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DISCS IN THE ERA OF ALMA + EXTREME ADAPTIVE OPTICS
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HD142527: CRIME SCENE

LETTER

Flows of gas through a protoplanetary gap
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» Large ~100 au cavity

» Horseshoe in mm
emission

» (Gap-crossing
filaments?



THE DUST HORSESHOE ............. . s 1252 :
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“the large sub-mm crescent mostly reflects
the gas background, with relatively
inefficient trapping, so that the observed
contrast ratio of ~30 is accounted for
with a contrast of 20 in the gas”

| | Casassus et al. 2015b




SPIRAL ARMS
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Figure 3. Modeling of the spirals observed in the CO 2—1 and CO 3-2 Ipeax 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 I;eax map.

(A color version of this figure is available in the online journal.)



Near-infrared imaging polarimetry of HD 142527*-**
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Fig. 6. P; images at H band after applying a Sobel filter to highlight the
regions of the image with edges. The three arrows indicate spiral arms
on the disk. For comparison, we used the same notation as in Casassus
et al. (2012) (see also Rameau et al. 2012) to label the spiral arms. The
spiral arm labeled “2” perfectly matches its equivalent in Casassus et al.
(2012). The spiral arm labeled “3” is barely visible in our images. The
spiral arm on the east side is detected for the first time. Color bar is in
arbitrary units.
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Fig. 3. P; (top row) and I (bottom row) images at H (left column) and
K, band (right column) of HD 142527. Masked area in the P; images
cover the saturate region, while in the PSF-subtracted images cover the
artifact-dominated regions. The P; are plotted with the same scale to
enhance differences/similarities. The same is done with the I images.
The bright patch in the Iy image at north-east direction in K band is
an artifact due to the PSF-subtraction (as it is the bright path on the east
direction in the /4y image at H band, see also the caption in Fig. 2).
Color bar units are given in counts.



SHADOWS
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Figure 2. Impact of the inner disk orientation on the H-band light scattered off the outer disk. (a) NACO-PDI H-band image from Avenhaus et al. (2014) compared
with the C!80(2-1) emission at systemic velocity from Perez et al. (2014). The C!30(2-1) emission, represented here as one white contour at 0.75 maximum, shows
that the position angle (P.A.) of the outer disk is at —20° east of north, and perpendicular to the solid gray double arrow, while the position angle of the intensity nulls
is indicated by the dashed double arrow (—8°). (b)—(f) Radiative transfer prediction for polarized intensity in the H band for different inner disk P.A.s (indicated in
degrees on the plots) and for different relative inclinations o between the inner and the outer disks. The x — and y—axes indicate offset along R.A. and decl., in arcsec.



SHADOWS = INCLINED INNER DISC?

THE ASTROPHYSICAL JOURNAL LETTERS, 798:1.44 (4pp), 2015 January 10

A
4

inner disk

T outer disk

Marino, Perez & Casassus (2015)



“FAST RADIAL FLOWS™ = DISC TEARING?
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Figure 7. Comparison of observed and model CO(6-5) kinematics in
the stellar position. Velocity-integrated intensity in CO(6-5) is shown i

are spread over [0.21,7.87] km s~ ! (as in Fig. 1). a): Observed moment
the radiative transfer prediction, after smoothing to the resolution of t
without smoothing. Regions without contours near the origin corresj
component perpendicular to the disk plane (vwarp in the text).

dubbed disk tearing (Nixon et al. 2013; Nealon et al.
2015; Dogan et al. 2015), where nodal precession torques
induced by the binary produce a warp at the inner edge

Require infall motions from cavity edge

at the free-fall velocity!

smooth mod. slow warp

rdinates is set to
ant interval and

nts extracted on
odel resolutions,
1 a slow velocity

100 AU scale
» cavity. It is



DISC TEARING? Nixonet al. (2012, 2013), Nealon et al. (2015), Dogan et al. (2015)
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Nealon, Price and Nixon (2015)



Nixon et al. (2013), Facchini et al. (2013)
TEARING IN PRUTUSTELLAR DISCS? Martin et al. (2014), Martin & Lubow (2017)

Facchini, Lodao & Price (2013)

Tend to break rather than tear...



CIRCUMBINARY DISCS = ECCENTRIC CAVITIES  Rragusa et al. (2016)

See also: MacFadyen & Milosavljevic (2008), D’Orazio+ (2013), Farris+ (2014), Miranda+ (2016)

1248  E. Ragusa, G. Lodato and D. J. Price

b =.1:0,e5 = 00

Miranda+2016



ON THE ORIGIN OF HORSESHOES IN TRANSITIONAL DISCS

» Predict horseshoes and rings at cavity edge

» Horseshoes require massive companion q > 0.04

» Does not require low disc viscosity



HORSESHOES IN TRANSITIONAL DISCS Ragusa+ (2017)

See also Lyra & Lin (2013), Zhu & Stone (2014), Mittal & Chiang (2015),
Zhu & Baruteau (2016), Baruteau & Zhu (2016)




4  Ragusa et al.
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Figure 2. Comparison of ALMA simulated observations at 345 GHz of disc models with a mass ratio ¢ = 0.01 (upper left), ¢ = 0.05 (upper right), ¢ = 0.1
(bottom left) and ¢ = 0.2 (bottom right). Intensities are in mJy beam ~!. The white colour in the filled ellipse in the upper left corner indicates the size of the

half-power contour of the synthesized beam: 0.12 x 0.1 arcsec (~ 16 x 13 au at 130 pc.).



SUMMARY OF THINGS THAT NEED EXPLAINING IN HD142527

» Shadows
» Fast radial flows

» Spiral arms

» Central cavity
» Dust horseshoe
» Gap-crossing filaments

» Accretion of gas at “normal rates” through cavity

> Warp/inclined inner disc? Understanding HD142527 could

» Highly variable accretion rate help to understand all the

various features seen In
transition discs!




IS THERE A BINARY?

VLT L' Vortex, July 2013

A LIKELY CLOSE-IN LOW-MASS STELLAR COMPANION TO THE TRANSITIONAL DISK STAR HD 142527
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But how can a binary with a projected separation of ~13 au

explain a 100 au cavity?




MODELLING HD142527 Priceet al. (2017), in prep.
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BLUE ORBIT Priceet al. (2017), in prep.
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RED ORBIT Priceet al. (2017), in prep.

column density [g/cm?]

See almost polar alignment - see Rebecca Martin’s talk, also work of Lai group
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SPI RALS liz;;l;?gf;giezcg’llgbow (2002), Rafikov (2002),

Price et al.

t=4533 yrs t=5156 yrs t=6678 yrs

[

(\I’]—'I
£
Q
S~
0
>
~N—
7
()
QO
b
(i
£
=
p—
o
Q

t=5739 yrs t=8090 yrs

Price et al. (2017), in prep. Binary must be on RED orbit!




SHADOWS Priceet al. (2017), in prep.
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Figure 3. High resolution simulation of the R1 orbit (left) compared to
the scattered light image from Avenhaus et al. (2017) (right), showing the
formation of the circumprimary disc. Dotted line indicates the expected
shadow from our simulated inner disc (left), which already lie close to the
orientation of the observed shadows (right) despite the orbital uncertainty.



HORSESHOE? Priceet al. (2017), in prep.
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radial velocity (km/s)
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FAST RADIAL FLOWS
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SPECIFIC OR GENERAL? HD1004353
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Fig. 1. Cartoon representation of the shadows cast on the outer disk of
a transitional disk by a misaligned inner disk. For the purpose of clarity
the inner disk is blown up significantly to be able to better visualise the
geometry. Indicated are the ellipses of the inner and outer disks showing
their position angles. Also indicated by the blue line is the connecting
line between the shadows.

Minetal. (2017)

Wagner et al. (2015)



HD100546

LaE @ U«;S!owPol 5 CONCLUSION

The data presented in this paper clearly resolve the circum-
stellar environment of HD100546 close to the star at high S/N.
The inner hole is detected with a radius of 14 £ 2 AU and an
inclination of less than ~50°. Some of the other disk features

b Northern

o~ are puzzling. The general structure of the disk is well explained
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Multiple spiral patterns in the transitional disk of HD 101546*
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“A plausible scenario is a warped geometry in the
inner disc casting a partial shadow on the outer disc”



SUMMARY

» All the main observational features in HD142527 can be
explained by the presence of the binary companion

» Suggests circumbinarity may be the origin of many features
seen in transitional discs (c.f. LkCal5; Sallum et al. 2015)

» Are all transitional discs circumbinary?

Ks SA0206462  RvYJH HD 100453




