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ABSTRACT The exploratory study of lifetime position (LP) 5 resulted in the decision to
commission LP5 at +5.4 arcsec above LP1 for the G130M setting only. G160M,
however, could not be positioned at the same location because its spectral profile
projects lower on the detector and would have been impacted by gain sag from LP2.
Following this assessment, the LP6 Exploratory Study was conducted to determine the
optimal placement of LP6 for the G160M setting above +5.5 arcsec from LP1.
Operating COS in this region is complex due to a light leak that occurs above +5.5
arcsec on the detector which prevents concurrent wavelength calibration (wavecal)
exposures, combined with the inability to use the deuterium lamp for gain
measurements in this region. Here we provide a summary of the investigations
conducted to optimize LP6 at this previously unused region with regards to its lifetime
and resolution. We additionally describe the process involved with implementing a
new mode of wavelength calibrations, ‘SPLIT wavecals.’ An assessment of both the
spectral resolution and gain modeling above LP5 on the detector determined the
optimal placement of LP6 to be at +6.5 arcsec on the detector. This position provides
the highest resolution possible for LP6, while also enabling a future lifetime position
above LP6.
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1. Introduction

Due to a phenomenon called ‘gain sag’, where areas on the COS FUV detector decrease
their efficiency to convert photons into electrons due to prolonged exposure to light,
it is necessary to move the position of the science spectrum to un-sagged regions on
the detector, called new ‘lifetime positions’ (LPs). The COS detector has experienced
five such lifetime positions at the start of this study, with the commissioning of LP5 in
October 2021, which is located at +5.4 arcsec from LP1, as shown in Figure 1. Here
we refer to the position on the detector (i.e., the position that an external target would
fall on the detector) in terms of arcseconds, where 1 pixel on the detector corresponds
to � 0:11 arcsec.

The exploratory effort for LP5 (James et al. 2023a) formed the basis for the LP6
Exploratory Study, which we summarise here. Between February 2019 and September
2020, the COS Team conducted a feasibility study to assess where and how LP5 could
be operated at the top of the detector. The dominant issue to consider within the LP5
exploratory study was the existence of a light leak that occurs when the aperture block
is placed at a location greater than �+5 arcsec from LP1 and the wavecal (wavelength
calibration) lamp is turned on. Within the LP5 study, it was found that the light leak
in fact starts at +5.5 arcsec on the COS FUV detector when the lamp is in medium
current mode. As such, the highest aperture block placement that LP5 could be operated
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with concurrent wavecals was found to be +5.4 arcsec. With this restriction in mind,
spectral profiles were measured at this position on the detector and compared to gain
map predictions. It was found that G130M could be placed at +5.4 arcsec without being
affected by gain sagged regions from LP2. Consequently, LP5 was commissioned for
G130M only, as described in Frazer et al. 2023 (in prep) and Fischer W. et al. 2022.

Since G160M projects lower on the detector, the gain sag effects from LP2 on
G160M at +5.4 arcsec would be too great (see Figure 5 of James et al. 2023a).
Moreover, according to gain modeling predictions, G160M could only be placed at this
position for 2–3 years (Johnson et al. 2024). Due to these reasons it was deemed
necessary to place G160M above +5.5 arcsec on the detector, despite the inability to
perform concurrent wavecals at this position or use the Bright Object Aperture (BOA)
at this position due to a soft stop limitation (see Rafelski et al. 2023). This option for
G160M was further confirmed to be viable after (i) realizing that the BOA does not
have to be at the same location on the detector as the PSA for that particular LP; and
(ii) determining that non-concurrent wavecals (‘SPLIT-wavecals’) could be performed
both accurately with regards to aperture stability (Fox et al. 2020) and without
excessive overheads for the user by minimizing the number of wavecal exposures (see
Rowlands et al. 2023 in prep and James et al. 2023a). Therefore it was determined that
the G160M ‘long’ exposures (i.e., those equal or greater than half an orbit) would be
placed at the next new lifetime position LP6, located above LP5. G160M ‘short’
exposures would remain at LP4, where normal wavelength calibrations are operable.
With regards to BOA restrictions, it was decided that BOA observations would not be
allowed at LP6 and instead keep them at LPs where they were already calibrated (i.e.,
G130M and G160M BOA observations remaining at LP4, and G140L BOA
observations at LP3). In order to preserve the lifetime of LP4, to keep overheads low
for as long as possible and enable the operation of COS out to 2030 and beyond
(Rafelski et al. 2023 in prep), it was necessary to commission LP6 in time for Cycle 30.

In September 2020, the LP6 exploratory study group began and was tasked with
the goal of examining the upper regions of the FUV detector (>5.4”) in order to assess
the feasibility of placing G160M, and potentially future lifetime positions, at previously
unexplored areas on the FUV detector. Below we outline the considerations that were
assessed as part of this exploratory study and the special calibration programs that were
designed and executed in order to optimize operations at LP6. Since LPs are typically
placed at 2–3 arcsec intervals, several of these programs were designed to characterize
the detector at +7, +9, and +11 arcsec. A summary table detailing each of the programs
used within this study is shown in Table 1, along with references within the text to the
corresponding ISRs which provide a full analyses. Here we provide a brief summary of
these programs and several other investigations and their results, each of which played
an important role within the exploratory process. As a whole, these programs and
investigations led us to the conclusions described at the end of this report.
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Figure 1. A schematic representation of the COS FUV detector, showing the G130M
2D profiles from program 12678. Each LP is noted, along with its corresponding PSA
position in arcsec on the left (red text). On the right, the WCA aperture positions are
shown as red boxes. ∗For LP5 we show a simulated G130M profile at +6 arcsec above
LP1 (simply to clearly separate profiles and improve the clarity of the figure), while LP5
is actually located at +5.4 arcsec above LP1.

Table 1. Special calibration programs designed and executed as part of the LP6
Exploratory Study.

PID Program Title PI Date
16472 COS/FUV Gain Map and Aperture

Placement at LP6
D. Dashtamirova 12/24/20,

03/15/21
16491 FUV Focus Sweep Exploratory

Program for COS at LP6
T. Fischer 03/20-22/21,

04/20-25/21,
06/09-10/21

16495 FUV Exploratory Spectral Resolution
Program at LP6

K. Rowlands 07/17-19/21
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2. Exploring Gain and Aperture Placement at LP6

In order to map the modal gain at the top of the COS FUV detector, special calibration
program “COS/FUV Gain Map and Aperture Placement at LP6” (PID:16472, PI:
Dashtamirova) was executed. The goal of the program was to provide gain
measurements from +6” to +14” in order to determine the optimal placement of LP6
and possible future lifetime positions. This data would also allow us to identify any
regions of low gain in this previously unmapped region of the detector. A full
description of this program and its results can be found in Johnson et al. 2024 (in prep),
while here we provide a brief summary. Using external exposures of WD0308-565
with G130M/1222 and G160M/1623, the program was able to provide sufficient
coverage and distribution of counts to map the gain across the detector (Figure 2).
Typically this is done with the deuterium lamp but these exposures cannot be made
because the FCA cannot be moved beyond a position that corresponds to where an
external target at 5.8 arcsec would fall. The gain maps generated from this data, which
we show in Figure 3, showed that the modal gain was > 10 between +5.4 arcsec and
+13 arcsec for the HV values of 167/169 used in the program. For context, the typical
modal gain for new LPs is �8–10. Moreover, this region of the detector did not show
any artefacts that would affect operations, such as low response regions or holes.

In addition to the modal gain, this program also enabled us to characterize the
shape of the spectral profiles for G130M/1222 and G160M/1623. As shown in Figure 4,
the 2D profiles get wider with increasing aperture position. Combining these spectral
profiles with the gain maps provided guidance on the placement of LP6 with regards
to its predicted lifetime (Johnson et al. 2024 in prep). In summary, if the profiles
of LP5 and LP6 are placed too close to each other, their respective lifetimes would
depend heavily on each other’s usage. As such, the profiles from Program 16472
were overlaid on the predicted gain maps from LP5 (after 2 years of LP5 usage) to
optimize the placement of LP6 with respect to its potential lifetime at each position.
This investigation found that a minimum distance of >7.9 arcsec is required to avoid
LP5 and LP6 affecting the lifetime of each other due to overlapping continuum traces.
Moreover, it was found that in order to fully avoid the Lyman � gain sag regions from
LP5, LP6 would need to be placed at> 8:4 arcsec on the detector. However, the spectral
resolution, which decreases with position moving up on the detector, also needed to be
taken into account at these aperture positions (Section 4).

Ultimately, a decision was made to prioritize spectral resolution over the lifetime
and wavelength continuity of an individual LP, and the final placement was placed lower
than 8:4 arcsec on the detector. Gain modeling predictions showed that placing G160M
at +6.5 arcsec would decrease the lifetime of both LP5 and LP6 by about 1-2 years,
but the impact on LP2 would be minimal. At this position, LP6 would start with pre-
existing Lyman alpha gain sag holes from G130M/1291 observations at LP5. However,
spectral dithering with multiple FP-POS will mitigate the impacts of gain sag holes
on producing continuous G160M spectra at LP6. Not only does this enable the best
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Figure 2. The panels show binned count maps for the FUVA (top) and FUVB (bottom)
segments in binned XCORR and YCORR coordinates, based on a combination of data
from programs 16106 and 16472. The data cover target offset positions ranging from
+5.4 to +13 arcsec with respect to LP1. A minimum of� 30 counts is needed in each
binned pixel in order to obtain an accurate modal gain measurement.
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Figure 3. The panels show binned modal gain maps for the FUVA (top) and FUVB
(bottom) segments, derived from programs 16106 and 16472. New regions included
in the LP6 exploratory programs, which span +5.4 to +13 arcsec, are highlighted with
the black box. The upper regions of the detector were found to have modal gain values
> 10, and did not show any areas of unexpected gain sag. The features at the very top
and bottom of the FUVB gain maps are due to airglow through the BOA.
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