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Abstract

The NASA James Webb Space Telescope (JWST) has a requirement for greater than 95%
probability of guiding success across all valid attitudes in its field of regard. The very high
stellar density galactic center region of the Milky Way has proven particularly challenging for
meeting this statistic. In this report we describe the general guiding method with the Fine
Guidance Sensor (FGS), deviations from general guiding operations that are necessary in
crowded fields, and the enhancements made across the system to improve the JWST guiding
success in the galactic center on the planned visit guide star from just 5% in the Fall 2023
campaign to 100% success in Fall 2025. Key Improvements in 3 areas were made to
accomplish this:

1. Guide Star Catalog (GSC): Updates to the GSC improved IR depth and ability to
resolve individual stars, which was a dominant cause of guiding failure and guiding on
the wrong star. These updates to the catalog included incorporating the high-resolution
(~0.2") Galactic Nucleus Catalog (GNC; ~3.3 x 10¢stars to J =22, H~= 21, Ks = 21) into
GSC 3.0 as well as Gaia DR3. For GSC 3.1 the ESO VVYV catalog was merged, which
contributed some new sources (<0.5%) but substantially improved J/H/K completeness
and accuracy for existing stars.

2. Ground System Logic: Improvements to guiding plans were made by relaxing the strict
isolation criteria for both the guide stars and reference stars in the crowded Galactic
Center region. The accuracy of the expected flux of guide stars improved by accounting
for line-of-sight reddening in planning calculations. Knowledge of stellar brightnesses
for spoilers and candidate reference stars was made more complete in the ground system
by removing constraints on stars it deemed ‘ambiguous’ (missing IR magnitudes in the
GSC), and by incorporating calculations to fill in missing catalog magnitudes.

3. On-Board Scripts and Flight Software: A revised flight software algorithm more
accurately identifies guide stars through improved on-board identification of the
brightest (saturated) stars in the initial guiding ID images. This algorithm change
ensures that the guide star makes it onto the list of stars considered for the GS
acquisition process. The number of visits that guide on the wrong star was improved
through on-board verification checks on the flux of candidate guide stars. Additional GS
acquisition failures were mitigated by relaxing limits on the allowable initial pointing
offsets in a visit.

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
To verify that this is the current version.
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1 Introduction

The pointing accuracy and tracking capability of the James Webb Space Telescope (JWST) are
the result of complex interactions between the observatory hardware performance and flight
software. Pointing and guiding performance results from the interactions between star trackers,
gyroscopes, reaction wheels, fine sun sensors, the fine steering mirror, the fine guidance sensors,
multiple target acquisition modes (for different science instruments), flight software (both
spacecraft and guider instrument), ground software, guide star selection, and observation
scheduling details. The spacecraft's attitude control system (ACS) controls the pointing and
slewing of the JWST observatory. The track and guide capability of the Fine Guidance Sensor
(FGS) instrument works with the science instruments for the final location and tracking of
science targets.

The JWST FGS is the observatory’s main near-infrared (NIR) guiding camera residing in the
Integrated Science Instrument Module (ISIM). The FGS shares the same optical bench as the
science instrument NIRISS, the NIR Imager and Slitless Spectrograph. The FGS has a passband
from ~0.6 to 5.0um and operates at a temperature of ~37 K, similar to the near-infrared science
instruments. The FGS has 2 channels, Guider]l and Guider2 (see Figure 1), each with 2.3’ x 2.3’
field of view (FOV) imaged onto a 2048 x 2048 pixel array, with the central 2040 x 2040 pixels
being light sensitive. The outer four rows and columns of pixels serve as reference pixels for bias
measurements. The arrays have 18pum physical pixels and a pixel scale of ~0.069" on the sky.
Only one of the channels (Guider 1 or Guider 2) is used at a time for guiding activities during a
science visit. Only the central 1912 x 1912 pixels of the FGS detectors are used for guide star
availability, to ensure enough pixel space to accommodate the subarrays necessary for
acquisition (Chayer & Nelan, 2019).

The role of the FGS is to: 1) identify and acquire a guide star (GS), measure its position in the
active guide channel, and provide this data to the JWST attitude control subsystem (ACS) for
attitude determination and 2) provide fine pointing data to the ACS for attitude stabilization. The
FGS can provide this information for both fixed target pointings and for moving target
observations. GS position data is used by the ACS for absolute (right ascension and declination)
pointing knowledge and pointing control in the plane of the sky (pitch and yaw). The ACS uses
the data from off-axis star trackers to control the spacecraft’s roll orientation. Unlike for Hubble,
the JWST FGS is not offered as a public science instrument, and available data from the FGS is
used by scientists primarily to assess the pointing stability of an observation acquired with one of
the 4 science instruments on board the JWST.

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
To verify that this is the current version.
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Figure 1: The JWST Focal Plane showing the four science instruments plus the highlighted location of the
FGS Guider 1 and Guider 2 cameras.

There is a Level 1 mission requirement (MR) and science requirement (SR) on the guiding
success rate with the JWST:
Level 1 Mission and Science Requirements on the Observatory : MR-171 (SR-30): The
Observatory shall have greater than 95% probability of acquiring a guide star and
maintaining pointing stability on any fixed target for any valid attitude within the Field of
Regard (Bogenberger et al. 2007, Mather et al. 2006).

At the end of Cycle 3 in June 2025, the guiding performance was exceeding this requirement
across all pointings, with a visit success rate of greater than 97%. However, there have been
some science fields of interest that would continually fall short of this statistic, particularly
crowded field regions with numerous bright stars. While JWST is meeting the formal Level 1
requirement for guiding success across the full sky, the goal of the JWST FGS team is to ensure
that the observatory meets this high bar of 95% success across as many challenging science
fields as possible.

Guiding with the JWST FGS can fail for a number of reasons, including problems with the guide
star catalog (GSC) because of binaries, galaxy spoilers and incomplete or unknown magnitudes
that make it difficult or impossible to know the brightness of a candidate GS in the broad FGS
passband. Trending of the GS acquisition success rates shows that about 0.9% of all visits fail to
execute science because of guiding acquisition issues stemming from the JWST ACS that
controls pointing and slew offsets. The causes of these failures range from large (>10") ACS
initial coarse pointing errors, to moderate pointing errors in the guide star acquisition process
that put the intended star out of the intended subarray for the acquisition, or result in selection of
the wrong star. Additionally, bad pixels on the FGS detector in the vicinity of faint GSs can also
cause guiding to fail.

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
To verify that this is the current version.
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In this report, we summarize the JWST guiding method and present and discuss key challenges
that have arisen when guiding in bright, crowded science fields. Notably, the galactic center
(GC) region is among the densest stellar regions in the Milky Way galaxy and has proven
particularly challenging for guiding with JWST. We show our initial performance for visit
executions in this difficult field, and summarize additions, changes and alterations we have
implemented to improve guiding success and statistics in the GC region.

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
To verify that this is the current version.
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2 The JWST Guiding Method

Guiding with the JWST FGS is carried out using guide configurations that are unique to each sky
position and are incorporated into the visits using the science instruments. These guide
configurations consist of a candidate GS in the brightness range of approximately J~12.5 to 18
mag which is isolated by at least 6” from a nearest neighbor within 2 magnitudes (at K-band).
Each guiding configuration can also include between zero (for sparse fields) up to five reference
stars (to K~10mag) that are used to more accurately identify the GS. In case of any problems
with initial slew pointing offsets, the acquisition process is attempted three times per guiding
configuration. A science visit can include between one to three candidate-guiding configurations
with different GSs. Hence for each visit, the GS acquisition process will be attempted at least
three times (if needed), and up to nine times if three guiding configurations are included within a
visit.

2.1 The GS Acquisition Process

The JWST GS acquisition process starts with a full frame (or partial frame for crowded fields)
readout of the detector for identification of a GS and ends in the fast cadence measurement of 8 x
8-pixel subarrays for the operational ‘fine guide’ that is carried out during science exposures.
The main functions carried out in this process are Identification, Acquisition, Track and Fine
Guide. These functions and their flow through the acquisition process are described below and
illustrated in Figure 2.

Identification (ID): At the conclusion of a spacecraft slew, the telescope is pointing at the sky
such that the selected guide star is in the field of view of one of the FGS detectors and the
science target is in the desired science instrument, though not yet at the precise attitude for the
scientific observation. To ensure that the correct guide star is acquired, the FGS obtains an
Identification image of the sky. To minimize smearing since the telescope is not yet in fine
guide control, these images are obtained in a sequence of strips: 36 subarrays of 2048 x 64 pixels
with a photon counting time of 0.3406 s each. The onboard JWST Flight Software (FSW)
constructs a Bright Object List (BObj — pronounced “Bob-Jay”) that is comprised of up to 100 of
the brightest stars in the FGS detector field. The guide star and reference stars in a guiding
configuration for a visit must be on the FSW constructed BODbj in order to be used in the guiding
ID process. The observed positions of guide and reference stars are compared to the expected
catalog positions using a pattern-matching algorithm. See Figure 2.

Acquisition (ACQ): The approximate location of a guide star on the FGS detector is measured
using the flight software Identification function, or is determined at the end of a small angle
maneuver that offsets the guide star from a previously known location in the FGS FOV. This is
followed by executing the Acquisition function. A 128 % 128 pixel (8.8 x 8.8”) subarray is
centered at the expected position of the guide star (ACQ1). Images of the guide star within this
subarray are obtained and autonomously analyzed by the FGS to locate the star. A second set of
measurements using a 32 x 32 pixel (2.2" x 2.2") subarray (ACQ2), centered on the guide star
position, is obtained. A brightness check is done on this second set of images to verify the
correct star is being acquired. The FGS reports the position and intensity of the guide star to the
attitude control system; this information is used by the ACS to update its knowledge of the

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
To verify that this is the current version.




OTE Science Performance Memo #10: JWST FGS JWST-STScI-009457
Crowded Field Guiding Improvements in the Galactic Center Revision -

spacecraft’s current attitude, and to bring the pointing of the telescope to within 0.1" (1-c radial)
of its commanded position. The Acquisition process is carried out twice, once at the ID location
on the detector, and a second time at the Science/Fine Guide position for the guide star on the
detector. These two processes are often referred to as “ACQ at ID”, and “ACQ at Science” (See
Figure 2). Outside of crowded fields, the ID and science locations on the detector are the same
for the two ACQ processes (see also §3).

Track: Following the successful completion of the Acquisition function, and ACS’s corrective
maneuver of the observatory pointing, the FGS executes the Track function. The FGS places a
32 x 32 pixel (2.2" x 2.2") subarray on the expected location of the guide star. High cadence
subarray images are obtained from which the guide star’s position centroid is determined and
reported to ACS every 64 ms. In closed-loop Track mode the FGS adjusts the position of the 32
x 32 pixel subarray on the detector to remain centered on the guide star if the guide star moves.
Thus, Track mode is used for moving target observations. Once the guide star is within ~0.06"
of its desired location, the FGS transitions to Fine Guide mode (for the majority of observations
that are not on a moving target). See Figure 2.

Fine guide: When the FGS transitions from Track to Fine Guide, a fixed 8 x 8 pixel (0.55" x
0.55") subarray is centered on the guide star position. The guide star centroid is computed from
each subarray image and sent to the ACS every 64 ms, controlling the observatory pointing in a
closed loop. In Fine Guide mode, the subarray location is fixed and cannot be changed without
transitioning through the operating mode STANDBY which requires exiting fine guidance
control and starting over in Track mode. Once in Fine Guide control, the absolute pointing
accuracy of JWST with respect to the celestial coordinate system will be determined by the
astrometric accuracy of the Guide Star Catalog and the calibration of the JWST focal plane
model. See Figure 2.

Vila et al. (2025) describe the JWST FGS commissioning and on-sky operations performance in
more detail. And Warner et al. (2025) highlight some algorithm and methodology changes that
were made after the launch of JWST to better optimize general guiding operations.

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
To verify that this is the current version.
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Figure 2: A flow chart diagram showing the sequence of activities in the JWST FGS guiding acquisition
process, from the start of a visit (top) through the acquisition of dithered science exposures (bottom).

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
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3 General Challenges of Guiding in Crowded Fields

Guiding in dense stellar fields with JWST is often referred to as “bright crowded field” or BCF
mode. The ID step of the GS acquisition process (shown in Figure 2) for BCFs initially positions
the GS so that it is centered in the detector image; this is not the same GS position as the final
pointing for science. To improve saturation and limit the number of bright stars available for the
FGS pattern match algorithm in a BCF, a smaller 48x2.’3 (512 x 2048-pixels) central portion of
the detector is read rather than the full field of view. Unambiguous acquisition of a GS is more
challenging in these regions. For crowded fields, the BObj (see §2) needs to be comprised of the
100 brightest stars found within the ID image, with the guide and reference stars included on the
list. Ground tools have been constructed to exactly recreate the FSW BODbj and analyze the
guiding flow in BCF acquisitions.

As discussed in the prior section, the GS for a visit is autonomously found in the ID process
using an onboard identification algorithm. In the BCF case, there are usually a large number of
stars of similar brightness to the targeted star, and proper identification of the GS is vastly
improved using two or more reference stars. In this case, the FSW will use the ‘triad algorithm’
pattern matching technique to identify the GS (Black 1964). This triad algorithm implemented
in FSW uses two known, non-parallel vectors measured using three stars (GS plus 2 reference
stars) in two coordinate systems: the measured on-sky coordinates and the planned catalog
positions of the stars. The ID pointing correction is calculated by finding the transformation
between these two triads. This algorithm has proven to be remarkably robust and performs
extremely well in BCFs, particularly when 3 or more reference stars are available to provide
multiple options for an optimal triad calculation.

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
To verify that this is the current version.
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4 Performance and Improvements in Galactic Center Campaigns

The center of the Milky Way galaxy is observable by the JWST each year in two available
windows of time spanning Spring (~March — April) and early Fall (August — September). All
JWST observations of the GC will execute in one of these availability windows. Every one of
these observing windows where GC observations are scheduled is what we call the GC
“observing campaigns”.

In the following section we discuss across the GC observing campaigns the frequency of three
possible guiding outcomes for a visit:

e Successful GS acquisition on the correct, planned star: In this case, the visit executes
properly and as planned at the correct science pointing. Seen as green in figures.

e Successful GS acquisition on the incorrect star: In this case, the guide star ID process
failed to find the correct guide star and the acquisition executes on the wrong target. The
visit executes but the pointing will be off by an amount equivalent to the difference in
position between the planned GS and the incorrect star used for guiding. This difference
in position can be a few to tens of arcseconds. Seen as blue in figures.

e Failure of GS acquisition: In this case the visit fails, and no science exposures are
acquired. Seen as red in figures.

4.1 The 2022 - 2023 Initial Galactic Center Campaigns

Early in the JWST mission, from July 2022 through spring 2023, the JWST guiding team was
focused on optimizing performance across all areas of operations to ensure smooth guiding
across all visits. As such, the first two galactic center observing windows were carried out
without much attention from the JWST guiding team. It was not until after the Spring 2023
campaign that several crowded field performance issues seen in the GC were flagged as forefront
for the guiding team to investigate.

The first two GC campaigns occurred in early Fall 2022 and Spring 2023. These visits used the
GSC version 2.4.2 to plan guide stars, which included only the original optical GSC used for the
Hubble Space Telescope guiding, plus 2MASS J, H and K-band magnitudes. These catalogs
simply did not have the sensitivity or spatial resolution appropriate for distinguishing individual
stars that could be used for guiding with JWST in these BCF regions. Figure 3 shows the 3 color
J, H, and K-band image of the galactic center region. While there are many 2MASS catalog
entries for stars in these FGS fields, the field crowding and blending of flux is such that
individual stellar magnitudes are extremely uncertain. The GSC 2.4.2 catalog included only stars
with both GSC plus 2MASS magnitudes. The majority of stars in the GC region are very faint or
undetected in the optical, so GSC candidate stars were very sparse and relied entirely on 2MASS
for IR magnitudes.

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
To verify that this is the current version.
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Figure 3: A 2MASS J, H and K-band color image of a very crowded pointing in the galactic center region.
Cyan boxes highlight the position of the FGS1 and FGS2 guiding fields. In this pointing, the MIRI MRS
instrument aperture was centered on Sgr A* for science observations.

Figure 4 shows a histogram of GS acquisition statistics during these two early GC campaigns.
As it happens, there were remarkably no science visits skipped because of failed GS acquisitions.
About 59% of the visits that executed in the Fall 2022 and Spring 2023 GC campaigns were
carried out properly using the correct guide stars planned for the visit. This success rate was
extremely lucky, as the guide star catalog did not include a very significant fraction of the stars
that showed up in the ID images, and in nearly all cases the reference stars used for GS
acquisitions were not correctly identified. 41% of the visits were successfully executed but on
the wrong guide star. The GS acquisition software has no way to check or verify the accuracy of
the GS used for the observation, so in these visits the pointing of the observatory was not
consistent with the planned science positions. Note that the GS acquisition is successful if the
FGS acquires a GS. Whether or not it was the right GS has no bearing on the fact that the
operations scripts succeeded in acquiring a star.

Many of the visits that were executed in these two early campaigns were for imaging
observations. In imaging visits, use of the wrong guide star will affect the WCS accuracy
because the coordinates will be discrepant by the difference between the guide star position and
the star that was used for guiding. As such, imaging visits are more forgiving of slight pointing
offsets from the wrong GS versus small aperture spectroscopy, which may miss the planned
target entirely if the pointing is wrong. Figure 5 shows the spatial map of visits carried out
during these campaigns; the grey region shows the most crowded, dense fields mapped by the
GALACTICNUCLEUS Catalog (GNC; Nogueras-Lara et al 2019). From this spatial map it is
apparent that nearly all of the visits that executed in the densest central region (in grey) in Fall
2022 and Spring 2023 failed to acquire the correct GS for the observation.

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
To verify that this is the current version.
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Early JWST GC Campaigns - Fall 2022 and Spring 2023
25

20 Successful Visits
14 Successful on wrong GS
0 Failed/Skipped

58.8% Success

Successful Successful on wrong star Failed/Skipped

Figure 4: Histogram plot of guiding during the early Fall 2022 and Spring 2023 GC campaigns. 20 visits
were successful on the right GS, 14 visits executed on the wrong GS and none failed to acquire guiding.

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
To verify that this is the current version.
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Figure 5: An RA, Dec spatial plot of the visits that executed during the Fall 2022 and Spring 2023 GC
observing campaigns. Green stars show the successful visits that acquired the correct GS, and the blue
triangles show the visits that acquired the wrong GS. The grey region shows the footprint of the Galactic
Nucleus Catalog (GNC; Nogueras-Lara et al. 2018, 2019, 2020, 2021). Many visits within the high stellar
density central GNC region were not successful on the correct GS (blue triangles). The black plus shows the
location of Sgr A*. Many of the visits on the correct GSs that executed during these early campaigns were
outside of the field of view shown here.

4.2 Fall 2023 Campaign — Initial Attempts to Update and Correct Performance

The Fall 2023 GC Campaign was the first GC observing window that had the undivided attention
of the JWST guiding team. The GSC had been updated to version 2.4.3, which included the first
updated astrometric positions from the Gaia mission for the few optical stars in the region. For
the Fall 2023 campaign, two key changes were made in an attempt to improve and optimize
acquisition of the correct guide stars in the central and most crowded field region of the GC. The
first of these changes was that a verification check on guide star flux counts was implemented in

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
To verify that this is the current version.
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the on-board operations software. Particularly, during the ACQ2 process (see Figure 2), the
operations scripts were updated to check the flux from the guide star; the guide star brightness
had to be within a +/- 30% threshold of the calculated flux estimated from the ground or the
guide star acquisition would fail. Previously, with no check on guide star brightness, visits
would execute on stars that were very different magnitude than the planned GS. This check was
implemented to help correct the very common problem of guiding on the wrong star. The
second change was implemented part way through the Fall 2023 campaign in the hope of
improving BCF guiding: the use of reference stars for the acquisitions was turned off. The
performance in Fall 2022 and Spring 2023 showed that reference stars were not being identified
correctly and this was driving the GS algorithm to select the wrong stars. These two updates
were implemented in attempts to improve the likelihood of guiding on the correct star and
ensuring the proper pointing for science visits.

During the Fall galactic center observing campaign in 2023, there were only 2 successful visits
that executed on the correct guide star. The other planned visits either failed GS acquisition and
did not execute science, or GS acquisition was carried out — but post-visit inspection showed it
was on the wrong star. In these latter cases, the use of the incorrect GS means that the pointing
was off from the planned science position for these visits. The WCS coordinates of the
observation will be off by the difference in position between the planned and utilized guide star.
For non-imaging science modes such as small field integral field spectroscopy (NIRSpec IFU
and MIRI MRS), coronography (NIRCam or MIRI) or slit spectroscopy, these GS offsets usually
require a visit re-execution because the subsequent target acquisitions can fail and/or targets are
not in their planned apertures. In Fall 2023, 10 of the 12 visits that executed on the wrong guide
star had to be re-observed because these visits were for small aperture spectroscopy and the
observations failed to observe the prime science target.

Figure 6 shows that 33% of the visits in the Fall 2023 campaign executed on the wrong star, and
61% of visits failed to acquire guiding. The initial observations in the Fall 2023 JWST GC
campaign had GSs and up to five reference stars included in each visit guiding configuration.
However, there were a large number of stars in the ID images but very few catalog stars to
choose from for the guide/reference star candidates. As a result, the on-board triad algorithm
execution reported erroneous success where the visit executed; the acquisition worked but on the
wrong stars in all cases where reference stars were included. To improve identification of the
correct guide star, the use of reference stars was turned off midway through the Fall 2023 GC
campaign.

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
To verify that this is the current version.
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Figure 6: Histogram plot of guiding during the Fall 2023 GC campaign. 2 visits were successful on the right
GS, 12 visits executed on the wrong GS and 22 failed to acquire guiding and were skipped.

4.3 Incorporation of the Galactic Nucleus Catalog

Following these early campaigns of observations towards the Galactic Center in 2022 and 2023,
it became obvious that the GSC was not adequate to predict the position and intensity of guide
stars in that region of the sky. There are mainly two major problems in selecting guide stars
towards the Galactic Center: 1) extreme stellar density and 2) extreme interstellar extinction.
According to Nogueras-Lara et al. (2019), stellar density varies from 100,000 to 1,000,000 stars
pc and interstellar extinction exceeds values of Ay =30 or Ax = 2.5. To put this stellar density
into perspective, in the vicinity of the Sun the density is 0.14 stars pc > (Cox et al. 2000). These
two problems mean that surveys like the Vista Hemisphere Survey or 2MASS do not have a high
enough angular resolution to distinguish individual stars, and that a space-based optical survey
like Gaia is greatly affected by extreme extinction and only allows the detection of stars that are
in front of the molecular clouds near the Galactic Center.

As observations of the supermassive black hole Sgr A* and its environment have become very
important in recent decades, Nogueras-Lara et al. (2018, 2019, 2020, 2021) undertook the task of
cataloging and characterizing the stellar populations surrounding Sgr A*. Nogueras-Lara et al.
(2019) created the GALACTICNUCLEUS catalog, which is based on a high-angular-resolution
JHKSs imaging survey of the Galactic Center. The area covered by the survey is ~0.3 deg” and

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
To verify that this is the current version.
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contains the JHKs photometry of approximately 3.3 x 10° stars. Limiting faint magnitudes reach
values of J ~ 22 mag, H ~ 21 mag, and Ks ~ 21 mag.

Nogueras-Lara et al. (2019) observed the Galactic Center using the High Wide field K-band
imager (HAWK-I) on the ESO’s Very Large Telescope (8.2m) located at the La Silla Paranal
Observatory. The imager consists of four HAWAII 2RG 2048 x 2048 detectors with a field of
view of 7.5” x 7.5” and a pixel scale of 0.106” pixel'. They took a series of 1000 short-exposure
frames per pointing with an exposure time of 1.26 s per frame. With these short exposures and
many bright stars across the images, they used the speckle holography technique (Primot et al.
1990, Petr et al. 1998, and Schddel et al. 2013). Images of a star can be mathematically
considered as a convolution of the intrinsic intensity distribution of the star with a combination
of the instrument’s point spread function and the atmospheric turbulence. The speckle
holography technique allows inversion of the atmospheric turbulence degradation to reconstruct
the observed images. Using the generated images, Nogueras-Lara et al. (2019) achieved a high
angular resolution (0.”2) and extracted the positions and magnitudes of stars with great precision.
This forms the basis of the Galactic Nucleus Catalog (GNC).

The GNC was included in version 3.0 of GSC at the beginning of March 2024. GSC 3.0 was a
major update, as the new catalog was now also based on the Gaia Data Release 3 (Gaia
Collaboration 2023), and no longer only relying on data from the Digitized Sky Surveys (Lasker
et al. 2008). Key improvements made to the GSC include better astrometry, better near-infrared
photometry and better star—non-star classification. The addition of GNC to GSC 3.0 was
essential for selecting appropriate guide and reference stars for observations of the Galactic
Center using JWST. For instance, Figure 7 compares simulated FGS images of a region of the
Galactic Center using data from GSC 2.4.3 and GSC 3.0 with that of an image taken with the
FGS identification mode. The simulated image obtained from GSC 2.4.3 shows only a few stars
when compared to the FGS image. This comparison clearly demonstrates that GSC 2.4.3 was
inadequate for selecting guide and refence stars. It also explains why the FGS flight software
failed to acquire the correct guide star in the 2023 campaign. In contrast, the simulated image
obtained from GSC 3.0 matches almost perfectly with that of the FGS. This comparison
illustrates the very high quality of GNC and its importance in selecting guide and reference stars
towards the Galactic Center.

From analysis of Fall 2023 Galactic Center FGS ID images (§4.2), it was observed that the
algorithm used to convert the GSC photometric information to NIR counts near Sgr A
underpredicts what FGS will see due to the extreme reddening of this area. To address this, an
empirical count rate factor for stars in the GNC was implemented to improve the match between
the expected and observed count rates. This count rate multiplicative factor of 1.5 was derived
by investigating the observed counts in actual JWST acquisition images (from ACQ2 — see
Figure 2), and comparing to the expected count rates calculated by the ground system. In all
following GC observing campaigns, the expected guide star count rates calculated by the ground
system were all multiplied by this 1.5 to better match observed count rates in these reddened
fields. This scaling has proven to be remarkably robust.

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
To verify that this is the current version.
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Update of the Guid Star Catalog for the GNC Region
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Figure 7: Simulated and observed images of a guide star field for a SgrA* science program with the JWST.
These images span a 48’ x 32" region of the sky, which corresponds to about 8% of the total FGS field of
view. Left: simulation based on the contents of the GSC v 2.4.3 catalog which was in operations at the time
of these observations in 2023. Center: The ID image captured by the FGS as part of the guide star
acquisition process, saturated bright stars are seen with negative cores in the image. Right: A simulation of
the same region based upon the new additions in the GNC which were incorporated into GSC 3.0. The new
catalog (right) has remarkably good correspondence with the FGS ID image (center), both in terms of
cataloged stars and their brightness.

4.4 Improved Guiding in the 2024 GC Campaigns

The first campaigns with the GSC 3.0 that had the GNC incorporated were a definite
improvement. We went from 5% visit success on the correct guide star in Fall 2023 to 72 — 76%
success in the 2024 GC campaigns. Key changes made to the guiding system to this point
include: 1) most critically, incorporation of the GNC catalog into the GSC, 2) a threshold check
on fluxes of the guide stars in the ACQ2 step of guide star setup (see Figure 2), and 3) a
multiplicative factor of 1.5 to take into account the effects of extinction to better match the
ground calculations of guide star count rates to those observed on board. Here we present more
detail on the improved performance seen in the 2024 GC campaigns and describe the continued
failure modes in GC visits from Fall 2024.

The end-to-end guiding and operations software did not change appreciably between the Spring
and Fall 2024 campaigns, and so these two GC windows are combined for overall statistical
analysis of guiding performance improvements (see §5).

4.4.1 Spring 2024

The Spring 2024 GC campaign was the first to execute using the new GSC with the GNC survey
and Gaia DR3 positions incorporated. It was gratifying to see dramatically improved success
statistics for guiding in the GC region compared to the Fall 2023 campaign. Particularly, there
was a striking decrease in the number of visits that executed on the incorrect GS compared to all
prior GC observing campaigns. Figure 8 shows a histogram plot of the guiding performance in
this campaign: 36 visits executed as planned on the correct GS, 1 visit acquired the incorrect
star, and 13 visits failed GS acquisition.

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
To verify that this is the current version.
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Figure 8: Histogram plot of guiding during the Spring 2024 GC campaign. 36 visits were successful on the
right GS, 1 visit executed on the wrong GS and 13 failed to acquire guiding and were skipped.

4.4.2 Fall 2024

In Fall 2024, execution of GC visits improved further to a ~76% success rate. Figure 9 shows
the campaign statistics for successes and failures. In Fall 2024 there were no visits that executed
on the wrong guide star. 24% of the total 41 visits failed to acquire the proper guide star. Since
the detrimental issues with the catalog completeness had been improved, analysis of the visit
failures in Fall 2024 revealed a range of additional issues that could affect BCF guiding in the
GC. Figure 10 shows a histogram plot of the reasons for the 65 failed ID or acquisitions across
the 41 visits in the Fall 2024 GC campaign. Recall that each visit has up to 3 acquisition
attempts on each of up to 3 guiding configuration options — 9 attempts in total. 65 failed
attempts to guide in 31 successful visits means that 96 ID or acquisitions were carried out in total
across the 41 visits (65 failed acquisitions plus the 31 successful tries in the visits that executed).

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
To verify that this is the current version.
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Figure 9: Histogram plot of guiding during the Fall 2024 GC campaign. 31 visits were successful on the right

GS, 0 visits executed on the wrong GS and 10 failed to acquire guiding and were skipped.

In the 2024 GS campaigns, 10 of the GS acquisitions failed all attempts for several reasons. The
main failure modes were as follows (see Figure 10):

e Star not on the BObj: In 41 of the 65 failed acquisition attempts, the planned GS did

not make it onto the FSW BObJ (see §3 for discussion of the FSW BObj). If a planned
GS does not make it onto the BObj constructed by the FSW then that GS is not
considered for the triad pattern matching and is not ever successfully found. In all cases
in Fall 2024 where the star was not on the BObj, the acquisition failed rather than
erroneously acquiring the incorrect star. This provides additional evidence that the triad
pattern matching algorithm with guide and reference stars is robust against false matches.

e Slew Error to SCI Position: In 9 of the 65 failed acquisitions, an excessive offset error

was seen following the ACS slew to the science pointing during the ‘slew to science’ step
in the process (see Figure 2). ACS slews to the science position during GS acquisition
have a requirement to execute up to 60 slews with a 3-s accuracy (per axis) of 3.70. In
most normal visit cases this requirement is met with margin, but BCF visits like the GC
region often have slew errors that are far beyond this. In the Fall 2024 GC campaign, we
had excessive slew-to-science offsets of up to 7”. In these cases, the visit either failed to
find the planned GS because of the large offset, or it found a nearby star closer to the
planned position and then failed the ACQ2 brightness check on that star.

e Delta Noise Check Fail: 5 of the acquisitions failed because of a FSW verification check

on GS signal. For these GS acquisitions there was a signal-to-noise check on GS

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
To verify that this is the current version.
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detection using mean and standard deviation pixel values calculated in a sub-window
region at the edge of the ACQ2 pixel box. This has turned out not to be needed and is
even problematic if a BCF results in a star in the sub-window region used to calculate the
signal and noise. As a result, this check was deemed unnecessary and was disabled for
ACQ2 so that we would no longer fail due to a dim star located on the sub-window
perimeter.

e Initial Pointing Error at ID: Two of the 65 attempts at guiding during the Fall 2024
campaign failed guide star acquisition because of a large offset in the initial ID image
taken at the start of the process. GSs that were greater than 10” away from their expected
position in the ID images fail the initial positioning checks.

e Other Problems: During the Fall 2024 GC campaign there were 8 GS acquisition
attempts that failed for other reasons. These other reasons included issues such as: guide
stars that were unknown binaries or optical doubles, bad pixels on the FGS detectors
causing problems with guide star acquisition and failures during dithers because of bad
pixels.

Fall 2024 GC Campaign - GS Acq Failures
(65 Failed Acquisition Attempts Across 41 Visits)

41

45

40

35

30

25

20

Star not in BObj Slew Error to SCI  Delta Noise Check Initial Pointing Error Other Problems
Position Fail at|D

Figure 10: A histogram plot of the reasons for failed acquisitions in the Fall 2024 GC campaign. A total of 65
acquisitions failed out of the 41 visits in this visibility window. The text describes these failure modes in
detail.

4.5 Flight Software and VVV Catalog Update
Following the success in the Fall 2024 GC campaign, it became clearly obvious that we could

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
To verify that this is the current version.
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improve guide star acquisition for BCF by a significant amount if we addressed and fixed the
problem of the guide star and reference stars not making it onto the FSW BObj. During the
acquisition process, the FSW analyzes the ID image to find stars to place on the 100-star BOb;.
It does this by scanning an 8x8 box across the ID image in strips. All saturated pixels in the
image are replaced by a value of 25,000ADU by the FSW.

The original algorithm to identify bright stars to put on the BObj would take each 8x8 pixel box
and place a 3x3 window to calculate a sum on a ‘trigger pixel’ — a pixel greater than a lower
threshold of flux. The algorithm would then search for a new trigger pixel that was greater than
the last and put a 3x3 box and sum the counts at that location. Eventually for each bright star
there would always be a saturated pixel at 25,000ADU. The algorithm would continue and
search for a new higher flux trigger pixel, but 25,000 is the highest (saturated) pixel value in the
ID image. No new trigger pixel would be found, the stellar photometry would be logged for the
BODbj as the 3x3 sum of counts centered on the first saturated pixel no matter the brightness for
the star. In BCF visits, the list of 100 bright stars rapidly filled with saturated stars because a
new trigger pixel with a brightness above 25,000 ADU would never be found. There was no
way to distinguish between an extremely bright star and a lightly saturated star when the
maximum count rate around the first 25,000 pixel was logged. This resulted in a BObj with just
the first 100 stars in the ID image it found that were saturated, with no means to distinguish their
true brightness — a 10™ magnitude star would look the same as a 14" magnitude star to the BOb;.

The FGS team (particularly Ed Nelan at STScI and Joe Chobot at GSFC) devised a new
algorithm for the FSW to better distinguish the brightness of stars in ID images and make a
proper BObj with an ordered list of the brightest 100 stars included. In this new algorithm, for
each of the 8x8 pixel boxes scanned across the ID image, a 3x3 summed count rate is determined
centered at each of the 64 pixels in the 8x8 box. If the summed counts in the 3x3 box is 225,000
it means all 9 of the pixels in the box are saturated. If a star is saturated heavily enough to have a
3x3 summed count rate of 225,000 then the flux that is logged to create the BObj is 225,000 plus
the number of 3x3 boxes that summed to this maximum value. For example, if an extremely
bright star had all 64 pixels in the 8x8 scan box saturated, the logged flux would be 225,000 plus
64. In this way, the FSW can now distinguish between heavily saturated stars and only
moderately saturated stars and hence create a properly rank-ordered list of the 100 brightest stars
in the BCF ID images for the BObj. Figure 11 illustrates this concept.

In March 2025 this new update to the FSW algorithm to better populate the BObj was approved
and implemented for flight operations. The Spring 2025 GC observing campaign was the first
use of the updated FSW algorithm. Additionally, in December 2024 the GSC version 3.1 was
incorporated for operations with JWST. This new release of the GSC incorporated new infrared
(IR) magnitude measurements from the European Southern Observatory’s (ESO’s) VISTA
Variables in the Via Lactea (VVV) catalog (Minniti et al. 2010). The number of new stars
included within the VVV catalog did not change appreciably compared to the GNC update
incorporated into GSC 3.0. However, the stars that were added into the GSC 3.0 catalog in the
galactic center region (Figure 7) now had much more complete three band J, H and K
magnitudes available with the incorporation of the VV'V.

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
To verify that this is the current version.
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Figure 11. Left shows the original method to measure a star’s brightness. FGS computes the 3x3 sum of the
pixels surrounding the first “trigger pixel” that reaches full saturation (25,000 ADU for bright stars), as
denoted by the red box. Right, the FSW update continues to scan the 8x8 window for additional saturated
pixels and computes the associated 3x3 sums. The number of these 3x3 sums that reach full saturation of
225,000 is logged and added to the number of fully saturated 3x3 boxes in the 8x8 scan window. In the above
example, the original FSW would log a single 3x3 sum less than 225,000, while the modified FSW returns a
value of 225,014. This assured that very bright stars would not be denied membership on the BObj because of
the many fainter stars that were estimated as bright by the initial algorithm.

4.6 Spring 2025 GC Campaign

Spring 2025 was the first GC campaign following the FSW updates. The JWST FGS team had
high hopes for guiding success in these visits. Unfortunately, guide star acquisitions didn’t meet
these expectations at the beginning of the campaign, as the first few visits that were flown failed
to acquire the GS. The guiding configurations included in visits were sparse; almost all of them
had only one GS candidate configuration with just one available reference star. This was not
sufficient to acquire in in the GC region as there weren’t enough reference stars for FSW to use
the triad algorithm for GS ID. Although the FSW update was performing well and candidate
guide and reference stars were on the BObj with the expected improvements in stellar brightness
estimates, the initial GS acquisition attempts in the Spring 2025 campaigns were not successful.
These sparsely populated GS configurations were quite different from what was flown in the Fall
2024 campaign, where visits routinely had 3 GS configuration options with 4 to 5 reference stars
each. Observation planning through the guide star selection (GSS) system for Spring 2025 was
not finding as many guide or reference star candidates for visits. It was clear something had
changed in the GSS from Fall 2024 to Spring 2025.

The GSC v3.1 was updated for the VVV and used in Spring 2025. Stars in the GC region and
GSC 3.1 that had either a) incomplete J, H and K band magnitudes without all three bands
populated or b) catalog brightnesses fainter than the 2MASS limit in any of J ,H, or K (17.8,
17.0, 16.0 respectively) were labeled as ‘ambiguous stars’ in the planning system. These
‘ambiguous stars’ without full IR magnitudes would previously default to the bluest magnitudes
available in the GSC and in the GC region, this would underestimate stellar brightnesses by
several magnitudes. The ambiguous stars were therefore deemed too faint and weren’t
considered relevant for guide and reference star isolation tests. Our investigation showed that
more than 90% of the catalogued stars in the GNC region of the GSC 3.1 (incorporated in
December 2024) had at least one magnitude beyond the 2MASS faint limits and were considered
ambiguous by the GSS for building flight guiding configurations. Of the stars in the GC region

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
To verify that this is the current version.
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in GSC v3.1, 73% have only a K-band magnitude; no H or J magnitude is available.

Very few new stars (< 0.5%) were added to the GSC version 3.1 with the incorporation of the
VVV catalog. This update was largely focused on improving the magnitude accuracy and
completeness across the J, H and K bands for the existing stars in the GSC. With the
incorporation of the VVV into the GSC from v. 3.0 to 3.1, the updated magnitude values made
the number of stars with a calculated FGS magnitude of <13™ that could serve as either guide
stars or spoilers on reference stars increase by 10%. This almost entirely came from stars that
had existing magnitudes that were updated with VVV magnitudes brighter than the 2MASS faint
limits, mostly in the J-band, so that the star was no longer considered ambiguous. The number of
stars with FGS mags of <15™ which might be spoilers on guide stars (using the strict 2mag at 6”
isolation criteria) increased by 23% in GSC 3.1.

In the early part of the Spring 2025 GC campaign using the new GSC 3.1, there was difficulty
finding adequately isolated stars to populate appropriate configurations for visits; with 3
candidate GSs and at least 2 reference stars per configuration to trigger the triad algorithm. To
improve this, the strict isolation criteria of 2 mag at 6” on guide stars was relaxed to 2 mag at 4”
(or 2 mag at 2” for the most crowded fields). The isolation of reference stars was relaxed
significantly to 1 mag at 1”. Improved guiding configurations with these overrides on system
defaults were built manually by the planning and scheduling team. These relaxed constraints on
guide and reference star isolation proved to be very successful and guiding acquisition in visits
during the latter part of the Spring 2025 GNC campaign was vastly improved. These updates to
isolation criteria were implemented into operations in the Summer 2025.

The latter part of the Spring 2025 campaign was planned very interactively with manual
overrides for the isolation criteria and removal of 2MASS faint limits (changes were not yet
incorporated into GSS). We also carried out extensive review to ensure that flown visits met our
new requirements for BCFs: 3 available GS configurations with 2 or more reference stars
available in each. Following the initial visit failures at the beginning of the Spring 2025
campaign, the remaining visits all succeeded on the correct guide star once this detailed attention
on visit planning initiated, see Figure 12.

Investigation of the issues during the Spring 2025 GC campaign revealed that it is important to
have full J, H and K band magnitudes for the stars in the GNC region to remove their
‘ambiguous’ classification. To improve the catalog completeness, we implemented calculations
to fill in missing J, H or K band magnitudes for every GNC star that is considered by the GSS for
a visit. Particularly, we used the published extinction laws from the GNC observations
(Nogueras-Lara et al. 2019) and derived equations to calculate a missing magnitude for a star
that has two available IR magnitudes. For example, if a star is missing a J band magnitude but

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
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Figure 12: Histogram plot of guiding during the Spring 2025 GC campaign. 10 visits were successful on the
right GS, 1 visit executed on the wrong GS and 3 failed to acquire guiding and were skipped. There were
only 14 attempted visits in the Spring 2025 campaign because this GC region was in the micrometeoroid

avoidance zone (MAZ) during this visibility window.

has H and K in GSC 3.1, we now calculate the missing J-band magnitude using the below
equations. The same is true for missing H and K-band magnitudes. These calculations are used
for spoiler checks and to fill in magnitudes for potential reference stars. The resulting
magnitudes are only used to better assess brightness isolation criteria and estimate count rates for
reference stars. We do not use calculated magnitudes for GSs; all stars used as GS candidates for
visit configurations must have all three IR magnitudes available from the catalogs.

Deriving J when you have H and K:
Jderived = Hobservea + 1.92 *(H— K)observed
Jderived = Kobservea + 2.92 *(H— K)observed

Deriving H when you have J and K:
Haerived = Jobserveda — 0.658 *(J - K)observed
Haerivea = Kobservea + 0.342 *(J - ]Qobserved

Deriving K when you have J and H:
Kierived = Jobserved — ]520*(J— I{)observed
Kderivea = Hobserved — 0. 530*(-]— ]‘I)obxerved

All derived equations are included here for completeness. The utilized equation defaults to the
reddest magnitude for the ‘observed’ reference, under the knowledge that the redder magnitudes

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
To verify that this is the current version.

25



OTE Science Performance Memo #10: JWST FGS JWST-STScI-009457
Crowded Field Guiding Improvements in the Galactic Center Revision -

in the GC tend to be more accurate. In July 2025 we implemented two additional features into
operations to further improve guiding in the GNC region:

e We completely removed the GSS rule that assigned any star as 'ambiguous' if it had J, H
or K-band magnitudes beyond the 2MASS faint limit. Now any star with complete J, H
and K band magnitudes, regardless of the value of the magnitude, would have FGS
magnitudes calculated and be considered by GSS for guide and reference star or spoiler
criteria. Staff in planning and scheduling tested this using manual overrides in the latter
part of the Spring 2025 campaign to construct flight GS configurations.

e We implemented the reddening law calculation that filled in missing magnitudes for stars
that were lacking one of the J, H or K band measurements in the GSC. With the
incorporation of the reddening law calculation, 37% of stars in the GSC newly had more
complete J, H and K magnitudes available, and FGS mags could now be calculated and
considered by the GSS.

These two new features allow for dramatically improved guiding configurations in the GC region
with stars that meet the isolation criteria. Particularly, these two new additions increased the
number of catalog stars (by a factor of over 10) that the GSS considers for guide/reference stars
and nearby spoilers, though only 25% of these non-ambiguous stars are bright enough to be
relevant for the GSS selection rules. The removal of the ambiguous star designation on sources
with any magnitude beyond the 2MASS faint limits, combined with implementation of the
reddening law to calculate missing magnitudes, resulted in a 200% increase in the number of
stars considered by the GSS with a calculated FGS magnitude of <15™ that could be spoilers on
guide stars. Stars <I13" mag that might affect reference star isolation increased by 25%. Figure
13 at top shows the view of the sky that the GSS considered for building flight guiding
configurations with GSC 3.1 prior to these operational changes implemented in July 2025. The
bottom of Figure 13 shows the view of the sky that the GSS now sees for constructing guiding
configurations with the two new features.

One additional change was made to improve guiding in the Spring 2025 GC campaign.
Investigation of observing statistics showed that several GS acquisitions across the JWST
mission would likely have succeeded if the initial pointing offset check at the ID step was larger
than 10”. In Spring 2025, this restriction was relaxed to an offset of 12”. If a GS is off from the
expected ID location by more than 127, the acquisition will fail and the process will proceed to
the next attempt or end the visit if there are no configuration attempts left.

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
To verify that this is the current version.
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Figure 13: The upper image shows the JWST Guide Star Selection System view of the v3.1 Guide Star
Catalog from the standpoint of ‘non-ambiguous’ stars that were available for guide and reference star
selection consideration. The bottom image shows the view available to the GSS after July 1, 2025 when the
corrective changes described in the text were implemented. A vast number of stars have been added for GSS
to consider for guide and reference star selection, though a majority are too faint to be spoilers on guide stars
(<15 mag).

4.7 Fall 2025 GC Campaign

The Fall 2025 campaign saw the FGS and JWST operations team improvements and hard work
all come together. As a result of the new changes implemented (as described in the prior
sections) and the significant attention and vetting of candidate guide and reference stars to craft
optimal guiding configuration for the visits, the Fall 2025 campaign saw a 100% success rate on
the correct star for all 37 GC observations that were attempted during this visibility window.
Figure 14 shows the histogram results for the Fall 2025 GC campaign.

There were 14 ID/acquisition attempts that failed in Fall 2025 even though the corresponding
visits were ultimately successful. In all 14 of these cases, the correct GS was identified by the ID
triad algorithm. These attempts failed because of slew errors to the science pointing (8

attempts), guide star catalog brightness issues (3 attempts), and in 3 attempts the correctly
identified GS was beyond the 12” distance check in the ID image.

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
To verify that this is the current version.
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Figure 14: Histogram plot of guiding during the Fall 2025 GC campaign. 37 visits were successful on the
right GS, 0 executed visits on the wrong GS and 0 failed to acquire guiding.

Check with the JWST SOCCER Database at: https://soccer.stsci.edu

To verify that this is the current version.
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5 Results and Future Considerations

Figure 15 shows the overall statistics for guiding performance across GC campaigns from Fall
2023 through Fall 2025. During this time frame the successful visits went from 5% to 100%, and
the fraction of failed/skipped visits decreased from 60% to 0%. It is abundantly clear that the end-
to-end improvements devised by the FGS team and implemented by members across the JWST
planning, scheduling and operations systems have been wildly successful. The FGS team has
achieved our goal of improving GS acquisition performance to meet the overall 95% success rate
(8§1), even for the challenging GC region. Figure 16 shows the on-sky spatial plot of the visits
summarized in Figure 15.

In addition to the obvious improvement in visit success statistics, the configurations flown in Fall
2025 were also fundamentally more efficient than prior visits. Particularly, in Fall 2025 there were
51 ID/acquisition attempts across the 37 successful visits, which equates to 1.4 ID/acquisitions per
visit. This compares directly with the 96 attempts necessary to carry out the 31 successful visits
in the Fall 2024 observing campaign, or an average of 3.1 ID/acquisition attempts per successful
visit (as discussed in §4.4.2). Not only are visits executing more successfully, but they are also
more efficient with fewer ID/acquisition attempts needed per visit. In many cases, the second and
third available GS configurations in visits were not needed. This improvement in guiding
efficiency enhances the overall observatory operations, resulting in lower observation overheads
and ultimately more time for science.

Fall 2022 and Spring 2023 campaigns are not included here because those visits were ‘point and
hope for the best’ using blended 2MASS GSC magnitudes and with no checks or verifications.

JWST GC Campaign Fall 2023 - Fall 2025

09 Successful Visits Wrong Guide Star Failed/Skipped Visits

06
05
04
03
02
0.1
§ - F 4 - -_— V4

023 Spnrg-o-FalL Spring2025  Fall2025 023 Spnrg+ Fal  Spring20%5  Fall2025 023 Spnrg-i- Fall Spring2025  Fall2025

Fraction of Total Visits in the Campaign

Successful Visits Wrong Guide Star Failed/Skipped

Figure 15: The overall statistics for guiding in the GC region from Fall 2023 through Fall 2025. Here the

Spring + Fall 2024 are presented in the same bin because the performance statistics were extremely similar

during these two campaigns and there were no operational changes made between these two GC observing
windows that would have altered the guiding performance in any way.

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
To verify that this is the current version.
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As mentioned in §4.4.2, we still have a known issue of large slew offsets (>~4"") when we go
from the GS ID position to the science position. In some BCF cases, the ACS offset can place a
star of comparable brightness to the GS near the central position so that it is incorrectly selected
in the ACQ at science step. This happened in the one visit that guided on the wrong star in
Spring 2025 (Figure 12). The new GS isolation criteria and more accurate infrared magnitudes
for spoiler stars (discussed in §4.6) should reduce this problem, but will not eliminate the risk of
guiding on the wrong GS if there is a moderate error in the slew to the ACQ at science position.
If this proves to be problematic in future GC campaigns, we are considering operational updates
that might improve the magnitude of the error when we slew to the science position in the GS
acquisition process.

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
To verify that this is the current version.
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Figure 16: An RA, Dec spatial plot of the visits that executed during the Fall 2023 through Fall 2025 GC
observing campaigns. Green stars show the successful visits that acquired the correct GS, the blue triangles
show the visits that acquired the wrong GS and red circles show visits that failed to acquire the GS. The grey
region shows the footprint of the Galactic Nucleus Catalog (GNC; Nogueras-Lara et al. 2018, 2019, 2020,
2021). The black plus shows the position of Sgr A*. Note that we are plotting here the position of the GSs
for science visits. The clusters of GSs to the lower left and upper right of the black plus are from GSs in the
FGS fields where the science instrument was positioned in the central Sgr A* region. The majority of visits
outside of the high stellar density GNC region have been successful at acquiring the GSs.

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
To verify that this is the current version.
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6 Conclusions

The coordinated efforts of the JWST FGS team and planning, scheduling and operations systems
have resolved the significant challenges associated with guiding in the crowded and reddened
environment of the Galactic Center. By systematically addressing hardware behaviors, catalog
limitations, and software algorithms, the observatory has achieved robust pointing stability in
one of the most difficult regions of the sky thanks to the key milestones and technical
achievements listed below.

e Dramatic Performance Turnaround: The guiding success rate for GC campaigns
improved from 5% in Fall 2023 to a 100% success rate on the correct guide star by Fall
2025. This accomplishment ensures the FGS meets the Level 1 Mission Requirement of
greater than 95% acquisition probability, even in dense stellar fields.

Catalog and Photometry Enhancements: The integration of the Galactic Nucleus Catalog
(GNC) and VVV data into Guide Star Catalog versions 3.0 and 3.1 provided the
necessary resolution and infrared magnitude completeness. Additionally, implementing
an empirical count rate multiplicative factor of 1.5 successfully corrected for under-
predicted count rates due to extreme reddening.

Flight Software and Algorithm Updates: A critical update to the Flight Software (FSW)
allowed for the creation of a properly rank-ordered Bright Object List (BObj) in saturated
fields, ensuring bright stars were correctly identified for the triad pattern matching
algorithm.

Optimized Planning Strategies: To mitigate the lack of complete photometry for reference
stars, the team implemented calculations to derive missing J, H, and K magnitudes.
Furthermore, relaxing the guide star isolation criteria to D Kmag = 2 and 4 arcsec, and
reference star criteria to D Kmag = 1 and 1 arcsec allowed for the construction of robust
guiding configurations with multiple reference stars.

Operational Efficiency: The improvements not only ensured success but also increased
efficiency. The number of ID or acquisition attempts required per successful visit
dropped from an average of 3.1 in Fall 2024 to 1.4 in Fall 2025, maximizing the time
available for science observations.

While the GS acquisition process is now highly reliable, the team continues to monitor
unexpected slew offsets during the transition from the GS ID location to the science position,
which remains a potential source of error in BCF visits. Future operations may consider updates
to further minimize these offsets, ensuring the continued high precision of JWST observations in
the Galactic Center.

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
To verify that this is the current version.
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