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ABSTRACT

I review the tests for optical ghosts and baffle scatter on the IR channel, as performed during the 

second thermal-vacuum (TV) campaign of WFC3.  In the first TV campaign, no significant opti-

cal ghosts were found in any of the filters, but some problematic scatter was seen from the detec-

tor’s knife-edge baffle.  Since then, the detector and three of the filters were replaced, and the 

current instrument shows no significant ghosts in any of the filters and no significant scatter 

from the baffle.  When a source is scanned across the baffle edge, a small glint can be seen, ex-

tending up to 100 pixels and containing up to 1% of the source energy.   

Background

The contract end item (CEI) specification for optical ghosts on WFC3 dictates that no dis-

crete ghost should contain more than 0.2% of the source flux.  The ghost and scatter tests per-

formed in the second thermal-vacuum (TV) campaign were very similar to those performed in 

the first TV campaign (Brown 2005, ISR WFC3 2005-22), but the procedure is briefly summa-

rized here.  

We illuminated the WFC3 IR channel with a point source that was approximately ten times 

oversaturated (i.e., ~1,000,000 e- in the peak pixel), so that a discrete ghost exceeding the CEI 

specification could be detected easily (since it would exceed 2000 e- in its peak pixel if it was 

point-like).  The point source was generated by the CASTLE optical stimulus, using the tungsten 

lamp and 10 micron pinhole.  With the F160W filter, the source was placed at 52 positions, both 

on and off the detector, including scans across the leading edge of the detector (which is tilted 

with respect to the incoming beam).  The F110W was checked at 34 positions, both on and off 

the detector, while the remaining filters were checked at 4 positions on the detector.  These posi-
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tions are shown in Figure 1.  We also obtained a brief unsaturated image in each filter to measure 

the source and thus characterize any ghosts present as a fraction of the source flux. 

Figure 1a: The commanded positions for the ghost test.  Saturated images in the F160W filter 

were taken with the source at 52 positions (blue circles) on and off the detector, including a scan 

across the leading edge of the detector.  Saturated images in the F110W filter were taken at 34 

positions (green circles) on and off the detector, while saturated images in the remaining filters 

were taken at 4 positions (purple circles) on the detector.  In each filter, an unsaturated image 

was also taken near field center (+20,-20; marked) to characterize the source intensity relative to 

any ghosts found.  The coordinates here are in the output image frame, which is rotated by 90 

degrees with respect to the CASTLE commanding.  Furthermore, the actual alignment of WFC3 

and CASTLE means the source does not fall exactly where commanded (see Figure 1b).  A dot-

ted line indicates the knife-edge of the baffle, while the blue line indicates the reference pixels.
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Figure 1b: The actual positions of the source during the ghost tests, in the F160W (blue circles), 

F110W (green circles), and remaining filters (purple circles).  There is a small offset between 

commanded (see Figure 1a) and actual positions of the CASTLE source, due to the CASTLE and 

WFC3 alignment.
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To check for baffle scatter, we obtained additional F160W images with the source scanned 

across the knife-edge of the baffle, with two scans across each of the four sides of the baffle.  In 

the first complete run of the knife-edge scan, the source did not cross the top edge of the detector 

(as viewed in image coordinates), so a subset of the test was repeated to extend these scans 

across the knife edge.  The positions for the knife-edge scans are shown in Figure 2.

Figure 2: The commanded (crosses) and actual (diamonds) positions of the CASTLE source dur-

ing the scans of the baffle knife-edge. 
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When similar tests were performed in the first TV campaign, very faint ghosts were seen in 

the F093W and F126N filters, but these were so faint they were not quantifiable.  The only real 

problem was from baffle scatter. When the source was scanned across the knife-edge baffle of 

the detector, a significant glint (containing ~20% of the source flux) could sometimes be seen 

extending across a large region of the detector (see Brown 2005 for details).  Since then, the de-

tector package has been replaced; FPA064 was replaced by FPA129, a substrate-thinned detector 

with higher QE (especially in the blue) and a new knife-edge baffle.  In addition, three of the fil-

ters were replaced (Baggett et al. 2007, ISR WFC3 2007-02); the F110W and F125W were re-

placed with new versions, while the F09W was replaced with the F140W.  These changes war-

ranted a repeat of the ghost and scatter tests in the IR channel.

Processing

All of the images were processed with a minimal pipeline, written in IDL, which includes 

reference pixel subtraction and fitting the sample-sequence ramp to produce count rates in each 

pixel.  For the images of the saturated source (observed with a STEP50 sample sequence), a 

nearly contemporaneous dark subtraction was performed by subtracting another image in the 

same filter from the same test, but with the source furthest from the current position.  This con-

temporaneous dark subtraction minimizes the detector artifacts so that the faintest ghosts can be 

detected.  For the images of the unsaturated source (observed with a RAPID sequence), dark sub-

traction was performed using dark exposures taken during other TV2 tests that same week.  The 

dark subtraction makes little difference in the measurement of the flux for the unsaturated source, 

because in these images the source is still very bright.

Results

Fortunately, the new tests revealed no significant problems with either ghosts or baffle scat-

ter.  No optical ghosts could be detected in any of the filters, although the images were again sig-

nificant to detect ghosts fainter than the CEI specification of 0.2%.  This is demonstrated in Fig-

ure 3, which shows one of the F160W images.  Besides the source (S), three artifacts from the 

CASTLE can also be seen in the images (A1, A2, & A3), appearing to the upper left and below 

the source.  The fraction of flux in these three artifacts is 0.08%, 0.3%, and 0.8%, respectively, 

yet they are all easily detected in the image.  These artifacts move with the source and appear in 

nearly every exposure.  No large scatter from the knife-edge baffle was seen in any of the scans, 

but a small glint can be seen every time the source is scanned across the knife edge (Figure 4).  

The glint can extend up to ~100 pixels in length, and at its peak brightness in each scan, it con-

tains anywhere from 0.5% to 1% of the flux in the source (similar to the diffraction spikes).   
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Figure 3a: A subset of positions during the baffle scans, shown as a 200x200 pixel subsection 

with a hard logarithmic stretch.  The columns of postage stamps are for the top baffle edge (left 

and right sides of the detector) and bottom baffle edge (left and right side of the detector).  The 

small glint can be seen between the diffraction spikes as the source crosses the knife edge.
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Figure 3b: A subset of positions during the baffle scans, shown as a 200x200 pixel subsection 

with a hard logarithmic stretch.  The columns of postage stamps are for the left baffle edge (top 

and bottom halves of the detector) and right baffle edge (top and bottom halves of the detector).  

A small glint can be seen between the diffraction spikes as the source crosses the knife edge.
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Figure 4: One of the F160W images checking for ghosts, with the saturated source (S) on the de-

tector.  No obvious ghosts can be seen in this hard logarithmic stretch.  However, three CASTLE 

artifacts (A1, A2, & A3) can be easily detected, and they contain, respectively, 0.08%, 0.3%, and 

0.8% of the source flux, demonstrating that the data are sufficient to detect ghosts that would ex-

ceed the CEI specification (0.2%). 
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