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Abstract

We use hst1pass diagnostics to test whether HST/ACS/WFC observations obtained in single
guide star (1GS) mode show degraded point-spread-function (PSF) or image quality. This
report contains two related but separate analyses. First, we compare recent 1GS and two
guide star (2GS) ACS/WFC F606W exposures from 2024–2026. The primary diagnostic
is the hst1pass C parameter, a fractional central-pixel residual relative to the fitted stellar
flux. Using 1,669 individual exposures after source-count and exposure-level quality cuts, we
find that the global difference in exposure-level median C between 1GS and 2GS exposures
is very small and statistically consistent with zero. We find no concerning trend with date,
exposure time, or RMS jitter. Second, we examine whether 1GS image quality degrades over
the course of multi-orbit visits. In a sample of 81 F606W and F814W exposures across 21
1GS visits, per-visit slopes in median C are centered near zero, final-minus-first orbit changes
are centered near zero, and orbit-relative changes do not become systematically more negative
in later orbits. Together these analyses show no evidence, in the datasets examined here, that
1GS observing causes degraded ACS/WFC PSF/image quality.
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1 Introduction

More frequent operational use of single guide star observations 1 has increased the importance
of verifying that ACS/WFC image quality remains stable when HST is guided with one
Fine Guidance Sensor rather than two. In two-guide-star guiding, the second guide star
helps constrain the telescope orientation; in one-guide-star guiding, orientation control relies
on the gyro(s) (Anderson and Baggett 2025). Residual roll drift can therefore translate
into apparent detector motion, which could broaden the PSF, worsen PSF-fit diagnostics,
increase pointing jitter, or produce progressive degradation over the course of a visit. The
question is then whether there is evidence that these effects are impacting actual data.

In this report, we address these questions with two complementary hst1pass-based analyses
of ACS/WFC imaging data. The first analysis compares recent 1GS and 2GS exposures
directly (Section 3), while the second tests for progressive changes within multi-orbit 1GS
visits (Section 4).

The primary diagnostic in these analyses is the hst1pass uppercase C value. As stated
in Anderson (2022), this metric is the fractional central-pixel residual relative to the fitted
stellar flux,

C ≡ PIJ − z∗yIJ − s∗
z∗

, (1)

where PIJ is the observed central-pixel value, z∗ is the fitted stellar flux, yIJ is the fraction of
the model PSF expected in the central pixel, and s∗ is the fitted sky. Positive C values indicate
more central-pixel light than expected from the model PSF; negative C values indicate less
central-pixel light than expected, as would occur if sources are broader than the model PSF.
In this report, a degradation in PSF concentration would therefore be expected to appear
as a shift toward more negative C.

We also examine the hst1pass q value as a secondary diagnostic. The q statistic measures
the normalized quality of the PSF fit, with lower values indicating better fits (Anderson
2022). Because C has the more direct physical interpretation for PSF concentration, it is
treated as the primary diagnostic throughout.

2 Data Reduction and Common Assumptions

All analyses use hst1pass catalogs measured from individual ACS/WFC flc images. The
flc files are fully pipeline-calibrated individual ACS/WFC exposures that have also had
the pixel-based CTE correction applied (Lucas et al. 2026). We run hst1pass following
the approach used by Anderson and Baggett (2025): perturbations are turned off, and
the nominal STDPSF file is used for each filter. The STDPSF files are library effective-PSF
models in the standard hst1pass format; they provide spatially variable fiducial PSFs across

1Information about increase in 1GS usage can be found here:
https://www.stsci.edu/contents/newsletters/2026-volume-43-issue-01/
single-star-guiding-extending-the-lifetime-of-hubbles-fine-guidance-sensors
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the detector, with the PSF interpolated between fiducial locations (Anderson 2022). Again
as in Anderson and Baggett (2025), standard quality cuts are applied to all catalogs; sources
are retained if instrumental magnitude and qfit values are in the range −14 < m < −9 and
0 < q < 0.35. Exposure-level summary statistics are computed from the retained sources.
Unless otherwise stated, exposures are also required to have Ngoodsources ≥ 10, where
Ngoodsources is the number of retained sources based on the aforementioned criteria.

Guide-mode information is read from the jitter information (jif) files associated with the
flc exposures. We use the GUIDEACT value to define guide mode:

GUIDEACT value Analysis guide mode

FINE LOCK 2GS
FINE LOCK/GYRO 1GS
GYRO Gyro-only

Gyro-only exposures, which amount to less than 1% of the total dataset, are excluded from
our analysis.

For jitter summaries, we used the V2_RMS and V3_RMS keywords from the matched jif file
extension for each exposure. These give the RMS pointing jitter components along the
telescope V2 and V3 axes; we combined them in quadrature to define a two-dimensional
RMS jitter,

σjitter,2D =
√
V2_RMS2 + V3_RMS2.

Before this calculation, we masked nonphysical placeholder jitter values, such as −32767,
that indicate unavailable measurements. No sigma clipping was applied.

3 Analysis of Recent 1GS Versus 2GS Exposures

3.1 Sample

The first analysis compares recent 1GS and 2GS ACS/WFC exposures. The sample contains
1,749 F606W exposures observed from 2024 January 7 through 2026 June 7. Of these, 1,489
are 2GS, 250 are 1GS, and 10 are gyro-only. After the default Ngoodsources ≥ 10 cut,
exclusion of gyro-only exposures, removal of nonpositive-exposure-time rows, and the same
exposure-level quality screens used throughout this analysis, the comparison sample contains
1,669 exposures: 1,447 2GS and 222 1GS.

As a note, the recent 1GS and 2GS samples are archival comparison samples rather than
controlled pairs of otherwise identical observations. As a result, the guide-mode samples
differ in source-count distribution, proposal and target/field mix, exposure-time distribution,
and observing date distribution. We therefore base the comparison on robust exposure-level
statistics, bootstrap confidence intervals, and checks against likely covariates such as date,
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exposure time, and jitter, rather than interpreting any single raw guide-mode difference in
isolation.

3.2 Distribution of C and Date Dependence

Figure 1 shows the distribution of exposure-level median C and the behavior of C with
observation date. The 1GS and 2GS distributions are strongly overlapping. Both peak near
zero with a negative tail, but the 1GS distribution is not shifted toward more negative C
values. The date plot shows the same basic result: the 1GS exposures are embedded within
the 2GS cloud, the median values for each guide mode are nearly identical, and there is no
evidence that C has drifted toward worse values over the 2024–2026 interval.

3.3 Global C Difference

For each exposure, we first compute the median C value of the retained hst1pass sources.
We then compare the distributions of these exposure-level median values between guide
modes. In the following, C1GS denotes the set of exposure-level median C values for the 1GS
exposures, and C2GS denotes the corresponding set for the 2GS exposures. We quantify the
global guide-mode difference as

∆C = median(C1GS)−median(C2GS). (2)

Uncertainties on ∆C were estimated with bootstrap resampling. In each bootstrap realiza-
tion, the 1GS and 2GS exposure samples were resampled independently with replacement,
preserving the original number of exposures in each guide-mode sample. We then recom-
puted ∆C from the resampled exposure-level medians. The confidence intervals reported
below are percentiles of the resulting bootstrap distribution.

This procedure gives
∆C = +0.00000, (3)

with a 95% confidence interval of [−0.00065,+0.00080].

Figure 2 shows the bootstrap distribution. The inferred difference is consistent with zero
and is small compared with the exposure-to-exposure scatter in C. Even the upper end of
the confidence interval is of order 10−3, corresponding to a central-pixel residual difference
of order 0.1% of the fitted stellar flux.
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(a) Distribution of exposure-level median C. Vertical axis shows relative frequency.

(b) Exposure-level median C versus date.

Figure 1: C diagnostics for the recent F606W 1GS–2GS comparison. The 1GS and 2GS
samples overlap strongly in both the distribution and time-domain views. Negative C values
correspond to sources broader than the model PSF. The black dashed line marks C = 0;
shaded bands in the date panel show the guide-mode medians and robust scatter.
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Figure 2: Bootstrap distribution of the global 1GS–2GS difference in exposure-level median
C. The observed difference is ∆C = +0.00000, and the 95% confidence interval includes zero.

3.4 Exposure-Time Dependence

As a check against differences in exposure-time distribution between the guide-mode samples,
we examined C both as a continuous function of exposure time and within exposure-time bins.
Figure 3 shows the exposure-level median C values as a function of exposure time, along with
binned guide-mode medians and binned 1GS–2GS differences. The C values do not show a
systematic trend toward more negative values with increasing exposure time for either guide
mode. The binned 1GS–2GS differences are also generally consistent with zero. The longest-
exposure bin is the least constraining because it contains few 1GS observations; we therefore
do not interpret that bin alone as definitive. Overall, the exposure-time comparison does
not indicate that long 1GS exposures have degraded PSF concentration in this sample.

Varying the minimum Ngoodsources threshold from 5 to 25 also leaves ∆C close to zero;
stricter cuts shift ∆C slightly positive, which does not support a 1GS degradation scenario
but may reflect changing sample composition.

3.5 Secondary Diagnostics: q and Jitter

The q result also does not support 1GS image/PSF quality degradation. Since lower q
indicates a better PSF fit, a degradation in 1GS exposures would be expected to produce a
positive value of

∆q = median(q1GS)−median(q2GS). (4)
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(a) Exposure-level median C as a function of exposure time. Binned medians and robust within-
bin scatter are overplotted for each guide mode.

(b) Binned 1GS–2GS difference in median C.

Figure 3: Exposure-time checks for the recent F606W 1GS–2GS comparison. There is no system-
atic trend toward more negative C with increasing exposure time for either guide mode, and the
binned 1GS–2GS differences are generally consistent with zero. The open-ended longest-exposure
bin contains few 1GS observations and is less constraining.
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Instead, the sample gives median(q2GS) = 0.080 and median(q1GS) = 0.065, so ∆q = −0.015
with a 95% bootstrap confidence interval of [−0.018,−0.012]. This of course does not mean
that 1GS observations are intrinsically better; the samples have different field and source-
count distributions. It does, however, argue against a broad 1GS degradation signal.

Jitter measurements likewise do not suggest a degradation mechanism. After masking invalid
RMS values (as mentioned above), the median 2D RMS jitter is 4.11 mas for the 2GS sample
and 3.32 mas for the 1GS sample. Figure 4 shows C versus jitter. The two guide-mode
samples overlap, and there is no high-jitter 1GS branch with more negative C. Spearman
rank correlations between jitter and C are weak and close to zero, indicating little monotonic
association between RMS jitter and the C diagnostic in this sample.

Figure 4: Exposure-level median C versus 2D RMS jitter for the recent F606W comparison
sample. The 1GS and 2GS samples overlap, and jitter does not show a meaningful correlation
with C in the 1GS sample.

4 Analysis of Multi-Orbit 1GS Visits

4.1 Sample and Orbit Indexing

The second analysis uses a separate set of ACS/WFC exposures that are all 1GS and that
include multi-orbit visits. After parsing the hst1pass catalogs, excluding gyro-only expo-
sures, requiring Ngoodsources ≥ 10, and restricting the primary sample to F606W and
F814W, the trend sample contains 81 usable 1GS exposures across 21 multi-orbit visits. The
sample spans 2017 August 3 through 2026 January 10. It contains 38 F606W exposures in
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10 visits and 43 F814W exposures in 11 visits. F606W and F814W have different baseline C
and q distributions, so the primary analysis uses within-visit changes rather than raw pooled
values.

Exposure ordering within a visit is based on the time ordering of exposures within each
association. Here, an association is the exposure grouping defined by the associated data
products and matched jif file; for this dataset it provides a practical visit-level grouping,
although an association need not be identical to a visit in all contexts. Because orbit number
within an association is not provided as an explicit FLC or JIF header keyword, we estimate
it from the exposure timing information. We assign a new orbit when the gap between the
end of one exposure and the start of the next exceeds 30 minutes. This is a reasonable
separator because HST’s orbital period is about 96 minutes, and the Earth-occultation gap
between visibility periods is much longer than the short overheads between exposures within
a visibility period. The estimate is robust for this dataset: thresholds from 20 to 45 minutes
give identical orbit assignments and the same counts of exposures in orbits 1–4. Only a more
aggressive 15 minute threshold changes two exposures, both in older 2018 visits.

Table 1: Primary multi-orbit 1GS trend sample by filter.

Filter Exposures Visits Median C Median q Median Ngoodsources

F606W 38 10 −0.005575 0.14675 44.5
F814W 43 11 −0.003900 0.12100 50.0

4.2 Time-Dependent Behavior of C Within Visits

If 1GS image quality degraded over the course of a visit, the expected signature would be
a systematic downward trend in C with elapsed time, exposure number, or orbit number.
Figure 5 shows the change in C relative to the first usable exposure in each visit as a function
of time since association start. Individual visits move both upward and downward; there is
no coherent downward drift across the sample.
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Figure 5: Change in exposure-level median C relative to the first usable exposure in each
multi-orbit 1GS visit. Each line represents one visit. A progressive degradation would
appear as a systematic shift toward negative values at later times; no such coherent pattern
is apparent.

We quantify the time dependence in two complementary ways. First, for each visit we fit a
straight line to median C as a function of minutes since association start. Second, we compute
the final-minus-first change in median C for each visit. The per-visit slopes are centered near
zero: the median slope is +1.68× 10−4 C per hour, with a mean of −2.49× 10−5 C per hour
and a Normalized Median Absolute Deviation (NMAD) of 1.08× 10−3 C per hour. Only 8 of
21 visit slopes are negative, and a two-sided Wilcoxon signed-rank test gives p = 0.785. The
Wilcoxon test asks whether the distribution of per-visit slopes is systematically offset from
zero; this high p-value indicates that the observed slopes are consistent with scatter about
zero rather than a coherent positive or negative trend.

The final-minus-first comparison gives the same result. The median final-minus-first change
is +0.0001, with an NMAD of 0.00289. Ten of 21 visits have negative final-minus-first
changes, and the Wilcoxon signed-rank test gives p = 0.683. These statistics do not indicate
systematic degradation through the visit.

Figure 6 shows the distribution of the aforementioned measurements from this section of the
analysis.
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(a) Per-visit slopes of median C.

(b) Final-minus-first C per visit.

Figure 6: Visit-level summaries of C evolution through multi-orbit 1GS visits. Both dis-
tributions are centered close to zero, with no evidence that C systematically becomes more
negative during a visit.
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4.3 Orbit-Relative C Changes

Figure 7 shows median C in each orbit relative to orbit 1 for the same visit. By construction,
orbit 1 has ∆C = 0. The aggregate medians remain close to zero in later orbits: orbit 2 has
median ∆C = 0.0 with N = 21 visits, orbit 3 has median ∆C = −0.0003 with N = 11 visits,
and the single orbit-4 visit has ∆C = −0.0009. The full range of orbit-relative C values is
[−0.0067,+0.00545]. These values are small and do not show progressive degradation in
later orbits.

Figure 7: Median C in each estimated orbit relative to orbit 1 for multi-orbit 1GS visits.
Thin colored lines show individual visits; the black points show the median and NMAD at
each orbit index. Later orbits do not show a systematic shift toward more negative C.

As an additional check, we split the per-visit C slopes by filter. Both F606W and F814W
slopes remain centered near zero, with no coherent evidence for a negative trend in either
filter. A recent-data-only sensitivity check, using visits from 2025 onward, also shows C slopes
close to zero by filter. We also repeated the same per-visit slope analysis using the exposure-
level median q values. Because larger q indicates poorer PSF-fit quality, degradation would
appear as systematically positive q slopes. The measured q slopes are mixed and do not
show a consistent positive trend.

5 Discussion

The recent 1GS–2GS comparison and the multi-orbit 1GS trend analysis address different
questions. The first asks whether recent 1GS exposures are worse than 2GS exposures at
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the exposure level. The second asks whether 1GS observations degrade over the course of
a multi-orbit visit. In both cases, the answer from the hst1pass diagnostics is negative:
we find no evidence for degraded PSF/image quality associated with 1GS observing in the
datasets examined here.

For the recent F606W comparison, the guide-mode difference in median C is consistent with
zero and is very small in absolute terms. The same conclusion holds when comparing across
observing date, exposure time, source-count threshold, and jitter. The secondary q diagnostic
also does not indicate degradation. Although the 1GS and 2GS samples are not matched by
proposal, target field, exposure time, or source count, none of the diagnostics examined here
show the sign expected for 1GS degradation.

For the multi-orbit 1GS sample, the strongest tests are within-visit quantities: slopes, final-
minus-first differences, and orbit-relative differences. These remove visit-to-visit baseline
differences, including filter and field differences. Across 21 visits, the slopes in C are cen-
tered near zero, final-minus-first changes are centered near zero, and later orbits are not
systematically more negative than orbit 1.

The main caveats are that both analyses are observational, not randomized experiments,
and the sample sizes differ substantially between categories. The 1GS sample in the recent
comparison is much smaller than the 2GS sample, and the multi-orbit trend sample contains
only 81 usable exposures. The two analyses also use different samples: the recent comparison
is F606W-only and concentrated in 2024–2026, while the multi-orbit sample uses F606W and
F814W and spans 2017–2026. These caveats motivate care in interpreting small positive or
negative differences. They also argue against over-interpreting the statistically significant
difference in q as a physical degradation signal, because its sign is opposite to the expected
degradation signature and it is likely influenced by differences in field content and source-
count distributions between the guide-mode samples. They do not, however, alter the main
conclusion: the measured diagnostics do not show the expected signatures of 1GS-related
degradation.

6 Conclusions

We analyzed two ACS/WFC datasets with hst1pass to test whether single guide star ob-
serving degrades image quality. The primary diagnostic was exposure-level median C, with
q and jitter used as secondary checks. The conclusions are:

1. In the recent F606W comparison sample, the global 1GS–2GS difference in median C
is ∆C = +0.00000, with a 95% bootstrap confidence interval of [−0.00065,+0.00080].
This is consistent with zero and does not indicate degraded 1GS PSF quality.

2. The recent comparison sample shows no concerning trend of C with observation date,
exposure time, or RMS jitter.

3. The secondary q diagnostic does not indicate degraded 1GS image quality. In the
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recent comparison sample, 1GS exposures have lower median q than 2GS exposures,
although this likely reflects sample composition.

4. In the multi-orbit 1GS sample, median C does not systematically become more negative
with elapsed time, exposure sequence, or estimated orbit index.

5. Per-visit C slopes and final-minus-first C changes are centered near zero. Orbit-relative
C changes are likewise small and centered near zero.

We therefore find no evidence in these datasets that 1GS ACS/WFC observations show de-
graded PSF/image quality relative to 2GS observations, nor evidence that 1GS image quality
progressively degrades over the course of multi-orbit visits. Continued monitoring remains
useful for identifying rare loss-of-lock or drift events, but the 1GS guide-mode label alone
does not appear to indicate degraded ACS/WFC image quality in the analyses presented
here.
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A Dataset and Analysis Details

Table 2: Overview of the two datasets analyzed in this report.

Quantity Recent 1GS–2GS compari-
son

Multi-orbit 1GS trend anal-
ysis

Primary question Are recent 1GS exposures
degraded relative to 2GS ex-
posures?

Does C degrade over the
course of multi-orbit 1GS
visits?

Instrument/channel ACS/WFC ACS/WFC
Filters used in primary
analysis

F606W F606W, F814W

Date range 2024-01-07 to 2026-06-07 2017-08-03 to 2026-01-10
Initial exposure count 1,749 291 unique flc exposures in

local multi-orbit dataset
Primary usable sample 1,669 1GS+2GS exposures

after Ngoodsources and
exposure-level quality cuts

81 1GS exposures across
21 visits after filter and
Ngoodsources cuts

Guide modes 1GS, 2GS; gyro-only ex-
cluded

1GS only; gyro-only ex-
cluded

Primary metric Exposure-level median C Within-visit changes in
exposure-level median C

Main degradation sig-
nature

1GS shifted to more negative
C than 2GS

Later exposures/orbits
shifted to more nega-
tive C than earlier expo-
sures/orbits

Table 3: Orbit-gap threshold sensitivity for the multi-orbit 1GS sample. A new orbit is
assigned when the gap from the previous exposure end to the next exposure start exceeds
the threshold. Thresholds from 20 to 45 minutes give identical assignments.

Threshold [min] Multi-orbit visits Max orbit Orbit 1 exp. Orbit 2 exp. Orbit 3 exp.

15 20 4 38 27 13
20 20 4 38 29 11
25 20 4 38 29 11
30 20 4 38 29 11
35 20 4 38 29 11
40 20 4 38 29 11
45 20 4 38 29 11
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Table 4: Summary of multi-orbit C trend statistics.

Quantity Median NMAD Notes

Per-visit slope [C/hour] +1.68× 10−4 1.08× 10−3 8/21 slopes < 0

Final-minus-first ∆C +1.0× 10−4 2.89× 10−3 10/21 visits < 0

Orbit 2 ∆C from orbit 1 0.0000 0.00460 N = 21

Orbit 3 ∆C from orbit 1 −0.0003 0.00348 N = 11

Orbit 4 ∆C from orbit 1 −0.0009 — N = 1

B Additional Supporting Checks

Figure 8 shows per-visit C slopes split by filter. The filter split is useful because the F606W
and F814W samples have different baseline C and q distributions. Neither filter shows a
coherent negative trend in C through the visit.

Figure 8: Per-visit slopes of median C by filter for the multi-orbit 1GS sample. A degradation
signal would appear as systematically negative slopes. Both filters are centered near zero.

Figure 9 shows a recent-only sensitivity check for both C and q slopes. The C slopes remain
close to zero, and q does not show a consistent positive trend.
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Figure 9: Recent-only sensitivity check for per-visit C and q slopes in multi-orbit 1GS visits.
Negative C slopes and positive q slopes would be the expected signs for degradation. No
coherent degradation signature is apparent.
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