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We present an analysis of JWST’s on-orbit initial pointing (the pointing established after guide-
star acquisition and before any target-acquisition correction) performance  using measurements 
from NIRCam, NIRISS, MIRI, and NIRSpec. Based on observations collected after the relevant 
SIAF alignment updates, and after rejecting obvious outliers, NIRCam and NIRISS have the 
tightest distributions, MIRI is somewhat broader, and NIRSpec shows the largest scatter among 
the four instruments. Nevertheless, JWST’s pointing before target acquisition is still typically 
accurate to within a few tens of milliarcseconds for all four instruments, which is better than one 
pixel and and order of magnitude better than the 1.0 arcsecond requirement. When we compare 
offsets in directions tied to the telescope roll angle, we see only modest structure for NIRCam 
and NIRISS and somewhat broader behavior for MIRI and NIRSpec. Overall, the results show 
that JWST’s initial pointing is already very good for all four science instruments, and target 
acquisition usually needs only small final corrections. 
 
 
1  Introduction 
 
Pointing accuracy is fundamental to the scientific capabilities of the James Webb Space 
Telescope (JWST). While many high-precision observing modes utilize on-board Target 
Acquisition (TA) to refine the spacecraft's position, the success of these sequences depends 
entirely on the accuracy of the initial telescope pointing.1 For modes like coronagraphy or multi-
object spectroscopy, the telescope must first place the target within a specific region, generally a 
few arcseconds wide, to ensure the TA algorithm can successfully identify and centroid the 
target star. If the initial pointing error exceeds this threshold, the acquisition will fail, resulting in 
lost science time. 
 
Furthermore, robust initial pointing performance directly enables observational efficiency by 
removing the need for TA in many science cases. When the telescope's intrinsic pointing 
accuracy is comparable to the instrument's field of view or pixel scale, observers can skip the 
overhead-heavy TA process entirely. Some examples are: 

 
1 In this report we use the term initial telescope pointing (or initial pointing) rather than blind pointing. The latter 
can be misleading, since the telescope is already constrained by the acquired guide star and its celestial coordinates 
before target acquisition is performed; see Sohn (2024) for a similar discussion. We therefore refer throughout to 
pointing before target acquisition as initial pointing. 
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• Wide-Field Imaging Mosaics: Surveys mapping large fractions of the sky (e.g., with 
NIRCam or MIRI) rely on pointing without TA to ensure seamless overlap between tiles 
without the significant time penalty of acquiring a guide star and performing TA for 
every single pointing. 

• Slitless Spectroscopy: Modes such as NIRISS WFSS or NIRCam Grism often have 
relaxed positional requirements where the spectral trace simply needs to fall on the 
detector. Precise pointing allows these observations to proceed immediately after the 
slew, maximizing photon-collection efficiency. 

• Integral Field Unit (IFU) Mosaics: For extended sources like galaxies or nebulae that fill 
the IFU field of view, sub-arcsecond placement accuracy is often sufficient, allowing 
users to bypass TA and dedicate more orbit time to deep integration. 

 
To support these diverse needs, the JWST Science Requirements Document specifies absolute 
pointing accuracy (SR-24, Mather 2006) as a primary performance metric. This requirement 
mandates that the telescope must place a target at a commanded focal plane position with an 
accuracy of 1.0 arcsecond (1-σ, radial) without the use of on-board TA. This initial pointing 
baseline is established a priori based on the accuracy of the Guide Star Catalog (GSC), the 
thermal stability of the observatory, and the precision of the Fine Guidance Sensor (FGS) to 
Science Instrument (SI) alignment. 
 
In the context of this report, “pointing” refers specifically to the accuracy with which the 
Attitude Control System (ACS) places the commanded target coordinate at a specified focal 
plane location using only the FGS and Fine Steering Mirror (FSM), before any instrument-
specific TA correction is applied. The ACS determines the instantaneous spacecraft attitude by 
combining FGS centroid measurements of the guide stars with other onboard sensing 
measurements, together with the guide-star coordinates from the GSC (typically Gaia DR3). 
These coordinates are transformed to the focal plane V2/V3 system using Science Instrument 
Aperture File (SIAF) parameters. Consequently, any systematic error in the SIAF alignment 
parameters directly propagates as a systematic pointing offset. 
 
This report therefore uses on-orbit TA data to quantify JWST’s intrinsic pointing performance 
across NIRCam, NIRISS, NIRSpec, and MIRI. A TA image provides a direct measure of the 
telescope state after the slew has settled but before any instrument-specific correction is applied, 
so the measured offset reflects the combined effect of the attitude solution, guide-star centroids, 
and SIAF alignment in the configuration used on orbit. In principle, one could also estimate 
pointing by comparing measured source positions against Gaia catalog coordinates in science 
images, but that approach is less uniform and introduces additional dependencies on source 
identification, proper motions, distortion corrections, crowding, saturation, and target 
morphology. Those extra steps make it harder to separate true observatory pointing error from 
downstream astrometric or catalog-model uncertainties, so TA-based measurements provide a 
cleaner, more direct, and more reproducible characterization of pointing performance. 
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2  Data & Analysis 

This section describes the data set and analysis methods used in this report to assess the pointing 
performance of JWST. We first outline the steps common to all four JWST SIs, and then present 
the instrument-specific details in the subsections below. 

We used on-orbit TA observations to characterize JWST’s guided non-TA pointing performance. 
For each TA visit, we retrieved the first exposure from the the Mikulski Archive for Space 
Telescopes (MAST) in calibrated format (_cal.fits), which is obtained immediately after the 
guide-star lock and before any instrument-level offsets are applied. These exposures therefore 
provide a direct estimate of the pointing performance. In general, we retain only TA data that 
yield a clean and internally consistent estimate of the telescope’s initial placement on the 
detector, excluding cases that introduce additional geometric, centroiding, or interpretive 
complications; the specific selection criteria for each science instrument are given in the relevant 
subsections below. The resulting dataset spans observations roughly from the start of the Science 
Operations (July 2022) to late April 2026. 

For each successful TA visit, we began with the calibrated _cal.fits exposure.   
The target location is initially assumed to be near the SIAF aperture reference pixel (XSciRef, 
YSciRef). We then measure the stellar centroid using the two-dimensional Gaussian-fitting 
algorithm in photutils (centroid_2dg), discarding cases in which the fit fails or is flagged 
as unreliable due to, e.g., saturation, low S/N, or detector artifacts.  

Although the Operations Scripts Subsystem (OSS) logs also record TA information, we base our 
measurements on the TA images themselves because they provide a more direct and internally 
consistent estimate of the source position. This approach avoids having to reconcile differences 
in instrument-specific conventions and SIAF updates across the four science instruments, and it 
reduces the risk that the measurement is influenced by the centroiding method used in the OSS 
pipeline. We note, however, that separate analyses based on the OSS-reported TA values give 
generally consistent results (M. Perrin, private communication), so the choice of data source does 
not materially affect the conclusions. The two-dimensional Gaussian centroiding used here is 
robust for the undersampled TA point-spread functions and therefore provides a cleaner basis for 
assessing the telescope’s pointing performance. 

The measured detector coordinates are transformed into telescope coordinates (𝑉2௖௘௡,𝑉3௖௘௡) 
using the SIAF distortion and alignment information appropriate to the instrument and aperture 
used for the observation. For observations obtained before a given alignment update, we use the 
corresponding pre-update SIAF solution; for later observations, we use the updated solution in 
effect at the time of the visit. This is important because the March 2024 SIAF update included 
changes to the FGS2 reference as well as instrument-specific alignment updates for NIRCam and 
NIRISS, while the later MIRI alignment update in September 2025 revised the FGS1-MIRI 
geometry. As a result, the interpretation of the pointing offsets in Section 3 should be read in the 
context of the applicable SIAF solution at the time of each observation. 
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We then compute the initial pointing offsets relative to the commanded aperture reference 
position (𝑉2௥௘௙,𝑉3௥௘௙) as  

 Δ𝑉2 = 𝑉2௖௘௡ − 𝑉2௥௘௙ Δ𝑉3 = 𝑉3௖௘௡ − 𝑉3௥௘௙. 
 
For each successful TA exposure, we also identified the active FGS channel, since pointing 
performance can depend on which guider is controlling the observation as shown in the FGS2-to-
FGS1 alignment study (Sohn 2024). Because the guider is not recorded explicitly in the TA 
image headers, we infer it by transforming the guide star coordinates into telescope coordinates 
using the commanded attitude and checking whether the resulting position falls within the 
footprint of FGS1 or FGS2 on the focal plane. This provides a consistent way to track guider-
dependent systematics and to compare performance between the two FGS channels.  
 
In addition to the guider used for TA observations, we also collected the telescope coordinates of 
the guide stars (𝑉2௚௦,𝑉3௚௦) which are used later in Section 3.5 for the roll-angle uncertainty 
analysis.  
 
For the pointing-performance analysis, we use a single reference detector location for each 
instrument in order to isolate repeatability from position-dependent systematics; the full set of 
apertures and subarrays is retained only for the roll-angle analysis, where such differences are 
themselves informative. 
 
2.1  NIRCam 
NIRCam wavefront sensing observations provide a long and regularly repeated sequence of TA 
measurements at a fixed field point, making them a particularly clean data set for pointing 
performance. Because the target star is placed at the same detector location each time, repeated 
measurements of the same pointing configuration allow the offsets to be tracked over time in a 
homogeneous way and provide robust statistics. Following the original FGS2-to-FGS1 study 
(Sohn 2024), the routine Wavefront Sensing and Control (WFSC) observations have continued 
over a much longer period, and the default WFSC field point for Module A shifted from NRCA3 
to NRCA1 in October 2024 to reduce persistence effects that can contaminate subsequent 
observations (Flagey et al. 2026). Accordingly, this work includes TA measurements from both 
original NRCA3-based WFSC location and the newer NRCA1-based field point, corresponding 
to apertures NRCA3_FP1 and NRCA1_FP6, respectively. We exclude other NIRCam TA modes, 
such as coronagraphic acquisitions because their PSFs are not well suited for accurate 
centroiding. 
 
All NIRCam TA subarray images analyzed here are 64×64 pixel2 corresponding to about 2×2 
arcsec2, and the aperture reference positions lie near the centers of the subarrays at (32.5, 32.5). 
This makes it straightforward to compute the offsets once the observed centroids are measured. 
In total, we analyzed 575 NIRCam TA images: 453 at NRCA3 and 122 at NRCA1. 
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2.2  NIRISS 
NIRISS data are drawn from the standard faint-target TA observations with the F480M filter and 
CLEARP pupil element. We exclude observations obtained in the aperture masking 
interferometry (AMI) NRM configuration, as prior testing indicated that the centroiding 
algorithm does not perform reliably for these images. The NIS_SOSSTA and NIS_AMITA 
apertures are located at different detector positions, with reference science coordinates of (𝑋௦௖௜ ,𝑌௦௖௜) = (1055, 1199) for NIS_SOSSTA and (1086, 113) NIS_AMITA. Although the 
subarray dimensions are the same as those used for the NIRCam short channel, the NIRISS pixel 
scale of 0.066 arcsec pix-1 results in a field of view of about 4.2×4.2 arcsec2.  For each aperture, 
the reference position lies near the center of the subarray, which simplifies the offset calculation 
once the stellar centroid is measured. We analyzed 239 NIRISS TA images in total, of which 156 
were NIS_SOSSTA and 81 were NIS_AMITA.  
 
For the pointing-performance analysis, we use NIS_SOSSTA as the reference sample because it 
contains the majority of the measurements, while the NIS_AMITA measurements are retained for 
the roll-angle analysis. 
 
2.3  MIRI 
For MIRI, we restrict the analysis sample to TA observations obtained with the MIRIM_TALRS 
and MIRIM_TAMRS apertures, because these provide the cleanest and most directly interpretable 
estimates of telescope pointing. These observations avoid the extra complications associated with 
more specialized MIRI acquisition modes and therefore form the basis for the pointing analysis 
used here. Note that we do not include MIRIM_TASLITLESSPRISM in this study because its 
acquisition sequence includes an additional slew from the masked TA block to the science region 
before the first exposure is taken. As a result, the measured centroid includes an extra 
commanded repositioning term that is not directly comparable to the initial-pointing metric used 
here. We therefore restrict the MIRI sample to modes that more directly represent the 
observatory’s initial pointing state. 
 
MIRI differs from NIRCam and NIRISS in that the TA image is always delivered as a full-frame 
exposure rather than as a smaller subarray. We measured the stellar centroid in the full-frame 
detector coordinates, using the aperture reference positions (𝑋௦௖௜ ,𝑌௦௖௜) = (413.5, 289.5) for 
MIRIM_TALRS and (997.5, 993.5) for MIRIM_TAMRS as the initial search coordinates. Each 
measured centroid was converted to telescope coordinates using the MIRIM_FULL aperture 
geometry, and then the reference position of the relevant TA aperture was subtracted to compute (Δ𝑉2,Δ𝑉3) offsets. In total, we analyzed 905 MIRI TA images, of which 527 were 
MIRIM_TAMRS and 378 were MIRIM_TALRS.  
 
For the pointing-performance analysis, we use MIRIM_TAMRS as the reference sample because it 
contains more data points, while the MIRIM_TALRS measurements are retained for the roll-angle 
analysis. 
 
2.4  NIRSpec 
NIRSpec target-acquisition observations fall into two modes: Wide-Aperture Target Acquisition 
(WATA) and Multi-Shutter Array Target Acquisition (MSATA). WATA uses the 
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NRS_S1600A1_SLIT aperture and provides a direct measurement of a single source position 
relative to the aperture reference point, whereas MSATA is more complex because it places 
multiple sources into reference shutters and can also probe roll-angle uncertainties in addition to 
pointing. Although MSATA provides valuable information, it introduces additional geometric 
and operational factors that make it less directly comparable to the single-pointing problem 
considered here. For this reason, we restrict the analysis to NIRSpec WATA observations. 
 
NIRSpec WATA observations were obtained using three subarrays: SUB32, SUB2048, and 
FULL, corresponding to image sizes of 32 × 32, 2048 × 32, and 2048 × 2048 pixels, respectively. 
Although the NRS_S1600A1_SLIT aperture corresponds to the same physical telescope location 
in all cases, the different subarray windows sample different portions of the detector, so the 
reference detector coordinates and centroiding geometry depend on the chosen readout mode. 
The choice of subarray depends primarily on source brightness and the achievable signal-to-
noise ratio. Because the pixel coordinates of the aperture differ among these readout regions, we 
treat each subarray separately when measuring the source position and converting it into 
telescope coordinates. In total, we analyzed 921 NIRSpec WATA images: 593 SUB32, 208 
SUB2048, and 120 FULL exposures. Because these subarrays correspond to the same focal-plane 
location, we include all WATA data in the analysis. 
 
NIRSpec TA and field-verification observations use the GWA mirror rather than a dispersive 
element. Because the GWA position is not perfectly repeatable, the selected mirror state carries 
calibrated x- and y-tilt offsets that must be included in the detector-to-focal-plane transformation. 
In practice, these tilt terms shift the inferred position by a small but systematic amount, and 
accounting for them yields substantially improved NIRSpec pointing statistics. Figure 1 provides 
the code snippet used for the coordinate-conversion procedure including the GWA tilt correction 
(T. Beck, private communication). 
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Figure 1. Python code snippet used to centroid NIRSpec WATA sources and convert detector coordinates to 
telescope (V2,V3) coordinates. The centroiding parameters depend on the subarray, and the final offsets are 

computed relative to the NRS_S1600A1_SLIT aperture reference position. The detector-to-focal-plane 
transformation also includes the calibrated GWA tilt offsets for the selected mirror state. 

3  Results  

In this section, we first examine the full time series of JWST pointing offsets to illustrate the 
impact of the SIAF updates on the measured translational pointing performance. These plots 
show the transition in behavior associated with the March 2024 FGS2-to-FGS1 alignment 
correction, which affects all instruments considered here, and the additional MIRI SIAF update 
in September 2025. We note that even after the FGS2-to-FGS1 in several of the instrument-
specific scatter plots, the FGS1- and FGS2-based measurements show small differences in mean 
location, suggesting a low-level guide-sensor-dependent component in the residual offsets. 

For the final pointing performance analysis, we restrict the sample to post SIAF-update 
observations only: data acquired after March 2024 for NIRCam, NIRISS, and NIRSpec, and after 
September 2025 for MIRI. We then apply a robust two-dimensional rejection procedure in the (𝜟𝑽𝟐,𝜟𝑽𝟑) plane to remove obvious outliers before computing the final performance statistics. 
This routine iteratively estimates the centroid and covariance of the main point cloud, then 
rejects measurements that lie too far from that core in the sense of the fitted two-dimensional 
distribution. 
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After this filtering, we quantify the pointing performance using the V2 and V3 offset 
distributions and the corresponding radial statistics. We then use the same filtered sample to 
search for evidence of a coherent rotational component in the pointing error budget. Because a 
rotation-like term is position dependent, it cannot be inferred from a single observation in the 
same way as a translational offset; instead, it is best treated as an ensemble-level diagnostic 
derived from the measured offsets across apertures and instruments. 
 
3.1 NIRCam 

 
Figure 2. NIRCam TA pointing offsets for the NRCA3_FP1_SUB64 and NRCA1_FP6_SUB64 subarrays. Panels 

show 𝚫𝑽𝟐 and 𝚫𝑽𝟑 offsets as a function of date in decimal years. Blue points indicate observations using 
FGS1 as the guider, and red points indicate FGS2. The horizontal black dashed line marked zero offset. 

Vertical lines mark the March 2024 SIAF update (dashed) and the transition to NRCA1_FP6_SUB64 (dotted). 
 
For NIRCam, Figure 2 shows the ΔV2 and ΔV3 offsets as a function of date for all observations 
collected following the selection criteria described in Section 2. The offsets decrease 
substantially after the March 2024 SIAF update, demonstrating the improvement in blind-
pointing performance associated with the revised alignment state. This behavior was discussed in 
detail by Sohn (2024), and we use the extended time series here to confirm the same trend. The 
transition from NRCA3_FP1_SUB64 to NRCA1_FP6_SUB64 does not introduce a visible step in 
either coordinate, indicating that the two field points are consistent within the observed scatter. 
We therefore combine them in the remaining NIRCam analysis. 
 
For the performance analysis, we apply an iterative 3-σ rejection to the post SIAF-updated 
NIRCam sample. The radial Δ𝑉2 − Δ𝑉3 distribution in Figure 3 provides the residual pointing 
scatter after these selection cuts. The points form a compact cloud with a nonzero mean offset 
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relative to (0, 0), corresponding to (Δ𝑉2,Δ𝑉3) = (−12.7, 8.4) mas; the gray cross marks this 
mean position. The measured 68% and 95% uncertainties are 26.2 mas and 40.68 mas, 
respectively.  

Figure 3. Radial NIRCam pre-TA pointing offsets for the filtered post-update sample obtained with 
NRCA3_FP1_SUB64 and NRCA1_FP6_SUB64, using both FGS1 and FGS2 as guiders. The plotted points 

show 𝚫𝑽𝟐 and 𝚫𝑽𝟑 offsets, with the dashed cross marking zero offset. The gray cross marks the sample 
mean, with horizontal and vertical error bars indicating the standard deviation in 𝚫𝑽𝟐 and 𝚫𝑽𝟑. The inner 

and outer circles denote the 68% and 95% radial containment radii.  

If the distribution is recentered on the mean offset, the remaining radial scatter reduces to 20.7 
mas (68%) and 34.3 mas (95%), provides a useful benchmark for the best achievable 
performance at this field point if the mean offset were removed and residual roll-angle effects 
remained negligible. The overall distribution remains compact and only mildly anisotropic, 
consistent with stable pointing behavior at the level of a few tens of mas. 

3.2  NIRISS 
Figure 4 shows the 𝚫𝑽𝟐 and 𝚫𝑽𝟑 offsets for NIRISS NIS_SOSSTA sample as a function of date. 
Compared with NIRCam, the NIRISS sample contains substantially fewer measurements, and 
the larger NIRISS pixel scale leads to larger centroiding uncertainties and correspondingly 
broader scatter in offsets. Even so, the offsets remain broadly centered near zero, and the post-
March 2024 points appear more compact than the earlier ones, especially in the 𝚫𝑽𝟑.  
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Figure 4. Same as in Figure 2 for for NIRISS NIS_SOSSTA aperture. The vertical dashed lines indicate 

March 5, 2024, the date for which the new SIAF with NIRISS and FGS2 alignment updates started to go in 
effect.  

 
The radial Δ𝑉2 − Δ𝑉3 distribution for the post SIAF-update sample in Figure 5 is broadly 
similar to the NIRCam case: the filtered sample forms a compact cloud with a modest systematic 
offset from (0, 0), corresponding to a mean offset of (Δ𝑉2,Δ𝑉3) = (3.2,−12.1) mas. The 
measured 68% and 95% radii are 37.2 mas and 63.9 mas, respectively. If the distribution is 
recentered on the mean offset, the remaining radial scatter decreases to 35.8 mas (68%) and 57.0 
mas (95%). Compared with NIRCam, the distribution is broader, as expected from the coarser 
sampling and smaller number of observations. 
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Figure 5. Same as Figure 3 but for NIRISS NIS_SOSSTA. 

3.3 MIRI 
The time series in Figure 6 shows the full MIRI pre-TA offset history for the filtered sample, 
with a much larger vertical range than the corresponding NIRCam and NIRISS figures. The 
offsets are broadly centered near zero but exhibit substantially larger scatter, and part of that 
scatter likely reflects uncertainty in the user-supplied target coordinates for some MIRI 
acquisitions, since a subset of the TA sources are bright enough to be used for mid-IR acquisition 
but are not as well constrained in the astrometric reference catalog used for most guide and target 
stars.  
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Figure 6. Same as in Figure 2 but for MIRI. Note that the Y-axis range extends from -500 to 500 mas, more 

than twice as large as NIRCam and NIRISS plots. The first vertical dashed-line is for the FGS2 SIAF update, 
while the second one at Year=2025.7 is for the MIRI SIAF update. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 

Figure 7. Same as in Figure 3 but for MIRI MIRIM_TAMRS. 
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Figure 7 also shows a significant anti-correlation between 𝚫𝑽𝟐 and 𝚫𝑽𝟑, similar to the positive 
correlation noted for NIRSpec, indicating that the remaining scatter has a non-negligible roll-
angle-dependent component. Overall, MIRI’s pre-TA performance remains at the level adequate 
for its relatively large slits and coronagraphic masks, but it clearly benefits less from the global 
SIAF realignments than NIRCam and NIRISS do. 

3.4  NIRSpec 
The time series in Figure 8 shows the full NIRSpec WATA history for the post-correction 
sample, and the offsets remain much larger than in the imaging instruments throughout the 
mission. The vertical line divides the data into the pre-update period and the period after the 
March 2024 SIAF update, which together highlight how the pointing distribution evolved as the 
alignment solution was refined. After the March 2024 SIAF update, the NIRSpec time series 
shows improved agreement between the FGS1 and FGS2 samples in 𝚫𝑽𝟑, although a residual 
offset remains. The scatter is still substantial in every interval, but the post-update measurements 
are more coherent than the early sample, and the guider-dependent structure is easier to see once 
the updated SIAF solution is applied. Overall, the plot indicates that NIRSpec pointing is stable 
in a statistical sense, but with a larger intrinsic spread than the imaging-channel TA data. 

Figure 8. Same as Figure 2 but for NIRSpec WATA. 

The radial 𝚫𝑽𝟐 − 𝚫𝑽𝟑 distribution for NIRSpec in Figure 9 is substantially offset from (0, 0) 
than the corresponding NIRCam, NIRISS, and MIRI samples. The distribution also shows a 
significant positive correlation, with 𝚫𝑽𝟑 increasing as 𝚫𝑽𝟐 increases which is likely due to the 
telescope roll-angle uncertainty. 



OTE Science Performance Memo #9:    JWST-STScI-009457, SM-12 
As-measured Pointing Performance of JWST  Revision -  

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

15  

 
Figure 9. Same as Figure 3 but for NIRSpec WATA. 

 
After iterative 3-σ, the filteresd sample shows a signifcant mean offset of  (𝚫𝑽𝟐,𝚫𝑽𝟑) =(𝟐𝟏.𝟗,−𝟓𝟐.𝟓) mas, with the measured 68% and 95% radii of 67.2 mas and 83.4 mas, 
respectively. If the distribution is recentered on the mean offset, the remaining radial scatter 
decreases to 25.9 mas (68%) and 45.6 mas (95%), which provides an idealized best-case estimate 
of the performance at this field point if the mean offset were removed.  
 
3.5  Roll Angle Uncertainty Analysis 
With the exception of NIRSpec MSATA, which is not analyzed here, the TA modes considered 
in this study correct only the translational pointing offsets in V2 and V3 and do not solve for roll. 
We therefore do not attempt to infer a unique telescope roll angle from any single TA 
observation. Instead, we ask whether the ensemble of pointing offsets contains a measurable roll-
sensitive component when projected into the locally roll-sensitive direction at the commanded 
aperture reference point. 
 
For each observation, we define the proxy as 
 Δ𝜃 = 𝑉2௥௘௙Δ𝑉3 − 𝑉3௥௘௙Δ𝑉2𝑉2௥௘௙ଶ ൅ 𝑉3௥௘௙ଶ  , 
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where (𝑉2௥௘௙,𝑉3௥௘௙) is aperture reference position in telescope coordinates and (Δ𝑉2,Δ𝑉3) are 
the measured pointing offsets relative to that aperture. This quantity is an empirical proxy for 
roll-like structure in the pointing error field, not a direct measurement of telescope roll itself. We 
evaluate Δ𝜃 for the filtered post-update sample described above, after applying the robust two-
dimensional rejection in the (Δ𝑉2,Δ𝑉3) plane. The resulting distribution therefore characterizes 
the ensemble behavior of the pointing offsets after removal of obvious outliers. 
 

 
Figure 10. Histograms of the roll-sensitive proxy derived from the filtered post-update pointing offsets in V2 

and V3. The common binning and x-axis range highlight the relative centroid and width of the projected 
rotational component across instruments. The red line marks the median, and the legend gives the median 

and MAD-based scatter.  
 
Figure 10 shows the distribution of the roll-sensitive proxy for the filtered samples in each 
instrument. The common binning and x-axis range make it easy to compare centroids and widths 
across instruments. NIRCam and NIRISS are tightly clustered near zero, indicating that their 
pointing offsets contain little roll-like structure beyond the translational component. MIRI and 
NIRSpec show slightly broader distributions and larger offset from zero, consistent with larger 
lever arms and larger scatter in the projected roll-sensitive direction. The median provides a 
compact measure of any systematic bias, while the robust scatter captures the width of the 
ensemble distribution. 
 
These results show that the roll-sensitive component of the pointing error budget is small for 
NIRCam and NIRISS, but more important for MIRI and NIRSpec. Because the statistic is 
evaluated from the ensemble of pointing offsets rather than from a single observation, it should 
be interpreted as a diagnostic of rotational structure across the focal plane, not as a direct 
estimate of spacecraft roll for any individual exposure. 
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This behavior is exactly what would be expected if the projected quantity responds to a small 
rotation about the commanded aperture reference point. For apertures farther from the relevant 
reference location (FGS1 in our case), the same underlying angular perturbation produces a 
larger linear displacement in the focal plane, so the roll-sensitive proxy naturally broadens with 
lever arm. The combined focal-plane scatter therefore provides a useful geometric context for 
Figure 10: it shows whether the projected offsets are distributed symmetrically around the 
aperture positions or whether they form a position-dependent pattern consistent with a weak 
rotational term. In that sense, the roll-sensitive proxy is not an independent pointing metric, but a 
diagnostic that complements the translational pointing statistics by revealing how the error field 
behaves across the focal plane. 
 
4  Conclusions  
 
This report has quantified the on-orbit pointing performance of JWST using TA measurements 
from NIRCam, NIRISS, MIRI, and NIRSpec. After applying the post-update selection criteria 
and a robust two-dimensional rejection of obvious outliers in the (𝚫𝑽𝟐,𝚫𝑽𝟑) plane, the resulting 
samples show that JWST consistently achieves pointing accuracy and an order of magnitude 
better than the 1.0 arcsecond radial requirement. NIRCam and NIRISS exhibit compact offset 
distributions centered near small systematic mean offsets, while MIRI shows a larger scatter, 
consistent with its larger focal-plane lever arm and greater sensitivity to residual geometric 
effects. NIRSpec shows a comparable scatter but a substantially nonzero mean offset. Taken 
together, these results demonstrate stable observatory-level pointing at the tens-of-milliarcsecond 
scale, with the remaining dispersion dominated by small instrument- and aperture-dependent 
systematics which are typically an order of magnitude smaller than the pointing requirement. 
 

Table 1. Summary of filtered pointing performance for NIRCam, NIRISS, MIRI, and NIRSpec. The table 
lists the current post-update radial statistics and the corresponding recentered values obtained after 

removing the mean systematic offset. The recentered values provide an idealized lower bound on the residual 
scatter if the fixed pointing bias were eliminated. 

 

Instrument Mean radial 
offsets (mas) 

68%/95% pointing 
accuracy radii 

(mas) 

68%/95% pointing 
precision radii 

(mas) 
Nsample 

 NIRCam 15    26 / 39    20 / 33 233 

 NIRISS 13    37 / 64    36 / 57 61 

 MIRI 10    44 / 71    41 / 69 38 

 NIRSpec 57    67 / 83    26 / 46 247 

 
Table 1 summarizes the filtered pointing performance for each instrument in two forms. The first 
set of values reports the current on-orbit statistics, including the median radial offset and the 68% 
and 95% containment radii of the filtered post-update sample. The second set of values gives the 
corresponding recentered statistics obtained after subtracting the mean systematic offset, which 
provides a useful estimate of the lower-bound scatter that would remain if the dominant fixed 
pointing bias were removed. Presenting both sets side by side makes it clear how much of the 
observed dispersion is due to the intrinsic repeatability of the pointing solution and how much is 
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attributable to a small but nonzero mean offset in the pointing distribution. For NIRCam, 
NIRISS, and MIRI, recentering changes the results only modestly, whereas NIRSpec shows a 
substantial improvement. This suggests that updating the NIRSpec SIAF alignment parameters 
would materially improve the pre-TA pointing accuracy, although the operational impact may be 
limited in practice. 

The roll-sensitive proxy derived from the filtered pointing offsets shows only modest rotational 
structure for NIRCam and NIRISS, while MIRI and NIRSpec exhibit broader distributions 
consistent with their larger focal-plane lever arms and greater sensitivity to residual geometric 
effects. This indicates that the remaining pointing error budget is dominated primarily by 
translational offsets, with any roll-like component serving as a secondary geometric effect rather 
than the main driver of the observed scatter. 

Overall, these results show that JWST pointing is stable and highly repeatable across all four 
science instruments, with performance comfortably within the project’s requirement. NIRCam 
and NIRISS deliver the tightest distributions, while MIRI and NIRSpec exhibit larger scatter that 
is consistent with their larger focal-plane lever arms and greater sensitivity to residual geometric 
effects. The recentered statistics in Table 1 indicate that a modest improvement would still be 
possible if the small systematic mean offsets were removed, but even without such a correction 
the observatory already achieves pointing performance at the tens-of-milliarcsecond level for all 
modes. We also note that the FGS1- and FGS2-based measurements also show small differences 
in mean location, indicating a low-level guide-sensor-dependent component in the residual 
offsets, although the effect is too small to produce a dramatic improvement in the overall 
pointing performance. 
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