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We present preliminary results of a numerical survey of core formation in turbulent, magnetized clouds with ambipolar diffusion 
(AD). We find that cores with high mass-to-flux ratios can only be formed with a strong AD (low ionization fraction ni/nn).  
However, core masses and sizes are similar regardless of the presence or absence of magnetic fields, and the level of ionization. 
This indicates that anisotropic concentration is important during core formation in strongly magnetized environments.

 Abstract

 In
tr

od
uc

tio
n In GMCs, shocks in the turbulent flow create high-density 

regions, in which filaments grow and then fragment 
gravitationally into prestellar cores. This process is 
influenced by magnetic fields, but magnetic effects on the 
mostly-neutral gas are limited by the coupling through 
ion-neutral collisions. The resulting ambipolar diffusion 
(AD) modifies the core formation process.  In previous  
work,   we  discovered   a  transient  stage  of  AD  during

Fig 1: The “spectrum” of column density (color map) and 
magnetic field (pink lines) structure in the shocked gas 
layer for varying magnetization and ionization, at the 
time that maximum density reached 107 cm-3. 

 Methods & Parameters

• Oblique shock with angle A between B  and  v
• Structures grow from self-gravity in shocked layer
• Varying upstream magnetic field parallel to shock front 
   Bx = B sin(A): A = 5º, 20º, 45º
• Varying ionization fraction coefficient (X): ni = X 10-6 nn1/2 
   with X = 0 (hydro = "HD"), X = 3, X = 10; ideal MHD = “ID”

compression of magnetized gas by supersonic turbulence, 
creating post-shock regions with relatively high mass-to-
flux ratio. Cores that develop in these regions will be 
magnetically supercritical and able to collapse gravitationally.
Here, we use three dimensional MHD simulations of shocked 
converging flows, including self-gravity,turbulence, and 
varying levels of ionization, to investigate how the process 
and outcome of core formation is affected by AD.

• MHD code: Athena; Lbox=1 pc
• Cloud density: 1000 cm-3

   Convergent inflow v = 2 km/s
   Cloud magnetic field B = 10 μG
• Include turbulence in inflowing gas

B
Av

x

y
z

v

Fig 2: Distributions of core mass (left) and mass-to-flux 
ratio (right), from all models combined. 

Fig 3: Median and ±25% values of core mass (left) and 
mass-to-flux ratio (right) of different models.

 Results

• Core masses are similar, independent of the angle 
between converging flow and magnetic field, and the 
level of ionization (Fig 3a)

• Mass-to-flux ratios relative to the critical value are Γ > 
2 for all simulations (Fig 3b), including large obliquity 
and perfect ionization (A45ID) models. Γ secularly 
increases for low ionization, reaching ~ 4 for X = 3.

• Cores form in models with converging velocity 
either nearly aligned with the magnetic field 
(small angle A) or highly oblique (large A), and 
for all levels of AD (Fig 1)

• Cores have masses and normalized mass-to-
magnetic flux ratios Γ = (M/Φ)(2π√G) similar 
to observed values (Fig 2)

A5X3 A5X10 A5ID A20X3 A20X10 A20ID A45X3 A45X10 A45ID

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

6.5

7

7.5

8

total

mean

median

std

std/mean

quartile1

quartile2

5.446 3.375 2.780 2.293 2.011 2.553 4.603 4.450 4.594

2.922 3.747 2.723 4.768 4.511 1.343 3.195 1.505 1.512

4.496 4.767 2.150 3.681 3.744 1.792 2.087 4.322 1.973

6.155 3.541 4.042 4.803 3.289 2.417 5.353 3.326 2.955

3.984 3.325 3.749 2.129 3.948 2.450 5.139 1.473 3.122

6.289 2.593 2.980 3.060 2.412 2.823 1.455 4.631 2.618

3.095 5.128 2.753 3.452 2.477 2.850 4.949 5.582 0.784

3.120 4.117 2.479 2.732 3.292 2.681 4.068 4.081 3.261

3.053 4.687 1.423 7.539 3.409 2.010 3.531 5.764 2.392

4.127 4.330 1.761 3.816 3.047 2.547 4.493 3.523 2.119

7.117 4.871 1.233 4.22 4.309 3.051 3.237 3.428 1.692

5.797 5.191 2.065 5.641 4.934 1.906 6.403 5.508 1.133

2.471 3.604 1.819 3.659 2.170 1.980 3.687 3.312 1.931

3.643 4.365 3.083 3.750 3.32 3.655 2.086 2.66 1.829

5.046 1.361 3.743 4.285 2.779 4.699 3.493 1.926 2.22

5.663 3.537 3.672 3.513 3.715 4.361 4.101 2.917 2.067

4.567 4.545 2.589 2.278 4.609 3.205 3.886 3.726 2.071

2.444 3.458 3.102 2.962 2.714 2.654 2.935 2.852 2.336

3.621 3.728 1.92 4.287 4.127 4.204 5.959 3.241 2.206

5.055 3.326 3.626 4.835 3.606 1.309 2.808 4.223 2.533

4.232 2.283 3.729 3.606 2.674 4.641 4.564 3.534 0.9127

6.842 3.293 2.214 6.890 3.787 2.989 4.156 3.789

4.683 3.686 1.735 2.784 2.272 2.94 3.582 2.389

3.961 4.555 4.051 5.188 3.737 2.232 5.709 3.237

4.352 3.270 3.188 1.870 3.302 3.757 2.789 2.627

3.229 2.793 2.197 4.25 4.132 2.012 3.116 2.654

2.907 3.237 3.191 6.011 4.798 2.899 2.904 1.497

5.477 4.740 3.094 4.09 4.803 3.303 5.370 2.957

2.362 5.172 2.698 4.66 2.51 2.413 1.829 3.896

4.212 3.038 3.103 1.72 5.242 3.935 2.749 3.400

3.316 4.339 2.257 3.252 3.141 1.92 3.691 2.258

4.65 5.287 2.194 4.124 3.854 3.828 2.236 1.261

2.888 3.295 1.494 3.442 3.125 2.403 1.202 1.854

3.491 3.638 1.334 4.953 5.252 2.791 2.315 2.799

2.947 3.443 1.463 2.960 2.968 4.03 3.422

5.841 2.721 3.750 2.311 2.252 3.192 1.882

5.516 1.941 3.354 3.140 2.976 1.184

5.943 2.966 1.710 3.176 3.015 1.978

3.646 4.934 1.969 3.025 4.843

5.857 2.529 3.328 2.416 3.235

4.041 2.396 3.775 5.675

3.748 3.454 4.121 4.362

4.471 1.084 2.225

2.294 1.976 2.927

3.835 2.936 1.770

2.045 3.403 3.401

5.313 3.603 2.451

4.941 2.595 2.946

4.345 1.771 5.247

2.642 3.212

2.752 1.712

3.864

2.613

1.867

4.03

1.25 0 1 6 0 0 2 2 4 3

1.75 0 1 8 2 3 4 1 5 5

2.25 3 3 8 3 9 8 4 2 7

2.75 4 5 10 3 8 11 6 7 3

3.25 6 10 10 4 13 3 7 7 2

3.75 5 9 7 6 9 4 5 5 0

4.25 5 7 2 6 5 2 6 4 0

4.75 3 8 0 5 5 2 4 1 1

5.25 4 5 0 1 3 0 3 0 0

5.75 6 0 0 1 0 0 3 3 0

6.25 2 0 0 1 0 0 1 0 0

6.75 1 0 0 1 0 0 0 0 0

7.25 1 0 0 0 0 0 0 0 0

7.75 0 0 0 1 0 0 0 0 0

40 49 51 34 55 36 42 38 21

4.3616 3.7508 2.6345 3.9571 3.3498 2.8270 3.6907 3.1334 2.2029

4.2220 3.6860 2.6980 3.7830 3.2890 2.7360 3.5565 3.2390 2.1190

1.2997 0.9684 0.8083 1.3323 0.9241 0.8645 1.2517 1.1823 0.8501

29.80% 25.82% 30.68% 33.67% 27.59% 30.58% 33.92% 37.73% 38.59%

3.20175 3.27 1.973 3.108 2.6435 2.247 2.91175 2.29075 1.829

5.48675 4.545 3.260 4.741 3.906 3.230 4.54625 3.77325 2.533

0

18

35

53

70

1.25 2.25 3.25 4.25 5.25 6.25 7.25

Core Gamma distribution

C
o

u
n
t

Normalized Mass-to-Flux Ratio

A5X3
A5X10
A5ID
A20X3
A20X10
A20ID
A45X3
A45X10
A45ID

0

2

3

5

6

1.75 2.75 3.75 4.75 5.75 6.75 7.75

A5X3

Untitled 1

0

3

5

8

10

1.75 2.75 3.75 4.75 5.75 6.75 7.75

A5X10

Untitled 1

0

3

5

8

10

1.75 2.75 3.75 4.75 5.75 6.75 7.75

A5ID

Untitled 1

0

2

3

5

6

1.75 2.75 3.75 4.75 5.75 6.75 7.75

A20X3

Untitled 1

0

4

8

11

15

1.75 2.75 3.75 4.75 5.75 6.75 7.75

A20X10

Untitled 1

0

4

8

11

15

1.75 2.75 3.75 4.75 5.75 6.75 7.75

A20ID

Untitled 1

0

2

4

5

7

1.75 2.75 3.75 4.75 5.75 6.75 7.75

A45X3

Untitled 1

0

2

4

5

7

1.75 2.75 3.75 4.75 5.75 6.75 7.75

A45X10

Untitled 1

0

2

4

5

7

1.75 2.75 3.75 4.75 5.75 6.75 7.75

A45ID

Untitled 1

 0.1 Myr  0.55 Myr 0.3 Myr

 0.3 M⊙  0.8 M⊙ 

 0.59 Myr
Fig 4: Magnetic field (black lines) and gas velocity (pink arrows) over column 
density (color map) around a core at different time.

 Core Formation
• Shocks created by converging flows amplify the magnetic 

field and tend to align it parallel to the shock front
• In strongly magnetized post-shock regions, dense cores 

form anisotropically. Flows that are primarily along the 
magnetic field concentrate the gas, until it becomes self-
gravitating (Fig 1 & 4)


