Thefateof the a-dynamo at large Rm
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Introduct Analyzing Floquet r
At the heart of today’s solar magnetic field evo-

effect has been vastly studied at low Rm [2[, a
clear description of the effect at high Rm is still
an open question in the scientific community.

trum gives access the ratio of en-
ergy in the large scale Ey/FEyot.
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Induction ABC flow

The magnetic fields in a medium of magnetic The ABC flow was introduced to MHD studies by Childress [5| because its helical property: Vxu =
diffusivity n (Rm = UL /n) follows the PDE: ku makes it a good generator of dynamos. The ABC flow is defined by:

0B =V x (uxB)+nV’B. (1) u, = Upsin(kz) + Uy cos(ky) , u, = Ugsin(kx) + Uy cos(kz) , u, = Upsin(ky) + Uy cos(kz) .
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Averaging over the large scales, the magnetic 4107} ) 0050,

fields can be decomposed as B = (B) + b. 10| 0025

With this mean field decomposition, the induc- 107 0.000

tion equation now has two parts: 107 ~0.025)
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O(B)=V xE+nV*B), E=(uxb), (2)

Ob—nV’b=V x (ux (B)+VxG, (3) :
where G — u x b — (u x b). When G can be Non-Helical ABC flc

neglected, £ can be expanded in the standard The same transition occurs in the case of the following non-helical ABC flow:
series of gradients of (B):

u, = Uy [sin(kz) + sin(ky)| , u, = Uy [sin(kx) + sin(kz)] , u, = Up [sin(ky) + sin(kx)] .  (9)
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This decomposition has been used in many nu- 107 0
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merical models studying astro-dynamos [3]. ., 10° >0 0 183
-7 o -
10 T 0,025 108 |
10 \ 9 |
10°f S o 100
1w e 0. 000 %8_11 :
10 T e 1022
10121 o —0.025¢ 10713 |
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small scale by via an a-effect and a small scale dy- q
namo growth rate v, gives:

by= —ng® by tag b, 5| | Random ABC flow

bk Ozk bq ——’ySSD bk .
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The last set of simulations was carried out using an helical ABC flow with random phases ¢, , .
Computing the eigenvalue, two main regimes can be

z = U, in(k z k : = in(k T k 2, . =U in(k k ) . (10
identified (1) If .., <0, the largest eigenvalue is u 0 [sin(kz+¢z)+cos(ky+dy)]| , uy 0 [sin(kx+@z)+cos(kz+9¢2)] , u 0 [sin(ky+¢y)+cos(kx+¢z)] . (10)

v~ @’kq/|vssp | and be/br = (|755p1/ak) = O(1). 10_1? | | | 0.150] | | ] 10
(ii) If v44, > 0, the largest eigenvalue is v ~ v, |

and bq /br = (aq/|vsspl)) = Olq/k).

Floquet decomposition |4| also gives access to the
large scale mode using the ansatz:

B(x,t) = e'¥*b(x,t) + c.c.. (6)
The induction eq. (1) can then be rewritten: Conclusion

b = igx (uxb)+V x (uxb)+n(V+iq)’b. (7) As reported in [6], above the small scale dynamo onset, the large scales grow with the same growth

rate as the small scales but the large scale projection of the field decreases with scale separation.
The Floquet wave-vector q introduced is related to

the separation of scales. q is a major asset for nu-

meric simulations because intermediate scales do not References

have to be solved anymore.
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