
Instrument Science Report COS 2025-17 (v1)

Focusing COS/FUV G130M/1222,
1291, 1055, and 1096 at Lifetime

Position 7 and the G160M Observation
Modes at Lifetime Position 10

Lauren P. Miller1, Travis C. Fischer2, Sten Hasselquist1, Svea Hernandez2,
Christian I. Johnson1, Anna Payne1, Marc Rafelski1, David J. Sahnow1

Leonardo dos Santos1, Debopam Som1, and Thomas Wevers3

1 Space Telescope Science Institute, Baltimore, MD
2 AURA for ESA, Space Telescope Science Institute, Baltimore, MD

3 Schmidt Sciences, Baltimore, MD

29 September 2025

ABSTRACT

In preparation for the activation of Lifetime Positions 7 (LP7) and 10 (LP10) on the
Cosmic Origins Spectrograph (COS) Far-Ultraviolet (FUV) channel aboard the
Hubble Space Telescope (HST) in Cycle 33, we conducted a series of focus sweep
observations in December 2024 and January 2025 to optimize the focus settings for the
COS G130M/1222, 1291, 1055, and 1096 modes at LP7 and the G160M modes at
LP10. The focus varies with lifetime position, requiring a re-determination of the
Optics Select Mechanism 1 (OSM1) absolute focus position for each grating and
central wavelength configuration. Using spectra from the subdwarf stars Feige 48 and
AG+81-266, we performed a spectral line-width analysis via autocorrelation functions
of focus offsets relative to an estimated absolute focus value to identify the OSM1
positions that produced the sharpest absorption features. Our results yielded final
absolute focus values of -993, +37, and -2556 focus steps for G130M/1222, 1291, and
1096 at LP7, and +124 focus steps for G160M/1600 at LP10. We then extrapolated
from these results to find the focus values for G130M/1055 and the remaining G160M
central wavelengths. The LP7 values were incorporated into the COS flight software
table pcmech OSMTbl and the LP10 values were included within the commanding
instructions to ensure continued optimal spectral resolution and instrument
performance.

Operated by the Association of Universities for Research in Astronomy, Inc., for the National Aeronautics
and Space Administration.
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1. Introduction

The Cosmic Origin Spectrograph (COS) is an instrument on the Hubble Space
Telescope (HST) that features two observation channels: far-ultraviolet (FUV) and
near-ultraviolet (NUV). COS stands out from other HST spectrographs due to its
maximized efficiency, achieved by minimizing the number of reflections a light beam
undergoes with an optical surface, thereby increasing throughput. Incoming light from
a target travels through the HST Optical Telescope Assembly (OTA) and first passes
through an external shutter, then encounters one of the COS entrance apertures.
Following this, the light then hits one of the three gratings or the mirror on the Optics
Select Mechanism 1 (OSM1), which is a rotating element that brings one of the optical
elements into the beam. The OSM1 disperses the light, removes the spherical
aberration introduced by the HST primary mirror, and refocuses the beam onto the
FUV microchannel plate detector. However, uncorrected astigmatism in the system
leads to a variation in the shape of the point spread function (PSF) with wavelength. To
correct for this effect, the position of the OSM1 can be adjusted, allowing for the
minimization of the astigmatic PSF width in the dispersion direction by changing the
optical path length. The value of the OSM1 position is given in absolute focus steps,
representing the number of steps from the zero point of the linear variable differential
transformer (LVDT) which measures the position of the linear focus mechanism. This
value can be either positive or negative.

Periodically, COS performs lifetime position (LP) moves, where the
cross-dispersion position of the science spectrum is adjusted for a specific aperture,
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grating, and central wavelength combination to a more pristine region of the detector,
thereby extending the COS instrument’s operational lifetime by counteracting the
impact of reductions in modal gain. These shifts, however, can cause the resolution of
the spectrum to change due to off-axis optical effects. As such, the optimal location of
the OSM1, which is grating and central wavelength dependent, must be determined
with each new lifetime position to achieve the best focus. This is accomplished by
conducting a “focus sweep” enabling program, where several observations of a stellar
object exhibiting multiple narrow photospheric absorption lines are taken at different
OSM1 focus positions. These OSM1 focus positions are defined as shifts relative to an
estimated best absolute focus value that has previously been determined using CODE
V 1 (Sahnow et al. 2024), an optical ray tracing software package. From this data, a
spectral line-width analysis is performed to determine which focus offset yields the
sharpest absorption line features for each affected mode under a new LP. This analysis
has been executed successfully many times, as documented in Lennon et al. (2010) and
Ghavamian et al. (2012) at LP1, Oliveira et al. (2013) at LP2, Fox et al. (2015) at LP3,
Fox et al. (2017), Sonnentrucker et al. (2017), Sankrit et al. (2019), and James et al.
(2019) at LP4, Fischer et al. (2021) at LP5, and Fischer et al. (2022) and Fischer et al.
(2023) at LP6.

As of the writing of this document, the newest COS lifetime positions, LP7 and
LP10, are set to be in active operation starting in Fall 2025, at the start of HST Cycle 33.
G130M/1055, 1096, 1222, and 1291 will be available for use at LP7 (+8.3 arcseconds
from LP1), while all G160M modes will be enabled at LP10 (-3.7 arcseconds from
LP1).

In preparation for these moves, we performed a focus sweep for central
wavelengths G130M/1096, 1222, 1291, and G160M/1600. Ideally, each impacted
central wavelength and grating combination would have its own focus sweep. Despite
this, to reduce the usage of the detector, we assumed that the relative focus offsets
between central wavelengths remained constant for most grating and central
wavelength configurations (Lennon et al. 2010). However, the blue mode central
wavelengths (G130M/1055 and G130M/1096) are known to have different focus
values than the redder central wavelengths. Therefore, we performed a separate focus
sweep for G130M/1096 and used these results to estimate the absolute focus value for
G130M/1055.

In this ISR, we provide a summary of these focus sweeps. We begin by giving
an overview of the observation strategy for this analysis in Section 2, as well as the
subsequent reduction and processing of the data. In Section 3, we describe the steps
that we followed to establish the offset, if any, from the predicted absolute focus values.
Finally, Section 4 reports the values we delivered and the conclusions we reached from
this process.

1https://www.synopsys.com/optical-solutions/codev.html
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2. Observations and Data Reduction

The spectra for our focus sweep analysis were obtained under the program “FUV
Focus Sweep Enabling Program at LP7/LP10” (PID 17885, P.I.: L.P. Miller) between
December 2024 and January 2025. Observations comprised seventeen external orbits
across five visits, utilizing COS/FUV modes G130M/1222, 1291, and 1096 at LP7, and
G160M/1600 at LP102. All exposures were taken with FP-POS=3, the nominal
position used to define the central wavelengths. For observations taken at LP7, we
turned off wavelength calibration due to light-leak issues through the Flat-field
Calibration Aperture (FCA) above +5.5 arcseconds from LP1 on the detector, which
prevented us from flashing the COS Pt-Ne wavelength-calibration lamps during
science exposures.

We selected targets optimized for each grating configuration based on spectral
characteristics and sensitivity requirements. For G130M/1222, 1291, 1096, and
G160M/1600 FUVB, we observed the subdwarf B star Feige 48, chosen for its
numerous narrow absorption lines (widths ≤ 5 km s−1) throughout the UV spectrum
(Heber et al. 2000). For G160M/1600 FUVA, we instead observed the subdwarf O star
AG+81-266 (Turnshek et al. 1990), a target of a similar stellar type to Feige 48 but
with a smaller absolute magnitude in the V-band.

We utilized separate targets for G160M/1600 FUVA and FUVB to minimize the
sensitivity differences between the two segments for this mode. This necessitated
choosing a brighter star than Feige 48 to mitigate what would have been a prohibitively
long exposure time to achieve a desired signal-to-noise ratio of 30 (as calculated by the
Hubble Exposure Time Calculator (ETC)3) in the faintest portion of the spectrum.
Additionally, for G130M/1222 and 1291, we acquired data from one detector segment
at a time, rather than simultaneously, to prevent data loss due to global count rates
exceeding acceptable limits.

Our observing strategy followed established protocols from previous focus
sweep programs, as listed in Section 1, with some modifications. For each visit, we
commanded the OSM1 to step through a series of relative focus positions, which were
defined as offsets, foff , from a predetermined optimal absolute focus position, forig, as
determined by CODE V models. We then acquired spectra for each focus offset. The
focus sweep ranges and intervals were tailored to each grating and central wavelength
configuration, as follows:

• G130M/1222 and G130M/1291 FUVA: −1000 to +1000 relative focus steps in
200-step increments from forig=-1400 absolute focus steps, with finer 100-step
sampling between −200 and +200 relative focus steps

• G130M/1291 FUVB: −800 to +1000 relative focus steps in 200-step increments
2Within our Phase II proposal, found at https://www.stsci.edu/hst-program-

info/download/hst/pdf/17885/, LP10 is labeled as LP8
3https://etc.stsci.edu/etc/input/cos/spectroscopic/
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from forig=-500 absolute focus steps, with 100-step sampling between −200 and
+200 relative focus steps

• G130M/1096: −300 to +1400 relative focus steps in 200-step increments from
forig=-2500 absolute focus steps, with 100-step sampling between −300 and
+400 relative focus steps

• G160M/1600 FUVA: −1000 to +1000 relative focus steps in 200-step increments
from forig=+100 absolute focus steps, with 100-step sampling between −200 and
+200 relative focus steps

• G160M/1600 FUVB: −800 to +800 relative focus steps in 200-step increments
from forig=+100 absolute focus steps, with 100-step sampling between −200 and
+200 relative focus steps

These scanning parameters were determined to maximize observation efficiency
following HST’s transition to reduced gyro mode in June 2024. Additionally, for
G130M/1096, where forig approached the OSM1 soft stop limit (at f=-2900 absolute
focus steps), we compensated by extending the scan range in the positive direction,
away from the mechanism. Details for these observations can be found in Tables 1, 2,
3, 4, and 5.

Within our Phase II proposal, we instructed that calibration be switched off and
that our exposures be disassociated, since the automatic backend software was not ready
to process and produce final spectral data products for LP7 and LP10 at the time of
the program’s execution. Additionally, we did not want to combine data collected at
different focus values. As such, we had to reduce our data manually for use in the
analysis.

We first created corrected event lists (corrtags) files, which are data that have
been corrected for thermal, geometric distortion, and walk effects, from our raw data
(rawtag) files using the CalCOS pipeline4. For our CalCOS run, we modified the
header keywords to exclude the HELCORR, X1DCORR, BACKCORR, FLUXCORR, and
TDSCORR steps from the processing (see Section 3.4 of the COS Data Handbook5 for
more details) since we only desired the corrtag files.

After creating the corrtag files, we converted the photon counts found into two-
dimensional image arrays, allowing us to extract one-dimensional spectra using a simple
aperture extraction method. This method summed the counts within a rectangular box
to calculate the total counts along the cross-dispersion direction. The boundaries of the
extraction regions for each grating, segment, and central wavelength combination can
be found in Table 6.

We produced a wavelength array by applying a linear wavelength solution to our
data, mapping each pixel position in the spectrum to its corresponding wavelength. This

4https://github.com/spacetelescope/calcos
5https://hst-docs.stsci.edu/cosdhb
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solution can be expressed as λ = a + bx, where a is the shortest wavelength value for
an observation mode (taken from the COS Wavelength Tool6), b is the wavelength step
size for that observation mode, and x is the position of the pixel in detector space.
A chart containing the a and b values for our data is presented in Table 7, following
specifications found in the COS Instrument Handbook7.

2.1 Breathing Correction

Small motions in the secondary mirror of the HST OTA lead to short-term changes in
focus. This effect is called “breathing” (Hasan & Bely 1994). Breathing occurs as a
result of the thermal expansion and contraction of the structure holding the mirror when
the telescope warms up during its orbital day and cools down during orbital night. This
breathing effect causes the focus of the OTA to change, resulting in a variation in the
path length from the OTA to the detector. This change needed to be accounted for in
our data before we began our analysis.

Data from temperature sensors on board HST are used by the HST Focus Tool8 in
conjunction with WFC3/UVIS1 observations to derive breathing models, which provide
the shifts in focus over a defined time period. We used this tool to generate breathing
models for each of our visits. To determine the breathing-corrected focus offsets, we
multiplied the shifts, which are given in microns, by 19.2 to convert the unit to focus
steps. Then we subtracted the change from the commanded focus offset position to
determine the breathing-corrected focus offset value (Oliveira et al. 2013).

Figures 1 to 5 present the HST breathing models used for the time intervals
corresponding to each of our five visits. Tables 1, 2, 3, 4, and 5 each include a column
that contains our calculated, breathing-corrected focus offsets.

3. Data Analysis

To determine the optimal focus for each observation mode, we performed a spectral
line-width analysis using an autocorrelation function (ACF), following previous focus
sweep analyses. An ACF is mathematically defined as a measure of how similar a signal
is to a shifted version of itself within a given window, where these shifts are called “lag”.
An ACF that has been normalized to unity by dividing by its maximum value across all
lags typically has values ranging from -1 to +1, where +1 represents perfect positive
correlation (the signal matches itself perfectly when shifted), 0 indicates no correlation,
and negative values represent anti-correlation.

An ACF provides a quantitative measure of spectral line sharpness and thus focus
quality since well-defined spectral lines create strong local correlations between nearby

6https://www.stsci.edu/hst/instrumentation/cos/proposing/wavelength-tool
7https://hst-docs.stsci.edu/cosihb
8https://focustool.stsci.edu/cgi-bin/control.py, written by Colin Cox
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wavelength points. This results in a narrow ACF that drops off quickly as the lag
increases and the spectrum shifts relative to itself. For poorly focused lines, where
features can be smeared out, the ACF will drop off gradually, resulting in a wider ACF.

To quantify the width of the autocorrelation function, we used linear interpolation
to determine the lag value where the normalized ACF first decreased to a specified
threshold. This threshold measures the “steepness” of the ACF peak, which directly
relates to spectral line sharpness and thus focus quality. A smaller lag value corresponds
to a better focus, as it means that the signal takes a shorter distance to stop resembling
itself. An example of several of these ACF curves, created using our focus sweep for
G130M/1222 FUVA, can be found in Figure 6.

For each focus offset, we concatenated the flux and wavelength values from all
spectral windows containing absorption lines in an exposure, after subtracting the
continuum. We then determined the width of the autocorrelation function (ACF) of this
combined spectrum. By plotting the distribution of ACF widths as a function of the
breathing-corrected focus offset for a given setting, we obtain what we refer to as the
focus curve. The minimum of a cubic polynomial fitted to this curve—using a
high-resolution grid based on a Chebyshev point distribution—corresponds to the
focus offset that yields the best spectral resolution, and thus the optimal focus, for that
observation mode.

We applied this procedure to each setting and visually verified the results by
confirming that the derived optimal focus offset produced the narrowest absorption
lines. Finally, we added the offset to our initial estimated absolute focus value to obtain
the final absolute focus value using the equation ffinal = forig + foff .

A table containing the results for each focus sweep is given in Table 8, while the
final relative focus offset values and the optimal absolute focus values for LP7 and LP10
are presented in Table 9. The details for each observation mode are provided below.

3.1 G130M/1222

We chose five and four spectral windows for our focus sweep analysis at G130M/1222
FUVA and FUVB, respectively, to encompass a wide spread of photospheric and
interstellar metal absorption lines for Feige 48 at this grating and central wavelength
combination. These windows were 1253-1258 Å, 1260-1264 Å, 1266-1271 Å,
1306-1315 Å, and 1340-1346 Å for FUVA, and 1126-1133 Å, 1151-1155 Å,
1195-1204 Å, and 1205-1210 Å for FUVB. We demonstrate one of these spectral
windows in Figure 7. As stated previously, the flux and wavelength values from the
windows were combined into a single array for each segment through simple
concatenation and treated as a single dataset for the analysis used in every focus sweep
at G130M/1222. This approach also applied to the remaining observation modes. The
focus curves for FUVA and FUVB containing the ACF widths calculated at a threshold
of 0.70 (see explanation of ACFs above), are provided in Figures 8 and 12. For FUVA,
the best-fit focus offset value was calculated to be +421 relative focus steps, and for
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FUVB, the best-fit focus offset value was +393 relative focus steps. Since only one
value for each central wavelength could be delivered to the software table, we took the
average of the two best-fit focus offsets, resulting in a proposed focus offset value of
+407 relative focus steps. The forig for this observation mode was -1400 absolute focus
steps, resulting in ffinal = -993 absolute focus steps for the G130M/1222 setting at
LP7.

3.2 G130M/1291

We chose three and two spectral windows for our focus sweep analysis at G130M/1291
FUVA and FUVB, respectively. These windows were 1298-1304 Å, 1330-1335 Å, and
1398-1403 Å for FUVA, and 1195-1207 Å and 1244-1248 Å for FUVB. The focus
curves for FUVA and FUVB containing the ACF widths calculated at a threshold of
0.70 are provided in Figures 9 and 13. For FUVA, the best-fit focus offset value was
calculated to be +487 relative focus steps, and for FUVB, the best-fit focus offset value
was +586 relative focus steps. We took the average of the two best-fit focus offsets,
resulting in a proposed focus offset value of +537 relative focus steps. forig for this
observation mode was -500 absolute focus steps, resulting in ffinal = +37 absolute focus
steps for the G130M/1291 setting at LP7.

3.3 G130M/1096

Our approach for G130M/1096 FUVA and FUVB differed from the other focus sweep
analyses. While we would ideally have obtained data with a high signal-to-noise ratio
(≈30 SNR per pixel), the signal-to-noise ratio for the FUVB observations fell within the
range of 5-10 SNR per pixel, as predicted by the ETC. When we attempted to extract a
one-dimensional spectrum for these exposures, we found that, even with binning, there
were few photons, and the absorption lines were faint and broad, which meant we could
not reliably perform a spectral-line width comparison to find the best focus. Instead, we
decided to perform this analysis only on the data from FUVA for G130M/1096 and to
infer the results for FUVB from our study of FUVA.

For our study of G130M/1096 FUVA, we chose three spectral windows, which
were at 1131-1141 Å, 1170-1180 Å, and 1197-1207 Å. The focus curve for FUVA
containing the ACF widths calculated at a threshold of 0.70 is provided in Figure 10. We
note here that, in comparison to the other focus curves, the focus curve for G130M/1096
did not seem to exhibit a full parabola. Instead, we observed a relatively flat line with
a minimum at the most negative value. However, since our focus offset values were not
symmetric around zero and were skewed positively, due to our program’s design to stay
at least 100 relative focus steps from the OSM1 soft stop, we expected an asymmetric
curve. In addition, the two-dimensional ray tracing CODE V model for G130M/1096
indicated that the best focus is at forig = -2500 absolute focus steps, only 400 steps away
from the OSM1 soft stop. Similarly, our focus sweep curve suggested that being as
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close to the OSM1 soft stop as possible would be the optimal path forward. Ultimately,
considering the full-width-half-maximum (FWHM) of the cross-dispersion profiles in
our data and the shallow nature of the focus curve, we determined that a focus offset of
-56 relative focus steps provided the best choice. As a result, ffinal for G130M/1096 is
-2556 absolute focus steps. The final focus position for G130M/1055 was chosen to be
-2656 absolute focus steps, considering the expected absolute focus value from our ray
trace models and the location of the OSM1 soft stop.

3.4 G160M/1600

We chose three and two spectral windows for our focus sweep analysis at G160M/1600
FUVA and FUVB, respectively. These windows were 1619-1623 Å, 1647-1651 Å, and
1675-1678 Å for FUVA, and 1520-1525 Å and 1538-1550 Å for FUVB. Recall that the
two segments used different targets. The focus curves for FUVA and FUVB containing
the ACF widths calculated at a threshold of 0.80 are provided in Figures 11 and 14.
We note that we chose a different value for our threshold level than what was used for
the other focus sweeps, after finding that 0.80 offered the optimal sensitivity without
overestimating the correlation strength. For FUVA, the best-fit focus offset value was
calculated to be +160 relative focus steps, and for FUVB, the best-fit focus offset value
was -113 relative focus steps. We took the average of the two best-fit focus offsets,
resulting in a proposed focus offset value of +24 relative focus steps. forig for this
observation mode was +100 absolute focus steps, resulting in ffinal = +124 absolute
focus steps for the G160M/1600 setting at LP10. We used the results of this focus
sweep to determine the remaining optimal focus values for the other central wavelengths
in LP10, which were -724, -216, -46, +294, and +464 absolute focus steps for G160M
at central wavelengths 1533, 1577, 1589, 1611, and 1623, respectively.

4. Conclusion and Summary

In preparation for the move to LP7 and LP10 in HST Cycle 33, we performed focus
sweeps to determine the optimal focus offset values relative to estimated absolute focus
values determined using CODE V ray tracing software. The results are summarized
in Table 9. Through autocorrelation analysis of stellar and interstellar absorption line
profiles, we established final absolute focus values of -993 steps for G130M/1222, +37
steps for G130M/1291, -2556 steps for G130M/1096, -2656 for G130M/1055, and
+124, -724, -216, -46, +294, and +464 steps for G160M/1600, 1533, 1566, 1589,
1611, and 1623. These final absolute focus values were implemented in the COS
flight software table, pcmech OSMTbl (for LP7), and in the commanding instructions
(for LP10 under the LP-infinity framework), to maintain continued optimal spectral
resolution at G130M/1222, 1291, 1055, and 1096 at LP7 and G160M at LP10.
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Table 1. Focus sweep exposures for Visit 01, Feige 48, G130M/1222 at LP7,
forig = -1400 absolute focus steps

Name Seg. Commanded Offset Start Time (UTC) Breathing Corr. Offset

LFJ201CGQ FUVA -1000 2025-01-03 19:28:48.007 -1002.58
LFJ201CIQ FUVA -800 2025-01-03 19:35:59.013 -787.47
LFJ201CKQ FUVA -600 2025-01-03 19:43:09.990 -563.48
LFJ201CMQ FUVA -400 2025-01-03 19:50:20.997 -366.38
LFJ201COQ FUVA -200 2025-01-03 19:57:31.973 -181.52
LFJ201CVQ FUVA -100 2025-01-03 20:52:36.007 -137.52
LFJ201CYQ FUVA 0 2025-01-03 20:59:45.030 -11.50
LFJ201D0Q FUVA +100 2025-01-03 21:06:53.990 +104.21
LFJ201D2Q FUVA +200 2025-01-03 21:14:03.047 +227.22
LFJ201D4Q FUVA +400 2025-01-03 21:21:13.990 +442.42
LFJ201D6Q FUVA +600 2025-01-03 21:28:25.030 +633.95
LFJ201DAQ FUVA +800 2025-01-03 22:27:07.973 +753.74
LFJ201DCQ FUVA +1000 2025-01-03 22:34:19.047 +995.51
LFJ201DEQ FUVB +1000 2025-01-03 22:49:47.077 +1029.88
LFJ201DGQ FUVB +800 2025-01-03 22:54:40.007 +846.71
LFJ201DIQ FUVB +600 2025-01-03 22:59:33.060 +642.67
LFJ201DKQ FUVB +400 2025-01-03 23:04:25.990 +443.53
LFJ201DMQ FUVB +200 2025-01-04 00:01:40.007 +186.25
LFJ201DOQ FUVB +100 2025-01-04 00:06:31.077 +86.25
LFJ201DQQ FUVB 0 2025-01-04 00:11:21.990 -3.06
LFJ201DSQ FUVB -100 2025-01-04 00:16:13.093 -87.76
LFJ201DUQ FUVB -200 2025-01-04 00:21:03.973 -174.83
LFJ201DWQ FUVB -400 2025-01-04 00:25:57.093 -367.50
LFJ201E1Q FUVB -600 2025-01-04 00:30:49.990 -558.32
LFJ201E3Q FUVB -800 2025-01-04 00:35:43.110 -753.34
LFJ201E6Q FUVB -1000 2025-01-04 00:40:36.007 -954.54
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Table 2. Focus sweep exposures for Visit 02, Feige 48, G130M/1291 at LP7,
forig = -500 absolute focus steps

Name Seg. Commanded Offset Start Time (UTC) Breathing Corr. Offset

LFJ202K8Q FUVA -1000 2025-01-04 17:31:15.973 -1023.61
LFJ202KAQ FUVA -800 2025-01-04 17:38:04.997 -794.13
LFJ202KCQ FUVA -600 2025-01-04 17:44:53.990 -583.39
LFJ202KEQ FUVA -400 2025-01-04 17:51:43.013 -378.08
LFJ202KGQ FUVA -200 2025-01-04 17:58:32.007 -181.00
LFJ202KKQ FUVA -100 2025-01-04 18:56:25.990 -157.83
LFJ202KMQ FUVA 0 2025-01-04 19:03:12.997 -16.588
LFJ202KOQ FUVA +100 2025-01-04 19:10:00.007 +96.82
LFJ202KQQ FUVA +200 2025-01-04 19:16:47.013 +210.72
LFJ202KSQ FUVA +400 2025-01-04 19:23:35.973 +431.72
LFJ202KUQ FUVA +600 2025-01-04 19:30:24.997 +633.84
LFJ202KWQ FUVA +800 2025-01-04 20:30:59.013 +751.36
LFJ202KYQ FUVA +1000 2025-01-04 20:37:47.973 +989.78
LFJ202L0Q FUVB +1000 2025-01-04 20:52:53.990 +1026.48
LFJ202L2Q FUVB +800 2025-01-04 20:58:24.007 +832.94
LFJ202L4Q FUVB +600 2025-01-04 21:03:53.990 +637.05
LFJ202L6Q FUVB +400 2025-01-04 21:09:24.007 +432.95
LFJ202L8Q FUVB +200 2025-01-04 22:05:32.007 +162.53
LFJ202LAQ FUVB +100 2025-01-04 22:11:00.007 +78.17
LFJ202LCQ FUVB 0 2025-01-04 22:16:28.007 -2.74
LFJ202LEQ FUVB -100 2025-01-04 22:21:56.007 -86.72
LFJ202LGQ FUVB -200 2025-01-04 22:27:23.973 -173.64
LFJ202LIQ FUVB -400 2025-01-04 22:32:53.990 -348.73
LFJ202LKQ FUVB -600 2025-01-04 22:38:23.973 -558.45
LFJ202LMQ FUVB -800 2025-01-04 22:43:53.990 -756.38
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Table 3. Focus sweep exposures for Visit 03, Feige 48, G130M/1096 at LP7,
forig = -2500 absolute focus steps

Name Seg. Commanded Offset Start Time (UTC) Breathing Corr. Offset

LFJ203J9Q BOTH -300 2024-12-29 08:49:17.127 -274.62
LFJ203JBQ BOTH -200 2024-12-29 08:54:32.133 -156.72
LFJ203JDQ BOTH -100 2024-12-29 08:59:47.140 -50.12
LFJ203JHQ BOTH 0 2024-12-29 09:05:02.150 +53.67
LFJ203JJQ BOTH +100 2024-12-29 09:10:17.127 +151.19
LFJ203JLQ BOTH +200 2024-12-29 09:15:32.133 +244.92
LFJ203JQQ BOTH +300 2024-12-29 10:07:16.133 +243.27
LFJ203JSQ BOTH +400 2024-12-29 10:12:31.140 +379.42
LFJ203JUQ BOTH +500 2024-12-29 10:17:46.150 +500.33
LFJ203JWQ BOTH +600 2024-12-29 10:23:01.127 +612.35
LFJ203JYQ BOTH +800 2024-12-29 10:28:18.150 +820.33
LFJ203K0Q BOTH +1000 2024-12-29 10:33:35.140 +1035.69
LFJ203K2Q BOTH +1200 2024-12-29 10:38:52.133 +1233.07
LFJ203K4Q BOTH +1400 2024-12-29 10:44:09.157 +1431.84

Table 4. Focus sweep exposures for Visit 04, AG+81-266, G160M/1600 at LP10,
forig = +100 absolute focus steps

Name Seg. Commanded Offset Start Time (UTC) Breathing Corr. Offset

LFJ204ABQ FUVA -1000 2024-12-23 01:47:17.990 -959.07
LFJ204ADQ FUVA -800 2024-12-23 01:54:31.973 -763.39
LFJ204AFQ FUVA -600 2024-12-23 02:01:45.990 -567.35
LFJ204AHQ FUVA -400 2024-12-23 02:09:00.007 -384.65
LFJ204B7Q FUVA -200 2024-12-23 03:05:12.997 -196.04
LFJ204B9Q FUVA -100 2024-12-23 03:12:24.997 -82.75
LFJ204BBQ FUVA 0 2024-12-23 03:19:36.997 +36.01
LFJ204BDQ FUVA +100 2024-12-23 03:26:48.997 +134.49
LFJ204BFQ FUVA +200 2024-12-23 03:34:00.997 +227.82
LFJ204BHQ FUVA +400 2024-12-23 03:41:14.980 +411.87
LFJ204BNQ FUVA +600 2024-12-23 04:43:16.967 +618.63
LFJ204BPQ FUVA +800 2024-12-23 04:50:30.980 +832.49
LFJ204BRQ FUVA +1000 2024-12-23 04:57:44.997 +1040.88
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Table 5. Focus sweep exposures for Visit 05, Feige 48, G160M/1600 at LP10,
forig = +100 absolute focus steps

Name Seg. Commanded Offset Start Time (UTC) Breathing Corr. Offset

LFJ205JZQ FUVB -800 2024-12-24 23:25:45.990 -787.31
LFJ205K1Q FUVB -600 2024-12-24 23:37:45.990 -584.83
LFJ205K3Q FUVB -400 2024-12-25 00:40:19.973 -435.39
LFJ205K5Q FUVB -200 2024-12-25 00:52:20.007 -195.96
LFJ205KAQ FUVB -100 2024-12-25 01:04:17.990 -70.52
LFJ205KGQ FUVB 0 2024-12-25 02:18:25.990 -10.18
LFJ205KIQ FUVB +100 2024-12-25 02:30:24.007 +120.56
LFJ205KKQ FUVB +200 2024-12-25 02:42:21.990 +229.72
LFJ205LDQ FUVB +400 2024-12-25 03:56:24.997 +393.81
LFJ205LFQ FUVB +600 2024-12-25 04:08:24.997 +629.56
LFJ205LHQ FUVB +800 2024-12-25 04:20:24.967 +836.86

Table 6. 2-D Image Extraction Regions

Grating Cenwave Segment YCORR (Lower-Upper) LP

G130M 1222 FUVA 540-620 7
G130M 1222 FUVB 600-685 7
G130M 1291 FUVA 555-610 7
G130M 1291 FUVB 615-670 7
G130M 1096 FUVA 550-620 7
G130M 1096 FUVB 615-675 7
G160M 1600 FUVA 405-455 10
G160M 1600 FUVB 460-520 10

Table 7. Wavelength Solution Variables

Grating Cenwave Segment a b LP

G130M 1222 FUVA 1220 0.00997 7
G130M 1222 FUVB 1067 0.00997 7
G130M 1291 FUVA 1277 0.00997 7
G130M 1291 FUVB 1124 0.00997 7
G130M 1096 FUVA 1085 0.00996 7
G130M 1096 FUVB 933 0.00993 7
G160M 1600 FUVA 1601 0.01095 10
G160M 1600 FUVB 1409 0.01088 10
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Table 8. Individual Focus Sweep Results

LP Obs. Mode Segment Relative f Offset (steps)

LP7 G130M/1222 FUVA +421
LP7 G130M/1222 FUVB +393
LP7 G130M/1291 FUVA +487
LP7 G130M/1291 FUVB +586
LP7 G130M/1096 FUVA -373

LP10 G160M/1600 FUVA +160
LP10 G160M/1600 FUVB -113

Table 9. Final Focus Values

LP Obs. Mode Estimated Abs. f (steps) Avg. Rel. f Offset (steps) Final Abs. f (steps)

LP7 G130M/1222 -1400 +407 -993
LP7 G130M/1291 -500 +547 +37
LP7 G130M/1096 -2500 -56 -2556
LP7 G130M/1055∗∗ - - -2656

LP10 G160M/1600 +100 +24 +124
LP10 G160M/1533∗∗ - - -724
LP10 G160M/1577∗∗ - - -216
LP10 G160M/1589∗∗ - - -46
LP10 G160M/1611∗∗ - - +294
LP10 G160M/1623∗∗ - - +464

∗∗No focus sweep performed for this observation mode.
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Figure 1. HST breathing model for PID 17885 FUV Focus Sweep Enabling Program
at LP7/LP10 (P.I. L.P. Miller) derived from the HST Focus Tool, shown in blue, when
the G130M/1222 at LP7 data were taken. The distributions show the focus position
in microns as a function of time. Overlaid in red points are the times at which each
exposure in the focus sweep began. Each cycle has a period of one HST orbit and
reflects the telescope’s thermal expansion and contraction. The focus sweep analysis
was performed on breathing-corrected focus offsets, i.e., commanded focus values
minus the breathing correction.
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Figure 2. Same plot as in Figure 1, but for the G130M/1291 at LP7 data in PID 17885
FUV Focus Sweep Enabling Program at LP7/LP10 (P.I. L.P. Miller).
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Figure 3. Same plot as in Figure 1, but for the G130M/1096 at LP7 data in PID 17885
FUV Focus Sweep Enabling Program at LP7/LP10 (P.I. L.P. Miller).
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Figure 4. Same plot as in Figure 1, but for the G160M/1600 at LP10 data in PID 17885
FUV Focus Sweep Enabling Program at LP7/LP10 (P.I. L.P. Miller).
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Figure 5. Same plot as in Figure 4, but for the G160M/1600, FUVB at LP10 observation
in PID 17885 FUV Focus Sweep Enabling Program at LP7/LP10 (P.I. L.P. Miller).

Instrument Science Report COS 2025-17(v1) Page 18



Figure 6. An example of the autocorrelation function (ACF) plots for the G130M/1222
grating at segment FUVA. Each colored curve corresponds to a different relative focus
offset position. The dashed line at 0.70 is the threshold at which we calculate the width
of the ACF for each curve through linear interpolation. The threshold measures the
“steepness” of the ACF peak, which directly relates to spectral line sharpness and thus
focus quality. The width represents the half-width of the ACF peak at the 70 percent
level—that is, how many pixels away from zero lag the ACF has dropped to 70 percent
of its maximum value. Narrower widths indicate sharper spectral lines and better focus.
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Figure 7. One of the spectral windows used in the focus sweep analysis of the
G130M/1222 grating at segment FUVA. Each colored spectrum was obtained at a
different relative focus position offset. In addition, we have zoomed in on the spectral
window and wavelength-shifted the spectra to align them to a common absorption
feature. This was done for visual purposes only and was not done in the ACF
calculations.
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Figure 8. A focus sweep curve created using exposures taken with the FUVA segment
at G130M/1222 at LP7. The width of an autocorrelation function for a set of spectral
absorption lines is plotted against the breathing-corrected focus offset relative to the
initial absolute focus estimate of forig = -1400 absolute focus steps. A cubic polynomial
fit to the points is shown with the dashed curve. The minimum of this function at +421
relative focus steps is indicated with the dashed vertical line.
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Figure 9. A focus sweep curve created using exposures taken with the FUVA segment
at G130M/1291 at LP7. The width of an autocorrelation function for a set of spectral
absorption lines is plotted against the breathing-corrected focus offset relative to the
initial absolute focus estimate of forig = -500 absolute focus steps. A cubic polynomial
fit to the points is shown with the dashed curve. The minimum of this function, which
represents the optimal focus offset value, at +487 relative focus steps, is indicated with
the dashed vertical line.
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Figure 10. A focus sweep curve created using exposures taken with the FUVA segment
at G130M/1096 at LP7. The width of an autocorrelation function for a set of spectral
absorption lines is plotted against the breathing-corrected focus offset relative to the
initial absolute focus estimate of forig = -2500 absolute focus steps. A cubic polynomial
fit to the points is shown with the dashed curve. The minimum of this function, which
represents the optimal focus offset value, at -373 relative focus steps, is indicated with
the dashed vertical line.
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Figure 11. A focus sweep curve created using exposures taken with the FUVA segment
at G160M/1600 at LP10. The width of an autocorrelation function for a set of spectral
absorption lines is plotted against the breathing-corrected focus offset relative to the
initial absolute focus estimate of forig = +100 absolute focus steps. A cubic polynomial
fit to the points is shown with the dashed curve. The minimum of this function, which
represents the optimal focus offset value, at +160 relative focus steps, is indicated with
the dashed vertical line.
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Figure 12. A focus sweep curve created using exposures taken with the FUVB segment
at G130M/1222 at LP7. The width of an autocorrelation function for a set of spectral
absorption lines is plotted against the breathing-corrected focus offset relative to the
initial absolute focus estimate of forig = -1400 absolute focus steps. A cubic polynomial
fit to the points is shown with the dashed curve. The minimum of this function, which
represents the optimal focus offset value, at +393 relative focus steps, is indicated with
the dashed vertical line.
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Figure 13. A focus sweep curve created using exposures taken with the FUVB segment
at G130M/1291 at LP7. The width of an autocorrelation function for a set of spectral
absorption lines is plotted against the breathing-corrected focus offset relative to the
initial absolute focus estimate of forig = -500 absolute focus steps. A cubic polynomial
fit to the points is shown with the dashed curve. The minimum of this function, which
represents the optimal focus offset value, at +586 relative focus steps, is indicated with
the dashed vertical line.
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Figure 14. A focus sweep curve created using exposures taken with the FUVB segment
at G160M/1600 at LP10. The width of an autocorrelation function for a set of spectral
absorption lines is plotted against the breathing-corrected focus offset relative to the
initial absolute focus estimate of forig = +100 absolute focus steps. A cubic polynomial
fit to the points is shown with the dashed curve. The minimum of this function, which
represents the optimal focus offset value, at -113 relative focus steps, is indicated with
the dashed vertical line.
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