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This document summarizes the SOFIE calibration results used in ground data processing, and tracks the various products by version number.  The SOFIE data processing software uses the individual calibration results described below.  The level1 and level2 output files include a single calibration version number (“data processing calibration version”).  Table 1 identifies the individual calibration products that are associated with the data processing calibration version.  

Calibration data files are at GATS central in /users/sofie/local/calibration/…

	Table 1.  SOFIE data processing calibration version tracking.  



	Data processing calibration version (assigned in the L1 and L2 files)
	1.01
	1.
	1.
	1.

	Individual calibration product
	Individual calibration version
	Individual calibration version
	Individual calibration version
	Individual calibration version

	Background
	1.2
	
	
	

	FOV response functions
	1.1
	
	
	

	FOV boresight position
	1.0
	
	
	

	Science FOV – sun sensor boresight
	1.3
	
	
	

	RSR
	1.3
	
	
	

	(V gain
	1.1
	
	
	

	Nonlinearity
	1.0
	
	
	


1.  Background

The background (dark current) signal is taken as the measured response from the 16 radiometers when no radiation is entering the telescope aperture.  See Table 2 for results.  

Version 1.0.

The background was characterized in the lab, as the measured response with the vacuum chamber door closed and the SOFIE door open.  These values are based on data collected in November 2006 (data files: vcdus_2006_310_15_52_27_SC.txt and vcdus_2006_310_15_53_31_SC.txt).  

Version 1.1.

On-orbit measurements with the telescope door closed on 14 May 2007.  

Version 1.2.

Values calculated for each event using detector readings when the FOV is pointed into cold space.  

	Table 2.  SOFIE background signal calibration results.  

	Band
	Background (counts)

Version 1.0
	Background (counts)

Version 1.1
	

	1
	15.5
	16.4
	

	2
	12.4
	13.2
	

	3
	15.9
	15.7
	

	4
	13.4
	13.6
	

	5
	17.4
	17.6
	

	6
	16.3
	16.6
	

	7
	17.7
	17.5
	

	8
	16.4
	16.2
	

	9
	19.2
	19.3
	

	10
	18.9
	19.3
	

	11
	19.2
	18.5
	

	12
	18.6
	18.8
	

	13
	14.9
	13.4
	

	14
	15.6
	15.2
	

	15
	11.6
	11.4
	

	16
	15.4
	13.8
	


2.  Field of View (FOV) Response Functions

The relative spatial response of the FOV was characterized in the lab using a variety of techniques and radiative sources.  The results yield the FOV response versus angle, in both azimuth and elevation.  

All FOV data files are at GATS central in /users/sofie/local/calibration/fov/data_final/.  

Version 1.0.

The bands 1 and 2 FOV curves are from knife edge (KE) tests using a xenon lamp as the source.  The light was passed through the MIC1 rectangular aperture and scanned vertically through the SOFIE FOV.  The resulting FOV curves are the result of a de-convolution of the measured response versus angle and the source intensity versus angle.  The bands 3-16 FOV curves are from point source mapping with the solar simulator blackbody as the source.  The point source was directed through the MIC1 and stepped through a grid in azimuth and elevation.  Because the point source was large, the data were de-convolved with the MIC1 source distribution to derive the FOV curves.  Positive angles are towards space, negative towards Earth.  


All FOV curves are located in angle relative to the band 3 boresight (the band 3 boresight is at zero), and on a uniform angle spacing.  

Version 1.1.

This is the V1.0 data with some updates in the processing.  The main change was the removal of false off-axis FOV response.  Positive angles are towards space, negative towards Earth.  

Version 1.2.

This is the V1.1 data with the angle scale reversed so that negative angles are towards space and positive towards Earth.

3.  Field of View Boresight Offset (relative to band 3)

Using the FOV relative spatial response curves (see section 2), the FOV boresight positions relative to band 3 were determined.  See Table 3 for results.  

Version 1.0.  

FOV boresight position was determined as the average of the half-power points.  Positive angles are towards space, negative towards Earth.  

Version 1.1.  

FOV boresight position was determined as the weighted centers (i.e., FOV integral 50% points).  Positive angles are towards space, negative towards Earth.  

	Table 3.  SOFIE FOV Boresight Offset Relative to Band 3  

	Band
	FOV Boresight Offset (arcmin)

Version 1.0
	FOV Boresight Offset (arcmin)

Version 1.1
	

	1
	-0.03
	-0.06
	

	2
	-0.01
	-0.04
	

	3
	0.00
	0.00
	

	4
	0.00
	0.00
	

	5
	-0.21
	-0.22
	

	6
	-0.25
	-0.23
	

	7
	-0.26
	-0.25
	

	8
	-0.28
	-0.27
	

	9
	-0.23
	-0.20
	

	10
	-0.28
	-0.26
	

	11
	-0.12
	-0.15
	

	12
	-0.16
	-0.15
	

	13
	0.11
	0.10
	

	14
	0.05
	0.04
	

	15
	-0.06
	-0.07
	

	16
	0.23
	0.21
	


4.  Science FOV – Sun Sensor Boresight

The alignment between the science channel detector FOVs and the sun sensor (SS) focal plane array (FPA) is critical when determining the science FOV location on the solar image based on sun sensor data.  The SS FPA is 1024 x 1024 pixels covering 2 x 2 degrees.  

Version 1.0.

Lab results.  The solar emulator blackbody (SEB) was directed through the MIC1 collimator and into the SOFIE aperture.  The beam was located such that the peak in SOFIE response was obtained, by moving the beam with the MIC1 mirror.  The MIC1 aperture was then imaged using the FPA with extended integration time.  Because the SEB source only weakly illuminated the FPA, the images were taken at a decimated 8 times factor.   

Elevation boresight: pixel 528 ( +2 arcmin from FPA center)

Azimuth boresight:  pixel 632 (-15 arcmin from FPA center)

Version 1.1.

On-orbit results from Greg Paxton.  The SOFIE FOV was scanned across the solar disc in azimuth and elevation (boresight calibration).  The operations team used this boresight calibration data to find the elevation and azimuth positions at the maximum FOV intensity location.  (This assumes that the maximum FOV intensity is at the center of the sun.)

Elevation boresight:  pixel 636.16

Azimuth boresight:  pixel 501.75

Version 1.2.

On-orbit results from Greg Paxton.  Using the SOFIE cruciform calibration data from multiple events, the operations team found the elevation and azimuth positions at the maximum FOV intensity.  The difference between this method and the one used for v1.1 was that the boresight calibration scanned at a much higher slew rate over a larger area (52 arcmin square).  The cruciform calibration scans at a much slower slew rate over a smaller area (2 arcmin square).  The slower scans over a smaller area ensured the most accurate solar pointing data.

Elevation boresight:  pixel 636.15625

Azimuth boresight:  pixel 518.46875

Version 1.3.

On-orbit results from Greg Paxton.  Using the SOFIE cruciform calibration data from multiple events, the operations team statistically averaged the FOV for each pixel position.  Whenever the FOV passed over an azimuth/elevation position, its intensity was summed/stored in an azimuth/elevation matrix for each detector band.  Another matrix held the total number of samples (one for all detector bands).  Once the sums and samples for all events were collected, each matrix position sum was divided by the number of samples to produce a mean intensity matrix.  Each mean intensity matrix was then plotted using a contour to determine the boresight from the maximum intensity location.

Elevation boresight:  pixel 632

Azimuth boresight:  pixel 528
5.  Relative Spectral Response (RSR)

End-to-end RSR calibration was conducted in the lab.  The results yield RSR curves that characterize both the in-band and out-of-band RSR.  The in-band data are used to characterize the band center wavelengths, defined as mid-way between the half-power points.  All raw data were processed by Scott Hanson of SDL (Scott.Hansen@sdl.usu.edu), post processing by Mark Hervig.  

All RSR data files are at GATS central in 

/users/sofie/local/calibration/rsr/data/data_final/.

Version 1.0.

All data at -20(C (nominal temperature).  Bands 1-13:  Scott Hanson’s June 24, 2006 processing of data collected in October 2005.  Bands 15-16: Scott Hanson’s February 9, 2007 processing of data from the November 2006 calibration combined with earlier data.  Note that the bands 1 and 2 out of band response were based on component measurements.  The data from Hanson were put on a uniform 2 cm-1 spacing for bands 3-16 and a 5 cm-1 spacing for bands 1-2.  The output files cover the wavelength region defined by the furthest positions where the RSR was greater than 0.001.  

Version 1.1.

These results are the V1.0 RSR curves multiplied by the solar spectrum and then re-normalized.  The solar spectrum used was from Bob Kurucz, Harvard-Smithsonian Astrophysical Institution, Cambridge, Mass., 617-495-7429.  

Version 1.2.  

The same as version 1.0, except the wavelength axis goes from band center – 1.5*bandwidth to band center + 1.5*bandwidth.  

Version 1.3.  

These results are the V1.2 RSR curves multiplied by the solar spectrum and then re-normalized.  The solar spectrum used was from Bob Kurucz, Harvard-Smithsonian Astrophysical Institution, Cambridge, Mass., 617-495-7429.  

6.  Difference Signal Gain 

The difference signal gains (G(V) were set electronically to specified values.  G(V was characterized in the lab using weak band, strong band, and (V measurements, 

G(V = (V / (VW – VS) 



(1)

See Table 4 for results.  

Version 1.0.

Values specified by design.  

Version 1.1. 

Measurements in the lab on November 6, 2006 (lab data file: vcdus_2006_310_22_27_33_SC.txt). 
Version 1.2. 

Measurements on-orbit, analysis by Greg Paxton and Kelly Teague, using events 2896 – 5456.  

	Table 4.  SOFIE difference signal gain calibration results.  

	Channel
	G(V
Version 1.0
	G(V
Version 1.1
	G(V
Version 1.2
	

	1
	30
	30.0
	29.80
	

	2
	300
	302.8
	297.33
	

	3
	96
	96.7
	96.29
	

	4
	110
	109.8
	110.39
	

	5
	120
	120.1
	121.08
	

	6
	202
	202.8
	202.66
	

	7
	110
	110.6
	109.65
	

	8
	300
	299.9
	296.84
	


7.  Nonlinearity

All indications were that bands 1-4 have a linear response, while bands 5-16 were nonlinear.  The nonlinear response in bands 5-16 was calibrated using the small attenuator approach in the lab.  The measured nonlinear SOFIE signals (NM) are corrected to yield a linear response (NL) by 

NL = NM / fNL(NM)




(2)

where fNL(NM) is the nonlinear term:

fNL(NM) = 1 – K NM GA,cal / GA



(3)

and K is the nonlinearity constant, GA is the balance attenuator setting for the given measurement, and GA,cal is the balance attenuator setting used during the lab calibration.  In all lab results GA,cal was 0.83.  See Table 5 for results.  

Version 1.0. 

Small attenuator tests in the lab in October 2005, using the SEB as a source.  These data were collected with the SOFIE flight ND filter absent and thus covered the complete dynamic range.  

	Table 5.  SOFIE nonlinearity constants (K).  

	Band
	K (10-6 counts-1) ( uncertainty (%)

Version 1.0
	K (10-6 counts-1) ( uncertainty (%)

Version 1.1

	1
	0
	

	2
	0
	

	3
	0
	

	4
	0
	

	5
	1.79 ( 5.4
	

	6
	1.56 ( 5.8
	

	7
	9.58 ( 0.7
	

	8
	8.55 ( 1.3
	

	9
	0.80 ( 8.2
	

	10
	1.60 ( 4.5
	

	11
	1.74 ( 3.6
	

	12
	2.56 ( 2.8
	

	13
	5.01 ( 2.2
	

	14
	3.15 ( 2.7
	

	15
	1.93 ( 2.8
	

	16
	2.20 ( 2.7
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