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ABSTRACT

It has been previously studied that the STIS CCD exhibits a slow rotation, evident
from changes in spectral traces and flat-field evolution. In this Instrument Science
Report, we present an independent spectroscopic analysis of the CCD rotation angle
and a comparison with previous studies. We describe the methodology used to derive
rotation angles and rates across different gratings and central wavelengths, and report
the corresponding median rotation rates over time. The results are broadly consistent
within uncertainties with earlier measurements, indicating the CCD rotation has the
same impact on all the CCD gratings. We also discuss key assumptions limiting our
analysis. These findings contribute to the ongoing monitoring of STIS CCD rotation
and its implications for calibration accuracy.
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1. Introduction

The STIS CCD exhibits a slow rotation as evidenced by a change in the spectral traces
[ 0:0031 0:0041 deg/yr; |STIS ISR 2007-03], the evolution of the STIS CCD
flat fields [ 0:0031 deg/yr; STIS ISR 2022-01], and an independent astrometric
analysis of archival imaging using sources in Gaia DR2 [  0:0038 deg/yr; Nguyen
et al., |2021]. Also, as reported in previous studies [STIS ISR 2005-03]] and confirmed
by dispersion solution monitor programs [STIS ISR 2018-04, STIS ISR 2025-01]], a
systematic wavelength shift has been detected in spectra extracted at the CCD edges.

A measurable rotation of the spectral traces of some CCD settings has been
quantified by [STIS ISR 2007-03 (i.e., G230LB/2375, G430L/4300, G750L/7751, and
G750M/6768, 6581, 8561), using exposures of the standard stars taken for STIS CCD
sensitivity monitoring calibration programs. The measured rotation angle is stored in
the DEGPERYR column of the one-dimensional Spectrum Trace Table (introduced in
2006; STIS ISR 2007-03)), which is used to correct the shift of the trace position on the
spatial axis. In this ISR, we aim to independently quantify the effect of the CCD
rotation on spectroscopic observations, evaluate consistency across different gratings,
and compare our results with previous analyses. In particular, we provide an
independent determination of the CCD rotation angle using HITMI1 lamp
spectroscopic observations from the CCD dispersion solution monitoring programsﬂ
spanning from Cycle 11 to Cycle 33 (approximately two decades). In parallel, the
STIS team investigated methods to correct for the effect of CCD rotation on the
dispersion direction and thereby improve the wavelength calibration accuracy across
the detector, as described by STIS ISR 2026-04| (see also May 2026 STAN).

In Section [2, we explain how we evaluated the impact of CCD rotation on the
dispersion axis of HITM1 spectroscopic data. In Section [3] and Section 4] we describe
the method used to quantify it and to derive the corresponding rotation angle and rotation
rate over time for different gratings and central wavelengths. Finally, in Section [5| we
provide a brief summary of our results.

2 The effect of CCD rotation on the dispersion axis

The left panel of Figure [1| shows an example of the 2D lamp spectrum from one of the
dispersion solution monitor programs, from which we extracted 32 spectra at different
positions, indicated by the gray bands (see Section [3] for the detailed analysis
explanation). The right panel of Figure [I]illustrates a subset of extracted spectra over
time (from Cycle 11 to Cycle 33), zoomed in on a single emission line for clarity.
These datasets do not allow us to measure the effect of the rotation across the
cross-dispersion or spatial axis, since the lamp illuminates the detector nearly
uniformly till the edges. However, a clear shift along the dispersion axis is evident and
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Figure 1. Example of a G750L 2D lamp spectrum from one of the dispersion solution
monitor programs (left panel), from which we extracted 32 spectra for our analysis.
The right panel shows examples of extracted spectra at different positions and cycles,
zooming in on a single emission line to illustrate the systematic shift, which becomes
more pronounced toward the edges of the CCD over time. The displayed line is
redshifted (positive shift) at row 912 from Cycle 11 to Cycle 33, and blueshifted
(negative shift) at position 16 over the same cycles, relative to the center of the CCD.

can be tracked over time. To provide an independent measurement of the rotation angle
alongside the rotation trace analysis ( Yy) from STIS ISR 2007-03, we first had to
determine how to estimate it from the shifts along the dispersion axis ( X) of spectra
at different CCD positions, using emission line positions as references.

First, we adopted the clockwise rotation rate of ~ 0:0031 deg/yr around the center
coordinates given in pixels by [STIS ISR 2022-01}, x, = 468:02 pixel, yo = 411:18 pixel.
We also assumed that the spectra on the CCD can be approximated as perfectly parallel
lines (neglecting the small edge distortions), as shown in Fig. 2] A rigid clockwise
rotation of a point (x,y) on these lines by an angle around the center (Xq;Yo) is given
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by:
X=X+ (X Xg)cos +(y VYo)sin

Y=y, (X Xo)sin +(y Yo)cos

where (X";y") are the coordinates of the point after rotation. With this simplification,
we estimated the maximum shifts along the dispersion and cross-dispersion axes by
evaluating the effect of the rotation at the four corners of the CCD detector (simply
illustrated in Fig. 2)): (0,0), (1024,0), (0,1024), and (1024,1024). Over 29 years of STIS
observations (1997-2026), the shifts in both directions are clearly measurable. Along
the dispersion axis, X = (X’ X) is approximately 1 pixel at the top corners and 0:6
pixels at the bottom corners. Along the cross-dispersion axis, the shift y = (y* y)
is about 0:8 pixels on the left side and 0:8 pixels on the right side. Considering
the differential shifts, the variations in X" across the left and right corners, and in

y? across the top and bottom corners, are of order 10 ® pixels. This shows that,
although shifts along both the dispersion and cross-dispersion directions are measurable,
their dependence on the columns (dispersion-axis) and rows (cross-dispersion axis),
respectively, is negligible. This implies that, to first order, X depends on the cross-
dispersion coordinate Y and is nearly constant along the dispersion axis, while Yy
depends on the dispersion coordinate X and is nearly constant along the cross-dispersion
axis.

Figure 2] provides a simplified illustration of the effect of CCD rotation on spectra,
showing a spectral trace with three emission lines: one near the top-left (X;, Y1), one at
the top-center (Xa, Y2), vertically aligned with the assumed rotation axis (X, Vo), and
one near the top-right (X3, Y3). The comparison of the solid and dashed traces offers a
visual example of the rotation effect, with an exaggerated rotation angle for clarity. The
simplest case is (Xo, Y2), given that X, X3, for which the corresponding rotation angle

can simply be measured by applying basic trigonometric principles:

. X X
= . —  (f 1 1
arcsin . . @ ) (1)

where X = (X}, Xy) is the centroid shift between the two Gaussians (highlighted in
magenta) and r = Yy, Y, is the vertical distance from the rotation center. For the
Gaussians located at the left and right edges of the detector in Figure [2] the
corresponding right-triangle construction cannot be used directly (see Equations 2H3]in
Appendix [A). However, Appendix [A] shows that, under the small-angle approximation,
Equation [l| can still be used to estimate the rotation angle from each measured
x-displacement along the spectral trace. As illustrated in Figure [2| the x-displacement
varies with position along the dispersion axis. For the actual rotation accumulated over
29 years, however, this variation is only of order ( 10 ?) pixels, as discussed above,
and is therefore negligible for the present analysis. In Section [3 we show how we
measured X for the STIS CCD over time, evaluating the temporal shift of the
emission line centroids of the HITM1 lamp, used consistently for dispersion solution
monitor programs since Cycle 11 (e.g., Figure[I)).
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