allow a unique estimation of the gap size. As demon-
strated in Figs. 2 & 4 we can reproduce the minima loca-
tions of the correlated fluxes for the older measurements.
However, the corresponding separations deviate from
the ones found from our new data. This implies that
the deviation of the separation measurements shown in

Fig. 2 between the old data and new data could be due
to the difference in the geometry of the disk, i.e., the
projected gap size in that direction. We note that Pani¢
et al. (2014) already witnessed variability even between
the two older data points, which had roughly the same
baseline length and orientation and were taken with only
about one year time difference. They suggested that this
time variability is because of the different spatial distri-
bution of the brightness on AU-scales. We expected to
observe the variability due to the 7 years time difference
between the first two epochs and our new data, which
was confirmed by our new cavity size. The exact reason
for this variability, however, requires further investiga-
tions and might be a combination of temperature and
strecutural effects.

4. SUMMARY AND CONCLUSION

We have presented multi-epoch interferometric N-
band data with a good uv-coverage obtained with
VLTI/MIDI. The measured correlated fluxes are char-
acterized by a wavy pattern, which varies with baseline
length and orientation. However, some minima are less
significant than others, which may or may not be re-
lated to the silicate feature that is present in the total N
band fluxes (van Boekel et al. 2005). Our multi-epoch
data allows us to estimate the gap size of the disk of
HD 100546 in the N band. We show that the separation
obtained by direct measurement of the separation of the
minima of our new data in 2012 and 2013 are satisfac-
torily fitted by an ellipse. We derive an inclination of
47+ 1° and a PA of 1354 2.54°, which are consistent
with the values estimated by previous studies. We also
constrain gap size to 15.7+0.8au. We show by our
model that the inner radius of the outer disk estimated
for each observation is consistent with the separation
obtained from the geometrical model. Please note that
our projected gap size estimation takes into account
the updated distance of HD 100546 measured by GAIA,
~13% larger than the distance of 97 pc commonly used
in literature. Taking into account this fact, our pro-
jected gap size estimation bears striking similarity to
the multi-wavelengths values found by previous stud-
ies listed in Tablel. However, one has to be careful
in comparing the sizes, since the different wavelength
regimes and observing methods trace potential different
structures.

Reconstructing images of the disk of HD 100546 at
L and N band with the upcoming second-generation
VLTI instrument MATISSE (the Multi AperTure mid-
Infrared SpectroScopic Experiment, Lopez et al. 2006)
will constitute a unique perspective to further assess
the nature of the geometrical structure of HD 100546
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and will be a natural continuation for our study. MA-
TISSE will recombine up to four telescopes. More de-
tailed models including also our data obtained with the
Auxiliary Telescopes (ATs) will be presented in a forth-
coming paper.
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A. ADDITIONAL ONLINE MATERIAL
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Table 3. Log of observations. The excluded calibrator stars are indicated with an asterisk.

090.C-0931(E
090.C-0931(E

U1-U4 2013-03-04 07:42:16 HD 100546 109.7 101.5
U1-U4 2013-03-04  08:08:23 HD 102839 108.5 103.2

Program IDs  Tel. Date UT start Target Bp[m] PA°
090.C-0931(A) U1-U3 2012-12-31  05:29:10 HD 94452 94.8 3.7

090.C-0931(A) U1l-U3 2012-12-31 05:48:52 HD 100546 88.4 0.1

090.C-0931(A) U1l-U3 2012-12-31 06:05:45 HD 102461 97.5 0.6

090.C-0931(B) U1-U3 2012-12-31 06:26:43 HD 98292 90.1 9.9

090.C-0931(B) U1-U3 2012-12-31 06:52:18 HD 100546 87.9 11.9
090.C-0931(B) U1-U3 2012-12-31 07:07:26 HD 102839 % 87.9 11.7
090.C-0931(B) U1-U3 2013-03-01  01:37:42 HD 94452 94.8 4.5

090.C-0931(B) U1-U3 2013-03-01  02:20:39 HD 100546 88.3 5.3

090.C-0931(B) U1-U3 2013-03-01  02:37:08 HD 102461 97.4 5.2

090.C-0931(B) U1-U3 2013-03-01 02:53:17 HD 98292 89.7 14.0
090.C-0931(B) U1-U3 2013-03-01 03:14:26 HD 100546 87.5 15.3
090.C-0931(B) U1-U3 2013-03-01 03:29:24 HD 102839 87.5 15.0
090.C-0931(E) U1-U4 2013-03-01 04:12:01 HD 98292 126.3 52.2
090.C-0931(E) U1-U4 2013-03-01  04:28:49 HD 100546 125.5 52.8
090.C-0931(E) U1-U4 2013-03-01  04:48:41 HD 102839 125.3 53.6
090.C-0931(C) U3-U4 2013-03-01 05:25:12 HD 98292 60.7 106.1
090.C-0931(C) U3-U4 2013-03-01 05:40:55 HD 100546 60.5 105.8
090.C-0931(C) U3-U4 2013-03-01 05:58:27 HD 102491 61.4 108.9
090.C-0931(C) U3-U4 2013-03-01 07:05:13 HD 98292 62.2 128.7
090.C-0931(C) U3-U4 2013-03-01 07:27:08 HD 100546 62.1 129.8
090.C-0931(C) U3-U4 2013-03-01 07:37:21 HD 100546 62.1 132.1
090.C-0931(C) U3-U4 2013-03-01 07:57:18 HD 102839 62.1 132.9
090.C-0931(C) U3-U4 2013-03-01 06:14:59 HD 98292 61.6 117.3
090.C-0931(C) U3-U4 2013-03-01 06:33:50 HD 100546 61.4 117.6
090.C-0931(C) U3-U4 2013-03-01 06:49:13 HD 102839 61.4 117.3
090.C-0931(E) U1-U4 2013-03-03  01:33:55 HD 94452 130.2 28.2
090.C-0931(E) U1-U4 2013-03-03 01:48:16 HD 100546 128.8 20.9
090.C-0931(E) U1-U4 2013-03-03  02:12:00 HD 102461 130.1 24.3
090.C-0931(D) U2-U4 2013-03-03 02:58:09 HD 98292 89.0 53.1
090.C-0931(D) U2-U4 2013-03-03 03:13:30 HD 100546 89.2 52.9
090.C-0931(D) U2-U4 2013-03-03 03:35:27 102461 87.8 54.8
090.C-0931(D) U2-U4 2013-03-03  05:41:19 HD 98292 88.5 89.9
090.C-0931(D) U2-U4 2013-03-03  06:05:19 HD 100546 88.3 92.1
090.C-0931(D) U2-U4 2013-03-03 06:23:43 HD 102839 «  88.3 92.5
090.C-0931(D) U1l-U4 2013-03-03  06:56:03 HD 98292 113.8 91.3
090.C-0931(D) U1l-U4 2013-03-03 07:11:13 HD 100546 113.4 92.6
090.C-0931(D) U1l-U4 2013-03-03 07:31:07 HD 102839 « 113.6 93.5
090.C-0931(D) U2-U4 2013-03-03  09:21:31 HD 102839 82.5 138.5
090.C-0931(D) U2-U4 2013-03-03  09:36:52 HD 100546 81.3 146.1
090.C-0931(D) U2-U4 2013-03-03  09:55:47 HD 120404 85.5 145.2
090.C-0931(E) U1-U4 2013-03-04 07:26:35 HD 98292 109.0 99.4

(E)
(E)




CONSTRAINING THE GAP SIZE OF HD 100546
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Figure 4. Results for all measured correlated fluxes not shown in Fig.2. In bottom-right, we use the UT data from 2004

published by Panié¢ et al. (2014). For details see Fig.2.
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