
Changes to the Spectral Extraction Algorithm at the 
Third COS FUV Lifetime Position 

 Joanna M. Taylor1, K. A. Bostroem1, J. Debes1, J. Ely1, S. Hernandez1, P. Hodge1, R. Jedrzejewski1, K. Lindsay1, 
 S. Lockwood1, D. Massa1, C. Oliveira1, S. Penton1, C. Proffitt1,2, J. Roman-Duval1, D. Sahnow1, H. Sana1, P. Sonnentrucker1 

1Space Telescope Science Institute, Baltimore MD, 2Computer Sciences Corporation 
 

Motivation 
Due to the continuing effects of gain sag on the COS FUV microchannel plate 
detector, the location of COS FUV spectra will be moved in February 2015 from 
detector location Lifetime Position 2 (LP2) to  the pristine Lifetime Position 3 (LP3). 
At LP3, however, the edges of the box used in standard spectral extraction will 
overlap with LP1 regions of low gain (pixels which have lost >5% of their 
sensitivity), causing the full columns to be discarded. To avoid unnecessarily 
discarding columns affected by such pixels, an algorithm has been developed that 
can evaluate whether the effects of gain-sagged pixels on the extracted flux are 
significant. See Poster 338.10 (D. Sahnow) for further details on the move to LP3. 
 

 1-D Spectral Traces and 2-D Spectral Profiles 
The new "twozone" extraction algorithm adopted for COS pipeline use was tailored 
specifically for the characteristics of COS FUV data: First, using a library of 1-
D spectral centroid ("trace") locations, residual geometric distortions are removed. 
The geometric correction normally applied to COS FUV data does not remove all 
residuals in the cross-dispersion (XD) direction. By measuring and removing this 
residual distortion, the spectral profiles become smoother and more easily modeled. 
For each central wavelength setting, the trace is calculated from a set of high S/N 
observations intended for LP3 calibration. The trace of the spectrum in each column 
is defined as the flux-weighted centroid of the image (see Figure 1). During the 
conversion from YCORR to YFULL, the reference trace location is subtracted from 
the Y location of each science event to straighten the image. 

After the trace correction has been applied, the observed spectral image is aligned 
with a 2-D profile template. High S/N observations are used to create a library of 
these reference profiles. See Figure 2 for a sample profile. To align an observed 
spectrum, the flux-weighted centroid of both the trace-corrected data and profile of 
corresponding central wavelength is calculated. The YFULL values of the observed 
data are then shifted to align to the reference profile.  

Figure 1 (above): 
Spectral traces for each 
FUV grating, sampling 
centra l wavelengths 
1280, 1291, and 1577. 
The scatter about the 
lines is the shift that is 
applied to data. 
 
Figure 2 (below):  
A 2-D reference profile 
fo r G160M cen t r a l 
wavelength 1577 FUVB.  
 

Extraction 
In the current version of the COS boxcar extraction algorithm, flux is summed within a box of fixed height that is 
larger than the Point Spread Function (PSF). Bad pixels located anywhere within the extraction box cause the 
entire column to be discarded. At the new LP3 position the current extraction box will overlap with LP1 regions 
of low gain. As a result, large portions of spectra would be discarded, even though these flagged pixels will be 
located in the wings of the profiles and contain a negligible fraction of the total source flux. With the new 
twozone extraction algorithm, the encircled energy as a function of YFULL position is calculated for each 
column in the reference profile. Two regions are defined- the “inner zone” contains 80% of the enclosed energy, 
while the “outer zone” contains 99% of the enclosed energy. The counts located inside the 99% enclosed energy 
contour, i.e. inside the outer zone, are summed to give the gross count rate in each column. Columns are only 
discarded if bad pixels are located in the 80% inner zone contour. The background is calculated and subtracted 
using the same method as the boxcar extraction algorithm. Finally, all good columns are collapsed to produce a 1-
D spectrum. 
 

Effects on Spectra 
 

If the boxcar extraction algorithm is used at LP3, significant portions of the spectrum that overlap with bad pixels 
from LP1 would be discarded, regardless of the fraction of total flux they contain. On the contrary, by using the 
twozone method, only bad columns that contribute to the centers of the spectral profiles will be discarded. Figure 
3 illustrates this effect: on the top a 2-D spectrum with the trace correction applied is shown. On the bottom the 
same spectrum is shown, without the trace correction applied. The red regions representing gain-sagged pixels 
from LP1 do not overlap with the inner zone (inner blue contour in top spectrum),while they do overlap with the 
boxcar extraction region (blue dashed line in bottom spectrum). Yellow columns are regions that will be 
discarded by each algorithm. Figure 4 shows 1-D extracted spectra using the two extraction methods, with large 
portions of the spectrum missing from the boxcar-extracted spectrum. 

Figure 3: Top: A 2-D spectrum, after trace correction has been applied. Bottom: A 2-D spectrum, without trace 
correction. Shown in yellow are columns that will be discarded by each extraction algorithm.  

Figure 4: A twozone-extracted spectrum 
is shown in black while the boxcar-
extracted spectrum is shown in red (the 
twozone spectrum has been offset in Y 
for clarity). Note the missing  sections of 
the spectrum at 1090-1110 Å in the 
boxcar spectrum- this is due to the wings 
of the spectrum overlapping with LP1 
gain-sagged pixels. The twozone 
spectrum, however, is unaffected. 


