Observations of solar variability in the
240-2400 nm range using SORCE SIM

Jerald Harder, Stephane Béland, Martin Snow, Thomas Woods
LASP, University of Colorado
, 1-303-492-1891

With thanks to
Mark Rast for PSPT data

SORCE

SORCE Science Meeting, Orlando FL January 28-31  -Harder et al. Page 1


mailto:jerry.harder@lasp.colorado.edu

Topic Outline

¢ Progress of SORCE SIM data processing
® Version 17 to Version 19
® Uncertainty estimates appropriate for Version 19 processing

¢ Short comings in V19 processing and scheduled
Improvements for V20

¢ SIM variability in the context of PSPT images
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Instrument overview

Field of View: 1.5x2.5° total

Instrument Type: Féry Prism Spectrometer

«  Wavelength Range: 200-2400 nm *  Pointing Accuracy/Knowledge: 0.016°/0.008°
« Wavelength Resolution: 0.24-34 nm *  Mass: 21.9kg

» Detector: ESR, n-p silicon, InGaAs * Dimensions: 88 x 40 x 19 cm

« Absolute Accuracy: 2-8% *  Orbit Average Power : 17.5W

Relative Accuracy : ~0.5-0.02% (240-2400 nm) Orbit Average Data Rate: 1.5 kbits/s
LLong-term Accuracy: 0.3-0.025%/yr (240-2400 | +« Redundancy: 2 Redundant Channels
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SIM degradation correction and long-term accuracy

¢ Long-term degradation corrections in SIM are based solely
on measured instrument quantities.

® Correction is based on the comparison of two identical (mirror image)
spectrometers that have been exposed at different rates.

® Corrections for photodiode detectors in the same channel are made by
comparison with the spectrally flat ESR detector after correcting for the
different optical paths through the prism.
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frene ¥ 1 mn 1 i i i

|7 - ' l . | ;/, ,,,,,,,,,,,,,,,, g, ;;:_.:”:;_:; (;_ —
' oy HRT ;‘J-u-t,_u/fi UVPhotodiodes | P 1IN
A F oA e e VIR
- - g ey —T—p—w—r—F———— = . > | -'2,;; .- _i. I

. el Ejd ] 114 H
-------------- i ﬂ_l‘t? S=

L ﬁ

| ESRI

I I W R

Baffle Section

SORCE Science Meeting, Orlando FL January 28-31  -Harder et al. Page 4



Version 17 to Version 19 revisions

¢ V19 extends time range
® V19 2003/04 to 2011/054€=
® V17 2004/04 to 2010/09

¢ Extends the wavelength range in the UV
® V19 240-2400€
® V17 310-2400

¢ Reanalysis of the solar exposure record

® Uncertainty for SIM A & SIM B exposure time is now less the 0.37
days after 3600 mission days

® Reanalysis of wavelength scale - Corrections appropriate for the first
year of the mission

¢ Improved AB comparisons to account for changes in
Instrument behavior after spacecraft safe-hold events.

¢ Visit Stephane Beland’s poster for more details & discussion
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SORCE spacecraft & thermal events

SIM B power cycle

Encoder correction / SIM A & B power cycle
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¢ Thermal events change instrument performance most typically through
wavelength shift & light path through prism. Degradation corrections
must account for these changes.

¢ Time period of Version 17 remains the most stable time period of SIM
operations.
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Estimated trend uncertainties in the UV & Vis

Ultraviolet Photodiode 2003/04/15 to 2007/05/13 Visible Photodiode 2004/04/21 to 2007/05/2007
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¢ Best observation for degradation corrections for SIM is 04/2004 to
05/2007, but magnitude of uncertainties similar in the 2007-2011 period

¢ Uncertainty in the visible comparable to 2¢ noise levels but reaches a
minimum level at =2 X 10-4. Similar for UV at =2 X 10-3 with apparent
wavelength leakage.

¢ Errorsin the 2003-2004 time period about x5 larger in visible
® Improved wavelength registration will reduce uncertainties in the visible

ORCE
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Integrated SIM vs TSI

. Spacecraft/instrument events
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¢ Uncertainties in integrated SIM less than the propagated error using 2¢

detector noise levels and the uncertainties in wavelength drive registration

¢ Majority of the deviations occur in Visl detector > ~700 nm suggesting
need for improved diode degradation corrections. S@REE
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Version 19 vs Version 71 at key wavelengths
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SORCE spacecraft & thermal event #2

SIM B
power cycle SIM A & B power cycle December 2013
(end date for V19 data release) Campaign \
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¢ Large deviations in instrument stability occur with the onset of power cycling.
® Detector temperature drift about a factor of 15x larger that before power cycling.

® Uncertainties in wavelength scale, detector response, prism transmission
exacerbated

® UV channel less affected due to increased solar structure, small detector
temperature coefficient. Problem most severe in the visible region. S@ RéE
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Improvements to be implemented in Version 20
(release planned for spring 2014)

Implement dynamical wavelength shifter based on instrument dispersion
equations to account for thermal/mechanical stresses induced by spacecraft
power cycling — Must be applied to every spectrum

® Particularly important for visible and infrared wavelengths from Sept 2011 to
present time

Reanalysis of photodiode temperature coefficients due to decreased
temperature stability

Improved wavelength shifter will improve several difficult analyses that are
applicable for the entire mission:

® The ability to perform AB comparisons and determine ray path through the
prism

® The ability to perform non-exposure related photodiode degradation for A >
~760 nm — not well represented in Version 19

All of these improvements needed for data processing during SORCE Hybrid
mode starting in Feb. 2014

SORCE



CallK
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¢ Feature area determined from intensity analysis of PSPT images

Analysis done as a function of disk position and time

Full disk Irradiance determined from disk position and emitted
intensity from each atmospheric model
SORCE

Identify 7 solar Features
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SIM & PSPT Facula + Plage
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¢ SIM 280 nm irradiance matches the measured facular area in PSPT

¢ SIM 283 nm irradiance matches facular area with decreased
modulation during descending phase of 23 but not the rising phase,
even with estimated errors
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SIM & PSPT Facula + Plage
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¢ Long-term temporal variations associated with proxies cannot capture
the kind of variations seen in observed irradiance S@REE
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SIM & PSPT sunspot umbra & penumbra #1
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¢ Portion of data not represented in Version 19 corresponds to a 0.145 nm drift
or equivalently a 2 arc-second error in prism rotation angle.

SORCE
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PSPT Umbra + Penumbra Disk Area
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Sunspot contrast is not directly proportional to sunspot area, but anti-
solar cycle trends improve agreement.
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_ Plans & Conclusions
Conclusions

¢ Version 19 SIM processing extends the data record back to April of 2003
and May of 2011.

e Version 19 extends the SIM UV time series to 240 nm.

¢ SIM time series at 280 shows a high level of agreement with PSPT
estimates of facular and plage area. But even modest wavelength variations
show marked deviation in the long term trend.

¢ The anti-solar trends in the visible contribute to irradiance suppression
even when sunspots are not directly observable on the disk as seen in
PSPT.

Plans

¢ Implement Version 20 corrections
® Target completion date is April 2014

¢ Continue the SIM SSI record through the SORCE Hybrid mode —
starting in Feb. 2014

¢ Conduct transient model study using WACCM based on Solar Cycle

23/24 SORCE data.
SORCE
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EXxtras

RCE
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Uncertainties in the IR
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¢ Uncertainties are somewhat marginal for 2>~2000 nm

SORCE
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Variability in the neighborhood of Mg | (285 nm)
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Alrradiance Contour Plot — V19 data
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