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Motivation
Given a perturbation, theory predicts model-dependent disk structure
disks in multiple systems could help calibrate models
HD 98800 polar disk

aligned circumbinary disk
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HD 98800 polar disk

3

misaligned circumbinary disk

HD 98800 - four stars, one disk

HD 98800 - four stars, one disk
(a.k.a. TWA 4 - 10Myr old)
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TRUNCATED DISKS AROUND HD 98800 AND Hen 3-600
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Probably gas-rich,
disk misaligned with
at least one orbit

the nearest pre-main-sequence multiple star systems. In principle, the disk structures determined here can be used to help
assess the potential for planet formation in the presence of a
stellar companion and to test theoretical calculations of star–
disk tidal interactions. The latter task has further implications
for disk studies, as empirical constraints on these dynamical
interactions can be used as high mass ratio (µ) touchstones for
466
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modeling the impacts of young giant planet companions on their
local disk environments.
Unfortunately, very little is known about the stellar orbits in
the Hen 3-600 hierarchical triple system. Muzerolle et al. (2000)
noted that the primary appears to be a double-lined spectroscopic
binary with a large radial velocity difference (∼40 km s−1 ),
although repeated measurements have not been able to extract a
reliable set of orbital parameters (Torres et al. 2003). If the
inner truncation radius estimated for the Hen 3-600A disk,
Rcav ≈ 1 AU, is indeed set by the dynamical clearing effects of
the central spectroscopic binary, the calculations by Artymowicz
& Lubow (1994) predict that the orbital separation should be
in the range a ≈ 0.2–0.6 AU, depending on the eccentricity
(mass-ratio-related effects are small when µ ≈ 0.1–0.5). The
visual companion Hen 3-600B has been located at angular
separations of 1.4–1.′′ 5 to the southwest (P.A. ≈ 215◦ –230◦ )
of the spectroscopic binary system, corresponding to projected
spatial separations of 63–67 AU (de la Reza et al. 1989;
Reipurth & Zinnecker 1993; Webb et al. 1999; Brandeker et al.
2003). While there are no available constraints on the A–B
orbit, projection effects should only produce up to a ∼20%
uncertainty in the physical separation if the disk plane and orbit
are aligned. Assuming that the similar spectral types of the A and
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HD 98800 - four stars, one disk
predictions: coplanarity at inner and outer disk edges, gap if gas-poor
(warp expected as B reddened more than A)

A unique window on circumbinary planet formation at o
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Fig. 4: (left) Briggs-weighted CASA-simulated continuum images of 3.5-15au

misaligned!

disk is polar or moderately misaligned w.r.t. inner binary orbit
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node
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disk
node

CO detected from 1.6-6.4au
dust 2.5-4.6au, i.e. dust trap
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Circumbinary dynamics - an example
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r = inclination
phi = node

Circumbinary dynamics - protoplanetary
damping to either coplanar or polar configurations

The Astrophysical Journal Letters, 835:L28 (5pp), 2017 February 1
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polar
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Figure 3. Left panel: inclination (upper panel) and longitude of the ascending node (lower panel) for a circumbinary disk that is initially misaligned by i 0 = 60 . The
solid lines show the disk evolution at a radius of 3 a, and the dashed lines show a radius of 5 a. Right panel: the same simulation in the i cos f –i sin f plane at a radius
of 3 a(solid line) and 5 a(dashed line).
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Inclination ambiguity - polar or misaligned?
misaligned

polar
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Applications - disk dynamics
Given known perturbation, observation should constrain model

Figure 1. Circumbinary accretion disks around the binary Ba
orbits with inclination: i = 0 (left panel), i = 48 (middle panel)
by the two green circles. In the polar aligned disk on the right, on
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“most viscous case possible”

Franchini
et disk
al. 2019
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observed inner edge

Figure 2. Surface density profile of the circumbinary disk
after 740 binary orbits for three di↵erent inclinations: i = 0
(black), i = 48 (red) and i = 90 (green). The surface density ⌃ is normalized by 10 6 M/a2 , the binary mass devided

Applications - optical depth structure

els) and eb –! (bottom panels) planes for the J values indicated, with fixed points (I, !) = (Ifp , 90◦ ) computed
itial values for the trajectories are I(0) = 20◦ (blue), I(0) = 40◦ (green), I(0) = 60◦ (magenta), I(0) = 80◦ (red),
0) = 140◦ (orange) and I(0) = 160◦ (yellow), with !(0) = 90◦ and eb (0) = 0.3 for all trajectories.

Alternative disk mass measurement?
polar
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Refining orbits with VLTI
Seba Zuniga-Fernandez in prep. (BaBb), and proposal accepted (AaAb)
RV curve for AaAb,
no astrometry to date

Summary
•

HD 98800 - mostly known-orbit binary

•

Quantify interior and exterior perturbations

•

May help constrain disk physics…

•

…viscosity, dust trapping, disk mass?

•

Orbital refinement/characterisation ongoing

•

AaAb occultation to come…

