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1 Abstract

In this report, we extend our previous characterization of the NIRISS/SOSS trace and
wavelength calibration to include spectral order 3, which was omitted in earlier analyses due
to the prioritization of the higher-throughput orders. Using the full set of available BD+60
1753 observations obtained over the past three years (39 visits), we analyze the impact of
pupil wheel (PW) position offsets on the trace geometry and wavelength solution of order 3.
Despite its lower signal-to-noise ratio compared to orders 1 and 2, order 3 exhibits a similarly
predictable dependence of its wavelength solution on PW position. By measuring the
detector positions of prominent atomic hydrogen (H) absorption lines from the Paschen series
and correlating them with PW offsets, we derive a regression model that reproduces the order
3 wavelength solution with an RMS error of approximately 2.2 pixels across the full
wavelength range. For the strongest Paschen H lines between 0.85 um and 0.95 pm, the
model achieves sub-pixel precision with an average residual of 0.34 pixels, demonstrating
good local agreement where the signal-to-noise ratio is highest. We integrate this new model
into the jwst/pastasoss pipeline, which now provides trace and wavelength predictions for all
three spectral orders of NIRISS/SOSS. This addition enhances the calibration suite for the
GR700XD grism and enables more reliable modeling of multi-order spectra, particularly for
programs seeking to exploit the full spectral coverage of SOSS. While the current model
provides a functional wavelength solution sufficient for reinstating order 3 within the
Jwst/pastasoss pipeline framework, further refinement—particularly through the inclusion of
additional spectral features across the wavelength range—will be required to establish a
better-constrained solution suitable for long-term calibration use.
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2 Introduction

The Single Object Slitless Spectroscopy (SOSS) mode of the James Webb Space Telescope
(JWST) Near Infrared Imager and Slitless Spectrograph (NIRISS) represents a foundational
capability for exoplanet characterization. By dispersing starlight from a single bright target
into three spectral orders, SOSS delivers uninterrupted coverage across 0.63—2.8 um,
enabling precise measurements of exoplanet transmission spectra and the subtle atmospheric
signatures embedded within them. Achieving this fidelity requires an accurate wavelength
calibration that rigorously maps detector pixel coordinates to physical wavelengths. Even
minute calibration errors can masquerade as atmospheric features or compromise the
interpretation of weak spectral structures. For the GR700XD grism, however, the wavelength
solution is inherently variable. Mechanical settling of the pupil wheel (PW), which positions
the grism in the optical path, introduces small yet significant shifts and rotations in the
spectral trace and its corresponding wavelength solution. Quantifying and correcting these
effects have been a central focus of SOSS instrument characterization since commissioning.

Our earlier efforts (Baines et al. 2023a,b) concentrated on spectral orders 1 and 2, which
carry most of the signal-to-noise in typical SOSS observations. In those studies, we
demonstrated that the dependence of the spectral trace geometry and wavelength solution on
PW angle is strongly deterministic. By combining measurements of hydrogen absorption
lines in the bright calibration star BD+60 1753, we constructed polynomial regression
models that predict the wavelength solution for orders 1 and 2 with sub-pixel precision.
These models were subsequently implemented in pastasoss, a Python package designed to
generate forward models of the SOSS spectral traces and wavelength solutions using the
PWCPOS header keyword. pastasoss has since been adopted into the JWST calibration
pipeline to provide these predictive models in an operational context.

At the time when the wavelength solutions for orders 1 and 2 were developed, spectral order
3 was deliberately set aside. Its lower throughput and intrinsically fainter spectra meant that,
for most science cases, order 3 contributed little relative to orders 1 and 2. Nevertheless, it
provides valuable supplemental wavelength coverage, and for certain programs offers
opportunities to extend spectral baselines, evaluate extraction strategies, or cross-validate
results across orders. With nearly three years of repeated SOSS observations of BD+60 1753
now in hand, we revisit order 3 with sufficient temporal coverage and statistical depth to
establish a reliable and stable calibration.

In this report, we present the first dedicated characterization of the NIRISS/SOSS spectral
order 3 trace and wavelength solution. We show that, like orders 1 and 2, the wavelength
solution for order 3 varies systematically with PW offsets but can be accurately modeled
using regression fits to measured hydrogen features. We further demonstrate that these
models achieve accuracies of a few tenths of a pixel and can be readily incorporated into the
JWST pastasoss reference file. Incorporating order 3 completes the calibration suite for the
GR700XD grism and provides a unified predictive framework for all three spectral orders.

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
To verify that this is the current version.
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By extending the calibration to order 3, we aim to enhance the scientific utility of the SOSS
mode for the JWST community. This work ensures that researchers who wish to exploit the
full wavelength range of SOSS have the necessary tools to do so with confidence, while
preserving the continuity and consistency of the calibration methodology developed for the
higher-throughput orders.

The report is organized as follows: Section 3 describes the dataset and selection criteria used
in this analysis. Section 4 details the spectral tracing and modeling procedures for order 3.
Section 5 presents the wavelength calibration, including the extraction, normalization, and
fitting steps. Section 6 summarizes the results and outlines future directions for refining and
expanding the calibration using additional datasets and observing modes.

3 Data

Our analysis relies exclusively on observations of the bright A-type star BD+60 1753, which
has served as the primary calibration target for NIRISS/SOSS since commissioning. This
target has been observed repeatedly through dedicated calibration programs and ongoing
monitoring campaigns designed to track the long-term stability of JWST and the NIRISS
instrument. The frequency and uniformity of these visits make BD+60 1753 exceptionally
well-suited for characterizing systematic variations in the SOSS mode and for deriving high-
fidelity calibration models.

For this study, we assembled all publicly available BD+60 1753 observations obtained in the
CLEAR/GR700XD configuration using the SUBSTRIP256 subarray. The dataset spans the
first three years of JWST operations and includes a substantial number of independent visits
across multiple calibration programs (program IDs: 1091, 1512, 1536, 1539, 4499, 6607,
7671). In total, the sample comprises 39 distinct observations, providing a statistically rich
baseline that captures the full range of PW positions encountered in routine SOSS operations.

We retrieved the post—detector-correction Level 2a rate products from the Mikulski Archive
for Space Telescopes (MAST), processed using JWST pipeline version 1.19.1 and context
jwst_1413.pmap. These rate files contain cosmic-ray—corrected, ramp-fitted integrations and
serve as the standard input to our spectral extraction and modeling procedure. Working at the
rate level ensures consistency with prior SOSS calibration analyses and preserves full control
over background subtraction, trace identification, and wavelength fitting. Table 1
summarizes the BD+60 1753 observations used in this work. This dataset forms the
foundation for the order 3 trace modeling and wavelength calibration presented in the
sections that follow.

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
To verify that this is the current version.
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Table 1 Summary of NIRISS/SOSS observations of BD+60 1753 used to model the spectral trace geometry
and perform wavelength calibration of order 3. The table includes the Level 2a filename, program ID (PID),
observation number, and pupil wheel commanded position (PWCPOS) for each exposure

Filename Date PID | Obs. # PWCPOS
jw01091002001_03101_00001-seg001 nis_rate.fits | 2022-06-05 | 1091 | 2 245.790
jw01091001001_03101_00001 nis_rate.fits 2022-06-05 | 1091 | 1 245.922882
jw01536073001_03101_00001-seg001_nis_rate.fits | 2022-07-12 | 1536 | 73 245918
jw01539002001 03101_00001-seg001 nis_rate.fits | 2022-07-19 | 1539 | 2 245.688217

jw01539077001_03101_00001-seg001_nis_rate.fits | 2022-08-30 | 1539 | 77 245.878891
jw01539027001_03101_00001-seg001 nis_rate.fits | 2022-09-16 | 1539 | 27 245.756668
jw01539037001_03101_00001-seg001 nis_rate.fits | 2023-02-09 | 1539 | 37 245.732224

iw01512007001_03102_00001 nis_rate.fits 2023-02-20 | 1512 | 7 245.742
iw01512002001_03102_00001 nis_rate.fits 2023-02-20 | 1512 | 2 245.805557
iw01512001001_03102_00001 nis_rate.fits 2023-02-20 | 1512 | 1 245.778671
iw01539167001_03101_00001-seg001 nis_rate.fits | 2023-02-21 | 1539 | 167 | 245.788452
iw01512006001_03102_00001_nis_rate.fits 2023-02-21 | 1512 | 6 245.80065899999997
iw01512004001_03102_00001 nis_rate.fits 2023-02-21 | 1512 | 4 245.832443
iw01512005001_03102_00001 nis_rate.fits 2023-02-21 | 1512 | 5 245.808
iw01512003001_03102_00001 nis_rate.fits 2023-02-21 | 1512 | 3 245.815338
iw01512009001_03102_00001 nis_rate.fits 2023-0221 | 1512 | 9 245.8251
iw01512010001_03102_00001_nis_rate.fits 2023-02-21 | 1512 | 10 245.82756
iw01512008001_03102_00001_nis_rate.fits 2023-02-21 | 1512 | 8 245.656448

jw01539042001_03101_00001-seg001_nis_rate.fits | 2023-03-10 | 1539 | 42 245.7371

jw01539047001_03101_00001-seg001_nis_rate.fits | 2023-04-06 | 1539 | 47 245798218
jw01539052001_03101_00001-seg001_nis_rate.fits | 2023-05-03 | 1539 | 52 245812881
jw01539057001_03101_00001-seg001_nis_rate.fits | 2023-05-30 | 1539 | 57 245.683334
jw01539062001_03101_00001-seg001 nis_rate.fits | 2023-06-30 | 1539 | 62 245778671
jw04499004001_03101_00001-seg001_nis_rate.fits | 2023-07-06 | 4499 | 4 245.9009
jw04499011001_03101_00001-seg001_nis_rate.fits | 2023-07-30 | 4499 | 11 24586911
jw04499018001_03101_00001-seg001_nis_rate.fits | 2023-09-05 | 4499 | 18 245.764

jw04499025001_03101_00001-seg001_nis_rate.fits | 2023-09-26 | 4499 | 25 245.852

iw04499032001_03101_00001-seg001_nis_rate.fits | 2024-01-10 | 4499 | 32 245.761551
jw04499039001_03101_00001-seg001 nis_rate.fits | 2024-02-07 | 4499 | 39 245773773
jw04499046001_03101_00001-seg001_nis_rate.fits | 2024-03-03 | 4499 | 46 245.786

jw04499053001_03101_00001-seg001_nis_rate.fits | 2024-03-31 | 4499 | 53 245.905777
iw04499060001_03101_00001-seg001_nis_rate.fits | 2024-04-28 | 4499 | 60 245.786

iw04499067001_03101_00001-seg001_nis_rate fits | 2024-05-26 | 4499 | 67 245.864227
iw04499074001_03101_00001-seg001_nis_rate.fits | 2024-06-23 | 4499 | 74 245.739563
jw06607005001_03101_00001-seg001_nis_rate.fits | 2024-07-26 | 6607 | 5 245.776215
jw06607115001_03101_00001-seg001_nis_rate.fits | 2024-09-25 | 6607 | 115 | 245.834885
jw06607112001_03101_00001-seg001_nis_rate.fits | 2025-01-08 | 6607 | 112 | 245.839783
jw06607114001_03101_00001-seg001_nis_rate fits | 2025-04-01 | 6607 | 114 | 245.839783
iw06607113001_03101_00001-seg001_nis_rate.fits | 2025-04-29 | 6607 | 113 | 245.891113

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

To characterize the geometry of the NIRISS/SOSS order 3 spectral trace, we followed the
methodology established in our previous analyses of orders 1 and 2 (Baines et al. 2023a). For
each BD+60 1753 observation, we measured the trace positions using the trace spectrum
routine from the transitspectroscopy Python package (Espinoza 2023). Order 3 was traced
across detector columns 4-900, where the signal-to-noise ratio remains highest before
throughput declines and the spectrum becomes undetectable.

We fitted a cubic spline to the measured trace positions for each visit to suppress small-scale
scatter while preserving the smooth, global trace shape. Within the detector (rows 0-255), the
spline provides a continuous, smooth trace across all columns. Values outside this range were
truncated for processing within the detector. Separately, for estimating the order 3 pivot point
outside the detector, the spline was used as a smooth geometric guide, providing a reasonable
approximation of the trace shape beyond the measured region. This extrapolation is not based
on measured data, but its well-behaved form allows us to approximate the intersection
location for the pivot point. Figure 1 displays the smoothed traces and illustrates the
variability driven by PW position offsets, as tracked by the header keyword PWCPOS.

To model the PW-dependent variability, each detector column was fit with a linear regression
in PW position, referenced to the nominal commanded angle of 245.76°. The resulting
intercepts were assembled into an effective trace model representing order 3 at nominal PW
alignment. This procedure mirrors our earlier treatment of orders 1 and 2 and maintains
methodological consistency across spectral orders.
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Figure 1 Variation of the NIRISS GR700XD order 3 spectral trace with pupil wheel position
(PWCPOS).
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Unlike orders 1 and 2, the order 3 traces do not visibly converge to a pivot point within the
detector field of view. To estimate an effective rotation center, we defined a pivot-line
geometry based on the measured centers of rotation for the lower orders. We adopted the
coordinates (1887, 54) for order 1 and (1677, 200) for order 2, as derived from their
respective reference models.

A linear axis was established by fitting these two points: y=mx+b where the slope
(m=~—0.695) represents the geometric alignment of the estimated trace rotation centers. The
effective order 3 pivot point was then defined as the intersection of this axis with the
reconstructed order 3 trace model. While the order 3 spline model requires modest
extrapolation beyond the detector boundary to reach this axis, the model remains numerically
stable and physically well-behaved in this regime. This procedure yields an intersection—and
thus an effective order 3 pivot location—at approximately (1444, 361.65).

Figure 2 shows the resulting trace model, the de-rotated traces, and the adopted pivot point
(red circle). Although the reconstructed order 3 traces display a larger spread (about +£2
pixels) than seen for orders 1 and 2, this behavior is expected: the inferred pivot point lies
outside the detector field of view, and the lower flux of order 3 reduces measurement
precision, making the solution more sensitive to small geometric deviations. Our aim here is

to provide a rapid, updated trace solution adequate for restoring order 3 functionality within
the SOSS pipeline.
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Figure 2 Top: measured order 3 traces (colored by PWCPOS) overlaid on the reference model
trace (red). The red marker indicates the adopted trace center about which rotations were
applied, inferred from an extrapolated trace model and geometric alignment with the order 1
and 2 pivot locations. Bottom: de-rotated traces shown relative to the reference model. Residual
PWCPOS-dependent offsets at the level of a few pixels (= £2 pixels) remain, reflecting the

approximate nature of the order 3 pivot estimate.
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We derived a predictive, PW-aware model of the order 3 trace by identifying a pivot point
through linear extrapolation of the established order 1 and 2 pivot positions. While the
reconstructed traces exhibit small systematic residuals (as seen in Figure 2), we intentionally
avoid applying an empirical scaling factor to the de-rotation angle to minimize these.

Such a correction would be premature for a general reference model for two reasons: First,
the order 3 signal-to-noise ratio (SNR) is significantly lower than orders 1 and 2, particularly
beyond column 900, where the throughput drops out before recovering. Second, because the
pivot points lies outside the detector field of view and is derived from other orders, an
empirical adjustment would "over-tuning’ the model to measurement uncertainties and
extrapolation artifacts inherent in this specific sample. By maintaining a strictly physically
motivated model tied to aggregated trace geometry, we ensure pastasoss provides a stable,
predictive foundation that remains robust across the full range of PWCPOS values without
being biases by the lower-SNR regions of the current dataset.

5 Wavelength Calibration

5.1 Spectral Extraction

We extracted the order 3 spectra for each observation using the measured trace positions
established in Section 3. Flux was integrated along the curved trace using the
getSimpleSpectrum routine from the transitspectroscopy package (Espinoza 2023), which
preserves the intrinsic spectral morphology by following the trace geometry. A 15-pixel
extraction radius was adopted to optimize signal while limiting contamination from adjacent
orders and background structure. This process yielded one order 3 spectrum per visit,
producing 39 spectra in total. Each spectrum was inspected for consistency and exhibited
stable flux levels with minimal residual background, forming the baseline dataset for the
wavelength calibration and subsequent time-dependent sensitivity analysis.

5.2 Spectral Normalization

To prepare the extracted spectra for wavelength calibration, we applied a two-stage
continuum—normalization procedure, extending the methodology used in our previous SOSS
analyses. The objective is to obtain smooth, contamination-resistant continua even in the
presence of strong spectral features and instrumental artefacts.

Stage 1 begins with an initial outlier rejection performed column-wise across the stacked
spectra (i.e., across visits at fixed detector columns) using a 5¢ clipping threshold. This
suppresses extreme pixel-level deviations. We then estimated the continuum of each
spectrum using the baseline asymmetric least-squares algorithm and divided it out, producing
an initial set of normalized spectra.

In Stage 2, we refined the normalization to mitigate residual structures and contamination. A
median normalized spectrum was computed from the initial stack. Subtracting this median
from each spectrum isolated deviations attributable to contamination or unmasked features.

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 Extracted order 3 spectra (black) with their continuum estimates (blue). Top panel:
raw spectra with fitted continua. Bottom panel: continuum-normalized spectra, with the
thick black line showing the median across all exposures. Variations are caused by
contamination from dispersed light of nearby stars, which also impacts continuum fitting.
Affected pixels were masked wherever possible. Throughput declines are visible between
pixel columns ~900-1050.

A second, more stringent 3¢ clipping pass was then applied to mask these deviations before
recomputing the continua and re-normalizing the spectra. This iterative approach ensures that
contaminants do not bias the continuum fits or the subsequent measurement of line centroids.

This process yields a clean, high-quality suite of continuum-normalized spectra suitable for
wavelength calibration. Figure 3 presents the raw extracted order 3 spectra together with their
initial continuum estimates and the final normalized products.

5.3. Spectral Alignment

To correct for the sub-pixel shifts introduced by pupil-wheel (PW) variability, all continuum-
normalized spectra were aligned to a common reference frame. Fractional angular offsets of
the PW can subtly translate and rotate the spectra on the detector, necessitating a precise
registration step. We selected as the reference the observation whose measured PW position
(PWCPOS) lies closest to the commanded value, ensuring a stable baseline for alignment.

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
To verify that this is the current version.
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Each spectrum was cross-correlated with this reference to measure its relative pixel shift,
which was then applied directly in pixel space to register the spectra onto a common grid.
This procedure ensures that all spectral features are spatially consistent across visits. After
alignment, we constructed a median stack of the normalized spectra, yielding a high—signal-
to-noise composite spectrum suitable for precise line identification.

Figure 4 presents the measured pixel shifts for all visits, which span a maximum absolute
difference of ~3 pixels—fully consistent with previous analyses of orders 1 and 2. Although
the figure does not display the aligned spectra themselves, the measured offsets confirm that
the applied corrections fall within expected limits and that the spectra are reliably co-
registered for subsequent wavelength calibration.

Pixel Shift vs. PWCPOS
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Figure 4 Measured spectral offsets as a function of PWCPOS for order 3. The pixel
shifts are computed relative to the exposure whose PWCPOS value (245.76°) is closest
to the commanded position. The monotonic trend indicates a systematic shift in the
spectra with increasing PWCPOS, consistent with small misalignments in the pupil
wheel mechanism.

5.4. Hydrogen Line Identification

The Order 3 wavelength calibration is primarily constrained by twelve hydrogen absorption
features. Initial line identification and centroiding are performed on the median, aligned
spectrum (see previous section) using Gaussian profile fits. The measured line positions and
associated uncertainties are reported in Table 2. These centroids are then used as initial
guesses to construct a training set by fitting the same features in each individual continuum-

normalized spectrum, following the methodology established for Orders 1 and 2 (Baines et
al. 2023b).

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
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The hydrogen feature at 0.955 pm (Pa5) lies near the left detector edge (low column indices),
where partial truncation and low signal-to-noise render its centroid unreliable. Test fits
showed that including this feature degraded the wavelength solution, and it was therefore
excluded from the final calibration.

A key challenge in the order 3 calibration is the absence of identifiable spectral features
below 0.7 pm (columns ~900—-1200), where the instrument throughput drops significantly.
Because the wavelength solution is modeled as a 2D polynomial surface in detector column
and PWCPOS, the fit can become unstable in these unconstrained regions. To mitigate this
behavior, we introduce a boundary constraint at the approximate location of Ha (0.6565 pm).
The corresponding pixel coordinate (column 1024.42) is derived by interpolating the SOSS
commissioning 1D wavelength solution. Although this location lies within the flux-dropout
region, it serves as a necessary numerical anchor that stabilizes the 2D polynomial fit.

We investigated whether this boundary constraint could instead be determined through a
linear geometric projection by mapping Ha equivalent wavelengths from orders 1 and 2 onto
the order 3 trace. However, validation testing showed that this mapping resulted in
systematic residuals of ~16 pixels when compared to measured order 3 centroids. This
discrepancy likely arises from a combination of optical effects (e.g., distortion), the non-
linear dispersion properties of the grism across orders, and the inherent curvature of the trace.

Consequently, we opted to use the commissioning-derived coordinate as a fixed numerical
regularizer. By constraining the model within the dropout region with a value consistent with
historical calibration, we prevent the wavelength surface from oscillating or diverging. This
approach ensures a well-behaved solution across all allowable Pupil Wheel positions while
preserving the sub-pixel accuracy of the high-signal Paschen lines measured in the primary
throughput region.

For wavelengths below the Paschen limit at 0.821 um, additional spectral features are present
around pixel columns ~400, 555, and 658. These features could, in principle, be used to
further constrain the wavelength solution, either by identifying their known wavelengths
(possibly as blends) or by measuring their positions in the Order 2 spectrum. While such an
approach was not implemented here, we note that it provides a possible avenue for improved
calibration in this wavelength region.

Table 2 Reference H Paschen series absorption line positions identified from the median continuum-
normalized spectrum. The listed wavelengths and corresponding detector x-positions were used as initial
guesses for line fitting across all extracted spectra.

Wavelength (um) H I Line ID ‘ x (pixel) sigma_x (pixel)

0.8394752 Pal7 363.84 0.45
0.84156793 Pal6 355.96 0.96
0.84403235 Pal5s 347.87 0.42
0.84696302 Pal4 338.28 1.16
0.85048694 Pal3 329.78 0.12

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
To verify that this is the current version.
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Wavelength (um) H I Line ID ‘ x (pixel) sigma_x (pixel)

0.85477813 Pal2 315.83 0.12
0.8600805 Pall 298.67 0.15
0.86674503 Pal0 277.22 0.25
0.87529281 Pa9 249.89 0.28
0.88652704 Pa8 214.30 0.33
0.90174396 Pa7 166.66 0.33
0.92316038 Pa6 100.64 0.42

5.5. Order 3 Wavelength Calibration

We modeled the Order 3 wavelength solution using a third-degree, two-dimensional (2D)
polynomial to map detector x-pixel positions and Pupil Wheel (PWCPOS) offsets directly to
vacuum wavelengths and boundary constraints established in section 5.4. This 2D approach
ensures the model remains "PW-aware," capturing the coupling between the dispersion
relation and visit-to-visit optical shifts. To maintain instrument-wide consistency, the fitting
methodology follows the standards established for orders 1 and 2 by Baines et al. (2023b).

As illustrated in Figure 5, the polynomial model reproduces the hydrogen-line anchor points
with a global RMS of 2.2 pixels. However, the model performance is strongly dependent on
local signal-to-noise ratios (SNR):
e High-SNR Regime: In the 0.85-0.95 um range, the solution achieves sub-pixel
accuracy with an average RMS of 0.34 pixels.
e Global Residuals: Outside of this high-SNR window, the residuals exhibit broad,
low-amplitude scatter across the full wavelength range.

This localized precision demonstrates that the 2D surface effectively captures the structure of
the dispersion relation where the spectroscopic signal is most robust. While this solution is
sufficient for reinstating Order 3 functionality within the pastasoss framework, future
iterations may achieve better global consistency by incorporating the additional short-
wavelength features discussed in Section 5.4.

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
To verify that this is the current version.
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Figure S Residuals of the 2D polynomial wavelength solution for order 3. The residuals (measured
minus modeled) are shown in pixel units as a function of wavelength. The model achieves a global
RMS of ~2.2 pixels across all twelve hydrogen anchor lines. In the high-throughput region (0.85—
0.95 pm), the solution reaches sub-pixel precision with an average RMS of 0.34 pixels. The fixed
boundary constraint at Ha (0.6565 um), used to regularize the fit in the low-throughput dropout
region. The increased scatter at shorter wavelengths reflects the lower signal-to-noise ratio and the
absence of strong anchor feature.

5.6. Spectral Resolving Power
We estimate the spectral resolving power (R) for order 3 using the fitted wavelength solution

model by computing
et (2 dlnA)‘l D
“6r \Tdx )

following the convention established in in Baines et al. 2023b. Figure 6 compares the
resulting on-sky resolving power curves—representing 39 individual samples and their
median—against the ground-based CV3 reference model. Beyond ~0.85 um, where the
hydrogen features provide strong constraints, the on-sky model exhibits a similar monotonic
trend to the CV3 reference. Notably, the on-sky results show a systematic offset, yielding a
higher resolving power than predicted by the CV3 model across the observed range. At
wavelengths shorter than 0.75 um, the derived R curve departs from the physical trend of the
reference model, showing an upward inflection toward the Ha anchor point. This behavior is
likely a numerical artifact of the poorly constrained polynomial derivative in the low-
throughput region given our chosen value for the boundary constraint. While the solution
accurately captures the dispersion geometry where spectral features are robust, the stability

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
To verify that this is the current version.
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of the resolving power profile in the short-wavelength regime remains limited by the absence
of additional anchor lines.
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Figure 6 Spectral resolving power for Order 3. The results derived from 39 individual wavelength
solutions (light blue) and their median (dark blue) are compared against the JWST order 3
ground-based reference model (black). Red points indicate the hydrogen features used to anchor
the fit. While the on-sky results exhibit a systematic offset toward higher resolving power, the
curve follows the expected physical trend established by the reference model beyond ~0.85 pm.
The steep increase at shorter wavelengths is a numerical artifact of the polynomial fit in the low-
signal dropout region.

6 Conclusions

In this study, we have leveraged the extensive set of BD+60 1753 observations (39 visits
over three years) to revisit the NIRISS/SOSS spectral order 3 calibration, complementing our
previous work on orders 1 and 2. Using these data, we have:

1) Derived smoothed trace models for order 3 that account for pupil wheel position
offsets. The trace model residuals show scatter of few pixels across all visits compared to the
de-rotated traces, indicating sufficient repeatability given the extrapolated center of rotation
of (x=1444, y=361.65).

2) Extracted and continuum-normalized spectra, measured hydrogen line positions, and
built a polynomial wavelength solution model for order 3. The model achieves an RMS
residual of approximately 2.2 pixels across the full wavelength range and sub-pixel accuracy
(~0.34 pixels RMS) within the high-signal region between 0.85 pm and 0.95 pm,
demonstrating strong local agreement where the line identifications are most reliable and
throughput is strongest.

Check with the JWST SOCCER Database at: https://soccer.stsci.edu
To verify that this is the current version.
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3) Estimated the resolving power as a function of wavelength based on the derived
wavelength model. The on-sky resolving power exhibits a gradual increase toward longer
wavelengths, consistent with expectations from CV3 ground testing, and shows broad
agreement above 0.85 pm where spectral features are best constrained.

Together, these results establish a predictive and internally consistent framework for order 3
integrated with JWST pipeline pastasoss model and reference file, enabling forward
modeling of spectral traces and wavelengths for arbitrary PW positions. This work extends
the calibration of NIRISS/SOSS across all spectral orders and provides the foundation for
refining the instrument’s wavelength mapping and resolution characterization using future
calibration and science observations.

Looking forward, this lays the ground for future recalibration of all three spectral orders for
SOSS using the full BD+60 1753 dataset and additional stellar sources that provide well-
defined spectral features. The upcoming superstripe observing modes in Cycle 5 will enable
observations of brighter stars, expanding the pool of suitable calibration targets and
strengthening the wavelength solution. Future efforts will also focus on improving cross-
order and long-term monitoring of temporal stability (Baines et al., in prep) using repeated
calibration observations. Collectively, these efforts will provide the community with a
unified and well-tested set of calibration tools/models, enabling high-precision time-series
and exoplanet spectroscopy with NIRISS/SOSS.
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