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Overview

e Methodology

e VV & I: Consistency Test

e Error Budget

e Status and Hurdles with MDI data

e Status with GONG data

e Implications for HMI
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Methodology

e Estimate of limit spectrum (reduce realization noise)
Do not need high frequency resolution

e Fit the ridges at each ¢/, m — ridge parameters

e Compute complete leakage matrix, include:

* horizontal & vertical components

* perturbation of eigenvalues (solar differential rotation, . . . )
* iImage distortion

* instrument MTF

* Image orientation

e Produce synthetic spectra (ridges) with know underlying parameters
Fit the synthetic spectra

e Correct ridge parameters
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V & I: Consistency Test

e Opposite asymmetry in V & [

e Different leakage matrix
no line-of-sight attenuation in [

e Same underlying Solar Parameters
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Error Budget Philosophy

e Precision of the Correction better than the Uncertainty of the Fit

e Comparison between Uncertainty and Ridge to Mode Correction

frequency frequency splittings [nHz]
[uHZ] aq as as

uncertainty(® 01-06 |03-10 02-08 0.15-07
largest correction(®) 4.0 10.0 5.0 2.0

(a) given range corresponds to a ridge width range of 10 — 60 puHz

(b) for the 100 < ¢ < 900 range
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MDI Error Budget: Ridge to Mode Correction

Error Budget for the Ridge to Mode Correction

typical corresponding change in
parameter values frequency [uHz| | a1 [nHZ]
plate scale 0.01 - 0.27 % 0.2 -6.0 0.06 — 1.6
differential rotation 4.4 -6.2 % 0.01 -0.8 0.4-0.7
image distortion 0.1% 1.0-15 0.2-0.4
instrument PSF (*) 0.05 - 0.15 0.05-0.1
Image orientation, Peg 0.25° 0.03 0.01 -2.0
image orientation, B, 0.1° 0.004 0.012

(*) Changes resulting from using a Gaussian versus a Lorentzian PSF
Note also that the values tabulated are unsigned magnitude
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Optimal Error Budget

Optimal Error Budget for the Ridge to Mode Correction

achievable change in
parameter values frequency [uHz| | a1 [nHZ]
plate scale 0.01 % 0.220 0.06
differential rotation (*) 0.03 % 0.054 0.045
image distortion 0.01 % 0.150 0.04
instrument PSF © 0.015 0.01
Image orientation, P.g 0.05° 0.006 0.40
image orientation, B, 0.02° 0.001 0.002
correction estimated precision 0.272 0.409
fitting uncertainties 0.1-0.6 0.3-1.0

(*) values scaled from our worst case

(1) 1/10th of corresponding values in table
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Status and Hurdles with MDI data

e Fixed the obvious

* Plate scale
x Computation of leakage matrix (more terms)
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* Plate scale
x Computation of leakage matrix (more terms)
e \We do not know enough about the instrument
* Image distortion (radial & tilt)

* Instrumental PSF

e Can still improve image orientation (P,, B,)

Ridge Fitting/HMI Team Meeting Presentation /Feb’06 E E



Status and Hurdles with MDI data

e Fixed the obvious
* Plate scale
x Computation of leakage matrix (more terms)
e \We do not know enough about the instrument
* Image distortion (radial & tilt)
* Instrumental PSF

e Can still improve image orientation (P,, B,)

e Approach:

* Include one effect at a time
* Check that the model predicts the right systematics
=> Only a correct model can estimate error on correction
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Status with GONG data
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Implications for HMI

e Can we avoid previous mistakes?

* Plate scale error

* Instrument characterization
« Image distortion
+ PSF

* Pre-flight tests

* Post-launch validation
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