Magnetic diffusion patches at the
top of the Earth’s core
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The frozen-flux assumption

Magnetic induction equation: Mantle
Viscous BL
0B Magnetic BL
E = VX (Ll X B) -+
Core bulk

Boundary layer | Thickness | [B.|/B | [B,]/B

viscous 30 cm 107 104
magnetic 60 km 102 1 ﬁjﬁﬂﬁ.ﬁb‘;”
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(Roberts & Scott, 1965)



Backus’ constraints

Necessary and sufficient conditions for the CMB field to
be compatible with the frozen-flux assumption:
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(Backus, 1968) C' critical point (intersection of 2 nfc)




Data

Adrsted scalar and vector data

Same selection as OIFM (Olsen et al. 2000):

* night side data (local time about 22:00)
« quiet conditions (Kp < 1+, [Dst| < 10 nT, |[d(Dst)/dt| < 3 nT/h)

« scalar-only data at high latitudes



Analysis

« Constructing constrained core field models

Method = Ilteratively Reweighted Least-Squares.

Minimizing the function
¢(m) = [y — f(m)["CM [y — f(m)] + A m" C;'m + p [L7 (m)m — Fo|*
A = damping parameter

M = constraint parameter
LT(m) = constraint matrix

F, = fluxes of reference model (CM4 in 1980)

« Exploring the space of the (A, y) parameters
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Effect of the damping on B,

Differences with OIFM at the CMB:

Eigenvector least constrained by the data:
(smallest eigenvalues of GTG)



Effect of the FF constraint, A = 10/
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Magnetic diffusion patches
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=> The damping and FF constraint have an effect on the
highest degrees only.



degree correlation P,
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=> The FF constraint has an effect on the degrees larger
than 12 (A=10") or 13 (A = 108 and 109).
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Mean square CMB SV ((nT/yr)Z)

Average SV power spectra at the CMB

A =10

d9c16 - OIFM
1

L =10

<>

Mean square CMB SV ((nT/yr)z)

- 2 =0~ OIFM

10 r - ® =d9 i
—©— d9c16
—— d9c16 - d9

2 4 6 8 10 12 14
Spherical harmonic degree

=B~ OIFM

- ® =ds
—©— dsc16
—@— d8c16 - d8

d8c16 - OIFM
1

A =107

4 6 8 10 12 14
Spherical harmonic degree

 =[- OIFM

- o =d7

—O— d7c16
—@— d7c16 - d7

d7c16 - OIFM
1

1 1 1 1
6 8 10 12 14 16

Spherical harmonic degree

=> For A = 107, the FF constraint has its largest effect

on degree 14.



Conclusions

« The FF assumption is compatible with MAGSAT and
Jrsted data over 20 yrs.

« But magnetic diffusion is also compatible with MAGSAT
and Qrsted data, provided it occurs within three identified
patches at the CMB (including one under South Atlantic).

« Within the identified patches, the SV due to magnetic
diffusion could reach up to 50 % of the CMB field over 20
yrs. The corresponding length scale would be

B, B B
“rn— = I= T ~ 35 km
o P \/’7 (@B, /t)
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Diffusion could result
from the formation of
reversed flux patches
at the CMB.
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