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Outline  

• ISM simulations with SNE 

• Dynamo models until saturation  

• SNR dependence 

• Explaining the saturation 

 

 



Introduction 

• ISM consists of 

i) Many gaseous phases 

ii) Magnetic field (few μG) 

iii) Cosmic rays  

• Heating and cooling 

• ISM turbulence = mainly contributed by SN II 
(isolated and clustered) 

• Energy of SN II explosion : 1.14x1051 erg 

 



Simulation box 

xy plane:  0.8 kpc x 0.8 kpc      (96x96 grid cells) 

Vertical size z: -2 kpc  to 2 kpc (512 grid cells) 



Modeling 

• Density stratification  

• Rotational shear is included (shearing periodic 
boundary conditions) 

• Radiative cooling function 

• SN explosions as localized injections of 
thermal energy  

• SN explosions frequency,  

σSN-I = 4 myr-1 kpc-2, σSN-II = 30 myr-1 kpc-2
 

 

 



Cross Sections 



• Azimuthal seed fields (Gressel O.) 
• Vertical seed fields  
i) With and without flux  
ii) Strong and weak initial field strength 
 
IGM magnetic fields < 1e-8G 
• Vertical flux passing through the disk of galaxy 
• May influence MRI 
• May influence dynamo action 

 

Dependence on the seed fields 



Evolution of magnetic energy 



Dependence on the seed fields 

• Growth times of EMAG for all models are same 
in the initial growing region (except the strong 
field models) 

• Strong field vertical flux model is in the over 
equipartition regime and EMAG Saturated 

• Strong field zero flux model still in the growth 
phase 



Properties of the ISM 



B Azimuthal evolution 

M1 M3 



SNR Dependence 

• For week field strength with vertical flux 

• Three models with different SNR (calculated until 
EMAG. saturates) 

• Seed field : BZ = 1x10-3 μG, (Flux 1039 Gcm2) 

• Growth times of EMAG. are same in the initial growing 
phase (200 Myr) 

• Total magnetic energy is 4x1051 erg for all SNR 

 VWQ VWH VWF 

SNR (%) (times σ)  25% 50% 100% 

Emag : Ekin  (final) 2.3 1.1 0.4 



 B azimuthal Vs. Z, Profiles evolution 



Maximum |B| 



By Profiles (SNR dependence)  

Final field strengths are inversely proportional to  
SNR 



Saturation 

Alpha quenching or/and Wind quenching 
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Alpha Quenching (25% SNR) 



Alpha Quenching (50% SNR) 



Alpha Quenching (100% SNR) 



Saturation Process 

• Magnetic energy gets saturated at equal 
magnitude for all SNE rates, (4x1051 erg) 

• Quenching of wind and alpha profile -> 
dynamo stops  

• In the last model with 100% SNR wind did not 
quench  

Why? 

 

 



Mass transport Vs. density distribution 

Z [kpc] 

R [kpc] 
0.0 

0.5 

1.0 

Growing stage Saturated stage 



Volume filling fraction (25% & 100% SNR) 

25% 100% 

May be due to the relatively broader density distribution 



Summary 

• Magnetic energy saturates at the equal magnitude, 
irrespective of the seed fields and SNE frequency 

• Growth rates are almost equal for all SNR (in the initial 
growing phase ) 

• Absolute value of the mean magnetic field decrease with 
increasing SNR 

• αRφ and αφφ profiles are quenched in the saturated region  
• αRφ /αφφ = 4 for all SNR (Elstner D. , Gressel O.) 
• Except the 100% SNR model, wind is also quenched in all 

other models 
• Wind may have quenched due to the relatively narrow 

distributions of density in the mid planes 
 
 
 



Outlook 

• Models with higher resolution 

• Larger box sizes 

• Cosmic Rays 



Saturated energies 

Model Final energy (erg) Kinetic energy (erg) 

Strong field vertical flux (25%) 4x1051 2x1051 

Strong field zero flux (25%) Growing phase 2x1051 

Weak field vertical flux (25%) 4x1051 2x1051 

 

Weak field zero flux (25%) Growing phase 2x1051 

Weak field vertical flux (50%) 4x1051 4x1051 

 

Weak field vertical flux (100%) 4x1051 10x1051 

 

Azimuthal and radial fields (25%) Growing phase 2x1051 

 



Radiative cooling function 

• Modeling of SNE via thermal energy injections 

• Necessary to include radiative cooling function 

• Adopted as piecewise power law 

 

• Thermally unstable range 141K to 6102K 

 

 



25% SNR 



50% SNR 



100% SNR 



25% SNR 



50% SNR 



100% SNR 



By maximum evolution 25% 



By maximum evolution 50% 



By maximum evolution 100% 



Equilibrium curve and cooling function 





Flux dependence 

M1 M3 M7 M7a Gressel 

Time (Gyr) 1.2 1.6 2.5 2.5 1.9 

Flux ( Gcm2) 0 1041 1039 0 0 

SN rate (%) 25% 25% 25% 25% 25% 

Bseed ( G) 0.1 0.1 0.001 0.001 0.001 (By) 

Growth time (Myr) 308 420 200 191 254 

Emag : Ekin (final) 0.4 1.3 2.3 0.5 0.6 

<B> U ( G) -0.3 -1.8 -1 0.3 0.07 

<B> L ( G) 0.9 1.8 -1 0.07 0.3 

Bmean : Brms 1.5 2 2 2.4 1.7 



SNR dependence 

M7 M71 M72 

Time (Gyr) 2.5 1.8 1.5 

Flux ( Gcm2) 1039 1039 1039 

SN rate (%) 25% 50% 100% 

Bseed ( G) 0.001 0.001 0.001 

Growth time (Myr) 200 190 179 

Emag : Ekin 2.3 1.1 0.4 

<B> U ( G) -1 0.6 0.3 

<B> L ( G) -1 0.6 0.3 

Bmean : Brms 2 1.7 1 



Vertical wind 



My71 



My72 



Vertical wind (SNR dependence)  



Model equations 
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Where, 

 

 Thermal energy, 

 

Viscous stress tensor, 

 

Shear parameter,  



Mean |B| 



Maximum |VA| 





Mean |VA|  



Mean |VX|  



Mean |VZ|  


