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Stellar winds

» . :
. .. . . ' .
In planetary nebula NGC 6565, a cloud of gas was ejected from the star after strong stellar winds
- . . ..
- " .

L ’ - . - - "
We will now derive the Parker'wind solution in spherical' symmetry...


https://en.wikipedia.org/wiki/Planetary_nebula
https://en.wikipedia.org/wiki/NGC_6565

Stellar winds and their impact on the surrounding

L.L. Orionis generating a bow shock (the bright arc) as it collides with mat'eri;'

RASL .


https://en.wikipedia.org/wiki/Bow_shock
https://en.wikipedia.org/wiki/Orion_Nebula

Wind-cloud interactions

'

V.

https://youtu.be/gviipgbEFdw

(Banda-Barragan et al. 2018)


https://youtu.be/gviipq6EFdw

Image credit: M. S. Povich



Parker wind versus Bondi accretion

4
7% — log 9° = 4log 7 + == C

+— Parker

Bondi

3.0

(Sormani lecture notes)



Bondi accretion (influence of the EOS)

Bondi accretion rate for isothermal versus adiabatic gas

(Polytropic EOS: P, = Kp")
1
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Why is the accretion rate higher for lower Gamma?



Bondi-Hoyle accretion

Mgy = 4T Poo G*M 2C;C3

101

M /M (0)

1072 ¢

1073

109 &

22 4+ M?

(1+007)”

1/2

For M = 0 (Bondi1 accretion)

/4 = exp(1.5)/4 in an isothermal medium

i
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—— Bondi accretion rate
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Build-up of circum-binary discs

No Turbulence Low Turbulence Normal Turbulence
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Movies available: https://www.mso.anu.edu.au/~chfeder/pubs/binary turb/binary turb.html

Turbulence makes bigger discs — relevant for planet formation

Kuruwita & Federrath (2019)


https://www.mso.anu.edu.au/~chfeder/pubs/binary_turb/binary_turb.html

Image credit: M. S. Povich



Shu accretion rate

Collapse of a singular isothermal gas sphere

3
. &
Accretion rate: M = my ES (Shu 1977)

Accretion Rate

Gas Density

107™E T 1072 [ A '
X F :
:\;\ = 0 C : t = 8x 10° yr
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(Federrath et al. 2010)



Shu accretion rate

Collapse of a singular isothermal gas sphere

Shu (1977)
3
g C . .
M = myg ES with mo = 0.975 would give moc2 /G = 1.06 x 1076 Mg yr—1!
...but here, the gas cloud is highly unstable!
1000.0
% - accretion rate coefficient With A = 29 t 130
Q@ - | =29, we get my ~ :
% 100.0 ¢ (Shu 1977) E which gives exactly the correct
8 i ] accretion rate.
£ £ 100¢ .
4 ; : c .
c : | onclusion:
-% ok | Beware, mg is not necessarily 1.
5 5 ! And hence ¢2 /G may be way off!
< L
0.1 i L
1 10 100
A

Instability parameter A = 47G p(R) R?/c2?
(Federrath et al. 2010)



> R 1 BB ¥
- o 3 . L 2
3 . \ . v .
. R . . .
. s
. c 3 Q& .
. : .
SEVOR X% A A LK R
A A S -y S, 1
- N R . ‘e .
. . o
AN - « IO | h \ - : .
L PR S o . ¢ 0 . 0
Sy . . . -
. o S i . . 3
* - . e 3 . : %
- — v - . . & . P
a 2 * - . e
e C Sodiwanns . ALY o
- A g - &y ¢ B
R P, a 5 . " k4 : e
. - . 3 . bt e s ..
c s . " % ‘o 3 7 At e !‘. - . i
- NS .‘ g ¥e o > » - ‘-‘l s A ' O A . 'd ’ .
¥ h S Aty gt W K0S Pt . s L » .
A AStl"ophvs al G Dvn
. ot Tl ™ " P . 4 : 2 3 7 p r—
. e B . “.. o’ ra % MR L 2 s e 3 A"~'.-‘ . graeils
- . . catt _tos & + BN AS ) b
- - - A ‘ & £ . . L R
- N < 'S 3 -

4 - .
. . . -
.7 I
. y -a s » .
’- 3 > ' E y Py
- HA . 5 .
L B AR, ) . .
[ 1% S Fad e Xl WA YA X
PR ,‘. ey 2 e
i i) . a »
. - . 2 PR B 3
I B Y
‘ X .
d S >
.
. * .. x
- - X
S, . e
~
- . .
. .
- - . .
i
- W poat? Paa il bl
S - et Yo X g
-l % g .,
o 4 s - 4 v
- 3 ; X )
A i 2 }
3 3 .
g ‘ .
AR - .
. b s .
- 5, . ar
P . L]
. . A .9
. 5 ’
~e ’
4 e .
. hAE TN -
N i " 5 g 4
H 2 s o
i 2 < wi'H
. g o PR %3
5 . oy b 18 |
oS PR
- Y- v
e 2 o X 3TN
. 4 ./- %
: .
.
o .
-2 * Fes
: .
S 30048, . Wi 2 Wt
2 . . ¥
- L4 e . v 3
- - Lo ]
- -
- .
A - -

Image credit: M. S. Povich



