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ABSTRACT

We investigate the wavelength calibration accuracy of STIS CCD spectra as a function
of detector position, focusing on the E1/E2 pseudo-apertures. Comparison between
measured lamp line centroids and laboratory wavelengths shows that, while the
standard calstis solution is stable at the detector center, significant offsets are
present toward the CCD edges and increase with time. We used a test version of
calstis in which the wavelength calibration step employs a row-selected
cross-correlation, leading to improved wavelength calibration accuracy for edge
extractions. Motivated by these results, we implemented an update to calstis4 that
applies a row-selected wavecal procedure to observations taken with the E1/E2
pseudo-apertures, while preserving the standard procedure for nominal extractions.
The updated pipeline was then used to reprocess the entire STIS archive in MAST.
Validation tests confirm improved agreement between nominal and E1/E2 spectra
without significant side effects for more than 97% of the datasets in the MAST archive.
The main exceptions are the majority of G230MB and a few G230LB and G430M
datasets, where the lower signal-to-noise at the CCD edge makes the lamp lines harder
to detect and cosmic-ray residuals can dominate the cross-correlation, leading to
incorrect wavelength shifts. A Jupyter Notebook is also provided to enable similar
corrections in case the cross-correlation fails, for extractions at positions other than
E1/E2, or for multiple extractions along the slit. Finally, we discuss the potential
impact of the wavelength calibration accuracy on science results.
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1 Introduction

The STIS CCD detector shows a gradual rotation over time, reflected in measurable
changes in spectral trace angles [� 0:0031 � 0:0041 deg/yr; STIS ISR 2007-03], in the
long-term evolution of the CCD flat fields [� 0:0031 deg/yr; STIS ISR 2022-01], and
in independent astrometric analyses of archival imaging tied to Gaia DR2
[� 0:0038 deg/yr; Nguyen et al., 2021]. In particular, STIS ISR 2007-03 quantified the
rotation angle of the spectral traces for a subset of CCD settings (i.e., G230LB/2375,
G430L/4300, G750L/7751, and G750M/6768,6581,8561), and stored it in the
DEGPERYR column of the one-dimensional Spectrum Trace Table (SPTRCTAB;
qa31608go 1dt.fits) introduced in 2006. This information is used by the
calstis pipeline to correct the cross-dispersion shift of the trace position. However,
this remains limited to a subset of CCD settings. Furthermore, no corresponding
correction has been established for the dispersion shift up to now.

Analyses over the years on CCD dispersion-monitoring programs have
shown that the absolute scale (or zero-point) of the CCD dispersion solutions at the
nominal position (center of the CCD, row � 512) is accurate to within � 0:2 pixels,
and unchanged from before the Hubble Servicing Mission 4 (SM4; May 2009), when
STIS was successfully repaired and resumed operations [STIS ISR 2011-01, STIS ISR
2015-02 , STIS ISR 2018-04]. However, zero point offsets are known to be larger at
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the edges of the CCD [STIS ISR 2005-03, STIS ISR 2018-04, STIS ISR 2026-03] and
to degrade significantly over time [STIS ISR 2026-03]. STIS ISR 2005-03 examined
the accuracy achieved at pseudo-apertures E1 and E2, which place the target spectrum
closer to the CCD output amplifier (row � 900) to mitigate CCD charge transfer
inefficiency, from Cycle 11 and Cycle 12 (pre-SM4) dispersion monitor spectra.
In particular, they identified systematic wavelength offsets at row � 900 that were
generally within the 0.2 pixel accuracy requirement, except for G750L/7751, for which
the mean wavelength calibration error was estimated to be � 0:37 pixel. More recently,
STIS ISR 2026-03 quantified dispersion shifts at different CCD positions over two
decades (Cycles 11–33) for 14 CCD grating settings by cross-correlating dispersion
monitor spectra obtained at the same detector location with the corresponding Cycle 11
spectra used as the reference (see their Figures 4–11). They found comparable temporal
trends across all settings, with dispersion-axis shifts increasing progressively over
time from the detector center toward both CCD edges and reaching ≳ 0:5–1:5 pixels
by Cycle 33. Also, they derived rotation rates for each grating and central-wavelength
configuration (consistent with previous measurements when available; see their
Tables 1–3), concluding that the observed wavelength shifts are driven by CCD rotation.

The dependence of the CCD rotation’s impact on wavelength calibration accuracy
with detector position arises from the way the calibration procedure has historically
been implemented in the calstis pipeline [STIS ISR 2026-03, STIS ISR 98-12].
In particular, the wavelength calibration calstis step measures spectral (SHIFTA1)
and spatial (SHIFTA2) shifts on the detector - the zero-point offsets - caused by the
Mode Select Mechanism (MSM) positioning uncertainties and thermal drifts within
STIS. This is achieved by cross-correlating one or more Pt/Cr-Ne line lamp exposures
(“wavecal” exposures) - acquired with the MSM in the same configuration as the science
data (see STIS ISR 2018-04 Table 1) - with a reference lamp spectrum obtained pre-
launch. By default, this cross-correlation is optimized for the nominal position, even
for observations using E1/E2 pseudo-apertures. Given the widespread use of the E1
pseudo-aperture (accounting for � 26% of STIS CCD long-slit exposure time between
2000 and 2026; see Appendix A), it is important to improve the wavelength calibration
accuracy at E1, bringing it to a level comparable to that achieved at the nominal position.

In this ISR, we show how the wavelength calibration accuracy varies across the
CCD detector (Section 2) and describe the steps leading to the most recent update to the
calstis pipeline (version 3.5.0), implemented to correct for the CCD rotation
effect at the E1/E2 position (Sections 3 and 4). In Section 4, we also present validation
tests of the updated pipeline using CCD dispersion-solution monitoring data obtained
over Cycles 11–33, along with other science programs’ datasets, and give guidance to
users. Finally, in Appendix B we describe a new Jupyter Notebook that corrects for
wavelength calibration accuracy offsets when the source spectrum is located neither at
the nominal nor at the E1 position, or in the case of extended sources, where spectra
extracted at multiple CCD positions must be corrected consistently.
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2 The Degrading of Wavelength Calibration Accuracy
at the Edges of the CCD

To test the wavelength calibration accuracy at different positions on the CCD
(including nominal and E1 apertures) and as a function of time (to account for CCD
rotation), we used data from the CCD dispersion solution monitor programs1 from
Cycle 33 to Cycle 7, which have been monitoring a large set of CCD gratings and
central wavelengths (i.e., G230LB/2375, G430L/4300, G750L/7751,
G230MB/2416,2697,3315, G430M/3165,3680,4961,5471, G750M/6768,6581,8561).
In particular, prior to Cycle 11 the LINE lamp was used, whereas from Cycle 11
onward the HITM1 lamp was consistently adopted, enabling high signal-to-noise
spectra even at the edges of the CCD. In this section, we focus on the G750L/7751 and
G430L/4300 settings, which have exhibited larger wavelength inaccuracies than the
other con�gurations since STIS ISR 2005-03.

To make the best comparison as possible with STIS ISR 2005-03's results, we
reproduced the same analysis step by step (see their Section Data Analysis), �rst
calibrating the raw lamp �les using calstis, and then extracting from the calibrated
�at-�elded output images (flt.fits) lamp �les 32 spectra, centred in different
columns, from 16 to 1008, using the stistools task x1d (see STIS ISR 2026-03
Figure 1). We de�ned a list of reference laboratory lines by identifying the main peaks
(above a chosen threshold) in the central spectrum for each Cycle and matching them
to NIST2 emission lines to derive the corresponding wavelengths. We then selected
speci�c subranges to include only bright, unblended lines, excluding weaker or
blended features that would otherwise affect the results. Finally, we �tted the identi�ed
emission lines in all 32 extracted spectra for each Cycle with single Gaussian pro�les,
as shown in Figure 1 for G750L/7751 (Cycle 11 vs. Cycle 33 and center vs. E1),
initializing the centroids using the reference laboratory line list. Inspection of Figure 1
shows consistency at the center between Cycle 11 and 33, and a clear wavelength shift
at E1, as indicated by the offsets between the �tted Gaussian centroids and the
reference line positions.

Comparing the �tted line centroids with the corresponding laboratory
wavelengths as a function of detector position and cycle allows us to quantify the
wavelength calibration accuracy across the CCD and over time. Figure 2 shows that
the median difference between the �tted line centroids and the laboratory wavelengths
remains broadly consistent across cycles at the center of the CCD, in agreement with
previous studies [STIS ISR 2011-01, STIS ISR 2015-02 , STIS ISR 2018-04]. In
contrast, an offset that increases with time appears toward the edges of the CCD, as
clearly shown by the HITM1 lamp results (Figure 2, right panels). The similar

1This link shows all STIS calibration programs per cycle: https://www.stsci.edu/hst/
instrumentation/stis/calibration

2https://physics.nist.gov/PhysRefData/ASD/lines_form.html
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Figure 1. Example of the �tting procedure for G750L/7751 spectra extracted at the
detector center in Cycle 11 (top left) and Cycle 33 (bottom left), and at the E1 position
in Cycle 11 (top right) and Cycle 33 (bottom right). Vertical lines mark the reference
laboratory wavelengths. The �tted Gaussian centroids agree well with the reference line
positions at the detector center in both cycles, while a clear wavelength shift is visible
at E1 in Cycle 33, as shown by the offset between the �tted centroids and the reference
lines.

temporal trend observed for both G750L and G430L3 (as well as the consistent
behavior found for all the monitored CCD settings in STIS ISR 2026-03) reinforces
that this effect is mainly driven by the CCD rotation discussed in Section 1 [STIS ISR
2007-03, STIS ISR 2022-01].

We note that the offset is mostly visible on one side of the CCD for the LINE lamp
results (Figure 2, left panels), possibly due to the low signal-to-noise at the CCD top
edge. However, it is not possible to assess the temporal behavior of this effect, as LINE
lamp observations were not obtained in recent cycles of dispersion monitor programs.
Overall, the presence of a systematic shift at the detector edge even in cycles prior to

3Consistently with STIS ISR 2005-03, the difference between the measured line centroids and the
laboratory wavelengths at the CCD center for G430L is not centered at zero, but shows a small negative
offset.
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