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Abstract. Knowledge of the point spread function (PSF) on a detector is impor-
tant for scientific applications such as photometric measurements and analysis of
blended sources. It is also important for ensuring that good optical alignment of the
instrument is achieved and maintained. The quality of the PSF on HST instruments
varies over the detector and varies with time. The focus changes throughout an orbit
as the optical bench ”breathes”, and the average focus changes slowly over time.
Locally, the detected PSF is a!ected by pixelation and charge di!usion or interpixel
sensitivity variation. The PSF is also dependent on wavelength. All of these factors
both complicate PSF analysis and make it more challenging to provide useful PSFs
to observers. Here we review the on-going measurement and analysis of the PSF on
the WFC3 detectors.

1. Introduction

Calibration programs to measure and monitor the PSF as a function of time and of position
on the WFC3 detectors began during the SMOV period and have continued into cycle
17. In Section 2, we examine stellar cluster exposures from the CAL/OTA program 11877
and show that PSF variations over the course of an HST orbit (due to ”breathing” of
the Optical Telescope Assemply) are greater than the gradual mean variation that occurs
over the course of months. In Section 3, we use similar stellar cluster exposures from the
CAL/WFC3 program 11918, which all happen to have approximately the same breathing,
to determine the values of a variety of PSF metrics, and to display two of those metrics
as a function of position on the WFC3/UVIS detector. In Section 4, we show deep PSFs
on the WFC3/UVIS and WFC3/IR detectors made by combining short to long exposures
of the isolated star GD 153, made in the CAL/WFC3 programs 11438 and 11439. A brief
summary of future work is given in Section 5.

2. Dependence of PSFs on Breathing

Cycle 17 CAL/OTA program 11877 periodically observes the open cluster NGC 188 with
WFC3/UVIS filter F410M. We have measured the PSFs in the full frame exposures (2x15
sec) taken in the first 10 visits. An example of the !30 stars analyzed in one visit is shown
in Figure 1.

The mean FWHM and the error in the mean for the PSFs measured in each visit are
shown as a function of time in Figure 2. The scatter is due to the change in focus that
results from the ”breathing” of the Optical Telescope Assembly, due to heating loads and
altitude histories. The breathing must be taken into account when analyzing long-term
changes in focus and instrument stability.

Predictions of the breathing model are shown for each of the 10 visits in Figure 3,
expressed as changes in the spacing between the HST primary and secondary mirrors in mi-
crons over the course of two orbits. An extrapolation of the long-term variation is included.
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The squares indicate the time at which the WFC3/UVIS exposures were made. A range of
nearly 6 microns has been sampled by the exposures. Larger excursions occur occasionally.

The mean FWHM and the error in the mean for the PSFs measured in each visit
have been replotted as a function of the modelled breathing in Figure 4. There is clearly a
dependence of the size of the PSF on the focus over the range typically encountered during
an orbit. Short exposures will generally sample di!erent degrees of defocus, while long
exposures will blend the e!ects of the changing focus.

3. Monitoring of Image Quality

Monitoring of image quality by observing open cluster NGC 188 with two filters per detector
began with SMOV WFC3 programs 11436, 11437 (1 visit each) and continues with cycle
17 CAL/WFC3 programs 11918, 11920 (3 visits each). The values of the PSF metrics for
a visit depend on the OTA breathing sampled by the exposures, as shown in Figures 3 and
4. Analysis of image stability must therefore take breathing into account.

A summary of PSF measurements is shown Table 1 for exposures made with filter
F621M on 1 Aug 2009 (program 11436, visit 01) and 21 Nov 2009 (program 11918, visit
01). Each visit included four F621M exposures (2x30 sec) taken with steps !25 arcsec
between exposures, producing !40 measurable stellar images per exposure. The mean,
minimum value, maximum value, and standard deviation are shown for each PSF metric
and for the modeled breathing of the exposures.

Table 1: PSF Metrics for Stars in F621M Exposures of NGC 188 Made in SMOV Program
11436 and Cycle 17 Program 11918

EE.15 EE.20 EE.25 sharpness peak FWHM ellip breathing
(pix) (microns)

11436
mean 0.587 0.709 0.791 0.055 0.139 1.783 0.074 +2.4
min 0.557 0.682 0.770 0.047 0.110 1.549 0.028 +0.9
max 0.614 0.731 0.809 0.066 0.182 1.925 0.131 +3.3
std 0.012 0.011 0.008 0.003 0.014 0.066 0.027 1.1

11918
mean 0.601 0.720 0.799 0.060 0.149 1.758 0.062 -2.0
min 0.590 0.707 0.789 0.053 0.117 1.576 0.023 -2.2
max 0.611 0.731 0.808 0.067 0.184 2.042 0.105 -1.6
std 0.005 0.005 0.004 0.002 0.015 0.062 0.016 0.2

The first three columns of metrics show the encircled energy, EE.NN, which is the frac-
tion of flux within a diameter of 0.NN arcsec. The next column gives the sharpness, which
is the sum of the pixel values in the unity-normalized PSF times itself. The next column,
”peak”, is the fraction of flux in the peak pixel. The full width half maximum (FWHM)
and ellipticity (ellip) are given in the following columns. The final column (breathing) gives
the estimated relative spacing of the primary and secondary mirrors from the breathing
model. The encircled energies and ”peak” have been adjusted by 5% to include the flux in
the wings measured in the UVIS PSF Wings program 11438. (See the following Section).

The PSFs in the later visit are more compact because they were taken when the breath-
ing produced better focus. Fortuitously, all of the exposures in that visit are at nearly the
same focus, so they can be combined to investigate PSF characteristics as a function of
location on the detector, as shown in Figure 5.
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4. Characterizing PSF Wings

Figures 6 and 7 show images of deep PSFs made from exposures of the isolated star GD153
in the SMOV PSF wings programs (11438, 11439). The images are !20 arcsec on a side,
uncorrected for geometric distortion, displayed with a log stretch of 6 dex. Field objects
are also visible. Faint ghosts due to window reflections can be seen in the UVIS images.

The UVIS detector is tilted along a diagonal with respect to the principal ray, resulting
in a rhomboidal projection on the sky and slightly non-perpendicular di!raction spikes in
the image. The IR detector is tilted about the X axis, resulting in a nearly rectangular
projection on the sky and di!raction spikes that appear as an elongated X in the image.

5. Future Work

Analysis of the SMOV programs on image quality and PSF wings has been presented in
WFC3 ISRs 2009-37 and 2009-38. Cycle 17 CAL/WFC3 data is being analyzed as described
here, along with other data as needed, to characterize the changes in PSFs on the timescale
of orbits (due to breathing), to monitor the evolution of typically observed PSFs on the
timescale of months (due to gradual changes in focus), and to characterize the dependence
of PSF properties on location on the detector. The results will be used to inform users of
PSF properties and to assess the possible need for optical re-alignment of the WFC3 optics.
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Figure 1: In this typical WFC3/UVIS F410M exposure of the open cluster NGC 188 from
program 11877, circles indicate the locations of stars used to determine PSF metrics.
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Figure 2: Mean FWHM (pixels) and error in the mean for stars in WFC3/UVIS F410M
exposures from program 11877 as a function of date of observation.
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Figure 3: Modeled breathing (changes in the spacing between the HST primary and sec-
ondary mirrors in microns) as a function of time over the course of two orbits for each of the
first ten visits in program 11877. Squares indicate the times of the WFC3/UVIS F410M 30
sec exposures analyzed here. Time intervals of 1 to 5 weeks between the visits have been
removed to make the structure of the curves visible.
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Figure 4: Mean FWHM (pixels) and error in the mean for stars in WFC3/UVIS F410M
exposures from program 11877 as a function of modelled breathing (microns of mirror
spacing) at the time of the exposure.
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Figure 5: PSF metrics for filter F621M as a function of position on the WFC3/UVIS
detector. Color represents Encircled Energy within 0.25 arcsec diameter (violet: low to red:
high). Symbol size (larger) represents FWHM (larger).
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Figure 6: Deep WFC3/UVIS PSFs near amp B for filter F275W (left) and near amp A for
F625W (right), !20 arcsec on a side, uncorrected for geometric distortion, displayed with
a log stretch of 6 dex. Ghosts due to window reflections are apparent, with orientation
dependent on location on the detector.

Figure 7: Deep WFC3/IR PSFs for filters F098M (left) and F160W (right), !20 arcsec on
a side, uncorrected for geometric distortion, displayed with a log stretch of 6 dex. Field
objects are visible in these deep exposures of an ”isolated” star, GD153.


