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ABSTRACT 
We present results of the observations of the star 15 Mon, obtained with the aim of 
checking the impact of red leaks in the UV (and U-band) and two narrow-band filters on 
ACS CCDs. The red leak in the F220W, F250W and F330W filters appears to be smaller 
than measured in pre-flight tests. We derive updated passbands for the three filters and 
we present the updated correction table for different spectral types. The off-band flux in 
two narrow-band filters (F658N and F502N) is not measurable with the performed 
observations, thus we conclude that the red leak in narrow band filters is negligible.  
Keywords:  Red Leak, HRC, UV filters, Narrow band filters 

 

Introduction 
A common feature of UV filters is the presence of significant red-leaks. The presence of 
substantive off-band flux, in particular in the red part of the spectrum, can be a source of 
significant problems in analyzing data of red sources, and appropriate corrections must be 
taken into account. Similarly, narrow-band filters can suffer significant off-band 
contamination. We have designed a calibration program with the aim of deriving the in-
flight throughput curve redward of 6000 Å for the ACS/HRC UV and U-band filters 
F220W, F250W and F330W. As part of the program, we also check for the presence of 
substantive off-band contamination in the two most used narrow band filters on ACS: 
F658N and F502N. The target for the observations is 15Mon, a V=4.66 mag Type O star. 
The observational strategy is outlined in the following section. For the UV filters, we 
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derive the fraction of in-band to total flux for a variety of spectral types, including non-
stellar spectra.   

 

Data 
 
UV Filters 
 
We observed the star 15 Mon (spectral type O7, V=4.66 mag) with the HRC, using the   
G800L grism, and crossing the grism with each of the UV filters. This provides us with 
the spectrum of the star in the spectral region of interest (λ > 6000Å) and with the 
spectrum of the star “as seen” through the red leak of each UV filter. The counts 
observed on each image will then be the product of the following: 

 
counts1 = STAR * HST * ACS HRC * G800L * FxxxW 

 
where STAR represents the incident photons, while HST, ACS HRC, G800L and FxxxW 
are the HST OTA, ACS/HRC, G800L and UV filter throughputs, respectively. The 
spectrum taken using the grism only, without the UV filter, is instead: 
 

counts2 = STAR * HST * ACS HRC * G800L 
 
Thus, dividing each spectra taken with the UV filters by the spectrum of the star taken 
with the grism only, one obtains: 
 

counts1 / counts2 = FxxxW 
 
where FxxxW is the throughput of the UV filter longward ~ 6000Å. 
 
 
Narrow-band filters 
 
For the red leak check in the narrow-band filters, we observed the same star with F658N, 
then we crossed the F814W filter with each of the two narrow band filters.  Knowing the 
counts measured with F658N and deriving the throughput of the two crossed filters 
(F814W * FxxxN) we predict the observed flux using SYNPHOT, and compare the result  
with the observations.  
 
The exposure times were chosen to have sufficient S/N  (higher than ~20 per pixel, over 
most of the spectral range of interest) for the spectra and > 10 for the images taken with 



 3 

the narrowband filters. Each observation was divided into 3 dithered images to allow 
cosmic rays and hot pixel removal. GAIN = 4 was used for both the data taken with 
G800L grism and F658N filter, to avoid saturation. Details of the observations are given 
in Table 1. The observations were performed on October 26th 2005, as part of program 
CAL/ACS 10731.  
 
 
Table 1. Log of the observations 

Datasets    Filter 1    Filter 2   Exposure time  
(sec) 

j9ie01igq, nq, vq     G800L      -     0.6 

j9ie01idq, kq, rq     G800L     F220W  750 

j9ie01ieq, lq, sq     G800L     F250W  900 

j9ie01ifq, mq, tq     G800L     F330W  2100 

j9ie01ihq, oq, wq     F658N     -      0.3 

j9ie01iiq, pq, xq     F658N     F814W  3 

j9ie01ijq, qq, yq     F502N     F814W  3 
 
 
 
Data Reduction and Analysis 
 The raw data were retrieved from the MAST archive and reprocessed using 
CALACS and the most updated reference files. The calibrated data as obtained from the 
archive are not correctly processed by the pipeline because of the non-standard 
configurations used. More specifically, the flat field keyword in images taken with 
unsupported filter combinations is set as to utilize an incorrect flat field file. Instead, we 
used a “unity” flat field image o841350jj_pfl.fits for the grism and grism + UV 
filter, while the o3u14496j_pfl.fits file (which is appropriate for F814W) is used 
for F814W + narrow-band filter configurations.  
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    G800L                                                                     G800L + F220W   

    G800L + F250W                                                   G800L + F330W 
 
Fig 1. The final images containing the spectrum of 15Mon as seen in the 4 configurations used for the UV 
filter red leak check. The fainter object is a companion star at 3”. 
 
Note that the choice of using a “unity” flat field is justified by our method. The passband 
of the red leak is obtained by dividing the images taken with G800L + UV filter by the 
image taken with G800L only. Therefore, the contribution of the flat field cancels out. 
The final images of the spectra are shown in Fig.1. We do not show the images taken 
with the narrow-band filter because, as explained in the following, the star is not detected 
in those data.  
 
The spectra are then extracted using two different procedures. First of all, using “aXe”, a 
software package for slitless spectra extraction available under STSDAS that provides 
wavelength calibration. The final “drizzled” spectra are somewhat noisy, so we decided 
to follow a different parallel approach. Each “image” is rotated so to have the spectrum 
aligned with the X-axis. Then we extract the 1-D spectrum using the task splot in the 
IRAF ONEDSPEC package, summing over 10 pixels. The resulting spectrum is then 
calibrated in wavelength using the output of aXe. In order to obtain the filters’ throughput 
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curve in the red leak spectral region, we then divide each of the spectra taken with G800L 
crossed with the UV filters by the spectrum taken with G800L only.  The resulting red 
portion of the “in-flight” throughput curves for the three filters are shown in Fig. 2 and 
2b, where we compare them to the curves available in SYNPHOT, which were derived 
from “pre-launch” tests.  
 

 
Fig. 2  Red portion of the throughput curves for the F220W and F250W filters. Red crosses correspond to 
pre-launch ground tests (SYNPHOT files  acs_f220w_004_syn.fits and 
acs_f250w_003_syn.fits). The blue curves are the newly derived in-flight passbands.  

 
 
Fig. 2b Red portion of the throughput curve for the F330W filter. Red crosses correspond to pre-launch 
ground tests (SYNPHOT file  acs_f330w_004_syn.fits). The blue curves are the newly derived in-
flight passbands. 
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As is clear from Fig. 2, there is significant difference longward of 8000-9000Å  between 
the expected throughput curves (currently available in SYNPHOT) and those obtained 
from our in-flight observations, especially for F220W and F250W. The amplitude of the 
red leaks in all of the three filters is generally smaller than previously determined. 
Clearly, this results in a smaller fraction of off-band to in-band flux, which is however 
still significant for very red sources. We derived updated passbands for all three filters, 
using the throughput curves obtained through the observations presented in this ISR for 
λ� > 6000Å.  
 
The newly derived throughput curves will be implemented in SYNPHOT and will be also 
available at the ACS website from May 20th 2007. The filenames are  
acs_f220w_005_syn.fits, acs_f250w_004_syn.fits and  acs_f330w_005_syn.fits. Users 
are encouraged to check that their version of SYNPHOT includes the updated throughput 
curves, or download the fits files from the ACS website at the following URL: 
http://www.stsci.edu/hst/observatory/cdbs/SIfileInfo/reftablequeryindex 
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Impact of red leaks on observations 
 
The flux measured from a source can be strongly affected by the presence of red leaks in 
UV filters. In particular for red objects, it is important to estimate what is the fraction of 
counts that is produced by off-band photons. In Table 2 we report the percentage of in-
band flux for 7 stellar spectral types, elliptical galaxies spectrum (Ell. G), a reddened 
(0.61<E(B-V)<0.70) starburst galaxy (SB), and 4 different power-law spectral slopes (Fλ 

∝ λα). The in-band flux is defined as the flux measured shortward of 4000Å, 4200Å and 
3500Å for F330W, F250W, F220W, respectively. The choice of the maximum 
wavelength is somewhat subjective, and varies depending on  the shape of the throughput 
curve in each filter. The values shown in the table have been derived using SYNPHOT 
and the updated passbands. The stellar spectra are taken from the 1993 KURUCZ stellar 
atmosphere atlas, the starburst galaxy spectrum is taken from the Kinney-Calzetti atlas, 
available in SYNPHOT.  Table 3 is the same as Table 2 but a different definition for the 
in-band flux has been used. The cutoff wavelengths between in-band and off-band has 
been chosen as the filters' 1% transmission point, which occurs at 2860Å, 3420Å , 3690Å 
for F220W, F250W and F330W, respectively. Table 2 and 3 were derived using the HRC 
CCD QE reference file  acs_hrc_ccd_011_syn.fits. 
 
Table 2  Percentage of in-band flux for different spectral types (see text for the definition of the cut-off 
wavelength between in-band and off-band flux for each filter) 

     O5V     B0V    A0V  F0V    G0V    K0V     M2V    Ell. G     SB    α=-1 α=0 α=1 α=2 

F220W  99.97 99.96 99.73 99.24 96.1 79.52 5.02 95.48 99.67 99.86 99.69 99.24 97.85 

F250W   99.98 99.98 99.8 99.71 99.42 98.64 76.2 98.15 99.82 99.93 99.87 99.74 99.45 

F330W   99.99 99.99 99.99 99.99 99.99 99.99 99.95 99.99 99.99 99.99 99.99 99.99 99.99 

 
 
Table 3 Percentage of inband flux for different spectral types. The cutoff point between in-band and off-
band flux is defined here as the filters' 1% transmission points.  

     O5V     B0V    A0V  F0V    G0V    K0V     M2V    Ell. G     SB    α=-1 α=0 α=1 α=2 

F220W  99.61 99.57 98.83 97.01 88.73 60.58 1.5 93.42 98.70 99.1 98.65 97.86 96.05 

F250W   99.69 99.66 98.97 98.32 97.10 95.18 62.37 94.60 98.98 99.31 99.06 98.69 98.09 

F330W   99.99 99.99 99.99 99.99 99.99 99.99 99.94 99.99 99.99 99.99 99.99 99.99 99.99 
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Red leaks in narrow-band filters 
 
15 Mon is not detected in any of the images taken with each of the narrow-band filters 
(F658N and F502N) crossed with F814W. Even convolving the images with a Gaussian 
with σ=50 pixels or more there is no evidence for detection. This is unexpected, as the 
result of our simulations using SYNPHOT showed that significant flux should be 
measured. The images are taken in sequence, during the same orbit as the image taken 
with F658N only, in which the star is clearly detected. Therefore, mis-pointing is ruled 
out as a possible origin for the non-detection. 
 
F658N 
 
Let us first discuss the case of F658N. The passband of the F814W filter is expected to 
include part of the passband of F658N, although the sensitivity should be rather low at 
those wavelengths (~ 10-3  and lower). To predict how many counts we expect to detect 
when F814W is crossed with F658N, we use the SYNPHOT throughput curves and we 
derive the throughput curve for that filter combination. Then we measure the flux in the 
image taken with F658N only, in which the star is clearly detected (7.06 x 106  e-/s). 
Using SYNPHOT and the stellar spectrum appropriate for 15 Mon, this corresponds to 
V=4.68 (vegamag), as expected from literature measurements. Using again SYNPHOT, 
we obtain that the expected count rate in the image taken with the two filters crossed is 
11,933  e-/s.  
 
The absence of any detected flux in excess of the background level (σsky = 0.05  e-/s) can 
be explained if 1) the F814W cutoff towards low wavelengths does not include the 
passband of F658N, and 2) the fraction of off-band flux (the red leak) to in-band flux is 
significantly lower than expected and, by all means, negligible. In order to check if that is 
the case, we modify the throughput curve of F814W by setting the blue cut-off 
wavelength at 6750 Å, and re-derive the throughput curve for the crossed filters, as 
explained in detail in the following. 
 
In Fig. 3 we show the throughput curves for F814W in SYNPHOT as obtained from pre-
flight tests (filename = acs_f814w_003_syn.fits, red dot-dashed line), F658N 
(filename = acs_f658n_005_syn.fits, blue dotted line) and F814W modified after 
setting the blue cut-off at 6750 Å (which will be released in SYNPHOT as filename = 
acs_f814w_004_syn.fits, yellow dashed line). The blue cut-off is determined in the 
SYNPHOT throughput curve by measurements obtained at 6500 Å (throughput = 
5.1900E-7) and 6880Å (throughput = 0.00752). The actual pre-flight measurements are 
indicated with the “X” symbol in Fig. 3. Therefore, the real shape of the throughput curve 
in the spectral region between these two wavelengths, which includes Hα, is basically 
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undetermined. The simple linear interpolation SYNPHOT performs leads to a blue 
shoulder that includes most of the F658W passband, as seen in Fig 3. Thus, we assume 
that a throughput value of a few x 10-7 is reached at ~6750 Å, so that the bulk of F658N 
passband is blueward of that wavelength. Even under these assumptions we would still 
expect ~280  e-/s from the star, over an infinite radius, while no detection is obtained in 
our images. This confirms that not only F814W does not include the passband of F658N 
(and thus it is substantially blind to Hα emission), but also the fraction of off-band to 
total flux in F658N is smaller than expected assuming the throughput curve in 
SYNPHOT. For the F658N filter, at the moment there is no way to determine the actual 
fraction of in-band to off-band flux with in-flight measurements. However, as we stated 
above, our results show that we expect a very small contribution from off-band photons. 
 
Fig 3. Throughput curves for F814W in SYNPHOT as obtained from pre-flight tests (filename = 
acs_f814w_003_syn.fits, red dot-dashed line, the “X” symbols indicate pre-launch measurements), F658N 
(filename = acs_f658n_005_syn.fits, blue line) and F814W modified after setting the blue cutoff at 6750 Å 
(which will be released in SYNPHOT as filename = acs_f814w_004_syn.fits, yellow dashed line). 
 

 
 
F502N 
 
For the F502N filter, assuming the throughput curve in SYNPHOT, we would expect to 
detect a count rate of 26 e-/s over an infinite radius, which would correspond to ~2.6  e-/s 
over the central pixel. However, the image of the star is probably out of focus, because of 
the use of crossed filters, therefore 2.6 e-/s has to be considered an upper limit to the flux 
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in the central pixel. In any case, the sky background rms is 0.005  e-/s, therefore even for 
the F502N filter we conclude that the fraction of off-band flux is substantially negligible 
and the throughput curve in SYNPHOT overestimates such off-band contribution to the 
total flux. 
 
Conclusions 
We presented observations of 15 Mon obtained as part of a calibration program aimed at 
checking the presence of red leaks in the UV filters and two narrow band filters on ACS. 
We obtained in-flight throughput curves for F220W, F250W and F330W in the red part 
of the spectrum, and we derived the fraction of in-band flux to total flux for those filters. 
The newly derived throughput curves will be released in SYNPHOT and will also be 
available through the ACS webpage. 
 
The results show that the impact of red leaks on the observations is smaller than 
expected. For the narrow band filters, we checked that off-band flux in the red part of the 
spectrum does not significantly contribute to the observed count rate.  Furthermore, we 
found evidence that the blue cut-off wavelength of F814W is at a longer wavelength than 
expected. This implies that F814W can be considered completely blind to Hα emission.   
 

Acknowledgements 

We thank Ron Gilliland, Ralf Bohlin and Luigi Bedin for insightful discussion and for 
providing useful comments. 

 


