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Agenda Summary 
• Day 1 

– Gary Rottman: Introduction to SSI Variability Differences 
– UV Instruments / Calibrations:  SOLSTICE (M. Snow), SUSIM (L. Floyd), SBUV (M. 

DeLand), SOLSPEC (G. Thuillier), SIM (J. Harder) 
• Day 2 

– Calibration Facilities: SURF (U. Arp), SIRCUS (A. Smith) 
– Contamination: NIST (S. Hill), NASA (T. Errigo, D. Hughes), LASP (E. Richard) 
– Degradation: Detectors (P. Shaw), Materials (J. Chin), TSIS SIM Tests (E. Richard) 
– VIS-IR Instruments / Calibrations: VIRGO SPM (C. Wehrli), SOLSPEC (G. 

Thuillier),  [SIM was Day 1] 
– UV Comparison Discussion: slides from M. Snow, M. DeLand, J. Morrill, T. 

Woods 
• Day 3 

– VIS-IR Comparison Discussion: slides from J. Harder, G. Cessateur (PREMOS 
photometers) 

– Discussion of workshop report and Action Items (led by J. Rice) 



Achievable 

Required 

Model estimates of Solar Variations vs. Wavelength 
from Gary Rottman’s Talk 

Solanki and Unruh 

The Challenge in Understanding SSI Solar Cycle Variability 
Pre-flight calibration accuracy appears to have a wall at the 1-2% level, 

and this affects our ability to determine the SSI cycle variability in VIS-IR. 



Gary’s application of Hooke’s Law from TSI Studies 
there seems to be movement toward middle 

1% 1) At most one of these data 
sets is correct 
2) The mean of all four is 
almost certainly not correct 

1) Apply Hooke’s Law: 
 — restoring force is proportional to the displacement 
from equilibrium 

2) Emphasize corrections that move the data in the desired 
direction 



New Results on C-deposition Contamination 

Shannon Hill (NIST) lab measurements in EUV 

Erik Richard (LASP) lab measurements in FUV 

from Shannon Hill’s Talk from Erik Richard’s Talk 

Lessons Learned 

1. Degradation rate is dependent 
on exposure rate, materials, 
pressure, and temperature 

2. Some recovery possible in O-
rich environment (e.g. water) 

Degradation is worse 
shorter than 400 nm. 

Degradation happens 
with any UV 
wavelength 
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New Results on Si Photodiode Degradation 

Ping Shaw (NIST) lab measurements in UV 

from Ping Shaw’s Talk 

Lessons Learned 

1. Some Si photodiodes are 
more stable than others 

2. Most degradation is 
shorter than 400 nm and 
is related to surface 
degradation effects 

3. Photodiodes can recover 
about ½ of sensitivity loss 
after the exposure (period 
of months) 

4. Degradation function 
needs to have fast and 
slow decay components as 
related to exposure rate. 
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Everything under the Sun Degrades 
but 

ground-based in-atmosphere degradation of materials may not be 
directly applicable for space (in-vacuum) degradation methods 

from Joannie Chin’s Talk 

Outdoor Exposure Test Site 

NIST SPHERE  
Test Equipment 

Material chemistry and 
structure changes dramatically 

Presenter
Presentation Notes
Arrow heads indicate active instruments.NOAA-14 SBUV/2 collected solar data, but not very useful for research (no sweep, no Mg II).



NASA Contamination Discussion with 
Therrse Errigo and David Hughes 

• Some suggestions for space flight instruments to help reduce 
degradation and understand the contamination: 

– Have vents towards anti-sun side and out past any radiator 
plate 

– Provide means to warm up optics and detectors during flight 

– Fly a cold trap / cold plate near sensitive optics 

– Fly a TQCM (Thermoelectric Quartz Crystal Microbalance) to 
monitor contamination deposition rate real-time during flight  

• important for early orbit commissioning and any propulsion use 



SOLSTICE Challenge #1: 
Differences in Solar-Stellar FOV Degradation 

(overlapping images, not enough wavelengths) 

Example FOV Maps of SORCE 
SOLSTICE from Marty Snow’s 

Presentation 
 



SOLSTICE Challenge #2: 
Transfer of MUV Calibration from SOL-B to SOL-A 

(smoothing out over wavelengths affected cycle variations) 

SORCE SOLSTICE A-B Ratio from 
Marty Snow’s Presentation 

SOLSTICE Ver 10 & 11 
Comparison from Marty Snow’s 

Presentation 



UARS SUSIM Challenge 
SUSIM cycle variations are directly linked to 

on-board lamps that have only 1-2% accuracy 

SUSIM Lamp Calibration History 
from Linton Floyd’s Talk 

SUSIM Team Recommendation: 

Provide SIM data for July 9, 2003 
and July 30, 2005 for SUSIM 

Lamp Comparison 
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SBUV Challenge 
SBUV cycle variations are directly linked to 

SSBUV underflight calibrations that are limited 
to accuracy of 1-2% 

SBUV Solar Measurement History 
from Matt DeLand’s Talk 

SSBUV Comparisons 

 from Matt DeLand’s Talk 
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SOLSPEC Challenge 
On-board lamp issues have compromised its reference 

(also they do not have enough time to work on SOLSPEC) 

Hollow Cathode Lamps are degrading 
from Gerard Thullier’s Talk 

Ratio of lines might help resolve 
Lamp Degradation Rate 
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UV Comparison Discussion 
SORCE SOLSTICE Version 11 is better than Version 10, but 

there are 1-2% variations that appear to be non-solar 

It appears more analysis of the Sun-Star FOV degradation correction 
and of the transfer of SOL-B to SOL-A is needed for the MUV range 

From M. DeLand’s Presentation 

Updated from DeLand and Cebula [2012] 

Analysis of SORCE Level 3 data across solar cycle 
minimum – from Tom Woods’ Talk 

SOLSTICE Ver 10, SIM Ver 17  



SORCE SIM Challenge: 
There are only two channels and both are degrading. 

SIM Raw Data Trends 
from Jerry Harder’s Presentation 

SIM results are derived with 
assumption that both channels 
have same degradation rate as 

a function of exposure time. 



VIRGO SPM Challenge: 
Degradation of calibration channel is small, but it is not clear 

if it actually measures the cycle variations 
(e.g. trend is 5 x TSI variation and rise of SC-24 is not clear in its data) 

Trends of Red, Green, Blue Channels 
from Christoph Wehrli’s Presentation 

degradation trends are different for 
calibration channel than daily channel 



SORCE and VIRGO agree well except for Green 
 

C. Wehrli presented C. Fröhlich result (EGU 2011) 
Empirical correction versus Time (double exponential), 
Temperature (linear + Boltzmann), TSI and Mg-II Index. 

SORCE 
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Picard PREMOS Challenge: 
Degradation rate is large, solar cycle variation is small. 
With three sets of photometers, set C appears to measure solar variations 

 

Trends of PREMOS Photometer Channels 
from Gael Cessateur’s Presentation 

degradation trends are different for 
calibration channel than daily channel 
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PREMOS 215-nm Channel (head C) 
agrees well with SOLSTICE (black) 



VIS-NIR Comparison Discussion 
Lots of discussion, but no clear conclusions… 

SORCE SIM clearly has superior 
measurement precision than any other 
NUV-VIS-NIR instrument for > 300 nm. 
But uncertainties for long-term trend 

could be larger than solar cycle variation. 

Degradation Trend Challenges 
1. Degradation trends are complicated: 
multiple drivers, multiple parameters, different 
time scales, etc. 
2. Most instrument calibration channels have 
different trend relationship with exposure time 
than its daily channel. 
3. Laboratory measurements indicate that 
detectors can have significant recovery (1/2) 
after being exposed (degraded). 
4. C-deposition degradation rate has many 
dependences (pressure, temperature, 
contamination materials, etc.), so “same” 
optics can have different trends. Time, in 
addition to exposure time, can be important. 
5.  Solar spectral changes during cycle can 
enhance degradation (1-minute of SC Max 
exposure is not same as 1-minute of SC Min 
exposure). 
 

SIM Ver 17  



SSI Validation Workshop Action Items 

• Write a workshop report for EOS Observer (Joe, Marty, Jerry) 
– Define the problem: 1% to 2% wall in difference 
– Degradation tracking: highlight issues and assumptions 
– Summary of lab work on degradation 
– include NIST state of art for absolute to 0.1%  - could balloon underflight experiments be able to 

transfer this accuracy to orbit?  
– Summary of future plans 

• Study validation of TSIS SIM lab cal with a NIST 0.1% lamp (or other source) (Erik, Howard) 
• SOLSTICE, SIM, PREMOS need improved temperature corrections (Marty, Jerry, Gael) 
• Make SORCE SIM 2003 data available for SUSIM comparisons (Jerry, Juan) 
• Apply SUSIM reference channel data results to NOAA-16 and NOAA-17 (Linton, Jeff, Matt: but 

requires getting new funding support) 
• More detailed study of degradation models ? 

– Perhaps too unique to each instrument to develop common functions that can be shared with others 

• Study contamination degradation versus wavelength of exposure (Shannon: NASA proposal ?) 
• Study how continuous versus intermittent exposure (use) affect degradation rate (Jerry, Erik, …) 

– In-flight experiment for SIM ? 
– Laboratory measurements of SIM-like optics and SUSIM-like lamps ? 

• Comparison of SORCE and ISS SOLSPEC  on specific days (Marty, Jerry, Gerard) 
• More detailed comparison of SORCE and VIRGO/PREMOS Photometers (Jerry, Juan, Christoph, Gael)( 
• Next workshop: week of September 17 

– one day for NIST-style workshop of ~20 people 
– two days of science-style meeting of ~70 people:  

•  main topic of atmos-climate modeling with SSI variations 
 

Historic Maryland Inn 
Annapolis, MD 
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