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DAILY SUNSPOT AREA AVERAGED OVER INDIVIDUAL SOLAR ROTATIONS

SUNSPOT AREA IN EQUAL AREA LATITUDE STRIPS (% OF STRIP AREA)

B>00% B> 0.1% 0> 1.0%

9ON
| | ‘ “ III | I 'I | II |I |‘|¥‘I “ | ‘I " IFH J“ ’ I \I
| \ll‘ | ! | ‘W | [ Il | | I ‘ ! | ! LIVN (| | \I | ! I\ \ \ I‘J y |
30N ‘ | \” “ || " ! ‘Ih i [ | FI'I II!‘;:I\I-‘HW 11 ! ‘1” I|I|I‘\ \ ‘ﬂl Illlll || “FT J ' IF | “ !\I' I[ 'I II‘I‘HH‘ I* I:I *I“II‘I;I ”ll IJI | l fl Y “h I‘"“I‘ 1 | HI‘H I"I I|II ! H Il i\ ‘I'l‘ | l ‘”\ I 1 I‘
A w e || TR \'.‘.H:"'w.n..‘ﬂ | u'”‘ el .‘ % ':p't‘}'mf’hh“"“ e L R iy \ e i '.";‘y"w ".;.« |,.,
EQ 0 L ) 'mmh i o G G b T L bl g i
T WW AT T i i Jm', (i Tt ”f AL i ) w'w'|||.|'|'||".‘ I ' i wm'm ‘. " .qw".'."” ||||' it Iaan ‘ Ay rw;u
"R "‘ it ‘l{h.’”'."f' R ““;' AR m'uw?b“ (T '"W' R i‘ y Y A I']'"M‘\ ) ‘," ‘)‘.'I.‘v?'.,u i .‘m”,“‘,: 1
Il it ‘ [l ‘H”H i HIIH‘ II ‘\I II|II LN ) | ‘I I HI‘I I\"\' \ HI‘ ”I\ III 1‘ 1 I \I i I\I\HI | I
308 Ju I‘Iw:: | | "‘ |” "|' L !uul’dld“ ‘ ‘rm”b‘ - u{umﬂh ||h:ih{l 1 'I’T‘h.‘"' I ,D JHM u '.I ‘” | H‘MJ ‘,‘ | ‘.'.l"ﬂ‘:m 2 ‘ I' il :w '1||||||'w|1 : v “ il
HII | h I\;I | ! ! ! 1 | \ III | | | A ! I‘ | ‘II | I|:| ’I ‘ ‘ I MJ‘ | ! ’| ! | |
905 |
870 1880 1890 1900 1910 1920 1930 1941{) T E1950 1960 1970 1980 1990 2000 2010 2020
0.5 _AVERAGE DAILY SUNSPOT AREA (% OF VISIBLE HEMISPHERE)
0.4
02 1, | | |’ \. \ | ] |
0.1 .’ |I‘ | 1 | |I| i | | [ \| |||‘|
0.0 i § ] |
1870 1880 1890 1900 1910 1920 1930 1941{) T E1950 1960 1970 1980 1990 2000 2010 2020

http://solarscience.msfe.nasa.gov/

HATHAWAY NASA/ARC 2016/01



Where did helioseismology come from?

- Richard Carrington

- George Ellery Hale and Mount Wilson Observatory (MWO)
- Robert Leighton

- Roger Ulrich

- Franz Deubner

- Birmingham Solar Oscillation Network (BiSON)

- Tom Duvall and Jack Harvey

- Ed Rhodes and the 60-foot Solar Tower at MWO
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Modern Helioseismic Instruments

(relevant to this work)

- Mount Wilson Observatory MWO
- Global Oscillation Network Group GONG
- Michelson Doppler Imager MDI

- Helioseismic and Magnetic Imager HMI



Mathematical Preliminaries
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dopplergrams

remap to regular
grid in longitude,
sin(latitude)

calculate plm’s
and project onto
spherical harmonics

fourier transform
in longitude

timeseries

generate fourier retile to desired
detrend and S
transforms and/or : length in time
fill gaps S
power spectra and chunking in |

inversions for
peakbagging/ mode internal rotation
ridge fitting parameters and sound speed




normalized residuals
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Table 2. Sequence of changes made to the analysis; each
analysis includes the changes made in all previous ones.

original analysis

image scale

cubic distortion

CCD misalignment

inclination error

CCD tilt

window functions and detrending
gapfilling

horizontal displacement

© 00 J O Ot = W N+~ O

distortion of eigenfunctions (“Woodard effect”)

—_
-

asymmetric line profiles



Image Scale

f(t) = bg+ Dby + ba(t —to) + ba(t — to)?]

fit to (Amajor + Aminor)/(2Ro)

Optical Distortion
Cdist (TQ — RQ)
Cast = (.00 X 10_9



Angle Corrections
By = Bg + 601 sin[27 (tobs — tret)]

e = Pog + 0P + 01 cos[2m(tobs — tret)]

0P =02°  §[=0.1°
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Ellipticity
x' =xcos 3+ ysin 3,

y = —xsin 3 + y cos f3.
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Gapiilling

L
— f
Xy = Z XXy _jte;. (1)
j=1

The coefficients ¢ are the model parameters to be determined. The parameter el is most

easily interpreted when equation (1) is written in the form

L L
ep =X — 1 WX, _j =Y YjXe_j. (2)
f=1 j=0
de -0 5
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. Ny Ng-K
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Peakbagging



Asymmetry
sin (BX — p,,) + (i/2) B cos (BX — p,,)

A8 = =4 56X + 72) B cos (BX)
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Effect on Mode Parameters
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number of modes fitted
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Systematic Errors
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normalized residuals

normalized residuals
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Full Disk Results from MDI
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Conclusions

- none of the changes we applied to the vw_V analysis
removed the bump or the jet, but the horns are gone

- changing the apodization does get rid of them
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