Simulation of tearing mode in slab geometry*
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Governing gyrokinetic equations for a finite-g3
plasma for k< p? < 1

e Gyrokinetic VIasov equation
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e T he gyrokinetic Poisson’s equation
Vi = —/(Fz' — F.)dv)du,
e Ampere’'s law
VQAH — —,8/’0|(FZ - Fe)dv“d,u,
e Here 7 = T./T;, a = {e,i}, Uth = m;/me, vt%- = 1/7, se = -1, s; = T,

[ Foadvydp =1 and p =v7/2, 8 =c7/v], va = cAp/ps is the Alfvén speed,
and Ap is the electron Debye length.



Perturbative Simulation Schemes

Using F, = Foa + 6 fo and 8Fpa/0t + vjbo - 0Fpa/0x = 0 , we obtain

do fa _ N
d{ = =V (¢ —vA)) x bo - KaFoa — sav) (V) + V¢ x VA)) - boFoa,
Here
ko = —(0F0a/0X)/Foa = K —§/<; —I—lm (v2 4+ v7) /o2
a = Oa Oa — hn > Ta > To\Y) 4L ta
kn = —d(Inng)/dx, and kr, = —d(InTp,)/dx. Fp. is the background
Maxwellian.

The field equations become

Vig=— /(5fz' — 0 fe)dv)dp,

VQA” — —ﬁ/v(éfl — 5fe)dfv||d,u.

bo -V =bg-V .
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Separation of adiabatic response

0fa = —Satoa?) + Foa/dflfnﬁla - (VA x bo) + ga,

e Adiabatic part produces density gradients transverse to magnetic field
b -V [1 —|— /da}”fia . (VAH X Bo)] Foa ~ O,
where b = bg + 6B/ Bo.

e \VIasov equations become

dga o N
- — a——V bo - Ka Foa,
dt [S ot~ V¥ xbo K] 0



2-D equations

Background magnetic field with shear generated by current layer
Bo = Boe; + Boy(z)ey, jo = —encuo(x)e,, 6(x) = Boy(x)/Bo, wuo(x) =6(x)/B
Only perturbations with k., = 0, so that bg -V = 6(z)9/9y.
In 2-d VlIasov equations become:
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where Fy, is shifted (by ug(x) for electrons) Maxwellian.
Fields equations for ¢(x,y) and ¥ (x,y)

V- (14w = [ (-0
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Additional Field equations

and its time derivative ¢:(x,y) and i (x,y) (with use of Vlasov equation
to eliminate 9:g,)

18]
Vi = —H(aﬁ)a—y/m(ge — 9i) (1)

and
V2 51+ ) + 72| 6 = V0] - Hlu(e) + oo
48| 1) = 25 ) 0B @)+ (B | 5 0@
0
+00° (@) [ 7o = a) 2)

To avoid resolving d. in y direction and insure correct cancellation, replace
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Tearing mode simulation results
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Magnetic field shear profile 0(z) = 6,,tanh(z/a).
Simulation parameters: n, = 46368, Atw, = 0.05, dy/ps = 0.4,

kyps = 1, a/ps = 0.3, Ly/ps = 10, 6, = 0.01285, T./T; = 1, 8 = 0.001,
m;/m. = 1836.

Code w/we =i - 0.6, eigenmode solution w/we =i - 0.6.
left plot-eigenmode solution, right plot- PIC code simulation result.

(a) - absolute value of Aj(x), (b)- absolute value of ¢(x).



