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WFC3/IR Filter Wedge

Ti!any Borders1, Elena Sabbi1, and John MacKenty1

Abstract. In order to verify if any of the WFC3/IR imaging filters presents vari-
ations in its thickness (filter wedge) we observed the young and bright star cluster
NGC 1850 through all the WFC3/IR filters consecutively within 1 orbit. We found
that, with the exception of the F098M and F126N filters, the positions of stars ob-
served though di!erent filters di!er on average by less than 0.14 ± 0.06 pixels.

1. Introduction

A key feature of the Wide Field Camera 3 (WFC3) is its panchromatic wavelength coverage.
The optical design features two independent channels, one operating in the wavelength range
200 to 1000 nm (the UVIS channel), and the other sensitive to the 800 to 1700 wavelength
range (the IR channel). WFC3/UVIS is equipped with 62 wide-, medium-, and narrow-
band filters in the UVIS channel, plus one low-dispersion grism, while WFC3/IR has 15
wide-, medium-, and narrow-band filters, 2 grisms, and an opaque element.

Thickness variations in a filter can modify the intensity distribution of the light beam,
an e!ect called filter wedge. Filter wedge introduces a slight shift in positions when com-
paring observations of astronomical sources observed without moving the telescope. If the
two faces of a filter are not coplanar (or wedged) the displacement of the light beam will
cause a rigid shift of the entire field of view.

During Cycle 17 proposals 11913 and 11923 (P.I. MacKenty) were executed to measure
the relative displacement of stars in the cluster NGC 1850 caused by filter wedge in the
IR and UVIS respectively. This report summarizes the results obtained for the IR channel
using the data acquired in proposal 11913. Results for the UVIS tests will be presented in
a forthcoming ISR (Borders et al. 2010).

2. Observations

The IR channel is equipped with five broad-band filters (F105W, F110W, F125W, F1450W,
and F160W), four medium-band filters (F098M, F127M, F139M, and F153M0), and six
narrow-band filters (F126N, F128N, F130N, F132N, F164N, and F167N), plus two low-
dispersion grisms (G102 and G140). Filters and grisms are housed in an 18 slot wheel, called
the Filter Select Mechanism (FSM), with the 18th slot reserved to the opaque element (or
BLANK). For IR observations, the selected filter is rotated into the light beam. The FSM
can rotate in both directions in the IR channel and always takes the shortest path to a new
filter position. Figure 1, from the Wide Field Camera 3 Instrument Handbook for Cycle 18,
shows how the filters are housed in the FSM. The first household on the right side of the
BLANK element housing the F160W filter is defined as position 1 of the FSM while filter
F164N is in position 17.

We observed the young and bright star cluster NGC 1850 in the Large Magellanic
Cloud using all the IR filters in order to verify if any of the WFC3/IR filters are a!ected
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Figure 1: Graphical representation of the IR filter wheel from the Wide Field Camera 3
Instrument Handbook for Cycle 18. The positions of filters, grisms and BLANK are shown.
The rotation directions are indicated by the curved arrows.

by wedge. NGC 1850 has been chosen because it has a low amount of extinction and hosts
several bright red and blue stars, which makes it a good target for both the IR and UVIS
channels.

For each filter in the IR channel we acquired one short exposure in the MULTIAC-
CUM mode. To minimize shifts between consecutive observations (e.g. due to guide star
(re)acquisition) all the images were acquired within the same orbit. Finally to minimize
the read-out overheads all data were acquired using a default 512 x 512 sub-array. The
data were acquired starting with the F105W filter (corresponding to position 5 in Figure 1)
and then rotating the FSM clockwise toward the F125W filter. We also acquired an extra
F105W image at the end of the orbit to verify the telescope had not moved during the
observations (i.e. because it lost the Guide Star). A log of the observations are reported
in Table 1 including the image name, filter, read mode, number of samplings, and total
exposure time in seconds.

3. Analysis

All raw images were processed through the IRAF calwf3 (version 1.7) for calibration.
The calibration steps included the overscan correction, dark file subtraction, and flat-
field correction (DQICORR, BLEVCORR, DARKCORR, and FLATCORR turned on).
The reference files employed were t291659ni bpx.fits, t2c16200i ccd.fits, q911321mi osc.fits,
t5s1754di drk.fits and sca2025ti pfl.fits, for the bad pixel table, ccd table, overscan table,
superdark file, and the pixel to pixel flat field file, respectively. For the IR channel, the
pipeline applies an “up-the-ramp” fit through the non destructive reads to remove the cos-
mic rays and recover the information associated with saturated stars, and finally it converts
the images from counts to count rates (refer to Appendix E of the Wide Filed Camera
3 Instrument Handbook for a detailed description of the calibration steps performed by
calwf3 ).

We measured the position of the stars on each image using DAOPHOT in IRAF and
the sources were identified using DAOFIND in IRAF. Aperture photometry was performed
using the IRAF task PHOT. To refine the positions of the detected sources for each image
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Table 1: Log of observations for proposal 11913 including file name, filter, read mode,
number of samples, and the total exposure time in seconds. Data were taken on February
6th, 2010.

Image Name Filter STEP NSAMP Total Exposure
Time (sec)

ibcg01fiq F105W RAPID 6 17.549
ibcg01fhq F098M RAPID 6 17.549
ibcg01fwq F140W RAPID 6 17.549
ibcg01fvq F153M RAPID 8 23.458
ibcg01fqq F139M RAPID 8 23.458
ibcg01fmq F127M RAPID 6 17.549
ibcg01fnq F128N RAPID 10 29.323
ibcg01foq F130N RAPID 10 29.323
ibcg01fpq F132N RAPID 10 29.323
ibcg01flq F126N RAPID 10 29.323
ibcg01fjq F167N RAPID 10 29.323
ibcg01fkq F164N RAPID 10 29.323
ibcg01fuq F160W RAPID 7 20.526
ibcg01ftq F125W RAPID 6 17.549
ibcg01frq F110W RAPID 6 17.549
ibcg01fxq F105W RAPID 6 17.549

we made an empirical PSF, by selecting !10 well isolated stars, and then used ALLSTAR
to perform PSF-fitting on each image. This method also allowed us to reject non-stellar
objects such as cosmic rays (CRs) and hot pixels that were not removed by calwf3, as well
as galaxies and blended stars. In order to reject non-stellar objects we used two of the
statistical parameters provided by ALLSTAR to evaluate how close a detected source is to
the empirical PSF. In particular, we used the !2 of the residual and kept only those sources
with !2 <1.5. We also used the sharpness parameter to discard those objects that were
either too sharp (sharpness<-0.2) or too broad (sharpness>0.2) to be a star.

We matched together all the catalogs and, for each star, we measured the shift between
the X and Y positions on the original frame and the reference image (ibcg01fiq flt.fits) in the
F105W filter (see Table 1). A 3" clipping rejection was used to reject possible false matches,
due to the di!erence in the crowding conditions of the cluster on the various images. The
di!erence along the X and Y directions are shown in Figures 2, 3, 4, and 5. With the
exception of filters F098M and F126N, where the shifts with respect of the reference image
is more than 0.3 pixels, the average shift is 0.14 ± 0.06 pixels. The average shifts are listed
in Table 2 for each filter.

To verify if there is any dependence with wavelength we plotted the shifts along the
Y axes (upper panel), the X axes (middle panel), and the total shifts (lower panel) as a
function of wavelength shown in Figure 6. No obvious relation between the total shift and
the wavelength are found. We did, however, find a moderate dependences with wavelength
along both the X and Y axes, consistent with the tilted angle of !8.6! between the RCP
(which applies the spherical-aberration correction) and the field center chief ray.

4. Summary and Conclusions

During Cycle 17 we observed the young star cluster NGC 1850 (calibration proposal 11913)
to verify and quantify if any of the WFC3/IR imaging filters are a!ected by wedge. By
observing the cluster in all the WFC3/IR filters within 1 orbit we were able to directly
measure the displacement of the sources over the detector in each filter.
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Figure 2: Di!erence between the position of the stars in the images acquired with the
F098M, F140W, F153M and the F139M filters, and the position on the reference image
(F105W). The red lines highlight the 0,0 (no shift) position.
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Figure 3: Same as Figure 2 but for filters F127M, F128N, F130N, and F132N.
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Figure 4: Di!erence between the position of the stars in the images acquired with the
F126N, F167N, F164N and F160W, and the position on the reference image (F105W). The
red lines highlight the 0,0 (no shift) position.
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Figure 5: Same as Figure 4 but for filters F125W, F110W, and F105W.
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Figure 6: Average shifts of the stars measured in each image with respect to the reference
image (F105W) as a function of wavelength along the Y axes (Top Panel), X axes (Middle
Panel), and the total shift (Bottom Panel).

With the exception of the F098M and F126N filters, which show a displacement relative
to the reference image greater that 0.3 pixels, the average shift for all the other filters is 0.14
± 0.06 pixels. We also find that the displacement of the detected sources increases along
the X axes and decrease along the Y axes as a function of wavelength. This behavior is
consistent with the tilted angle of about 8.6! between the RCP (which applies the spherical-
aberration correction) and the field center chief ray.
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