Conventional Paradigm

Traditional view of Dis k—magnetosp here interaction in
protop tanetary systems assumes that disk material accretes
onto the star aiong closed magnetic ioops. infatting material is
shocked and heated, pvootucing Xray/EUV emissions that can

be related to the accretion rate.
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Energize Stellar Corona
The medium between the disk and the star isn’t Just a static

magnetic fietd, but it is an energizeoi hot corona, with over M
oiegrees Kelvin, and an accelerated stellar wind. Its combined
pressure (s the sum of the thermal, Oiynamic, and magnetic
pressures, all oppose to the weigint of the infaiiing disk

material.
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1. Siimulation grid and initial state after superimposing the disk in th
corona MHD solution
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2. The three-dimensional structure of the disk—corona inner region as
seen ﬁrom 30 oiegvees above the equator. The ieft panei shows a white
isosurface of n = 10" cm3, which represents the higher-density region of
the disk. The two initial gaps in the isoswface are due to the tilt of the
stellar otipoie ﬁeioi. The blue lines mark selected magnetic ﬁeid lines that
cover the oiisp iayeoi region. The middle panet shows the same isoswface
with red-colored velocity streamlines. In the right panel, we show the
equatorial piane colored with contours of the temperature, where blue
regions mark the cold disk material and red regions mark the hot
corona. These are samp le snapshots for t=0 (top paneis) and t =108 hr

(bottom panels).

Three-dimensional Simulation of Disk-Magnetosphere-Stellar
Wind Interaction in Protoplanetary System

Ofer Cohen (1); Cecilia Garraffo (2); Jeremy Drake (3); Kristina Monsch (2), Igor Sokolov (4);

L5>CSST

Julian Alvarado-Gomez (5), Federico Fraschetti (2,6)

TUMass Lowell, 2Harvard-Smithsonian CfA, 3Lockheed Martin, “University Of Michigan , °Leibniz Institute for Astrophysics

Potsdam, ®University of Arizona

Challenges with the existing paradigm — An energized corona, not a static

magnetosphere

* How can the accretion pattern be steady if the stellar fieiot IS comp lex, or non—steaoiy?
* How does the disk material fottow the coronal magnetic ﬁeiot lines (open or closed)? ]f lt s
neutral, it should not be affected on the magnetic ﬁeiot and stmp ty fati onto the star, but f it is

ionized, it needs to penetrate ﬂux tubes.

e iftne ionized disk material can penetrate ﬂux tubes, then the pressure balance with the pre-
existing ptasma in the ﬂux tube should be considered. 1t does not faii into an empty space all

the way to the pnotospnere.

What is the interaction between the accreting material and the coronal ptasma and oug(iow Ing

stellar wind? Can the coronal piasma and magnetic ﬁetd impede the accretion ﬂow to some

extent?

* How are the accreting material and the coronal ptasma/ magnetic ﬁeiot coup led?

* Do observations of disk accretion represent steady, shocked accretion or could tiriey be

Traditional Picture
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Accreting disk material

How does the accreting ionized
material interact with the pre-
existing plasma in the flux tube?

What is the accretion pattern if the
field is non-dipolar, complex, and
highly variable with time?

lonized disk

material \

Neutral disk
material

How does the accreting neutral
material interact with the coronal
plasma?

interpveteot diﬂ%ventiy (e.g., sporadic accretion, coronal compression, or other disk-corona

interaction)?
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Modeling the Stellar Corona and Stellar Wind
We use the AWSOM MHD model (Van der Holst et. al 2014) to simulate the stellar corona and stellar
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Simulating Disk-corona Interaction

We superimpose a tiyotvostatic disk into the steaoiy—state MHD

solution and run it for 108h (one Keplerian rotation).

Stellar parameters:

Solar mass and radius, 45-degree tilted dipole with 100G
equatoriai strengtin (10 times solar)

Disk parameters:

Kep lerian disk - maximum rotational vetocity of ~ 200 km/s
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Maximum density: 10® cm-3; Maximum disk temperature: 500 K
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» Input (observations): photospheric magnetic field (magnetogram)
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Hyotrostatic disk properties:

» Parameters: o Sx10°

Radial temperature: T(R,) =T,/R.

length, amplitude and exponent of the stochastic heating profile

- Radial velocity Number density

o The plasma distribution and the energy input at the inner boundary: $ sa10° : :
density, temperature, Poynting flux, etc. st M}%&q
o The parameters that determine how Alfven waves dissipate: correlation g o

Keplerian velocity: (r) = 2G6M, /7
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e e = Sound speed: Cs = KT fmy
Disk scale height: 7= Cy/%
SR = Lp exp (—|zl,/h) imposed reduction of Kepierian
o R, ’ | veiocity close to the star:

p(R,, 2) = p(R,, 7)C2. n(R.) = 1-0.75%exp(—R?2/10?)
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3. Temporat evolution of the radial distribution of the dﬁerent pressure
components as a ﬁtnction of distance ﬁrom the star. The pressure
components are thermal, dynamic, magnetic, and total. Plots show the
radial distribution atong extracted lines in the equatoriai ptane at fowf
longitudes: o (first column), 90 (second column), 180 (third column),
and 270 (fourth column) degrees. These are sample snapshots for t = o
(top panels) and t =108 hr (bottom panels).
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4. The different components of the s.
torque - dynamic (blue), magnetic spheres at r = 2 (black), 3 (red), 5
(red), and total (black), as a (green), and 7 (blue) Rstar as a
function of time. The torques are function of time. The plots are for

integrated over spheres at v = the mass-loss rate (top left),

]ntegrated values on four

oRstar (top left), r = 3Rstar (top integrated mass (top right),
right), v = sRstar (bottom left), and temperature (bottom left), and
r = 7Rstar (bottom right). integrated synthetic emission flux

(bottom right).

The Bottom Line
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6. Top: oiensity isoswface of n=10"°cm3 atong with selected magnetic fietd lines shows the region close to the star at t = 40
hr (left), and t = 100 hr (right). Bottom left: isosurface of n = 5x10" cm3 along with a z = o slice colored with the radial

veiocity contours at t = 100 hr. White lines represent selected vetocity streamlines. Bottom right: a zoom at the vicinity of the

star at t = 100 hr shows selected coronal magnetic ﬁeiot lines in yeiiow, selected veiocity streamlines in red, and an isoswface

of vr = —30 km s™.

We present a three-dimensional simulation of the short-term interaction of the protop ianetary disk and the stellar corona. Our simulation includes the disk, the stellar magnetic fietoi, and seif—consistent coronal heating and stellar wind

acceleration. Our main ﬁnoiings are: 1) At the Ioeginning of the simulation, when the system relaxes ﬁrom Lts artificiai initial conditions (the first 25 hr), the inner part of the disk winds around and moves very close to the star in what seems to be a

strong accretion. However, after about 30 hr, the corona ioegins to build up Lts originat state. This pusnes the disk out until the disk—corona ioounaiavy LS ioeyonot 10Rstar.=; 2) A strong, steaoiy disk accretion that is fuinneied aiong coronal ﬁeioi lines is

not cieavty visible at any stage of the simulation. Instead, very weak, spovaoiic accretion is observed; 3) We pvooiuce synthetic line emission tigiat curves that show ﬂare—tike Increases oiwring the time of the simulation. These ﬂux Increase events are not

correlated with accretion events nor with heating events. Our simulation points to variations in the line emission ﬂux being the result of coronal compression and extraction due to the disk—corona pressure variations; and 4) The disk wind evolves

above and below the disk. However, the disk—stellar wind Ioounoiavy stays quite stable, and any disk material that reaches the stellar wind region (s advected out ioy the stellar wind.

Reference: Cohen et. al, The Astrophysical Journal, Volume 949, 15; Contact: ofer_cohen@uml.edu




