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Emerging-Flux Effects

Poloidal flux

injection footpoint rotation ()

= AD => AB(P => Al

Background field
emergence

Emergence V, x B,
=>A¥Y,_ => Al




Physical Background
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Semitoroidal Flux Rope

a=(1/2R-1/RX*> +1/H) C/A —C.IA°R —Cug

C, = uiy’n/4M

Equilibrium a=0




Loss of equilibrium

Increase of C,
and/or X




Poloidal flux injection

d =50 Mm; ® =100 deg/day
dX/dt = or/A; AX=ADr/A; LIL’(p =¥, AX/2rr
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X=3.3; 4.5;
¥, =3; 3; 0.8 x10%° Mx (B, = 100 G)
= d¥ /dt =1; 1; x101° Mx/s (~1018 Mx/h)
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Diamagnetic effect

Emerging ﬂux (,mirror current”;

Kuperus & Raadu, 1974
d =50 Mm; )

e =100 G Bl vy
Ve=100 m/s -

—V\e=100; X=5 i —\e=100; X=5
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y* = 101% Mx/cm, C;=11; 11; 12 m/s?
dy/dt=1; 2; x10° Mx s'1 cm?
(d=50 Mm) => dW¥/dt =1; 2; 1 x101® Mx/s (~ few 1012 Mx/h)
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Conclusion

- Emerging flux causes evolution through a series
of equilibrium states (slow rise)

- Poloidal flux injection: rise at 0.1-1 km/s

- Background flux emergence: rise at 1-10 km/s
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Physical Background — Role of Reconnection
Forces & Energies

Free energy of

non-potential Electric current, |
magnetic field
2 Erag=L12/2

/—>

D=L } — ol
~const

— AI/AR <O,
= AF, /AR <0
— AE___/AR <0

mag
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—a (X=5, A=1321)
1.5*Psi, 1<7<1.9
2*Psi, 1<Z<1.9

— 2*Psi, 1<7<4.2

— 2*Psi, 1<Z<12




—— X=5, A=1426, r=0.1, k1=1300
— — X=4, A=1445,r=0.1, k1=1300
—X=5,A=713, r=0.2, k1=1300

X=5, A=4574,r=0.1, k1=4000

without
reconnection

—AD =0
— AD=50%, 1<Z<12
AD=50%, 1<Z<4
— AD=50%, 1<Z<2
— AD=100%, 1<Z<2

with
reconnection




Other Options

Aurass, etc.




Interpretation

AnnGeo
Manu feed-back




