
COS Lifetime Positions

By offsetting the position of a target, COS FUV 
spectra can be moved to different positions on the 
two-dimensional detector. These different 
pointing positions, known as Lifetime Positions 
(LPs), allow spectra to use new parts of the 
detector when previously used regions are 
affected by gain sag, which can cause a loss of 
sensitivity and resolution.

All FUV central wavelengths (cenwaves) used the 
first lifetime position, LP1, after installation in 
2009, and all were then moved to LP2 in 2012. 
Since then, additional LPs have been enabled 
every few years as gain sagged regions spread. 
Starting with LP3, not all cenwaves have moved to 
each new LP, and by HST Cycle 32 in 2025, five LPs 
were being used simultaneously. (Figures 1 and 2)

Although each later LP is defined by its position on 
the sky relative to LP1, the implementation 
requires the specification of an aperture block 
position (for each LP) and a grating focus position 
(for each LP and cenwave). These are stored 
onboard COS in Flight Software (FSW) tables. 

At the time COS was installed, only one LP was 
defined. Later the FSW was updated to allow three 
and then eight LPs. In recent years it became clear 
that for COS to continue operating effectively, 
more than eight would be needed. Options for 
how to do this included reusing previous LPs or 
increasing the number of entries in the FSW 
tables, but these both had significant drawbacks 
given the resources available.
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After considering the alternatives, an innovative 
solution that required far fewer resources was 
identified. Instead of increasing the size of the 
FSW tables, the dimensions could remain 
unchanged, but they would be dynamically 
patched for each exposure.

This methodology, dubbed LP-Infinity, meant that 
the LP8 entries would no longer be  kept constant 
like at other LPs, but rather at the beginning of 
each exposure the table entries corresponding to 
the desired LP and cenwave would be patched to 
their desired value, and then the observation 
would be carried out as if it were an LP8 exposure 
(Figure 3). This modification required no changes 
onboard HST, but did require updates to the 
Commanding system to handle the patching. This 
significantly simplified the testing required.

Due to faster than expected gain sag on some LPs, 
the time available to implement LP-Infinity was 
limited. Full implementation was complete by the 
beginning of Cycle 33 in November 2025, only 20 
months after the initial concept was developed.

Since the Cosmic Origins Spectrograph (COS) was installed on the Hubble Space Telescope (HST) in 2009, thousands of spectra have been collected with the Far Ultraviolet (FUV) 
channel. Due to the gain sag inherent in the cross delay line detector, regular adjustments to the positions of the spectra have been made, with the seventh and eighth becoming 
available to Guest Observers in October 2025. Recent improvements to models of the FUV channel, including more extensive optical modeling and better prediction and 
accommodation of detector gain sag, have allowed us to identify previously excluded locations on the detector for future use, thus requiring additional Lifetime Positions (LPs) to be 
defined. Since the onboard flight software limited the number of Lifetime Positions to eight, we developed a new method for implementing additional LPs to avoid dealing with the 
complications of reassigning previously used LPs. This novel strategy, dubbed LP-Infinity, allows an effectively unlimited number of LPs that is now constrained only by the available 
detector real estate, allowing COS to continue obtaining high-quality FUV spectra well into the 2030s. We discuss the conception, development and implementation of LP-Infinity, its 
initial use in Cycle 33, and the plans for future LPs starting in 2027.

COS2035

The use of LP-Infinity, along with previously 
implemented operational changes that (1) allow 
non-concurrent wavelength calibration spectra 
(SPLIT-wavecals); (2) assign different cenwaves to 
operate at different LPs; (3) use an improved 
method for flagging gain sagged pixels, and (4) 
limit the charge extraction in each observing 
program, should allow COS to operate well into 
the 2030s (Figure 4) with essentially the same 
performance. 

Although COS is now well beyond its 5-year design 
lifetime, these innovations will help ensure that 
the FUV detector continues to obtain high-quality 
spectra between now and when the Habitable 
Worlds Observatory is operating.

Benefits & Complications 

The introduction of the LP∞ framework required 
no change to the pointing methodology, HV 
commanding, or FSW table size. It simplified 
testing for all future LPs since no onboard changes 
are needed. It avoided both the reuse of previous 
LPs and changes to the CalCOS calibration 
pipeline. Finally, it allows much more flexibility for 
future LPs (e.g. multiple LPs at same detector 
location with different focus values).

Complications are that the implementation of LP 
changes for all future LPs moved to the STScI 
Commanding group and the additional patching 
required added a few seconds of overhead to each 
exposure. In addition, there were one-time 
changes to both APT and TRANS, which are used in 
the  planning and scheduling of observations.

Starting in Cycle 34, we will also require observers 
to specify the LP in their Phase II. This will simplify 
the logic that APT maintains as we add LPs.

Figure 3 Schematic 
representation of on-the-fly 
patching with LP∞ for a portion 
of the focus FSW Table. The 
onboard table (top) has valid 
values for LP6, but default 
values (blue) for LP7 and LP8. 
Before a G160M/1577 exposure 
at LP10 occurs (middle), the LP8 
entry is patched with a new 
value (red). This is followed by a 
G160M/1533 exposure at LP10 
(bottom), which patches a 
second entry.

Figure 1 Schematic showing positions of spectra on both 
detector segments for LP1 – LP12. The bright, extended features 
are due to airglow, which fills the aperture, and is seen at either 
two or four FP-POS positions.

Figure 2 FUV detector real estate plot showing where the PSA, 
BOA, and WCA apertures fall for each LP. Limitations due to the 
aperture block mechanical softs stops, a light leak from the 
wavelength calibration lamp and increased geometric distortion 
and dark counts at the top and bottom edges all limit where 
spectra can be placed.

Figure 4 Current plans for LP assignments into the 2030s. These 
may change depending on detector usage and gain sag. LP1 to 
LP7 use the original LP method, while two-digit LPs use LP∞.
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