Analysing the Meridional Circulation using

Fourier-Hankel-Decomposition

L. Krieger, M. Roth, O. v.d. Luhe

Kiepenheuer-Institut fir Sonnenphysik
Freiburg im Breisgau

25th September 2006

DA



e What is the Fourier-Hankel-Decomposition (FHD)?

e Application to observations

e Results

e Conclusions and Ideas



Outline

e What is the Fourier-Hankel-Decomposition (FHD)?

DA



Reduction of observed data with the FHD

Partition of the residual Doppler-Signal
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Shift between the spectra A, and B m,
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Figure: Example for smoothed
peak, showing a
frequency-shift between both
spectra.

Figure: Example for a peak in
the spectra of pole- and
equatorward flow.
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Estimation of the velocity-profile

The value (U/r),  is constant over the range spanned by the
penetration-depth of the mode (n,L) !
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Estimation of the velocity-profile

@ Obtain set of points {(v;/L;, U/)}

@ Find relation: ,penetration-depth“ e « v/L
@ Resulting in velocity profile U’(e)
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Application to observations

Data

@ Dopplergrams of SOI/MDI (SOHO)

@ Full-disk-images — from 01.04.99 to 30.04.99
@ Transformed to equidistant 6-p-lattice

@ m=0
©oL=13+2-j , je{0,...,504}
@ Resolution in v: 0.4 uHz

@ Interval of the polar angle © = 7 /4
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Results

Velocity profile over v/L

- *M SHISH " Northern ~ hemisphere,
—ﬁ i binned velocity profile
§or Pet ] over v/L

e
7 Southern hemisphere,
] binned velocity profile
1 over v/L

nu/Lin miiz

u]
L)

1
ul
!
S
o
i)



Velocity profile over

v/L:

Results

comparison with known results
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Results

Velocity profile over depth: comparison with known results

. | Northern hemisphere,
=71 velocity over penetration
A S ' © depth ¢, comparable

. part with € from 0 to 20
7 Mm, average velocity of
‘ ‘ ‘ 1 (15+5) mis

20

in m/s

Geschwindigkeit U’

According to eg.(Zhao, Kosovichev, Duvall — 2004) the velocity of
the poleward-flow in the region of § ~ 45° is (10 — 15) m/s. This
velocity is constant in the range of depth of around 14 Mm.
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Results
Velocity profile over depth - extended to 170 Mm

E Northern hemisphere, ve-
locity over v/L
I RN 1 Southern hemisphere, ve-
i e locity over v/L
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Results
Profile over depth - average profile

- Mean velocity profile of
Gt - both hemispheres down
- | ‘ 1 to € =170 Mm
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Conclusions and Ideas

Conclusions

What did we get?
@ Rough estimation for the quality of the profile
@ Agreement with known results in shallow layers

@ Agreement with known results by same method in
middle-deep layers

@ Indications for return flow in layers of around 130 Mm depth
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Conclusions and Ideas

How to improve?

@ Longer time-series for better resolution

@ Integration over bigger set of data (esp. m # 0)
@ Variation of ¢

@ Time-varying survey

@ Better detection of peaks in the frequency-spectra,
increasing the number of Ay
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Dopplergrams — original and transformed
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Figure: Example for an

Figure: Reduced
original dopplergram.
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Hankel-approximation

@ |dea; take Hankel H
ODE

(LH) as solution of radial oscillation
@ Approximation for | > 1 and | > m (far-field-approx.)

HED(L0) ~ (-

pm (cose)i Q|m(0030)
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