
    
      Fig. 3. 
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        Structure of the reference shock with Ms = 3, β = 20, and θBn = 75° (run A4) at different times Ωcit = 10 (panels a*), Ωcit = 30 (panels b*), and Ωcit = 55 (panels c*). From top to bottom, shown are the maps of the normalized ion density, Ni/N0i (panels *1), and the normalized magnetic field fluctuations (see Eqs. (8)–(10)), δBx (panels *2), δBy (panels *3), and δBz (panels *4). The scaling of all distributions is logarithmic and for the magnetic fields it is sign-preserving, and, e.g., for δBz it is: sgn(δBz)⋅{2 + log[max(|δBz|/B0, 10−2)]}. The level of “0” on the color scale hence corresponds to |δB|/B0 ≤ 10−2 (see, e.g., Kobzar et al. 2021).

      

    

  
    
      Fig. 5. 
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        Linear growth rate for the AIC and mirror modes for conditions representing (a) the shock ramp and (b) the region between the shock undershoot and the second overshoot in run A4. Prime denotes quantities measured in the local plasma frame.

      

    

  
    
      Fig. 7. 
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        Profiles (y-averaged) of the ion temperature anisotropy (solid lines); the marginal stability condition of Eq. (11) (dotted lines) at time Ωcit = 8 for shocks with different plasma β and Ms = 3 and θBn = 75° (runs A2–A6, panel a); different sonic Mach numbers and β = 20 and θBn = 75° (runs C1–C6, panel b); and a range of obliquity angles for Ms = 3 and β = 10 (runs A3 and B1–B7, panel c). The x coordinate was normalized to the ion gyroradius rg(Ms, β) of each model.

      

    

  
    
      Fig. 10. 
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        Profiles (y-averaged) at time Ωcit = 55 of the normalized energy density of the magnetic field fluctuations (total and in Bx, By, and Bz components) across shocks with Ms = 3 and θBn = 75° and plasma β = 5, 20, and 50, and runs A2, A4, and A5.

      

    

  
    
      Fig. 11. 
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        Structure of shock with β = 20 and θBn = 75° at time Ωcit = 20 for different values of the sonic Mach number, Ms = 2.00, 2.25, 5.50, runs C1, C2, and C6 in panels a–c, respectively (compare Fig. 10).

      

    

  
    
      Fig. 12. 
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        Profiles (y-averaged) at time Ωcit = 20 of the normalized total energy density of the magnetic field fluctuations across shocks with β = 20 and θBn = 75° and Mach numbers in a range Ms = 2 − 5.5 and runs C1–C6 (compare Fig. 9).

      

    

  
    
      Fig. 13. 
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        Structure of shocks with β = 20 and Ms = 3 at time Ωcit = 56 for different values of the obliquity angle, θBn = 55°, 75°, and 90°, and runs D1, A4, and D2 in panels a–c, respectively (compare Fig. 10).

      

    

  
    
      Fig. 14. 
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        Profiles (y-averaged) at time Ωcit = 30 of the normalized total energy density of the magnetic field fluctuations across the shocks with β = 10 and Ms = 3 and obliquity angles in the range θBn = 55 ° −89°, and runs B1–B4, A3, and B5–B7 (compare Fig. 9).

      

    

  
    
      Fig. 15. 
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        Structure of the Ms = 3, β = 5, θBn = 75° shock at Ωcit = 36 in 2D and 3D simulation runs A2 (panels a*) and E1–3D (panels b*). Two-dimensional maps of the normalized ion density and magnetic field fluctuations are shown, and for run E1–3D the cut at z = 48λi is displayed (see Fig. 3). The shock position, xsh, is marked with the white dotted line.

      

    

  
    
      Fig. 16. 
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        Maps of density and Bx magnetic field fluctuations in the y − z plane at x = xsh − 0.12 rg (see Fig. 15) at Ωcit = 36 for the E1–3D run.

      

    

  
    
      Fig. D.1. 
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        Comparison of the shock structures obtained with PIC (left panels) and hybrid (right panels) simulations for shocks with Ms = 3 and θBn = 75°. The top row shows results for β = 5 at time Ωcit = 10 for the PIC (a) and Ωcit = 13 for the hybrid (b) simulation (run A2). The bottom row displays the results for β = 20 at time Ωcit = 10 for the PIC (c) and Ωcit = 11 for the hybrid (d) simulation (run A4). In each panel, from top to bottom, normalized distributions of ion density, and δBy and δBz magnetic field fluctuations are shown. We note that the scaling of all distributions is logarithmic (see Fig. 3). Only portions of the computational boxes are shown for hybrid simulation runs A2 and A4.

      

    

  OEBPS/aa49091-23-eq26.gif





OEBPS/aa49091-23-fig23.jpg
¥/%

¥/

/N

¥/%

0.6

0.4

yiAi

0.2

0.0

=02
2.

b) 68,/B,

b) 6B,/Bo

11

0.0

¥/%
yIAi

-1l

2.2

— 35
22 . . <) 6B./Bo
: : 11
I8l g
00 RS H 0.0
) 'Y -
i AN 11
22 : 22
x/N XIA;i
‘ . U

<) 68,/8,

yiAi

10 20 30 40 50 20
(@) My = 3,0p, =75°,8 = 5 (PIC) (b) My = 3,6p, = 75°,8 = 5 (hybrid)
0.6

0.4

YIAi

0.2
0.0

=0.2
2

b) 63,/8,

b) 68,/Bo

13

0.0

yIAi

-1.3

c) 68,/8, ) 6B2/Bo

yIAi

-1.3

ok
0 Elbimstin T |
10 20 30 40 S0 60 70 8 90 100 10 20 30 40 50 60 70 80 90 100

*/N XIAi
(c) M = 3,6, = 75°,8 = 20 (PIC) (d) M, = 3,0, = 75°,8 = 20 (hybrid)

2.6





OEBPS/aa49091-23-fig14_small.jpg





OEBPS/aa49091-23-eq25.gif





OEBPS/aa49091-23-fig17_small.jpg





OEBPS/aa49091-23-eq37.gif
604,





OEBPS/aa49091-23-eq34.gif
Mo~ 2.3





OEBPS/aa49091-23-eq36.gif
Mo~ 2.3





OEBPS/aa49091-23-eq30.gif
w/ Q. ~ 0.8





OEBPS/aa49091-23-eq45.gif
3<=Q.1 <=5





OEBPS/aa49091-23-eq44.gif
Q. t

4





OEBPS/aa49091-23-eq46.gif
kya; 20.7—1.4





OEBPS/aa49091-23-fig15_small.jpg





OEBPS/aa49091-23-eq8.gif
whi/ua = v/ Bi/2





OEBPS/aa49091-23-eq2.gif
By/\/4m Ngim;






OEBPS/aa49091-23-fig4.jpg
P(6B,/Bo) x10-3 P(6B,/Bo) X104 P(6B,/Bo) X103

KA

ki ki ki





OEBPS/aa49091-23-fig10_small.jpg





OEBPS/aa49091-23-fig9.jpg
log(6B1ct/Bo)?

L o

-2
3

Ms=3, Bp,=75° Q. t=26

- B=3 —— B=20
B:S — B:50 _
B=10 — B=100 ——






OEBPS/aa49091-23-fig12_small.jpg





OEBPS/aa49091-23-fig11.jpg
Yig)

20

15

10

=20, M,=2.00, 63, = 75. 0,

(2)

10

15
x(r.,)

20

25

-2

-4

68180

Yrp)

Yirg)

B=20, M; =2.25, 060 = 75, 0t = 20
s

17.5 4
15.0 4
12.5 4
10.0
7.5 4
5.0 4
2.5 4

0.0

(b2)

10

15
x(rq)

20

a5
4.0
35
3.0
25
2.0

15
1.0

NiNo

6B2/Bo

ylrg)

ylrg)

B=20, M, =550, 85,=75, 0t =20

10

10.0
75
5.0
25
0.0
-25
=5.0
-15

-10.0

6B./Bo





OEBPS/aa49091-23-eq14.gif
fmax ~ (20—32)Q_ "





OEBPS/aa49091-23-eq13.gif





OEBPS/aa49091-23-fig19.jpg
T_J_/T”'1

4

B=10, M=3.0, 6,=75°, Q.t=10

-3 -2 -1 0 1

X-Xsh(rg)





