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Overview

1. Shock wave definition

SHoC K
WAVE | [sin(oc): c/v ]

SUBSONIC MACH | SUPER SONIC
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Overview:

3. Interstellar medium (ISM)

* ISM is the matter that exists in the space between the star systems.
* It includes gas, dust and cosmic rays, ...

2. The importance of shocks
* The shock-wave may not only lead to star formation.
* The shock-wave also quench star formation.

« Shocks have an important impact on the evolution of ISM, from a
dynamic as well as from a chemical point of view.

4. Objective of the thesis Paris — Durham
» Post-process chemistry in the shock model model

 Build synthetic observations

Flower &
2 Pineau des Foréts 2015




‘Mountain® A Pil







///// ",

‘D A
I vat0|re = L,ERMA/,,/

de Paris 4,///// i

e d’Etude du Rayonnement et de la Matié n Astrophysique El\ls

Wind shock

ISM

Astrosheat

Ambient shock

Contalct disco
astropause

Sketching of bow-shock
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Wind shock
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Ambient shock

Contents

> 1. Shock classifications

- 2. Distribution of shock velocity

> 3. Column density of H2
> 4. H2 emission lines of H2

- b, Excitation diagram of H2

ENS
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Ambient shock

» The morphology of bow-shock is parameterize by:

v

Terminal shock velocity: U,

\4

Single shock position: (1

v

Annulus angle: Q@

v

Inclination angle: 1

* The morphology of magnetic field:
> Obliqueness angle: D
> Rotation angle: 4ty
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Ambient shock g
e L. 2
1. Shock classifications g
o 2
£ :
- For 1D-shock: Just u | and B,... play a role g
U] Planar (1D) shock velocity | ;
Bpara Eﬁectlve magnetlc fleld 1001_ |.(I). o B B ‘5601 S T T |101(x)n TR llslm; T =2(;Jm
flow time (vr)
- ._\/ﬁ 25 ) ——
- Magnetosonic speed: |V s =V Cs+tViac ¥
T 20000, Ce L e
« Sound speed ci=yk,i
Where; P =Y e m iy =150 [km/s]
, B’ £15000 S
* Alfven Sp@@d Vac— 4npc % """"""" age=104[yrs]
E100001 A
> IfFU1 >vmag : “Jump”-shock type .
- If u | < vmag : “Continuous”-shock type o
> Young age : CJ-shock type I |
949 yp Y00 200060008000 70000 12000 000 700

6 timeN [years]
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Ambient shock

2. Distribution of shock velocity

» The surface fraction dS/dvs covered by each shock velocity can be seen as a distribution (PDF)

» We are able to analytically and numerically calculate the PDF with bow-shock shapes given as a
parameter

Ambient shock

— DPara-shape
] » In Para case, the PDF decreases respect to the
----- Cubic-shape

local velocity W

* In Cubic case, the PDF also decreases respect to
the local velocity v | increases, but when it
approximates to U,, the PDF likely becomes the

delta function

Probability density function

5 70 15 20 25 30 35 40 7
u, [km/s]
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3. H2 Density number

Distribution of number
molecules

Total number molecules
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Ambient shock
4. H2 emission lines

ENS

R2 _ (e = V)2
f(Vai)Z/// 0 e(r,a)e 27T
rdado V32mor(r, a)
« Observer's frame: v(r,a, ) = —n u

10—34

Integrated whole bow-shock — age: 107 [yrs]

25t ;
Observer’ frame
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Hj lines : 1-05(1)
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H2 emission of bow-shock in different ages
9

Ambient flow
Uy
» -
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¢C-11
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H2 emission of bow-shock in different angles
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5. H2 excitation diagram — D -

Excitation diagram in a bow-shock
50 . . T : : : .

; *--+ Uy =6.0[km/s]
45k :\:}"“‘,‘D e--eo U :10.0[1<m/s] 4
“\‘ ',!....
LSRRI | I —
RN R [age — 1.00D4[yrsn a---a ug =15.0[km/s]
40F @ Unnlm a4 Uy =25.0[km/s] A
“k~ Tl *~‘~ . : .l""‘:‘-. 0 [ ]
= & e ‘,:5:.&5_ m--m Uy =30.0[km/s]
§ 35} Tk, el el TRinilm mom ug =40.0[km/s] -
: O At .. ~“A-~ - !-":- ~~~~~ =
—_ -~ . . ~o . TNl .---- I:l
50 .. O T T
. ®. .. AT L gulls =
ESO' *~~‘ ~,~~. *‘_-‘- ...... A‘-._ _E ----- D-’..~~ = ) | _
= . e Tl AN E--..met e -
b'o “~ -~ el A . A et A
= .- Y SETTSR A
Sl TTTmeeenl 0 Tl ~
5L T — & T e
IRl T 3 & Al -
..... *‘\ " . "¢‘k -~ . '«.
20| N @ @ o >
ok T -+ ‘Y meemmnna- wi
155 1000 2000 3000 2000 5000 6000 7000 8000 9000
Energy[K]

10



1) Y
| vat0|re ,,,,,,,, eRMA
e Paris %///////

Laboratoire d’Etude du Rayonnement et de la Matiére en Astrophysique

Ambient shock
5 H2 excitation diagram

H, excitation diagram: the best estimations of 1D model

ENS
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11 Fitting 1D to 3D model
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Discussion on orientation of magnetic field
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ISM

Astrosheath

Ambient shock

Contalct disco
astropause

13 Sketching of bow-shock



o ///,,%
A %

Vat()l re ........ L VA .

4
de Paris / "

(-2

Laboratoire d’Etude du Rayonnement et de la Matiére en Astrophysique E | \ | S

Wind shock

Contents

Stellar wind
» 1. Stellar wind equations

- 2. Ratio radiative force to gravitational force

> 3. Preliminary results

14
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Stellar wind
1. Stellar wind equations

Dust component

Vp,v,;=0 Mass conservation

Vd
myv,0 a3’ (Bﬁ —1)F 0, — F 44, Momentum conservation

Energy conservation

Gas component

Vpv=0

pvg—+VP——F

va(2v +oo) (H—C)—

+F

grav drag

vEF +vF

grav drag

* Radiative force ondust  F_ =

M
- Gravitational force on dust F,=G—2Ps

grav 2

» Drag force on dust deg=pg<5d(vd—\’)[€f+(vd—

v)2]1/2

H : Heating C:Cooling

P
>pd

w : enthanpy

(Threshold)

15
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Stellar wind
2. Ratio radiative to gravitational forces

‘ Bd:057 Q_rp (G/M m)_l( Lstar/Lsun) ( Msun/Mstar) (prock/gcm_B)_1 ‘

Where:  Qrp=Qsca+Qext(1—<cos(6)>)

> Qrp: Radiation pressure efficiency =
A
- Qsca: Scattering coefficient 5
= o ¢
i
> Qext: Extinction coefficient = I,
[« ff T
- <cos(theta)>: Phase function g — T
(thet?) E N
y
x

16 Spherical dust-grain particle
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Stellar wind
2. Ratio radiative to gravitational forces

B=3.10"Qrp( Ly, /My, ) (alum) " (plgem ™)

« Where: Qrp=Qsca+Qext(1—<cos(0)>)

» Using Mie theory with updated model by B.T.Draine, Princeton Univ. 510*;
Obs., :

0% |

> Choosing dust-grain forms:

> Amorphous silicate Mg(x)Fe(1-x)SiO3 (J.Dorschner et al 1995.), e

> Astronomical silicate (Draine & Lee 1984; Laor & Draine 1993), il

10T "0

> Modified astrosilicate (Draine 2003b),

E i
100 &

v

Graphic (Draine & Lee 1984; Laor & Draine 1993) g m
> Graphic cabide (Laor & Draine 1993)

1 7 1074, :U
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Stellar wind
2. Ratio radiative to gravitational forces

Bd:057Q_rp(a/M m)_l(Lstar/Lsun)(Msun/Mstar)(prock/gcm_B)

« Where: Qrp=Qsca+Qext(1—<cos(0)>)

102
101E
o T

100 é —_— Graph1c i . < Modified silicate |
F ««e= Silicate gfs'
i Modified silicate v

10_1'— - = 0 1
10 10 10 10 10 o

e

1o a |pm]
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Stellar wind

IRC +10011 star

configurations
« M=08M,,

3. Preliminary results

e M=210°M,,
« L=2110%L,,
« T=1600K

—
=

= O

J
N

— v (km/s)
----- vd (km/s) |1

Velocity [km/s]
iy
=)

Sge e e

Radius [em]

103

Temperature [K]

=
(=)
=3

0
19om 107 1010 107 107 10
Radius [em]

Dynamical processes

n(X)/nH

X:

104
10—°
10-6 -_— CO
i — H,O
—_— 0
10~7 N Oz
e C+
108}
1077}
10710}
1016 10‘17
Radius [cm]
Chemical Abundances

19
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Stellar wind
3. Preliminary results

18
qef =
e A e e it
212t
= — v (km/s)
L e vd (km/s) |1
6r i
4} i
L e [ (11
Radius [em]
10°
102
o
g
g
8.
E)lol
1q0014 107 1016 10T 107 1019

Radius [em]

Dynamical processes

IRC star configurations
« M=08M_,
e M=210°M,,
. L=2110°L,,
T=1600 K

E(O)l |||||||I 001 I Illllll ]
Hp0

L

10 % =
0% =
< F 3

T

10°®

U | I'IillTIl'

0’

LI | I'Illl||

_ L

10' 107
r(cm)

G.A Mamon, 1987

L=

LY

20
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. RSCNC star configurations
Stellar wind J
* M=1.6 Msun

3. Preliminary results .« L =4945 Lsun
. T =3226K

=i
L

B 9 o

—_
N

— v (km/s) ]
----- vd (km/s) |1

Velocity [km/s]
—_
=)

(L (1L (| I (11

Radius [em]

10°

Temperature [
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Q1

; e o Hoaietal 2014 -
—  Wind model
¢ ¢ 10 15 11 16 18 20

Radius [arcsec]

Radius [em]

Dynamical processes

—=
(=)
=

21
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4. Upcoming and perspectives

> Work in progress:
* Mapping CO emission from the stellar wind

> Near future
[Wind shoc

-

Ambient shock

Contalct disco
astropause

Ambient shock

Contact discont
astropause

maan

- Perspective Comparison with observations 29
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THANK YOU

“In a pure meritocracy, everyone
must begin de novo"

Email: le.ngoctram@lra.ens.fr
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Appendix: Ambient shock

Fitting H2 excitation diagram

35
ot . 8 . ;
E(0])F, s = 1104 [K] _ iﬁt . L a
=11.0[k i
SUNNE R e a w1t =1407 [km/s] | oo U, [km /s]
o-- U, =12.0[km/s] .
o-- U, =13.0[km/s] A
2.5¢ o-- U, =14.0[km/s] -
= ®o-- U, =15.0[km/s] -
2.0t ¢--¢ uo=15.0[km/s] -
154 :'5~3__ o oy i
®-o: vi%i’i il
ot ~t1'.‘:_~_! .
145 12 13 7 5 10% 1000 2000 3000 4000 5000 6000 7000 8000 9000
u, [km/s] Energy [K]

Fitting 1D to 3D model
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Appendix: Ambient shock

Fitting H2 excitation diagram

40 Bias between 1D shocks and 3D bow-shock
T e T N E ORI EREE s
30 ne - 10ecm | agepw = 104 [years] .
3 nip =10em 7 agerp = 1% [years] .
I
e A0k i
sl E e el
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....... X
10p e .oo°°'°....
------ L4
pL e * ¢
o 1 Actual values of 1 o o Thebestestimationsof u| |
5 10 15 20 25 30 cla]

ug [km/s]

40
35 Bias between 1D shocks and 3D bow-shock .7
' Fop 1 B e
30t nlﬁw =104 [cm*3] agepow = 102 years]
Q o5 1P = 102[cm=3) ageip = 104 [years] .
S
4
r 20 ,,,, A L4 o [ ] [ ] [ ] o [ o (
T R .
= “'.
“..‘
15; e
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Fitting 1D to 3D model
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