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Introduction

• I will only show results

– Mostly pretty pictures

– No technical details

– Not in depth

– Sometimes I will include data from other sources

– Sometimes original results, sometimes later, sometimes both


• I will only show a few results

– With apologies to others


• I was a postdoc (actually RA) when SOHO was launched

– With SOI/MDI at Stanford

– Then instrument scientist for HMI

– Now at MPS

– I did see the SOHO launch!
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Solar Structure – Overview

• The Sun is a ball of hot gas!

NASA/Wikipedia
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Helioseismology - Global Mode Eigenfunction

Wikipedia
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Example HMI Velocity Image (Dopplergram)

J. Schou
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Dopplergram Movie

J. Schou
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Very Precise Measurements!

74x72 days. Present 75% of time. Fractional error is 1 part in 50 million, for f-modes: 16 million

J. Schou
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Internal Structure

S. Basu (2016), LRSP 13:2
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The Sun is not Round!

• We have measured the 
solar (surface) oblateness


– Consistent with general relativity!


• The tachocline is also not round

– Radiative/convection zone boundary

Kuhn+, 1998, Nature, 392, 155.

More complex results later.

Basu & Korzennik, 2025, ApJ accepted
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Solar Neutrino Problem

• Neutrinos are created in the solar core

– Directly in proportion to the energy production rate


• So the expected rat is known very accurately


– Rarely interact with matter - Travel almost unimpeded through the Sun

• But can be measured on the Earth with a large enough detector


• First measurement was made around 1970 using a large (380m3) tank of C2Cl4


– Too few (about 1/3) were found

• 2002 Nobel Prize (also for a later experiment)


– Bad solar model? 

• Major reason for SOHO and GONG

• Solar models largely consistent with results from helioseismology


– Bad measurement? 

• More experiments were made

• No solar structure errors could explain all


– Bad neutrino physics?

• Turns out that neutrinos transform on the way to the Earth

• 2015 Nobel Prizes came out of this


– Helioseismology got Kavli Prize in 2022

• And Crafoord Prize in 2024
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Farside Imaging

• Can image the far side using 
waves observed on the near 
side bouncing off the far side


• Pioneered by C. Lindsey and 
D. Braun


• Now routinely used for space 
weather forecasting

Lindsey+Braun, 2000, Science, 287, 1799
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Farside Imaging

Farside images (HMI) and STEREO/EUVI 304Å.

Courtesy of Dan Yang (private communications).



SOHO 30th Anniversary, Paris, Dec. 10, 2025 13

Farside Imaging

HMI farside images and PHI data. Courtesy of D. Yang. 
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Rotation - Before

Schou & Christensen-Dalsgaard, 1988, ESASP, 286, 149 
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Rotation - After

Schou+, 1998, ApJ, 505, 390
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Rotation - Long After

Larson & Schou, 2018, Solar Physics, 293, 29

Also note near surface shear layer, Barekat+, 2014, A&A 570, 12 
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Torsional Oscillation

Schou, 1999, ApJ, 523, 181

Courtesy of T. Corbard

Vorontsov+, 2002, Science, 296, 101

Also varies with depth

Rotation near 0.99R minus smoothed temporal average
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Meridional Circulation

Müller+ 2025, Nature Astronomy/ Courtesy of Z-C. Liang
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Inertial Modes

HMI. Gizon+, 2021, A&A, 652, L6
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g-mode Detection: The Orthodox and Dissident Churches 
slides by Appourchaux and Garcia 

Orthodox church

(No detection)

Dissident church

(Detection)

• Appourchaux et al (2000), Observational Upper Limits 
to Low-Degree Solar g-Modes: upper limit < 10 mm.s-1


• Gabriel et al (2002), A search for solar g modes in the 
GOLF data: upper limit < 6 mm.s-1


• Broomhall et al (2010), A comparison of frequentist and 
Bayesian inference: searching for low-frequency p 
modes and g modes in Sun-as-a-star data: No detection


 

• Turck-Chièze et al (2004), Looking for Gravity-Mode Multiplets 
with the GOLF Experiment aboard SoHO: 7 modes detected 
between 150 µHz to 250 µHz with an amplitude of 2 mm.s-1


• Jiménez and Garcia (2009), On the Solar Origin of the Signal at 
220.7 µHz: A Possible Component of a g-Mode?: detection of one g 
mode


• Garcia et al (2007), Tracking Solar Gravity Modes: The Dynamics 
of the Solar Core: dipole (l=1) quasi-periodic pattern detected


 

The concord !

Appourchaux et al (2010), The quest for the solar g modes: “At the time of writing, there is indeed a 
consensus amongst the authors of this review that there is currently no undisputed detection of solar g 

modes.”

New schism
• Fossat et al (2017), Asymptotic g modes: Evidence for a 

rapid rotation of the solar core: detection of asymptotic g 
modes


• Schunker et al (2018), Appourchaux et al (2019), 
Scherrer and Gough (2019): no detection in Fossat et al 
(2017) 
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HMI – Offspring of MDI

With JS for scale
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Conclusion

• SOHO is the greatest solar physics mission ever!

– Thanks to lots of people!


