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ABSTRACT 

We report the detection of an optical ghost in the Advanced Camera for Surveys (ACS) 
Solar Blind Channel (SBC). The ghost was first detected in deep imagery of two Herbig 
Ae stars, HD 169142 and HD 100453, using filter F122M in April and June of 2006, 
respectively. The ghost was then verified in two different epochs (June 2002 and March 
2003) of archival calibration imaging of the reference white dwarf star HS 2027+0651, 
which is a known single source. After detailed analysis of the above data, we show that 
the ghost has a consistent offset and position angle for the four sets of images and does 
not depend on spacecraft orientation. The mean energy of the ghost is about 0.82% of the 
energy of the primary target and is located 19° to the left of the positive y-axis of the 
geometrically corrected detector frame at a distance of about 4 to 4.5 arcsec (160-180 
pixels) from the peak of the primary target. The ghost is consistent with a reflection 
between the back and front sides of the F122M filter. The variation in the distance to the 
nearest edge and the elongation of the ghost is consistent with the variation in refractive 
index of the filter substrate over its passband. 
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Introduction 

HST has been used to find low-mass stellar, sub-stellar, and planetary mass companions 
to pre-main sequence stars by exploiting its diffraction limited imaging and large 
dynamic range. We have extended this into the FUV using the Advanced Camera for 
Surveys (ACS) Solar Blind Channel (SBC). Low-mass companions to Herbig Ae stars 
are expected to be copious X-ray emitters, and to have strong emission at H  and 
Lyman . With its diffraction limited imaging, HST is capable of locating 
chromospherically-active counterparts to X-ray sources with a factor of 20 improvement 
in spatial resolution over Chandra, and can detect such sources in close proximity to 
Herbig Ae stars (Grady et al. 2007). Our criterion is that we should see X-ray, H , and 
Lyman  emissions for a real object. However, in analyzing our datasets, we have found 
features in the SBC F122 Lyman  imagery that do not exist in corresponding X-ray 

imagery or Near IR imagery.  
 

Observations 

Program Star Observations 

HD 169142 and HD 100453 were observed with HST and the Advanced Camera for 
Surveys Solar Blind Channel with the F122M filter (nominal eff=1210Å, FWHM=60Å) 

on 2006 April 5 and 2006 June 7, respectively, as part of HST-GO-10764 (Grady, PI). 
The HD 169142 data, with total integration time of 1904s, were obtained in 4 segments 
within a single spacecraft orbit at a spacecraft orientation of 88.6789° (see Table 1). The 
HD 100453 data, with total integration time of 2096s, were also obtained in 4 segments 
within a single spacecraft orbit at a spacecraft orientation of -82.0755° (see Table 1). For 
each segment of both targets, the field was dithered using ACS small-box dither pattern 
(Gonzaga et al. 2005, with dither offsets of 0.15-0.19 ) about the SBC aperture location.   

Archival Observations 

The known single source white dwarf reference star HS 2027+0651 was observed with 
HST/ACS/SBC/F122M on 2002 June 9 as part of calibration program 9020 (De Marchi, 
PI). One exposure of 400 seconds was obtained with a spacecraft orientation of 59.9797° 
East of North (see Table 1).  

HS 2027+0651 was again observed with HST/ACS/SBC/F122M on 2003 March 19 
as part of calibration program 9654  (De Marchi, PI). The data, with a total integration 
time of 2000s, were obtained in 5 segments within a single spacecraft orbit at a spacecraft 
orientation of 96.3855° East of North (see Table 1). For each segment, the field was 
dithered using ACS small-box dither pattern (Gonzaga et al. 2005, with dither offsets of 

0.15-0.19 ) about the SBC aperture location. 
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Data Reduction 

The data were processed using the default ACS pipeline software (NOAO-IRAF FITS 
Image Kernel July 2003) including geometric distortion correction and the use of the 
multi-drizzle algorithm to produce a co-added (except for the 2002 June 9 HS 2027+0651 
single exposure observation), geometric distortion corrected image (Pavlovsky et al. 
2006). In the final, geometrically corrected imagery, the scale is 0.025  pixel-1. 

Known ACS/SBC Anomalies 

Each of the above referenced datasets readily demonstrates two known SBC MAMA 
detector anomalies (Bohlin et al. 1999; Cox 2004; Mutchler et al. 2004). In each image, a 
set of warm pixels is seen near physical location x=80, y=341. Also, a known bad 
MAMA detector anode can be detected starting at x=0, y=718 and progressing slightly 
upward (due to the geometric correction) and to the right across the detector frame. Both 
sets of coordinates are relative to the geometric distortion corrected, multi-drizzle 
imagery.  
 

Table 1. Journal of HST/ACS/SBC/F122M Observations. 
 

HS 2027+0651 9020 j8c102wnq_drz.fits 6/9/02 08:27 400 59.9797°

9654 j8jq01ryq_drz.fits 3/19/03 14:15 400 96.3855°

9654 j8jq01rzq_drz.fits 3/19/03 14:23 400 96.3855°

9654 j8jq01s0q_drz.fits 3/19/03 14:30 400 96.3855°

9654 j8jq01s1q_drz.fits 3/19/03 14:37 400 96.3855°

9654 j8jq01s2q_drz.fits 3/19/03 14:45 400 96.3855°

10764 j9jd02010_drz.fits 4/5/06 09:14 476 88.6789°

10764 j9jd02020_drz.fits 4/5/06 09:26 476 88.6789°

10764 j9jd02030_drz.fits 4/5/06 09:37 476 88.6789°

10764 j9jd02040_drz.fits 4/5/06 09:49 476 88.6789°

10764 j9jd01010_drz.fits 6/7/06 21:12 524 -82.0755°

10764 j9jd01020_drz.fits 6/7/06 21:36 524 -82.0755°

10764 j9jd01030_drz.fits 6/7/06 21:49 524 -82.0755°

10764 j9jd01040_drz.fits 6/7/06 22:02 524 -82.0755°

Spacecraft 

Orientation  

(E of N)

HS 2027+0651

Target Observation ID Exposure 

Date

Exposure 

Start Time

HD 100453

HD 169142

Program 

ID

Exposure 

Duration 

(sec)

 
 

Analysis 

Identification of an Optical Ghost 

As expected, all of the imagery is sparse in the field around the target, especially 
compared to NIR imagery (Grady et al. 2007). In the ACS HD 169142 imagery, we 
recover the companions of HD 169142 seen in NICMOS coronagraphic imagery (Grady 
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et al. 2007). In addition, we have a surplus source that has no counterpart in Apache Point 
3.5 meter/Goddard Fabry-Perot Interferometer H  imagery, NICMOS F110W 
coronagraphic imagery, or Chandra ACIS-S X-ray imagery (Grady et al. 2007).  

Next we examine the ACS HD 100453 imagery and also find a surplus source at the 
exact same offset and position angle (PA) as found with the HD 169142 imagery. The 
surplus source in the ACS HD 100453 imagery has no counterpart in VLT NACO 
imagery (Chen et al. 2006), ACS HRC F606W coronagraphic imagery (Collins et al. 
2007), or Chandra ACIS-S X-ray imagery (Collins et al. 2007). We now have two images 
of unrelated parts of the sky with a surplus source at the exact same PA and offset from 
the target, and we have imagery at other wavelengths in other instruments that do not 
exhibit the surplus source. This suggests a possible optical artifact associated with the 
ACS SBC instrument. 

Finally, we test the hypothesis through the use of the ACS SBC F122M white dwarf 
(HS 2027+0651) calibration archival data listed in Table 1. The data are taken at two 
different epochs and are at two different spacecraft orientations. The surplus source is 
again detected and exists at the same PA and offset from the primary target in both sets of 
imagery and in the HD 169142 and HD 100453 imagery. We now have the exact same 
target at two different spacecraft roll angles with the surplus source maintaining the same 
PA and offset from the primary target relative to the detector frame.  

Characterization of the Ghost 

 With the surplus source being detected at the same PA and offset from the primary target 
in three unrelated parts of the sky, four different epochs, four different spacecraft 
orientations, and not seen at other wavelengths in other instruments, we conclude that the 
surplus source is not fixed on the sky or the detector frame and is therefore indeed an 
optical artifact.  

In all of the datasets listed in Table 1, the optical ghost appears at 19 degrees to the 
left of the positive y-axis in the geometrically corrected detector frame image (see 
Figures 1 – 4). The edge of the ghost nearest the primary target is located from 3.93” to 
4.36” from the peak of the primary target and its outer edge is located from 4.43” to 4.52” 
from the peak of the primary target. The SBC pixel scale is 0.025”/pixel in the 
geometrically corrected drizzle datasets. The outer edge variations are only 20% of the 
inner edge variations and are all within the margin of error in determining the peak of the 
primary and the edge of the surplus source. The primary target to surplus source encircled 
energy ratio ranges from 169:1 to 94:1, with a mean value of 122:1 corresponding to an 
optical ghost containing 0.82% of the primary target energy (see Table 2). 
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Table 2. Optical Ghost Data. 
 

Near Edge Far Edge

HS2027+0651 j8c102wnq_drz.fits 115:1 19° 4.05" 4.48" 0.43"

j8jq01ryq_drz.fits

j8jq01rzq_drz.fits

j8jq01s0q_drz.fits

j8jq01s1q_drz.fits

j8jq01s2q_drz.fits

j9jd02010_drz.fits

j9jd02020_drz.fits

j9jd02030_drz.fits

j9jd02040_drz.fits

j9jd01010_drz.fits

j9jd01020_drz.fits

j9jd01030_drz.fits

j9jd01040_drz.fits

122:1 19° 4.15" 4.49" 0.34"

Ghost 

Radial

Extent

0.50"

0.26"

0.16"

Target

HS2027+0651

HD169142

HD100453

Ghost Distance From 

Peak of Primary Target

4.25" 4.51"

Dataset

19°

110:1 19°

Primary to Ghost 

Encircled Energy 

Ratio

Ghost Angular

Position      

(left of +y-

axis)

94:1

Mean Value

3.93" 4.43"

169:1 19° 4.36" 4.52"

 
 
 

Discussion 

The SBC MAMA detector is a STIS flight spare and STIS has a ghost that is visible in 
deep, far UV observations (Grady et al. 2004; Grady et al. 2005). However the SBC 
optical path design is somewhat different than the STIS optical path and as it turns out, 
the source of the SBC ghost is different than for STIS. Investigations into the SBC design 
(G. Hartig, private communication) suggest that the ghost is consistent with a reflection 
between the back and front sides of the F122M filter. The ACS SBC design counters the 
lateral color induced by use of the STIS spare MAMA detector (window at ~24 deg angle 
of incidence) by tilting the filters in the opposite direction by a similar amount. The 
observed ghosts are in the direction expected from the filter back to front reflection 
mechanism, and their displacement from the star image is reasonable for the geometry 
(filter thickness ~3.6 mm). Furthermore, the variation in the distance to the nearest edge 
and the elongation of the ghost is consistent with the variation in refractive index of the 
filter substrate over its passband.  

Optical ghosts are seen in other SBC filters as well. For further information go to 
http://www.stsci.edu/hst/acs/performance/anomalies/acs_sbc_opticalghosts.html  
at the STScI website. 
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Figure 1 

HD 169142  
Four 476-second co-added exposures 

 Epoch 4/5/2006 

 
Figure 2 

HD 100453  
Four 524-second co-added exposures 

 Epoch 6/7/2006 

 
Figure 3 

HS 2027+0651  
Single 400-second exposure 

 Epoch 6/9/2002 

 
Figure 4 

HS 2027+0651  
Five 400-second co-added exposures 

 Epoch 3/19/2003 
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