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ABSTRACT

The efficiency of the COS FUV microchannel plate detector at converting incoming
photons into detectable electrons decreases with usage. This depletion of the detector’s
gain, i.e., gain sag, results in un-usable regions of the FUV detector. Over the past few
years a number of strategies have been employed to mitigate the effects of gain sag,
from periodically raising the high voltage to periodically moving science spectra to a
pristine lifetime position. However, the strategies that have been employed up to now
do not allow the FUYV detector to continue operating into 2025 without a significant
impact of the scientific capabilities. The COS2025 strategy, presented here, is a new
strategy that was developed to continue operating COS FUYV into 2025 while retaining
full science capabilities.
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1. Introduction

The efficiency of the COS FUV microchannel plate detector at converting incoming
photons into detectable electrons decreases with usage. This depletion of the detector’s
gain, i.e., gain sag, results in un-usable regions of the FUV detector. A modal gain
(mode of the pulse height distribution) of 3 leads to a flux loss of ~5%, with flux loss
increasing steeply with decreasing modal gain. The current version of the COS calibra-
tion pipeline and associated reference files filters out events with pulse height < 2 as
low pulse height events are associated with dark current.

Over the past few years a number of strategies have been employed to mitigate
the effects of gain sag, from periodically raising the high voltage to moving to a pristine
lifetime position. The position of FUV spectra on the detector was moved on July
23, 2012 from Lifetime Position 1 (LP1; launch position) to LP2 (+3.5” in the cross-
dispersion direction) and then on February 9, 2015 from LP2 to LP3 (at -2.5” from LP1
in cross-dispersion direction). The move to LP4 (-5.0” from LP1 in cross-dispersion
direction) took place on October 2, 2017.

Up to the move to LP4, the strategy used was to start each LP at the minimum
possible high voltage (HV) that maintains the gain well above 3 and spread the airglow
high count rates across the detector by enforcing the use of 4 FP-POS, or the use of dif-
ferent cenwaves. While this strategy optimized the science capabilities by maintaining
full wavelength coverage without gain-sag it maximized the number of pixels affected
by airglow-induced gain sag. Once the modal gain reached 3, the HV was increased step
by step as needed to overcome the airglow-induced gain-sag holes (i.e., areas where the
modal gain has dropped to values < 3 as soon as the first hole appears, and then
when that is no longer possible due to the maximum HV being reached, move to a
pristine detector location. This strategy aimed at maintaining the scientific capabilities
of COS/FUYV at launch without any impact on the data. Under current usage conditions
each lifetime position lasted ~2.5 years. While preparing the move to LP4 in early 2017
it was realized that the strategy employed up to that point would only allow one more
LP to be offered, LP4, without major modifications to the way COS/FUV is operated.
Assuming 2.5 years of usage like in previous LPs, that would mean that LP4 would last
only to mid-2020. The gain-sagged areas do not affect the flux calibration of the data,
as the CalCOS calibration pipeline uses the *gsagtab.fits reference file to remove those
areas from the final calibrated products, leading to gaps in the wavelength coverage.

With the goal of extending the lifetime of the COS/FUV detector to ~2025 a study
was undertaken to consider possible scenarios to extended the detector’s lifetime. We
carried out a study (described in Appendix A) of all the FUV General Observer (GO)
programs executed from Cycle 20 through Cycle 24 in order to understand what sci-
entific capabilities have been important for the scientific community that has used the
COS FUYV detector over the past few years. This study also allows us to understand

'"Modal gain = 3 corresponds to a 5% impact on the flux and is the threshold that determines when a
“gain sag hole” is created.
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what scientific capabilities might be important to continue maintaining into 2025. The
scenarios considered to extend the lifetime of the detector are described in §2| The dif-
ferent scenarios are evaluated in light of the results of the study presented in Appendix
A, and the resulting strategy is described in

2. Strategies Considered to Extend the Lifetime of the FUV Detector

In this section we describe the different scenarios that were considered to extend the
lifetime of the FUV detector, as well as the pros and cons of each scenario.

2.1 Scenario 1: Move Some COS FUV Observations to STIS

In this scenario, an incentive to use the Space Telescope Imaging Spectrograph (STIS)
would be offered by charging orbits differently so that the COS FUV detector is saved
only for the wavelength range that STIS does not have access to (i.e. A < 1150 A).
This would have the benefit of not requiring changes to the Flight Software (FSW), the
ground system (APT, ETC), or the calibration (pipeline, reference files).

In order to determine the additional cost of this scenario in STIS orbits (given that
COS is more sensitive than STIS over the wavelength range in common) we performed
a number of ETC calculations. Performing a “back-of-the-envelope” calculation with-
out taking into account the STIS dark rate leads to an underestimation of the exposure
times needed. The ETC calculations detailed in Table [I]use a flat spectrum normalized
to V with no extinction and aim to obtain S/N = 10 at 1250 A. For COS, the ETC cal-
culations use the G130M/1291 setting while for STIS they use the E140M grating with
the 0.2”7 x0.2” aperture.

The last column in Table |1| gives the ratio of the exposure times needed to obtain
the same S/N with STIS and COS, at the same approximate resolution. Even for the
brightest targets (V = 9) STIS requires an exposure time that is ~ 27 times larger than
that required with COS making this a very expensive scenario in terms of HST orbits.

2.2 Scenario 2: Consider Lifetime Position 5 above Lifetime Position 2

Figure [I| shows a 2-D image of G130M/1291 spectra obtained at different potential
locations over the active area of the FUVB detector (the data were obtained in program
12678, PI: Sahnow). The potential location of lifetime positions is limited by the active
area of the detector and by limits on the range of motion of the aperture mechanism.
Lifetime Positions 1, 2, and 3 have been used in the past and Lifetime Position 4 (LLP4)
is currently in use (since October 2 2017). There is potentially another lifetime position
above LP2, which was placed at +3.5” from LP1. However, light from the wavelength
calibration lamp leaks through the flat field calibration aperture when the lamp is turned
on, leading to a shutdown of the COS detector due to a global count rate violation (see
Oliveira et al. 2013 for more details).
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Table 1. Comparison between COS (G130M) and STIS (E140M) ETC calculations.

V  #COS) ETCID #STIS) ETCID [#(STIS)#(COS)})/2

(mag) (s (s)
9 12.8 900355 699.2 900369 27
10 32 900356  1778.9 900370 28
11 80.6 900357  4610.5 900371 29
12 202.6 900358 124779 900372 30
13 509.4 900363 37001.7 900373 36
14 1283.1 900365 128647.3 900374 50
15 3244.8 900367 548,419.3 900375 85

Note. — We assumed that the COS G130M resolution is about half
of the STIS E140M resolution to compare the COS and STIS exposure
times at the same spectral resolution. ETC calculations use a flat spectrum
normalized to V with no extinction and aim to obtain S/N = 10 at 1250 A.
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Figure 1. 2-D image of the COS FUVB detector showing the locations of the different
lifetime positions, over the active area of the detector.

Placing Lifetime Position 5 above LP2 would have the benefit of having another
lifetime position at a resolution similar to that at LP4 (based on data obtained without
optimizing the focus; see Sahnow et al. 2014). The calibration of this LP would in
principle be similar to that of other LPs and its implementation in the front end (APT
and flight software, FSW) would be similar to what has been done in the past. However,
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due to the light leak several issues would have to be evaluated in order to determine
whether this LP is viable, such as:

1. Given that the light leak is seen at +6” but not at +5”, where exactly does it start?

2. Can the zero point of the wavelength scale and the drift correction still be de-
termined if there is a light leak, through a careful choice of lamp settings and
exposure times? If not, can this be accomplished by obtaining the wavecal at a
different position on the detector?

3. What are the overheads associated with obtaining the wavecal on a different po-
sition of the detector and are there concerns with the increase of moves of the
aperture block? Would such a scenario allow for a drift correction comparable to
that performed with concurrent tagflash exposures?

Due to all questions that need to be answered before the use of Lifetime Position 5
can be enabled, a feasibility study will be needed, and will performed in the near future.
In the meantime other scenarios had to be considered before the start of LP4 operations.

2.3 Scenario 3: Turn off FUVB for G130M observations unless scientifically justified

All the lifetime position moves have been triggered by gain sag in the detector regions
where the G130M grating, for each of the different cenwaves, projects Ly« airglow
on FUVB (except for G130M/1055/1096 which remain at LP2). Under this scenario,
FUVB would be turned off unless scientifically justified in the Phase I (i.e., needed for
the science goal of the program in question). This scenario saves the lifetime of FUVB
and is simple to implement given that the segment used can be specified in the Phase
IT for each exposure. On the other hand, it restricts the wavelength coverage, which
also decreases the legacy value of the data. Turning a segment off also incurs additional
overhead on the observations, especially if in a visit where other settings with segment B
on are used. Moreover, given the high demand for observations covering the wavelength
range in FUVB, it is unclear by how much this scenario would extend the lifetime of
the detector.

2.4 Scenario 4: Re-use previous lifetime positions and live with gain sag holes

Under this scenario previously used lifetime positions would be re-used. This would
imply re-using Lifetime Position 1 (which was used after COS installation in May 2009
until June 2012) and Lifetime Position 2 (which was used from June 23, 2012 to Feb
2015). While this strategy would require minimal effort/resources in terms of flight
software (FSW) or ground system (APT, TRANS) changes, the data obtained would be
severely affected by gain-sag holes, in particular at LP1. Figure 2| shows a gain map
of the FUVB detector at the maximum HYV level used on orbit (top panel; HVlevel =
175) and at the typical LP starting HV level (bottom panel; HVlevel = 163). Lifetime
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position 1 is at ycorr ~ 545 while lifetime position 2 is at ycorr ~ 580 (and LP3 is at
ycorr ~ 510). LP1 has many gain sag holes even at the highest HV level in addition
to gain sag in the continuum region below xcorr ~ 4000. Re-using LP1 would imply
that large wavelength ranges would not be available due to previous gain sag; without
further modeling it is also hard to estimate how long LP1 would last. For these reasons,
re-using LP1 is an option to be considered only when no other options are available.
On the other hand, LP2 has higher modal gain overall, with potentially only a couple of
regions corresponding to G130M/1291 sagged. It is therefore possible that LP2 can be
reused in the future, but preferably only when pristine regions are no longer available.
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Figure 2. Gain map of Segment B, at HVlevel = 175 (top; max level used for FUVB)
and HVlevel = 163 (bottom; min HV level used to start a new lifetime position). The
position of LP1 is at ycorr ~545, while LP2 is at ycorr ~580. LP3 is at ycorr ~510.

2.5 Scenario 5: Lifetime Position used driven by science goal

In this scenario the user would select or be assigned a lifetime position based on the
specific wavelength coverage needs of the science program. For instance, someone
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interested only in A > 1291 A, could use G130M/1291 at LP1, because that wavelength
range falls on Segment A which is not affected by gain sag holes. On the other hand,
someone interested in studying the Ly region with the G130M/1291 setting would need
to be assigned to a new LP. While this strategy would optimize science for individual
programs, it would decrease the legacy value of the data, and it would place another
level of complexity on the instrument scientist performing the CS review, who would
either have to assign the LP or verify that the LP selected by the user made sense. Given
that different LPs have slightly different resolutions one would have to be careful that
resolution was not the driving reason for the LP selection by the user. This scenario
would also place a higher burden on the COS calibration program as several lifetime
positions would have to be monitored at the same time (for instance, the time dependent
sensitivity), as opposed to the current calibration program where only the LP in use and
LP2 are monitored (LP2 is where the G130M/1055 and G130M/1096 modes are used).

2.6 Scenario 6: Lifetime Position used depends on instrument setting used

In this scenario new lifetime positions would be created and the specific lifetime posi-
tion used would depend on the specific setting of the program so that the impact of gain
sag holes on the data is minimized. For example, the height of G160M spectra on the
detector is the narrowest, and might fit between LP1 and LP2, or even at a potential LP5
at +5 arcsec from LP1 (without causing a light leak when the wavelength calibration
lamp is flashed). On the other hand, G130M/1222 has a much larger spectral height and
would need to be obtained elsewhere. This scenario would require monitoring simul-
taneously multiple lifetime positions, which would place a higher burden in the COS
calibration program. It is also not clear, without further exploration, if gain sag would
be an issue or not for some of the positions. This strategy would also require an increase
in the number of aperture moves and would likely add some overhead to visits where
multiple settings, and hence multiple LPs, are used. The spectral extraction method
would likely also have to be changed - currently LP1 and LP2 data are extracted with
boxcar extraction, while LP3 and LP4 data are extracted with 2-D profiles that define
the 99% enclosed energy. Implementing the latter would require that new data be ob-
tained for that purpose. This strategy would also require new lifetime positions to be
defined in the FSW, APT, and TRANS, as well as in the COS reference files that are LP
dependent.

2.7 Scenario 7: Create new G130M cenwave to complement G130M/1222

The G130M/1222 cenwave was designed to place the Ly« airglow on the 9 mm gap
between the two segments. During the commissioning of this mode, which was offered
at the start of LP2 operations, the focus was optimized to increase the resolution in
the 1050 - 1210 A wavelength range (Segment B), while leaving segment A less opti-
mized. In preparation for the subsequent lifetime position move (to LP3) the focus of
the G130M/1222 cenwave was again optimized. Under this scenario another cenwave,
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similar to 1222, but with the focus (i.e. resolution) optimized for FUVA would be cre-
ated. Instead of G130M/1291, users could use 1222 together with the new cenwave to
obtain high resolution data over the 1050 - 1350 A wavelength range, while keeping
Ly« off the detector.

During Summer 2017 two special calibration programs were executed to study
such a mode, called G130M/1223. The programs aimed at optimizing the resolution of
the new 1223 cenwave on Segment A (Program 14929; A.Fox) and then measuring the
resolution at the optimized focus (Program 14938; B. James). From analysis of the data
obtained in program 14938 it was discovered that the spectral resolution of the 1222
and 1223 cenwaves are similar (within 15%) at LP4 on both FUVA and FUVB (please
see J. Roman-Duval et al. 2017 for more details). Based on these results it was clear
that there was no need to implement a new cenwave under the scenario described above,
given that the existing G130M/1222 setting already provides data with high resolution
in both segments.

2.8 Scenario 8: Create new cenwaves projecting FUVB wavelength range onto FUVA

Under this scenario new cenwaves would be created to project the entire G130M/FUVB
wavelength range onto FUVA. Since FUVA does not contain Ly« gain sag holes due
to G130M observations this scenario would allow all lifetime positions to be re-used,
while FUVB would not be used. The feasibility of this scenario would have to be
evaluated to determine if a spectral resolution comparable to that of current cenwaves
can be achieved for the FUVB wavelengths projected onto FUVA, within the allowed
range of the focus mechanism. In addition, this scenario would require changes to
the Flight Software, APT, and new calibrations with updated reference files. It is not
clear how much time this scenario would buy, as FUVA has been used and is slightly
sagged from the continua of the targets observed so far. In addition, programs that
need the wavelength coverage offered by both segments of G130M would include large
observation overheads as the exposure time would essentially be doubled.

2.9 Scenario 9: Extend lifetime of each Lifetime Position

Under this scenario different strategies are considered to extend the lifetime of each LP:

e a) Move aperture by +(2.5— 3.0) arcsec to spread the location where Ly« airglow
falls on the detector and consequently spread gain sag around

e b) Require users to use a restricted number of G130M/cenwaves/FP-POS to al-
ways sag the same detector locations and thereby minimize the area of the detector
affected by gain sag (thus creating a wavelength gap).

e c) Redistribute the grating usage over different cenwaves to prevent a particular
cenwave from being particularly sagged due to Ly« airglow.

Instrument Science Report COS 2018-16(v1) Page 8



In scenario 9a) the aperture mechanism is moved along the dispersion direction
so that gain sag due to Ly« airglow is spread over a larger area, hence delaying a single
region from reaching a modal gain of 3.

Moving the spectra half an FP-POS step (~ 3 arcsec) in the dispersion direc-
tion would ensure the minimum overlap between the gain sag holes caused by adjacent
airglow lines from adjacent FP-POS. However, soft stops on the aperture mechanism
constrain the range of motion in the dispersion direction from —4.6 to +2.3 arcseconds
from the nominal position (See Sahnow et. al. 2014, ISR 2013-13). Analysis of the data
obtained in program 12678 (“COS/FUV Characterization of Optical Effects”; PI: D.
Sahnow) shows that the resolution is significantly degraded when moving -3 arcseconds
in the dispersion direction; it is not clear how much the resolution could be recovered
by adjusting the focus mechanism.

Scenario 9b) would require changes to APT so that only a specific number of
cenwaves can be selected, but it would not affect the regular COS calibration program.
Once the Lya locations have sagged, a small wavelength region would no longer be
available for a particular setting, but it could be recovered in principle with the use of
another cenwave setting. Under this scenario one would only then have to worry about
gain sag in the continuum (i.e. caused by regular target observations), which would
imply a much longer lifetime (current predictions indicate a factor of ~3 increase in
lifetime but it depends on the brightness levels of the targets observed).

Scenario 9c) is the opposite of scenario 9b), as the Ly« airglow is spread as much
as possible in the detector, leading to a large wavelength region that is sagged from
Lya observed with all the FP-POS of G130M/1291/1300/1309/1318/1327. While this
scenario would not require any changes to APT or the COS calibration program it would
require close monitoring to understand when the affected wavelength regions are no
longer available so that programs that require those specific wavelength ranges can be
modified.

2.10 Scenario 10: Operate FUYV detector at higher HV

This scenario involves increasing the high voltage (HV) of the FUV detector beyond the
current operational limits. Increasing the high voltage leads to an increase in gain and
thus the previously sagged regions are no longer sagged and can be used without im-
pacting the data. The usefulness of such an approach depends on how much the HV can
be safely increased beyond the current limits. The current maximum operational limits
(HVmax) are -5292 V for FUVA and -5245 V for FUVB, corresponding to HVlevels
= 178/175 (for FUVA/FUVB; Segment HV (V) = -(HVlevelcommanded X 5.69 + 2500)).
There is roughly a 0.39 modal gain bin increase per HV level increase; typical HV in-
creases of 6 HV levels (~95 V) have been used in the past to ensure that the modal gain
increases by ~2-3 PHA bins.

Our limited investigation into the HV values used on the ground (Jason MacPhate,
P. communication) uncovered that during detector system thermal vacuum testing at
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Univ. of Colorado (CASA) the nominal HV settings used were 182/175 (-5355V/-
5245V) for FUVA/FUVB. In addition, during MCP scrub (detector system level) at U. of
California Berkeley (SSL) the detector was operated up to command values of 186/180
(-5418V/-5342V) for several hours (FUVA/FUVB). No issues were found during the
tests described above. The tests above only went to HV levels that would barely allow
us to increase the modal gain by 3 bins. Under current usage, this typically leads to 6
months of usage before gain sag holes re-appear.

Clearly more detailed investigation and consideration is needed before increasing
the HV beyond the current operational limits. For this reason this scenario is a “last
resort” scenario and it will not be further considered here.

3. Evaluation of the Different Scenarios and Strategy Adopted

The scenarios presented in §2| were evaluated based on their impact on a number of
considerations described below.

e Access to high spectral resolution - This was one of the most important aspects
for the programs executed between Cycles 20 - 24 (see Appendix A).

e Access to broad wavelength coverage - This was also one of the most important
aspects for the programs executed between Cycles 20 - 24 (see Appendix A).

e Impact on calibration - considers the impact each scenario has on the current
calibration accuracy or requires extensive new calibrations.

e Impact on the lifetime of the COS/FUV detector - considers how much gain sag
each scenario leads to, which in turn impacts the lifetime of the FUV detector.

e Impact on archival value of data - considers how the legacy value of the data is
affected, even if the data might be completely fine for the science goal of the
proposal where it was obtained.

e Impact on aperture mechanism - considers how many additional aperture mech-
anism moves are required and whether the lifetime of the aperture mechanism
might be affected.

e Observing overhead - considers how much additional observing overhead each
scenario might lead to.

Figure [3] summarizes qualitatively the impact that each scenario has on the dif-
ferent parameters considered, from “Good/No impact” to “Prohibitive”. For instance,
using STIS to cover the wavelength range to 1150 A instead of COS (scenario 1) would
have a prohibitive cost in terms of the number of orbits required. For cases where the
impact was not known, or where more work was needed to evaluate it, the impact was
marked as “Unknown”.

Instrument Science Report COS 2018-16(v1) Page 10



|: Good/No impact
a. Access to high spectral resolution i
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g. Observing overhead . evaluate impact)

Figure 3. Impact of the different scenarios considered on different aspects. Column “A”
denotes the adopted strategy. See §2]for a description of each scenario.
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Figure 4. Gain map for Segment B before the move to Lifetime Position 4, at HVlevel
= 163. White contours mark regions where the modal gain is < 3, which corresponds
to a 5% flux loss. Note that the operating HVlevel for LP3, simultaneously in use with
LP4, is higher and hence LP3 is not as sagged as the figure seems to indicate.

The strategy adopted (Scenario “A” in Figure [3) takes into account the different
impacts and the needs of the scientific community and is a combination of scenarios 3,
5, and 9b), with the following modifications:

e Place all geocoronal Ly« on a limited region of the detector by only supporting

a limited number of settings with both segments ON and the G130M grating, at
LP4: G130M/1291/FP-POS=3 and G130M/1291/FP-POS=4.
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e G130M/1291/FP-POS=1,2 are supported only with Segment=FUVA.

e G130M/1300/1309/1318/1327/FP-POS=1,2,3,4,ALL are supported only with Seg-
ment=FUVA.

e G130M/1222 can be used with FP-POS=1,2,3,4,ALL and Segment=BOTH given
that Ly falls in the detector gap.

e G130M/1055 and G130M/1096 continue to be offered at LP2, with no restric-
tions.

o Start LP4 at lowest possible HV, and increase it only when continuum gets sagged,
not when Ly« region gets sagged

e Users that need access to Lya region for science goal can request to execute ob-
servations at Lifetime Position 3

By coordinating the implementation of this strategy with the start of Cycle 25
and the move to Lifetime Position 4, it is expected that the FUVB detector will last
to approximately 2023 and potentially 2025, assuming current usage levels. Figure {]
shows the gain in Segment B before the start of operations at LP4, and at the starting
HV level for all the settings except G130M/1222 (which uses a slightly higher HV).

LIFETIME 222 2 2|33 /3 3 3|4 4 4 4 4
POSITION

FP-POS 1 2 3 4 (AL 41 | 2 3 | 4 ALl 1 2 | 3 | 4 AL
GI30MM055 | ¢/ | v |V |V |V | X | X | X | X | X[ X | X|X| XX
G130M10% | ¢/ | ¢ |V |V |V | X | X | X | X | X[ X | X | X| XX
GI30MM222 | ¥  x | X X X|X X X X X|v v v v
G130MAM291 | x | X | X | X | X SISV |V S
G130M1300 | x | X | X | X | X RIRERNININ
G130MM309 | x | x | X | X | X SV | | 7 [T
GI30MM318 | ¥ | x | X | X | X ST T | 7] T [ s
GI130MM327 | w | x | X | X | X ST | T[S |7
GIOMALL | ¥ ' x X X X|X X X X X|v v v v v
GMOL/ALL | ¥ | X | X X X |X X X X | X|v v v v V

= Available mode use only (approval needed)
v/ = Supported mode (all GOs can use, no approval needed)
@*‘x = Supported mode, but only with Segment = FUVA (all GOs can use)
X = Not supported or available to GOs

Figure 5. COS2025 strategy vs. setting and lifetime position for science exposures.
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LIFETIME 2 3 4
POSITION

FP-POS 3 3 3
G130M/1055 | x | X | X
G130M/109 | ¥ | x | X
G130MM1222 | y X | X
G130MM291 | ¥ | x | v
G130M/1300 | x | X | o
G130MA1309 | x| x | &
G130MA318 | x | x | oV
G130M1327 | x | X | 7
G160M/ALL | x | X | ¢/
GI140L/ALL | x | X | ¢

v = Supported mode (all GOs can use)

Qo*v = Supported mode, but only with Segment = FUVA (all GOs can use)
X = Not supported or available to GOs

(note: FP-POS = 3 is the default FP-POS for dispersed light TA)

Figure 6. COS2025 strategy vs. setting and lifetime position for spectroscopic target
acquisition.

Figure [5] summarizes the cenwaves offered in supported and available modes for
science exposures (starting in Cycle 25), while Figure [6] does the same for FUV spec-
troscopic target acquisitions. Figure [/|illustrates the thought process users may want to
follow in order to understand how to craft their programs under the new COS2025 strat-
egy. No NUV modes (spectroscopic or imaging) are affected by the COS2025 strategy.

As time progresses, there are two detector locations in FUVB that will be sagged
due to Lya observations with G130M/1291/FP-POS=3,4. The affected wavelength
ranges, corresponding to those locations, are provided in Figure [§ for G130M data and
Figure [0 for G160M data.

The gain of the COS/FUV detector is monitored continuously, by both monitoring
the accumulated counts and by periodically executing a special calibration program that
measures the gain of the detector. This enables the state of the detector to be continu-
ously evaluated in light of the COS2025 strategy, and to match updated predictions of
detector lifetime against the expectations from when the COS2025 strategy was put in
place, so that any corrections/adjustments if needed, can be performed. The gainsagtab
reference file contains information about which pixels have sagged and is also periodi-
cally updated so that sagged pixels can be removed from calibrated data by the CalCOS
pipeline.
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Figure 7. Cycle 25 programs and COS2025 strategy.

Grating | Cenwave | Segment | FP-POS Nin (A) Mmax (A)
G130M 1291 B 3 1214.4 1219.4
G130M 1291 B 4 1212.0 1217.0
G130M 1222 B 1 1152.8 1157.8
G130M 1222 B 2 1150.3 1155.3
G130M 1222 B 3 1147.8 1152.8
G130M 1222 B 4 11454 1150.3

Figure 8. Expected gain sag locations in G130M/B from G130M/1291/FP-POS=3, 4
usage.
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Grating | Cenwave | Segment FP-POS Anin (A) Mnax (A)
G160M 1577 B 1 1490.7 1496.8
G160M 1577 B 2 1487.7 1493.8
G160M 1577 B 3 1484.6 1490.7
G160M 1577 B 4 1481.6 1487.7
G160M 1589 B 1 1502.4 1508.5
G160M 1589 B 2 1499.3 1505.4
G160M 1589 B 3 1496.3 1502.4
G160M 1589 B 4 1493.2 1499.3
G160M 1600 B 1 1513.8 1519.9
G160M 1600 B 2 1510.7 1516.8
G160M 1600 B 3 1507.6 1513.8
G160M 1600 B 4 1504.6 1510.7
G160M 1611 B 1 1525.6 1531.7
G160M 1611 B 2 1522.6 1528.7
G160M 1611 B 3 1519.5 1525.6
G160M 1611 B 4 1516.4 1522.6
G160M 1623 B 1 1537.7 1543.8
G160M 1623 B 2 1534.6 1540.7
G160M 1623 B 3 1531.6 1537.7
G160M 1623 B 4 1528.5 1534.6

Figure 9. Expected gain sag locations in G160M/B from G130M/1291/FP-POS=3, 4

usage.
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Appendix
Report on the Scientific Usage of COS - Cycles 20 through 24

In order to understand what scientific capabilities have been important for the sci-
entific community that has used the COS FUV detector over the past few years and try
to predict what scientific capabilities might be important to continue maintaining into
2025 we carried out a study of all the FUV programs executed from Cycle 20 through
Cycle 24. We looked at the breakdown of science programs by science category, chan-
nel, grating, and science requirements (these are illustrated in Figures [I0| through [24).

Our study of the COS/FUV usage over Cycles 20 through 24 determined there
were six typical standard science use cases:

Case 1: Quasar spectroscopy with G130M/G160M.
Accounts roughly for 46% of COS orbits during Cycles 20 - 24. These programs look
typically at metal and HI absorbers in the IGM, CGM, and Milky Way halo, or look at
metal and HI absorbers in AGN outflows (intrinsic systems). The AGN outflow pro-
grams are often concurrent with X-ray observations.
For the Case 1 types of programs resolution, wavelength coverage, and sensitivity are
necessary.

Case 2: Galaxy spectroscopy.
Uses mostly G140L and is roughly 19% of COS orbits during Cycles 20 - 24. These
programs look mostly at green peas, compact dwarfs, and emission-line galaxies. They
measure ISM emission lines (e.g. C 111 1909, O 111 1666) and Lyman continuum escape
fraction.
For the Case 2 types of program resolution is less important but wavelength coverage is
needed.

Case 3: White dwarf atmospheres.
Accounts roughly for 10% of COS orbits during Cycles 20 - 24. These programs mea-
sure abundances, temperatures, and physical conditions in the atmospheres of WD.
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White dwarf pollution is also studied, including looking at disintegrating material falling
onto the star. Both the M and L gratings are used, depending on the program.

For the Case 3 types of programs broad wavelength coverage is needed, and resolution
is often important.

Case 4: Exoplanet transit spectroscopy with G130M.

Accounts for roughly 9% of the COS orbits during Cycles 20 - 24. These programs look
at late-type host stars (K and M dwarfs) that have the potential for flares. The obser-
vations of absorption lines during planetary transits are time-critical. This is a science
area that has grown in the recent past with many recent GO and mid-cycle proposals in
this area.

For the Case 4 types of programs high resolution is necessary over small wavelength
regions, often Lyc.

Case 5: Spectroscopy of Massive stars with G130M/G160M.
Accounts roughly for 2% of COS orbits during Cycles 20 - 24. These programs look
at atmospheres and winds of OB stars in the Milky Way and Magellanic Clouds. These
targets are often bright enough to be observed with STIS.
For the Case 5 types of programs resolution and wavelength coverage are necessary.

Case 6: Debris disks around various types of stars.
Accounts roughly for 3% of COS orbits during Cycles 20 - 24. These programs study
the physical and chemical properties of debris disks and look at black holes, binary
stars, T-Tauri stars, WD, and protoplanetary disks. Both L and M gratings are used for
this science.
For the Case 6 types of programs both high and low resolution are necessary.

Conclusions This study of the COS usage over Cycles 20 through 24 indicates
that on average the FUV channel is used 10 times more than the NUV channel. QSO
spectroscopy accounts for roughly 46% of all GO orbits and extended targets (mostly
galaxies) account for roughly 20%. 58% of all COS GO orbits go to programs that need
good resolution (20 km s™1), while 78% of the orbits go to programs that need broad
wavelength coverage (not just a single line). Studies of exoplanet host stars (often M
dwarfs) is an area of growth, with ~19% of GO orbits allocated in Cycle 24.
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Figure 10. Total number of COS GO programs by Cycle.
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Figure 11. Total number of COS GO orbits by Cycle.
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Figure 12. Total number of COS GO targets by Cycle.

5-YEAR SUBJECT AVERAGES, BY ORBIT (CY20-24)
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Figure 13. Science categories over Cycles 20 - 24, by fraction of orbits.
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5-YEAR SUBJECT AVERAGES, BY PROGRAM
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Figure 14. Science categories over Cycles 20 - 24, by fraction of programs.
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Figure 185. Science categories over Cycles 20 - 24, by fraction of target.
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SCIENCE CATEGORY BY ORBITS
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Figure 16. Percentage of orbits for each science category vs. cycle.
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Figure 17. Percentage of programs for each science category vs. cycle.
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SCIENCE CATEGORY BY TARGETS
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Figure 18. Percentage of targets for each science category vs. cycle.
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Figure 19. Left: Channel usage over Cycles 20 - 24. Right: Fraction of orbits using
different channels vs. cycle.
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Figure 20. Left: Fraction of different program types over Cycles 20 -24. Right: Fraction
of orbits for different program types vs. cycle.
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Figure 21. Left: Fraction of orbits using different gratings over Cycles 20 - 24. Right:
Fraction of orbits using different gratings vs. cycle.
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Figure 22. Percentage of COS program where extended targets are observed by program
(blue) and per orbit (red) vs. cycle. Extended targets for this purpose are defined by

FWHM > 0.6”.
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Figure 23. Percentage of COS programs where the science requires broad wavelength
coverage per program (blue) and by orbit (red) vs. cycle.
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HIGH-RESOLUTION OBSERVATIONS
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Figure 24. Percentage of COS observations using “high resolution” vs. cycle. In
this context “high resolution” means science that requires G130M/G160M resolution

of ~20km s!
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