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Example of colliding winds

— Massive star winds in binaries

— Stellar wind on the atmospheric escape of an hot jupiter
— Stellar winds on the interstellar medium

— Solar wind on the Earth magnetosphere

e AGB Star R Hydrae in the far
‘ p.ms;x,uma.tech/T.py.a[ssc, |nf ra red

Ueta et al 2006

“Bow Shock” Around Star R Hydrae Spitzer Space Telescope * MIPS
NASA / JPL-Caltech / T. Ueta [University of Denver) sig06-029
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Atmospheric escape: HD209458b
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Charge exchange: HD209458b

103

 Holmstrom et al. 2008
— Charge exchange processes
— Hf++ HSO —_— Hs++ HfO
H*: Fast ionized hydrogen in the
solar wind
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» But assume no shocks and a subsonic solar wind at 50 km/s
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Solar wind: Data and Parker solution
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Sheeley et al 1997

At r =10 R. (0.05 au):
n, = 2000 /cm”
T.=10°K

vy = 250km/s
Fr=1

cx = 130km/s
M,

~ 2




Planetary wind model
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— Standard planetary wind model driven by the stellar UV flux
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Atr=4R;
n, = 10°/cm’
T, = T000K
vy, = 10km/s
fr =08
c, = 11km/s
M, ~1
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Cooling processes

Solar wind: Planetary wind:
 Thermal conductivity (Spitzer 1953) * Lya cooling rate at 7000 K

- K~ 1.7x 104T/T6)°? [W/m/K] A=~ 2x 10" ¥em?erg/s
— D=K/p,c~4x 10%! [(?771‘\2 /5] teool R €,/ (‘"h,z,f\) ~ 20s
— L] R R']Z)/D ~ 2 % 107 2%s * Hydrodynamic timescale:

tha = RyJv, ~ 4 x 10°s
|:> t(i'ool << th(l

 Hydrodynamic timescale:

tha ~ R, /v, ~ 4 x 10%s

) teool << thd > Isothermal planetary wind at
> |Isothermal solar wind at T=7000 K
T=10° K » Simulations with v = 1.01
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Neglected effects

 Magnetic field Weber & Davis 1967 e Coriolis force
At r=0.05 au (10 R.):

B, ~0.1G B,~4x107*G

a ~ 20, Av ~ 20R,

>  Av = 20km/s
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3D simulations

2D simulations

Semi-analytic
solution for bow
shocks

Plan-parallel order
of magnitude
estimation



Order of magnitude estimation

Contact
ng = 2(')(’)0/(:772,3 discontinuity * Mixing by Kelvin Helmholtz instabilities
T, = 10°K
v, = 250km/s Umizy, tmizy lmiz
fF=1
(Sq — 130km /s * Charge exchange cross section:
M~ 2 O 2 2 X 107 Pem?
* Lya opacity at line centre:
n, = 10°/em? N 05
Tp — T000K T 3.31 x 10 T4 N il
v, = 10km/s o
fp+ — 0.8 * Estimations:
csy = 11km/s N iy & 10" /em?
M,~1

T &3
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2D structure of the interface
Outer shock

\ Contact discontinuity
0.08 T T T T T T

Inner shock,
007l perpendicular
momentum balance
oosl _~7 Stevens et al 1992
e = p M2 0.05 /7 4Rp2 plane
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2D/3D simulations, HERACLES
HERACLES
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m Features Test suite Gallery Documentation Publications

HERACLES is a 3D hydrodynamical code used to simulate astrophysical fluid
flows. It uses a finite volume method on fixed grids to solve the equations of
hydrodynamics, MHD, radiative transfer and gravity. This software is developed at
the Service d'Astrophysique, CEA/Saclay as part of the COAST project and is
registered under the CeCILL license.

The code is developed by:

* Code architecture: Edouard Audit

* Parallelization: Edouard Audit

* Hydrodynamics: Edouard Audit

« Radiative transfer: Matthias Gonzalez, Edouard Audit & Neil Vaytet
* MHD: Sebastien Fromang, Patrick Hennebelle & Romain Teyssier

* Gravity: Pascal Tremblin

* HDF5 output: Bruno Thooris

* Website: Neil Vaytet

HERACLES simulates astrophysical fluid flows using a grid based Eulerian finite volume Godunov method. It is capable of
simulating pure hydrodynamical flows, magneto-hydrodynamic flows, radiation hydrodynamic flows (using either flux
limited diffusion or the M1 moment method), self-gravitating flows using a Poisson solver or all of the above. HERACLES uses
cartesian, spherical and cylindrical grids. Current ongoing developments include a multi-grid method and a multi-group

scheme for the radiative transfer.
Irfu :
o /QJD
saclay I

The full package can be downloaded here: heracles.tar.gz
Current version: 2.0 (20 September 2010)

Version history

COAST project home page - Service d'Astroph ue
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2D/3D simulations, Charge exchange

e Passive scalars advected to the flow

()1 L , Oz P
()f —|— V- (uxyp) =0 ot

:r,. = 1 in solar wind ,,.Q — ().2 in planetary wind

+ V- (uzlp) =0

* Charge exchange process H + H? = H.* + H.°

(llan/(h‘— O el }: TadnZ oy,
dany /dt = —(7(.(,:1?;5:1?2'77.}{-'uf;,

d:r'(;»n g/dt = o.x f I()I? U,
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2D simulation, post processing Lya spectra

e Opacity for Lya line:

7, = LOAL x 107 T 09 Nygem (/2

« Doppler shift: vy = (1+v/c)vry,

* Thermal broadening: Avy, = viyu/2kT /my/c
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Results

200x200 2D cartesian t=1.256 s Fast Neutral hydrogen
: abondance
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Results

e Steady state ?

200x200 2D cartesian t=6.06 s _ 10002 2D cartesian t=1.2t6 s 2o
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Absorption

Results

* Absorption spectra

200x200 at different time Velocity (km s-1)
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Results

* Absorption spectra

Different resolutions at t=1.2t6 s

Velocity (km s™)




Conclusion

 We obtained Lya absorption spectra due to charge exchange
processes in 2D HD simulations

 Upcoming : magnetic field, 3D



