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Young (2 Myr) nearby (140 pc) 
protoplanetary disk with an almost 
pole-on disk that display a large 
gap and a disrupted outer disk with 
spirals.

HD142527’s basics

and at a position angle orthogonal to that expected from close-in high-
velocity material in Keplerian rotation. Very blueshifted emission
could reach out to 0.2 arcsec from the star (channel at 22.4 km s21

in Supplementary Fig. 2, taking into account the beam). A blueshifted
CO(3–2) high-velocity component can also be seen at the base of this
feature, near the star (at 22.1 km s21 in Supplementary Fig. 5).

The non-Keplerian HCO1 is probably not consistent with a central
outflow. Stellar outflows are not observed27 in disks with inner cavities
and no molecular envelopes (that is, transition disks). For an outflow
orientation, the low velocities measured by the lines imply that the
filaments in HD 142527 would stand still and hover above the star
(Supplementary Information, section 3). Even the blueshifted emis-
sion is slow by comparison with the escape velocity. A slow disk wind
(for example one photoevaporative or magnetically driven) can also be
excluded on the basis of the high collimation shown by the HCO1

emission. Indeed, the CO 4.67-mm emission seen in the inner disk26 is
purely Keplerian, it does not bear the signature of the disk winds seen
in other systems and its orientation is the same as that of the outer
disk. An orthogonal inner disk can also be discounted on dynamical
grounds (Supplementary Information, section 3).

It is natural to interpret the filaments as planet-induced gap-
crossing accretion flows, or ‘bridges’. Because the eastern side is the
far side, the blueshifted part of the eastern bridge is directed towards
the star and is a high-velocity termination of the accretion flow onto
the inner disk. These bridges are predicted by hydrodynamical simula-
tions when applied to planet-formation feedback in HD 142527 (ref. 7).
In these simulations, the bridges straddle the protoplanets responsible
for the dynamical clearing of the large gap in HD 142527. They are
close to Keplerian rotation in azimuth, but have radial velocity com-
ponents of>0.1 of the azimuthal components. In our data, we see that
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Figure 1 | ALMA observations of HD 142527, with a horseshoe dust
continuum surrounding a gap that still contains gas. We see diffuse CO gas
in Keplerian rotation (coded in Doppler-shifted colours), and filamentary
emission in HCO1, with non-Keplerian flows near the star (comparison
models illustrative of Keplerian rotation are shown in Supplementary
Information). The near-infrared emission abuts the inner rim of the horseshoe-
shaped outer disk. The star is at the origin of the coordinates. North is up and
east is to the left. a, Continuum at 345 GHz, with specific intensity units in
Janskys per beam. It is shown on an exponential scale (colour scale). A beam
ellipse is shown in the bottom right of b, and contours are drawn at 0.01, 0.1, 0.3,
0.5, 0.75 and 0.9 times the peak value. The noise level is 1s 5 0.5 mJy per beam.
b, CO(3–2) line intensity shown by white contours at fractions of 0.3, 0.5, 0.75
and 0.95 of the peak intensity value, 2.325 3 10220 W per beam. The underlying
red–green–blue image also shows CO(3–2) line intensity, but integrated in
three different velocity bands, whose velocity limits are indicated in the spectra
of Supplementary Fig. 8. c, Near-infrared image from Gemini that traces
reflected stellar light, shown on a linear scale. We applied a circular intensity
mask to the stellar glare, some of which immediately surrounds the mask. See

Supplementary Fig. 1 for an overlay with the continuum. d, HCO1(4–3) line
intensity shown by white contours at fractions of 0.1, 0.3, 0.5, 0.75 and
0.95 of the peak intensity value, 0.40 3 10220 W per beam, overlaid on a
red–green–blue image of HCO1 intensity summed in three different colour
bands (see Supplementary Fig. 8 for definitions). Insets show magnified views
of the central features that cross the dust gap. The cross indicates the star at the
origin, with a precision of 0.05 arcsec, and the arrows point at the filaments.
Inset to a: same as in a, with a narrow exponential scale highlighting the
gap-crossing filaments. These features appear to grow from the eastern and
western sides of the horseshoe. Contours are at 0.0015 and 0.005 Janskys per
beam. Inset to d: deconvolved models (Supplementary Information) of the
HCO1 emission (green) at velocities where the gap-crossing filaments are seen,
that is, from 3.2 to 4.3 km s21. Intensity maps for the blue and red velocity
ranges (see Supplementary Fig. 8 for definitions) are shown in contours, with
levels at 0.5 and 0.95 times the peak values. These red and blue contours are an
alternative way to present the intensity field shown in d, but deconvolved for
ease of visualization.
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dust trap in continuum (Casassus 
et al. 2013, Nature)
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Figure 3. Modeling of the spirals observed in the CO 2–1 and CO 3–2 Ipeak maps. Legends follow from Figures 1(b) and (f). For comparison, we indicate the position
of the H-band spiral arm from Fukagawa et al. (2006; diamonds) and the Ks-band spiral root from Casassus et al. (2012; squares). (a) Points tracing the spirals used
for modeling. (b) Modeling of the spiral arms as in Muto et al. (2012; solid dark gray lines) and Kim (2011; solid black lines). The dashed dark gray and dashed black
spirals represent the point-symmetric location of S2 models with respect to the star. (c) and (d) Identical to (a) and (b) with the CO 3–2 Ipeak map.
(A color version of this figure is available in the online journal.)

Equation (1) after θc instead of the minus sign given in Muto
et al. (2012) since the disk of HD 142527 is rotating clockwise.

First fits with Equation (1) were computed by fixing the
values of α to 1.5 (Keplerian rotation) and β to 0.25 (see q
in Section 2.3.1). We found plausible values of hc (between
0.01 and 1.0) with the points of the CO 2–1 Ipeak map for S1
(hc = 0.15) and S3 (hc = 0.27), but not for S2, and for neither
spiral with the points of the CO 3–2 Ipeak map. In order to further
reduce the parameter space, a second set of fits was run fixing
as well the value of hc to 0.15. The best fit models are shown in
solid dark gray lines in Figures 3(b) and (d); the inflection point
in the spiral curves represents the best fit location of the planet.
The values of the best fit rc, θc, and χ2 are given in Table 1.

Sweeping β from 0.15 (Perez et al. 2014) to 0.30 (corre-
sponding to q = 0.6) does not significantly change χ2 (relative
to the spread of values for different spirals) and the value of
the other parameters. On the contrary, the best fit parameters
depend strongly on hc; a difference of a few hundredths induces
significantly different results, confirming the degeneracy al-
ready noted by Muto et al. (2012) and Boccaletti et al. (2013).
Since χ2 depends on the estimated error bars, which are not in-
dependently determined, we use χ2 to compare different models

Table 1
Values of the Best Fit Parameters with Equations (1) and (2)

Equation (1)a S1 S2 S3

rc (arcsec) 1.71 ± 0.04 2.13 ± 0.24 2.62 ± 0.08
CO 2–1 θc (deg) 283 ± 5 146 ± 64 83 ± 10

χ2 2.38 18.0 4.66

rc (arcsec) 1.62 ± 0.04 2.69 ± 0.38 /
CO 3–2 θc (deg) 255 ± 7 235 ± 45 /

χ2 2.05 36.0 /

Equation (2) S1 S2 S3

a (arcsec rad−1) 0.58 ± 0.05 0.20 ± 0.05 0.65 ± 0.06
CO 2–1 b (arcsec) −0.86 ± 0.29 3.05 ± 0.29 2.34 ± 0.16

χ2 0.16 0.30 0.40

a (arcsec rad−1) 0.45 ± 0.03 0.25 ± 0.10 /
CO 3–2 b (arcsec) −0.02 ± 0.17 2.88 ± 0.52 /

χ2 0.18 2.94 /

Note. a For Equation (1), we fixed α = 1.5 (Keplerian rotation), β = 0.25 (from
q found in Section 2.3.1), and hc = 0.15 (best fit value when hc is set free for
S1 in the CO 2–1 Ipeak map).
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Spirals in 12CO 2-1 (Christiaens 
et al. 2014, ApJL)

H. Canovas et al.: Near-infrared imaging polarimetry of HD 142527

Fig. 7. Azimuthal (angles computed east of north) variation of the
Stokes Q (top row) and U (bottom row) images for the H- (left column)
and Ks-band (right column) measurements.

In all the plots, each point represents the mean value of the plot-
ted image over the corresponding sector. The data points that are
at the position of the telescope’s spiders were removed from the
P plots, since those points were severely a↵ected by noise. The
error bars represent the standard deviation inside each sector di-
vided by the total amount of images used to produce the final
images. We show the P plot at Ks band for completeness, but it
is too contaminated by the instrumental artifacts to be useful to
derive any physical parameters, and we focused on the P image
at H band. The (black) stars and the (red) triangles represent the
upper and lower limits of P, respectively. On average, the east
side of the disk has a higher polarization degree (P . 19.0%)
than the west side (P . 15.8%). The polarization angle (P✓) is
shown in Fig. 9. To obtain P✓ we first binned the Stokes Q and
U images using a binning size of 5 px. We then computed the
average I, Q and U inside each bin and derived the correspond-
ing PI, P and P✓. Only regions of the image where PI � 3�PI ,
where �PI is the noise of the PI image, were considered to com-
pute P✓. The length of the vectors is proportional to the average
of the local (upper limit of) P. The centrosymmetric pattern in-
dicates that the central star is the source of the scattered light in
our images.

5. Discussion

5.1. Orientation and surface brightness of the disk

From MIR imaging, previous studies have inferred that the disk
around HD 142527 is inclined by ⇡20�, with the western side
being the near side (Fujiwara et al. 2006; Verhoe↵ et al. 2011).
Our observations agree well with this orientation. On the east-
ern side, the inner disk wall is directly exposed to the observer
and the larger (apparent) radial extension of the disk is a natural
consequence of the large vertical extent of the disk inner wall in
that configuration. The large vertical extent has been suggested
to explain the very bright mid- and far-infrared excess emission
(Verhoe↵ et al. 2011).

Previous studies have estimated the NIR surface brightness
of the disk along cuts at PA = 47 and 60 degrees, i.e., more or
less along the north-east to south-west direction (Fukagawa et al.
2006; Rameau et al. 2012). Because the disk is elliptical and not
centered, these radial surface brightness profiles peak at di↵er-
ent radii, closer to the center in the NE direction, and farther
out to the SW. Our data show the same behavior. To extract the

Fig. 8. Azimuthal (angles computed east of north) variation of the PI
(top row) and P (bottom row) images, for the H (left column) and
Ks bands (right column). The position of the telescope’s spiders is in-
dicated by the dashed lines. In the P plot at H band, the stars and the
triangles represent the lower and upper limits of P (see text for a detailed
explanation). The P image at Ks band is too contaminated by artifacts
(see Fig. 3, right-bottom plot).

Fig. 9. Polarization angle (P✓) indicated by the green vectors, plotted
over the PI image. The length of the vectors is proportional to the local
polarization degree (P). The vectors are plotted in regions of the image
where the polarized intensity PI is higher than three times the standard
deviation (�PI ) of the sky background (see text).

azimuthal SB profile in the H band, we fitted ellipses to the disk
along the ridge of maximum brightness. The peak surface bright-
ness is similar on both sides of the disk in H band. The Ks-band
intensity map is too noisy to extract a reliable azimuthal profile.

5.2. Polarization: comparison with other disks

Maps of the polarized intensity exist for several disks, but to our
knowledge there are just four protoplanetary disks with spatially
resolved maps of the polarization degree: GG Tau (Silber et al.
2000), AB Aurigae (Perrin et al. 2009), and the edge-on disk
PDS 144N (Perrin et al. 2006), all observed with the Hubble
Space Telescope, and UX Tau A (Tanii et al. 2012), observed
with the subaru telescope. PDS 144N is the only edge-on disk in
this sample. Therefore, we focused on the other three disks. In
GG Tau and AB Aur the reported polarization levels oscillate be-
tween a minimum of ⇡20% and a maximum of ⇡50%, at 2 µm
for AB Aur and 1 µm for GG Tau. UX Tau A shows a wider
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Polarized intensity and angle (H-band, 
Canovas et al. 2013)

Band 6. Resolved cavity with gas detection. 0.82” x 
0.56” beam. 13CO (2-1)

ALMA / band 6 CO isotopologues / moment maps
HD 142527 cavity 3

FIG. 1.— Moment maps carbon monoxide isotopologues 12CO, 13CO and C18O J = 2 − 1. North is up, East is left. Left: Moment zero; continuum

subtracted integrated line emission, considering flux contribuition from all channels from -0.8 to +7.8 km s−1, in units of Jy beam−1 km s−1. Continuum at
230 GHz is shown in contours. The 12CO map shows the large extent of the molecular line emission, the north-south asymmetry is due to foreground absorption.
13CO and C18O show a clear central cavity. The noise level for all intensity maps is about 1σ = 11 mJy per beam. Center: First moment showing the velocity
map. Right: Second moment, showing the velocity dispersion of the emitting gas. Colour scale is exponential. The coordinates origin is set to the center of
the disk and it is marked with a cross. The sinthesized beam is shown in the lower left corner. The dashed ellipse in the moment 2 map is a fit by eye of the
dust-continuum horseshoe border. The ellipse shows that there is a difference in dispersion of the gas under the horseshoe, with respect to the south counterpart
of the disk.

intervening cloud, at 4.4 km s−1, thus affecting the red part of
the line. The foreground cloud can be seen as an absorption
feature in the 12CO spectrum shown in Fig. 2. The diffuse
morphology of the 12CO emission suggests that the line is
most likely optically thick.

The HD 142527 dust continuum at 230 GHz, shown as con-
tours in Fig. 1, has a horseshoe-shaped morphology, as pre-
viously reported in Casassus et al. (2013) at 345 GHz. The
13CO integrated intensity map (Fig. 1) shows a disk cavity
and a bright outer disk. The outer disk is at least a factor
of 2 brighter than the inner cavity in 13CO. This is a lower

limit since the gap edge is smeared out by the CLEAN beam,
slightly filling the gap.

All the moment maps velocity information displayed in
Fig. 1 were derived by fitting a gaussian profile to the spectral
axis in each spatial pixel of the CLEANed data cubes. Fig. 1
shows the integrated intensity, velocity centroid, and velocity
dispersion for the three isotopologues. The maps were then
median-filtered with a kernel box of 0.1×0.1”.

The velocity dispersion map of 12CO shows an increment
in the width of the emission line profile under the horseshoe-
shaped continuum (see dashed ellipse in Fig. 1 upper right).

ALMA / channel maps 13CO(2-1)

Parametric Model
Simple, azimuthally symmetric tappered disk, CO 
collision partner, Keplerian rotation, ISM abundance. 
Temperature calculated from 12CO data.
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to know more about HD142527, the MAD group and/or 
protoplanetary disks visit: madnucleus.com

Main results (Perez et al. submitted)

From 12CO, 13CO and C18O ALMA data: 
1. We calculated the total residual gas mass inside the cavity ~1.5-2 Jupiter masses.  
2. Determined the gas cavity radius at 90AU / smaller than the dust cavity (140 AU) 
3. Gap wall at its outer edge is tapered-off, more so than in dust continuum (opacity effect?) 
4. Inclination angle (measured from high velocity channels) is larger inside the cavity ~28 deg 
5. Drop in density (contrast) inside the cavity is a factor of >20

12 Perez et al.

FIG. 9.— These panels show the bestfit model for the disk structure in HD 142527 in 13CO emission. The model is presented in countours while the ALMA
data are shown in false color. Black countours show the model with an inclination angle of 28 degrees and a central star mass of 2.2 M⊙, which best reproduces
the observed morphology. The white countours show a similar model but with a disk inclination of 20 degrees only. Left: Blue high velocity channel that shows
gas coming from inside the cavity, close to the central. Center: Systemic velocity channel. Right: Red high velocity channel. See top wedge for contours and
emission levels.
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APPENDIX

SPECTRAL ENERGY DISTRIBUTION

We tested the consistency of our disk structure model by comparing its predicted spectral energy distribution (SED) against
observed HD 142527 photometry. We obtained observed continuum fluxes from Verhoeff et al. (2011) (see references there in).
The observed SED was dereddened by using a standard extinction curve (Cardelli et al. 1989), for AV = 0.6 (Verhoeff et al.
2011) and an assumed RV of 3.1.

Synthetic fluxes were calculated using the Monte Carlo radiative transfer code MCFOST (Pinte et al. 2006). We used an
MCFOST model consistent with the disk structure described in Section 4.1. Previous attempts to model the HD 142527 SED
invoked a puffed-up rim to explain the large excess of emission in the near infrared (Verhoeff et al. 2011). This excess could be
explained by the dust emission coming from very near the star that we see at 345 GHz (see Section 3.2).

We distributed dust grains (mainly silicates and amorphous carbons) with sizes between 0.1 and 1000 µm across the disk
model. We used the Mie theory and assumed a gas-to-dust ratio of 100.

Figure 10 shows the SED calculated from our model. Our model consists of: 1) an inner disk extending from 0.2 to 6 au with
10−9 M⊙ of dust. This dust mass, together with a aspect ratio h/r of 0.18, are enough to reproduce the large near-infrared excess.
2) a dust-depleted gap between 6 and 90 au in radii almost depleted of gas and dust; 3) a second gap extending from 90 to 130 au
with enough gas to explain our isotopologues observations, and 4) a large outer disk stretching from 130 to 300 au. The flaring
exponent ranges between 1 and 1.18 for each zone. The aspect ratio of all the zones was 0.18 except for the outer disk which
covers a larger solid angle, attaining an h/r of 0.23.

It is important to note that the gas model presented in Section 4.1 assumes a constant aspect ratio, since it only aims to reproduce
the gas inside the dust-depleted cavity and not the broad spectral features of the entire disk.

Work in progress: comparing the observed gap profile in gas (band 6 and 7 isotopologue 
data) with non-axisymmetric hydrodynamic simulations in order to infer the putative 
companion/planet’s parameters (mass and position)

Gap gas radial profile

beam size


