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Outflow during star formation

 present-day, Our galaxy

> Observation examples
(Wu+2004; Zhang+2005)
-> Theoretical study
-> Outflow contributes to
the star formation

e Velusamy+2007

 Excepting present-day, Our galaxy

> Not observation
-> Theoretical study is not performed




Contents

> Estimation of the magnetic dissipation in
different environments

> Whether outflow occur or not in different
environments
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The factor of changing star forming
environment

Star forming activity
(lonization rate)

Metallicity

_____________ Star forming

environment



lonization rate { ¢ = (cr + CRE,short + CRE,long

Radioactivity
> Short-lived REs (REshort = 7.6 X 10717 s71C¢
> Long-lived REs (REJong = 1.4 x 10722 571 (Zszun>
- Cosmic rays (CR) Cor = C<<CR=06XP(‘p—§J>
G| Ewionmems
0 Primordial (w/o ionization either by CR or short-lived REs)
0.01 100 times smaller ionization rate than the local value
1 Our galaxy (CR intensity : { cg =1 x 10 s7)
10 Starburst galaxies



Model (Initial conditions)

> Assumption of different environments
->metallicity (Z/Z,,,) X ionization parameter(C,)

7/ Zgm =0, 1077, 1075, 107°, 107* C =0, 0.01, 1, 10
C 1072, 1072, 10711 z
> Bonner-Ebert sphere

> Magnetic field:

B for coping with 1 = 100 ®B
M/®
> Rotation: W(E Q()tf—f) — 10_4 p= ((M/{I))m)



Model b ow I | Bo(uG) | Ma(Ms) | Tu(K) | ra(AU) | c.(kms™')

C¢=02Z/Zyn=0 100 10°% | 18| 102 |108x10*| 198 | 4.91x10° 1.49
Cc=02/Zpn=10""7 100 107" | 18| 102 | 108x10*| 198 | 4.91x10° 1.49
Cc=02/Zwa=10"% | 100 107" | 18| 102 |107x10"| 198 | 4.91 x10° 1.49
Cow02/Zun=10"* 1100 107" [ 18| 101 |105x10*| 194 | 4.87x10° 1.48
Ce=02/Zpn=10"" | 100 10°* [ 18| 096 |875x10°| 172 | 4.50 x 10° 1.39
Ce =02Z/Zyw =10"3 100 ( 10 |18 | 074 |398x10°| 103 | 352x10° 1.07
Cc=02/Zya =102 100 | 107 | 18| 030 | 227x 10° | 164 | 1.33x10° 0.42
C¢ =02/ Zyn=10"" 100 107 | 18| 031 126 x 10° | 181 | 9.67 x 10* 0.36
Cc =0 Z/Zuun = 1 100 | 107* [ 18| 017 15.2 565 | 4.49 x 10° 0.19
C;=0012/Zp0 =0 100 107 [ 18| 086 |620x10° | 137 | 4.09 x 10° 1.24
Ce=0012/Zp=10"7 | 100 | 10" | 1.8 | 085 |619x10° | 137 | 4.09x10° 1.24
Ce=0012/Zyp=10"° | 100 | 107 | 18| 085 |6.18x10° | 137 | 4.08 x 10" 1.24
Ce=0012/Zuee =10"" | 100 | 107" | 18| 084 |603x10° | 135 | 4.05x10° 1.23
Ce = 001 Z/ 2 = 107* | 100 ; 107 | 18| 079 |488x10° | 117 | 377 x10° 1.15
C¢ =001 Z/Zuun =107% | 100 | 107* [ 18 | 060 |215x10° | 68.0 | 287 x10° 0.87
Ce=0012/Zpe =107 | 100 | 10°* | 1.8 | 030 | 230x10° | 165 | 1.34 x 10° 0.42
C;=0012/Zp,=10"" | 100 | 107" | 18| 031 |128x10*° | 182 | 9.72x10* 0.37
Ce=0012/Zyun =1 100 10°* |18 | 017 15.2 564 | 4.49 x 10* 0.19
Ce=12/Zyn=0 100 107 | 18| 036 |479x10°| 249 | 1.74 x 10° 0.53
Cem1Z/Zua =107 100 107" [ 18| 036 |479x10° | 249 | 1.74 x 10" 0.53
Ce=12/Z4a=10"% || 100 | 107 |18 | 036 |479x 10° | 249 | L74x10° 0.53
Cc=12/2pa=10"" | 100 107" | 18| 036 |482x10°| 251 | 1.74 x10° 0.53
Co=12/Zwa=10"" || 100 | 107" [ 18| 037 |500x10°| 260 | 1.77 x10° 0.54
Cem1Z/Zya=10" || 100 ; 107 | 18| 038 |543x10° | 273 | 1.81 x10° 0.55
Cc=12/Zun=10"2 100 107 |18 | 036 |439x10° | 250 | 1.66 x10° 0.52
Ce=1Z[Zya=10"" 100 10 | 18| 033 | 1.58x10° | 201 | 1.06 x 10° 0.39
Ce=12{Zpn =1 100 107 |18 | 0.8 18.0 634 | 4.75x10° 0.20
Cc=102/Zy=0 | 100 107* | 18| 041 |656x10°| 31.0 | 1.93x10° 0.59
C¢=102/Zuun=10"" | 100 | 10°* | 18 | 041 |657x10" | 310 | 1.93x10° 0.59
Cw10Z/2n=10"° | 100 | 107" [ 18| 041 |657x10°| 310 | 1.93x10° 0.59
Ce=102Z/Zpe = 10" || 100 107" [ 18 | 041 | 664 x 10° | 312 | 1.94 x10° 0.59
Co=10Z/Zen=10"* | 100 | 107" | 18| 042 | 725x10°| 331 | 1.99 x10° 0.61
Ce=102/Zpn=10"" | 100 | 107" | 1.8 | 046 |939x10*° | 396 | 217x10° 0.66
Ce w102/ 2y = 1077 || 100 i 107 | 18| 046 | 867x10° | 396 | 2.09 x 10° 0.65
Cc=102/Zpn=10"" || 100 | 107" | 18| 038 |274x10° | 268 | 1.29x10° 0.46
Ce =10 Z)Zyue = 1 100 ’ 107 | 1.8 | 024 40.1 110 | 6.24 x 10* 0.26

36 parameters X 4




Basic equations

3 dimensional non-ldeal MHD nested grid code

@ Ideal

5 2 Ohmic dissipation (OD)
o TV () =0 @3 Ambipolar diffusion (AD)
p%’ +p(v-V)o=-VP— 4%3 x (V x B) — pV¢ @ non-ldeal (OD and AD)
%=Vx va+|7§—|2[(VxB)xB]xB—nODVxB—mM-—B‘
V26 = 4xGp Calculation of chemical evolution during
P = P(p) collapsing cloud

( MAD, 70D . thermal evolution)

-> 1-zone calculation Nakano+2002




CC: 1, Z/Zsun: 1

results v = 473

C.=12Z.. =1 [ \ log (Map / Mop)
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Model (Initial conditions)

> Assumption of different environments
->metallicity (Z/Z,,,) X ionization parameter(C,)

Z/Zgn =0, 107°, 1074, 1073, 1072, 1071, 1
X
C: =0, 0.01, 1, 10
> Bonner-Ebert sphere

4

> Magnetic field:

B for coping with y = 3 X ®B
M/®
> Rotation: W(E Q()tﬁ‘) = 0.1 p= ((M/{I))m)



Initial parameters

Model w | [ | Bo(pG) | Ma(Mp) | Ta(K) | ra(AU) | ei(kms™')

01)18] 341 |1.08x10°| 198 | 491 x 10° 1.49
0.1|18| 338 |1.05%x10° | 194 | 4.87x10° 1.48
01|18 319 |[875x10%| 172 | 4.59 x 10° 1.39
0.1)18| 246 |398x10°| 103 | 3.52x10° 1.07
01|18| 98 |227x10°| 164 | 1.33x10° 0.42
01|18| 103 |126x10°| 181 |9.67x10* 0.36
0.1|18]| 576 15.2 5.65 | 4.49 x 10* 0.19

C( =02Z/Zyn =0
C¢ =02/Zgyn =10"°
C( ={ Z/zaun =10"*
Ce=02Z/Zyn =103
Ce=02/Zyy =102
C( =0 Z/zmn =10"!

C( =0 z/z-uu =1

01|18 284 6.20 x 10° 140 | 4.09 x 10° 1.24
01|18 25.1 6.03 x 10° 136 | 4.05 x 10° 1.23
01|18 26.2 4.88 x 10° 117 | 377 x 10° 1.15
0118 20.0 215 x 10° | 68.0 | 2.87 x 10° 0.87
01 (18| 985 230x10° | 165 | 1.34 x 10° 0.42
01|18 104 1.28x 10° | 182 |9.72x 10* 0.37
01|18 5.76 15.2 5.64 | 4.49 x 10* 0.19

C¢ =001 Z/Zyun =0
C¢ =001 Z/Zyy, = 107°
C¢ = 001 Z/Zyyy = 104
C( =001 Z/zsun =10"3
C( =001 Z/Zsun =102
C¢ = 001 Z/Zyy = 10"

C( = 001 z/zlun =1

0.1|18] 121 [479x10? | 249 | 1.74x10° 0.53
0.1|18] 121 |482x10°| 251 | 1.74 x 10° 0.53
0.1)18] 124 |500%x10°| 260 | 1.77 x 10° 0.54
01|18 127 |[543x10® | 27.3 | 1.81 x 10° 0.55
01|18 121 |439x10°| 250 | 1.66 x 10° 0.52
01|18| 109 |158x10°| 201 |1.06x10° 0.39
01|18 6.11 18.0 6.34 | 4.75 x 10* 0.20

Ce=12{Z2un=0
Ce=12Z2{Zyp = 108
C( =12ZfZin = 104
Ce=1Z/Zy, = 1073
Ce=12{Zyypn= 102
Ce=12{Zyn= 10!

Ce=12/Zun=1

01|18| 135 |656x10°| 310 |1.93x10° 0.59
0.1|18| 136 |664x10°| 31.2 |1.94x10° 0.59
01|18| 140 |[725x10°| 331 |1.99x10° 0.61
0.1)1.8] 153 |939x10°| 396 | 2.17 x 10° 0.66
01|18| 153 |[867x10°| 396 |209x10° 0.65
01/|18]| 126 |274x10° 1.29 x 10°
01/|18]| 803 40.1 6.24 x 10%

Ce=102/2yn =0
Ce=102/Zy =107°
C¢ =10 Z/Zyy = 107*
C¢ =10 Z/Zyyn = 1073
C¢ =10 Z/Zgun = 1072
C¢ =10 ZfZyyn = 107}

Ce=102Z/Zyyy = 1

W W W W W W W W W W LW W W WL W W W W W W W W W W W




Basic equations

3 dimensional non-ldeal MHD nested grid code

dp
g TV (pv) =

p(;t + p(v - V)v——VP—%Bx(VxB) pV ¢

JB n

o = V% uxB+lgl‘;[(VxB)xB]xB—nODVxB—mﬁh—sa-—B]

V26 = 4xGp . . .
Calculation of chemical evolution

P = P(p)

during collapsing cloud

( MAD, 70D . thermal evolution)
-> 1-zone calculation Nakano+2002







(:C:: 1, ZZAZéun:: 1

results outflow

—
C.=1,2/Z., . =1 V4 log Map / MoD)
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Black shadow : coupled region
White shadow : y = 4/3

Purple line : critical magnetic flux
Black line : magnetic evolution
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Summary

= With non-ldeal MHD simulation,

“Estimation of dissipation” and “Whether outflow is
driven or not” in different environments (Metallicity
& lonization rate)

-> By different environments,
whether OQutflow is driven or not

-> star formation is different depending on
environments



