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Motivations and Historical Background

Ring Diagram Analysis principles

Practical Aspects of a Ring Diagram Analysis Pipeline 
(GONG++)

Some Applications and Results…to be continued by Rudi

Overview
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Ring Diagram Analysis
Motivations and Historical Background
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Internal Rotation breaks spherical symmetry 

=>  Multiplets of 2l+1 frequencies

=> 2D  Inverse Problem

observed Standard Solar 
Model

Unknown

Global Modes
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Sensitive only to the part of the rotation that is symmetric 
about the equator.

Kernels Independent of longitude (e.g. cannot infer 
interaction between an active region and sub-surface flows)

Impossible to separate the spherically asymmetric effects 
other than rotation (meridional circulation, magnetic fields, 
structural asphericity)

Limited access to the polar zone

Global Helioseismology
Limitations
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Ring Diagram: Historical Background
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Ring Diagram: Historical Background

Jesús Patrón, PhD 1994 (IAC) “Tridimensional distribution of 
horizontal velocity flows under the solar surface”

Main actors since
MDI Team: R. Bogart, J. Schou
JILA Team: D. Habber, B. Hindman, J. Toomre
GONG Team: I. Gonzalez-Hernandez, F. Hill, R. Komm, J. Leibacher, 
C. Toner
Indian Team: H.M. Antia, S. Basu, S. Tripathy

The method has developed very fast with high resolution 
data becoming available: TON, MDI, GONG++



HELAS Workshop, Nice, France 25 Sept 2006

Ring Diagram Analysis
Principles
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Général Dispersion Relationship for global modes:

kr
2 +kh

2(1-N2/ω2) =(ω2-ωc
2)/c2       Kh

2=ℓ(ℓ+1)/r2=Kθ
2+Kφ

2

Because the wavelength of high order modes is small 
compared with the typical scale over which equilibrium 
structure changes, the modes can be approximated locally 
by plane sound waves

=> k2=kz
2 +kh

2 =ω2/c2         Kh
2=Kx

2+Ky
2

High degree (ℓ >300) acoustic waves are damped and 
cannot travel around the full circumference of the sun. Their 
horizontal wave number isn’t quantized anymore and their 
frequencies are local measures of the sun’s properties. 

Ring Diagram Analysis Principles
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Ring Diagram Analysis Principles

ω

Global mode spectra Local power spectra
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Ring Diagram Analysis Principles

=> ω=ω0+Δω = c k + kx Ux+ ky Uy

Hill, 1988
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Ring Diagram Analysis Principles

Rotation => 
Ux~2000 m/s

Rotation 
Removed

(Area Tracked)

Courtesy B. Hindman
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PRACTICAL ASPECTS:
The Ring Diagram Analysis Pipeline
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Small areas (16ºx16º) are 
tracked (typically 1664 mn) 
over the solar disk at a rate 
depending on the latitude of 
their center.

These areas are remapped 
using a Postel or transverse 
cylindrical projection that tend 
to preserve the distance 
along great circles.

=> Data cubes 
(Latitude – Longitude – time)

Step 1 : Tracking
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Dense Pack: Simultaneous  Tracking of 189 tiles

Courtesy B. Hindman
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ω

3D FFT

(θ,ϕ ,t)   (kx,ky,ω)

3D Power spectra Fitting

∫= dzzzKU yx )(v),k,ω()k,(ω yx,hoho,

2 x 1D Inversions

Vz may then be computed using the divergence of the 
horizontal flow and assuming mass conservation. 
(Komm, Corbard et al. 2004)

ω

Steps 2-3-4
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GONG++ Pipeline Components

• RLS / OLA 

F. Hill, C. Toner,
T. Corbard, 

I. Gonzalez-Hernandez

T. Corbard

B. Hindman,
D. Haber, R.M. Larsen, 
R. Bogart, J. Schou

F. Hill, D. Gough,

T. Corbard

For each step

•PERL 
Wrapper

•Main code in 
Fortran 95 / 77

•IDL tools for 
visualization
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GONG++ Pipeline Components

Courtesy I Gonzalez 
Hernandez / J. Bolding
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Synoptic Flow Maps
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Subsurface radial Shear

dlogΩ/dlogr≈ -1 compatible 
with 3D simulations from De 
Rosa et al. 2002
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Meridional Circulation: Time and depth variation

Basu & Antia 2002

Polward flow ~10 -20m/s, 
incresing with depth + 
secondary flow that 
converges toward the 
mean latitude of activity
(Haber et al. 2002, Zhao & 
Kosovichev 2004, Komm 
et al. 2005)

Counter cells at high 
latitude (Haber et al. 
2002) ?
González Hernández et 
al. 2006: Geometric 
Calibration issue?

Zaatri et al. (2006): The 
N/S asymmetry of the 
flow reflects the N/S 
assymetry of the 
magnetic flux. González Hernández et al.   2004
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N-S asymmetry in meridional flow speed 
during 1996-2002 and the appearance of 
a reverse, high-latitude flow cell in the N-
hemisphere during 1998-2001 caused the 
N-pole to reverse ~1 yr before the S- pole

Dikpati et al. 2003

Dynamo Models and Meridional Circulation
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Synoptic Maps of Vorticity –
Kinetic Helicity etc..

Komm, Corbard et al. 2004 (ring diagrams)

Zhao & Kosovichev 2003 (time-distance)
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A lot of efforts have been made during the last few years in:

Making comparison between the different Methods (group LoHCO)

Understanding errors, methods resolution and correlations

Understanding effects of image misalignment / geometric effects (P-angle / 
Bo angle)

MDI, GONG+, TON and soon SDO, Solar B, Solar Orbiter….

First attempt of “archeo-helioseismology” using Mt Wilson data in order to 
infer the meridional circulation in the past two solar cycles

New developments

High resolution Ring Analysis using f-modes (B. Hindman, D. Haber et al.)

Deeply penetrating Ring techniques (I. Gonzalez-Hernandez et al. )

3D Kernels and inversion procedure 

Conclusions 
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But….by the way where are the Giant Cells?

Toomre et al.
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