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Introduction

Introduction

» 3 methodologies;
» 3 data sets;
» 20 years of observations:
NSO SuU CfA
sym. asym. sym. asym. sym. asym.

GONG v/ * X X Vv
MDI X X v/ Vi J v
A

HMI X X v/ v

*: preliminary results, tables not available.
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Introduction

Fitting Methods, Data Sets & Activity

Fitting methods:

» NSO: {vp;m}
“whack-a-mole”

each m independently
no leakage matrix information
symmetric profile only (x)

> SU: {vn, ¢}
)
Vnl,m = Vn, + Z/C,(7 (
all m simultaneously
leakage matrix

m) Py, (i)

symmetric & asymmetric profile

» SGK: {vn,/m}
all m simultaneously
leakage matrix
sanity check

asymmetric (& symmetric) profile
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150

Sunspot Number (v2)
T
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Mode Characteristics

Fitted Modes — Multiplets

+ SUMDI72d/symmetic
« SUMDI720symmeltic

© SUHMI72d/symmetic 4
X SUMMU72d/asymmetic

(0

1995 2000 2005 2010 2015 2020 2025
Time [year]

» Number of fitted multiplets, {v, }, different fitting methods.
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Mode Characteristics

Mode Attrition

=} F = = £ DA
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Mode Characteristics Comparisons

Scaled Frequency Changes wrt Time

<6vxQ/T> [

<6vxQ/T> [

> < év x Q/I > vstime andvs F10.7
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<dvxQ/T> []
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Mode Characteristics Comparisons

Changes in Asymmetry, «
> < da > vstime, binned over v, /, orlog(v/L)
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Changes in FWHM, I

» < ol/T > vstime, binned ov
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Rotation Inversion

Rotation Inversion — Introduction

v

Inverse problem

le/n7Z
2m

= /Kg”f(r,a) Q(r,0) dr sin(9)dd

v

Full 2D inversions, Avn¢ = vnem — Vnie,—m
Two methods:

» Cholesky factorization
> Regularized least squares
= Q(fk, 9;()

Optimized model grid {r, Ok}
Estimates of averaging kernels
See Eff-Darwich & Pérez-Hernandez (1997)

v

v

v

v
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Rotation Inversion

Rotation Inversion — Introduction
» Averaging kernels

Q(re, 0k) = /Ak(r, 9) Q(r,0) dr sin(6)do

» Center of gravity:

fcog = XLA/rAk(r,G) dr sin(6)do
c0S(0)cog = XLA/COS(F)) Ak(r,0) dr sin(0)do
» Width:
1 .
Wy = 27\//‘/d§og|Ak(r,0)| dr sin(9)do
dczog = (I — Foog)? + (cOS(8) — €OS(6)cog)?
where
Xy = /Ak(,,e)drsin(e)de
Yy o= / |Ak(r, 0)] dr sin(0)d6
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Rotation Inversion — Averaging kernels

a1 64¢ jsBo=0-xBx~1216-0 A=-2.699 (§1)
T T T T

K<< =+

» Averaging kernels COG and width, as a function of smoothing
» SGK/MDI/64x72d — Cycle 23
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Rotation Inversion Results

Rotation Inversion — Mean Profile

SGK/GONG-GF/64x72d
Q/2x

SGK/GONG-GF/64x72d
remapped

SGK/GONG-GF/64x72d

00 02 04 08 08 10 0 02 04 06 08 10 00 02 04 08 08 10
SGK/MDI/64x72d SGKMDIB4x72d SGKMDI64x72d
Q/2n remapped Gayan

» Mean rotation profile for Cycle 23.
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Rotation Inversion Comparisons

Propagation Diagrams: SGK/MDI+HMI/72d

1996.33
SGK/MDI+HMI/72d
1-r/R= 0.0%
1.3%

5.1%

k. “
/

K<< =+

» “Deformation” by 0S2(r,8) = Q(r,0)— < Q(r,0) >cycte 23
» SGK/MDI+HMI/72d
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Rotation Inversion Comparisons

Propagation Diagrams: SU/MDI+HMI/72d/symmetric

1996.33

summmwnzuumym;c
1-1/R= 0.0%

13%
1

5.1%

AW
~ A

K<< =+

» “Deformation” by 6(r, )
» SU/MDI+HMI/72d/symmetric
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Propagation Diagrams: Comparisons - |
» 1999.48 (25% Cycle 23)

SGK/GONG/72d

NSO/GONG/108d SGK/MDI+HMI/72d SU/MDI+HMI/72d
linesat1 — r/Rg =0,1.3,2.7,5.1,8, 13,20, 27%
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Rotation Inversion Comparisons

Propagation Diagrams: Comparisons - ||
» 2002.64

(50% Cycle 23)

SGK/GONG/72d

NSO/GONG/108d
linesat1 — r/Rg =0,1.3,2.7,5.1,8, 13,20, 27%

SGK/MDI+HMI/72d

SU/MDI+HMI/72d
S.G. Korzennik (CfA)
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Conclusions

Conclusions

» Changes in frequencies, asymmetry & line-width:

changes are consistent w/ activity level, not between methods;
residual offsets between methods;

different mode attrition pattern;

assymetric fit: reduced dv sensitivity w/ F10.7, and

clear variation of 6o & T /T ;

short period oscillation in SU’s & NSO’s oI /T.

Yy Yy VY VY VYV

» Rotation Inversions:
» remapping at COG:
shows inference limit close to the rotation axis;
» 69 for Cycle 24 is different from Cycle 23:
weaker By, < stronger 692 ;
» different inferences in the deeper layers;
» un-physical twist at high latitudes (esp. for some cases)

Updated tables available at
https://www.cfa.harvard.edu/~sylvain/research/tables/MediumL/
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The End

The End
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