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ABSTRACT

Beginning in HST Cycle 25, all COS FUV target-acquisition algorithms work by
stepping the target across the aperture, measuring the flux at each dwell point,
calculating a flux-weighted centroid based on those measurements, and slewing the
telescope to that centroid position. This entire procedure is performed by the flight
software, and no images are recorded. To confirm that the target acquisition
procedures are working as expected, each year we run a series of tests that simulate
this process by acquiring exposures at specified offsets in the cross-dispersion
direction. Here, we present the results of these tests from Cycle 33.
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1. Introduction

Testing of the far ultraviolet (FUV) target acquisition (TA) methods for the Cosmic
Origins Spectrograph (COS) has followed the same procedures from Cycle 25 to the
present Cycle (33). A detailed description of the purpose and execution of these tests is
provided by Indriolo et al. (2024), and the concepts and methods described therein will
not be re-introduced here; we note that this report assumes that the reader is familiar
with the relevant terminology, although brief reminders about key concepts, terms, and
variables can be found in the Glossary.

The purpose of the annual FUV TA monitor program is to test that the
ACQ/PEAKXD and ACQ/PEAKD procedures1, which center the target in the
cross-dispersion (XD) and along-dispersion (AD) directions, respectively, are working
as expected. Tests are performed for all lifetime position (LP) + grating combinations
available for use with dispersed-light FUV TA during the current HST cycle.
Nominally this testing is done by comparing the results from actual TA sequences to
those computed from simulated TA sequences. Due to resource limitations the nominal
test can only be performed for a subset of the standard TA sequences, and preference is
given to the ACQ/PEAKXD procedure using default parameters. Remaining orbital
visibility is used to perform subsequent tests as able. These include simulated and
actual ACQ/PEAKXD sequences using a dwell pattern that extends further in the
cross-dispersion direction, and actual ACQ/PEAKD sequences for the purpose of
comparing centering result from different TA procedures. There are no simulated

1See Section 8 of the COS IHB (Payne et al. 2026) for more details.
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ACQ/PEAKD sequences in Cycle 33.
Data obtained in the FUV TA monitor program are used to perform four tests:

1. Check that the full flux in the XD profile of the external target falls within the
subarrays used for centering that mode at all dwell points, and that flux from
sources other than the target is excluded from the subarrays.

2. Confirm that the centroid position found by an actual TA sequence is the same
as the centroid position computed for the corresponding simulated TA sequence,
within uncertainties.

3. Confirm that all TA sequences performed during a visit center the target to the
same location, within uncertainties.

4. Confirm that the cumulative offset imparted by subsequent TA sequences remains
within the TA specifications.

2. Program Description

Observations from program 18200 (Cycle 33 COS FUV Target Acquisition Monitor)
were executed in January 2026. This program consists of three visits, each of which
contains one external orbit. Visit 01 tests the TA procedures at LP7 for the G130M
mode. Visit 02 tests the TA procedures at LP10 for the G160M mode. Visit 03 tests the
TA procedures at LP4 for the G140L mode. A summary of the modes tested is given
in Table 1. Changes from the Cycle 32 version of this program (17623) include the
relocation of G130M TA tests from LP5 to LP7, and the relocation plus consolidation
of the G160M TA tests from both LP4 and LP6 to LP10, with the latter change reducing
the total orbit count from four to three. There were no changes to the G140L TA tests.

Visit 01 begins with an NUV ACQ/IMAGE to center the target and then a
confirmation NUV image that includes the PtNe lamp. Switching to the FUV channel
and using the G130M/1291 setting at LP7, simulated and actual ACQ/PEAKXD
sequences with NUM-POS=3 and STEP-SIZE=1.3′′ are performed in succession.
These are followed by simulated and actual ACQ/PEAKXD sequences with
NUM-POS=5 and STEP-SIZE=0.9′′, after which a centered exposure is taken. The
visit concludes with an actual ACQ/PEAKD sequence with NUM-POS=5 and
STEP-SIZE=0.9′′, and a final centered exposure.

Visit 02 begins with an NUV ACQ/IMAGE to center the target and a confirmation
NUV image. Switching to the FUV channel and using the G160M/1600 setting at
LP10, simulated and actual ACQ/PEAKXD sequences with NUM-POS=3 and STEP-
SIZE=1.3′′ are performed in succession, after which a centered exposure is taken. The
visit concludes with an actual ACQ/PEAKD sequence with NUM-POS=5 and STEP-
SIZE=0.9′′, and a final centered exposure.
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Table 1. Overview of the Cycle 33 FUV TA monitor program.

Cycle PID Visit Mode Tested LP Grating/CENWAVE

33 18200 01 ACQ/PEAKXD 7 G130M/1291
02 ACQ/PEAKXD 10 G160M/1600
03 ACQ/PEAKXD 4 G140L/1280

Note. — A detailed summary of the individual exposures within
this program is provided in Table 2.

Visit 03 begins with an NUV ACQ/IMAGE to center the target and a
confirmation NUV image. Switching to the FUV channel and using the G140L/1280
setting at LP4, simulated and actual ACQ/PEAKXD sequences with NUM-POS=3 and
STEP-SIZE=1.3′′ are performed in succession. These are followed by simulated and
actual ACQ/PEAKXD sequences with NUM-POS=5 and STEP-SIZE=0.9′′, after which
a centered exposure is taken. Table 2 provides more details regarding the full series of
exposures taken in program 18200.

Note that the same set of tests is not performed for every mode due to the
limitation that all tests for a given mode must fit within one HST orbit. The
ACQ/PEAKXD test with NUM-POS=3 and STEP-SIZE=1.3′′ is always performed, as
this is the default option (Payne et al. 2026; Section 8.5.2). If time allows, the
ACQ/PEAKXD test with NUM-POS=5 and STEP-SIZE=0.9′′ (a recommended
parameter combination) is also run.

3. Analysis & Results

Here we present the four checks mentioned in the Introduction.

3.1 TA Subarray Confirmation

The first check is a visual inspection of the FUV images to ensure that the TA subarrays
are defined appropriately. Figures 1, 2, and 3 demonstrate how this is done for three
example cases. Images like these are generated for every FUV exposure in the TA
program and are checked to (1) confirm that target flux is within the TA subarrays in the
XD direction for all offset positions, and (2) confirm that flux from sources other than
the target (e.g., geocoronal Ly-α) is excluded from the subarrays. All FUV exposures
pass these checks.
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Table 2. Summary of Cycle 33 Observations (18200).

LINENUM DETECTOR LP OPT ELEM CENWAVE (AD, XD) offset ROOTNAME Description
(arcsec)

G130M test at LP7
01.001 NUV 1 MIRRORB 0 (0.0, 0.0) lfro01daq ACQ/IMAGE
01.002 NUV 1 MIRRORB 0 (0.0, 0.0) lfro01dcq EXTERNAL/SCI
01.003 FUV 7 G130M 1291 (0.0, 0.0) lfro01deq EXTERNAL/SCI
01.004 FUV 7 G130M 1291 (0.0, 1.3) lfro01dgq EXTERNAL/SCI
01.005 FUV 7 G130M 1291 (0.0, -1.3) lfro01diq EXTERNAL/SCI
01.006 FUV 7 G130M 1291 (0.0, 0.0) lfro01dkq ACQ/PEAKXD
01.007 FUV 7 G130M 1291 (0.0, 0.0) lfro01dmq EXTERNAL/SCI
01.008 FUV 7 G130M 1291 (0.0, 1.8) lfro01doq EXTERNAL/SCI
01.009 FUV 7 G130M 1291 (0.0, 0.9) lfro01dqq EXTERNAL/SCI
01.010 FUV 7 G130M 1291 (0.0, -0.9) lfro01dsq EXTERNAL/SCI
01.011 FUV 7 G130M 1291 (0.0, -1.8) lfro01duq EXTERNAL/SCI
01.012 FUV 7 G130M 1291 (0.0, 0.0) lfro01dwq ACQ/PEAKXD
01.013 FUV 7 G130M 1291 (0.0, 0.0) lfro01dyq EXTERNAL/SCI
01.014 FUV 7 G130M 1291 (0.0, 0.0) lfro01e0q ACQ/PEAKD
01.015 FUV 7 G130M 1291 (0.0, 0.0) lfro01e2q EXTERNAL/SCI

G160M test at LP10
02.001 NUV 1 MIRRORB 0 (0.0, 0.0) lfro02o9q ACQ/IMAGE
02.002 NUV 1 MIRRORB 0 (0.0, 0.0) lfro02obq EXTERNAL/SCI
02.003 FUV 10 G160M 1600 (0.0, 0.0) lfro02odq EXTERNAL/SCI
02.004 FUV 10 G160M 1600 (0.0, 1.3) lfro02ofq EXTERNAL/SCI
02.005 FUV 10 G160M 1600 (0.0, -1.3) lfro02ohq EXTERNAL/SCI
02.006 FUV 10 G160M 1600 (0.0, 0.0) lfro02ojq ACQ/PEAKXD
02.007 FUV 10 G160M 1600 (0.0, 0.0) lfro02olq EXTERNAL/SCI
02.008 FUV 10 G160M 1600 (0.0, 0.0) lfro02onq ACQ/PEAKD
02.009 FUV 10 G160M 1600 (0.0, 0.0) lfro02opq EXTERNAL/SCI

G140L test at LP4
03.001 NUV 1 MIRRORB 0 (0.0, 0.0) lfro03tiq ACQ/IMAGE
03.002 NUV 1 MIRRORB 0 (0.0, 0.0) lfro03tkq EXTERNAL/SCI
03.003 FUV 4 G140L 1280 (0.0, 0.0) lfro03tmq EXTERNAL/SCI
03.004 FUV 4 G140L 1280 (0.0, 1.3) lfro03toq EXTERNAL/SCI
03.005 FUV 4 G140L 1280 (0.0, -1.3) lfro03tqq EXTERNAL/SCI
03.006 FUV 4 G140L 1280 (0.0, 0.0) lfro03tsq ACQ/PEAKXD
03.007 FUV 4 G140L 1280 (0.0, 0.0) lfro03tuq EXTERNAL/SCI
03.008 FUV 4 G140L 1280 (0.0, 1.8) lfro03twq EXTERNAL/SCI
03.009 FUV 4 G140L 1280 (0.0, 0.9) lfro03tyq EXTERNAL/SCI
03.010 FUV 4 G140L 1280 (0.0, -0.9) lfro03u0q EXTERNAL/SCI
03.011 FUV 4 G140L 1280 (0.0, -1.8) lfro03u2q EXTERNAL/SCI
03.012 FUV 4 G140L 1280 (0.0, 0.0) lfro03u4q ACQ/PEAKXD
03.013 FUV 4 G140L 1280 (0.0, 0.0) lfro03u6q EXTERNAL/SCI

Note. — The primary header keyword LINENUM contains the visit number and exposure number from the
Phase II program. Along-dispersion (AD) and cross-dispersion (XD) offsets are stored in the keywords POSTARG1
and POSTARG2, respectively.
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Figure 1. Example 2D spectral images for a centered G130M/1291 exposure at LP7.
The FUVA segment is on top, and the FUVB segment on bottom. The subarrays are
shown as blue and red dashed boxes. In the right hand panels, the black curve shows
the cross-dispersion profile from the entire image, while the red and blue curves show
the profiles within the respective boxes. Geocoronal Ly-α emission passing through the
PSA (primary science aperture) and BOA (bright object aperture) causes the spots at
(RAWX,RAWY) ≈ (9000, 625) and (9000, 490), respectively, on FUVB.
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Figure 2. Same as Figure 1, but showing a G140L/1280 spectrum at LP4 offset by
−1.8′′ in the XD direction. There are no subarrays on FUVB for G140L modes. In the
top panel the heavily vignetted spectrum appears at the very bottom of the aperture (the
extent of which is traced by the geocoronal O I 1302 Å line at RAWX ≈ 1500), as
expected given the offset. A PtNe lamp emission line spectrum from the wavelength
calibration aperture (WCA) can be seen above the target spectrum on the FUVA
segment.

3.2 Centering Accuracy: Simulated vs. Actual Acquisitions

The second check is a comparison between the flux-weighted centroids determined by
simulated and actual acquisition sequences executed in succession. Results from every
TA sequence simulated in Cycle 33 are presented in Table 3. The slew commanded by
the telescope following an actual acquisition is given in the ACQ centroid column. This
value is compared to the entries in two Test Centroid columns. Both columns present
results calculated using data from the simulated acquisition sequence exposures. See
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Figure 3. Same as Figure 1, but showing a G160M/1600 spectrum at LP10 offset by
1.3′′ in the XD direction. A PtNe lamp emission line spectrum from the WCA can be
seen above the target spectrum on both segments.

Indriolo et al. (2024) for a description of the calculations and the difference between
FLX-WT and FLX-WT-FLR. The Centroid algorithm column lists which algorithm was
used during the actual acquisition (primary header CENTER keyword), to facilitate
direct comparison between the simulated and actual results. Estimates of the Poisson
uncertainty in the flux-weighted centroids are calculated using the equation given in
Proffitt et al. (2015), modified to account for the lack of a background subtraction in
our analysis, and are given in the Test Centroid columns. Note that the ACQSLEWY
values presented here in the ACQ Centroid column give the distance that the telescope
is slewed to place the target at the center of the aperture. The POSTARG2 values from
the simulated acquisition sequences that go into calculating the flux-weighted centroid
give the offset of the target with respect to aperture center, and so have the opposite
sign convention. The Test Centroid columns have been multiplied by −1 following
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Table 3. FUV ACQ/PEAKXD Testing Results

LINENUM LP Grating NUMPOS/ Centroid ACQ Centroid Test Centroid Test Centroid Integration Time
STEPSIZE algorithma FLX-WT FLX-WT-FLR

(arcsec) (arcsec) (arcsec) (s)

01.006 7 G130M 3/1.3 FLUXWT 0.076 0.082±0.002 0.166±0.002 30
01.012 7 G130M 5/0.9 FLUXFLR -0.014 -0.012±0.002 -0.013±0.002 30
02.006 10 G160M 3/1.3 FLUXWT 0.106 0.093±0.002 0.178±0.001 120
03.006 4 G140L 3/1.3 FLUXWT -0.01 -0.025±0.005 -0.055±0.002 30
03.012 4 G140L 5/0.9 FLUXFLR -0.013 0.001±0.004 0.001±0.003 30

Note. — The LINENUM column refers to the actual TA exposure. Other table columns are described throughout the
text in Section 3.2.

aSee Payne et al. (2026) Section 8.3 or Indriolo et al. (2024) Section 1.1 for descriptions of the centroid algorithms.

computation of the flux-weighted centroid so that the results are directly comparable.
For every simulated TA sequence, the centroid computed using the same algorithm as
the actual TA sequences and the centroid found by the actual TA sequence agree to
within 0.015′′. This indicates that the flight software is calculating the correct centroid
to well within the centering requirement of 0.3′′ in the XD direction.2

3.3 Centering Accuracy: Measurement by Cross-Correlation

The third check is a comparison between the reference spectrum (taken following the
initial NUV ACQ/IMAGE) and all “centered” spectra taken right after subsequent ACQ
sequences. In all cases, the spectra should be located at the same position on the
detector. This test is done by collapsing the data within the subarrays along the
dispersion direction to create cross-dispersion profiles on the FUVA and FUVB
segments for each exposure. The cross-dispersion profile from the test exposure is
cross correlated with the cross-dispersion profile from the reference exposure, and a
gaussian fit is performed to the resulting cross-correlation function to determine the
offset in the XD direction between both exposures. This analysis is done separately for
the FUVA and FUVB segments, and the mean offset of both is reported in Table 4.
While the cross-correlation offset is measured in pixels, the offset in arcsec is
computed using the detector plate scales from the COS IHB (Payne et al. 2026). The
maximum deviation between reference and test spectra in the XD direction during
Cycle 33 was 0.160′′ (G160M at LP10), within the 0.3′′ requirement, but outside of the
0.1′′ 1σ goal. To determine if this offset is an isolated incident, we performed the same
analysis on spectra from the COS LP7/10 FUV Target Acquisition Enabling and
Verification program (17886), which were observed in succession following NUV

2See Section 8.8 in the COS Instrument Handbook (Payne et al. 2026) for details on centering
accuracy requirements.
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Table 4. Offsets Measured between Centered Spectra

Grating LP Reference Exposure Test Exposure XD Offset
(arcsec)

G130M 7 lfro01deq lfro01dmq 0.083
G130M 7 lfro01deq lfro01dyq 0.051
G130M 7 lfro01deq lfro01e2q 0.045
G160M 10 lfro02odq lfro02olq 0.160
G160M 10 lfro02odq lfro02opq 0.152
G140L 4 lfro03tmq lfro03tuq 0.006
G140L 4 lfro03tmq lfro03u6q -0.025
G160Ma 10 lfj103ejq lfj103erq 0.073

Note. — The XD Offset column gives the offset between the
Reference and Test exposures, measured as discussed in Section
3.3.

aThese exposures are from visit 03 of program 17886, which
tested the target acquisition modes at LP10 prior to General
Observer use. They are included here as an additional check on
LP10 TA given the larger offsets measured in program 18200.

ACQ/IMAGE) and FUV ACQ/PEAKXD acquisition sequences. The XD offset at LP10
from that program was 0.073′′, within the 1σ goal. We conclude that the FUV TA
procedures are successfully centering targets in the XD direction, but recommend that
additional scrutiny be given to the G160M mode at LP10 when subsequent tests are
performed.

3.4 Cumulative Offset

The fourth and final check is that all ACQ sequences executed during a visit place the
target at the same location within the aperture. Here, we consider the initial position
identified by the first NUV ACQ/IMAGE sequence to be the reference position at
(AD,XD) = (0, 0). Each subsequent ACQ applies an offset with respect to the
“centered” position identified by the previous ACQ, such that there is a cumulative
displacement from the original center over the course of a visit. We check that all
cumulative offsets throughout a visit remain within the AD and XD requirements
specified in the Glossary. Figure 4 shows that for all visits executed as part of the
Cycle 33 FUV TA monitor program the cumulative offsets remain within requirements,
and that for visits 01 and 03 the offsets remain within the 1σ XD centering goal. For
visit 02 (G160M at LP10) the cumulative offset is slightly beyond the 1σ XD centering
goal. We conclude that the NUV and FUV TA sequences are centering the target to the
same location to within requirements.
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Figure 4. This shows the cumulative offset throughout each visit that was part of the
FUV TA program. The centered position returned by the initial NUV ACQ/IMAGE
is taken to be the (0,0) reference position. Vertical lines linking points indicate the
slew in the XD direction resulting from an ACQ/PEAKXD. Horizontal lines linking
points indicate the slew in the AD direction resulting from an ACQ/PEAKD. The green
horizontal dashed lines mark the centering goal of ±0.1′′ in the XD direction, while the
±0.3′′ requirement is outside of the plotted regions. Purple vertical dotted lines mark
the ∼ 0.107′′ requirement of the G130M and G160M modes in the AD direction. All
FUV TA modes tested center the target to within requirements and the XD 1σ goal.

4. Summary

We have analyzed the data from the FUV TA monitoring program in Cycle 33,
performing four checks to determine whether or not FUV TA sequences are operating
as expected.

1. All TA subarrays in use at LP4, LP7, and LP10 are defined properly to capture
the cross-dispersion profile of the external target at all XD offset positions and to
exclude flux from sources other than the external target.
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2. Flux-weighted centroids calculated from simulated TA sequences are in
agreement with centroids found by actual TA sequences to within 0.015′′, so the
algorithms are performing as expected.

3. Offsets in the XD direction measured between “centered” spectra are all within
the 0.3′′ requirement, with a maximum separation of 0.160′′

4. The cumulative offset caused by every Acquisition sequence that is executed
during a visit is within the AD and XD requirements, such that they are placing
the target at the same location within the aperture.

Our tests indicate that the FUV TA procedures are working well in Cycle 33.
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Glossary
Here we provide descriptions of some of the terminology, concepts, and variables that
are required for understanding the FUV TA analysis. More detailed descriptions of
these items can be found in Keyes & Penton (2010), Penton & Keyes (2010), Penton &
Sahnow (2023), and Indriolo et al. (2024).

• AD centering requirements: G130M: 0.106′′; G160M: 0.108′′; G140L: 0.177′′

• Simulated TA Sequence: A series of TIME-TAG exposures where the telescope
is offset to positions that correspond to the dwell points in an actual TA sequence.

• Subarray: Rectangular region(s) of a COS FUV detector segment used for
measuring the target flux during TA

• XD centering requirement: 0.3′′, with a goal of 0.1′′
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